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Abstract
Burkitt’s lymphoma is an aggressive non-Hodgkin lymphoma occurring with high 

incidence in developing areas such as equatorial Africa and Papua New Guinea. Within these 

tropical regions of high incidence (40-50 per 10^), Burkitt’s lymphoma accounts for 

approximately 50% of childhood cancers and up to 90% of childhood lymphomas diagnosed. 

The treatment of Burkitt’s lymphoma in these regions is insufficient and the development of 

new, safe and cost effective therapeutics are of current interest. Previous work within the 

Meegan and Williams groups in Trinity College Dublin identified a potent apoptotic effect 

induced by the (£')-l,3-bis(aryl)-2-nitro-l-propenes and the tetracyclic antidepressant 

maprotiline in Burkitt’s lymphoma cell lines (MUTU-I and DG-75).

The nitrostyrene and related nitrovinyl compounds are a biologically active class of 

compounds reported to induce anti-cancer effects and stimulate an apoptotic response in a 

range of cancer cell lines'''^. This study reports the synthesis, characterisation and biochemical 

evaluation of a number of nitrostyrene and related nitrovinyl compounds in the MUTU-I and 

DG-75 cell lines. A diverse library of compounds related in structure to the previous lead (E)- 

l,3-bis(aryl)-2-nitro-l-propene scaffold and the tetracyclic antidepressant maprotiline were 

synthesised and initially evaluated for anti-proliferative effect in Burkitt’s lymphoma cell lines. 

These compounds were structurally arranged into four groupings: nitrostyrene derivatives, 

heterocycles incorporating the nitrovinyl pharmacophore, 9-substituted anthracene compounds 

and 9,10-dihydro-9,10-ethanoanthracenes.

This thesis identified a number of these compounds which were shown to elicit a potent 

anti-proliferative and pro-apoptotic effect in the MUTU-I and DG-75 cell lines. A subset of 

lead compounds were also shown to elicit a potent anti-proliferative and proapoptotic activity 

towards a range of malignant cell lines (HeLa, MCF-7, HL60, HG3, PGAl, Ramos and Bjab) 

superior to the cancer therapeutics fludarabine and taxol. The leading nitrostyrene and 9,10- 

dihydro-9,10-ethanoanthracene based compounds were shown to elicit selective toxicity 

towards Burkitt’s lymphoma over peripheral blood mononuclear cells and subsequently have 

potential for development as potential drug candidates.
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Chapter 1. 

Introduction



1.1 General Introduction

This thesis describes the synthesis and biochemical evaluation of antiproliferative 

agents specifically designed to target the malignancy Burkitt’s lymphoma. Burkitt’s lymphoma 

is a relatively rare disease in the developed world and its diagnosis is strongly associated with 

HIV. This malignancy has a high incidence in developing areas such as equatorial Africa; 

within these areas it accounts for over 50% of childhood cancers and up to 90% of childhood 

lymphomas diagnosed'*. Treatment of this condition within these high incidence areas is 

inadequate and consequently the development of new safe, effective and economical 

therapeutics for Burkitt’s lymphoma is of current interest.

1.1.1 Cancer - A Brief Overview

Cancer is defined as a group of diseases characterised by abnormal cell growth, 

resulting in the formation of malignant tumours. Cancer may spread into nearby tissues and 

metastasise (form areas of secondary growth). This uncontrolled and up-regulated cell growth 

is due to mutations in genes that control proliferation, differentiation and the cell cycle. It is 

because of these mutations that cancer cells no longer are subject to the signals that preside 

over the growth of normal (non-cancerous) cells'^. The name ‘cancer’ originates from the 

Greek word ‘carcinos’ meaning ‘erab’ and was first drawn on by Hippocrates (460-370 B.C.) 

in the fifth eentury B.C. to deseribe the uneontrolled growth and spread of tissue throughout 

the body, eventually choking off life^"-^'.

Malignant cancers are grouped into several different categories; these categorisations 

are dependent on the eell type involved. Carcinomas are cancers of the epithelial cells and are 

the most common form of cancer; careinomas aecount for approximately 90% of all cancers. 

Common carcinomas include urinary, lung, breast and colon cancer. Cancers of the connective 

tissue, bone, cartilage, fat and muscles are known as sarcomas. Other forms of cancers include 

leukaemias and lymphomas; these are eancers eommonly derived from the white blood cells 

and the lymphatic system. The term leukaemia however is mainly used to describe the 

predominant proliferation of cancer cells throughout the bloodstream^"’^'.

In economically developed countries, cancer is the leading cause of death and the 

second most prevalent in developing countries^'^. Cancer is the second most common cause of 

death in Ireland (following diseases of the circulatory system), over the three year period 2010- 

2012, when annual averages of 36,000 new cancer cases were registered in Ireland. This 

corresponds to a 21% increase on the annual averages registered over the previous three year



period 2007-2009. The incidence rate for cancer in Ireland (2010-2012) was 878 cases per 

100,000 persons per year. During this period the cumulative lifetime risk of invasive cancer 

was higher for males (1 in 3) than for females (1 in 4)^^.

Cancer prevalence in Ireland was quite high in comparison with other European states 

with females ranked 2"“^ and males ranked 4'*’. The incidence of cancer in Ireland over the period 

2010-2012 was much higher than the European average, with male incidence 10% higher than 

average and female incidence 16% higher^"*. The most commonly diagnosed cancers in females 

were: breast (30.2%), colorectal (11.2%), lung (10.4%) and melanoma (5.3%). Whereas for 

males the most common cancers were: prostate (31.5%), lung (12.1%), melanoma (3.6%) and 

lymphoma (4.4%)). During the 2010-2012 study period, 8,800 cancer deaths occurred annually 

within Ireland, with lung cancer identified as the leading cause of cancer death^^.

.iSR

Figure 1: Incidence of cancers worldwide 2012 (excluding melanoma)^®

The World Health Organisation estimated that in 2012 14.1 million new cases of cancer 

were diagnosed worldwide and cancer would lead to 8.2 million deaths. Overall lung, breast, 

colorectal and stomach cancers account for over 40%) of all cancer cases diagnosed (Figure 1). 

Lung cancer was most prevalent in males (16.7%) of new cases of cancer diagnosed), while 

breast cancer was most prominent in females (25.2% of new cases of cancer diagnosed). It is 

estimated that although only 44%o of cancer cases are diagnosed in developing countries, these 

areas account for over 53% of cancer deaths^^.



1.1.2 Cancer and the cell cycle

Cancers are a complex family of diseases; in order for any given cancer to flourish there 

are a number of events critical to its development. The deregulation of the cell cycle is one 

such event, this deregulation leads to a number of consequences favourable for cancer 

development^^.

The eukaryotic cell cycle is a highly regulated sequence of stages in which a cell 

duplicates and divides its vast amount of DNA into two daughter cells. This cycle is pivotal to 

controlled cell growth and loss of its control can lead to genomic instability which is a 

significant feature in the development of cancers. There are four main stages in the eukaryotic 

cell cycle; the mitotic phase (M), gap phase one (Gi), the synthesis phase (S) and gap phase 

two (G2). The cell cycle initiates in the mitotic phase. This process of cell division is composed 

of two main events; mitosis (nuclear division and allocation of copied chromosomes) and 

cytokinesis (complete cellular division).

S - Replication 
of DNA

G1 - Gap 1
(cell grows)

Gap 2 
(cell prepares 
to'divide)

M - Mstosis
^Cells that (cell dsviston)

cease division

Figure 2: The Cell Cycle^*

The first gap phase separates the mitotic and synthesis phases; this allows a period of 

cellular growth to occur. During this period of cellular growth, cells develop a stockpile of the 

organelles and proteins required for further cell division^®. Chromosome duplication occurs 

during the synthesis phase; here nuclear DNA is replicated and synthesised over a period of 

10-12 hours - approximately half the overall cell-cycle period. Gap phase two (similar to gap 

phase one) separates the synthesis and the mitotic phases^*^'^' (Figure 2).



1.1.3 Cell Death

Programmed cell death (PCD) is a vital process in which multicellular organisms 

maintain homeostasis of their tissues according to precise biochemical mechanisms. Cell death 

can occur by a number of mechanisms namely apoptosis, autophagy, necrosis, mitotic 

catastrophe, anoikis, exictotoxicity, Wallerian degeneration and comification^^. The three most 

common types of cell death are apoptosis (type I cell death), autophagy (type II cell death) and 

necrosis (type III cell death)^®.

Kerr et al. (1972) first used the word ‘apoptosis’, meaning ‘falling leaves’, to describe 

a particular morphological type of cell death - also known as type I cell death. The 

characteristics of type I cell death are rounding of the cell, retraction of pseudopodes, pyknosis 

(reduction of cell volume), karyorrhexis (fragmentation of nucleus), plasma membrane 

blebbing and there is little or no modification of the cytoplasmic organelles. In most cases, 

diagnosis of apoptosis is often accompanied by evidence of caspase activation or DNA 

fragmentation-^*’’^'. Apoptosis can occur via two different pathways; intrinsic and extrinsic. The 

intrinsically activated pathway of apoptosis is dependent on cytochrome c release from the 

mitochondria and the extrinsic pathway is regulated by BCL-2 proteins. BCL-2 proteins control 

the release of cytochrome c and other pro-apoptotic proteins into the cytosol^**.

Autophagic cell death (type II cell death) also referred to as ‘autophagy’, is a process 

of cell decomposition. The word ‘autophagy’ is of Greek origin meaning ‘self-eating’^’. During 

autophagic cell death a cell’s damaged or long-lived proteins and other essential components 

are degraded by its own lysomal machinery. Autophagic cell morphology is classified by a lack 

of chromatin condensation and large autophagic, double membraned vacuolization of the 

cytoplasm. These double membrane vacuoles encompass the degeneration of cytoplasmic 

organelles^^. Necrosis (type III cell death) is a type of cell death with no evidence of autophagy 

or apoptosis. Necrosis morphology is that of oncosis, defining cell death with cytoplasmic 

swelling, plasma membrane rupturing, dilation of the cytoplasmic organelles and moderate 

chromatin condensation^^.

The classification of programmed cell death (PCD) is an area of fundamental 

importance in the development of potential cancer therapeutics. The aim of such research is to 

develop a selective therapeutic agent that will induce either apoptosis or autophagy. Cancer 

cells possess anti-apoptotic alterations which disrupt the signalling pathways within PCD, 

leading to cell immortalisation. These alterations can include anoxia, the activation of the myc



onocogene, deregulation of the pRB pathway, and an assortment of other DNA damage. BCL2 

deregulation and deactivation is a common trait of mutations found in B-cell lymphomas and 

increased BCL2 expression is found in at least half of all human tumours^®-

1.1.4 Treatment of cancer

The treatment of cancer is achieved through three modalities - surgery, radiotherapy 

and chemotherapy, either alone or in combination. The removal of the cancerous tissue is one 

of the oldest treatment avenues. Modem cancer treatment employs surgery for diagnosis, 

prophylaxis and treatment of neoplastic disease. Radiotherapy exposes cancerous cells to high 

frequency radio waves, inducing DNA damage and effectively impairing the ability of cancer 

cells to proliferate. Cancer chemotherapeutic agents are not always selectively toxic to cancer 

cells and exert a cytotoxic effect to healthy tissue. Chemotherapy dmgs selectively affect 

tumour tissue due to the rapid proliferation of cells during cancer growth; this rapid cell growth 

makes them more susceptible to these dmgs. Cancer chemotherapy is achieved by targeting a 

number of cellular targets such as tubulin, DNA, hormones, cellular metabolism and other 

biosynthetic pathways^^"^^.

Chemotherapeutic agents can be categorised into seven main groups:

1. Alkylating & metal based agents

2. Antimetabolites

3. Antimicrotubule Agents

4. Topoisomerase inhibitors

5. Anti-hormonal agents

6. Monoclonal antibodies

7. Antibody dmg conjugates

DNA alkylating agents are the oldest class of anticancer agents and were developed 

from the mustard gases used in World War I. Alkylating reagents are highly electrophilic 

reagents and interact with the bases in DNA. These compounds form strong irreversible 

covalent bonds and/or crosslink the DNA thus inhibiting transcription and replication of DNA. 

The alkylating agents as a class are considered non-specific, killing cells at various stages in 

the cell cycle. Common classes of alkylating agents are the mustards (e.g. melphalan and 

cyclophosphamide) (Figure 3). The platinum complex compounds also interact with DNA to 

prevent replication (e.g. Cisplatin and Carboplatin). These dmgs are indicated for use with 

leukaemia, breast cancer, ovarian cancer and non-Hodgkin lymphoma^^'^^.
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Figure 3: Cancer chemotherapeutic agents: Alkylating agents

Carboplatin Cisplatin

Antimetabolites are a elass of anticancer agent modelled to mimic natural molecules 

required for DNA or RNA synthesis (Figure 4). These compounds can lead to the inhibition of 

DNA and cell function. The first antimetabolite exploited was methotrexate in 1947 as a potent 

inhibitor of the enzyme dihydrofolate reductase, leading to complete remissions in children 

with acute lymphoblastic leukaemia. Other examples of the antimetabolite family are 5- 

fluorouracil, raltitrexed, gemcitabine, Ara-C and pentostatin. The antimetabolites are 

prescribed for use in the treatment of breast, neck, head, colorectal cancers, non-Hodgkins 

lymphoma and acute lymphocytic leukaemia^^"^^.
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Figure 4: Cancer chemotherapeutic agents: Antimetabolite agents

The antimicrotubule agents are subdivided into two distinct classes; the Vinca alkaloids 

and the Taxanes. Vinca alkaloids such as vincristine and vinblastine are isolated natural 

products from the Madagascar periwinkles plant. These alkaloids bind to tubulin, inhibiting 

mitotic spindle assembly during mitosis thus preventing the migration of chromosomes and 

destabilising the process. The taxanes paclitaxel and doceltaxel were originally isolated from 

the Pacific yew tree {Taxus brevifolia) and bind to the P-subunit of tubulin and inhibit 

depolymerisation. This class of drugs are cell-cycle specific, targeting the G2/M phase. These 

drugs are typically indicated for the treatment of leukaemia, breast, ovary, testicular and lung 

cancers^^'^^ (Figure 5).



Figure 5: Cancer chemotherapeutic agents: Antimicrobule agents - Vinca Alkaloids & Taxanes

The topoisomerase inhibitors comprise of two families: those inhibiting topoisomerase 

I and topoisomerase II. The topoisomerases are enzymes critical to maintaining DNA topology 

during replication and recombination. Examples of topoisomerases I inhibitors are irinotecan 

and topotecan. Topoisomerase II inhibitors include doxorubicin, etoposide and mitoxantrone. 

These compounds are employed in the treatment of testicular cancer, sarcomas and paediatric 

solid tumors^^'^^ (Figure 6).

Figure 6: Cancer chemotherapeutic agents: Topoisomerase 14& II Inhibitors

Hormone targeting cancer therapeutics take advantage of the dependence of tumours derived 

from hormone dependent tissues, such as the breast or prostate, for specific hormones. Anti- 

hormonal agents target and effectively sever the connection between these cancerous tissues 

and the essential hormones, inhibiting proliferation. Examples of anti-endocrine drugs used to
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treat breast eaneer are tamoxifen (oestrogen receptor antagonist) and anastrozole (aromatase 

inhibitor). In prostate cancer anti-androgens such as flutamide and bicalutamide and luteinising 

hormone releasing hormone analogues such as goserelin and leuprorelin are commonly used^^' 

(Figure 7).

Bicalutamide

Figure 7: Cancer chemotherapeutic agents: Hormone targeting agents

Monoclonal antibodies (MABs) are genetically engineered immunoglobulins; these 

antibodies are produced by cloned immune cells of a unique parent cell either of mouse, human 

or chimeric origin. MABs exert their activity by recognising and reacting with specific 

molecular targets. Examples of MABs used in the treatment of cancer arc gemtuzimab 

(myeloid leukaemia), alemtuzumab (B cell leukaemia) and rituximab (non-Hodgkin 

lymphoma)^’. Antibody drug conjugates (ADCs) are a relatively new class of cancer 

therapeutics and by design provide a more targeted therapy for cancer. ADCs are composed of 

an antibody coupled via a stable chemical linker to an anticancer drug. Combining the targeted 

ability of antibodies with an anticancer drug enhances the potency of the treatment by attacking 

cancer cells in preference to healthy cells^^. Brentuximab vedotin is an example of a chimeric 

ADC indicated for the treatment of Hodgkin lymphoma; this ADC is composed of the antibody 

linked to monomethyl auristatin E (MMAE)^^ (Figure 8).
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Figure 8: Brentuximab vedotin^’



1.2 Burkitt’s lymphoma

1.2.1 Introduction to Burkitt’s lymphoma

Cancers of the lymphatic cells (lymphomas) account for approximately 3.2% of 

malignant diseases worldwide^^. Lymphomas are cancers of the immune system and are 

categorised into two main types defined by the presenee (or absenee) of abnormal neoplastic 

cells (known as Reed-Steinberg cells) into Hodgkin lymphoma and non-Hodgkin lymphoma 

(NHL) respectively'^®. Non-Hodgkin lymphoma aecounts for 84% of all lymphomas and is the 

10’*’ most common family of cancers with 386,000 new cases worldwide diagnosed in 2012^^. 

In NHL, malignant white blood cells proliferate in an uncontrolled manner, impairing the 

body’s ability to combat infections and disease. Burkitt’s lymphoma is a high grade NHL, 

which manifests extra-nodally as fast growing, aggressive tumours typically on the jaws or 

abdomen eomposed of small non-cleaved B-cell lymphocytes"*'.

Sir Albert Cook, a missionary doctor in Uganda at the start of the 20“’ century is 

attributed with the first description and illustration of BL"*^ and in the early 20“’ century the 

incidence of jaw tumours amongst children in equatorial Africa was noted by several other 

pathologists"*^'"*'*. BL was first formally described by Denis Parsons Burkitt, a British wartime 

surgeon while working in the Mulago Hospital in Uganda in 1958"*^' "*“. Burkitt noted a 

distinctive, fast growing jaw malignancy (doubling time 24-48 h) occurring primarily in young 

children (5-12 years old) in tropical Africa"*^. By surveying the geographical distribution of the 

ineidence of this distinctive malignancy, Burkitt and his co-workers identified a region of high 

incidenee in sub-Saharan Africa (10°- 15° north and 10°- 15° south of the equator) which 

became known as the ‘lymphoma belt’ (Figure 9)“*’.

Figure 9: The 'lymphoma belt'
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1.2.2 Classification of Burkitt lymphoma

Since this initial epidemiological work carried out by Burkitt, the World Health 

Organisation (WHO) classified BL as a non-communicable disease and subdivided BL into 

three distinct clinical presentations'*^.

1. Endemic Burkitt’s lymphoma (e-BL)

2. Sporadic Burkitt’s lymphoma (s-BL)

3. Immunodeficiency related Burkitt’s lymphoma (i-BL)

The endemic variant of BL was originally called ‘African lymphoma’ but was renamed 

due to perceived specificity of BL to the ‘lymphoma belt’, however with the recorded 

occurrence of BL outside the belt this term has become a misnomer. e-BL is mainly found 

within the tropical regions of equatorial Africa and Papua New Guinea, with an incidence of 

40-50 per 1 million children (under the age of 18 years old)'*^. In these high risk regions BL 

accounts for approximately 50% of childhood cancers and up to 90% of childhood lymphomas 

diagnosed. Diagnosis peaks at 6 years of age and diagnosis is twice as common in male 

patients'^. Due to the nature of healthcare available in these areas statistics are difficult to 

verify, as large numbers of patients do not reach care in time or diagnosis techniques are 

inadequate. A retrospective study of spatial distribution of e-BL in Kenya (Rainey et al. 2007) 

revealed that children in lakeland areas are twice as likely to contract BL than coastal dwellers 

and up to six times more likely to contract BL than children in arid regions^®.

Soon after Burkitt’s ‘lymphoma belt’ was conceived, it was observed that the area 

defined overlaid with high correlation over regions of high malaria incidence in Africa, leading 

to the theory that malaria or some other infectious agent was causative or even contributory in 

the case of Burkitt’s lymphoma'^’Malaria within these regions is holoendemic with over 

75% of malaria related deaths worldwide taking place in the malaria belt^'. Plasmodium 

falciparum is a parasite carried by mosquitoes, which is known to cause severe cases of malaria 

has also been strongly associated with e-BL and is present in up to 90% of children (< 5 years 

of age) in endemic areas^^. In areas of high malaria infection, individuals experience multiple 

episodes of malaria during childhood; however only a fraction of these childhood malaria 

patients continue to develop BL^^. While exploring the possibilty of malarial impact on BL, 

Burkitt observed that the incidence of BL in Tanzania changed significantly with the 

introduction of anti-malarial drug chloroquine over the period 1977-1982. A 2013 study of a 

cohort of BL patients in Malawi showed a correlation between Plasmodium falciparum and e-
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BL, this study observed the presenee of Plasmodium falciparum DNA in BL patient serum^"*. 

Malarial infeetion is known to induee B-cell hyperplasia, increasing B-cell antibodies, leading 

to eventual loss of B-cell memory and culminating in the activation of the B-cell memory 

compartment via plasmodium membrane protein CIDRla. The net effect of repeated malarial 

infection is the immunosuppression of B-cell and T-cell responses; these include responses to 

viral infection^^’

In 1964, virologists Anthony Epstein, Yvonne Barr and Bert Achong discovered a 

previously undocumented herpes-like virus in cultures of BL tumours sent to them by Burkitt. 

This herpes-like virus later became known as the Epstein-Barr virus (EBV) and was found to 

be present in over 90% of e-BL tumour cultures from the lymphoma belt^’; however EBV was 

only present in 25% of patient samples from outside this region^*. Tumour viruses are known 

to be at the root of several human cancers, for example the hepatitis B virus - liver cancer and 

the human papilloma virus - cervical cancer^^. EBV infection typically occurs in early life and 

more often produces the symptoms of mononucleosis, however symptom free carriers have 

been observed. Infection is thought to occur orally through the saliva, infecting immature 

lymphoid tissues and persistent infection is established. A 2010 report on the global burden of 

five EBV attributed malignancies, reported 842,674 new cases of EBV-attributed malignancies 

(143,000 deaths) with 4,396 new cases of EBV+ BL (2,251 deaths)^'. Although both malarial 

and EBV infection have a strong relationship with BL incidence, the absence of these factors 

in most cases outside of the ‘lymphoma belt’ left many questions unanswered to early BL 

researchers.

Sporadic Burkitt’s lymphoma (s-BL) is essentially BL that occurs outside of the 

lymphoma / malaria belt and is quite rare with an incidence of 2 per million in North America, 

Europe and east Asia^®. In Europe and North America s-BL accounts for 1-2 % of adult 

lymphomas and 30-40% of childhood non-Hodgkin’s lymphomas. The sporadic variant is most 

common in children aged 3-12 years and manifestation in male patients is 3.5 times more 

common. As previously mentioned EBV positive s-BL is relatively rare with less than 25% of 

s-BL testing positive for the EBV. Typical s-BL manifestations include abdominal tumours but 

spreading of tumours into the bone marrow and / or central nervous system is common at 

diagnosis^^.

Immunodeficiency related Burkitt’s lymphoma (i-BL) prevalence increased 

significantly since it was first reported by Ziegler et al. (1982) due to the spread of the human
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immunodeficiency virus (HIV)^'. This variant of BL was once 1000 times more common in 

North America prior to the use of antiviral treatments for There is also increased risk of

contracting i-BL 4 to 5 years after organ transplantation due to induced immunosuppression^^. 

Although EBV+ i-BL is possible, only around 40% of America and European patients test 

positive for EBV. i-BL has been documented worldwide, occurring with an incidence of 22 per 

100,000 in North America^'*.

Therefore it is not the EBV or malaria that characterises BL, although both contribute 

through immunosuppression, but another underlying feature of the lymphoma. This 

characteristic feature first noted in 1975 by Zech et al. and was found in all types of BL, this is 

the reciprocal chromosomal translocation of the c-myc proto-oncogene from chromosome 8^^. 

The translocation and subsequent activation of the deregulated c-myc to an immunoglobin 

locus (Ig) leads to cell growth with uncontrolled proliferation and genomic instability^^ (Figure 

10). In healthy cells (Non-BL cells) the proliferative action of c-myc is counter balanced by 

the apoptotic p53 and BIM (Bcl2-like-protein 11) pathways.
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Figure 10; c-myc translocation from chromosome 8 to Ig locus chromosome 14

In EBV positive BL, it is observed that EBNA3A and EBNA3C (EBV nuclear antigens) 

inhibit the expression of BIM and therefore deregulate this pathway^’. 30% of EBV positive 

tumours also possess p53 mutations which could also disrupt its apoptotic pathway^*.
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1.2.3 Treatment of Burkitt’s lymphoma

The treatment of BL involves high doses of chemotherapeutic agents, typically of the 

alkylating class. The chemotherapeutic standard for large diffuse B-cell lymphoma is known 

as CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) and remains the 

leading treatment available for patients with advanced stage ™. Despite the promising

results obtained in B-cell lymphoma using the CHOP treatment, it has proven inadequate in 

the treatment of BL, with poor 2 to 5 year survival rates of 50-65%^'.

This has led to the development of multiple prospective treatment regimens for the 

specific treatment of BL, many of which have two year survival rates of 49 - 89%’^. Magrath 

et al. (1996) in collaboration with the National Cancer Institute, proposed the CODOX- 

M/rVAC regimen of cyclophosphamide, vincristine, doxorubicin and methotrexate in tandem 

with cycling doses of ifosfamide, etoposide, cytarabine and intrathecal methotrexate and 

cytarabine (Figure 11). This regime gave excellent results with a two year survival rate of 89% 

in adults^^.
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Figure 11: Components of Magrath’s CODOX-M/IVAC regime

In more recent times, reduced toxicity versions of the CODOX-M/IVAC regime have 

been investigated with high 2 year survival rates of -70%^''’’^ (Figure 11). Rituximab is an 

immunotherapeutic agent used in the treatment of CD20 positive diffuse B-cell NHL 

lymphoma, rheumatoid arthritis and other NHLs including stages III-IV follicular lymphoma.
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Rituximab has been extensively studied in B-cell lymphoma and has been found to increase 

the overall survival when used to complement existing chemotherapeutic regimes’^'

The monoclonal antibody rituximab has more recently and is currently being studied 

for the treatment of BL. Thomas et al. (2006) reported an 89% two year survival rate during 

implementation of the a dose adjusted Hyper-CVAD regime (cyclophosphamide, vincristine, 

doxorubicin and dexamethasone) with Rituximab, giving a vast improvement from his original 

Hyper-CVAD study in 1999^^’ Rituximab has also been studied for the treatment of i-BL as 

part of a 33 day chemotherapeutic regime (cyclophosphamide, prednisone, rituximab, 

vincristine, methotrexate, isophosphamide, dexamethasone, teniposide, cytarabine, 

doxorubicin, vindesine and etoposide). Oriol et al. (2008) found that comparable survival rates 

could be achieved using the regime, between HIV positive BL patients and HIV negative 

patients^*'. Upcoming clinical trials involving the treatment of BL, implement dose established 

chemotherapeutic strategies with the addition of Rituximab*'’*^.

A number of potential therapeutics for BL are under development in academic research 

groups. Reddy et al. (2008) introduced the (£)-styrylbenzylsulfones as a series of potent 

antiproliferative agents and established activity of the lead structures in a number of cancer cell 

lines including the BL Raji (IC50 4-9 nM), Daudi (IC50 7-8 nM) and Namalwa (IC50 4-9 nM) 

cell lines*^. A series of amidinopiperidine based compounds bearing an N’-acyl-napthalene-2- 

sulfonohydrazine moiety developed by Gobec et al. (2012) induced a selective apoptotic and 

antiproliferative effect in the RAMOS and Daudi BL cell lines over PBMCs (peripheral blood 

mononuclear cells)^'^. Other promising studies include a novel series of 2- 

benzoxazoylhydrazones, which have been shown to inhibit cell proliferation in cancer cell lines 

including the BL cell line CA46 (EC50 5-27 nM)*^’*^(Figure 12).

Figure 12: Therapeutics in development for the treatment of Burkitt's lymphoma

Phenothiazines such as chlorpromazine, trifluoroperazine and thioridazine were noted 

in a paper by Zhelev et al. (2004) to both suppress proliferation and induce apoptosis in BL 

lines Raji (IC50 6.6-13.9 pmol/L) and Daudi (IC50 10-23.7 pmol/L)*’. The novel indole based 

compound NecroX-7 is a nitrogen and oxygen reactive oxygen species scavenger and has

15



recently been shown to induce G2/M arrest in BL cell lines (RAMOS & Daudi)*^' (Figure 

13).
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Figure 13: Therapeutics in development for the treatment of Burkitt's lymphoma

Meredith et al. (2005) identified the SERT substrates MDMA, fluoxetine and 

clomipramine as potent anticancer agents for the treatment of sertogenic B cell malignancies 

including BL (L3055 & KHM-2B cell lines)^^. In 2010 Gandy et al. developed a series of non­

psychoactive methylenedioxymethamphetamine (MDMA) analogues that exhibited potent 

activity in BL cell lines. The lead compounds from this study included a naphthalene group at 

the R-1 position and gave IC50 of 6.6-12.6 pM in the SH-SY5Y neuroblastoma cell line^'.
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Figure 14: Therapeutics in development for the treatment of Burkitt's lymphoma

Subsequent studies on the antiproliferative activity of amphetamines such as MTA, MDMA 

and the antidepressants fluoxetine and maprotiline, have shown that these compounds exhibit 

potential as pro-apoptotic agents for the treatment of BL (MUTU-I, DG75 cell lines)^’ 

(Figure 14).
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1.3 Antidepressants

‘Antidepressant’ is an umbrella term use to collectively describe drugs used for the 

treatment of mood disorders such as major depression, dysthymic disorder and bipolar disorder. 

Mood disorders are debilitating and can lead to the development of the following symptoms: 

sustained melancholia, sleeplessness, restlessness, anxiety and poor concentration. 

Antidepressant drugs can be sub-categorised by both their mode of action and structural type 

into the following groups^^-

1. Tricyclic and tetracyclic antidepressants (TCAs)

2. Selective serotonin reuptake inhibitors (SSRIs)

3. Noradrenaline reuptake inhibitors (NARIs)

4. Monoamine oxidase inhibitors (MAOIs)

5. Miscellaneous agents

Tricyclic and tetracyclic antidepressants (TCAs) were historically the first class of 

compounds utilised for the treatment of depression, TCAs share many pharmacodynamic and 

pharmacokinetic properties, as well as inducing many of the same side effects. Examples of 

some TCAs are presented in Figure 15. Although their mechanism of action is not well 

understood, it is believed the TCAs induce their antidepressant effects by increasing the 

concentration of NET, SERT and DAT in the central nervous system by inhibiting their 

reuptake^^’ More recent research has shown that prolonged use of these TCAs induce 

hypersensitisation of P-postsynaptic and a-presynaptic receptors.

Maprotiline Imipramine Amitriptyline Desipramine Chlorimpramine

Figure 15: Tricyclic and tetracyclic antidepressants (TCAs) for treatment of depression

This class of antidepressants are indicated for use with major depressive disorders, anxiety, 

obsessive compulsive disorder (OCD) and for chronic pain treatment. The TCAs are attributed 

with a plethora of undesirable side-effects including but not limited to dizziness, insomnia, 

agitation, drowsiness, headaches, bodyweight increase, photosensitization and constipation^^-
99

The second class of antipressants, the Selective Serotonin Reuptake Inhibitors (SSRIs) 

include compounds such as citalopram, fluoxetine, paroxteine and sertraline (Figure 16). These
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compounds induce much less undesirable side effects due to their more selective mechanism 

of action. SSRIs selectively target and inhibit the reuptake of 5-hydroxytryptophan (5-HT), 

thus increasing the coneentration of 5-HT at the synapse.
Cl

Fluoxetine

Figure 16: Selective serotonin reuptake inhibitors (SSRIs) for treatment of depression

SSRIs are also indieated for use with major depressive disorder, bipolar disorder, moderate 

depression, OCD and bulimia nervosa. Adverse effects have also been recorded and amongst 

these gastrointestinal, restlessness, insomnia, tremors and decreased libido are listed^^’

Nisoxetine and reboxetine are seleetive noradrenaline reuptake inhibitors (NARIs) 

prescribed for the treatment of all types of depression and have low affinities to other reeeptors 

(Figure 17).

Figure 17: Noradrenaline reuptake inhibitors (NARIs) for treatment of depression

Sedation and motor slowdown are not ineluded in the adverse effeets of these compounds, 

however in older patients dry mouth, constipation, vertigo and insomnia have been noted^**’

Monoamine oxidase inhibitors (MAOIs) tranyleypromine and phenelzine impose their 

antidepressant effect on the MAO enzyme, the enzyme charged with the degradation of 

monoamines. This leads to increased monoamine coneentration (for example 5-HT) at the 

synapses (Figure 18).
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Figure 18: Monoamine oxidase inhibitors (MAOIs) for treatment of depression
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MAOIs are indicated for use in the treatment of atypical depression. MAOIs are more tolerated 

by the body than TCAs and lead to lesser side effects but infrequently lead to digestive 

problems (nausea, vomiting), sleep disturbances and anxiety^*'

A range of other miscellaneous agents are also associated with the treatment of 

depression (Figure 19). Lithium and lithium salts are regularly used for the treatment of 

depression since the 1930s. Lithium alters cation transport across cell membranes, impairing 

the ability of SERF and NET reuptake. Divalproex sodium is generally used for the treatment 

of epilepsy but can also be used for the treatment of depression. The mechanisms of action for 

viloxazine and bupropion are unclear but they have no effect on MAO and a small influence 

on SERT and NET reuptake^^'
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Figure 19: Miscellaneous agents for treatment of depression

1.4 Maprotiline

The noradrenaline reuptake inhibitor maprotiline contains a tetracyclic core structure 

bearing a secondary amine side chain at C-9 (Figure 20). Tatsumia et al (1997) elucidated the 

selectivity factor of maprotiline for the various human monoamine transporters by calculating 

a ratio of the respective equilibrium dissociation constants, this study demonstrated the potent 

affinity of maprotiline towards NET when compared to SERT and DAT affinities’®®. The 

influence of maprotiline is not limited to the aforementioned transporter and effects have been 

documented on muscarinic, a-adrenergic and P-noradrenergic receptors’®’. Side effects 

associated with maprotiline use include skin rashes, seizures, headaches and drowsiness®^. 

Maprotiline is no longer used as a therapeutic agent for the treatment of depression since the 

emergence of newer, more effective classes of drugs such as the SSRIs. More recent 

publications have highlighted some of the further biological activities possessed by this 

tetracyclic antidepressant®- ®"’.

Figure 20: Maprotiline
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Maprotiline (lUPAC name 3-(9,10-ethanoanthracen-9(10H)-yl)-N-methylpropan-l- 

amine) is a TCA that was patented by the Swiss company Ciba-Giegy (now Novartis) in the 

1960’s’‘’^ and was subsequently launched under the brand name ‘Ludomil’ for the treatment of 

depression in 1975^’. Wilhelm et al. (1969) published both a paper and a patent for the synthesis 

of maprotiline and these publications outlined two different routes for the synthesis. In both 

cases the two initial steps of the synthetic route prepare 3-(anthracen-9-yl)propanoic acid from 

anthrone. These initial steps involve the base catalysed Michael addition of anthrone to 

acrylonitrile and in situ acid hydrolysis to give 3-(10-oxo-9,10-dihydroanthracen-9- 

yl)propanoic acid. A subsequent dissolving metal reduction (zinc in ammonia) affords the 

required 3-(anthracen-9-yl)propanoic acid (Figure 21).
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Figure 21: Overall scheme for the synthesis of 3-(anthracen-9-yl)propanoic acid from anthrone

From this 3-(anthracen-9-yl)propanoic acid starting material Wilhelm et al. have outlined two 

strategies (Route A & Route B), both involving a series of similar functional group 

transformations. The contrasting feature differentiating the two approaches is the juncture at 

which the Diels-Alder addition of ethylene is implemented (Figure 22).
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Figure 22: Overall synthetic routes (A & B) for the synthesis of maprotiline from 3-(anthracen-9-yl)propanoic acid

Route A commences with the Diels-Alder addition of ethylene (50 atm, 150 °C) to the 

diene system provided by 3-(anthracen-9-yl)propanoic acid. The acid Diels-Alder adduct is 

converted to the corresponding acid chloride using oxalyl chloride and subsequent nucleophilic 

substitution with methylamine affords the methyl amide. Reduction of this methyl amide with
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lithium aluminium hydride leads to the formation of the desired product maprotiline. Route B 

initiates with the lithium aluminium hydride reduction of 3-(anthracen-9-yl)propanoic acid to 

the corresponding alcohol. 3-(Anthracen-9-yl)propan-l-ol is then refluxed with thionyl 

chloride to give 9-(3-chloropropyl)anthracene; the chloride is then subjected to nucleophilic 

substitution by methylamine yielding 3-(anthracen-9-yl)-N-methylpropan-l-amine. A high 

pressure Diels-Alder addition of ethylene (50 atm, 150 “C) to a solution of 3-(anthracen-9-yl)- 

N-methylpropan-1 -amine in toluene affords the target compound maprotiline'®^' '®^. Production 

of maprotiline analogues bearing triptycene and 9,10-dihydro-9,10-propanoanthracene rings 

instead of the typical tetracyclic system have also been documented'®‘^' '®^.

Maprotiline and maprotiline analogues have been intensively studied in recent 

publications outlining other biological properties of this tetracyclic structure such as anti­

cancer®' '®®' '®’, anti-inflammatory'®^ and multi-drug resistance reversal'®®"''. The

development of anti-cancer therapeutics that can evade, neutralise or reverse multi-drug 

resistance is of critical importance. Drug efflux pumps p-glycoprotein and cancer resistant 

protein are over expressed in many malignant diseases and eliminate the potential therapeutic 

from the target cell. Maprotiline has been shown to reverse multidrug resistance. Szabo et al. 

(1999) demonstrated the reversal of multidrug resistance in leukemic tumour cell lines (L121C 

MDR, L5178 MDR) and leukemic patient samples'®®. The reversal of chloroquine resistance 

in Plasmodium falciparum strains by TCAs was first noted by Bitonti et al. (1988) "®. More 

recent work led to the development of a library of dihydroanthracene derivatives based on 

maprotiline for use as chemosensitizers in Plasmodium falciparum strains (Figure 23)'"'"''.

Figure 23: Lead compounds for the reversal of chloroquine resistance

The anti-depressants maprotiline, fluoxetine, desipramine, chlomipramine, 

amitriptyline and imipramine (Figure 15) have also been shown in recent literature to elicit 

anti-proliferative and apoptotic effects in a range of cancer cell lines®^’ ®''' 

proliferative effect of maprotiline has been documented in human prostate cancer cell lines and 

in murine neuroblastoma cells. Hsu et al. (2004) quantified the increase in extracellular and 

intracellular ion concentration in PC3 human prostate cancer cells induced by maprotiline 

and suggested that this increase in concentration may modulate cancer cell proliferation'®®. In
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the Neuro-2-a murine neuroblastoma eells maprotiline induced the activation of caspase-3, an 

increase in Ca^^ ion concentration, ERK phosphorylation and ultimately apoptosis'^’.

The antidepressants maprotiline and fluoxetine have furthermore been shown to induce 

programmed cell death in the chemo-sensitive BL cell line MUTU-I and autophagic cell death 

type II in the drug resistant BL cell line DG-75 (EC50 of 5.9-15.3 pM, treatment time 72 h)^‘^. 

Further work in these BL cell lines by Cloonan et al. (2010) has shown that SERT and NET 

are not directly involved in the maprotiline mediated cell death pathway^^. Previous work 

within our group involved the synthesis and biochemical evaluation of a series of maprotiline 

analogues for the treatment of BL. Structural modifications of the dihydro-ethanoanthracene 

structure at the heart of maprotiline, led to the development of a panel of compounds with 

potent caspase-dependant apoptotic activity in BL cell lines. The leading anthracene and 

dihydro-ethanoanthracene compounds exhibited promising EC50 values ranging from 3-31.5 

pM in the MUTU-I when compared to maprotiline which gave an EC50 value of 15.8 pM. In 

the DG-75 chemoresistant cell line the lead compounds gave promising EC50 values ranging 

between 1.5-10.2 pM when compared to maprotiline which gave an EC50 value of 37.5 pM 

(Figure 24). This panel of compounds were also shown to induce apoptosis in a dose dependant 

manner and to circumvent multi-drug resistance in HL-60 MDR, indicating that these 

maprotiline analogues are not substrates for the drug efflux pump.

ECm MUTU-I IS.8 
ECjo DG-7S 37.5 fiM

EC50 MUTU-I 28.4 ^M 
ECjo DG-75 3.1 (iM

ECso MUTU-I 23.5 mM 
EC,, DG-75 8.8 ^M

ECjo MUTU-I 31.5 nM 
EC50 DG-75 10.2 ^M

NO,

ECm MUTU-I 3.0 mM 
ECjo DG-75 1.5 )iM

Figure 24: Lead maprotiline analogues (and their ECso values) for treatment of Burkitt's lymphoma from previous

study‘

Amongst these leading maprotiline analogues was (£)-9-(2-nitrovinyl)anthracene eliciting a 

pro-apoptotic effect and giving EC50 values of 1.5 pM in the DG-75 cell line and 3.0 pM in the 

MUTU-I cell line'^. Aryl nitrovinyl compounds have been previously shown to exhibit potent 

antiproliferative effects'"'’. The inclusion of vinyl and nitrovinyl functionalities in future 

maprotiline analogues is of significant interest both synthetically and biologically.
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1.5.1 Nitrostyrenes

The nitrostyrenes (lUPAC name (2-nitrovinyl)benzenes) are a family of compounds 

composed of an alkene double bond with a nitro substitution at C-2 and a phenyl ring at position 

1 of the alkene. This alkene bond is extremely electron deficient due to the electron 

withdrawing effect of the nitro group, making the nitrostyrenes excellent Michael acceptors 

(Figure 25)’Aliphatic nitro compounds provide organic chemists with an intermediate of 

immense potential. The nitro substituent can easily undergo a number of transformations 

furnishing the respective amines’^®' amides'^^, carbonyl compounds'^^, hydroxylamines’^'^,

nitronesand nitronates’^^. The nitro group as a substituent is an extremely electron 

withdrawing group and is unreactive as an electrophilic centre.

P carbon

Figure 25: Nitrostyrene scaffold

The earliest syntheses of nitrostyrene derivatives were published in 1884, when 

Erdmann et al. nitrated and decarboxylated 4-phenylbut-3-enoic acid to give the desired 

nitrostyrene^'^’’. Priebs et al. (1884) also published his synthesis of nitrostyrene using N-(l- 

ethoxycarbonyl-propen-2-yl)urea, benzaldehyde and nitromethane^-^’’’. Since these pioneering 

publications the synthesis of a diverse range of nitrostyrenes has been achieved via the nitration 

of styrenes^'^^"^'^^ the nitro-Hunsdiecker nitrodecarboxylation^'^^, dehydration of the required 2- 

nitro-l-phenylethan-l-ols and the Wadsworth-Emmons reaction^'^'^' The most popular and 

perhaps most amenable method for the production of these compounds is the base catalysed 

(typically cyclohexylamine^, butyl amine^"^^, ammonium acetate^'^'’ or piperidine^'^^) Henry- 

Knoevenagel condensation of nitroalkanes with aldehydes and ketones^'^'*. In fact, from review 

of the Elservier’s REAXYS database, selecting a cohort of 1053 published nitrostyrene 

syntheses, over 60% of authors utilised the Henry-Knoevenagel condensation. The second 

most popular route to the nitrostyrenes in this analysis was the dehydration of the required 2- 

nitro-l-phenylethan-l-ol^"^’ with just under 9% of the total published routes^^’’. Negishi et al. 

(1988) extracted and identified nitrostyrene from commercial smoked chicken^-^^.

Utilising different nitroalkanes and benzaldehydes during the Henry-Knoevenagel 

condensation permits the variation of phenyl substitution and substitution at the alpha position, 

common substitutions include benzyl, methyl and ethyl*' Similarly substitution at the beta 

carbon can be altered by utilising ketones such as acetophenone during this condensation 

reaction to introduce different alkyl groups^'^'*. The Henry-Knoevenagel condensation of
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heterocyclic aldehydes has also been achieved, introducing moieties such as thiophene 

furan^^^, naphthalene^^"^ and anthraceneinstead of a substituted (or unsubstituted) phenyl 

ring. The Henry-Knoevenagel condensation has been accomplished under a variety of different 

conditions including but not limited to microwave assisted synthesisultrasound

accelerated synthesis , solvent-less (neat reagents) , gel entrapped base catalysis^ , ionic 

liquid promoted^'^^ and utilising green aqueous conditions^'^^. Nitrostyrenes like many alkene 

systems can exist as either cis (Z) or trans (E) isomers, however the trans {E) conformation 

predominates as it is sterically favoured. The formation of this trans (£) adduct can be verified 

by 'H NMR or X-ray crystallography^’^'^'^'^^ (Figure 26).

N+o-

H H 
Cis (Z) isomer

H
Trans (E) isomer

Figure 26: Trans & Cis isomers of the nitrostyrenes

The nitrostyrenes act as an intermediate in the synthesis of a myriad of organic 

compounds. Reduction reactions of nitrostyrenes with sodium borohydride and lithium 

aluminium hydride yield the corresponding nitroalkanes'^"^ and aminesrespectively. These 

nitroalkanes can then be utilised in further Henry-Knoevenagel condensations or to synthesise 

carbonyl compounds using the NEF reactionA nitro-Mannich reaction of the nitroalkanes 

formed and imines can lead to the rapid generation of a multi-functional moiety'The 

amine derivatives can be reacted with aldehydes and acid chlorides to afford corresponding 

acetamide derivatives'^*’ ( Figure 27).

NEF,

NH, Reduction Reduction
H O

Henry

Acid chloride
nitro-Mannich

Figure 27: Transformations of the nitrostyrenes

The electron deficient alkene bond is key to many of the transformations available to 

this class of compounds, and this core scaffold is an excellent substrate for the Michael or 

conjugate addition. Michael additions of carbon, nitrogen, oxygen and sulfur nucleophiles to a
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diverse range of nitrostyrenes are reported^' Michael addition facilitates and accelerates the 

typically slow Morita-Baylis Hillman addition to the nitrostyrenes'^'. This property is then 

further exploited in the tandem-Baylis-Hillman cyclisation reaction that leads to the formation 

of 3-nitrochromenes and 3-nitroquinilones'‘^^' Friedel-Crafts alkylation'’^ and

esterifications'’"' of the Baylis-Hillman adduct of nitrostyrene and formaldehyde have also been 

achieved (Figure 28). These transformations will be further discussed in Chapters 2 and 3.

,Ri
X 'o

IF^>•0. Michael Addition

X = NH,0, S, CH2

R2-r

H O

Baylis-Hillman tandem Michael 
■ Addition

Figure 28: Transformations of the nitrostyrenes

Conjugate addition of azides to nitrostyrenes leads to triazole formation'’^’ Epoxides 

of the nitroalkcnes can be formed with relative ease in the presence of peroxides and basic 

conditions and have been utilised to form 2-nitro-l-phenylethan-l-ones'”. Nitroalkcnes have 

also be used as dicnophiles in the Diels-Alder reaction and Diels-Alder adducts with anthracene 

and other diene systems have been reported'’*. Other [4+2] cycloadducts of the nitroalkcnes 

have been prepared, by reacting the nitrovinyl compounds with compounds such as 

cyclopentadiene and N-morpholinocyclohexene”^. Oxidation of aryl methoxy substituted 

nitrostyrenes leads to the formation of nitrovinyl benzoquinones, which in turn can be used to 

generate poly-cyclic molecules of biological interest'*" (Figure 29).

Bromination of the vinyl bond of nitrostyrenes provides brominated nitro compounds 

susceptible to further modification by nucleophilic substitution" and Suzuki coupling'*'. The 

reaction of the vinyl unit with Grignard reagents has also been achieved, giving Michael-like 

adducts, oximes, carboxylic acids and acids'*’. The Stetter reaction can also be applied to these 

nitrostyrenes, reacting the activated nitrovinyl bond with an aldehyde, facilitating the 

introduction of a carbonyl substituent at the beta carbon'*’- '*"* (Figure 29).
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Figure 29; Transformations of the nitrostyrenes

1.5.2 Biological activity of nitrostyrenes

Nitrostyrenes and nitrostyrene derivatives have interested researchers over several 

decades due to their diverse biological activities, these include antimicrobial (antifungal & 

antibacterial)'" ’̂ antiinflammatory^ and insecticidal'^' properties. These compounds

are also known to down-regulate the immune responses by suppressing IL12, IL6 and nitric 

oxide productionRamos et al. (1997) also noted a significant mutagenicity associated with 

these nitroalkene species in Salmonella typhimurium strains". Nitrostyrene derivatives have 

also been reported to induce anti-cancer effects and stimulate an apoptotic response in a range 

of cancer cell lines'"’. For example recent literature details nitrostyrenes with pronounced 

anticancer activity in Burkitt’s lymphoma^’ rat pituitary cancer’, colon cancer^, 

osteosarcoma' and Erlich ascetic tumour cell lines’.

The inhibition of tubulin polymerisation is a mechanism of action for several anti­

cancer drugs, these include vinblastine, vincristine, colchicine and paclitaxel. These therapeutic 

agents bind to tubulin destabilising the microtubules leading to the inhibition of cell mitosis'^’. 

Pettit et al. (2002) demonstrated the concentration and time dependent fungicidal properties 

and cancer cell growth inhibition by the (£)-l,2,3-trimethoxy-5-(2-nitrovinyl)benzene (A). 

This compound features a 3,4,5-trimethoxy aryl motif which is characteristic of many tubulin 

targeting compounds such as combretastatin and as part of the study weak tubulin interactions 

were recorded'^ (Figure 30).
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NO,

Figure 30: Tubulin binding agents (Colchicine, (E)-l,2,3-trimethoxy-5-(2-nitrovinyl)benzene, l,2,3-trimethoxy-5-((£^-
2-nitrovinyl)-4-((£^-styryl) scaffold and (£)-2,3,4-trimethoxy-6-(2-nitrovinyl)-l,l'-biphenyl scaffold)

Following this initial study, Pettit et al. (2009) synthesised a series of related 

nitrostyrenes designed for the inhibition of tubulin. The lead compounds from this study gave 

tubulin inhibition IC50 of <10 pM and exhibited potent cancer inhibition in breast, pancreas, 

lung, colon, prostate and renal cancer cell lines''^. Jain et al. (2011) and Reddy et al. (2011) 

successfully introduced series of biphenyl nitrostyrenes (C) and resveratrol based (B) 

nitrovinyl stilbenes respectively as potent tubulin binding anticancer agents. Both studies 

presented anticancer potential for their compounds in HeLa, MCF-7, A549 and SK-N-SH cell 

lines'^'

Telomeres protect chromosomal DNA molecules, preventing end-to-end fusion of 

DNA molecules and ensuring consistent cell function is maintained including programmed cell 

death. In cancer cells the up-regulation of telomerase activity leads to the shortening of 

telomeres and eventual deprotection of these DNA molecules leading to the immortalisation 

and proliferation of cancer cells^®' Kim et al. (2002) screened a small library of nitrostyrenes 

for the inhibition of human telomerase, identifying (£)-l,3-dichloro-5-(3-(2- 

nitrovinyl)phenoxy)benzene as a potent telomerase inhibitor (IC50 -0.4 pM) (Figure 31). This 

work demonstrated telomerase inhibition at concentrations that were not cytotoxic to normal 

cells, with no inhibition effect on DNA and RNA polymerases'^’

Cl o
o

Cl
(£)-l,3-dichloro-5-(3-(2-nitrovinyl)phenoxy)benzene

Figure 31: (£)-l,3-dichloro-5-(3-(2-nitrovinyl)phenoxy)benzene a lead compound for the inhibition of human
telomerase

Park et al. (2004) identified a panel of nitrostyrenes as a class of reversible, covalent 

protein tyrosine phosphatase (PTP) inhibitors'^^. PTPs have been implicated in antibacterial
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properties'^^ as well as in many aspects of cell growth, differentiation, mitosis and in the 

immortalisation of cancer cells, thus the study of PTP inhibition is of interest'*^.

o

o o
O-

o
O-

(£)-5-(2-nitroprop-l-en-l-yl)benzo|</][l,3]dioxale (£)-2-methoxy-4-(2-iiitrovinyl)phenyl benzoate 

Figure 32: Nitrostyrenes found to exhibit PTP inhibition activity

Subsequent publications detailed inhibition of human platelet aggregation and inhibited ATP 

release paired with the aforementioned PTP inhibition^- (Figure 32). An initial mechanism 

for this PTP activity was proposed by Park et al. (2004), detailing a nucleophilic addition of 

thiol and arginine/aspartate residues of PTP to the nitro group within the binding complex, 

suggesting that the carbon-carbon double bond remained intact and provided an essential planar 

conformation'^^ (Figure 33).

AH ('ah 0,to- )
^ N+

V
R

Figure 33: Mechanism of reversible inhibition of PTP by nitrostyrenes proposed by Park et al. (2004)'*'^

Cornell et al. (2014) suggested that the nitrovinyl unit played a different role in the 

mechanism of PTP inhibition, undergoing a Michael type nucleophilic attack by the thiol 

residues and forming a complex with lysine and amino residues'*^ (Figure 34).

Several nitrostyrene derivatives have been shown to exhibit phospholipase A2 inhibition. Villar 

et al. (2008) demonstrated that nitrostyrenes bearing mononitro substitution at the ortho, meta 

and para positions effectively inhibited phospholipase A2 derived from snake venom'^® (Figure 

35).
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(£)-l-nitro-2-(2-iiitrovinyl)benzene (£)-l-nitro-3-(2-nitrovinyl)benzene (£)-I-nitro-4-(2-nitrovinyl)benzene

Figure 35: phospholipase A2 inhibitiors

Heterocyclic structures containing the nitrostyrene pharmacophore have also been 

found to possess significant biological activity. Perrella et al. (1994) designed a series of 3- 

nitrocoumarin, 3-nitrochromone and 3-nitrochromene derivatives intended for the inhibition of 

phospholipase C (PLC). This series of nitrovinyl compounds performed as intended inhibiting 

PLC and exhibiting a potent growth inhibitory effect in melanoma cellsA series of 2-aryl- 

3-nitro-2//-chromenes was more recently shown to exhibit a cytotoxic and apoptotic effect in 

breast cancer cell lines MCF-7, T-47D and MDA-MB-231. These 2-aryl-3-nitro-2//- 

chromenes were designed to incorporate components of anticancer agents from the 

nitrovinylstilbenes, nitrostyrenes, stilbene, chalcone and flavanone families'"'^(Figure 36).

2-Aryl-3-iiitro-2.ff-chroinene Scaffold

Figure 36: Incorporation structural features of the flavanones, chalcones, nitrostyrenes and stilbenes into the 2-aryl-

3-nitro-2H-chromenes'''^

Li et al. (2008) reported a series of 3-nitroquinolines as potent inhibitors of epidermoid 

carcinoma (A431) and breast cancer (MDA-MB-468). These 3-nitroquinolines were designed 

to mimic known inhibitors (gefitinib & lapatinib) of the epidermal growth factor receptor 

kinase incorporating a nitro group at C-3 thus forming a nitrovinyl type structure'^’. The Henry- 

Knoevenagel condensation reaction of isatins with subsequent dehydration allowed Chen et al. 

(2010) to incorporate a nitrovinyl moiety into isatins. These indolin-2-one nitrovinyl 

compounds were shown to possess growth inhibition properties in A549 and P388 lung cancer 

cell lines'^* (Figure 37).
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(£)-3-(nitromethylene)indolin-2-one 
Figure 37: Nitrovinyl isatin

The incorporation of the nitrovinyl unit into a series of protein kinase targeting 

anticancer drugs has also been achieved and these (arylamidoanilino) nitroethylene compounds 

have shown activity in leukaemia cell lines. The nitrovinyl system was generated via a two step 

procedure whereby the conjugate addition of a free amine to (2-nitroethene-l,l- 

diyl)bis(methylsulfane) takes place in the presence of N,N-diemethylamine'^^.

NH,

NO,

H
I

-N

O'

Figure 38: Example of (arylamidoanilino) nitroethylene compounds designed by Crew et al. (2006)

In 2012, McNamara et al. from Trinity College Dublin, reported a series of (£)-l,3- 

bis(aryl)-2-nitro-l-propenes originating from the redesign of illicit amphetamines^^’ this

series possessed potent antiproliferative activity in BL cell lines MUTU-I (EC50 1-3 pM) and 

DG-75 (EC50 4-65 pM)^. Unlike the related amphetamines, it was concluded that SERT may 

not be involved in the mechanism of apoptosis for this series of compounds. The lead 

compound ((£)-4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene)) showed a relatively low 

SERT inhibitory capacity (IC50 15.7 pM) when compared to the SERT binding activity of 

MDMA (EC50 425 nM) and 4-MTA (EC50 74 nM). Even so, the l,3-bis(aryl)-2-nitro-l- 

propenes, particularly (F)-4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) (Figure 39), 

were found to induce the hallmark characteristics of type I programmed cell death (apoptosis). 

This lead compound gave good ECsos of ~1 pM and ~12 pM in the MUTU-I and DG75 cell 

lines respectively^ and hence the development of this lead structure as a potential BL 

therapeutic is of current interest.

NO,

Figure 39: (2i)-4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene)
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1.6 Thesis Objectives
The main focus of this thesis is the synthesis of compounds that are structurally related to the 

nitrostyrene (£’)-l,3-bis(aryl)-2-nitro-l-propene scaffold and the tetracyclic antidepressant 

maprotiline, with a view to developing these structures as novel antiproliferative agents for use 

as a potential treatment for the malignancy Burkitt’s lymphoma.

The main objectives of Chapter Two include

• Utilisation of the Henry-Knoevenagel condensation reaction to synthesis a comprehensive 

library of structurally diverse nitrostyrenes structurally related to the (£’)-l,3-bis(aryl)-2- 

nitro-1-propenes.

• Further modification of this nitrostyrene library employing a number of transformations 

including Morita-Baylis Hillman reaction, triazole formation, reduction, oxidation, 

Michael and epoxidation reactions.

• Preparation of related vinyl compounds including .—I

f\ ^

NO,

benzylidenehydrazines and the 2-substituted-3-

phenylacrylonitriles.

The main objectives of Chapter Three include

R

• Incorporation of the nitrostyrene and (£^-l,3-bis(aryl)-2-nitro-l-propene scaffold into a 

number of larger heterocyclic structures to give more constrained configurations of the 

pharmacophore.

• The preparation of a library of 3-nitro-2-phenyl-2//-chromenes and 3-nitro-l,2- 

dihydroquinolines via a Baylis-Hillman tandem Michael reaction.

• Synthesis of the 3,5-diphenylisoxazole and flavone scaffolds and subsequent nitration of 

these heterocycles and the commercially available phenylindole to afford their nitrated 

adducts.
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The main objectives of Chapter Four include

• Design and synthesise of a library of anthracene based compounds structurally related 

to the TCA maprotiline.

• Utilisation of the Henry-Knoevenagel condensation of formylated anthracenes to 

synthesise a library of substituted (£)-9-(2-nitrovinyl)anthracenes.

• Preparation of related:

oxime, amine, amide, chloride, cyanovinyl, \ R

hydrazone and nitroalkane derivatives. r,-

NO,

The main objectives of Chapter Five include

• Design and synthesis of maprotiline analogues based on the 9,10-dihydro-9,10- 

ethanoanthracene scaffold previously shown to exhibit anticancer properties.

• Creation of a diverse dienophile library of commercially available reagents and by 

synthesising a number of benzylmaleimides and phenylmaleimides.

• Utilisation of the dienophile library and the library of anthracene 

derivatives synthesised in Chapter 4 to generate a large library of 

Diels-Alder adducts incorporating the nitrovinyl pharmacophore.

The main objectives of Chapter Six include
0,N

• Preliminary biological evaluation of the compound libraries prepared in Chapters 2 - 

5 at 10 pM and 1 pM in the DG-75 and MUTU-I BL cell lines leading to the 

production of IC50 curves for the leading compound(s).

• Generation of a structure-activity relationship for potential Burkitt’ lymphoma 

therapeutic(s) based on these preliminary biochemical results.

• Investigation of the mechanism of action e.g. the pro-apoptotic abilities of these 

compounds using FACS analysis.

• Determination of the selectivity of the antiproliferative effect of these compounds for 

BL cells using peripheral mononuclear cells (PBMC).

The overall objective of this research is the identification of novel lead compounds with 

sufficient potency to be useful as potential therapies for Burkitt’s lymphoma.
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Chapter 2.

Synthesis, isolation and characterisation of the nitrostyrenes and
related structures
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2.0 Introduction
4-Methylthioamphetamine (4-MTA) and 3,4-methylenedioxymethamphetamine 

(MDMA) are notorious drugs of abuse and the route specific by-products formed during the 

synthesis of 4-MTA and MDMA are well documented in literature^®^'The redesign of 

MDMA is of particular interest, as MDMA analogues have been shown to exhibit cytotoxicity 

in BL cell lines®' - As part of previous research within our laboratory, a library of a number 

of route-specific by-products formed during amphetamine synthesis were isolated and 

characterised. Subsequently a series of over 200 analogues of 4-MTA and MDMA including 

their route specific by-products were synthesised^®®. This library of compounds was 

subsequently screened in vitro for cytotoxicity in a range of cell lines which overexpressed 

monoamine transporters, including, human embryonic kidney HEK, hSERT, HEK hNET and 

HEK hDAT. The compounds were also screened in a neuronal cell line PC-12 and the 

neuroblastoma cell line SHSY-5Y. A number of leading compounds with antiproliferative 

effects in BL cell lines (MUTU-I and DG-75) were identified®^.

The most promising of these leading compounds was found to be N-(l,3-bis(4- 

(methylthio)phenyl)propan-2-yl)formamide (Figure 40); this compound showed significant 

selective toxicity to cell lines which overexpress SERT (ECso HEK hSERT 50 pM) over those 

which overexpressed DAT (ECso HEK hDAT 457 pM) or NET (ECso HEK hNET 87 pM)^®'. 

These findings were consistent and rationalised with literature that highlighted serotonin 

transporters as targets for the mechanism of cytotoxicity of MDMA^®^-^®*.

r
MDMA 4-MTA N-(l,3-bis(4-(methylthio)phenyl) (£)-4,4'-(2-nitroprop-l-ene-l,3-diyl) 

propan-2-yl)farmamide bis(chlorobenzene)
Figure 40: MDMA, 4-MTA, N-(l,3-bis(4-(inethylthio)phenyl)propan-2-yl)forinaniide, (£)-4,4'-(2-nitroprop-l-ene-l,3-

diyl)bis(chlorobenzene)

In more recent studies, a series of 1,3-bis(aryl)-2-nitro-l-propenes structurally related to N- 

formyl-l,3-bis(4-methylthiophenyl)-2-nitro-l-propane were shown to have a more potent 

antiproliferative activity in BL cell lines MUTU-I and DG-75 than the l,3-bis(aryl)-2- 

propanamine derivatives. Having previously evaluated the 1,3-bis(aryl)-2-nitro-l-propenes for 

SERT specific toxicity^, more recent work has shown that SERT may not be involved in the 

mechanism of apoptosis for this series of compounds. The lead compound (£)-4,4'-(2- 

nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) elicited a potent antiproliferative and pro-
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apoptotic effect in the DG-75 and MUTU-I BL cell lines (Chapter 1, Section 1.5) and as a result 

merits further investigation as a potential therapeutic for BL.

(£)-4,4'-(2-Nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) contains a classical 

nitrostyrene pharmacophore and hence derivatives of this structure are amenable to a number 

of structural transformations (Chapter 1, Section 1.5.1). In the present work a comprehensive 

library of nitrostyrenes and nitrostyrene derivatives were initially synthesised and 

characterised. This library not only included nitrostyrenes synthesised from a range of 

nitroalkanes and aldehydes but also nitroalkanes, Michael adducts, triazoles, epoxides, 

nitrochalcones and Baylis-Hillman adducts (Figure 41).

DABCO

n=n.

Saticyl
aldehyde

NaBH4

Figure 41: The nitrostyrene scaffold and transformations planned
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2.1 Synthesis of a library of structurally diverse (£)-(2-nitrovinyl)benzenes

A library of structurally diverse (£)-(2-nitrovinyl)benzenes (nitrostyrenes) was 

generated utilising the Henry-Knoevenagel condensation reaction of an appropriately 

substituted aryl aldehyde (or heteroeyclic aldehyde) and a suitable aliphatie nitro compound; 

the scheme for the reaction is shown in Figure 42 and the meehanism for the reaetion is shown 

in Figure 43^'’^.

Base
RCHjNOj

Refloz
6h

(1-83)

Figure 42: General scheme for Henry-Knoevenagel condensation to synthesise (£)-(2-nitrovinyl)benzenes

The Henry or nitroaldol reaetion was first noted in 1895 by L. Henryk'®. The Henry 

reaetion is an aldol eondensation reaetion involving an aliphatic nitro compound bearing a- 

hydrogens with an aldehyde or ketone, enabling the formation of a new carbon-earbon bond. 

The meehanism proeeeds by deprotonation of a-hydrogen giving a nitronate, followed by 

nueleophilie addition of the nitronate to the aldehyde / ketone and regeneration of the catalytic 

base 2”. The Knoevenagel eondensation reaction, first documented in 1889, is an amine 

catalysed condensation reaction between carbonyl compounds and activated methylene 

eompounds. During the Knoevenagel condensation a earbonyl group with acidie a-hydrogens 

undergoes deprotonation; this carbanion subsequently attacks the iminium ion formed between 

the aldehyde / ketone and the catalytic amine. This aldol-like reaetion is followed by 

dehydration to give the alkene^*^^.

Figure 43: Proposed mechanism of Henry-Knoevenagel condensation for synthesis of (£)-(2-nitrovinyl)benzenes
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The Henry-Knoevenagel syntheses of nitrostyrenes are well doeumented and 

encompass the use of a base such as potassium hydroxide'^*, ammonium acetate^or a 

combination of potassium fluoride and dimethyl ammonium chloride / N,N-dimethylamine 

hydrochloride with azeotropic removal of water facilitated using a Dean-Stark trap^’^'"*’^'^. In 

more recent literature, the microwave and/or ultrasound assisted organic synthesis of 

nitrostyrenes using ammonium acetate has been reported*. Rodriguez et al. (2001) and Wang 

et al. (2002) also reported the solventless, microwave assisted synthesis of P-nitrostyrenes 

using a potassium carbonate / aluminium oxide system^

In the present work libraries of (£)-(2-nitrovinyl)benzenes (1-34), (£')-(2-nitroprop-l- 

en-l-yl)benzenes (35-59), (£^-3/2-(2-nitrovinyl)heterocycles (71-82) and (£')-(2-nitrobut-1-en- 

l-yl)benzenes (60-70) were synthesised via the microwave assisted organic synthesis Henry- 

Knoevenagel condensation reaction of nitromethane, nitroethane and nitropropane with the 

appropriately substituted aryl aldehydes catalysed by cyclohexylamine (Figure 44).

cyclohexylamine (1 eq.)
AcOH

RCH2NO2 (2 eq.)

Microwave 
120 ®C 
25 min

Figure 44: Synthesis of (£)-(2-nitrovinyl)benzenes, (Jf)-(2-nitroprop-l-en-l-yl)benzenes and (£)-(2-nitrobut-l-en-l-

yl)benzenes

Originally the Henry-Knoevenagel condensation reaction used in synthesis of the 

nitrostyrenes was carried out using methodology which was well established within the group; 

this involved a 6 hour reflux in acetic acid with cyclohexylamine as base^’ . The reaction has 

since been optimised using microwave assisted organic synthesis, the findings of which are 

summarised below. This microwave study was carried out using the synthesis of (£)-l-(4- 

chlorophenyl)-2-nitroethene (1) from 4-chlorobenzaldehyde as the model reaction (Figure 45).

cyclohexylamine (1 eq.) 
CH3N02(2 eq.)

AcOH 
Microwave 

25 min
(1)

Figure 45: Synthesis of (£)-l-(4-ehlorophenyl)-2-nitroethene from 4-chlorobeiizaldehyde (1)

The optimal reaction conditions for both temperature and reaction time were deduced in a 

stepwise fashion; by the variation of one reaction variable while holding all other variables 

constant. From this study it was found that the optimal reaction conditions were reached at 120 

“C over 30 minutes (Figure 46), compared to the conventional six hours reflux.
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Figure 46: Microwave Study - Optimisation data.

(Please note for temperature variation study t = 20 min. For time variation study T = 120 “C)

In order to verify these findings, the yields from the microwave assisted synthesis of two other 

nitrostyrene compounds (6, 21) were compared to their refluxing alternatives (Figure 47). This 

new procedure gives comparable yields to the refluxing method previously utilised but with a 

significant reduction in reaction time.

■ Refluxing ■ Microwave

PERCENTILE
YIELD

(%)

(1) (6)
COMPOUND NUMBER

Figure 47: Graphical comparison of yield - microwave versus refluxing methods

Using this procedure a library of structurally diverse nitrostyrenes were synthesised, purified 

and subsequently characterised (Table 1, Table 2, & Table 4). Aryl substitution patterns 

achieved included halogen, alkyl, methoxy, hydroxy, benzyloxy and phenoxy with proton, 

methyl and ethyl vinyl substituents. It was envisaged that these libraries would yield to the 

establishment of a structure activity relationship for these compounds.
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cyclohexylamine ^
Rs. AcOH R NO,

|| CH3NO2

Microwave ^
R. y R. jjjoc J

Rs 25 min R5

Compound Substitution pattern Yield Compound Substitution pattern Yield

1 R4 = C1 83% 18 R3 = R4 = Rs = OCH3 60%

2 R4 = 0H 40% 19 R2 = OCH2CH3 67%

3 R3 = R4 ~ C4H4 75% 20 R4 = 0(C6Hs) 70%

4 R4 = F 78% 21 Rn = H 80%

5 R4 = C2H2N02 79% 22 R3 = R4 = OCH20 70%

6 R2 = R3 ~ C4H4 76% 23 R3 = R4 = OCH3 40%

7
Rs = R6 = C4H4,

R2 = Rj = C4H4
99% 24 R4 = OCH2(C6Hs) 40%

8 R3 = 0CH2(C6H5) 82% 25 R2 = R4=C1 52%

9 R2 = 0CH3. Rs = Br 86% 26 R3 = OH 50%

10 R4 = OCH3 70% 27 R2 = 0H 30%

11 R4 = OCH3, R3 = 0CH2(C6H5) 62% 28 R2 = C1 84%

12 R2 = R4 = Rs = OCH3 48% 29 R4 = Br 69%

13 R2 = OH, Rs = OCH3 58% 30 R4 = OCH2CH3 58%

14 R3 = C1 73% 31 R2 = 0H, R3 = 0CH3 29%

15 R4 = CH3 78% 32 R3 = Br, R4 = OCH3 39%

16 R2 = R4 = OCH3 70% 33 R3 = OH, R4 = OCH3 62%

17 R2 = Rs = OCH3 80% 34 R3 = NO2 33%

Table 1: (£)-(2-nitrovinyl)benzene library. Note: R = H unless otherwise specified. * denotes novel compound

The (£)-(2-nitrovinyl)benzenes were synthesised through the Henry-Knoevenagel 

condensation of nitromethane and the appropriate aldehyde giving yields of 29-99% (Table 1). 

(£^-4-bromo-1-methoxy-2-(2-nitrovinyl)benzene (9) was chosen as a representative sample of 

the (£)-(2-nitrovinyl)benzenes and the 'H NMR and '^C NMR spectra will now be discussed 

in detail. The 'H NMR (400 MHz, CDCh) spectrum of compound 9 (Figure 48) shows a singlet 

at 3.96 ppm which integrates for one proton. This represents the methoxy group at the 1 

position.
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Figure 48: 'H NMR spectrum of (£)-4-bromo-l-methoxy-2-(2-nitrovinyl)benzene (9)

A doublet at 6.95 ppm {J = 8.71 Hz) integrating for a single proton corresponds to He. The 

multiplet found at 7.45 - 7.53 ppm integrating for two protons was assigned to Hs and the 

nitrovinyl proton Hr. The doublet at 7.74 ppm (J = 2.07 Hz) was assigned to H3, the small 

coupling constant was attributed to long range coupling. The remaining doublet at 7.88 ppm {J 

= 13.27 Hz) was assigned to H2' on the nitrovinyl unit. A coupling value of 13.5 Hz indicates 

trans proton coupling (f'-alkene) for this series
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Figure 49: '^C NMR spectrum of (£)-4-bromo-l-methoxy-2-(2-nitrovinyl)benzene (9)
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The '^C NMR (101 MHz, CDCb) spectrum of compound 9 (Figure 49) shows CH 

signals at 112.09 ppm, 130.37 ppm, 133.56 ppm, 135.87 ppm and 137.40 ppm. The resonance 

at 56.46 ppm was assigned to the methoxy group on Ci. The CH signals at 112.75 ppm, 130.37 

ppm and 133.57 ppm corresponded to Ce, Cs and C3 respectively, while quaternary resonances 

at 112.75 ppm and 123.71 ppm were assigned to C4 and C2. Two further CH resonances at 

135.87 ppm and 137.41 ppm account for Cr and C2’. The final downfield quaternary resonance 

at 158.83 ppm was assigned to the carbon bearing the electronegative methoxy substituent - 

Cl. FTIR spectroscopy shows bands at 1629 (C=C) and 1486, 1335 (NO2) cm"'. High resolution 

mass spectrometry (APCI) was carried out and the required molecular ion was calculated to be 

C9H9N03Br [M*+H] 257.9766 and found as 257.9760.

cyclobexylamine ^
Rw AcOH R /NO,

|| CH3CH2NO2 ^1^
Microwave

1 120 »C >9 ^ R.
1 25 min 1 <^5-59)

Compound Substitution pattern Yield Compound Substitution pattern Yield

35 R4 = C1 64% 48 R2 = Rs = OCH3 80%

36 R4 = 0H 8% 49 R3 = R4 = Rs = OCH3 50%

37 Rj = R4 = C4H4 60% 50 R2 = OCH2CH3 40%

38 R4 = F 50% 51 R, = OlCftHs) 72%

39 R4 = CHCH(CH3)N02 60% 52 R4 = 0CH2(C6H5) 50%

40 R2 = R3 = C4H4 55% 53 - 68%

41 R2 “ R3 ~ R5 “ R6 “ C4H4 73% 54 Rs = Br, R2 = OCH3 85%

42 R3 = 0CH2(C6H5) 60% 55 R3 = C1 61%

43 R3 = 0CH2(C6H5), R4= OCH3 35% 56 R3 = 0H 37%

44 R2 = R4=R5 = 0CH3 25% 57 R2 = C1 56%

45 R4 = CH3 40% 58 Rs = OCH3, R2 = OH 18%*

46 R4 = Br 18% 59 R4 = OCH2CH3 39%

47 R2 = Rt = OCH3 35% - - -

Table 2: (£^-(2-nitroprop-l-cn-l-yl)benzene library. Note: R = H unless otherwise specified. * denotes novel

compound
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The (£^-(2-nitroprop-l-en-l-yl)benzenes (35-59) (Table 2) are structurally similar to 

the (£)-(2-nitrovinyl)benzenes (Table 1), however by using nitroethane during the Henry 

reaction - a methyl sidechain is introduced on C-2 of the vinyl unit. This is evident when 

examining the 'H NMR and ' -^C NMR data for the series by the absence of a H2 proton on the 

nitrovinyl unit coupled to Hi - indicative of substitution at the C-2 position. The methyl group 

is typically represented by a singlet integrating for three protons at ~2.5 ppm. Translating this 

information to the '^C NMR data - an additional downfield quaternary resonance (C2) is 

observed for these nitroethane adducts in place of the CH resonance in the nitromethane 

adducts discussed earlier. The methyl group can be represented by a resonance in the region 

15-20 ppm.

cyclohexylamine *?
R JL AcOH D 1 1

CH3CH2CH2NO2
Microwave “jC.

y K. j,o„c R, C„.
1 25 min 1

Compound Substitution pattern Yield Compound Substitution pattern Yield

60 R4 = C1 20% 66 R2 = OCH3, Rs = Br 62%*

61 R4 = 0H 7% 67 R2 = C1 94%

62 R3 = R4 = C4H4 30%* 68 R3 = 0H 13%

63 R4 = F 40% 69 R3 = C1 23%

64
R4 =

CHCH(CH2CH3)N02
40% 70 R2=0H, R5 = 0CH3 9%

65 R2 — R3 ~ C4H4 35% - - “

Table 3; (£)-(2-nitrobut-l-en-l-yl)benzene library. Note: R = H unless otherwise specified. * denotes novel compound

Compound 68 was chosen as a representative sample of the (£)-(2-nitrobut-l-en-l- 

yl)benzenes and the 'H NMR and ’^C NMR spectra will now be discussed in detail. The 'H 

NMR (400 MHz, CDCI3) spectrum of compound 68 ( Figure 50) shows a triplet at 1.28 ppm 

{J = 7.26 Hz) which integrates for three protons. This represents the methyl protons group at 

the C4’.
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Figure 50: 'H NMR spectrum of (£)-3-(2-nitrobut-l-en-l-yl)phenol (68)

The quartet at 2.87 ppm (J= 7.46 Hz) integrates for two protons and was assigned to the two 

methylene protons on Cy. A singlet occurring at 5.04 ppm was found to correspond to the 

hydroxyl proton at Ci. In the aromatic region; the multiplet occurring at 6.80 - 6.95 ppm 

integrating for two protons accounted for H2 and H6. The doublet (J = 7.88 Hz) at 7.00 ppm 

integrating for one proton and the multiplet occurring 7.30 - 7.39 ppm were assigned to H4 and 

Hs respectively. The downfield singlet resonance at 7.96 ppm was found to correspond to Hr 

on the nitrovinyl unit.

The NMR (101 MHz, CDCI3) spectrum of compound 68 (Figure 51) shows 

resonances at 12.50 ppm and 20.75 ppm (CH2 DEPT 135) that were assigned to C4' and C3’. 

The CH resonances occurring at 116.20 ppm, 117.03 ppm, 122.21 ppm, 130.24 ppm and 132.73 

ppm corresponded to Ce, C2, C5 and Cr respectively. The quaternary signal at 133.89 ppm 

accounted for C3. The two downfield quaternary signals in the spectrum 153.61 ppm and 

155.82 ppm were assigned to C2’ and Ci. The most downfield signal was attributed to the 

electronegative environment provided by the hydroxyl group on Ci.
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Figure 51: '’C NMR spectrum of (£)-3-(2-nitrobut-l-en-l-yl)phenol (68)

FTIR spectroscopy for compound 68 shows absorption bands at 3376 (OH) and 1530, 

1330 (NO2) cm '. High resolution mass spectrometry (APCI) was carried out and the required 

molecular ion was calculated to be C10H10NO3 [M-H] 192.0666 and found as 192.0661. X-ray 

crystallography was carried out on crystals grown from a sample of (£)-3-(2-nitrobut-l-en-l- 

yOphenol. From the packing diagram it was possible to verify the (E) confirmation of the 

nitrovinyl unit and illustrate the monoclinic nature of the unit cell (Figure 52).
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Figure 52: X-ray crystallography data for (£)-3-(2-nitrobut-l-en-l-yl)phenol (68)
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Heterocyclic (£’)-(2-nitrovinyl) compounds (71-82) were synthesised utilising the 

Henry-Knoevenagel condensation of the required aldehyde and the desired nitroalkane (Table 

4). This library gave yields of 30-89%.

cyclohexylamine
AcOH /NO2

^0 CH3CH2CH2NO2

11 Microwave ^
„ 120 “C

^ x-o,s 25 min <71-82)

Compound R Substitution
pattern

Yield Compound R
Substitution

pattern
Yield

71 H R4 = NV, X = 0 75% 77 CH3
Rs = NV, X =

S 65%

72 H R4 = NV,X = S 74% 78 CH3

R2 = CH3

Rs = NV, X =
S

55%

73 H R5 = NV, X = S 89% 79 CH2CH3
R4 = NV, X = 

0 30%*

74 H
R2 = CH3

Rs = NV, X = S
50% 80 CH2CH3

R4 = NV, X =
s 48%*

75 CHj R4 = NV, X = 0 70% 81 CH2CH3
Rs = NV, X =

S 58%

76 CH3 R4 = NV, X = S 62% 82 CH2CH3

R2 = CH3

Rs = NV, X =
S

56%*

Table 4: Heterocyclic (£)-(2-nitrovinyl) library. Note: R = H unless otherwise specified. * denotes novel compound

Compound 82 was chosen as a representative sample of the heterocyclic (£)-(2- 

nitrovinyl) compounds and the 'H NMR and '^C NMR spectra will now be discussed in detail. 

The 'H NMR (400 MHz, CDCb) spectrum of compound 82 ( Figure 53) shows a triplet at 1.23 

ppm (J= 7.26 Hz) integrating for three protons and was assigned to the three protons on C4’.
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Figure 53: 'H NMR spectrum of (£)-2-methyl-5-(2-nitrobut-l-en-l-yl)thiophene (82)

A singlet at 2.56 ppm corresponds to the three methyl protons at C2 the thiophene ring. The 

quartet occurring at 2.96 ppm (J= 7.46 Hz) integrating for two protons was assigned to the 

two protons on C3’. Two doublets at 6.83 ppm (J= 3.32 Hz) and 7.22 ppm {J= 3.73 Hz), 

both integrating for one proton each; were found to correspond H3 and H4 respectively. The 

singlet resonance at 8.19 ppm integrating for one proton denotes the Hr proton on the nitro 

vinyl group.

Figure 54; NMR spectrum of (£^-2-methyl-5-(2-nitrobut-l-en-l-yl)thiophene (82)
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The '^C NMR (101 MHz, CDCh) spectrum of compound 82 (Figure 54) shows 

resonances occurring at 11.54 ppm and 15.65 ppm, these were allocated to C4’ and the methyl 

group on C2. The CH2 resonance at 21.19 ppm was assigned to C3’. The CH resonances at 

126.68 ppm, 127.21 ppm and 135.84 ppm were assigned to C3, C4 and Cr. The quaternary 

signals occurring at 132.49 ppm, 147.84 ppm and 148.33 ppm account for C5, C2 and C2’. The 

resonance for Cj' occurring slightly downfield due to the electron withdrawing effects of the 

nitro group. FTIR spectroscopy shows bands at 2973 (CH), 1635 (C=C) and 1503, 1316 (NO2) 

cm '. High resolution mass spectrometry (APCI) was carried out and the required molecular 

ion was calculated to be C9H10NO2S [M-H] 196.0427 and found as 196.0418.

On analysis of the yields obtained for the nitrostyrene products (Tables 1-3), it was 

observed that electron withdrawing groups such as the halogens at the para position on the aryl 

ring, seemed to favour the Henry-Knoevenagel reaction, whereas electron donating groups 

such as the hydroxy group are unfavourable. When using aliphatic nitro compounds with 

increased chain length (when compared to nitromethane), the yield of nitrostyrene obtained 

from the Henry reaction was significantly reduced. To rationalise this finding; pKa’s of the 

relevant aliphatic nitro compounds were estimated using the MarvinSketch (version 5.3.02) 

pKa plugin. The pKa’s were calculated to be: nitromethane (8.3), nitroethane (8.7) and 

nitropropane (9.33); indicating a reduction in acidic strength of the nitroalkane with increased 

chain length. This reduction in acidic strength can therefore be correlated with the reduced 

reactivity of these nitroalkanes in the Henry-Knoevenagel condensation reaction.

2.2 Synthesis of l,3-bis(aryl)-2-nitro-l-propenes and the (2-nitropropane-l,3- 
diyl)dibenzenes

The synthesis of a panel of structurally varied analogs of (£)-4,4'-(2-nitropropane-l,3- 

diyl)bis(chlorobenzene) was achieved. Previous studies within our laboratory have shown the 

application of a three step synthetic route for the synthesis of (£)-l,3-bis(aryl)-2-nitro-1- 

propenes^. The general synthetic route utilised for the target compounds is illustrated below 

(Figure 55). The intial step of this synthetic route involved a Henry-Knoevenagel condensation 

reaction of an appropriately substituted benzaldehyde and a suitable aliphatic nitro compound; 

the mechanism for this reaction was previously shown in Figure 43.
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R = H

Figure 55: Preparation of (£)-l,3-bls(aryl)-2-nitro-l-propenes and l,3-bis(aryl)-2-nitro-l-propanes

In order to synthesise the l,3-bis(aryl)-2-nitro-l-propenes via the Henry-Knoevenagel route, 

the required (£)-(2-nitrovinyl)benzenes must first be redueed to nitroalkanes prior to the second 

Henry-Knoevenagel condensation with the appropriate benzaldehyde.

The nitrostyrenes were selectively reduced to the corresponding 1-aryl-l-nitroethanes 

using sodium borohydride^’^®'-^'^. Using the sodium borohydride reduction, it was possible to 

reduce the nitrostyrenes under mild conditions to the subsequent nitroalkanes with a short 

reaction time and high yields (80-90%) (Figure 56).

NaBH4 
silica gel

propan-2-ol 
CH2CI2, RT

R4 = Cl, 89% (83) 
R4 = H, 91% (84)

Figure 56: Scheme for reduction of the (£)-(2-nitrovinyl)benzene$

The formation of dimeric nitroethane impurities have been reported during this reaction, this 

formation takes place through a Michael-like addition reaction with the a-carbanion resonance 

state (Figure 57)^‘^. These dimeric nitroethane impurities are not isolated as part of the current 

work.

Figure 57: Formation of dimeric impurities
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The reduction of nitrostyrenes to the l-(aryl)-l-nitroethanes has also been noted with 

the use of bakers’ yeast {Saccharomyces cerevisiae), this reaction however requires a much 

longer reaction period (48 hours)^^**. More recently Hu et al. nitrated (2-iodoethyl)benzene 

using silver nitrate in aqueous conditions, heated to 60 °C for 1.5 hours to give the required 1- 

(aryl)-l-nitroethane in good yield^^'.

The 'H NMR of the (2-nitroethyl)benzenes (83, 84) bears two triplet resonances at ~3.3 

ppm and ~4.6 ppm, both integrating for two protons; these were assigned to the pairs of protons 

on Cr and C2’ respectively thus accounting for the protons produced during the reduction 

reaction. A second Henry-Knoevenagel condensation was then utilised to synthesise the 

required l,3-bis(aryl)-2-nitro-l-propenes. Here the previously reduced nitroalkanes were 

condensed with the appropriate benzaldehydes (Figure 58) giving the (£)-l ,3-bis(aryl)-2-nitro- 

l-propenes (85-88).

HN(CH3).2HC1, KF 
Toluene, 24 h reflux

Figure 58: Synthesis of the (£)-l,3-bis(aryl)-2-nitro-l-propenes

Potassium fluoride and N,N-dimethylamine generate the correct basic conditions for this 

reaction to take place. The reaction mixture was refluxed for 24 hours in toluene with a Dean- 

Stark trap for the azeotropic removal of water from the reaction mixture^’The resulting 

reaction mixture was purified by flash column chromatography over silica gel to give (£)-l ,3- 

bis(aryl)-2-nitro-l-propenes (85-88) in good yields (20-50%) (Table 5).

The synthesis of (£')-l,3-bis(aryl)-2-nitro-l-propenes has also recently been reported 

via the acid catalysed Friedel-Crafts reaction of Baylis-Hillman 2-nitro-3-phenylprop-2-en-l- 

ols derived from nitrostyrenes'^^. Franklin et al. utilised a potassium carbonate catalysed 

Homer-Wadsworth-Emmons reaction between diethyl l-nitro-2-phenylethylphosphonate and 

benzaldehyde to synthesise l,3-bis(aryl)-2-nitro-l-propene^^^.
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R2 H

Re'

Compound Substitution pattern Yield Compound Substitution pattern Yield

85 R4’ = R4 = Cl 50% 87 R4 = C1 25%*

86 R4 =C1 30%* 88 - 20%

Table 5: (£^-l,3-bis(aryl)-2-nitro-l-propene library. Note: R = H unless otherwise specified. * denotes novel
compound

Compound 86 was chosen as a representative sample of the l,3-bis(aryl)-2-nitro-l- 

propenes and the 'H NMR and ‘^C NMR spectra will now be discussed in detail. The 'H NMR 

(400 MHz, CDCh) spectrum of compound 86 (Figure 59) bears a singlet at 4.25 ppm 

integrating for two protons which was assigned to the two protons on C3”.

Figure 59: 'H NMR spectrum of (£)-l-chloro-4-(2-nitro-3-phenylprop-l-en-l-yl)benzene (86)

The doublet occurring at 7.20 ppm (J= 7.53 Hz) integrating for two protons was assigned to 

Hs and H5. The multiplet at 7.32 - 7.42 ppm integrating for six aryl protons accounts for the
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remaining six aryl protons. The downfield singlet at 8.27 ppm with an integration of 1 proton 

was assigned to Hr- on the nitrovinyl unit.

The '^C NMR speetrum (101 MHz, CDCI3) of eompound 86 (Figure 60) shows a signal 

at 32.87 ppm whieh was assigned to C3”. The CH signals at 127.11 ppm, 127.52 ppm, 129.01 

ppm, 129.45 ppm and 130.90 ppm were assigned to C4, C3 & C5, C2 & C6, C3' & C5’ and Ce’ & 

C2’ respeetively. The quaternary signals at 130.36 ppm, 135.83 ppm and 136.66 ppm aeeounted 

for Cl, Cr and C4’ respectively. The CH signal at 134.19 ppm corresponds to Ci” The 

downfield resonance at 149.91 ppm was attributed to C2”. FTIR spectroscopy shows bands at 

1674 (C=C) and 1553, 1368 (NO2) cm"'. High resolution mass spectrometry (ESI) was carried 

out and the required molecular ion was calculated to be Ci5Hi2ClN02Na [M^+Na] 296.0454 

and found as 296.0463.

Figure 60: '^C NMR spectrum of f£'>-l-chIoro-4-(2-nitro-3-phenylprop-l-en-l-yl)benzene (86)

X-ray crystallography was carried out on a recrystallized sample of (E)-4,4'-(2- 

nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) (85) (Figure 61). The data generated confirmed 

the conformation of the nitrovinyl unit after the second Henry-Knoevenagel condensation 

reaction as trans (E) and a simple monoclinic packing diagram.
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Figure 61: X-ray crystallography data for (£)-4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) (85)

4,4'-(2-Nitropropane-l,3-diyl)bis(chlorobenzene) (89) was synthesised from (£)-4,4'- 

(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) (85) using the sodium borohydride procedure 

described earlier^.

NO7 NaBH4
silica gel 

propan-2-ol 
CH2CI2, RT

Figure 62: Scheme for synthesis of 4,4'-(2-nitropropane-l,3-diyl)bis(chlorobenzene)

This compound was synthesised in order to determine if the alkene bond was necessary for 

antiproliferative action induced by (£')-4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene). 

Nanjo et al achieved a similar reduction of l,3-bis(aryl)-2-nitro-l-propene to (2-nitropropane- 

l,3-diyl)dibenzene utilising the reducing conditions produced by formic acid, trimethylamine 

and N,N-dimethyl-formamide at 114 Using the sodium borohydride procedure gave the 

reduction from (£')-4,4'-(2-nitropropane-l,3-diyl)bis(chlorobenzene) (85) to 4,4'-(2- 

nitropropane-l,3-diyl)bis(chlorobenzene) (89) with 90% yield.

The 'H NMR (400 MHz, CDCI3) spectrum of compound 89 bears two double doublets 

at 3.06 ppm (J= 14.67, 5.87 Hz) and 3.28 ppm (7= 14.67, 8.80 Hz), both integrate for two 

protons each. These represent the germinal protons on both C3” and Ci”, with one proton under 

a greater electronegative influence from the nitro group and drawing it further downfield in the 

spectra. The multiplet at 4.80 - 4.91 ppm integrating for one proton accounts for C2”.
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Figure 63: ‘H NMR spectrum of 4,4'-(2-nitropropane-l,3-diyl)bis(chlorobenzene (89)

The doublet at 7.09 ppm (J= 8.80 Hz) integrating for four protons and the multiplet 

occurring at 7.27 - 7.33 ppm integrating for four protons were assigned to the two equivalent 

groups of protons; group one (H2, H6, H2’ & Ha*) and the more downfield group two (H3, Hs, 

H3' & Hs ) respectively.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 89 (Figure 64) shows 

resonances at 38.90 ppm and 90.58 ppm, these were assigned to Cr- & C3 ” and Cr respectively. 

The CH shifts at 129.12 ppm, 130.15 ppm were assigned to the two carbon equivalent groups: 

group one (C2, Ce, C2' & C6’) and group two (Cs’, Cy, C3 & C5). The two quaternary signals at 

133.47 ppm and 133.61 ppm correspond to Cr & Ci and C4 & C4’.

Figure 64: ‘^C NMR spectrum of 4,4'-(2-nitropropane-l,3-diyl)bis(chlorobenzene) (89)
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FTIR spectroscopy shows bands at 1620 (C=C) and 1533, 1326 (NO2) cm"'. High resolution 

mass spectrometry (ESI) was carried out and the required molecular ion was calculated to be 

C15H13CI3NO2 [M + Cl] 344.0012 and found as 344.0022.

2.3 Synthesis of the (i?)-2-nitro-l,3-diphenylprop-2-en-l-ones

A small panel of (£)-(2-nitrovinyl)benzenes with phenylprop-2-en-l-one substitution 

at the 2 position of the nitrovinyl unit was achieved. These (£)-2-nitro-l,3-diphenylprop-2-en- 

1-ones were synthesised using methodology reported by Sagitullina et al. (2002)'^^. These 

structures were based on the l,3-bis(aryl)-2-nitro-l-propene scaffold previously shown in our 

research to have antiproliferative activity in BL cell lines^ and should offer a slightly altered 

configuration for the product (Figure 65).

Figure 65: (£)-2-nitro-l,3-cliphenylprop-2-en-l-one scaffold (green) flexibly allgined to the (£)-l,3-bis(aryl)-2-nitro-l-
propene scaffold (orange) (MOE 2011.10).

To illustrate this altered conformation; the (£)-2-nitro-l,3-diphenylprop-2-en-l-one 

(chalcone) scaffold was flexibly aligned to the (£)-l,3-bis(aryl)-2-nitro-l-propene scaffold 

using MOE (ver. 2011.10). Altered bond angles can be seen when comparing the nitrovinyl 

groups and contracting the angle at the carbonyl carbon and the methylene protons on the 1,3- 

bis(aryl)-2-nitro-l-propene scaffold, also the aromatic rings are no longer coplanar (Figure 65).

Chalcones are a significant class of biologically active compounds that have been 

previously shown to possess antibacteriaP^'', anti-cancer^^^’ and anti-inflammatory 

activities'^’. Furthermore Dore et al. (1974) has demonstrated that a series of l,3-bis(aryl)-2- 

nitro-1-propenes and related chalcones exhibit a cytotoxic effect'^. The synthesis of the 2-nitro- 

l,3-diphenylprop-2-en-l-ones utilised the Henry-Knoevenagel condensation of 

nitroacetophenone with various benzaldehydes catalysed by p-alanine (Figure 66). The
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mechanism for this reaction follows the general reaction mechanism for the Henry- 

Knoevenagel condensation (Figure 43). The reaction was refluxed in a mixture of benzene and 

glacial acetic acid using a Dean-Stark trap for the azeotropic removal of water. Alternatively 

this Henry Knoevenagel condensation reaction can be catalysed by 4-methylmorpholine and 

titanium tetrachloride^^^. 2-Nitro-l,3-diphenylprop-2-en-l-ones can also be synthesised by the 

selective nitration of chalcones using dinitrogen tetraoxide in tetrachloromethane'^ or nitric 

dioxide^^^.

Figure 66: Scheme for the synthesis of (£)-2-nitro-l,3-diphenylprop-2-en-l-oncs

As shown above (Figure 65) the introduction of the carbonyl at the C3 position provides 

a different conformation when compared to the l,3-bis(aryl)-2-nitro-l-propenes previously 

studied and provides a reaction centre amenable to a number of further functional group 

transformations. The carbonyl also introduces an a-p unsaturated ketone system to the 1,3- 

bis(aryl)-2-nitro-l-propcne scaffold and could facilitate the further nucleophilic Michael 

additions of various carbanions to the P-carbon. One such transformation; the synthesis of a 3- 

nitro-thiazepine heterocycle (189) from compound 90 was achieved and will be discussed later 

in Chapter 3. The 2-nitro-l,3-diphenylprop-2-en-l-ones (90-94) synthesised were purified by 

flash column chromatography to give good yields (40-78%) and are summarised in Table 6 

below.

RaV

R-^

R2'

R*‘

Rd'

NO2

"X)
Compound Substitution pattern Yield Compound Substitution pattern Yield

90 - 60% 93 Rr = Ri' = C4H4 40%*

91 R4=C1 45% 94 R2 = OCH3, Rv = Br 78%*

92 R4 = 0H 30%* - - -

Table 6: (£^-2-nitro-l,3-diphenyiprop-2-en-l-one library. Note: R = H unless otherwise specified. * denotes novel
compound
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The 'H NMR (400 MHz, CDCb) spectrum of compound 94 ( Figure 67) shows a 

singlet at 3.60 ppm integrating for three protons which were assigned to the three methoxy 

protons at position C2 of the nitrostyrene aryl ring.

Figure 67: 'H NMR spectrum of (£)-3-(5-bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (94)

The doublet occurring at 6.74 ppm (J= 8.71 Hz) and the multiplet occurring at 7.57 - 

7.67 ppm both integrating for single protons were assigned to Hy and H4” respectively. The 

downfield doublet at 7.93 ppm with an integration of two protons accounted for the aryl protons 

He” and H2”. The large multiplet at 7.37-7.57 ppm integrating for four protons was assigned 

to the remaining aryl protons H4, He, Hy- and Hs”. The remaining downfield singlet occurring 

at 8.43 ppm with an integration of one proton was assigned to Hy on the nitrovinyl unit.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 94 (Figure 68) shows CH 

resonances at 112.88 ppm, 131.75 ppm, 134.04 ppm and 134.40 ppm were assigned to C3, 

C4”, Ce and C4. The carbon equivalent CH resonances at 128.95 ppm and 129.03 ppm were 

assigned to C3” & C5” and C2” & Ce”. The most downfield CH resonance at 136.18 ppm 

accounted for Cy on the nitrovinyl unit. The quaternary resonances occurring at 112.88 ppm, 

135.34 ppm, 138.26 ppm and 146.11 ppm corresponded to C3, Ci”, Ci and C2’. Two downfield 

quaternary signals at 157.21 ppm and 187.10 ppm were found to correspond to the two 

remaining quaternary carbons: C2 and Cp. These two signals appeared much further downfield 

than other quaternary signals due to their proximity to the methoxy and carbonyl respectively.
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Figure 68: '^C NMR spectrum of (£)-3-(5-bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (94)

FTIR spectroscopy shows bands at 1675 (C=0), 1592 (C=C) and 1530, 1356 (NO2) cm'*. High 

resolution mass spectrometry (APCI) was carried out and the required molecular ion was 

calculated to be Ci6Hi2BrN04 [M"^] 360.9950 and found as 360.9956.

X-ray crystallography structural determination was carried out on a sample of (£)-3-(5- 

bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (94), the data generated can be 

seen in Figure 69. From the asymmetric unit it was possible to verily the orientation of the 

nitrovinyl unit as {E) and the packing diagram calculated was triclinic.

Figure 69: X-ray crystallography data for (£)-3-(5-bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (94)
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2.4 Synthesis of l-substituted-2-nitroethylbenzenes via the Michael addition

Since its discovery in 1887^^® by Arthur Michael, the conjugate addition of a 

nucleophile to an a-|3-unsaturated system (also known as the Michael addition) has become a 

staple of organic chemistry. The Michael addition facilitates the base catalysed 

functionalization of a variety of a-P-unsaturated systems with relatively mild reaction 

conditions. Utilising the previously generated library of (£)-(2-nitrovinyl)benzenes it was 

possible to elect a number of candidate compounds to undergo Michael addition with selected 

thiols and aniline (Figure 70).

X = S, O, NH

Figure 70: Scheme for the synthesis of l-substituted-2-nitroethylbenzenes via the Michael addition

Since the first documented Michael addition to (£)-(2-nitrovinyl)benzenes in 1905^^' 

(Heim et ah); the reaction has been recorded with sulfur'^®’carbon^^^, nitrogen'’*’’^^'^’^^^ and 

oxygen^^'’ nucleophiles successfully undergoing the conjugate addition. The proposed 

mechanism for the Michael addition is present below in Figure 71; the reaction is initiated by 

deprotonation and formation of the nucleophile. The nucleophile attacks the nitrovinyl unit at 

the Cl or beta position, leading to the formation of the charged nitronate intermediate. Acidic 

workup allows the reformation of the nitro group through protonation of the nitronate.

Figure 71: Proposed mechanism for the synthesis of l-substituted-2-nitroethylbenzenes via the Michael addition

Utilising the procedure outlined by Ziyaei et al. (2007), the synthesis of a number of 1- 

substituted-2-nitroethylbenzenes (95-100) was achieved via the aqueous Michael addition of
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thiols and aniline’’®. The reaction afforded quite pure compounds upon workup and removal 

of organic solvent in vacuo with yields of 50-90% (Table 8).

Rj X

Re

Compound X R Substitution
pattern Yield Compound X R Substitution

pattern Yield

95 s CH2CH3 - 50% 98 NH C6H5 - 85%

96 s CH2CH3
R2 = OCH3,

R5 = Br 90%* 99 NH CaHs R4 = C1 76%

97 s CftHs R2 = OCH3,
R5 = Br 70%* too NH CaHs R4 = Br 70%*

Table 7: l-subsituted-(2-nitraethyl)benzcne library. Note: R = H unless otherwise specifled. * denotes novel
compound

The 'H NMR (400 MHz, CDCI3) spectrum of compound 96 ( Figure 72) shows a triplet 

at 1.24 ppm {J = 7.48 Hz) integrating for three protons, this was assigned to the three alkyl 

protons on C2”. A quartet at 2.55 ppm (J= 7.46 Hz) integrating for two protons was assigned 

to the two protons on Ci”.

Figure 72: 'H NMR spectrum of (l-(5-bromo-2-methoxyphenyl)-2-nitroethyl)(ethyl)sulfane (96)
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The singlet at 3.86 ppm with an integral value of three protons accounted for the 

methoxy substituent on the aryl ring at C2. The multiplets at 4.67 - 4.73 ppm and 4.77 - 4.88 

ppm integrating for one and two protons respectively were assigned to Hr and the two protons 

on C2’. The two doublets in the aromatic region of the spectrum occurring at 6.79 ppm {J = 

8.71 Hz) and at 7.46 ppm {J = 2.49 Hz) were assigned to H3 and H6. The smaller coupling 

constant was associated with He due to long range coupling with H4. The remaining downfield 

double doublet at 7.38 ppm (J=8.71,2.49 Hz) accounted for the remaining aryl proton H4.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 96 (Figure 73) shows 

resonances occurring at 14.45 ppm, 26.55 ppm, 55.94 ppm and 78.34 ppm, these were 

assigned to C2”, Ci”, the methoxy substituent on C2 and C2’ respectively.

Figure 73: ’’C NMR spectrum of (l-(5-bromo-2-methoxyphcnyl)-2-nitrocthyl)(ethyl)sulfanc (96)

The resonance that occurred at 40.98 ppm was assigned to Cr.The aromatic CH signals at 

112.91 ppm, 131.26 ppm and 132.09 ppm were allocated to C3, C4 and C6. The aromatic 

quaternary signals at 113.14 ppm and 128.13 ppm accounted for C5 and Cl. The downfield 

signal at 155.97 ppm was found to correspond to C2, the downfield signal produced was a 

product of the electron withdrawing environment produced by the methoxy group attached.
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2.5 Synthesis of the ethyl (£)-2-hydroxy-3-nitro-4-phenyIbut-3-enoates

Ethyl (£)-2-hydroxy-3-nitro-4-phenylbut-3-enoates (101-104) were synthesised using 

a 4-dimethylaminopyridine (DMAP) eatalysed Baylis-Hillman (BH) reaction between the 

corresponding (£)-(2-nitrovinyl)benzene and ethyl glyoxylate (Figure 74). This BH reaction 

took place in acetonitrile at room temperature with long reaction times of two to seven days'^'.

DMAP
ACN

RT

Figure 74: Scheme for the synthesis of Ethyl (£)-2-hydroxy-3-nitro-4-phenylbut-3-enoates

The BH reaction was first described by A. B. Baylis and M. E. D. Hillman in a German 

patent published in 1972^^^. The Baylis-Hillman reaction (also known as the Morita-Baylis- 

Hillman reaction) is a carbon-carbon bond forming reaction between an activated alkene with 

a carbon nucleophile^®^- The reaction can be catalysed by the presence of tertiary amines 

such as DABCO^^®-^^®, DBU^'^', DMAP'^', imidazole’and TMA^"’'* (Figure 75). In 

more recent times the BH reaction has been carried out using microwave assisted organic 

synthesis^'’^-Lewis acids have also been shown to catalyse the BFI reaction^'’^.

'1
trimethylamine 4-Dimethylaminopyridine l,8>Diazabicyclo(5.4.0}undec-7-ene l,4-diazabicyclo[2.2.21octane

Figure 75: Amines used to catalyse Baylis-Hillman reaction

HN-

;n

Imidazole

The BH reaction has been successfully carried out using a range of different electron poor 

alkene systems such as vinyl ketones, acroleins, acrylonitriles and vinyl sulfones^®’. Rastogi et 

al first achieved the first BH reaction of (£)-(2-nitrovinyl)benzenes, synthesising a library of 

BH adducts using formaldehyde and imidazole as the catalyst^"^^.

Deb et al. optimised the reaction conditions necessary to synthesise the a range of alkyl 

(£)-2-hydroxy-3-nitro-4-phenylbut-3-enoates from (£)-(2-nitrovinyl)benzene and ethyl 

glyoxylate. Over the course of this study Deb et al. identified that imidazole (pKa 7.0) and 

DMAP (pKa 12.0) favoured the reaction. Additional resonance states available to both DMAP 

and imidazole during the conjugate addition step of the mechanism of formation is also thought
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to push this reversible reaction to completion. It was also speculated that DMAP and imidazole 

would provide less steric hindrance during conjugate addition due to their smaller size^^^

The reaction mechanism (Figure 76) is initiated by a Michael type nucleophilic attack 

by DMAP on the electron deficient alkene bond, giving a zwitterionic intermediate.

Figure 76: Proposed mechanism for the synthesis of ethyl (iF)-2-hydroxy-3-nitro-4-phenylbut-3-cnoates-"*'

As previously mentioned, this conjugate addition is believed to be afforded additional stability 

through the resonance form accommodated by DMAP and is therefore less likely to undergo a 

reverse reaction and subsequent elimination of the DMAP nucleophile. The zwitterionic 

intermediate (produced by the conjugated addition) nucleophilically attacks the aldehyde 

carbonyl and proceeds to form an aldol intermediate. A second DMAP molecule completes the 

reaction mechanism through the bimolecular elimination of the original DMAP nucleophile, 

thus reforming the nitrovinyl double bond.

A panel of ethyl (£)-2-hydroxy-3-nitro-4-phenylbut-3-enoate (101-104) was 

successfully synthesised with yields of 12-58% (Table 8). The 3-chlorophenyl product 104 

was obtained in surprisingly low yield (12%).
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NO2

'V / --- -

HO \
'v /--- °

A
Compound Substitution pattern Yield Compound Substitution pattern Yield

101 R2 = OCH3, Rs = Br 58%* 103 R4=0H 40%*

102 R4=C1 45% 104 R3 = C1 12%

Table 8: ethyl (£^-2-hydroxy-3-nitro-4-phenylbut-3-enoate library. Note: R = H unless otherwise specified. * denotes

novel compound

Compound 101 was chosen as a representative sample of the ethyl (£^-2-hydroxy-3- 

nitro-4-phenylbut-3-enoates and the ‘H NMR and '^C NMR spectra will now be discussed in 

detail. The 'H NMR (400 MHz, CDCI3) spectrum of compound 101 ( Figure 77) shows a triplet 

{J= 7.05 Hz) at 1.31 ppm.

Figure 77: 'H NMR spectrum of Ethyl (£)-4-(5-bromo-2-methoxyphenyl)-2-hydroxy-3-nitrobut-3-enoate (101)

A singlet occurring at 3.90 ppm integrating for three protons was assigned to the methoxy 

group at position C2 of the aryl ring. The quartet of doublets (J = 1.87, 7.12 Hz) observed at 

4.33 ppm integrated for two protons was alloeated to the protons on Ci”. The singlet at 5.18 

ppm bears an integration of one proton and can be attributed to H2’, this proton has no 

neighbouring protons thus aeeounting for its multiplicity. The doublet 6.86 ppm (J= 9.12 Hz) 

and the double doublet 7.57 ppm {J = 2.49, 8.71 Hz) both integrating for a single proton each 

were assigned to H3 and H4 respectively. The doublet oeeurring at 7.67 ppm (J = 2.49 Hz) with
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an integral value of 1 proton accounted for He. The coupling constant for this doublet at 7.67 

ppm was 2.49 Hz indicative of long range (four bond) coupling with the double doublet at 7.57 

ppm (H4). The remaining downfield singlet occurring at 8.40 ppm was attributed to H4- on the 

nitrovinyl unit.

The NMR spectrum (101 MHz, CDCI3) of compound 101 (Figure 78) shows signals 

at resonances at 14.02 ppm, 56.00 ppm and 63.08 ppm; these were assigned to C2”, the carbon 

in the methoxy substituent and Ci”. The CH resonances occurring at 65.92 ppm and 112.61 

ppm accounted for C2’ and C3.

Figure 78: ’’C NMR spectrum of Ethyl (£)-4-(5-bromo-2-methoxyphenyl)-2-hydroxy-3-nitrobut-3-enoate

Further CH resonances occurring at 132.51 ppm, 134.11 ppm and 135.30 ppm were labelled 

as C4, Ce and C4’ in the nitrovinyl unit. Quaternary resonances 112.93 ppm and 121.87 ppm 

were identified as C5 and Ci. The remaining downfield quaternary signals 147.95 ppm, 157.54 

ppm and 170.38 ppm were attributed to the slightly more electronegative environments 

produced at C3’, C2 and CT respectively. FTIR spectroscopy shows bands at 3326 (0-H), 1730 

(C=0) and 1528, 1325 (NO2) cm''.
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2.6 Synthesis of (£)-2-(2-nitrovinyl)cyclohexa-2,5-diene-l,4-diones

(£^-2-(2-nitrovinyl)cyclohexa-2,5-diene-1,4-diones were synthesised from the (£)-l,4- 

dimethoxy-2-(2-nitrovinyl)benzenes produced as part of the (£)-(2-nitrovinyl)benzene 

libraries. Benzoquinones as a class of organic compounds are commonly occurring structures 

in the natural world and are widely used as dyes^'** with noted antimicrobial^"^^ and antitumor 

activity^^®’^^'.The (£)-2-(2-nitrovinyl)cyclohexa-2,5-diene-1,4-diones were produced through 

the redox oxidation of (£)-l,4-dimethoxy-2-(2-nitrovinyl)benzenes using ceric ammonium 

nitrate (CAN) in a mixture of acetonitrile and water over the course of ten minutes'^®.

Figure 79: General seheme for the synthesis of the (£)-2-(2-nitrovinyl)cyelohexa-2,5-diene-l,4-diones

The first recorded synthesis of a compound of this class was by Jacob et al. (1976) when the 

preparation of 2-(2-nitroprop-l-en-l-yl)cyclohexa-2,5-diene-1,4-dione was achieved from 1,4- 

dimethoxy-2-(2-nitroprop-l-en-l-yl)benzene using ceric ammonium nitrate in a mixture of 

water and acetic acid^^^. Noland et al. (1998) synthesised 2-(2-nitrovinyl)cyclohexa-2,5-diene- 

1,4-dione as an intermediate for [4-1-2] cycloaddition with thiophene and furan structures to 

give angular quinoid heterocycles'*®. The oxidative preparation of benzoquinones has also been 

noted using barium ferrate (VI)^^^, pyridinium chlorochromate^^'* and sodium periodate^^^. 

Jacob et al (1976) carried out a simple radioisotope labelling study and proposed that the cerium 

ammonium nitrate oxidation mechanism proceeded via aryl oxygen bond cleavage with the net 

formation of the benzoquinone and methanol (Figure 80).

2Ce** + 2H,0 206’-^+2ir

Figure 80:Proposed mechanism for the synthesis of the (£^-2-(2-nitrovinyl)cyclohexa-2,5-diene-l,4-diones^^^

Noland et al.’s procedure was chosen as the synthetic route due to the fact that cerium 

ammonium nitrate was readily available and Noland’s oxidation was privy to a shorter reaction
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time and more amiable purification by recrystallization. In the present work {E)-2-{2- 

nitrovinyl)cyclohexa-2,5-diene-1,4-diones (105-106) were afforded from compounds 48 and 

17 in good yields of 62-75%.

2.7 Synthesis of the 2-alkyi-2-nitro-3-phenyIoxiranes

Epoxidation of alkenes is a useful reaction in organic chemistry for functionalization 

of alkenes and a number of candidate (£')-(2-nitrovinyl)benzenes were selected for this 

chemical transformation from the extensive library of (F)-(2-nitrovinyl)benzenes previously 

synthesised. Epoxides are an important class of organic compounds acting as intermediates in 

synthesisand have been noted to induce apoptosis and cell death in cancer cells^^^'^^*. A 

series of racemic 2-alkyl-2-nitro-3-phenyloxiranes (107-111) were synthesised by the base 

catalysed reaction of the (E)-(2-nitrovinyl)benzenes with tert-h\i\y\ hydroperoxide (Figure 81).

NO, DBU

RT
20 min

Figure 81: General scheme for the synthesis of 2-alkyl-2-nitro-3-phenyloxirane

The first synthesis of 2-methyl-2-nitro-3-phenyloxiranes was reported in 1969 by 

Newman et al. Newman achieved the epoxidation with a short reaction time in ice cold 

methanol using 15% hydrogen peroxide solution and 2N sodium hydroxide^^^. Bortolini et al. 

(2007) synthesised 2-nitro-3-phenyloxirane using oxonereg (potassium peroxy monosulfate) 

in ice cold dichloromethane with a longer reaction time of 5 hours^^°. In the process of 

developing a new method for the preparation of a-nitroacetophenones through the addition of 

ferf-butyl hydrogenperoxide and subsequent oxidation; Ashwell et al. (1988) observed under 

certain reaction conditions the formation of the corresponding 2-methyl-2-nitro-3- 

phenyloxirane. Ashwell et al. utilised a basic system of /erf-butyl hydrogenperoxide and n- 

butyl lithium in -78 “C THF and the reaction itself came to completion in 90 minutes^^^.

In a more recent work, Weiss et al. (2011) prepared a number of 2-methyl-2-nitro-3- 

phenyloxiranes as intermediates in the synthesis of 1,3-thiazoles using 1,8-diazabicyclo [5.4.0] 

undec-7-ene and ferf-butyl hydrogenperoxide at room temperature with excellent yields over 

ten minutes'It was this procedure that provided access to the series of 2-alkyl-2-nitro-3- 

phenyloxiranes (107-111) below in the present work.
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Figure 82: Mechanism for the synthesis of 2-alkyl-2-nitro-3-phenyloxirane

The proposed mechanism for the synthesis of the 2-alkyl-2-nitro-3-phenyloxiranes is 

presented in Figure 82. 1,8-diazabicyclo [5.4.0] undec-7-ene deprotonates the terf-butyl 

hydrogenperoxide forming a peroxide anion. The nitrovinyl unit acts as a Michael acceptor and 

undergoes nucleophilic attack by the peroxide species, leading to the formation of a nitronate 

intermediate. Cyclisation and elimination of the isopropyl leaving group gave the desired alkyl- 

2-nitro-3-phenyloxirane and isopropanol. Basic conditions favour the formation of the epoxide 

as it provides an environment suitable for the deprotonation of the ferf-butyl hydrogenperoxide.

A series of 2-alkyl-2-nitro-3-phenyloxiranes (107-111) was synthesised by the base 

catalysed reaction of the (£)-(2-nitrovinyl)benzenes with ferf-butyl hydrogenperoxide to give 

excellent yields of 85-92% (Table 9). These compounds include variation of alkyl chain length 

from methyl to ethyl, benzyl and introduction of aryl halogen substitution with chlorine and 

bromine.
Rj

1
Rj  ̂NO2

R4 Re

Re

Compound R Substitution
pattern Yield Compound R Substitution

pattern Yield

107 CH3 R3 = C1 85%* no CH2CH3 R3 = C1 92%*

108 CHj R4 = C1 89% 111 CH2(C6H4)C1 R4 = C1 86%*

109 CH3 R4 = Br 92%* - - -

Table 9: 2-alkyl-2-nitro-3-phenyloxirane library. Note: R = H unless otherwise specified. * denotes novel compound

3-(3-Chlorophenyl)-2-ethyl-2-nitrooxirane (110) was chosen as a representative sample 

of the 2-alkyl-2-nitro-3-phenyloxiranes and the 'H NMR and '^C NMR spectra will now be 

discussed in detail. The 'H NMR (400 MHz, CDCh) spectrum of compound 110 ( Figure 83) 

shows a triplet occurring at 1.09 ppm {J = 7.26 Hz) integrating for three protons - this triplet 

was assigned to the three protons on C4’.
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Figure 83: 'H NMR spectrum (101 MHz, CDC13) of 3-(3-chlorophenyl)-2-ethyl-2-nitrooxirane (110)

The two double doublets occurring at 1.69 ppm (J= 7.67, 15.14 Hz) and 2.48 ppm (J= 7.67, 

15.14 Hz) account for geminal protons Ha and Hb on Cy. A singlet integrating for a single 

proton seen at 4.50 ppm was assigned to Hi ’. Analysing the aromatic region of the spectrum it 

can be seen that an apparent doublet of triplets produced by He occurs at7.22 ppm (J= 1.87, 

6.63 Hz). The multiplet at 7.29 - 7.31 ppm integrating for a singlet proton and the multiplet at 

7.34 - 7.41 ppm integrating for two protons account for Hs and H4 & H2.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 110 shows resonances 

occurring at 7.59 ppm, 19.52 ppm and 62.27 ppm, these were assigned to C4’, Cy' and Cr 

respectively. The quaternary carbon signals at 92.17 ppm, 133.13 ppm and 134.91 ppm were 

allocated to C2’, Ci and C3 respectively. The remaining CH resonances occurring at 124.52 

ppm, 126.35 ppm, 129.61 ppm and 130.08 ppm were assigned to the remaining aromatic 

protons Cb, C5, C4 and C2. FTIR spectroscopy shows bands at 1479, 1462, 1434 (C=C) and 

1556, 1351 (NO2 stretch) cm"'. High resolution mass spectrometry (ESI) was carried out and 

the required molecular ion was calculated to be C10H9CINO3 [M-H] 226.0276 and found as 

226.0277.

2.8 Synthesis of 5-alkyl-4-phenyl-l//-l,2,3-triazoles

Triazoles and triazole related derivatives are an important class of heterocycle in 

medicinal chemistry, triazoles have been noted to possess antifungal, antidepressant and anti­

inflammatory activity^®'. Triazole derivatives are also of interest as anticancer agents and have
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been shown to exhibit antiproliferative activity in endoththelial cells (EAhy 926)leukemia 

and melanoma cell lines^^^.

NaNj, DMSO

90 ”C, 1 h

Figure 84: Scheme for the synthesis of the 5-alkyi-4-phenyl-lH-l,23-triazoles

Zefirov et al. (1971) first described the synthesis of 1,2,3 triazoles by the reaction of 

(£^-(2-nitrovinyl)benzenes and nitriles with sodium azide in dimethyl sulphoxide at room 

temperature^^^ Quiclet-Sire et al. (2005) re-examined the ‘Zefirov 1,2,3 triazole synthesis’ 

with a view to optimising the yield of the triazole formed’^^. The 1,2,3-triazoles can also be 

synthesised using the Huisgen cycloaddition (1,3 dipolar cycloaddition) of phenylacetylenes 

with trimethylsilylazide in the presence of copper (I) iodide in methanol / N,N-dimethyl- 

formamide with heating over 11 -24 hours^^"^'^^^'^^^. Other vinyl systems can also be used for 

the production of 1,2,3-triazoles, one such example is the reaction of (£’)-styryl bromides with 

sodium azide with the use of palladium catalysis^^’.

In the present work 5-alkyl-4-phenyl-l//-l,2,3-triazoles (112-119) were synthesised 

(utilising the procedure outlined by Quiclet-Sire et al.) from a number of varied 

nitrovinyl)benzenes and sodium azide in dimethyl sulphoxide stirred at 90 °C for 90 minutes 

(Figure 84)’’^

Na N=N=N Qr\ ©
N—N=N

O

Figure 85: Proposed mechanism for the synthesis of the 5-alkyl-4-phenyl-l//-l,2,3-triazoles-'^'^

The reaction of sodium azide and activated alkenes such as the (£)-(2- 

nitrovinyl)benzenes proceeds via [3+2]-cycloaddition (Figure 85), aromatisation is ultimately 

achieved through the elimination of the nitro group^^*. A library of 5-alkyl-4-phenyl-l//-l ,2,3-
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triazoles (112-119) were successfully synthesised (Table 10); this included the synthesis of a 

triazole (119) from the Baylis-Hillman adduct ethyl (£)-4-(3-chlorophenyl)-2-hydroxy-3- 

nitrobut-3-enoate. The procedure employed afforded a crude product that could be purified 

easily by column chromatography using a gradient of dichloromethane and methanol. The 

overall yields achieved during the use of this [3+2]-cycloaddition were good ranging from 55- 

75% (Table 10).

NH

Rs

Compound R
Substitution

pattern
Yield Compound R

Substitution

pattern
Yield

112 CHa Ra = Cl 60%* 116 CHa R4=C1 62%*

113 CHa R4 = Br 63%* 117 CHaCHa R3 = C1 68%*

114 CHa R2 = OCHa, Rs 
= Br 60%* 118 CH2CH3

Ra = OCHa, Rs 
= Br 75%*

115 CHa R2 = OCHa, Rs 
= OCHa 55%* 119 C(OH)C(0)

-OCH2CH3
R3 = C1 68%*

Table 10: 5-alkyl-4-phenyl-l H-1,2,3-triazole library. Note: R = H unless otherwise specified. * denotes novel
compound

The 'H NMR (400 MHz, DMSO-d6) spectrum of 4-(3-chlorophenyl)-5-methyl-l//- 

1,2,3-triazole (112) ( Figure 86) shows a singlet integrating for three protons at 2.45 ppm, this 

singlet was assigned to the three protons of the methyl group on Ce’.

Figure 86: 'H NMR spectrum of 4-(3-chlorophenyl)-S-methyl-l//-l,2,3-triazole
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The doublet occurring at 7.40 ppm (J= 8.29 Hz) and the apparent triplet at 7.48 ppm (J= 7.88 

Hz) both integrated for a single proton each and were assigned to the two aryl protons; H4 and 

H5 respectively. The more downfield doublet 7.66 ppm {J= 7.88 Hz) integrated for one proton 

and accounted for He, this proton appeared further downfield presumably due to proximity to 

the triazole ring. An apparent triplet signal occurred at 7.73 ppm (J= 1.66 Hz) and its integral 

was also one proton, this was assigned to H2.

The '^C NMR spectrum (101 MHz, DMSO-de) of compound 112 (Figure 87) shows a 

resonance occurring at 10.37 ppm accounting for Ce’, the carbon from the methyl group on the 

triazole ring. The CH resonances at 125.02 ppm, 125.99 ppm, 127.34 ppm were assigned to 

C4, C5 and Ce respectively. The CH resonance more downfield at 130.65 ppm accounts for C2 

- its proximity to both the chlorine and triazole ring providing a more electron withdrawing 

environment than that of the other carbons. A quaternary resonance at 133.53 ppm accounts 

for C3. The remaining quaternary carbons were accounted for by signals at 135.31 ppm, 141.30 

ppm and 145.21 ppm.

Figure 87: **C NMR spectrum of 4-(3-chlorophenyl)-5-methyl-l//-l,2,3-triazole

FTIR spectrometry shows bands at 1594, 1464 (C=C) and 1231 (C-N) cm’f High resolution 

mass spectrometry (ESI) was carried out and the required molecular ion was calculated to be 

C9H7CIN3 [M-H] 192.0334 and found as 192.0335.
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X-ray crystallography was carried out on a sample of 4-(5-bromo-2-methoxyphenyl)- 

5-ethyl-l//-l,2,3-triazole (118). The results of this study confirmed the formation of the 

desired product and also established the packing structure as orthorhombic for the unit cell 

(Figure 88).

Figure 88: X-ray crystallographic data for 4-(5-bromo-2-inethoxyphenyl)-5-ethyl-l//-l,2,3-triazole (118)

2.9 Synthesis of 2-substituted-3-phenylacrylonitriles

A series of 2-substituted-3-phenylacrylonitriles were synthesised through the 

Knoevenagel condensation of the required benzaldehyde and activated cyano methylene 

compounds. The cyano methylene compounds utilised were methyl 2-cyanoacetate, ethyl 2- 

cyanoacetate and malonitrile. The general scheme for the base catalysed Knoevenagel 

condensation can be seen in Figure 88.

Piperidine

Heating 
0.5 - 1 h R,= CN, COjCHj, CO2C2H5

(120 -129)

Figure 88: Scheme for the synthesis of 2-substituted-3-phenylacrylonitriles

While the condensation of the required aldehyde with malonitrile was achieved in one 

hour at reflux, the synthesis of the methyl 2-cyanoacetate and ethyl 2-cyanoacetate adducts was 

carried out with heating at 80 °C for 30 minutes using microwave assisted synthesis. The 

preparation of the cyanovinyl adducts was first noted in 1912^^^ and since then this 

Knoevenagel condensation has been carried out using a variety of different catalysts. Examples 

of catalysts employed include: triethyl amine^’®, piperidine^^'’ ammonium acetate^^^ / 

aluminum oxide^^"^’ and sodium carbonate^^^’ The 2-substituted-3-phenylacrylonitriles
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are a useful family of compounds acting as intermediates for the synthesis of other, larger 

heterocyclic structures^^^’^^^. Studies on the bioactivity of this class of compounds has yielded 

some promising results and two series of 2-substituted-3-phenylacrylonitriles have been shown 

to inhibit cancer cell proliferation^^^'

C/r .X.

R R, CN

Figure 89; Knoevcnagcl condensation for the synthesis of 2-substituted-3-phenylacrylonitriles-"''

The mechanism for the Knoevenagel condensation is detailed in Figure 89. 

Dcprotonation of the cyano methylene starting material takes place initially to provide a 

carbanion. This cyano carbanion nucleophilically attacks the iminium ion formed through the 

reaction of piperidine and the selected benzaldehyde. Biomolecular elimination then takes 

place through deprotonation of the addition product, formation of the double bond and 

subsequent elimination of the piperidine molecule leaving the desired 2-substituted-3- 

phenylacrylonitrile^®^. A panel of alkyl 2-cyano-3-phenylacrylates (120-125) were synthesised 

using the microwave assisted Knoevenagel condensation giving good yields of 30-70% (Table 

12). The 2-benzylidenemalononitriles were synthesised using the reflux method giving 

excellent yields of 62-90% (Table 11).

Rg

11 NC

Re

Compound Substitution pattern Yield Compound Substitution pattern Yield

126 R4=C1 78% 128 R2 = 0CH3, R5=Br 62%

127 R4= Br 83% 129 R3 = C1 90%

Table 11: alkyl 2-cyano-3-phenylacrylate library. Note: R = H unless otherwise specified. * denotes novel compound
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CN

\—^ 0^

f V 
\ /—

Compound R Substitution
pattern Yield Compound R Substitution

pattern Yield

120 CH3 R4=C1 66% 123 CH2CH3 R4=C1 65%

121 CH3
R2 = 0CH3,

R5 = Br 70% 124 CH2CH3
R2=0CH3,

R.5 = Br 58%

122 CH3 R3=C1 50% 125 CH2CH3 R3 = C1 30%

Table 12; 2-benzylidenemalononitrile library. Note: R = H unless otherwise specified.

Ethyl 3-(5-bromo-2-methoxyphenyI)-2-cyanoacrylate (124) was chosen as a 

representative sample of the 2-substituted-3-phenylacrylonitriles and the 'H NMR and '^C 

NMR spectra will now be discussed in detail. The 'H NMR (400 MHz, CDCh) spectrum of 

compound 124 (Figure 90) shows a triplet at 1.40 ppm (J = 7.05 Hz) integrating for three 

protons, this was assigned to the three alkyl protons on Cr'.

Figure 90: 'H NMR spectrum of ethyl 3-(5-bromo-2-methoxyphenyl)-2-cyanoacrylate (124)

The singlet at 3.90 ppm also integrated for three protons and was assigned to the three methoxy 

protons at position C2 of the aromatic ring. A quartet at 4.39 ppm (J = 7.05 Hz) with an 

integration of two protons accounted for the two protons on Ci”. The doublet at 6.86 ppm (J = 

8.71 Hz) and the double doublet at 7.60 ppm (J= 8.92, 2.28 Hz) both integrated for a single
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proton each - these accounted for H3 and H4 respectively. The signal at 7.60 ppm had two 

coupling constants, the smaller of which was attributed to meta coupling with He. The doublet 

at 8.32 ppm (J = 2.49 Hz) integrated for a single proton and accounted for He, with meta 

splitting evident by H4. The remaining downfield singlet at 8.62 ppm integrated for one proton 

and was assigned to Hi on the vinyl unit.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 124 (Figure 91) shows 

resonances at 14.14 ppm, 56.05 ppm, 62.69 ppm and 103.88 ppm, these were assigned to C2”, 

the carbon in the methoxy group on C2, Ci” and C2’.

Figure 91: ’’C NMR spectrum of ethyl 3-(5-bromo-2-methoxyphenyl)-2-cyanoacrylate (124)

The CH signals occurring at 113.18 ppm, 131.56 ppm, 13 7.16 ppm and 148.02 ppm accounted 

for aromatic carbons C3, C4, Ce and the vinyl carbon Cr. The quaternary resonances 112.89 

ppm, 115.14 ppm and 122.40 ppm were found to correspond to C5, the carbon in the cyano 

group and Ci. The downfield quaternary resonances at 158.06 ppm and 162.30 ppm were 

assigned to C2 and C3’. These two resonances occurred much further downfield due to the 

presence of the methoxy group at C2 and the carbonyl at C3 ’.

FTIR spectroscopy shows bands at 2223 (CN), 1719 (C=0), 1609, 1587 (C=C) and 

1259 (C-N) cm''. High resolution mass spectrometry (APCI) was carried out and the required 

molecular ion was calculated to be Ci3Hi2BrNaN03 [M*+Na] 331.9898 and found as 331.9884.
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2.10 Synthesis of benzylidenehydrazines

Hydrazones are characterised by the NNH2 functional group which can be readily 

synthesised from aldehydes or ketones. The benzylidenehydrazines (130-134) were obtained 

by refluxing a solution of the required benzaldehyde in ethanol with hydrazine for three hours 

(Figure 92)^*'.

NH2NH2
Ethanol

3 h reflux
(130 - 134)

Figure 92: Scheme for the synthesis of benzylidenehydrazines 

The mechanism for the synthesis of the benzylidenehydrazines requires nucleophilic attack of 

hydrazine to the aldehyde carbonyl followed by formation of the hydrazine double bond and 

subsequent dehydration to give the benzylidenehydrazines. Benzylidenehydrazines have also 

been synthesised through the reflux of hydrazine with the desired aldo-oximes^*^.

Figure 93: Proposed mechanism for the synthesis of benzylidenehydrazines

A small panel of these simple benzylidenehydrazines (130-134) was prepared in order 

to determine whether these nitrostyrene related compounds possessed any anti antiproliferative 

activity. The reaction of the required benzaldehyde in ethanol with hydrazine proceeded 

efficiently affording yields of 12-87% of the corresponding benzylidenehydrazines (Table 13).

Rj R3

H Rj Rj

Compound Substitution pattern Yield Compound Substitution pattern Yield

130 - 60% 133 R2 = OCH3, Rs = Br 22%*

131 Ri = Cl 72% 134 R4= Br 12%

132 R4=C1 87% - - -

Table 13: benzylidenehydrazines library. Note: R = H unless otherwise speeified. * denotes novel compound
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2.11 Conclusion

The Henry-Knoevenagel condensation reaction was utilised to synthesise a 

comprehensive library of nitrostyrenes structurally related to the (£)-l,3-bis(aryl)-2-nitro-l- 

propenes. Modifications achieved include increasing chain length at C-2 from unsubstituted to 

methyl, ethyl, benzyl and benzoyl. Variation of the phenyl ring substitution was also achieved 

including but not limited to halogen substitution (chlorine, bromine and fluorine), alkyl, nitro, 

hydroxy phenoxy, methoxy and benzyloxy substitutions. Using heterocyclic aldehydes allowed 

access to a range of nitrovinyl compounds incorporating furan and thiophene moieties.

Further modifications to the nitrostyrene library were also achieved employing Morita- 

Baylis Hillman reaction, triazole formation, reduction, oxidation, Michael and epoxidation 

reactions. These reactions facilitated the formation of a diverse range compounds which may 

be of interest biologically. A number of other related vinyl compounds e.g. hydrazones & 

acrylonitriles were synthesised in order to compare any possible activity to the parent 

nitrostyrene structures. The preliminary biochemical screen for activity and further 

investigations of the active compounds selected from the 134 compounds prepared in Chapter 

2 will be discussed in Chapter 6.
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Chapter 3.

Synthesis, isolation and characterisation of a range of 
heterocycles incorporating the active nitrostyrene

pharmacophore
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3.0 Introduction

The incorporation of the (2-nitrovinyl)benzene (nitrostyrene) and 1,3-bis(aryl)-2-nitro- 

1 -propene scaffolds into larger heterocyclic structures was also of interest as part of the current 

work. These heterocyclic structures induce different configurations of the (2- 

nitrovinyl)benzene (nitrostyrene) and l,3-bis(aryl)-2-nitro-l-propene scaffolds locking the 

nitrovinyl unit in either a cis (Z) or trans (E) configuration. The heterocyclic structures prepared 

during the course of this thesis include 3-nitro-2-phenyl-2//-chronienes, 3-nitro-l,2- 

dihydroquinolines, 3-nitroquinolin-2(l//)-one, 3-nitro-2-phenylchromen-4-ones, 4-nitro-3,5- 

diphenylisoxazole, 3-nitrochalcones, 3-nitro-2-phenyl-l//-indole and 3-nitro-2,4-diphenyl- 

2,5-dihydrobenzo[b][l,4]thiazepine (Figure 94). Figure 94 illustrates the concept of this study 

and this diagram outlines the scaffold of each of the prospective heterocyclic compounds and 

highlights the nitrostyrene substructure in blue.

NO,

H II —R

dihydroquinoline

R.ii
NO,

R-rr

indole

NO,

'O

quinolone

Figure 94: Fused ring nitrostyrene analogues

In the following sections the synthesis and characterisation of these fused ring 

nitrostyrene analogues will be discussed and initial MOE overlays will illustrate the altered 

configurations provided by the heterocyclic structures. These altered configurations may well 

be of interest biologically and the results of a screen in the MUTU-I and DCi-75 BL cell lines 

will be discussed in Chapter 6.
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3.1 Synthesis of 3-nitro-2-phenyl-2/f-chronienes and 3-nitro-l,2-dihydroquinolines

A series of structurally related 3-nitro-2-phenyl-2//-chromenes and 3-nitro-l,2- 

dihydroquinolines were synthesised from the appropriate (£)-(2-nitrovinyl)benzenes. This 

series of chromenes and quinolines were structurally related to the l,3-bis(aryl)-2-nitro-l- 

propenes previously shown to have antiproliferative activity in Burkitt’s lymphoma cell lines^ 

3-Nitrochromenes are a significant class of heterocyclic compounds owing to their use as 

precursors of flavonoids^*^ and biological activity’’^. 3-Nitro-2//-chromenes have been 

previously shown to inhibit the proliferation of A549 cancer cells^*'^. 3-Nitroquinolines and 3- 

nitro-2-phenyl-2//-chromenes have more recently been shown to exhibit an antiproliferative 

effect in breast cancer cell lines (MCF-7 & MDA-MB-468)'''^ '^^.

The introduction of the chromene and the dihydroquinoline scaffolds offers an arrangement to 

the (£)-l,3-bis(aryl)-2-nitro-l-propene scaffold which contrains the nitrostyrene in the (£) 

configuration. To illustrate the effect of this constrained configuration, the lowest energy 

conformation of the 3-nitro-2-phenyl-2//-chromene and 3-nitro-l,2-dihydroquinoline scaffolds 

were flexibly aligned to the l,3-bis(aryl)-2-nitro-l-propene scaffold (MOE 2011.10) and the 

aforementioned differences in conformations are highlighted in Figure 95.

/ I I I

/

Y' if 'W

.NO, .NO, .NO,

H

Figure 95: 3-Nitro-2-phenyl-2//-chromene scaffold (green) and 3-nitro-l,2-dihydroquinoline scaffold (purple) flexibly 

aligned to the (£)-l,3-bis(aryl)-2-nitro-l-propene scaffold (orange) (MOE 2011.10)

The synthetic strategy chosen involves a one pot reaction by which the Baylis-Hillman 

reaction of a (£)-(2-nitrovinyl)benzenes with appropriately substituted salicylaldehydes or 2-
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amino-benzaldehydes, takes place in tandem with the cyclisation and dehydration steps to give 

the 3-nitro-2-phenyl-2//-chromenes^^^(135-147) and 3-nitro-l,2-dihydroquinolines^**^ (148- 

149). The general scheme for this reaction is illustrated in Figure 96.

DABCO

heating

X = 0,NH

Figure 96: General scheme for synthesis of 3-nitro-2-phenyl-2//-chromenes and 3-nitro-l,2-dihydroquinolines

The Baylis-Hillman reaction as previously discussed during the synthesis of the ethyl {E)-2- 

hydroxy-3-nitro-4-phenylbut-3-enoates is a carbon-carbon bond forming reaction between the 

a-hydrogens of an electron poor alkene with a carbon nucleophile^®®-^^^. This tandem Baylis- 

Hillman-cyclisation, much like the standard Baylis-Hillman reaction can be catalysed by the 

presence of tertiary amines such as DABCO^*^, and TEA^**^. The syntheses of both 3-

nitro-2-phenyl-2//-chromenes^*^- and 3-nitro-l,2-dihydroquinolines^*® has been

investigated using various chiral secondary amine organocatalysts, such as L-pipecolonic 

acid^**^’ The neutral alumina catalysed tandem syntheses of both 3-nitro-2-phenyl-2//- 

chromcnes and 3-nitro-l,2-dihydroquinolines has also been reportcd^^'. In more recent times 

this tandem Baylis-Hillman-cyclisation reaction has been carried out using microwave assisted 

organic synthesis^'*^’^^^.

The reaction mechanism (Figure 97) is initiated by a Michael type nucleophilic attack 

by DABCO on the electron deficient alkene bond, giving a zwitterionic intermediate.

-HjO

Figure 97: Proposed mechanism for synthesis of 3-nitro-2-phenyl-2//-chromenes and 3-nitro-l,2-dihydroquinolines
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This zwitterionic intermediate nucleophilically attacks the aldehyde carbonyl and 

proceeds to form an aldol intermediate. Bimolecular elimination of the initial DABCO 

conjugate takes place with the reformation of the nitrovinyl bond. The reaction progresses to 

completion via a Michael type cyclisation and subsequent dehydration to give the 3-nitro-2- 

phenyl-2//-chromenes (135-147) when using salicylaldehydes and 3-nitro-l,2- 

dihydroquinolines (148, 149) when using 2-amino-benzaldehyde^^*'^*^.

The 3-nitro-l,2-dihydroquinolines and 3-nitro-2-phenyl-2//-chromenes are both 

amenable to various structural modifications. The demethylation of 7-methoxy-3-nitro-2- 

phenyl-2H-chromene (145) was achieved by heating with pyridine hydrochloride neat to give 

3-nitro-2-phenyl-2H-chromen-7-ol (141) (Figure 98)^^^.

(145) (141)

Figure 98: Proposed mechanism for the demethylation of T-methoxy-S-nitro-l-phcnyl-Z/f-chromene

The reduction of the nitrovinyl bond is also conceivably feasible with sodium borohydride^^'*, 

however this transformation was not undertaken as part of the current work.

The Baylis-Hillman reaction pathway was chosen for the synthesis of the 3-nitro-2- 

phenyl-2//-chromenes (135-147) due to the relatively mild conditions required, adequate to 

good yields and short reaction time. For the 3-nitro-l ,2-dihydroquinolines (148-149) additional 

heating and a longer reaction period was required to drive the reaction. A library of 3-nitro-2- 

phenyl-2//-chromenes (136-147) and 3-nitro-l,2-dihydroquinolines (148-149) were 

synthesised from the appropriate (£)-(2-nitrovinyl)benzenes with moderate to good yields 

(Table 14).
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Rs'
R? 0 Rs' 1

1 II 1
''0 ^0 DABCO || 1 1

Re Rs'-'”^ xh

1 R,' X = O.NH

Re

Compound Substitution pattern Yield Compound Substitution pattern Yield

135 X = 0 40% 143
X = 0, R2'= OCH3, R4

= C1
50%

136 X = 0, R4 = Cl 35% 144 X = 0, R2- = 0CH3 45%

137 X = 0, R4 = OH 45%* 145 X = 0, R3- = 0CH3 60%

138
X = 0, R4 =
OCHzlCftHj)

60% 146 X = 0, R4- = Cl 30%

139
X = 0, R3 = R4 =

OCH2O
39% 147 X = 0, R2’ = Cl 22%

140
X = 0, R3 = R4 =

OCH3
60% 148 X = NH 23%

141 X = 0, R3- = OH 10%* 149 X = NH, R4 = OH 40%*

142 X = 0, R3 = R4 = C4H4 50% - - -

Table 14: 3-nitro-2-phenyl-2//-chromene and 3-nitro-l,2-dihydroquinoline library. Note: R = H unless otherwise
specified. * denotes novel compound

4-(3-Nitro-2//-chromen-2-yl)phenol (137) was chosen as a representative sample of the 

3-nitro-2-phenyl-2//-chromenes and the 'H NMR and '^C NMR spectra will now be discussed 

in detail. The 'H NMR (400 MHz, DMSO-d6) spectrum of compound 137 (Figure 99) shows 

a singlet at 6.52 ppm integrating for a single proton, this singlet was assigned to H2.
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6 5
Chemical Shift (ppm)

Figure 99 'H NMR spectrum of 4-(3-Nitro-2//-chromen-2-yl)phcnol (137)

The multiplets at 6.62 - 6.80 ppm and 7.14 - 7.26 ppm both integrating for two protons were 

assigned to the para substituted phenol ring; H}' &. Hs’ and H2’ & He’ respectively. The doublet 

resonance occurring at 6.84 ppm {J= 8.03 Hz) integrated for a single proton and accounted for 

Hs. The apparent triplets of doublets at 7.03 ppm (J= 7.53, 1.00 Hz) and the multiplet at 7.26 

- 7.43 ppm both integrated for a single proton each; these were allocated to He and H?. A double 

doublet occurring at 7.60 ppm {J = 7.53, 1.51 Hz) bearing an integration of one proton was 

annotated as H5. The two downfield singlets at 8.38 ppm and 9.69 ppm both integrating for a 

single proton were found to correspond to H4 and the hydroxyl proton.

The ’^C NMR and DEPT 90 spectra (101 MHz, DMSO-de) of compound 137 (Figure 

100 and Figure 101) show CH resonances at 73.26 ppm, 116.78 ppm and 122.36 ppm which 

were assigned to C2, Cs, and Ce. The CH resonances at 115.53 ppm and 128.64 ppm were found 

to represent two equivalent carbons each of the para substituted phenol ring (C3’ & C5’ and C2' 

& Ce’). Quaternary signals at 118.20 ppm, 127.06 ppm and 140.78 ppm represent C4a, Cr and 

C3. C3 appeared slightly downfield due to the electronegativity of the nitro group attached at 

this carbon. The CH signals at 129.76 ppm, 131.10 ppm and 134.35 ppm accounted for C4, C5 

and C? in the chromene structure. The downfield quaternary signals 152.84 ppm and 158.47 

ppm were attributed to the electronegative environments produced at Cga and C4’.
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Figure 100: '-’C NMR spectrum of 4-(3-Nitro-2//-chromcn-2-yl)phcnol (137)

Figure 101: DEPT 90 NMR spectrum of 4-(3-Nitro-2//-chromen-2-yl)phenol (137)

FTIR spectroscopy shows absorbances at 3477 (OH), 1648, 1604 (C=C), and 1509, 1319 

(NO2) cm ’. High resolution mass spectrometry (APCI) was carried out and the required 

molecular ion was calculated to be C15H11NO4 [M~] 269.0688 and found as 269.0682.
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3.2 Synthesis of the 3-nitro-2-phenylquinoiine and 3-nitroquinolin-2(l//)-one

A procedure for the synthesis of the 3-nitro-2-phenylquinoline (150) from 3-nitro-l,2- 

dihydroquinolone (148) using 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) and silica 

gel is available^*^. However the synthesis of 3-nitro-2-phenylquinoline from 2-nitro-l- 

phenylethan-l-one and 2-amino-benzaldehyde is also possible; this was the method employed 

due to ease of purification^^^. The eondensation mechanism for the synthesis of this quinolone 

structure is known as the Friedlander synthesis first noted in 1882^°^- The Friedlander 

synthesis takes place with base catalysis, typically sodium hydroxide. Baumgarten et al. found 

that refluxing 2-nitro-l-phenylethan-l-one and 2-amino-benzaldehyde without the addition of 

a base catalyst formed the desired product in good yield. On analysis of the crude reaction 

product; Baumgarten suggested that traees of ammonia from the 2-amino-benzaldehyde may 

act as a catalyst to the reaction^^^.

(ISO)

Figure 102: Proposed mechanism for the synthesis of 3-nitro-2-phenylquinoline

The Friedlander synthesis is initiated by the deprotonation of 2-nitro-l-phenylethan-l-one by 

ammonia forming the activated enolate, followed by an aldol condensation reaction with the 

2-amino-benzaldehyde. Cyclisation follows facilitated by the nucleophilic attack of the amine 

to the earbonyl of the nitro-chalcone intermediate. Deprotonation of the free amine and 

elimination of water leads to the formation of 3-nitro-2-phenylquinoline (150) in 44% yield^^^.

3-Nitroquinolin-2(l//)-one (151) was synthesised from the piperidine eatalysed 

reaction of ethyl 2-nitroacetate and 2-aminobenzaldehyde. It is proposed that the synthesis 

proceeded via the above Friedlander mechanism with elimination of ethanoP^^. This reaction 

gave a very pure product that was isolated by filtration after cooling (40% yield"^^).
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Figure 103: *H NMR spectrum of 3-nitroquinolin-2(l/f)-one (151)

The ‘H NMR (400 MHz, DMSO-de) spectrum of compound 151 (Figure 103) bears a multiplet 

occurring at a chemical shift of 7.24 - 7.42 ppm integrating for two protons. This multiplet 

corresponds to H? and H6 - the aryl protons in less electron withdrawing environments. The 

multiplet at 7.66 - 7.92 ppm also integrating for two protons accounts for Hs and Hg- the two 

aryl protons in closer proximity to electronegative substituents. The singlet occurring at 8.89 

ppm with an integral value of one proton was assigned to H4. The broad singlet occurring 

downfield at 12.56 ppm, integrating for a single proton; was produced by the NH of the 

heterocyclic ring.

The NMR spectrum (101 MHz, DMSO-de) of compound 151 (Figure 104) shows 

CH resonances at 115.49 ppm, 123.13 ppm, 130.35 ppm and 134.09 ppm which assigned to 

the four aryl protons: C5, C7, C6 and Cg. The most downfield CH resonance at 138.00 ppm 

accounted for C4. Quaternary carbon signals occurred at 116.31 ppm, 134.10 ppm, 139.98 ppm 

and 153.85 ppm. The resonances at 116.31 ppm, 134.10 ppm and 139.98 ppm were assigned 

to C4a, C3 and Cga. The quaternary resonance further downfield at 153.85 ppm was assigned to 

the carbonyl at C2.
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Figure 104: ‘^C NMR spectrum of 3-nitroquinolin-2(lF0-one (151)

FTIR spectroscopy shows bands at 3329 (NH), 1656 (C=C) and 1517, 1332 (NO2) cm''. High 

resolution mass spectrometry (APCI) was carried out and the required molecular ion was 

calculated to be CgHeNaOsNa [M'^+Na] 213.0276 and found as 213.0267.

3.3 Synthesis of the 3-nitro-2-phenyIchromen-4-ones

The objective of this section was to synthesise 3-nitro-2-phenylchromen-4-ones 

containing different substitution patterns on the chromene and phenyl rings, some of which 

were novel molecules. These 3-nitro-2-phenylchromen-4-ones compounds contain both the (2- 

nitrovinyljbenzene pharmacophore and l,3-bis(aryl)-2-nitro-l-propene scaffold as 

substructures, orientated differently within its structure and it is this heterocyclic ring system 

that is of particular interest to us (Figure 105).

Figure 105: (£)-(2-Nitrovinyl)benzene pharmacophore (purple), 3-nitro-2-phenylchromen-4-one scaffold with (2- 

nitrovinyl)benzene pharmacophore (purple) as a substructure, l,3-bis(aryl)-2-nitro-l-propene scaffold (blue), 3- 
nitro-2-phenylchromen-4-one scaffold with l,3-bis(aryl)-2-nitro-l-propene scaffold (blue) as a substructure

Figure 106 attempts to illustrate the altered configuration of the active pharmacophore through 

flexible alignment of the 3-nitro-2-phenylchromen-4-one scaffold (pink) and the l,3-bis(aryl)- 

2-nitro-l-propene scaffold (green). It is also to be noted that the l,3-bis(aryI)-2-nitro-l-propene
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scaffold is in a much more constrained configuration and assumes a cis or (Z) like 

stereochemistry when comparing the nitrovinyl functionality.

Figure 106: 3-Nitro-2-phenylchromen-4-one scaffold (purple) flexibly aligned to the (£)-!,3-bis(aryl)-2-nitro-l-
propene scaffold (blue) (MOE 2011.10)

Flavones are a subclass of the flavonoids, these oxygen heterocycles are characterised 

by the presence of a 2-phenyl-l-chromen-4-one scaffold. The flavones are a well-studied 

family of naturally occurring organic heterocyclic compounds with noted biological activity. 

The flavonoids have proven a versatile source of potential therapeutic agents to inhibit the 

growth of various types of cancer cell in vivo and in vitro^^^. In one example the citrus flavone 

tangeretin (5,6,7,8-tetramethoxy-2-(4-methoxyphenyl)-4//-chromen-4-one) has been shown to 

elicit a potent anticancer effect and induce apoptosis in the leukaemia cell line HL-60 (Figure 

107). It was also noted over the course of this publication that tangeretin bore no cytotoxic 

effect against human peripheral blood mononuclear cells (PBMCs)^^^. Apigenin (5,7- 

dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one) is another naturally occurring flavonoid 

and was also shown to exhibit an antiproliferative effect in the leukaemia cell line HL-60 by 

Ruela-de-Sousa et al. (2010)^^^.

Figure 107: Apigenin and tangeretin

Beudot et al. (1998) evaluated a library of forty two 3-nitro-2-phenylchromen-4-one 

and 3-amino-2-phenylchromen-4-one analogues for mutagenicity and antimutagenicity against
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eleven known mutagens. Certain 3-nitro and 3-aminoflavones studied were found to be highly 

mutagenic but others provided promising antimutagenicity results and could provide 

interesting scope for future development as cancer chemo-preventive agents^®®. Dauzonne et al 

(1997) highlighted the in vitro cytotoxicity of a series of 3-amino-2-phenylchromen-4-ones 

derived from the palladium catalysed reduction of the 3-nitro-2-phenylchromen-4-ones. The 

lead compounds in this study gave good IC50 values of 4-22 pM in the leukaemia cell line 

L1210^'’'.

There are numerous routes employed for the synthesis of flavones. These include the 

Kostanecki method, the Robinson method and the Baker-Venkataraman rearrangement. The 

Allan-Robinson method of flavone and isoflavone synthesis is a one pot synthesis in which the 

appropriately substituted o-hydroxyacetophenone is reacted with both the anhydride and the 

sodium salt of the desired benzoic acid at 180 °C. The reaction proceeds by enolization of the 

acetophenone followed by nucleophilic attack on the anhydride and acylation to give the 

diketone structure intermediate. Deprotonation by benzoic acid, a second enolization and 

cyclisation by conjugate addition then takes place with the elimination of water to give the 

required flavone^®^’ The Kostanecki method for the synthesis of flavones (also known as 

the Kostanecki-Robinson method) achieves the synthesis of flavones through the acylation of 

the desired o-hydroxyacetophenone with anhydrides to form a protected o- 

hydroxyacetophenone structure. Enolization of this protected o-hydroxyacetophenone 

structure in the presence of base facilitates cyclisation and dehydration to give the flavone^®^.

o

Pyridine

Pyridine
Potassium
Hydroxide

O O

O Ammonium
Nitrate
TFAA

Figure 108: General overall reaction scheme for synthesis of 3-nitro-2-phenylchromen-4-ones (including Baker-

Venkataraman rearrangement)

The method employed in this project for the synthesis of the 2-phenyl-l-chromen-4-ones 

included the Baker-Venkataraman rearrangement (Figure 108). This reaction was discovered 

both independently and simultaneously by Wilson Baker and Krishnasami Venkataraman in
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1933^04 particular synthetic route involves the reaction of 2-hydroxyacetophenone with 

an acid chloride to form the benzoyl ester of the acetophenone. This product is then reacted in 

the presence of base (potassium hydroxide) and pyridine to give the 1,3-diketone (the Baker- 

Venkataraman rearrangement). Strong acidic conditions causes the 1,3-diketone to undergo 

cyclisation, forming the desirable flavone^®^. These flavones are then subsequently nitrated 

employing the method detailed by Patoilo et al. (2010) in a solution of ammonium nitrate and 

trifluoroaeetic anhydride (TFAA) in dichloromethane / acetonitrile to form 3-nitro-2- 

phenylchromen-4-ones, our target end product^®®.

3.4 Synthesis of the 2-acetylphenyl benzoates

The initial step of the overall synthetic scheme involves the reaction of the appropriately 

substituted 2-hydroxyaeetophenone with the required substituted benzoyl chloride in the 

presence of pyridine to give the 2-acetylphenyl benzoates (152-160) (Figure 109).

Rtt
Pyridine

Figure 109: General scheme for the synthesis of the 2-acetylphenyl benzoates

The mechanism for the synthesis of the 2-acetylphenyl benzoates is depieted below 

(Figure 110). Deprotonation of the hydroxyl group by pyridine leads to nucleophilic attack on 

the carbonyl group in the aeid ehloride affording a carbanion tetrahedral intermediate. The 

carbonyl group is then reformed with the elimination of the chloride ion leading to the 

formation of the 2-acetylphenyl benzoate structure.

Figure 110: Proposed mechanism for the synthesis of the 2-acetylphenyl benzoates
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Other literature methods for the synthesis of the 2-acetylphenyl benzoates are available. 

One such example describes the reaction of appropriately substituted 2-hydroxyacetophenones 

and benzaldehydes in the presence of ^err-butylhydrogenperoxide and copper 

diacetate in water and dimethyl sulfoxide. This reaction takes place at 80 °C for 6 hours and 

provides yields of up to 80%^°^.

The procedure employed in this project for the synthesis of 2-acetylphenyl benzoates 

was relatively straightforward, required no heat and had a short reaction time (approx. 30 

minutes). However recrystallization in hot methanol was necessary with all compounds to 

achieve purity. In summary the synthesis of the 2-acetylphenyl benzoates (152-160) was 

achieved with yields ranging from 46-88% (Table 15).

Compound Substitution pattern Yield Compound Substitution pattern Yield

152 “ 80% 157 R3 = R4=R5 =0CH3 71%

153 R4=C1 88% 158 R3' = R4' = Rs’ = R5 “ OCH3 85%

154 R4' = OCH3 85% 159 R5 = OCH3 46%

155 Rs = R4- = Cl 76%* 160 R4' = R5 = OCH3 60%

156 R3 = Cl 81% - - -

Table 15: 2-acetylphenyl benzoate library. Note: R = H unless otherwise specified. * denotes novel compound

2-Acetyl-5-chlorophenyl 4-chIorobenzoate (155) was chosen as a representative sample 

of the 2-acetylphenyl benzoates and the 'H NMR and '^C NMR spectra will now be discussed 

in detail. The 'H NMR (400 MHz, CDCI3) spectrum of compound 155 ( Figure 111) shows a 

singlet at 2.52 ppm integrating for three protons and this was assigned to the three protons on 

the acetyl group.
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A singlet occurring at 7.29 ppm and the doublet at 7.37 ppm {J = 8.53 Hz) both 

integrating for a single proton each were assigned to He and H4 respectively. The doublets at 

7.51 ppm {J= 8.53 Hz) and 8.13 ppm (J= 8.53 Hz) both with integral values for two aromatic 

protons each were assigned to the 2 sets of equivalent protons on the para substituted aromatic 

ring (H3’ & Hj’ and H2’ & He ). The doublet occurring at 7.82 ppm (J= 8.53 Hz) integrated for 

a single proton; this doublet was more downfield and accounted for H3 - adjacent to the electron 

withdrawing acetyl carbonyl.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 155 bears a resonance at 

29.47 ppm and assigned to the carbon in the methyl group of the acetyl functionality. The CH 

resonances at 124.45 ppm, 126.61 ppm and 131.40 ppm were assigned to Ce, C4 and C3 

respectively. The CH resonances at 129.12 ppm and 131.66 ppm account for the carbon 

equivalent pairs in the para substituted phenyl ring (C3’ & C5’ and C2’ & CeO- The more 

downfield quaternary signals at 149.74 ppm, 164.00 ppm and 196.11 ppm were due to the more 

electron withdrawing environments of the ester group and the two carbonyls. The resonance at 

149.74 ppm was assigned to Ci, while 164.00 ppm and 196.11 were assigned to the carbonyl 

carbons Cg and C7. The carbon signals at 127.25 ppm, 139.07 ppm and 140.58 ppm were 

assigned to the remaining quaternary carbons.
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FTIR spectroscopy shows bands at 1741 (C=0), 1595 (C=C), 1261 (C-0) and 752 (C- 

Cl) cm '. High resolution mass spectrometry (ESI) was carried out and the required molecular 

ion was calculated to be C15H10CI2O3 [M+Na] 330.9905 and found as 330.9904.

3.5 Synthesis of the 3-hydroxy-3-phenylprop-2-en-l-ones

After the initial alkylation of the 2-hydroxyacetophenones, the second step of the overall 

synthetic scheme for nitroflavones utilises the base catalysed, intramolecular Baker- 

Venkataraman rearrangement of the appropriately substituted 2-acetylphenyl benzoates (152- 

160, Table 15) to the corresponding 1,3-diketones (Figure 112) (161-169, Table

Rrb

o o

o
o

(152 - 160)

Pyridine

KOH

Figure 112: General scheme for the synthesis of the 1,3 diketones

The mechanism involved in the formation of the 1,3 diketones is facilitated by the base-induced 

transfer of the ester acyl group of the appropriately substituted 2-acetylphenyl benzoate. The 

reaction is very similar to the Claisen condensation, and results in the formation of an cnolate, 

which then ungoes intramolecular acyl transfer (Figure 113).

o
Keto

Figure 113: Proposed mechanism for the synthesis of the 3-hydroxy-3-phenylprop-2-en-l-ones (Baker-Venkataraman
rearrangement)-"*'

Potassium hydroxide dissociates in solution forming the hydroxyl ion which causes 

deprotonation of the hydroxyl group and the formation of water. Nucleophilic attack of the enol
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alkene bond on the ester carbonyl occurs forming a carbanion tetrahedral intermediate. The 

carbonyl group is reformed leading to total cleavage of the ester bond. Protonation of the 

nucleophilic oxygen stabilises the molecule resulting in the formation of the 1,3 diketone^^^'
304

Tautomerization is observed with the products of this reaction (Figure 114). In solution 

aldehydes and ketones undergo structural isomerisation which involves the movement of 

hydrogen from the alpha carbon onto the ketone oxygen which further results in the formation 

of a carbon-carbon double bond between the carbon attached to the oxygen and the alpha 

carbon. This is the enol form of the molecule. This type of structural isomerism is generally 

known as tautomerization or enolization.

R- -ttR, -ifR,
OH

Figure 114: Tautomerism of the 1,3 diketones to the 3-hydroxy-3-phenylprop-2-en-l-ones

The occurrence of keto-cnol tautomerization of the 1,3-diketones equates to the 

observation that almost 100% of the time these molecules exist in the enol form. The ‘H NMR 

spectra of the 1,3-diketones produced in this work do not bear a signal between 4-7 ppm 

(integral 2 protons) which would be indicative of the CH2 protons of the keto form. Instead 

these spectra exhibit a signal (integral 1 proton) resonating at 12-15 ppm which is indicative of 

the O-H bond resulting from the alkene bond formed by the enol form of the molecule. The 

alkene proton assoeiated with the enol tautomer resonates in the spectrum at approximately 7 

ppm. Alejandro J. Vila et al. published a study of this occurrence in 2000, using a combination 

of '^C CPMAS (Cross Polarised Magic Angle Spinning) NMR Spectroscopy and AMI 

calculations^*^*.
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Re 0 OH Rj

R3 Rs'

Compound Substitution pattern Yield Compound Substitution pattern Yield

161 - 94% 166 R3' = R4' = Rs’ = OCH3 64%

162 R4' = C1 26% 167 R3' = R4' = Rs- = R4 = OCH3 60%

163 R4 = R4’ = Cl 20%* 168 R4- = R4 = OCH3 80%

164 R4’ = OCH3 48% 169 R4 = OCH3 46%

165 R3- = Cl 14% “ - -

Table 16: 3-hydroxy-3-phenylprop-2-en-l-one library. Note: R = H unless otherwise specified. * denotes novel
compound

3-Hydroxy-l-(2-hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one (166) 

was chosen as a representative sample of the 3-hydroxy-3-phenylprop-2-cn-l-ones and the 'H 

NMR and '^C NMR spectra will now be discussed in detail. The 'H NMR (400 MHz, CDCb) 

spectrum of compound 166 (Figure 115) shows a multiplet at 3.90 - 3.95 ppm integrating for 

9 protons, this was assigned to the nine protons associated with the methoxy substituents.

Figure 115: 'H NMR spectrum of 3-hydroxy-l-(2-hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one (166)
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The singlet at 6.72 ppm and the multiplet at 6.87 - 6.94 ppm both integrating for a single proton, 

were assigned to H2’ and H5’. A multiplet occurring at 6.95 - 7.01 ppm with an integral value 

of one proton was assigned to the aromatic proton H3’. A singlet integrating for two protons 

was observed at 7.14 ppm, this resonance accounted for the equivalent protons H6 and H2. An 

apparent triplet occurring at 7.44 ppm {J = 7.28 Hz) with an integrating of one proton was 

assigned to H4’. The most downfield signal in the aromatic region at 7.75 ppm (J=8.03 Hz) was 

a doublet and integrated for a single proton, this signal was designated as He’ due to the electron 

withdrawing influence of the ketone functionality on the adjacent carbon. The most downfield 

signals occurring at 12.04 ppm and 15.73 ppm were both broad singlets integrating for single 

protons. These signals were assigned to the phenol hydroxyl and the enol hydroxyl 

respectively.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 166 (Figure 116) shows 

signals at 56.31 ppm and 61.00 ppm. These were assigned to the carbons in the methoxy 

substituents; the 56.31 ppm signal associated with the carbon equivalent pair of methoxy 

substituents on C3 and C5. The resonance at 61.00 ppm was therefore assigned to the methoxy 

substituent carbon on C4.

120 100
Chemical Shift (ppm)

Figure 116: '-’C NMR spectrum of 3-hydroxy-l-(2-hydroxyphenyl)-3-(3,4,S-trimethoxyphenyl)prop-2-en-l-one (166)

The CH resonances occurring at 91.88 ppm, 104.16 ppm, 106.37 ppm and 118.77 ppm were 

assigned to C2’, Ce, C2 and C5’ respectively. The remaining CH resonances occurring at 119.04 

ppm, 128.37 ppm and 135.77 ppm accounted for aromatic carbons: C3’, C4’ and Ce”. Quaternary 

carbon signals at 119.31 ppm and 128.74 ppm corresponded to Ci” and Ci. The carbons bearing 

methoxy substituent on the aryl ring gave resonances at 141.93 ppm (C4) and 153.23 ppm (C5 

& C3). The more downfield resonances at 162.32 ppm, 177.44 ppm and 195.08 ppm accounted
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for the more electronegative environments produced at C2”, C3’ and Cr. FTIR spectroscopy 

shows bands at 1658 (C=0), 1487 (C=C) and 1129 (C-0) cm"'. High resolution mass 

spectrometry (ESI) was carried out and the required molecular ion was calculated to be 

CisHisOe [M-H] 329.1025 and found as 329.1033.

3.6 Synthesis of the 2-Phenyl-l-chromen-4-one

The synthesis of the flavones (170-178) occurs by the intramolecular cyclisation of the 

3-hydroxy-3-phenylprop-2-en-l-ones (161-169) under strongly acidic conditions (Figure 

117)^“^

o o H2SO4
AcOH

-tR,
1 h reflux

(170 - 178)

Figure 117: General scheme for the synthesis of the 2-Phenyl-l-chromen-4-ones

The 3-hydroxy-3-phenylprop-2-en-l-one formed due to the tautomerism of the 1,3 diketones 

is protonated due to the acidic conditions generated by the sulfuric acid and acetic acid. 

Facilitating an intramolecular nucleophilic addition reaction

R

Figure 118: Proposed mechanism for the synthesis of the 2-Phenyl-l-chromen-4-ones

Subsequent deprotonation leads to the migration of electrons and formation of the flavone 

alkene bond accompanied by the elimination of water (Figure 118).
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There is a plethora of procedures for the synthesis of 2-phenyl-l-chromen-4-ones 

including the Allan-Robinson and Kostanecki-Robinsons synthetic routes. More recently 

flavones have been synthesised by means of a palladium catalysed ligand free 

cyclocarbonylation of iodophenols with terminal acetylenes giving flavones with yields 75- 

96%^°^. In 2011 Yoshida et al. demonstrated the Baylis-Hillman reaction for the synthesis of 

the 2-phenyl-l-chromen-4-ones. This publication detailed the one pot 4-(N,N- 

dimethylamino)pyridine catalysed regioselective cyclisation of o-alkynoylphenols at 0-30 “C 

in 1.5 hours, affording excellent yields^'*’.

Intramolecular cyclisation of the 2’-hydroxychalones in the presence of ammonium 

iodide^'' and copper iodide^has also been reported. In 2014 the one pot synthesis of 2-phenyl- 

1 -chromen-4-ones catalysed by pyrolidine and iodine at 150 “C over 9 hours was also reported. 

The reaction sequence that led to this one pot reaction was attributed to an aldol-Michael- 

dehydrogenative reaction^

A library of nine 2-phenyl-l-chromen-4-ones (170-178) was synthesised utilising the 

acid catalysed cyclisation of the 3-hydroxy-3-phenylprop-2-en-l-ones (161-169). This 

provided a crude product that was easily purified by recrystallization, affording yields of 29- 

95% (Table 17).

Rs 0

fv R4‘
Re'

Compound Substitution pattern Yield Compound Substitution pattern Yield

170 - 45% 175 R3’ = R4' = Rs’ = OCH3 81%

171 R4=C1 86% 176 R7 = R3' = R4' = Rs’ = OCH3 29%

172 Rt = R4' = Cl 73% 177 R7= R4—OCH3 95%

173 R4 = OCH3 81% 178 R7= OCH3 49%

174 R3- = Cl 70% - - -

Table 17: 2-Phenyl-4//-chroinen-4-one library. Note: R = H unless otherwise specified.
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Compound 175 was chosen as a representative sample of the 2-phenyl-4//-chromen-4- 

ones and the ’H NMR and '^C NMR speetra will now be discussed in detail. The 'H NMR (400 

MHz, CDCI3) spectrum of compound 175 ( Figure 119) shows a multiplet at 3.85 - 4.01 ppm 

integrating for 9 protons, this multiplet was assigned to the 9 protons associated with the 3,4,5- 

trimethoxy substitution.

Figure 119: 'H NMR spectrum of 2-(3,4,5-trimcthoxyphenyl)-4H-chromen-4-one (175)

The singlets at 6.77 ppm integrating for a single proton and 7.12 ppm integrating for two 

protons, were assigned to H3 and the equivalent protons H6’ & H2’. The apparent triplet 

occurring at 7.41 ppm (J= 7.28 Hz) and the doublet occurring at 7.57 ppm {J= 8.03 Hz), both 

integrated for a single proton each and were assigned to He and Hg. Two more downfield 

aromatic resonances were observed in the spectrum: an apparent triplet occurring at 7.69 ppm 

{J = 7.53 Hz) and a doublet occurring at 8.20 ppm (J = 7.53 Hz). These resonances both 

integrated for a single proton each and were assigned to H7 and H5 respectively due to the 

electronegative environments present at these positions due to the ketone carbonyl.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 175 (Figure 120) shows 

resonances at 56.27 ppm and 61.00 ppm, these were assigned to the carbons in the methoxy 

substituents, the 56.27 ppm signal associated with the carbon equivalent pair of methoxy 

substituents on C3’ and Cs’. The resonance at 61.00 ppm was subsequently assigned to the 

methoxy substituent carbon on C4. The CH resonances (Figure 121 - DEPT 90 spectrum) 

occurring at 103.60 ppm, 107.29 ppm and 118.02 ppm accounted for carbon equivalents Ce’ & 

C2’, C3 and C6.
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Figure 120: NMR spectrum of 2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (175)

The quaternary carbon signals occurring at 123.81 ppm and 126.92 ppm corresponded to Cr 

and C4a. The remaining CH signals at 125.24 ppm, 125.63 ppm and 133.72 ppm were allocated 

to Cs, C? and Cs on the chromene ring. The quaternary signals at 141.06 ppm and 153.49 ppm 

represent C4' and carbon equivalents Cs’ & Cy - shifted downfield due to their methoxy 

substituents. The remaining and most downfield quaternary signals occurred at 156.11 ppm, 

163.20 ppm and 178.31 ppm these signals denote Cga, C2 and C4 (carbonyl).

Figure 121: DEPT 90 NMR spectrum of 2-(3,4,5-trimethoxyphenyl)-4H-chromen-4-one (175)

FTIR spectrometry shows bands at 1650 (C=0), 1505 (C=C) and 1127 (C-O) cm '. High 

resolution mass spectrometry (ESI) was carried out and the required molecular ion was 

calculated to be CigHieOs [IS/f^+Na] 335.0895 and found as 335.0911.
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3.7 Synthesis of the of 3-nitro-2-phenylchromen-4-ones

The synthesis of the 3-nitro-2-phenylchromen-4-ones (179-188) was achieved by the 

regioselective nitration of 2-phenyl-l-chromen-4-ones (170-178) described by Patoilo et al. 

(2010). The nitration reaction at C-3 is solvent dependent and proceeds via a nitro radical 

pathway^^^ (Figure 122) (Table 18).

o Ammonium Nitrate 
TFAA 

DCM / ACN

1.5 h 
0 - 40"C

Figure 122: General scheme for the synthesis of the 3-nitro-2-phenylchromen-4-ones

Ammonium nitrate and trifluoroacetic acid react initially to form nitronium trifluoroacetate. 

This nitronium trifluoroacetate species then decomposes to form a nitro free radical and a 

trifluoroacetate radical. The nitro free radical then reacts at the flavone’s electron rich alkene 

bond to create 3-nitroflavones, our target product (Figure 123).
F
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Figure 123: Proposed mechanism for the synthesis of the 3-nitro-2-phenylchromen-4-ones

The 3-nitro-2-phenylchromen-4-ones have been synthesised by means of alternative 

synthetic routes to the selective nitration of 2-phenyl-l-chromen-4-ones. Iaroshenko et al. 

(2012) recorded the acid catalysed, one pot synthesis of the 3-nitro-2-phenylchromen-4-one 

from 2’-hydroxy-2-nitroacetophenone and trimethylorthoformate^''*. Dauzonne et al. (1992) 

synthesised a library of 3-amino-2-phenylchromen-4-ones via the palladium catalysed 

reduction of the 3-nitro-2-phenylchromen-4-ones. The group synthesised the 3-nitro-2- 

phenylchromen-4-ones from a series of 2-aryl-3-chloro-2,3-dihydro-3-nitro-4//-l-benzopyran- 

4-ones employing l,8-diazobicyclo[5.4.0]undec-7-ene to aid dehydration and elimination of 

the chloro group^'^. Similarly this reaction has been achieved by dehydration and elimination 

of bromine from 2-aryl-3-bromo-2,3-dihydro-3-nitro-4//-l-benzopyran-4-ones^'^.
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During the nitration step, high yields of the desired 3-nitro-2-phenylchromen-4-ones 

(178-188) were attained. However nitration side products were also formed in some cases, 

these side products were isolated and subsequently characterised. The isolated nitration side- 

products were 2-(4-methoxy-3-nitrophenyl)-3-nitro-4//-chromen-4-one (182) and 3-nitro-2- 

(3,4,5-trimethoxy-2-nitrophenyl)-4//-chromen-4-one (185) (Figure 124). It is proposed that an 

additional nitration reaction took place during the formation of these two compounds due to 

the ortho activating effect of the methoxy substitutions.

o o

Figure 124: Isolated nitration side-products 2-{4-methoxy-3-nitrophenyl)-3-nitro-4H-chromen-4-one and 3-nitro-2- 
(3,4,5-triniethoxy-2-nitrophenyl)-4H-chromen-4-one (Addition nitration position highlighted in blue).

The synthesis of ten 3-nitro-2-phenylchromen-4-ones was accomplished, with nine 

compounds fully isolated and characterised (Table 18). The nitration reaction employed 

afforded yields of 9-95% of the 3-nitro-2-phenylchromen-4-ones.

Re 0

R« NO;

Re R4

Rs'
Compound Substitution pattern Yield Compound Substitution pattern Yield

179
-

95% 184 R3 = R4 ~ Rs ~ 
OCH3

23%

180 R4’ = C1 86% 185
R2’ = NO2,

R3 = R4 = Rs = 
OCH3

7%*

181 Rv = R4’ = Cl 33%* 186 Rv = R4’ = OCH3 9%*

182 R3’ = NO2, R4' = OCH3 30% 187 R3’ = Cl 21%

183 R7 = R3 — R4 ~ R5 ~ 
OCH3

trace 188 R7= OCH3 15%*

Table 18: 3-nitro-2-phenylchromen-4-one library. Note: R = H unless otherwise specified. * denotes novel compound
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7-]VIethoxy-3-nitro-2-phenyl-4//-chromen-4-one (188) was chosen as a representative 

sample of the 3-nitro-2-phenylchromen-4-one and the 'H NMR and '^C NMR spectra will now 

be discussed in detail. The 'H NMR (400 MHz, CDCI3) spectrum of compound 188 ( Figure 

125) shows a singlet at 3.95 ppm that integrates for three protons - and assigned to the three 

protons on the methoxy substituent.

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
Chemical Shift (ppm)

Figure 125: ‘H NMR spectrum of 7-methoxy-3-nitro-2-phenyl-4//-chromen-4-one (188)

A singlet oceurring at 6.99 ppm and a multiplet at 7.03 - 7.13 ppm both integrated for one 

proton eaeh; these resonanees represented Hg and He. The multiplet at 7.52 - 7.59 ppm and the 

doublet at 7.74 ppm (J = 7.53 Hz) both integrated for two protons each. These resonances 

corresponded to the equivalent protons on the phenyl substituent at H3’ & H5’ and H2’ & He’. 

The multiplet occurring at 7.59 - 7.68 ppm and the downfield multiplet occurring at 8.16 - 8.26 

ppm both integrating for single protons were assigned to H4’ and H5.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 188 (Figure 126) shows 

resonanees occurring at 56.08 ppm, these corresponded to the carbon in the methoxy 

substituent on C7 of the chromene ring. The CH resonanees (Figure 127) at 100.67 ppm, 115.77 

ppm and 132.72 ppm were assigned to the CH carbon environments in the chromene ring 

system: Cg, C6 and C5. Signals at 127.73 ppm and 129.26 ppm represent the two carbon 

equivalent environments in the phenyl substituent, C3’ & C5’ and C2’ & C6’ respeetively.
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Figure 126: NMR spectrum of 7-methoxy-3-nitro-2-phenyl-4//-chromen-4-one (188)

128 120 112 
Chemic^ Shift (ppm)

Figure 127: DEPT 90 NMR spectrum of 7-methoxy-3-nitro-2-phenyl-4W-chromen-4-one (188)

The quaternary signals occurring at 116.91 ppm, 127.81 ppm and 128.49 ppm accounted for 

C3, Cr and C4a. More electron withdrawing environments induced by the chromene ring and 

the methoxy substituent are held responsible for 157.21 ppm (Csa) and 159.19 ppm (C7). The 

most downfield signals at 165.21 ppm and 168.13 ppm correspond to C2 and C4 (carbonyl).

FTIR spectroscopy shows absorbances at 1653 (C=0), 1630 (C=C), 1528 (N-0), 1434 

(C=C) and 1253 (C-0) cm '. High resolution mass spectrometry (ESI) was carried out and the 

required molecular ion was calculated to be CieHnNOs [M'^+Na] 320.0535 and found as 

320.0537.
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3.8 Synthesis of 3-nitro-2,4-diphenyl-2,5-dihydrobenzo[b][l,41thiazepine

The acid catalysed synthesis of 3-nitro-2,4-diphenyl-2,5- 

dihydrobenzo[b][l,4]thiazepme (189) from (ii)-2-nitro-l,3-diphenylprop-2-en-l-one (90) and 

o-aminothiopbenol was also achieved. It is to be noted that 3-nitro-2,4-diphenyl-2,5- 

dihydrobenzo[b][l,4]thiazepine also contained the l,3-bis(aryl)-2-nitro-l-propene scaffold but 

this time in a constrained conformation, this is highlighted in blue in the reaction scheme below 

(Figure 128).

Figure 128: Scheme for the synthesis of 3-nitro-2,4-diphenyl-2,5-dihydrobenzo[b]|l,4]thiazepine

The procedure for the synthesis of these heterocyclic structures was first published by 

Berestovitskaya et al. (2011). It was proposed that the mechanism of formation of the 3-nitro- 

2,4-diphenyl-2,5-dihydrobenzo[b][l,4]thiazepines initiates with a Michael addition of o- 

aminothiophenol to the nitrovinyl unit followed by the cyclisation through the formation of an 

imine between the free amine and the carbonyl on (£0-2-nitro-l,3-diphenylprop-2-en-l-one. 

Isomerisation finally leads to the desired product 3-nitro-2,4-diphenyl-2,5- 

dihydrobenzo[b][l,4]thiazepine (189) (Figure 129).

< o.

Figure 129: Mechanism for the synthesis of 3-nitro-2,4-diphenyl-2,5-dihydrobenzo[b)[l,4]thiazepine (189)

3-Nitro-2,4-diphenyl-2,5-dihydrobenzo[b][l,4]thiazepine (189) was synthesised in the present 

work and purified by column chromatography to give 60% yield as colourless crystals
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3.9 Synthesis of 3-nitro-2-phenyl-l//-indole

3-Nitro-2-phenyl-l//-indole was synthesised in order to assess the effect on 

antiproliferative activity induced by the inclusion of the (2-nitrovinyl)benzene scaffold as a 

substructure of a larger heterocyclic compound. Within the 3-nitro-2-phenyl-l//-indole 

structure the (2-nitrovinyl)benzene scaffold is held in a constrained confirmation and no longer 

possesses nitrovinyl protons (Figure 130). 3-Nitro-2-phenyl-l//-indole (190) was prepared by 

the selective 3-nitration of 2-phenylindole. The reaction conditions employed utilised silver 

nitrate and benzoyl chloride in acetonitrile at 0 °C to produce the required reaction conditions^ 

(Figure 130).

Silver Nitrate 
Benzoyl Chloride

45 min 
0®C

Figure 130: Synthesis of 3-nitro-2-phenyl-l//-indole (190)

In the present work the nitration of 2-phenylindole is achieved through the in situ formation of 

benzoyl nitrate from benzoyl chloride and silver nitrate. Benzoyl nitrate decomposes in this 

one pot nitration to form a nitronium ion and a benzoyloxy carbanion. The benzoyloxy 

carbanion can in turn decompose to form benzene with the evolution of carbon dioxide^'*. The 

nitronium ion proceeds to nitrate the 3 position of the 2-phenylindole ring. Alternative methods 

of synthesising the 3-nitro-2-phenyl-l//-indoles have been developed; one recent example is 

the intramolecular arene alkene coupling of jV-aryl P-nitroenamines^'^. Recrystallization from 

benzene afforded 3-nitro-2-phenyl-lH-indole (190) with a good yield of 52%.

Figure 131: Proposed mechanism for the synthesis of 3-nitro-2-phenyl-lF/-indole
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3.10 Synthesis of 4-nitro-3,5-diphenylisoxazole

4-Nitro-3,5-diphenylisoxazole was synthesised in order to assess the effect on 

antiproliferative activity induced by the inclusion of the 2-nitro-l,3-diphenylprop-l-ene and 

the (2-nitrovinyl)benzene scaffolds as substructures of a larger heterocyclic compound (in this 

case the phenylisoxazole). Within the 4-nitro-3,5-diphenylisoxazole structure both the (2- 

nitrovinyl)benzene and the 2-nitro-l,3-diphenylprop-l-ene scaffolds are held in a constrained 

(Z) conformations and no longer possess nitrovinyl protons (Figure 132).

Figure 132: (£)-(2-nitrovinyl)benzene scaffold, 2-nitro-l,3-diphenylprop-l-ene and 4-nitro-3,5-diphenylisoxazole (2- 

nitro-l,3-diphenylprop-l-ene substructure highlighted in blue)

The synthetic route employed for the synthesis of 4-nitro-3,5-diphenylisoxazole was a three 

step preparation. Chalcone is brominated to give 2,3-dibromo-l,3-diphenylpropan-l-one and 

when reacted with hydroxylamine undergoes cyclisation to form the 3,5-diphenylisoxazole. 

This 3,5-diphenylisoxazole is then selectively nitrated to give 4-nitro-3,5-diphenylisoxazole 
(193) (Figure 133).

Bromine
Chloroform

NHjOH.HCl
KOH

MeOH

(191) (192)

(192)

Acetic anhydride 
Nitric acid 

Soiphnric acid

RT 40 min

(193)

Figure 133: Overall scheme for the synthesis of 4-nitro-3,5-diphenylisoxazole

The first step of the overall synthetic route is the synthesis of 2,3-dibromo-l,3- 

diphenylpropan-l-one from chalcone (Figure 134). The bromination of alkenes proceeds via a 

trans / tj«f/-addition and the bromine adds to different sides of the alkene double bond.

Bromine
Chloroform

(191)

Figure 134: Scheme for the synthesis of 2,3-dibromo-l,3-diphenylpropan-l-one from chalcone
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The reaction mechanism initiates with the electrophilic addition of bromine to the alkene with 

the formation of the bromonium ion. The charged addition intermediate is subsequently 

nucleophilically attacked by the bromonium ion to give 2,3-dibromo-l,3-diphenylpropan-l- 

one (191). (Figure 135)

Figure 135: Proposed mechanism for the synthesis of 2,3-dibromo-l,3-diphenylpropan-l-one from chalcone

Bromination of the chalcones has also been achieved using other bromination systems 

such as oxone / sodium bromide^^®, ammonium cerium (IV) bromide / potassium bromide^^’ 

and n-bromosuccinimide / ammonium chloride^^^. 2,3-Dibromo-l,3-diphenylpropan-l-one 

was successfully synthesised from chalcone according to the method outlined by Baumstark et 

al. (1980)^^^ The reaction afforded crude product and upon recrystallization from ethanol gave 

a respectable yield of 45%.

The preparation of the 3,5-diphcnylisoxazole ring system was the second step in the 

overall scheme. 3,5-Diphenylisoxazole (192) was synthesised from dibromo-1,3- 

diphenylpropan-l-one (191) in a tandem substitution cyclisation reaction (Figure 136).

NHjOH.HCl
KOH

MeOH

Reflux 30 min

(192)

Figure 136: Scheme for the synthesis of 3,S-diphenylisoxazole

The mechanism for this transformation between dibromo-l,3-diphenylpropan-l-one 

(191) and hydroxylamine proceed via elimination of hydrogen bromide and the formation of 

2-bromo-l,3-diphenylprop-2-en-l-one. This ketone species reacts in the presence of hydroxyl 

amine to give the oxime. The hydroxyl of this new imine structure undertakes intramolecular 

nucleophilic attack on the alkene species. The resulting enamine / imine equilibrium leads to 

the formation of the final isoxazole double bond by elimination hydrogen bromide (Figure 

137).
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Figure 137: Proposed mechanism for the synthesis of 3,5-diphenylisoxazole

The 3,5-diphenylisoxazoles have been accessed through a number of different synthetic 

methodologies such as the cyclisation of the 1,3 diketone with hydroxylamine^^^ and the 

reaction of aldoximes with alkynylbenzenes^^^. The 3,5-diphenylisoxazole synthesised in this 

work followed methodology outlined by Baumstark et al. (1980)^^^ and afforded a colourless 

solid with 52% yield.

The final step of the 4-nitro-3,5-diphenylisoxazole synthesis involved the selective 4- 

nitration of the 3,5-diphenylisoxazole ring system. The nitrating conditions were achieved 

with a short reaction time, at room temperature with a mixture of concentrated nitric acid and 

sulphuric acid in acetic anhydride^^^- (Figure 138).

Acetic anhydride 
Nitric acid 

Sulphuric acid

RT 40 min

(192) (193)

Figure 138: Scheme for the synthesis of 4-nitro-3,5-(liphenylisoxazole

Concentrated sulphuric acid and concentrated nitric acid react to form the nitronium 

ion in situ. The nitronium ion undergoes nucleophilic attack from the alkene bond in the 3,5- 

diphenylisoxazole system, subsequent loss of a proton reforms the double bond giving the 4- 

nitro-3,5-diphenylisoxazole (193) (Figure 139).

O
II rA ftO—B—O II

Figure 139: Proposed mechanism for the synthesis of 4-nitro-3,5-diphenylisoxazole

110



An alternative synthesis of the 4-nitro-3,5-diphenylisoxazoles to the preparation 

described above is the base catalysed condensation reaction of fl//)/7(7-nitroacetophenone and 

aldoxime^^’. Cyclisation of secondary acetylenic bromides in the presence of sodium nitrite 

has also led to the formation of the same synthetic target^^^. In the present work the crude 

reaction product was purified by column chromatography on silica gel to afford a colourless 

solid (193), 33% yield.

3.11 Conclusion

The incorporation of the nitrostyrene and (£)-l,3-bis(aryl)-2-nitro-l-propene scaffold 

into a number of heterocyclic structures was achieved and the altered configuration induced by 

these heterocycles has been demonstrated. A library of 3-nitro-2-phenyl-2//-chromenes and 3- 

nitro-l,2-dihydroquinolines was prepared utilising a Baylis-Hillman tandem Michael reaction 

strategy. A variety of different substitution patterns were achieved including but not limited to 

methoxy, hydroxy, halogen and benzyloxy. A panel of diversely substituted 3-nitro-2- 

phenylchromen-4-ones were also prepared via nitration of the desired flavone structures. Other 

fused ring heterocycles nitrated included phenylindole and 3,5-diphenylisoxazole. The 

biological activity of the compounds synthesised in Chapter 3 in BL cell lines DG-75 and 

MUTU-I will be discussed in Chapter 6.



Chapter 4.
Design, synthesis and characterisation of 9-substituted

anthracenes
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4.0 Introduction

Previous work carried out within our laboratory on a series of anthracene based 

maprotiline analogues identified (£')-9-(2-nitrovinyl)anthracene as a potent antiproliferative 

agent in Burkitt’s lymphoma cell lines DG75 and MUTU-f. (£')-9-(2-Nitrovinyl)anthracene 

gave ECso values of 3 pM in the MUTU-I and 1.5 pM in the DG75 cell lines. {E)-9-(2- 

nitrovinyl)anthracene was also noted to induce apoptosis in HL60, DG-75 and MUTU-I cell 

lines^. The lowest energy configuration of (£')-9-(2-nitrovinyl)anthracene and maprotiline were 

flexibly aligned to demonstrate the similarities between the planar anthracene and the bridged 

structure of maprotiline (Figure 140).

Figure 140; Maprotiline (green) flexibly aligned to the (£)-9-(2-nitrovinyl)anthracene (orange) (MOE 2011.10).

Good overlay was observed between the anthracene ring and the two phenyl rings of the 

tetracyclic structure. The nitrovinyl unit was also shown to correlate well to the secondary 

amine chain of maprotiline. (£)-9-(2-Nitrovinyl)anthracene like many other compounds in this 

work, contained the (£')-(2-nitrovinyl)benzene pharmacophore as a substmeture which has 

been widely shown to be favourable for anticancer activity (Chapter 1, Section 1.5).

The main objective of this section was to synthesise a library of substituted (£)-9-(2- 

nitrovinyl)anthracenes via the Henry-Knoevenagel condensation reaction of the required 

substituted 9-anthraldehydes. To achieve this objective it was necessary to prepare a number 

of substituted 9-anthraldehydes from their corresponding anthracenes, anthrones and 

anthraquinones. 9-Anthraldehydes used throughout the course of this section include chlorine, 

bromine, methyl, phenyl, methoxy and isopropyl substitutions at C-9 / C-10. The reduction of 

(£')-9-(2-nitrovinyl)anthracene with sodium borohydride was also investigated. The utilisation 

of the Wittig reaction for the extension of carbon chain between the nitrovinyl unit and the 

anthracene ring was also of interest. Other double bonded systems would also be introduced at 

C-9 including oximes, alcohols, cyanovinyl, nitrone and chalcone systems in order to assess
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their effect on the activity of the series. The substituted anthracene library is summarised in 

Figure 141.

Figure 141: Overview of anthracene compound library

4.1 Synthesis of the substituted anthracene aldehydes

A panel of substituted anthracene aldehydes was synthesised from the corresponding 

anthracenes, anthrones and anthraquinones (Table 22). The Grignard reaction of alkyl or aryl 

magnesium bromides and anthrone was exploited to prepare the required substituted 

anthracenes^^^. These substituted anthracenes were subsequently formylated using the 

Vilsmeier Haack reagent to give lO-substituted-9-anthraldehydes (Figure 142)

l.MgBr-R, toluene 
Reflux 3 h

2. HCl

N-methylforinanilide
POClj

100 °C 1.5 h R

(199-203)

Figure 142: Overall scheme for the synthesis of lO-substituted-9-anthraldehydes (199-203)

Since the first preparation of ethereal solutions of magnesium halides in 1900 by Victor 

Grignard^^^, the Grignard reaction has been developed into a potent synthetic tool for the 

synthesis of multifunction molecules. The Grignard reagents used the current work were pre­

prepared by and purchased from Sigma Aldrich. The preparation of these Grignard reagents is 

generally a straight forward reaction of the aryl bromide and on contact with magnesium metal 

via single electron transfer in anhydrous conditions to give the required alkyl or aryl 

magnesium bromide^®^.

The mechanism of the Grignard reaction proceeds via an ionic mechanism, where the 

dipole of the carbonyl and the dipole created across the magnesium bromide facilitates the 

cleavage of the bond between the alkyl group and magnesium bromide. During the addition
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the slightly positive magnesium is nucleophilically attacked by the slightly negative carbonyl 

double bond, as the slightly negative alkyl group attacks the carbonyl carbon (Figure 143).

Transition state tetrahedral intermediate

Figure 143: Proposed mechanisms for formation of Grignard reagents and the Grignard reaction of anthrone

Protonation of the tetrahedral addition intermediate and the nucleophilic addition of water leads 

to the elimination of magnesium hydroxide. Aromaticity is established in the anthracene ring 

through subsequent protonation of the hydroxyl substituent and elimination of water. This 

Grignard reaction of alkyl and aryl magnesium bromides with anthrone gave 9-substituted 

anthracenes (196-198) in excellent yields of 76-84% (Table 19).

9-Methoxyanthracene (194) was synthesised from anthrone in an acid catalysed one pot 

methylation reaction with trimethylorthoformate in a solvent mixture of benzene and methanol. 

The reaction time was quite long and was monitored by thin layer chromatography over a 

period of three days^^'. The proposed mechanism for the methylation reaction of anthrone is 

illustrated in Figure 144.

OHAcidic
conditions

HjC^ Acidic H3C^®,H
Ip conditions ^

H3C.„/k„.CH3 === H3C^„/k„.CH,

CH,

Figure 144: Proposed mechanism for the methylation of anthrone

In acidic conditions anthrone undergoes enolization to anthracen-9-ol. Anthracen-9-ol 

nucleophilically attacks the protonated form of trimethylorthoformate leading to the cleavage
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of the C-O bond in the methoxy group and elimination of methanol from the addition product. 

The methylation reaction described above afforded 9-methoxy anthracene (194) as a pale 

yellow solid, 76% yield (Table 19).

The Wolff-Kischner reaction was first reported in 1911^^^ and entails the reduction of 

a carbonyl to a methylene group using sodium hydroxide and hydrazine. The 9- 

methylanthracene analogue (195) was synthesised from 9-anthraldehyde using a method 

described by Huang et al. (1949). This involved the one pot pressure tube reaction of potassium 

hydroxide and 9-anthraldehyde at 200 °C for 1 hour in diethylene glycol^^^ (Figure 145).

NHjNHj 
KOH

200 °C
pressure tube

(195)

Figure 145: Scheme for the synthesis of 9-methylanthracene (195)

The reaction mechanism for the Wolff-Kischner reaction is displayed below in Figure 146. The 

reaction initiates with the nucleophilic addition of hydrazine to the aldehyde carbonyl with the 

elimination of water, forming (anthracen-9-ylmethytene)hydrazine. (Anthracen-9- 

ylmethylene)hydrazine undergoes base catalysed hydrolysis with the eventual evolution of 

nitrogen gas.

Figure 146: Proposed mechanism for the synthesis of 9-methylanthracene (195) (Wolff-Kischner mechanism)

The first step of this decomposition reaction is deprotonation in the basic conditions is 

the formation of the nitrogen nitrogen double bond. A second deprotonation subsequently takes 

place, forming the nitrogen nitrogen triple bond, cleaving the weaker nitrogen carbon bond. 

Nitrogen gas is then eliminated leaving a carbanion that deprotonates water to form the methyl 

group. The Wolff-Kischner reaction described above afforded 9-methylanthracene (195) as a 

pale yellow solid with 84% yield (Table 19).



R

Compound R Yield Compound R Yield

194 OCH3 76% 197 CH(CH3) 76%

195 CH3 84% 198 C6H5 84%

196 CH2CH3 80% “ - -

Table 19: 9-subsituted anthracene library. Note: R = H unless otherwise specified.

The Vilsmeier-Haack reaction is a formylation reaction first documented by Anton 

Vilsmeier and Albrecht Haack in 1927^'^"^. The Vilsmeier-Haack reaction encompasses the 

formation of the Vilsmeier-Haack reagent from a substituted amide (typically 

dimethylformanilide or N-methylformanilide) and phosphorous oxychloride and its subsequent 

electrophilic reaction with electron rich carbocycles and heterocycles (e.g. anthracene, 

benzene) to give an aldehyde or ketone'*’^ (199-203) (Figure 147).

N-methylformanilide
POCl,

100 “C, 1-2 h

R

(199 - 203)

Figure 147: General scheme for the formylation of 9-substitutcd anthracene by Vilsmeier Haack reaction

As previously mentioned, the first step of this synthesis is to generate the required 

Vilsmeier-Haack reagent. N-methylformanilide reacts via an Sn2 mechanism with 

phosphorous oxychloride with the formation of an imine and elimination of chloride as a 

leaving group. The imine then undergoes chlorination and subsequent reformation of the imine 

bond to eliminate the phosphonoxy group. The two charged ions form a chloroiminium salt 

that is known as the Vilsmeier-Haack reagent (Figure 148).

Sn2 a Cl H Cl 

I Vf Cl

Figure 148: Proposed mechanism for the formation of the Vilsmeier Haack reagenf'
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The Vilsmeier-Haack reagent is a weak electrophile and undergoes nucleophilic attack 

from the electron rich anthracene ring. The addition product of this nucleophilic attack 

undergoes aromatisation with the loss of a proton and the imine bond is reformed with the 

elimination of chlorine as a leaving group. Base catalysed hydrolysis of the imine bond by 

water takes place and leads to the formation of the carbonyl and elimination of methylaniline 

as a leaving group (Figure 149).

Figure 149: Proposed mechanism for the formylation of 9-substituted anthracene by Vilsmeier Haack reaction*'^^

Other formylation systems previously used for the formylation of anthracene 

derivatives include the substitution of halides using N-methylformanilide / /7-butyl lithium^^^ 

and nucleophilic attack of the imine intermediate produced by aluminum trichloride / tin (IV) 

chloride^^^. This Vilsmeier-Haack reaction gave lO-substituted-9-anthraldehydes (199-203) in 

excellent yields of 70-80% (Table 20).

lO-Bromoanthracene-9-carbaldehyde (205) was prepared via a two-step synthetic route 

from anthracene. Step one of this route was the 9,10-dibromination of anthracene with bromine 

in dichloromethane to afford 204, in a four hour reaction at room temperature^^^. Step two was 

a lithium-halogen exchange / formylation reaction with //-butyllithium and N- 

methylformanilide in dry THF at -90 °C over 50 minutes^^^ (Figure 150).

Bromine
DCM

RT
4 hours

N-methylformanilide 
n-butyl lithium

-90 "C 
50 min

Figure 150: Overall scheme for synthesis of IO-bromoanthracene-9-carbaldehyde
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The bromination of anthracene takes place via a standard nucleophilic attack on the 

slightly positive dipole in bromine by the electron rich anthracene. Subsequent re-aromatisation 

takes place with the loss of a proton. This process is repeated to give the 9,10- 

dibromoanthracene (204) (Figure 151).

Figure 151: Mechanism for the bromination of anthracene (204)

Lithium-halogen exchange was first noted in 1938 Wittig et al.^^^ and it is this property 

of organolithium compounds that is exploited to achieve selective 9-formylation of anthracene. 

Georg Wittig proposed that the reaction proceeded via the formation of an ‘ate’ addition 

complex^^^, although there are also other theories on the mechanism behind the lithium-halogen 

exchange-^"^*’ (Figure 151).

K 7
'ate' intermediate complex

Figure 152: Lithium-halogen exchange via the 'ate' complex

The formylation reaction proceeds after the lithium-halogen exchange reaction, 

initiated by the nucleophilic attack on the carbonyl of N-methylfonnanilide. Protonation of the 

nitrogen of the addition intermediate leads to the reformation of the carbonyl with the 

elimination of N-methylaniline as a leaving group. This leads to the formation of the desired 

9-anthraldehyde (205).

Figure 153: Proposed formylation reaction of organolithium compound

9-Anthraldehyde can also be selectively brominated with N-bromosuccinimide with acetic acid 

in chloroform^'*'. The formylation reaction in the present work afforded a yellow sold yielding 

72% lO-bromoanthracene-9-carbaldehyde (205) (Table 20).
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4,5-Dichloroanthracene-9-carbaldehyde (207) was synthesised via a two-step synthetic 

route. The first step of this route was the reduction of l,8-dichloroanthracene-9,10-dione to 

1,8-dichloroanthracene (206) using a zinc dust / ammonia system followed by acidification of 

the reaction product. Formylation of this 1,8-dichloroanthracene gave the desired 4,5- 

dichloroanthracene-9-carbaldehyde (Figure 154).

1. Zinc dust 
Ammonia 
75 “C 4 h

2. Acid 
isopropanol 
3 h Reflux

cr Cl
SnCL

Acidic workup

Figure 154: Overall synthesis of 4,5-dichloroanthracene-9-carbaldehyde

The zinc metal reduction of the l,8-dichloroanthracene-9,10-dione is a two-step 

reaction in which zinc metal reduction is followed by protonation and aromatisation to form 

the anthracene ring. Alfred Rieche first documented the Rieche formylation in 1960, achieving 

formylation with Lewis acid tin (fV) chloride and dichloromethyl methy ether^'*^. In more 

recent literature the Rieche formylation is used for the formylation of phenols^'*^ and 

anthracenes^^^.

Cl
L'CiJo Cl'®? cr Cl Cl

O Cl
J© Cl-s'n'Cl 

Cl ci'e'ci

Cl Cl

Cl Cl

Figure 155: Proposed mechanism for Rieche formylation

The mechanism for the Rieche formylation is believed to follow a Friedel-Crafts type 

reaction mechanism (Figure 155). The tin (IV) chloride acts as a Lewis acid and reacts with 

dichloromethyl methyl ether to form a carbocation. This carbocation undergoes nucleophilic 

attack from the electron rich anthracene ring, leading to the eventual formation of the 

chloromethoxy intermediate. This intermediate undergoes acid catalysed hydrolysis and
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chloride is eliminated as a leaving group. Loss of a proton and elimination of the methoxy 

group leads to the formation of the 9-anthraldehyde. 4,5-Dichloroanthracene-9-carbaldehyde 

(207) was prepared via the method described above affording a yellow solid (30% yield) (Table 

20).

2-(Anthracen-9-yl)acetaldehyde (209) was synthesised from 9-anthraldehyde. The 

overall reaction scheme planned involved the Wittig reaction of 9-anthraldehyde, 

(methoxymethyl)triphenylphosphonium chloride and potassium tert-butoxide to form 9-(2- 

methoxyvinyl)anthracene (208) (EtZ mixture). 2-(Anthracen-9-yl)acetaldehyde (209) was 

synthesised from 9-(2-methoxyvinyl)anthracene (208) by cleavage of the enol ether leaving the 

aldehyde^'^.

CH30CH2P(Ph3)Cl
Nal

TMSCI

(208) (209)

Figure 156: Overall seheme for synthesis of 2-(anthracen-9-yl)acetaldehyde

The mechanism for the Wittig reaction initiates with the deprotonation of the 

phosphonium salt to form the phosphorous ylide. The ylide and 9-anthraldehyde enter a 

puckered transition state and undergo [2+2] cycloaddition forming the oxaphosphetane 

intermediate. This oxaphosphetane intermediate breaks down following the cleavage of the 

phosphorous oxygen bond with the formation of the vinyl bond (Figure 157)'^^'^°^.

p=(

(208)

Figure 157: Proposed mechanism for the synthesis of 9-(2-methoxyvinyl)anthracene'^'’'

Cleavage of the enol ether was achieved using trimethylsilyl chloride and sodium 

iodide^'^. Trimethylsilyl chloride is a potent electrophile and readily accepts the nucleophilic 

attack of the methoxy ether. In order to stabilise the resulting charged addition intermediate the
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methyl group acts as a leaving group. Enol-keto tautomerization takes place and iodine initiates 

desilylation with the keto tautomer to give the 2-(anthracen-9-yl)acetaldehyde (209) (Figure 

158).

Si

Ij (209)

Figure 158: Proposed meehanism for the synthesis of 2-(anthracen-9-yl)acetaldehyde^^*'

The above synthetic steps resulted in isolation of 9-(2-methoxyvinyl)anthracene (208) (yield 

60%) and ultimately yielded 2-(anthracen-9-yl)acetaldehyde (209) as a yellow solid (yield 

83%) (Table 20).

Rj R2 R3

Compound n Substitution pattern Yield Compound n Substitution pattern Yield

199 0 R2 = CH2CH3 80% 205 0 R2 = Br 72%

200 0 R2 = CH(CH3) 60% 202 0 R2 = OCH3 72%

201 0 R2 = CfiHs 70%* 203 0 R2 = CH3 60%

207 0
Ri = R3 = Cl,

30% 209 1 - 83%

Table 20: $ubstituted-9-anthraldehyde library. Note: R = H unless otherwise specified. * denotes novel compound
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4.2 Synthesis of the (£)-9-(2-nitrovinyl)anthracenes

A series of diversely substituted (£)-9-(2-nitrovinyl)anthracenes were prepared from 

the substituted-9-anthraldehyde library prepared above and some related aldehydes that were 

commercially available. A piperidine catalysed Henry-Knoevenagel condensation reaction 

described by Parker et al. (2008) was utilised to synthesise this extensive library of (£)-9-(2- 

nitrovinyl)anthracenes (7, 41, 210-223) (Figure 159).

Rj R, R,

R-NO2

Piperidine

90 °C 1.5 h

Figure 159: General schemes for the synthesis of the (£)-9-(2-nitrovinyl)anthraccnc library, (£)-9-(3- 
nitroallyl)anthracenes and (£^-9-(2-nitrovinyl)phenanthrcne

This Parker et al. (2008) (referred to as Method 2) variant of the Henry-Knoevenagel 

condensation reaction performed much better for the 9-anthraldehydes than the general method 

used for the (£)-(2-nitrovinyl)benzenes (Method 1), increasing the yield of product achieved 

significantly^'*^. Using this method with the 9-anthraldehydes it was possible to achieve the 

more difficult synthesis of (£)-9-(2-nitrobut-l-en-l-yl)anthracene (210) from 1-nitropropane 

with relative ease. The results of this comparison study are displayed below in Table 21.

Yield Yield

Compound Compound name (Method 1)* (Method 2)**

Sect. 8.1 Sect. 8.21

7 (£')-9-(2-nitrovinyl)anthracene 25% 99%

41 (£')-9-(2-nitroprop-1 -en-1 -yl)anthracene 10% 73%

210 (£')-9-(2-nitrobut-1 -en-1 -yl)anthracene Trace 60%

Table 21: Comparison of Henry-Knoevenagel condensation yields for 9-anthraldehyde (Method 1 v Method 2). 
*cyclohexylamine, acetic acid, 20 min MW, ** Piperidine acetate, excess nitroalkane 1.5 h 90 “C
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A series of diversely substituted (£)-9-(2-nitrovinyl)anthracenes (7, 41, 210-222) were 

prepared affording yields of 10-99% (Table 22). These (£)-9-(2-nitrovinyl)anthracenes 

included a range of C-9 and C-10 substitutions ranging from halogen to alkyl and aryl. The 

length of the alkyl chain at C-l’ was also varied. (£^-9-(2-Nitrovinyl)phenanthrene (223) was 

synthesised by the Henry-Knoevenagel condensation of 9-phenanthraldehyde and 

nitromethane in 15% yield^"*^

(223)

Compound n R Substitution Yield

7 0 99%

41 0 CH3 73%

210 0 CH2CH3 60%

211 0 Ri = C1 71%*

212 0 CH3 Ri =C1 50%*

213 0 CH2CH3 Ri =C1 64%*

214 0 Ri = OCH3 54%

215 0 Ri =Br 56%*

216 0 Ri = CH3 30%*

217 0 Ri = C6H5 60%*

218 0 R2 = R3 = Cl, 10%*

219 0 Ri = CH2CH3 60%*

220 0 Ri = CH(CH3) 68%*

221 1 32%*

222 1 CH3 20%*

223 0 . 15%

Table 22: (£)-9-(2-nitrovinyl)anthracene library. Note: R = H unless otherwise specified. * denotes novel compound
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The novel (£)-9-chloro-10-(2-nitrobut-l-en-l-yl)anthracene (213) was chosen as a 

representative sample of the {£)-9-(2-nitrovinyl)anthracenes and the 'H NMR and '^C NMR 

spectra will now be discussed in detail. The 'H NMR (400 MHz, CDCI3) spectrum of 

compound 213 (Figure 160) shows a triplet at 0.90 ppm {J = 7.32 Hz) integrating for three 

protons, this triplet was assigned to the three methyl protons on C4’.

Figure 160: 'H NMR spectrum of (£)-9-chloro-10-(2-nitrobut-l-en-l-yl)anthracene (213)

A quartet at 2.35 ppm {J = 7.32 Hz) integrating for two protons accounted for the two protons 

on Ci\ The doublets at 7.94 ppm (J = 8.55 Hz) and 8.57 ppm (J = 8.55 Hz) both integrating 

for two protons each were assigned to the equivalent proton pairs of H4 & He and Hi & Hg 

respectively. The doublet occurring at 8.57 ppm occurring slightly further downfield due to 

proximity to the chlorine substituent at C9. The large multiplet occurring at 7.52 - 7.70 ppm 

integrating for four protons account for the remaining aryl protons (H2, H3, He & Hy). The 

downfield singlet occurring at 8.49 ppm integrating for a single proton corresponded to Hr, 

the proton on Cr of the nitrovinyl unit.

The '^C NMR spectrum (101 MHz, CDCI3) of compound 213 (Figure 161) shows 

resonances occurring at 11.54 ppm and 21.35 ppm, these were assigned to the carbons in the 

ethyl sidechain, C4’ and C3’ respectively. Carbon equivalent quaternary resonances at 125.42 

ppm and 128.39 ppm were assigned to the quaternary carbons within the anthracene ring at C4a 

& Csa and Cla & Cga.
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Figure 161: '-’C NMR spectrum of (£^-9-chloro-10-(2-nitrobut-l-en-l-yl)anthracene (213)

Carbon equivalent CH resonances at 126.87 ppm and 127.00 ppm correspond to C4 & Ce and 

Cl & Cg. The quaternary signals occurring at 129.11 ppm and 130.57 ppm were assigned to Cio 

and C9 respectively. The signal at 130.57 ppm occurring further downfield due to the 

electronegativity of the chlorine substitution. The downfield CH resonance (Figure 162) in the 

spectmm occurred at 130.12 ppm and was allocated to Cr of the nitrovinyl unit. The most 

downfield signal in the spectrum was a quaternary signal occurring at 157.00 ppm and was 

produced by the electronegative environment created at C2’ by the nitro group. The remaining 

aromatic carbons were accounted for by carbon equivalent CH resonances 125.25 ppm and 

125.49 ppm.

Figure 162: DEPT 135 NMR spectrum of (£)-9-chloro-10-(2-nitrobut-l-en-l-yl)anthracene (213)
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FTIR spectroscopy shows bands at 1438, 1425 (C=C), 1553, 1328 (NO2) and 1149 (C-N) cm' 

'. High resolution mass spectrometry (APCI) was carried out and the required molecular ion 

was calculated to be CisHisClNOi [M^+H] 312.0791 and found as 312.0797.

A sample of (£')-9-chloro-10-(2-nitroprop-l-en-l-yl)anthracene (212) was selected for 

X-ray structure determination; from the packing structure and asymmetric unit it was possible 

to verify the (£) confirmation of the nitrovinyl unit (Figure 163).

o. ,0-
N+

Figure 163: X-ray crystallography data: Asymmetric unit of (£)-9-chloro-10-(2-nitroprop-l-en-l-yl)anthracene (212)

(£)-9-(3-Nitroallyl)anthracene (221) was chosen as a representative sample of the (£)- 

9-(3-nitroallyl)anthracenes and the 'H NMR and '^C NMR spectra will now be discussed in 

detail. The 'H NMR (400 MHz, CDCI3) spectrum of compound 221 (Figure 164) shows a 

doublet occurring at 4.58 ppm (J = 6.10 Hz) integrating for two protons, this was assigned to 

the two protons on Cr.
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Figure 164: 'H NMR spectrum of (J?)-9-(3-nitroallyl)anthracene (221)

The double doublet at 6.62 ppm {J = 13.43, 1.83 Hz) was assigned to Hs’ on the nitrovinyl unit, 

the large J value in this double doublet indicated trans coupling across the nitrovinyl unit. The 

doublet at 8.07 ppm (J = 8.55 Hz) integrated for four aromatic protons and accounted for Hi, 

Hg, H4 and H5. The large multiplet occurring at 7.49 - 7.61 ppm integrating for four protons 

was assigned to the remaining aromatic protons. The multiplet occurring at 7.66 - 7.77 ppm 

integrating for a single proton was allocated to H2’. The downfield singlet at 8.49 ppm 

accounted for Hio on the anthracene ring.

The ‘^C NMR (101 MHz, CDCI3) spectrum of compound 221 is displayed below in 

Figure 165. A DEPT 135 NMR spectrum of compound 221 (Figure 166) shows CH signals at 

123.31 ppm, 125.20 ppm, 126.77 ppm, 127.83 ppm, 129.53 ppm, 140.74 ppm and 141.13 ppm. 

The inverted resonance at 27.02 ppm denoted a CH2 carbon signal. A C-H COSY experiment 

was also completed in order to accurately assign the carbon resonances of the spectrum 

(Figure 167).
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Figure 165: '^C NMR spectrum of (£)-9-(3-nitroallyl)anthracene (221)
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Figure 166: DEPT 135 NMR spectrum of (£)-9-(3-nitroallyl)anthracene (221)
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Figure 167: C-H COSY spectrum of (£)-9-(3-nitroallyl)anthracene (221)

Combining data obtained (Figure 166-168) it was possible to assign the carbon 

resonances corresponding to the nitrovinyl unit. The inverted CH2 resonance at 27.02 ppm was 

assigned to Cr. CH resonances occurring at 140.74 ppm and 141.13 ppm correlated to the 

multiplet at 7.66 - 7.77 ppm and the double doublet at 6.62 ppm. From the multiplicity 

produced it was possible to assign the resonances at 140.74 ppm and 141.13 ppm to C2’ and 

C3’ on the nitrovinyl unit. Quaternary signals observed at 129.80 ppm and 131.53 ppm were 

allocated to the two carbon equivalent pairs of C4a & Csa and Cu & Cga within the anthracene 

system. The proton Hio correlated to a carbon 13 resonance at 127.83 ppm. The remaining 

aromatic CH carbon resonances were accounted for by signals at 123.31 ppm, 125.20 ppm, 

126.77 ppm, and 129.53 ppm

FTIR spectroscopy shows bands at 3089, 2928 (C-H), 1667 (C=C), 1551, 1356 (NO2) 

and 1514, 1444 (C=C) cm"'. High resolution mass spectrometry (APCI) was carried out and 

the required molecular ion was calculated to be C17H14NO2 [M"-i-H] 264.1025 and found as 

264.1023.
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4.3 Synthesis of 4-(anthracen-9-yl)-l//-l,2,3-triazoles

A small selection of anthracene based 4-(anthracen-9-yl)-l//-1,2,3-triazoles were also 

synthesised. These compounds were prepared according to the general procedure and via the 

mechanism previously outlined in Chapter 2. The general scheme for the synthesis of this 

selection of compounds is outlined below in Figure 168.

(225) R = H. 92%
(226) R = CHj, 45%

Figure 168: General scheme for the synthesis of 4-(anthracen-9-yl)'lH’l,23-triazoles

The synthesis of 4-(anthracen-9-yl)-l//-l,2,3-triazoles (225 -226) was achieved in good 

yield by reaction with sodium azide for 1 hour at 90 °C. However during attempts to optimise 

this reaction another reaction product was isolated. This unexpected product was 4-(anthracen- 

9-yl)-4,5-dihydro-l//-1,2,3-triazole (227), a reduced version of the desired end product. It is 

proposed that increasing the time from 1 to 12 hour allows time for a much slower reduction 

reaction to take place in the presence of DMSO and sodium azide. Referring to the literature, 

reductive conditions in hot DMSO and sodium azide solutions have been observed before, it is 

assumed the sodium metal necessary for triazole reduction is provided by the azide salt^"*^.

The 4-(anthracen-9-yl)-l//-l,2,3-triazoles have been synthesised by an alternative 

method from 9-ethynly-anthracene, TMSN3 and copper iodide with good yield. Daniele et al. 

coupled this anthracene-triazole system to various ligands for development as a fluorophore^"**. 

In the present work the anthracene-triazole compounds (225-227) was prepared with yields of 

45-95% (Figure 168).

4-(Anthracen-9-yl)-4,5-dihydro-l//-1,2,3-triazole (227) was chosen as a representative 

sample of the anthracene-triazoles and the 'H NMR and NMR spectra will now be 

discussed in detail. The 'H NMR (400 MHz, DMSO-t/e) spectrum of compound 227 ( Figure 

169) shows a doublet at 4.64 ppm (J = 4.88 Hz) with an integration of two protons, this was 

allocated to the 2 protons on Cs-.
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Figure 169: 'H NMR spectrum of 4-(anthracen-9-yl)-4,5-dihydro-l//-l,2i3-triazole (227)

The triplet occurring at 6.68 ppm (J = 5.19 Hz) integrated for a single proton and was assigned 

to the H4’, split by the pair of protons on C5. The doublets at 8.11 ppm (J = 8.55 Hz) and 8.31 

ppm (J = 9.16 Hz) both integrated for two protons each and were assigned to the two pairs of 

equivalent protons, H5 & H4 and Hi & H6 respectively. A singlet at 8.56 ppm integrating for a 

single proton was allocated to Hio.The multiplet occurring at 7.45 - 7.70 ppm integrated for 

four aromatic protons and accounted for the remaining four anthracene protons (H6, Hy, H2 & 

H3). The downfield singlet 11.40 ppm with an integral value of one proton corresponded to the 

NH at position 1 of the triazole ring.

Figure 170: '^C NMR spectrum of 4-(anthracen-9-yl)-4,5-dihydro-l//-1,2,3-triazole (227)

The '^C NMR spectrum (101 MHz, DMSO-c/e) of compound 227 (Figure 170), the upfield 

resonance occurring at 24.03 ppm was assigned to the CHy carbon, C5’. The CH signals at 

126.33 ppm and 129.01 ppm were assigned to equivalent carbons Ci & C6 and Cio on the
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anthracene ring The quaternary signals 129.33 ppm and 129.67 ppm account for the carbon 

equivalent signals within the anthracene ring, Csa & Caz and Csa & Cia respectively. The more 

downfield quaternary signals were allocated to Cg and C4-. The remaining pairs of equivalent 

aromatic anthracene CH’s were accounted for by signals at 124.27 ppm, 125.19 ppm and 

126.15 ppm.

FTIR spectroscopy shows bands at 1614, 1488 (C=C) and 1220 (C-N) cm”'. High 

resolution mass spectrometry (APCI) was carried out and the required molecular ion was 

calculated to be C16H13N3 [M"] 247.1109 and found as 247.1118.

4.4 Preparation of anthracen-9-ylmethanimines

A number of anthracen-9-ylmethanimines (228-232) were also prepared to assess the 

antiproliferative effect of alternative imine systems to replace the nitrostyrene. In this work 

anthracen-9-ylmethanimines were synthesised from substituted-9-anthraldehydes in a one pot 

reaction with the required amine in dichloromethane. The reaetion mechanism for this 

preparation was discussed earlier in Chapter 2. The general scheme for the synthesis of 

anthracen-9-ylmethanimines is displayed below (Figure 171) in yields of 85-90% (Table 23).

Rj-NH-R,
DCM

RT - reflux 
3-24h

Figure 171: General scheme for the synthesis of anthracen-9-ylmethanimine

Compound R Ri R: n Yield Compound R Ri R2 n Yield

228 H NH2 - 0 90% 231 H O CH3 0 89%

229 Cl NH2 - 0 85%* 232 H OH - 1 20%

230 H OH - 0 90% “ - - - - -

Table 23: anthracen-9-ylmethanimine library
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The 'H NMR (400 MHz, DMSO-de) spectrum of compound 229 (Figure 172) shows a 

singlet at 7.30 ppm integrating for two protons, corresponding to the two amine group protons 

of the hydrazone.

Figure 172: 'H NMR spectrum of (£)-((10-chloroanthracen-9-yl)methylene)hydrazine (229)

The doublets at 8.45 ppm (J= 8.55 Hz) and 8.63 ppm (J= 8.55 Hz) both integrated for two 

protons each and were allocated to Hi & Hg and H4 & H5. The resonance at 8.63 ppm occurring 

slightly further downfield was due to proximity to the chlorine atom. The multiplets occurring 

at 7.58 - 7.67 ppm and 7.67 - 7.73 ppm both integrated for two protons each and were assigned 

to the remaining aromatic protons (H2, H3, He & H?). The downfield singlet occurring at 8.82 

ppm with an integral value of 1 H was assigned to Hr of the imine bond.

The '^C NMR spectrum (101 MHz, DMSO-Je) of compound 229 (Figure 173) shows 

CH resonances at 126.27 ppm and 127.39 ppm corresponding to the carbon equivalent signals 

Cl & Cg and C4 & C5. Quaternary signals occurring at 127.95 ppm and 128.67 ppm account 

for the pairs of equivalent quaternary carbons within the anthracene ring (Cia & Cga and Csa & 

C4a).
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Figure 173: '-’C NMR spectrum of (E)-((10-chloroanthracen-9-yl)methylene)hydrazine (229)

The quaternary resonances at 127.04 ppm and 129.42 ppm were allocated to C9 and Cio, with 

the 129.42 ppm resonance occurring further downfield due to the attached chlorine atom. The 

remaining equivalent aromatic CHs (C2, C3, Ce & C?) are accounted for by 124.32 ppm and 

126.15 ppm. The downfield CH resonance occurring at 135.51 ppm was assigned to Cr on the 

imine unit. FTIR spectrometry shows bands at 3351 (N-H), 1621 (C=C) and 1483, 1438 (C=C) 

cm '. High resolution mass spectrometry (APCI) was carried out and the required molecular 

ion was calculated to be C15H12N2CI [M^+H] 255.0689 and found as 255.0684.

4.5 Synthesis of (£)-3-(anthracen-9-yl)acrylonitrile derivatives

(£)-3-(Anthracen-9-yl)acrylonitrile derivatives (233-235) were synthesised from the 9- 

anthraldehydes and activated methylenecyano compounds via the base catalysed Knoevenagel 

condensation reaction. The general scheme for this transformation is displayed below (Figure 

174).

Piperidine
Malonitrile

90 “C, 0.5 h

(233) R, = H, 95%
(234) R, = Cl, 90%

Figure 174: General scheme for the synthesis of the (£)-3-(anthracen-9-yl)acrylonitriles

Using cyanoacetic acid for the Knoevenagel condensation reaction allowed the formation of 

the unsubstituted cyanovinyl system. The reaction mechanism is very similar to the one
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discussed previously apart from the deprotonation of the acid carbonyl and subsequent 

elimination as carbon dioxide (Figure 175).

o. H
HO

o, H

H,0

Figure 175: Mechanism for the synthesis of the (E)‘3-(anthracen-9-yI)acrylonitrile

The synthesis of (£)-3-(anthracen-9-yl)acrylonitrile was first noted in 1974 by Hann et al. via 

a base catalysed Knoevenagel condensation using DMF as a solvent^'*^. Gopal et al. (1995) 

synthesised this product from the addition of the stabilised phosphoryl carbanion formed by 

reacting dimethylphosphonoacetonitrile and sodium hydride in DMF with 9-anthraldehyde^^® 

The preparation of (anthracen-9-ylmethylene)malononitrile was first documented in 1991 by 

Katritzky et al. and since it has been synthesised using a number of different bases to catalyse 

the Knoevenagel eondensation reaetion^^'. Bases employed inelude: triethyl amine^^^, sodium 

ethanolate^^^ and piperidine^^'. These Knoevenagel eondensations were successful with the 

(anthracen-9-ylmethylene)malononitriles yielding 90-95% and the synthesis of (£)-3- 

(anthracen-9-yl)acrylonitrile was achieved with a 40% yield (Figure 174).

The 'H NMR (400 MHz, CDCb) spectrum of compound 234 ( Figure 176) shows two 

multiplets at 7.89 - 7.98 ppm and 8.61 - 8.73 ppm both integrating for two protons each, these 

were assigned to He & Hi and Hs & H4 respectively. The multiple! at 8.61 - 8.73 ppm occurring 

slightly more downfield due to proximity to the chlorine atom. The multiple! occurring at 7.68 

- 7.75 ppm integrated for four protons and this accounted for the remaining aromatic anthracene 

protons: H2, H3, He and H?. The downfield singlet at 8.91 ppm integrating for a single proton 

was assigned to Hi’ on the cyanovinyl unit.
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Figure 176: 'H NMR spectrum of 2-((10-chloroanthracen-9-yl)methylene)malononitrilc (234)

The '^C NMR spectrum (101 MHz, CDCb) of compound 234 (Figure 177) shows 

quaternary resonances occuning at 93.37 ppm, 111.07 ppm and 112.67 ppm; these were 

assigned to the carbon in the cyanovinyl unit; C2’, Ci” and C2”. The cyano group bearing C2” 

was trans orientated to the anthracene ring allowing a slightly more electronegative influence 

on this carbon.

Figure 177: '-’C NMR spectrum of 2-((10-chloroanthracen-9-yl)methylene)malononitrile (234)

137



The quaternary signals at 122.94 ppm and 127.24 ppm accounted for the two pairs of equivalent 

quaternary carbons within the anthracene ring: Csa & Cia and Csa & C4a- The CH signals at 

127.41 ppm and 128.49 ppm were allocated to the carbon equivalent proton bearing carbons at 

Cs & Cl and C4 & C5. The most downfield quaternary carbon resonances in the aromatic region 

were 128.39 ppm and 129.26 ppm, these signals accounted for C9 and C10. The signals at 124.19 

ppm and 126.16 ppm corresponded to the remaining aromatic carbons: C7, Ce, C2 and C3. The 

downfield signal at 160.18 ppm was designated as Ci’ in the cyanovinyl unit. FTIR 

spectrometry shows bands at 2228 (CN), 1621 (C=C) and 1574, 1445 (C=C) cm"'. High 

resolution mass spectrometry (APCI) was carried out and the required molecular ion was 

calculated to be C18H9N2CI [M*] 288.0454 and found as 288.0466.

4.6 Other Knoevenagel condensations of 9-anthraldehyde

The Knoevenagel condensations of 9-anthraldehyde and other activated methylene compounds 

was also achieved. 9-Anthraldehyde and acetone were reacted to give (£)-4-(anthracen-9- 

yl)but-3-en-2-one (237)^'*^, while Meldrum’s acid when reacted with 9-anthraldehyde afforded 

5-(anthracen-9-ylmethylene)-2,2-dimethyl-l,3-dioxane-4,6-dione (236)^^''(Figure 178). These 

Knoevenagel condensations afforded pure product isolated easily by filtration with 60-70% 

yield (Figure 178).

Acetone
NaOH
RT3h

Figure 178: Scheme for synthesis of (£)-4-(anthracen-9-yl)hut-3-en-2-one and 5-(anthracen-9-ylmcthyIene)-2,2-
dimethyl-l,3-dioxane-4,6-dione

4.7 Synthesis of 9-(chloroniethyl)anthracene

In order to synthesise a library of (anthracen-9-yl)methylamines via nucleophilic 

substitution of 9-(chloromethyl)anthracene; 9-(chloromethyl)anthracene was first synthesised 

by a two step synthetic route. The first step of this route was the sodium borohydride reduction 

of 9-anthraldehyde to the corresponding anthracen-9-ylmethanol (238)’^^. 9-

(Chloromethyl)anthracene (239) was then obtained through the reaction of the alcohol (238) 

with thionyl chloride in dioxane at reflux (Figure 179).
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NaBH4
ethanol

RT
30 min

SOCI2
dioxane

Reflux 6 h

(238) 90% (239) 93%

Figure 179: General scheme for the synthesis of 9-(chloromethvi)anthracene

9-(Chloromethyl)anthracene is amenable to nucleophilic substitution and a reaction with 

potassium cyanide gave 2-(anthracen-9-yl)acetonitrile (240)^^^ (Figure 180).
KCN
ACN

CN

Reflux 2 h

(239) 93% (240) 90%

Figure 180: General scheme for the synthesis of 2-(anthracen-9-yl)acetonitrile

The yields for the reduction, chlorination and nucleophilic substitution products are 

summarised in Figure 179-180.

4.8 Synthesis of the (anthracen-9-yl)methylamines

A small panel of (anthracen-9-yl)methylamines (241-244) were obtained via the 

nucleophilic substitution reaction of 9-(chloromethyl)anthracene (239) and the required amine. 

This reaction was carried out at room temperature over a long reaction time of 24 hours (Figure 

181).

DCM 
H

R R

RT24h

(239) (241 - 244)

Figure 181: General scheme for the synthesis of the (anthracen-9-yl)methylamines

(Anthracen-9-yl)methylamines can also be synthesised by one pot reductive amination during 

which the imine formed in situ from the reaction of the required amine and the desired aldehyde 

is reduced to the product amine. Examples of reducing agents used for reductive amination 

include sodium borohydride^^^ and sodium cyano borohydride^^’.The nucleophilic substitution 

of 9-(chloromethyl)anthracene led to the completion of a series of (anthracen-9- 

yl)methylamines (241-244) with yields of 75-90% (Table 24).
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Compound R Yield

241 (CH2)6 86%

242 (CH2)4 75%

243 (CH2)20(CH2)2 90%

244 (CH2)5 82%

Table 24: (anthracen-9-yl)methylamines library

4.9 Synthesis of the anthracene amides

A series of anthraeene amides (245-250) were obtained from anthraeene-9-carboxylic 

acid using the Mukaiyama reaction. The Mukaiyama conditions for this series of amides was 

achieved using triethylamine, 2-chloro-l-methyl-pyridinium iodide (also known as the 

Mukaiyama reagent) and the required amine (Figure 182).

(24S - 250)
Figure 182: General seheme for the synthesis of the anthracene amides (245-250)

The mechanism for the Mukaiyama reaction is illustrated below in Figure 183. The 

reaction is initiated by deprotonation of the acid by triethylamine. This increased electron 

density on the carbonyl triggers a nucleophilic attack on the positively charged 2-chloro-l- 

methyl-pyridine.

:N-R

Figure 183: Proposed mechanism for the synthesis of the anthracene amides'"^

Chloride ion is eliminated to form the activated carbonyl intermediate. This activated 

carbonyl is attacked by the selected amine, reformation of the carbonyl leads to the elimination
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of the pyridine group and subsequent formation of 2-hydroxy-1-methylpyridin-l-ium iodide 

and our desired amide product^®^.

Anthracene-9-carboxylic chloride stirred in anhydrous dichloromethane with 

triethylamine and the desired amine over 2 hours, will also afford the anthracene amides with 

excellent yields^^*. Amides can be synthetized via a plethora of well-studied methodologies 

such as the Beckmann rearrangement (oximes to amides)^^^, the Chapman rearrangement (O- 

aryliminoethers to amides)^^*’ and the Schmidt reaction (ketones to amides using ammonia)^^’. 

Alternative amide coupling reagents can also be utilised such as EDCI / HOBt^’ HATU^^^, 

and HBTU^^^ (Figure 184).

OH

F F \ /
F—P-F / \

F F

N N"-
O- //

/
EDCI HOBt HATU

Figure 184; Amide coupling reagents
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The Mukaiyama reagent was chosen as the amide coupling reagent for the synthesis of this 

library due to the excellent yields achieved, its ready availability and relatively straightforward 

purification of the reaction product. The synthesis afforded the anthracene amides (245-250) 

with yields of 75-90% (Table 25).

1
R

Compound R Yield Compound R Yield

245 CH2CH3 85% 248 (CH2)4 75%

246 CH3 80% 249 (CH2)20(CH2)2 88%

247 (CH2)6 86%* 250 (CH2)5 90%

Table 25: anthracene amides library
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Anthracen-9-yl(azepan-l-yl)methanone (247) was chosen as a representative sample of 

the anthracene amides and the 'H NMR and ’^C NMR spectra will now be discussed in detail. 

The 'H NMR (400 MHz, CDCI3) spectrum of compound 247 (Figure 185) shows a triplet 

occurring at 3.09 ppm (J = 6.10 Hz) and a multiplet occurring at 4.02 ppm both integrating 

for two protons each, these were assigned to the CH2 protons on Cr and Ce- respectively. Note 

that although in this 2-dimensional view of anthracen-9-yl(azepan-l-yl)methanone it appears 

that protons at Cr and Ce' should experience similar electronic conditions, in three dimensional 

spaee Ces Cs’ & C4’ are closer to the amide carbonyl than Cr, C2’ & C3’. This is due to the 

alkane nature and the ‘boat’ like shape homopiperidine assumes.

Figure 185: 'H NMR spectrum of anthracen-9-yl(azepan-l-yI)methanone (247)

Multiplets occurring at 1.31 - 1.43 ppm, 1.47 - 1.59 ppm, 1.70-1.76 ppm and 1.94 - 2.12 ppm 

all integrate for two protons, accounting for the remaining protons in the homopiperidine ring. 

Doublets occurring at 7.95 ppm (J= 8.55 Hz) and 8.01 ppm (J= 7.94 Hz) both integrating for 

two protons each were assigned to H4 & H5 and Hi & Hg respeetively. The multiplet at 7.43 - 

7.57 ppm integrated for four protons and aceounted for the remaining aromatic protons. The 

singlet at 8.45 ppm integrated for a single proton which was allocated to Hio.
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Figure 186: '-’C NMR spectrum of anthracen-9-yl(azepan-l-yl)methanone (247)

The '^C NMR spectrum (101 MHz, CDCI3) of compound 247 (Figure 186) shows 

signals at 45.09 ppm and 49.01 ppm; these were assigned to Cr and Ce'. The resonance at 49.01 

ppm occurring slightly further downfield due to the proximity of C6’ to the carbonyl. 

Resonances occurring at 26.45 ppm, 28.10 ppm, 28.27 ppm and 28.80 ppm accounted for the 

remaining homopiperidine carbons C2’, Cy’, C4’ and C5’. CH carbon equivalent resonances at 

126.50 ppm, 127.31 ppm and 128.55 ppm were assigned to C4 & C5, Ci & Cs and Cio. The 

remaining aromatic CH carbons were accounted for by resonances at 125.02 ppm and 125.44 

ppm. Quaternary carbon equivalent signals at 127.45 ppm and 131.18 ppm were allocated to 

Csa & C4a and Cia & Cga respectively. The remaining downfield signals occurring at 131.71 

ppm and 170.12 ppm correspond to C9 and Ci” (carbonyl).

FTIR spectroscopy shows bands at 3048, 2929 (C-H), 1615, 1486.60 (C=C) and 1263 

(C-N) cm"'. High resolution mass spectrometry (APCI) was carried out and the required 

molecular ion was calculated to be C21H22NO [M^+H] 304.1701 and found as 304.1688.

4.10 Conclusions

A library of 58 anthracene based compounds structurally related to maprotiline were 

designed and synthesised. A number of substituted anthracenes were synthesised and 

formylated to give the related anthraldehydes. These anthraldehydes were reacted with the 

required nitroalkanes in a Henry-Knoevenagel condensation to give a library of 16 substituted 

(£)-9-(2-nitrovinyl)anthracenes (11 novel compounds) related to the previous lead compound
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(£)-9-(2-nitrovinyl)anthracene. Anthracene substitutions synthesised include methoxy, 

isopropy, alkyl (methyl, ethyl), phenyl and halogen (chlorine and bromine). The alkyl chain 

length at C-2 was also altered using different nitroalkanes (nitromethane, nitroethane and 

nitropropane) from unsubstituted to methyl and ethyl. Insertion of a carbon between the vinyl 

unit and the anthraeene moiety was also aehieved using a Wittig reaction.

It was also of interest to vary the nature of the vinyl substitution at C-9 to other related 

vinyl functionalities including cyanovinyl, oxime, hydrazone and alkyl analogues. A selection 

of amines and amides were also prepared from the corresponding chloride and acids 

respectively. The compounds synthesised in Chapter 4 were screened for biologieal aetivity in 

the BL cell lines DG-75 and MUTU-I and the results of this preliminary screen will be 

discussed in Chapter 6. They were also used as dienes in the Diels-Alder cycloaddition 

chemistry investigated in Chapter 5.
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Chapter 5.
Design, synthesis and characterisation of the 9,10-dihydro- 

9,10-ethanoanthracene maprotiline analogues
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5.0 Introduction

Research carried out in the School of Biochemistry and Immunology, Trinity College 

Dublin, identified maprotiline as a potent anti-proliferative and pro-apoptotic agent in Burkitt’s 

lymphoma cell lines MUTU-I and DG-75 (EC50 5.9-15.3 Subsequent work within

our laboratory involved the generation of a range of compounds structurally related to 

maprotiline and a biological screen of this library identified a number of lead compounds with 

promising EC50 values in both the MUTU-I and DG-75 cell lines. From this study the 9,10- 

dihydro-9,10-ethanoanthracene scaffold was identified as favourable for anti-proliferative 

activity in these cell lines and the planar compound (E)-9-(2-nitrovinyl)anthracene was also 

shown to elicit a potent pro-apoptotic effect (Chapter 1, Section 1.4 & 1.5)^.

The main aim of this study is to synthesise a series of maprotiline analogues 

incorporating both a nitrovinyl functionality and the 9,10-dihydro-9,10-ethanoanthracene 

scaffold. Synthesis of other 9,10-dihydro-9,10-ethanoanthracene maprotiline analogues with a 

range of functionalities was also intended including but not limited to hydroxy, aldehyde, 

imine, acid, cyanovinyl and hydrazone modifications. These 9,10-dihydro-9,10- 

ethanoanthraccne maprotiline analogues would be synthesised via Diels-Alder cycloaddition 

to the required anthracene diene system and hence modification of the ethano bridgehead could 

be achieved by variation of the dienophile employed. This dienophile library composed of 19 

maleimide, phenylmaleimide and benzylmaleimide derivatives that were synthesised as part of 

the present work and eight commercially available reagents available in house. Figure 187 

gives an overview of the structures of the proposed maprotiline analogues. Variation of 

substitution at C-9 from nitrovinyl to alternative double bonded systems such as cyanovinyl, 

imine and oxime may be of interest for biological activity, as is the variation of maleimide 

substituent chain length and phenylmaleimide substitution pattern. Variation of the nitrovinyl 

unit by reduction and extension of the alkyl chain length at C-2 was also planned.

R.
OH

^OH ^CHO ^COOH ^

R
R = H, CH3. CH2CH3

CN

Figure 187: Overview of proposed maprotiline analogues
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Figure 188: : Maprotiline (green) flexibly allgined to proposed Diels-Alder adduet (red) (MOE 2011.10).

To illustrate proof of concept, preliminary molecular modelling was carried out on a 

selected Diels-Alder analogue (shown in red) and its lowest energy configuration was flexibly 

aligned with the lowest energy configuration of maprotiline (green) (MOE 2011) (Figure 188). 

This study illustrates the high degree of structural similarity between the ethano protons of 

these bridged structures and that there is significant overlap between the phenyl rings of the 

tetracyclic structure. The secondary amine sidechain of maprotiline also overlays with the 

nitrovinyl unit of the chosen Diels-Alder adduct and the sum of these similarities may prove 

favourable biologically when screened for activity in the DG-75 and MUTU-I BL cell lines.

5.1 Synthesis of the maleimide dienophiles

A library of maleimide based dienophiles was synthesised from maleic anhydride as 

part of the current work. The synthetic route used to generate the various maleimide derivatives 

required for Diels-Alder cycloaddition reaction involved generation of corresponding amic 

acid intermediates from the parent amines in diethyl ether. These amic acid intermediates then 

underwent intramolecular cyclisation in the presence of sodium acetate and acetic anhydride, 

resulting in the formation of the related maleimide or phenyl maleimide compounds (251-269) 
(Figure 189).
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Figure 189: General scheme for the synthesis of the maleimide dienophiles

The mechanism for the synthesis of the maleimide derivatives involves a two-step 

reaction. The first step comprises of the nucleophilic attack of the desired amine on the slightly 

positive carbon at the base of the carbonyl group of the maleic anhydride. This results in ring 

opening of the molecule, facilitated by the protonation of the central ring oxygen atom and the 

formation of a hydroxyl functional group. The addition product generated is the corresponding 

amic acid intermediate (Figure 190).

Step 1:
NHj R

R.
NH

Figure 190: Mechanism for the formation of the amic acid intermediate

The second step of this synthetic route involves complexation of the sodium acetate 

with the electronegative oxygen of the acid functional group, forming an amic acid salt. This 

deprotonated acid group attacks the carbonyl groups on acetic anhydride, forming the acetate 

intermediate. With the formation of this intermediate, sodium acetate is then regenerated.

'NH
Step 2: Na

eO
O

o Q N

OH
O

Figure 191: Mechanism for the formation of maleimide derivatives
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Following the formation of this acetate derivative, the amide nitrogen attacks the carbonyl 

closest to the diene double bond (due to a favourable leaving group being present). This causes 

ring cyclisation / formation, with the cleavage of another acetate group, regenerating the ketone 

functionality, affording the corresponding maleimide derivative^^*’.

Phenylmaleimides (1-phenyl-1//-pyrrole-2,5-diones) can be accessed from their amic 

acid precursors using a number of different catalysts such as phosphorous pentoxide^^^ and 

sulphuric acid^^^. Other synthetic routes to the phenyl-maleimides have also been successful, 

one such route is the reaction of phenylboronic acid 1,3-propylene glycol ester with maleimide 

in the presence of copper acetate and triethylamine^®^. Maleimides are a biologically active 

family of compounds with noted antimicrobial^*' and antifungal activities'’^.

Maleimides are a useful class of dienophile and have also been incorporated into a number of 

potential metallic anti-cancer agents due to their potent DNA binding properties'’^'

A comprehensive library of functionalised phenyl-maleimides and maleimides (251- 

269) was synthesised over the course of this work with yields ranging from 18-70%. This 

library of compounds is summarised in Table 26 and Table 27.

^ Rj

Compound
Substitution

pattern n Yield Compound
Substitution

pattern n Yield

251 - 1 40% 259 R3 = 0(C0)CH3 0 43%

252
Ry = R4 = Rs =

OCH3
1 20% 260 R3 = R4 = OCH3 2 15%

253 R4 = C1 0 55% 261 R4 = (C0)0CH3 0 40%
254 R4 = CH3 0 40% 262 R3 = R5 = OCH3 0 69%
255 R4 = N(CH3) 0 35% 263 R4 = F 0 65%
256 R4 = (C0)(C6H5) 0 29% 264 R4 = Br 0 59%

257 R2 = 0(C0)CH3 0 18% 265 R3 = R4 = Rs = 
OCH3

0 60%*

258 R3 = C1 0 55% 266 R4 = NH2 0 70%

Tible 26: phenylmaleimide library. Note: R = H unless otherwise specified. * denotes novel compound
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Compound R Yield

267 CH2OH 40%

268 CH3 60%

269
(CH2)6

60%

Table 27: maleimide library

l-(3,4,5-Trimethoxyphenyl)-l//-pyiTole-2,5-dione (252) was chosen as a 

representative sample of the maleimides and the 'H NMR and '^C NMR spectra will now be 

discussed in detail. The 'H NMR (400 MHz, CDCb) spectrum of compound 252 ( Figure 192) 

bears three distinct singlets.
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Figure 192: 'H NMR spectrum of 1-(3,4,5-trimethoxyphenyl)-l//-pyrrole-2,5-dione (252)

The singlet occurring at 3.86 ppm integrating for nine protons was assigned to the nine protons 

of the three methoxy substituents. The singlet seen at 6.54 ppm integrating for two protons 

aecounted for equivalent aromatic protons H2 and H6. The remaining and most downfield 

singlet occurring at 6.84 ppm with an integration of two protons was allocated to the equivalent 

vinyl protons H4’ and H3’.
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Figure 193: '-’C NMR spectrum of l-(3,4,5-trimethoxyphenyl)-l//-pyrrole-2,5-dione (252)

The '^C NMR spectrum (101 MHz, CDCI3) of compound 252 (Figure 193) shows 

resonances at 56.16 ppm and 60.79 ppm, these were assigned to the carbons within the methoxy 

substituents.

Figure 194; DEPT 90 NMR speetrum of l-(3,4,5-trimethoxyphenyl)-l//-pyrrole-2,5-dione (252)

A DEPT 90 NMR spectrum of compound 252 (Figure 194) shows CH signals at 103.97 ppm 

and 134.13 ppm. The CH signals at 103.97 ppm and 134.13 ppm were allocated to the pairs of 

carbon equivalent signals at Ci & Ce and the vinyl unit C3 & C5. Quaternary signals occurring 

at 126.59 ppm, 137.73 ppm and 153.39 ppm corresponded to Ci, C3 & C5 and C4 respectively. 

The downfield quaternary signal occurring at 169.52 ppm was attributed to the pair of 

equivalent carbons in the carbonyls of the maleimide unit (C2' & Cs’)-
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FTIR spectroscopy shows bands at 3085, 2964 (C-H), 1707 (C=0), 1509, 1470 (C=C), 

1598 (C=C) and 1127 (CN) cm"'. High resolution mass spectrometry (APCI) was carried out 

and the required molecular ion was calculated to be C13H14NO5 [M*+H] 264.0872 and found 

as 264.0867.

5.2 Synthesis of the (£)-ll,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
ethanoanthracenes

An extensive library of (£)-l l,12-substituted-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

ethanoanthracenes (270-352) was synthesised from the library of (£)-9-(2- 

nitrovinyl)anthracenes (Chapter 4) and the required dienophiles. The Diels-Alder addition was 

carried out in toluene at 120 “C in the presence of excess dienophile (Figure 195).

R.
R4^

Toluene 
120 "C

Figure 195: General scheme for the Diels-Alder reaction

A summary of the dienophiles utilised during the Diels-Alder additions of the current work can 

be seen in Figure 196. The synthesis of the maleimide, benzyl-maleimide and phenyl- 

maleimide based dienophiles (251-269) has been previously discussed and the library of these 

compounds can be seen in Tables 26 and 27.

The other dienophiles 4-phenyl-3//-l,2,4-triazole-3,5(4//)-dione, 1-cyanovinyl acetate, methyl 

acrylate, ethyl acrylate and cyanoacrylate respectively were commercially available in high 

purity (Figure 196).

o o (CH2)„

oA "nAIJ JJo o

o
A

^ N CNIT
o L

o -CN

Figure 196: Dienophile library

The Diels-Alder reaction was first documented by Professor Otto Diels and Kurt Alder 

in 1928 when characterising the addition products formed during the reaction of 

cyclopentadiene and quinone^’^. The Diels-Alder reaction is a pericyclic [4+2] cycloaddition 

reaction which takes place between a conjugated diene system and an alkene, in this case 

known as the dienophile. The alkene systems used to the best effect in the Diels-Alder reaction
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bear an electron withdrawing group, increasing the electrophilicity of the already electrophilic 

alkene system. Maleic anhydride and the maleimides are excellent dienophiles as a result, due 

to the two electron withdrawing groups attached to the alkene bond. Conversely an electron 

donating group on the diene system promotes the reaction also, providing additional electron 

density and a stronger target for the electrophilic dienophile.

As previously mentioned the mechanism of the Diels-Alder reaction is a pericyclic 

[4+2] cycloaddition implying that the reaction is concerted. Two electrons are provided by the 

LUMO (lowest unoccupied molecular orbital) of the dienophile and four are provided by the 

HOMO (highest occupied molecular orbital) of the diene system to form a transition state with 

six delocalised n electrons. The transition state is stabilised by the delocalised n electrons which 

offer it aromatic character and this promotes the reaction pathway. The reaction proceeds to 

the formation of two new a bonds which are energetically more stable than the delocalised six 

71 electrons (Figure 197).

Figure 197: Proposed mechanism for the Diels-Alder reaction of the (£)-9-(2-nitrovinyl)anthracenes

The stereochemistry of both the diene and dienophile are maintained during the Diels- 

Alder cyclisation reaction and this inbuilt stereospecificity ensures the (E) configuration of the 

diene substituent remained intact. There are two configurations available to the transition state 

formed during the Diels-Alder reaction and these describe the three dimensional orientation of 

the dienophile to the diene system, these are known as the "endo ’ and ‘‘exo ’ configurations. The 

"exo ’ configuration entails the dienophile substituents facing away from the new n bond with 

the hydrogens facing this n molecular orbital, the endo is therefore the reverse of this. The ‘exo ’ 

is presumed to be sterically favourable, however the 'endo ’ product with carbonyl dienophiles 

offers additional stability through secondary orbital interactions between the carbonyl and the
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diene (applicable to the majority of products in this work) (Figure 198). Dipolar and Van der 

Waals forces are also thought to contribute to this additional stability.

o

Figure 198: Endo and Exo conFigurations

For the greater portion of classical Diels-Alder reactions the endo product has been 

expected when an electron withdrawing group has been part of the dienophile following the 

rules outlined by Stein and Alder in 1934'^®’^^^. The rate of reaction of the dienophile and 

diene for the cycloaddition can vary depending on the reagents and the rate of reaction can be 

increased by the addition of a Lewis acid or increased pressure'^^’ . Diels-Alder additions to 

(£)-9-(2-nitrovinyl)anthracene have been previously achieved using ethylene'®^ and benzyne^^* 

as dienophiles. A photochemical dimerization reaction of (£')-9-(2-nitrovinyl)anthracene was 

also noted by Becker et al. (1986) giving a Diels-Alder type adduct^^^. Wilhelm et al. (1969) 

attempted the Henry-Knoevenagel condensation of 9,10-ethanoanthracene-9(10/f)- 

carbaldehyde but dehydration did not take place and as a result l-(9,10-ethanoanthracen- 

9(10//)-yl)-2-nitroethan-l-ol was isolated’®^.

In the present work, Diels-Alder adducts were also synthesised using the reduced 

adduct of (£)-9-(2-nitrovinyl)anthracene - 9-(2-nitroethyl)anthracene (224). 9-(2-

Nitroethyl)anthracene was reacted with maleic anhydride, maleimide and phenyl-maleimide 

with good yields. These 9-(2-nitroethyl)anthracene Diels-Alder adducts (284-286) were 

synthesised to assess the effect(s) of the reduced nitrovinyl unit on anti-proliferative activity. 

Diels-Alder adducts with a nitroethyl unit have been previously synthesised through reduction 

of the nitrovinyl Diels-Alder adduct^’^.

(£)-ll,12-substituted-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes

The libraries of novel (£)-ll,12-substituted-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

ethanoanthracenes (270-352) are presented in Tables 28, 30, 31 and 32. Variation of alkyl chain 

length at the C-2 and C-10 substitution was achieved by utilising different nitroalkanes during 

the Henry-Knoevenagel condensation with substituted 9-anthraldehydes giving access to a 

number of diverse diene systems (Chapter 4). The (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

[3,4]furanoanthracene-12,14 dione library (270-283) encompasses maleic anhydride,
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malcimide and simple maleimide Diels-Alder adducts and the (£)-9-(2-nitrovinyl)-13-phenyl- 

9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione libraries (288-316) include 

substituted phenyl and benzyl maleimide Diels-Alder adducts. The method of preparation 

outlined in the current work afforded good yields of 15-97% for the (£)-9-(2-nitrovinyl)-9,10- 

dihydro-9,10-[3,4]furanoanthracene-12,14 diones, 15-88% for the (£)-9-(2-nitrovinyl)-13- 

phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-diones (288-310) and 30-45% for 

the 9-(2-nitroethyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-diones (284-286).

Toluene ^
rill V-X

^

NO2 X = 0,NH,NR O2N

0

Compound X Ri R2 Yield Melting point

270 0 H H 80%* 244-245 “C

271 0 H CH3 72%* 256-258 “C

111 0 H CH2CH3 98%* 230-233 “C

112, 0 Cl H 15%* 275-277 “C

274 0 Cl CH3 18%* 270-272 °C

275 0 Cl CH2CH3 55%* 259-263“C

276 NH H H 50%* 176-178 °C

111 NH H CH3 97%* 296-300 °C

278 NH H CH2CH3 76%* 296-298 °C

279 NH Cl H 25%* >300°C

280 NH Cl CH3 50%* 295-297“C

281 NH Cl CH2CH3 55%* 294-298“C

282 N(CH3) H H 55%* 267-268 °C

283 N(CH2)0H H H 80%* 230-232 °C

Table 28: (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione library. * denotes novel
compound
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(£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (270) was 

chosen as a representative sample of the (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

[3,4]furanoanthracene-12,14-diones and the 'H NMR and '^C NMR spectra will now be 

discussed in detail. The 'H NMR (400 MHz, DMSO-d6) spectrum of compound 270 (Figure 

199) shows a double doublet occurring at 3.82 ppm {J= 9.16, 3.66 Hz) integrating for a single 

proton, this accounted for Hu,

Figure 199: 'H NMR spectrum of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-(3,4|furanoanthracene-12,14-dione (270)

The doublets at 4.20 ppm (J= 8.55 Hz) and 4.98 ppm (J= 3.05 Hz) both integrating for a single 

proton each were assigned to His and Hio respectively. The doublet occurring at 7.58 ppm (J = 

6.71 Hz) was assigned to Hi, this proton occurred more downfield than the other aromatic 

protons due to proximity to both the nitrovinyl unit and the carbonyl. The remaining seven 

aromatic protons were accounted for by multiplets occurring at 7.20 - 7.32 ppm (5 H), 7.32 - 

7.40 ppm (1 H) and 7.40 - 7.47 ppm (1 H). The remaining downfield doublets occurring at 8.11 

ppm {J= 14.04 Hz) and 8.28 ppm {J= 14.04 Hz) were assigned to H2’ and Hr respectively.

A H-H COSY NMR spectrum of compound 270 is displayed below in Figure 200. This 

H-H COSY experiment was utilised to verify the identity of Hu - the central proton in the 

ethano bridge. It can be seen from examining the H-H COSY that both 4.20 ppm (IH, J= 8.55 

Hz) and 4.98 ppm (IH, J = 3.05 Hz) are coupled to the double doublet occurring at 3.82 ppm 

(IH, J= 9.16, 3.66 Hz). Coupling was also observed between double resonances observed at 

8.11 ppm (7= 14.04 Hz) and 8.28 ppm (J= 14.04 Hz).
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Figure 200: H-H COSY NMR spectrum of (F)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4|furanoanthracenc-12,14-dione
(270)

Figure 201: '-’C NMR spectrum of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-(3,4)furanoanthracene-12,14-dione (270)

The '^C NMR spectrum (101 MHz, DMSO-d6) of compound 270 is displayed in Figure 

201. A DEPT 90 NMR spectrum of compound 270 (Figure 202) shows CH signals at 44.21 

ppm, 48.83 ppm, 49.24 ppm, 123.11 ppm, 123.60 ppm, 124.62 ppm, 125.36 ppm, 126.66 ppm, 

127.32 ppm, 127.39 ppm, 127.75 ppm, 136.30 ppm and 145.29 ppm conversely indicating that 

signals at 49.18 ppm, 138.20 ppm, 138.40 ppm, 140.49 ppm, 140.78 ppm, 170.10 ppm and 

170.66 ppm were corresponding to quaternary carbons.
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Figure 202: DEPT 90 NMR spectrum of (f)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4|furanoanthracene-12,14-diont 

(270)
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Figure 203: C-H COSY NMR spectrum of (£)-9-(2-nitrovinyl)-9,I0-dihydro-9,10-|3,4]furanoanthracene-f2,14-dione

(270)

Utilising the C-H COSY spectrum of compound 270 (Figure 203) and the cumulative 

data obtained from the DEPT 90 spectra it was possible to assign the carbons of the ethano 

bridge. CH resonances at 44.21 ppm, 48.83 ppm and 49.24 ppm accounted for Cio, Cn and C15 

respectively. The quaternary resonance occurring at 49.18 ppm was therefore assigned to C9.
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Figure 204: HMBC NMR spectrum of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione
(270)

In order to assign both the proton and carbon resonances for the nitrovinyl unit it was 

necessary to run a HMBC experiment (Figure 204), coupling between the doublet representing 

a single proton in the nitrovinyl unit occurring at 8.28 ppm and three aromatic carbons indicated 

that this proton signal corresponded to Hp. From the C-H COSY this doublet resonance at 8.28 

ppm (Hr) correlated to the carbon resonance 136.30 ppm. This allowed the assignment of the 

nitrovinyl carbons C2’ and Cr to resonances at 145.29 ppm and 136.30 ppm respectively. 

Quaternary carbons were observed at 138.20 ppm, 138.40 ppm, 140.49 ppm and 140.78 ppm 

were allocated to Csa, C4a, Cga and Cia. The more downfield quaternary signals at 170.10 ppm 

and 170.66 ppm accounted for the carbons in carbonyls at C12 and Cm. CH resonances at 123.11 

ppm, 123.60 ppm, 124.62 ppm, 125.36 ppm, 126.66 ppm, 127.32 ppm, 127.39 ppm and 127.75 

ppm account for the remaining eight aromatic carbons

FTIR spectroscopy shows bands at 1860, 1778 (C=0), 1662 (C=C), 1484, 1467 (C=C) 

and 1525, 1353 (NO2) cm '. High resolution mass spectrometry (APCI) was carried out and the 

required molecular ion was calculated to be C20H12NO5 [M-H] 346.0721 and found as 

346.0721.

Single crystal X-ray structure determination was completed on a number of the (£)-9- 

(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-diones (270, 276, 278, 283). It 

was possible to conclude from this data that the packing structure assumed by the products was 

centrosymmetric and monoclinic. From the asymmetric unit it was possible to confirm both the 

{E) eonformation of the nitro vinyl unit and the endo nature of the ethanoanthracene structure 

(Table 29).
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Table 29: X-ray crystallography data for the (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-
diones
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Table 29 summarises some of the data obtained from crystal structures of compounds 

for this series. The angle A° was calculated for each compound as the angle between the 

centroid of phenyl ring 1 and the centroid of phenyl ring 2 - ranging from 123.17-127.92°. This 

angle is 119.46° in the crystal structure of maprotiline. The angle B° (maleic substituent 

centroid to centroid of main axis) was also calculated and ranged from 118.94-121.74°. The 

distance between the carbons in the ethano bridge (di) ranged from 1.545-1.551 A, comparing 

well to that of maprotiline 1.54 A. The distance between the carbon at C-10 and the nearest 

carbon of the ethano bridge (d2) for the series was 1.549-1.567 A, in maprotiline this distance 

is 1.546 A ^*0.

9-{2-Nitroethyl)anthracene (224) was also reacted with maleic anhydride, maleimide 

and phenyl-maleimide to give the corresponding Diels-Alder adducts (284-286) (Table 30).

Table 30: 9-(2-nitroethyl)-9,10-dihydro-9,10-(3,41epipyrroloanthracene-12,14-dione library

The 'H NMR (400 MHz, DMSO-de) spectrum of 9-(2-nitroethyl)-9,10-dihydro-9,10- 

[3,4]furanoanthracene-12,14-dione (284) was analogous with the above data for compound 

270. The resonances for the double bond at 8.11 ppm {J= 14.04 Hz, 1 H) and 8.28 ppm (J = 

14.04 Hz, 1 H) were replaced by resonances at 3.33-352 ppm (2 H), 5.06ppm (IH, J = 14.65 

Hz) and 5.24 ppm (1 H, J = 10.38 Hz). These new resonances accounted for the two new 

methylene group protons. The '^C NMR (101 MHz, DMSO-de) spectrum of9-(2-nitroethyl)- 

9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione represented these new methylene 

groups with carbon resonances at 25.60 ppm and 72.81 ppm. High resolution mass 

spectrometry (APCI) was carried out and the required molecular ion was calculated to be 

C20H16NO5 [M"+H] 350.1028 and found as 350.1030.
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A dimer compound was synthesised from (£)-9-(2-nitrovinyl)anthracene and the 

dimaleimide 1,1'-(hexane-l,6-diyl)bis(lH-pyrrole-2,5-dione). In this reaction the dimaleimide 

was designed to be the limiting reagent in the presence of two equivalents of (£)-9-(2- 

nitrovinyl)anthracene (7) and this reaction afforded 13,13'-(hexane-l,6-diyl)bis(9-((£)-2- 

nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione) (287) in 10% yield 

(Figure 205).

fV®

0=0
no“c

Figure 205: Scheme for the synthesis of 13,13'-(hexane-l,6-diyi)bis(9-((£)-2-nitrovinyl)-9,10-dihydro-9,10-

|3,41epipyrroloanthracene-12,14-dione)

The 'H NMR (400 MHz, DMSO-d6) spectrum of 13,13'-(hexane-l,6-diyl)bis(9-((£')-2- 

nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione) (287) was analogous 

with the above data for (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14- 

dione (270) due to the symmetry within the compound. The spectra presented the ethano bridge 

protons at 3.36 ppm (double-doublet), 3.76 ppm (double-doublet) and 4.86 - 4.92 ppm 

(multiplet) as expected, however the integration for this dimer compound was different - with 

each of these ethano resonances integrating for two protons. Similarly the carbon spectrum 

presented carbon equivalent resonances for these environments within the dimer with the 

ethano bridge represented by resonances at 44.45 ppm (Cio), 47.24 (Cii) and 47.36 ppm (Cis). 

The 12 protons of the hexane bridge were accounted for by three resonances in the proton 

spectrum at 0.43 ppm (broad singlet, 4 H), 0.47 - 0.57 ppm (m, 4 H) and 2.86 - 2.94 ppm (m, 

4 H). This symmetrical environment produced three carbon equivalent environments with CH2 

resonances visible at 25.14 ppm, 26.17 ppm and 37.67 ppm. High resolution mass spectrometry 

(APCI) was carried out and the required molecular ion was calculated to be C46H39N4O8 [M+H] 

775.2768 and found as 775.2771.

(£)-9-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-

12,14-diones

The (£)-9-(2-nitrovinyl)-13 -phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 

12,14-diones library (288-316) was synthesised from the appropriately substituted (F)-9-(2- 

nitrovinyl)anthracenes via Diels-Alder cycloaddition with substituted benzyl and phenyl 

maleimides with varied substitutions including but not limited to methoxy groups, halogens
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(bromine, chlorine & fluorine), alkyl groups, hydroxy and amines. This group of compounds 

gave yields ranging from 15 to 88% (Table 31 and 32).

R ^

J
R5—^ Toluene 1 \

11 / \ ^ ^20 “C R3 ^0^ ^
ntVxp --------------'

r 0 r
NO2 O2N

Compound R n Substitution Yield Melting point

288 - 0 “ 30%* 256-257 “C

289 - 0 R4 = C1 51%* 238-241“C

290 - 0 R4 = OCH3 70%* 240-242“C

291 Cl 0 - 15%* 263-264 °C

292 - 0 R4 = F 21%* 242-243“C

293 “ 0 R3 = R4 = Rs = OCH3 10%* 270-272“C

294 - 0 R4 = Br 66%* 267-268"C

295 - 0 R4 = (C=0)0CH3 60%* 254-255 “C

296 - 0 R4 = (C=0)C6H5 40%* 232-234 “C

297 “ 0 R4 = N(CH3)2 67%* 280-282 °C

298 - 0 R3 = Rs = OCH3 63%* 268-271“C

299 - 0 R3 = C1 58%* 258-261“C

300 “ 0 R2 = 0H 40%* 203-206“C

301 - 0 R3 = 0(C=0)CH3 50%* 246-248 “C

302 0 R4 = NH2 45%* >300 “C

Table 31: (£)-9-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione library. * denotes 

novel compound. Unless otherwise specified Rn = H.
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R ^
J

R5—^ Toluene J A

II / \ 120 “C R,

NO2 O2N

Compound R n Rt Substitution Yield Melting point

303 - 0 CH3 “ 88%* 263-266 “C

304 0 CH2CH3 - 82%* 259-263°C

305 0 CH3 R4 = C1 60%* 298-300“C

306 “ 0 CH2CH3 R4 = C1 44%* 275-279"C

307 - 0 CH3 R4 = OCH3 65%* 276-277“C

308 - 0 CH2CH3 R4 = OCH3 54%* 254-256“C

309 Cl 0 CH3 - 39%* 268-271“C

310 Cl 0 CH2CH3 “ 38%* 261-262“C

311 - 1 H ■ 74%* 238-240 “C

312 - 1 CH3 - 62%* 232-236“C

313 - 1 CH2CH3 “ 50%* 188-189“C

314 - 1 CH3 R3 = R4 = Rs = OCH3 45 %* 227-229“C

315 - 1 CH2CH3 R3 = R4 = Rs = OCH3 54%* 224-228 °C

316 - 2 “ ■ 77%* 152-156 "C

Table 32; (£)-9-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4)epipyrroloanthraeene-12,14-dione library 2. * denotes 

novel compound. Unless otherwise specified Rn = H.

{£)-13-(3,5-dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

[3,4]epipyiToloanthracene-12,14-dione (298) was chosen as a representative sample of the (E)- 

9-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-diones and the 

’H NMR and '^C NMR spectra will now be discussed in detail. The 'H NMR (400 MHz,
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DMS0-d6) spectrum of compound 298 (Figure 206) shows a double doublet occurring at 3.53 

ppm {J = 8.55, 3.05 Hz) integrating for a single proton, this accounted for Hu.

Figure 206: 'H NMR spectrum of (£)-13-(3,S-dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

(3,4|cpipyrroloanthracene-12,14-dione (298)

The singlet at 3.64 ppm with an integration of six protons was assigned to the six protons on 

the two equivalent methoxy groups. Doublets occurring at 3.92 ppm {J = 8.55 Hz) and 4.95 

ppm (J = 3.05 Hz) both integrating for a single proton each were assigned to H15 and Hio 

respectively. A doublet occurring at 5.49 ppm (J= 1.83 Hz) integrated for two protons and was 

allocated to H2” and He” whom were coupled long range to H4. The multiplet at 6.41 - 6.50 ppm 

integrated for a single proton and was assigned to H4'. A doublet observed at 7.61 ppm (J = 

6.71 Hz) accounted for Hi - which occurred more downfield due to the more electronegative 

environment between the nitrovinyl unit and the carbonyl. A large multiplet occurring at 7.18 

- 7.46 ppm integrated for seven protons and accounted for the seven remaining aromatic 

protons. The remaining doublets occurring at 8.12 ppm {J = 14.04 Hz) and 8.32 ppm {J = 

13.43 Hz) both integrated for a single proton each and were assigned to the trans coupled 

protons of the nitrovinyl unit, H2’ and Hr respectively.
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Figure 207: '-’C NMR spectrum of (£)-13-(3,5-dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

|3,4|cpipyrroloanthracene-l2,14-dione (298)

Figure 208: DEPT 90 NMR spectrum of (£)-13-(3,5-dimethoxyphenyl)-9-(2-nitrovinyI)-9,10-dihydro-9,10-

(3,4]epipyrroloanthracene-12,14-dione (298)

The '^C NMR spectrum (101 MHz, DMSO-d6) of compound 298 is displayed above in 

Figure 207. A DEPT 90 NMR spectrum of compound 298 (Figure 208) shows CH signals at 

44.85 ppm, 47.65 ppm, 47.94 ppm, 100.50 ppm, 104.99 ppm, 123.15 ppm, 123.54 ppm, 124.50 

ppm, 125.34 ppm, 126.50 ppm, 126.94 ppm, 127.17 ppm, 127.29 ppm, 137.30 ppm and 145.24 

ppm.
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Figure 209: C-H COSY spectrum of (£)-13-(3,5-dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-

[3,4|epipyrroloanthracene-12,14-dione (298)

Utilising the C-H COSY spectrum of compound 298 (Figure 209) and the cumulative 

data obtained from the DEPT 90 spectra it was possible to assign the carbons of the ethano 

bridge. CH resonances occurring at 44.85 ppm, 47.64 ppm and 47.94 ppm were assigned to 

Cio, Ci2 and Cu. The quaternary signal at 49.69 ppm was assigned to C9. The 2 equivalent 

methoxy substituent carbons on C3” and Cs” were represented by a resonance occurring at 55.41 

ppm. The CH resonances at 100.50 ppm and 104.99 ppm were allocated to C4” and equivalent 

carbons C2” & Ce” on the phenyl ring adjacent to methoxy substituents. The quaternary signal 

at 133.23 ppm accounts for Ci” in this phenyl ring. The quaternary signals occurring at 138.50 

ppm, 138.59 ppm, 140.85 ppm and 141.20 ppm were produced by Csa, C4a, Csa and Cia. The 

CH resonances occurring at 123.15 ppm, 123.54 ppm, 124.50 ppm, 125.34 ppm, 126.50 ppm, 

126.94 ppm, 127.17 ppm and 127.29 ppm account for the remaining aromatic CH carbon 

environments. Downfield quaternary signals observed at 160.34 ppm, 174.53 ppm and 174.87 

ppm were produced in the more electronegative environments at C3” & C5”, C12 (carbonyl) and 

Ci4 (carbonyl). The carbons of the nitrovinyl unit Cr and C2’ were assigned to 137.30 ppm and 

145.24 ppm respectively.

FTIR spectroscopy shows bands at 1714 (C=0), 1601 (C=C), 1531 (NO2), 1474, 1457 

(C=C) and 1159 (C-N) cm”'. High resolution mass spectrometry (APCI) was carried out and
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the required molecular ion was calculated to be C28H23N2O6 [M^+H] 483.1556 and found as 

483.1543.

Single crystal X-ray structure determination was completed on a number of the {E)-9- 

(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-diones (Table 

33 & Table 34) It was possible to conclude from this data that the packing structure assumed 

by the products was centrosymmetric and monoclinic. From the asymmetric unit it was possible 

to confirm the (£) conformation of the nitro vinyl unit.

Table 33: X-ray crystallography data for the (£)-9-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10- 
[3,4]epipyrroloanthracene-12,14-diones (Part 1)
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Table 34: X-ray crystallography data for the (£)-9-(2-nitrovinyl)-13-phenyl-9,I0-dihydro-9,10- 
[3,4]epipyrroloanthracene-12,14-diones (Part 2)
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Compound A° B°

di

(A)
C-C

d2

(A)
C-C

Maprotiline^*® 119.46 - 1.54 1.546

316 126.73 120.8 1.563 1.573

314 129.35 119.69 1.54 1.557

298 125.99 118.05 1.544 1.563

294 129.16 117.9 1.54 1.582

308 122.05 121.71 1.546 1.555

296 126.82 120.87 1.546 1.563

/< f^\d2

Table 35: X-ray crystallography assymetric unit analysis

Selected data obtained from crystal structures of compounds for this series of 

compound 316, 314, 298, 294, 308 and 296 is summarised in Figure 37. The angle A° was 

calculated for each compound as the angle between the centroid of phenyl ring 1 and the 

centroid of phenyl ring 2 - ranging from 122.05-129.16°. This angle is 119.46° in the crystal 

structure of maprotiline. The angle B°(maleimide substituent centroid to centroid of main axis) 

was also calculated and ranged from 117.9-121.71°. The distance between the carbons in the 

ethano bridge (di) ranged from 1.542-1.563 A, comparing well to that of maprotiline 1.54 A. 
The distance between the carbon at C-10 and the nearest carbon of the ethano bridge (d2) for 

the series was 1.555-1.582 A, while in maprotiline this distance is 1.546 A^*“.
The Diels-Alder addition of 4-phenyl-3//-l,2,4-triazole-3,5(477)-dione to the {E)-9-(2- 

nitrovinyl)anthracenes was also achieved affording (£)-9-(2-nitrovinyl)-14-phenyl-9,10- 

dihydro-9,10-[l,2]epitriazoloanthracene-13,15-dione (317) with 68% yield (Figure 210).

Cl.j
Toluene 
120 ®C

NO2 (7) O2N (317)

Figure 210: (jE)-9-(2-nitrovinyl)-14-phenyl-9,10-dihydro-9,10-[l,2)epitriazoloanthracene-13,15-dione

The 'H and '^C NMR spectra for compound 317 were quite similar to that of the (£0-13-(3,5- 

dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-
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diones but differed through the absence of signals for the ethano bridge CH resonances in '^C 

NMR and ethano bridge protons in 'H NMR due this alternative nitrogen-nitrogen bridge.

5.3 Preparation of the (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes

The series of substituted simple (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

ethanoanthraeenes (318-323) were synthesised using 1-eyanovinyl acetate, methyl aerylate, 

ethyl acrylate and cyanoacrylate as dienophiles and (£)-9-(2-nitrovinyl)anthracene as the 

diene. During the Diels-Alder addition of the above dienophiles two addition products were 

possible, an ‘'ortho'' and a ‘meta’’ addition produet. For example the Diels-Alder addition of 

cyanoacrylate to diene systems such as 9-anthraldehyde and (£)-3-(anthracen-9-yl)acrylonitrile 

has been previously doeumented as forming the ortho addition adduct only^-^**'.

NO
^CN

Toluene

120 “C

(7)
OjN (318) 

Ortho adduct 100% Meta adduct 0%

Figure 211: Adducts possible during the reaction of cyanoacrylate and (F)-9’(2<nitrovinyl)anthracene.

Alston et al. (1979) accredited this ‘ortho ’ adduct preference to the stabilising molecular orbital 

overlap between the nitrile and the carbonyl group^. 'H NMR and X-ray crystallography has 

also, in this work been used to confirm the exclusive formation of the ortho adduct (318) from 

the reaction of acrylonitrile and (£)-9-(2-nitrovinyl)anthraeene (Figure 211).

Figure 212: Preparation of of dimethyl and diethyl (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1,12-
dicarboxylate

The synthesis of dimethyl and diethyl (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

ethanoanthracene-11,12-diearboxylates (322, 323) achieved from (£)-9-(2-nitrovinyl)-9,10- 

dihydro-9,10-[3,4]furanoanthracene-12,14-dione (270) using the acid catalysed ring opening 

conditions previously applied to 9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione^^^ 

(Figure 212). The mechanism for this reaction is quite straightforward and initiates with the 

protonation of a carbonyl in the dione system. Nucleophilic attack of the desired alcohol takes 

place at the protonated carbonyl resulting in intramolecular deprotonation of the addition
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intermediate by the ester oxygen - resulting in protonation of the five membered ring and 

subsequent decyclisation to the mono ester intermediate (Figure 213). Similarly protonation, 

nucleophilic attack, deprotonation of the addition intermediate and elimination of water leads 

to the esterification of the second acid functionality giving the desired ring opened dimethyl 

and diethyl (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-11,12-dicarboxylates 

(322, 323).

.fci
fO'H

O

P'F
'p:- 

O R O

9x
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Figure 213: Mechanism for the synthesis of dimethyl and diethyl (£^-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
cthanoanthracene-l 1,12-dicarboxylate from (£)-9-(2-nitrovinyl)-9,10-dihydro-9,l0-|3,4|furanoanthracene-12,14-

dione

The library of substituted (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes (318-323) 

was prepared from (£)-9-(2-nitrovinyl)anthracene and the corresponding dienophiles affording 

yields of 15-35% or via a ring opening reaction affording yields of 15-32%. This library is 

summarized in Table 36.

NO,
Compound Substitution Yield Melting point

318 Ri = CN,R2 = H, R3 = H 30%* 223-225 °C

319 Ri = (C=0)0CH2CH3, R2= H, R3 = H 18%* Oil

320 Ri = (C=0)0CH3, R2 = H, R3 = H 15%* Oil

321 Ri = 0(C=0)CH3, R2 = CN, R3 = H 35%* 168-170“C

322 Ri = R3 = (C=0)0CH3, R2= H 32%* 141-143“C

323 R, = R3 = (C=0)0CH2CH3, R2 = h 15%* 151-152 “C

Table 36: (£)-9-(2-nitrovinyl)-9,10-dihydro-9,l0-ethanoanthracene library. * denotes novel compound
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(£^-10-(2-Nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carbonitrile (318) was 

chosen as a representative sample of the simple (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 

ethanoanthracenes and the 'H NMR and '^C NMR spectra will now be discussed in detail. The 

'H NMR (400 MHz, DMSO-d6) spectrum of compound 318 (Figure 214) shows a doublet of 

triplets occurring at 1.96 ppm (J= 12.82, 3.36 Hz) and a doublet of double doublets occurring 

at 2.30 ppm (7=12.67, 10.53, 2.44 Hz) both integrating for a singlet proton each, these were 

assigned to Hi2a and Hi2b respectively.

A doublet of doublets occurring at 3.69 ppm (J= 10.68, 3.97 Hz) and a singlet at 4.63 ppm 

account for the remaining bridging protons Hn and H9. Two multiplets at 7.11 - 7.34 ppm (5 

H) and 7.36 - 7.53 ppm (3 H) accounted for the eight aromatic protons. The downfield doublets 

occurring at 8.07 ppm (7= 13.43 Hz) and 8.36 ppm (7= 14.04 Hz) both integrated for single 

protons and were assigned to the trans coupled nitrovinyl protons. Hr and H2’.

A H-H COSY NMR spectrum of compound 318 is displayed below in Figure 215. This 

H-H COSY experiment was utilised to confirm the ortho confirmation of the ethano bridge. 

The inequivalent methylene proton signals (attributed to the CH2) at 1.96 ppm and 2.30 ppm 

(1 proton each) were observed to couple to the doublet of doublets occurring at 3.69 ppm. The 

singlet at 4.63 ppm (integrating for one proton) was also found to couple to these CH2 signals 

at 1.96 ppm and 2.30 ppm, implying that these CH2 protons are between the other two proton 

environments (i.e. between C9 and Cii) on C12 of the ethano bridge. In the case of the meta 

adduct no coupling would be observed between the proton on C9 and the CH2 protons on C12.

173



,vL

Figure 215: H-H COSY spectrum of (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthraccne-l 1-carbonitrile (318)

Figure 216: ’’C NMR spectrum of (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carbonitrile (318)

The NMR spectrum (101 MHz, DMSO-de) of compound 318 is displayed in Figure 

216. A DEPT 135 NMR spectrum of compound 318 (Figure 217) shows CH signals at 31.16 

ppm, 41.76 ppm, 8 123.13 ppm, 123.21 ppm, 123.80 ppm, 124.21 ppm, 126.12 ppm, 126.26 

ppm, 127.32 ppm, 127.36 ppm, 138.09 ppm and 144.01 ppm. A DEPT 135 spectrum shows an 

inverted signal at 33.94 ppm, corresponding to a CH2 resonance (Figure 217).
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Figure 217: DEPT 135 spectrum of (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll-carbonitrile (318)

Utilising the C-H COSY spectrum of compound 318 (Figure 218) and the cumulative 

data obtained from the DEPT 135 spectrum it was possible to assign the carbons of the ethano 

bridge. CH resonances at 31.16 ppm and 41.76 ppm were assigned to Cn and Cg respectively. 

The quaternary signal occurring at 48.92 ppm was allocated to Cg, while the CH2 resonance at 

33.94 ppm accounted for C12.
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Figure 218: C-H COSY spectrum of (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll-carbonitrile (318)

The CH resonances at 138.10 ppm and 144.01 ppm correlated to Hi’ and H2’ 

respectively and were therefore assigned to Cr and Cr. Quaternary resonance occurring at 

120.97 ppm was assigned to the nitrile carbon. The four other quaternary resonances occurring 

at 138.72 ppm, 139.89 ppm, 142.12 ppm and 142.50 ppm were allocated to Cga, Cu, C4a and 

Csa. The CH resonances observed at 123.13 ppm, 123.21 ppm, 123.80 ppm, 124.21 ppm.
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126.12 ppm, 126.26 ppm, 127.32 ppm, 127.37 ppm were assigned to the remaining eight 

aromatic carbons. FTIR spectroscopy shows bands at 1658 (C=C), 1485, 1457 (C=C), 1526, 

1354 (NO2) and 1190 (CN) cm"‘. High resolution mass spectrometry (APCI) was carried out 

and the required molecular ion was calculated to be C19H14N2O2 [M^] 302.1055 and found as 

302.1055.

X-ray crystallographic analysis was determined for the novel Diels-Alder adduct {E)- 

10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carbonitrile (318) (Figure 219). It 

was possible to conclude from this data that the packing structure assumed by the product was 

centrosymmetric and monoclinic. From the asymmetric unit it was possible to verify the 

formation of the ortho product (discussed earlier) and confirm the {E) configuration of the nitro 

vinyl unit. The angle A° was calculated for this compound as the angle between the centroid of 

phenyl ring 1 and the centroid of phenyl ring 2 - 126.94°. This angle is 119.46° in the crystal 

structure of maprotiline. The distance between the carbons in the ethano bridge (di) was 1.565 

A, comparing well to that of maprotiline 1.54 A. The distance between the carbon at C-10 and 

the nearest carbon of the ethano bridge (d2) was 1.556 A, in maprotiline this distance is 1.546 
A.

Figure 219: X-ray crystallography data: Asymmetric unit and packing structure of (£)-10-(2-nitrovinyl)-9,10-
dihydro-9,10-ethanoanthracene-l 1-carbonitrile (318)
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5.4 Preparation of the 9 & 10-substituted-9,10-dihydro-9,10-[l,2]benzenoanthracenes

Triptycenes are a class of compound first introduced by Bartlett et al. in 1942, Bartlett 

et al. Triptycene was prepared via a six step synthetic route from the Diels-Alder adduct of 

benzoquinone and anthracene^*^ (Figure 220). Triptycenes have since been prepared directly 

from the reaction of anthracene and benzyne; benzyne must be produced in situ due to its 

unstable nature. Benzyne can be produced in situ by a number of different methods for example 

Wittig et al. (1958) produced benzyne through the reaction of halogenated benzenes with 

magnesium and n-butyllithium^^''. Cadogen et al. (1967) similarly used potassium ter? butoxide 

and aryl halides to produce benzyne^*^.

A more popular method is the reaction of anthranilic acid and amyl nitrate to fonn 

bcnzenediazonium-2-carboxylate. Benzenediazonium-2-carboxylate degrades thermally to 

give benzyne, nitrogen and carbon dioxide^*^ (Figure 221). A mixture of the required diene is 

refluxed in the presence of anthranilic acid and amyl nitrate is added to the reaction mixture 

via syringe pump or portionwise to generate benzyne over a long reaction period^*^’’ 

Komfield et al. (1965) applied this method of benzyne generation to give a series of 9- 

substituted anthracenes”’^.

O

N. NH,

®

®
N = N

©_

O-H 
H ‘H ®

Heating

benzeDediazonium-2-carboxylate benzyne

COj

Figure 221: Diazotisation of 2-aminobenzoic acid to give benzenediazonium-2-carboxylate. Decomposition of 
benzenediazonium-2-carboxylate to give benzyne
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Yamamoto et al. (2006) achieved good yields of triptycene based structures by prior 

preparation of benzenediazonium-2-carboxylate slurry and added this portionwise to a refluxed 

solution of the diene. The preparation of the benzenediazonium-2-carboxylate slurry had been 

previously documented by Logullo et al. in 1968^^^'^^’. This method produced a much higher 

yield of triptycene product over a short reaction period of 1 hour - it was this procedure that 

was selected for the current work. Diphenyl and triphenyl side products have been isolated 

using in situ benzyne generation but these were not isolated during the current work^*^.

Toluene 

1 h, reflux

(7,41,210,211) (324 - 327)

Figure 222: General scheme for the synthesis of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-(l,2|benzenoanthracenes (324-

327)

In the present work a panel of (£)-9-(2-nitrovinyl)anthracenes were converted into the 

corresponding (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[ 1,2]benzenoanthraccnes (324-327) 

through a Diels-Alder reaction with benzyne generated in situ by thermal decomposition of 

benzencdiazonium-2-carboxylate (Figure 222) (Table 37). (£)-9-(2-nitrovinyl)-9,10-dihydro- 

9,10-[l,2]benzenoanthracene (324) was previously synthesised by Brunovlenskaya et al. in 

1975 via the gradual addition of amyl nitrate described earlier^’*. The addition of benzyne to 

9-anthraldehyde was also achieved following the method described above. Sodium 

borohydride was used to reduce both 9,10-[ 1,2]benzenoanthracene-9( 1 OH)-carbaldehyde (329) 

and (£^-9-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (330) to their alcohol and 

nitroalkane analogues respectively.

The in situ generation and addition of benzyne to the chosen dienes (nitrovinyl 

anthracenes & 9-anthraldehyde) gave modest yields of 20-32% after purification by column 

chromatography. The library of novel triptycene analogues synthesised are summarised in 

Table 37.
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R2

Compound Ri R2 R Yield Melting point

324 H NV H 20% 258-260“C

325 H NV CH3 23%* 226-228 “C

326 H NV CH2CH3 32%* 210-211“C

327 Cl NV H 30%* 259-261 “C

328 H CH2CH2NO2 - 80%* 185-187°C

329 H CHO - 21% 242-244 °C

330 H CH2OH - 85% 240-242 °C

Table 37: 9 & 10-substituted-9,10-dihydro-9,10-|l,2|benzenoanthracene library. * denotes novel compound

(£)-9-Chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[ 1,2]benzenoanthracene (327) was 

chosen as a representative sample of the 9 & 10-substituted-9,10-dihydro-9,10- 

[l,2]benzenoanthracenes and the ’H NMR and NMR spectra will now be discussed in 

detail.

Figure 223: 'H NMR spectrum of (£^-9-chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (327)
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The 'H NMR (400 MHz, DMSO-de) spectrum of compound 327 (Figure 223) shows 

two multiplets occurring at 7.58 - 7.69 ppm and 7.72 - 7.82 ppm both integrating for three 

protons each. These signals were assigned to the two groups of three equivalent protons on the 

compound: Hi, Hg & H3” and H4, H5 & He” respectively. The remaining six aromatic protons 

were accounted for by a multiplet occurring at 7.15 - 7.29 ppm integrating for six protons (H2, 

H3, He, H?, H5” & H4”). The downfield doublets occurring at 8.12 ppm (J= 14.04 Hz) and 8.50 

ppm (J= 14.65 Hz) both integrated for single protons and were assigned to the trans coupled 

nitrovinyl protons. Hr and Hi .The '^C NMR spectrum (101 MHz, DMSO-de) of compound 

327 is displayed in Figure 224.
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Figure 224: ’^C NMR spectrum of (£)-9-chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-(l,2|benzenoanthracene (327)

Figure 225: DEPT 90 spectrum of (£)-9-chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-|l,2]benzenoanthracene (327)
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Figure 226: C-H COSY spectrum of (£)-9-chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-|l,2|benzenoanthraccne (327)

A DEPT 90 NMR spectrum of compound 327 (Figure 225) shows CH signals at 121.44 ppm, 

122.09 ppm, 126.18 ppm, 126.54 ppm, 128.94 ppm, 131.70 ppm and 147.96 ppm. In order to 

accurately assign the carbon spectrum of compound 327 a C-H COSY (Figure 226) and HMBC 

(Figure 227) experimental spectra were collected. Quaternary resonances occurring at 52.91 

ppm and 74.60 ppm were assigned to Cio and C9 respectively, C9 appearing further downfield 

due to the electron withdrawing effect of the attached chlorine atom.
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Figure 227: HMBC spectrum of (£)-9-chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[l,21benzenoanthracene (327)

CH resonances at 121.44 ppm and 122.09 ppm correlated to proton multiplets occurring at 7.58 

- 7.69 ppm and 7.72 - 7.82 ppm, both integrating for three protons each. From the HMBC it
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was observed that these multiplets were coupled to the quaternary carbons C9 and Cio 

indicating proximity to these carbons. Therefore these CH resonances at 121.44 ppm and 

122.09 ppm were assigned to carbon equivalent C5, C4 & Ce and C3", Cg & Ci respectively. 

The CH resonances occurring at 126.18 ppm, 126.54 ppm and 128.94 ppm correlated with the 

large multiplet at 7.15 - 7.29 ppm integrating for six protons and were assigned to the remaining 

six aromatic CH carbons (C4”, C5”, Ce, C?, C2 & C3).

Quaternary resonances were observed at 142.54 ppm and 143.41 ppm. The carbons of 

the nitrovinyl unit were assigned utilising both the CH COSY and HMBC. The proton doublet 

resonance at 8.50 ppm was observed to couple to two aromatic carbons and the quaternary 

carbon Cio. This doublet was found to correlate to the carbon resonance 131.70 ppm using the 

C-H COSY experiment. As a result of these findings the resonances occurring at 131.70 ppm 

and 147.96 ppm were assigned to Cr and C2’ respectively.

FTIR spectroscopy shows bands at 1594 (C=C), 1482, 1455 (C=C) and 1526, 1328 

(NO2) cm '. High resolution mass spectrometry (APCI) was carried out and the required 

molecular ion was calculated to be C23H17NO2 [M^] 339.1259 and found as 339.1259.

A sample of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (324), 

was used for the X-ray crystallographic analysis (Figure 228). It was possible to conclude 

from this data that the packing structure assumed by the product was monoclinic. From the 

asymmetric unit it was possible to confirm the (E) configuration of the nitro vinyl unit. The 

angles between the centroids of each of the three phenyl rings and the centroid of the central 

axis were calculated from the asymmetric unit, these were A” (118.5°), B° (121.24°) and C° 

(120.18°). This angle is 119.46° in the crystal structure of maprotiline. The distance between 

the carbons in the ethano bridge (di) was 1.400 A, in maprotiline this distance is 1.54 A. The 

distance between the carbon at C-10 and the nearest carbon of the ethano bridge (d2) was 

1.518 A, in maprotiline this distance is 1.546 A.
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Figure 228: X-ray crystallography data: Asymmetric unit and packing structure of (£)-9-(2-nitrovinyl)-9,10-dihydro- 
9,10-[l ,2] benzenoanthracene (324)

5.5 Synthesis of the (£)-3-(12,14-dioxo-9,10-[3,4]furanoanthracen-9(10//)- 
yl)acrylonitriles and the 9-(iminomethyl)-9,10-dihydro-9,10-(3,4]furanoanthracene- 
12,14-diones.

Diels-Alder cycloadditions were also carried out with the anthracenes (233-235, 228- 
230) using different dienophiles to investigate if changing the nitrovinyl unit for another 

functionality at C-9 would affect potency of the adducts. The diene systems utilised were 

anthracene, anthraldehyde, anthrone, (£)-3-(anthracen-9-yl)acrylonitrile (235), 2-(anthracen- 

9-ylmethylene)malononitrile (233), (£)-(anthracen-9-ylmethylene)hydrazine (228) and (£)- 

anthracene-9-carbaldehyde oxime (231) (Figure 229).
o.

R,
Toluene 

120 “C

X = O, N, N-R 
Xi = C, N

Figure 229: General scheme for the synthesis of the (£)-3-(12,14-dioxo-9,10-[3,4]furanoanthracen-9(10//)- 

yl)acrylonitriles and the 9-(iminomethyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-diones.
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Diels-Alder additions to (£')-3-(anthracen-9-yl)acrylonitrile (235) have been achieved 

previously by Wilhelm et al. (1969)'®^ and McNamara et al (2014)^. Herein is reported the first 

direct Diels-Alder reaction of (£)-(anthracen-9-ylmethylene)hydrazine (228) and {E)- 

anthracene-9-carbaldehyde oxime (231). To synthesise these hydrazine and oxime derivatives 

in the past, the Diels-Alder adduct of 9-anthraldehyde was reacted to give the desired oxime^’ 

379,389-391 hydrazinc^^^’ The current work also achieved the synthesis of a novel panel of 

Diels-Alder adducts of 2-(anthracen-9-ylmethylene)malononitrile. This library of substituted 

9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-diones gave yields of 15-74% (Table 39).

(331 - 341)

R = OH, CHO, COOH

Figure 230: General scheme for the synthesis of the 9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-diones

The preparation of a range of different 9 and 10 substituted Diels-Alder adducts using 

similar Diels-Alder conditions used for previous libraries, including aldehyde, acid and alcohol 

functionalities (Figure 230). The library of diversely substituted novel 9 and 10 substituted 

Diels-Alder adducts is present in Table 38, affording yields of 15-90%.

Vx o

fl '^1 Toluene

120 °C
^ X = o, N, N-R ^

R = OH, CHO, COOH

Compound R X Yield Compound R X Yield

331 H 0 90% 337 COOH 0 81%

332 H NH 85% 338 COOH NH 41%

333 H N(C6H5) 90% 339 COOH N(C6H5) 43%

334 CHO 0 40% 340 OH 0 55%

335 CHO NH 35% 341 OH NH 58%

336 CHO N(C6H5) 62% - - - -

Table 38: substituted 9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione library
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Vx (

Toluene

120 ®C
Rj. X = 0,N,N-R ^

^1
R3

^xr’^3
R2

Compound X Xi Ri Rz R3 Yield Melting point

342 0 c H H CN 74%* 215-219 °C

343 NH c H H CN 38%* 299-300 °C

344 N(C6H5) c H H CN 20%* 274-281“C

345 0 c H CN CN 15%* 196-198°C

346 NH c H CN CN 42%* 281-284^0

347 N(C6H5) c H CN CN 44%* 255-258°C

348 NH N H - NH2 63%* 245-247 °C

349 N(C6H5) N H NH2 54%* 275-277 °C

350 NH N Cl - NH2 34%* 241-244 °C

351 NH N H “ OH 43%* 272-273 °C

352 N(C6H5) N H “ OH 66%* 238-242 “C

Table 39: 9-vinyl-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dionc library. * denotes novel compound

The spectral data of (£)-3-(12,14-dioxo-9,10-[3,4]furanoanthracen-9(10//)- 

yl)acrylonitrile (342) was analogous with the above data for (£)-9-(2-nitrovinyl)-9,10-dihydro- 

9,10-[3,4]furanoanthracene-12,14-diones. In the 'H NMR spectrum of compound 343 is the 

altered doublet resonance for HT on the trans vinyl unit at 6.54 ppm due to the decreased 

electronegativity indicative of replacing the nitro group with the cyano group. In the 'H NMR 

spectrum of 2-(anthracen-9-ylmethylene)malononitrile derivatives the H2- proton signal is 

absent as expected. The NMR spectrum reflects the cyano groups’ presence with a 

resonance at approximately 117.60 ppm. The main differences visible in the FTIR absorbance 

the absence of bands for the nitro group at 1523 & 1348 cm‘‘ and the presence of the nitrile 

band at 2218 cm"'.
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Compound 348 was chosen as a representative sample of the 9-vinyl-9,10-diiydro- 

9,10-[3,4]furanoanthracene-12,14-diones and the 'H NMR and '^C NMR speetra will row be 

discussed in detail. The 'H NMR (400 MHz, DMSO-d6) speetrum of eompound 349 (Figure 

231) shows a pair of doublets occurring at 3.23 ppm (J= 8.55 Hz) and 3.44 ppm (J= 8.55 Hz) 

both integrating for a single proton each, these were assigned to Hn and H15 respeetivey.

Figure 231: 'H NMR spectrum of (£^-9-(hydrazonomethyl)-9,10-dihydro-9,10-|3,4|epipyrroloanthracene-12,:4-dione
(348)

The singlet oecurring at 4.72 ppm integrated for a single proton and aeeounted for Hio. A broad 

singlet is observed at 6.82 ppm integrating for two protons and was alloeated to the NH2 protons 

of the hydrazine. A broad singlet oceurring at 7.16 ppm integrating for four protons and a 

doublet occurring at 7.25 - 7.38 ppm integrating for two protons aeeounted for six of the 

aromatie protons. The multiplet oeeurring at 7.39 - 7.55 ppm integrating for two protois was 

assigned to Hg and Hi.The sharp singlet at 8.06 ppm integrated for a single proton ar.d was 

assigned to Hr. The most downfield signal was a broad singlet occurring at 10.75 ppm, 

integrating for one proton and this aeeounted for the NH in the dione group.

The '^C NMR speetrum (101 MHz, DMSO-d6) of compound 348 is displayed in Figure 

232. CH resonanees identified from DEPT 90 NMR spectrum (Figure 233) occurring at 44.71 

ppm, 48.56 ppm and 49.81 ppm were assigned to Cn, C15 and Cio respectively. A quaternary 

signal at 50.19 ppm aeeounted for C9. The eight aromatic CH carbons were aeeounted for by 

CH resonances at 123.55 ppm, 123.85 ppm, 124.88 ppm, 125.65 ppm, 126.11 ppm, 126.22
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ppm and 126.28 ppm. The more downfield CH resonance observed at 137.87 ppm was 

allocated to Cr on the imine unit. The four quaternary signals recorded at 139.11 ppm, 140.31 

ppm, 141.95 ppm and 144.04 ppm were assigned to Csa, C4a, Cga and Cia- The two most 

downfield quaternary signals occurring at 177.01 ppm and 177.60 ppm accounted for the 

carbonyl carbons C12 and Ci4.

Figure 232: '-’C NMR spectrum of (£)-9-(hydrazonomethyl)-9,10-(iihydro-9,10-|3,4|epipyrroloanthracene-12,14-dione
(348)

R s 5*3Xy?

Figure 233: DEPT 90 NMR spectrum of (£)-9-(hydrazonomethyl)-9,10-dihydro-9,10-|3,4|epipyrroloanthracene-
12,14-dione(348)

FTIR spectroscopy shows bands at 3369 (NH), 1710 (C=0), 1609 (C=C), 1483, 1457 

(C=C) and 1213 (C-N) cm"'. High resolution mass spectrometry (APCI) was carried out and 

the required molecular ion was calculated to be C19H16N3O2 [M"+H] 318.1243 and found as 

318.1237.
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5.6 Conclusion

A library of dienophiles was compiled using both commercially available reagents and 

a number of maleimide, benzylmaleimide and phenylmaleimide dienophiles which were 

synthesised from maleic anhydride. These maleimide dienophiles included halogen, alkyl and 

methoxy aryl substitutions. Subsequent Diels-Alder reaction of the dienophile library with 

anthracene derivatives synthesised in Chapter 4 led to the preparation of the libraries of novel 

Diels-Alder adducts.

The design, synthesis and characterisation of a library of over 80 9,10-dihydro-9,10- 

ethanoanthracene maprotiline analogues (67 novel compounds) was achieved utilising 27 

different dienophiles. The variation of dienophile enabled modification of the ethano bridge of 

the Diels-Alder adducts including functionalities such as esters, nitriles, phenyl rings, 

anhydrides and maleimides. The modification of maleimide substitution was also achieved and 

this led to the preparation of a comprehensive library of substituted maleimide Diels-Alder 

adducts. Substitution at C-9 and C-10 of the Diels-Alder adducts was altered by changing the 

diene system and allowed inclusion of functionalities such as cyanovinyl, nitrovinyl, nitro- 

alkyl, hydrazone, oxime, aldehyde, alcohol and acids. X-ray crystallographic data was also 

obtained for 12 of these maprotiline analogues and this data was used to compare the designed 

structures to that of maprotiline. Full X-ray reports can be found in Appendix 1.

Figure 234: Summary graphic of maprotiline analogue library

The compounds synthesised were then screened for biological activity in the Burkitt’s 

lymphoma MUTU-I and DG-75 cell lines, in order to develop a structure-antiproliferative 

activity relationship for these maprotiline analogues and to improve potency. The findings of 

this biological study will be discussed in Chapter 6.
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Chapter 6. 
Biological evaluation
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6.0 Introduction

The anti-proliferative activity of the libraries of compounds synthesised in Chapters 2- 

5 were evaluated in the malignant BL cell lines DG-75 and MUTU-I. AlamarBlue® dye was 

used to quantify anti-proliferative activity. AlamarBlue® dye is used to measure cell viability 

post treatment with a chemotherapeutic agent. Originally, these BL cell lines were chosen for 

biochemical evaluation of the (£)-l,3-bis(aryl)-2-nitro-l-propenes due to SERT over­

expression and the assumption that these (£)-l,3-bis(aryl)-2-nitro-l-propenes acted like their 

propamine and MDMA derivatives through SERT binding. More recent work within the group 

has shown that the anti-proliferative activity of this series of compounds may be SERT 

independent due to low SERT binding activity when compared to amphetamine analogs^.

A preliminary in vitro screen for anti-proliferative activity was carried out using the 

alamarBlue® assay in the MUTU-I and DG-75 cell lines, treating at 10 pM and 1 pM. This 

preliminary alamarBlue® assay identified a number of structural features which appear vital 

for anti-proliferative activity in DG75 and MUTU-I cell lines. The results of the in vitro screen 

for anti-proliferative activity are presented as bar charts (mean ± SEM) and the data is also 

presented as tables in the appendices. The more active compounds from the preliminary screen 

were then selected and full IC50 values were then established. To examine the mechanism of 

cell death (as discussed earlier), the effects of these compounds on the cell death was appraised 

using Annexin V / propidium iodide (PI) FACS (Fluorescence Activated Cell Sorter) analysis, 

a lactate dehydrogenase (LDH) cytotoxity assay and a reactive oxygen species (ROS) 

inhibition assay.

Preliminary in vitro anti-proliferative screening of the lead nitrostyrene compounds was 

also carried out at 10 pM and 1 pM in a range of malignant cell lines including HeLa, MCF-7, 

HL60 and the BL cell lines Ramos and Bjab. The lead nitrostyrene compounds were taken for 

biological evaluation in the CLL cell lines CII, HG3,183 and PGAl. Further work included the 

evaluation of anti-proliferative and apoptotic activity in the vivo CLL patient samples and 

PBMCs. This work was carried out by Dr. Sandra Bright (Williams Group, School of 

Biochemistry and Immunology, Trinity College Dublin).
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6.1 Materials and Methods

All reagents including foetal bovine serum (FBS and RPMI-1640 cell culture growth 

medium were purchased from BD Biosciences, Invitrogen or Sigma-Aldrich. Consumables 

such as 96 well plates, 6 well plates, sterile pipettes, centrifuge vials etc. were purchased from 

Cruinn. Fluorescence of 96 well plate for alamarBlue® assay was read using BMG-Labtech, 

fluostar Optima plate reader and Gemini Spectramax plate reader. All data points were 

analysed using graphpad PRISM (version 5) software (Graphpad software Inc., San Diego,

■ CA). FACS analysis was carried out on CyAn ADP (Beckman Coulter) and processed using 

FlowJo. The MUTU-I, DG-75, HL60, HeLa and MCF-7 cell lines were kindly supplied by 

Prof Clive Williams (School of Biochemistry and Immunology, Trinity College Dublin). The 

Bjab and Ramos cell lines were generously supplied by Prof Dermot Walls (School of 

Biotechnology, Dublin City University).

6.1.1 Cell lines

• MUTU-I cell line^: The MUTU-I (cl79) is an isogenic stable group I BL cell line derived 

from a BL biopsy. MUTU-I is EBV positive, chemosensitive and expresses low levels of 

Bcl-2.

• DG-75 cell line^: The DG-75 cell line is a B-lymphocyte, this BL line is derived from a 

metastatic pleural effusion (lung) of a sporadic case of BL and is hence EBV negative.

• Bjab cell line-’’'*: The Bjab cell line was derived from an inguinal (lower abdomen) tumor 

of preterminal stage BL. The Bjab cell line is EBV negative.

• Ramos cell line^’^: The Ramos cell line is a BL cell line bearing B-lymphocyte 

characteristics. The Ramos cell line was derived from a 3 year old Caucasian BL patient and 

is EBV negative.

• HeLa cell line^’*: The HeLa cell line is the oldest and most commonly used cancer cell line. 

The adherent line is derived from human cervical cancer and contain the human papilloma 

virus.

• MCF-7 cell line^^’: The MCF-7 cell line is an ER positive, adherent cell line derived from 

a pleural effusion of a 69 year old female with metastatic breast cancer.

• HL60 cell line^’*: The HL60 cell line is a promyelocytic cell line derived by leukopheresis 

from a 36 year old Caucasian female with acute promyelocytic leukaemia.
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The DG-75, HL60, Bjab and Ramos cell lines were cultured in RPMI-1640 medium 

containing phenol red and supplemented with 10% (v/v) foetal bovine serum (FBS), L- 

glutamine (2 mM), penicillin and streptomycin (100 pg/mL). The HeLA and MCF-7 cell lines 

were cultured in Eagle’s Minimum Essential Medium supplemented as described above. The 

MUTU-I (cl79) cell line required the added supplements of alpha-thioglycerol (5 mM in 

phosphate buffered saline (PBS) with 20 pM bathocuprione disulfonic acid), sodium pyruvate 

(100 mM) and HEPES (1 mM).

6.1.2 Storage and Growth of Cultured Cells

When not in culture, stocks of cells are stored as a frozen solution in 10% DMSO/30% 

FBS/60% media. These stocks are initially stored overnight at -80 °C and are subsequently 

transferred into a vapour phase liquid nitrogen tank at -178 °C. When required for culture, these 

stocks are removed from the cryogenic storage tank and quickly thawed in a 37 “C water bath. 

Once thawed, the stock in transferred into ca. 10 mL of media in a centrifuge tube before 

centrifuging at 160 g for five minutes. The supernatant layer was poured off into waste and the 

cells were resuspended in 5 mL of the appropriate growth media (preheated to 37 °C) and 

transferred into a 25 cm^ cell culture flask. The cells were then incubated at 37 °C under an 

atmosphere of 5% CO2/ 95% air until confluent. At 70-80% confluency the cells were 

transferred into a 75 cm^ cell culture flask.

At high confluency levels cells need to be split in order to facilitate further cell growth, 

prevent excessive cell death and to prevent infection and possible mutation. In order to lower 

confluency levels, a 2 mL aliquot of the cells is transferred into a new cell culture flask 

containing 20 mL of the required media (prewarmed to 37 °C).

6.1.3 Seeding of cells

In order to prepare for the alamarBlue® and FACS assay, cells must first be counted to 

determine the number of cells / mL. By doing this, the necessary dilution factors can be 

calculated to produce stocks with appropriate number of cells / mL for the desired assay. A 

haemocytometer is a thick glass slide with a gridded central chamber of known area, which is 

used for counting cells. After placing the coverslip over the gridded area, 20 pL of cells 

suspended in media is transferred using a micropipette to the loading area at the base of the 

grid. The 20 pL is then dispensed at the loading area, under the coverslip and covers the gridded 

area.
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The number of cells on the grid is then counted using a microscope and cells within the 

five core areas of the grid are counted. Not all cells fall directly within the confines of the grid 

and to account for this cells that fell on the outer border of each grid box are counted on the 

top and right but not on the bottom and left. This process was repeated for each of the five 

gridded areas of the haemocytometer on both sides. The number of cells / mL was then 

calculated using the formula below:

(No. of cells / 2) X 1/5 x 10,000 = No. of cells / mL

6.1.4 AlamarBlue® anti-proliferative assay

The anti-proliferative effect of the compounds was evaluated using the alamarBlue® 

cell viability assay. The active ingredient of the alamarBlue® reagent is resazurin which is a 

blue, low fluorescence compound. Resazurin is a REDOX indicator and upon entering a viable 

cell, resazurin is reduced to resorufm - a highly fluorescent, red compound. Resazurin is 

reduced actively by viable cells, through the acceptance of electrons from electron carriers 

(NADH, NADPH, FADH) or cytochromes. This colorimetric change takes place over a period 

of 4-6 hours and is subsequently measured using a fluorescence plate reader at 590 nm. These 

fluorescence readings are directly proportional to the quantity of viable cells remaining in each 

of the wells. From this a percentile of viable cells remaining can be calculated, taking media 

absorbance and vehicle effects into account^^^'

A 96 well plate was seeded with 1-5x10^ cells/well (5x10^ MCF-7 / HeLa) and treated with 

the desired drug concentration for a predetermined time frame. After treatment and incubation, 

each well was treated with 20 pL of alamarBlue® (37 °C) and the plate was incubated in the 

dark at 37 “C for 4-6 hours. Fluorescence of the 96 well plates was then read at 590 nm 

(excitation 544 nm). The control wells were used to represent cells at 100% viability and by 

comparing this to the treated wells minus the background fluorescence of the media, the 

percentile of viable cells remaining was calculated. Taxol (10 pM) was used as an internal 

standard and resulted in ca. 90% cytotoxicity in each of the cell lines.
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6.1.5 FITC Annexin V / PI FACS analysis

FITC (Fluorescein isothiocyanate) Annexin V / PI (Propidium Iodide) FACS (Fluorescence 

Activated Cell Sorting) analysis was used to characterise the mode of cell death. In healthy 

cells, phosphatidylserine (PS) is found on the cytoplasmic surface of the cell membrane. In 

apoptotic cells PS is translocated from this inner cell membrane to the outermost regions of the 

plasma membrane; here PS is exposed to the external cellular environment. Annexin V is a 

human cellular protein with proposed anticoagulant activity, Annexin V has a high binding 

affinity for PS. Once labelled with a fluorophore, Annexin V can be used to identify apoptotic 

cells by binding to PS in this outer plasma membrane. PI (Propidium Iodide) is a nucleic 

binding dye that stains dead cells with red fluorescence; PI cannot permeabilise or stain healthy 

cells. Four populations are produced during the assay Annexin V & PI negative (Q4, healthy 

cells), Annexin V positive & PI negative (Q3, early apoptosis), Annexin V & PI positive (Q2, 

late apoptosis) and Annexin V negative & PI positive (Ql, necrosis). These populations can be 

easily identified and quantified using a flow cytometer''*^(Figure 235).
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Figure 235: Example of quadrants produced during Annexin V / PI FACS analysis (vehicle - DG-75 cell line)

750,000 cells were treated with the appropriate concentration of compound and incubated 

for the designated time. Samples were harvested by centrifugation and the pellets were rinsed 

with 0.5 niL of Ca^^ Annexin V binding buffer (0.1 M HEPES, pH 7.4; 1.4 M NaCl; 25 mM 

CaCb) each and pelleted again by centrifugation. Supernatants were decanted and the pellets 

were resuspended in 50 pL FITC Annexin V (diluted 1:33 in Ca^^ Annexin V binding buffer), 

the samples were then placed on ice and incubated for 10 min in the dark. After the incubation 

period 0.5 mL of Ca^"^ Annexin V binding buffer was added and samples were pelleted by 

centrifugation. The supernatant was decanted and the pellet was resuspended in 500 pL of PI 

solution (0.5 pg/ mL). Samples were analysed within 1 h using CyAn ADP flow cytometer 

(Beckman Coulter) counting 10,000 cells and analysed using the Flowjo software package. 

Taxol was used as a positive control for cell death.
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6.1.6 Lactate dehydrogenase (LDH) assay

The lactate dehydrogenase (LDH) assay (Sigma Aldrich TOX7) is a simple method to 

measure membrane integrity as a function of cytoplasmic LDH released into the growth 

medium. LDH is a cytosolic enzyme present in mammalian cells found in the plasma 

membrane. The loss of plasma membrane integrity is detectable by the release of LDH into the 

supernatant growth medium. The assay is initiated by the reduction of NAD^ to NADH 

catalysed by LDH. During the second step of the reaction the newly formed NADH catalyses 

the acidic reduction of a tetrazolium salt to the highly coloured formazan (red). The degree of 

LDH released is proportional to the degree of colouration by formazan and this can be 

measured spectroscopically. The LDH assay lysis solution was used to quantify formazan 

concentration at 100% cell lysis"^'’"^'(Figure 236).

Damaged cells

(f Pyruvate NADH CN, I NT

-1^ LDH

Lactate NAO-^

Diaphorase

>' Formazan

Figure 236: Process for Formazan formation during LDH assay""'^

A 96 well plate was seeded with 2x10"^ cells/well and treated with the desired drug 

concentration for a predetermined time frame. After treatment and incubation, 50 pL of cell 

supernatant was placed in a 96 well plate and 100 pL LDH assay mixture was added to each 

sample. The plate was covered with tin foil and incubated at RT for 30 min. The reaction was 

terminated by addition of 15 pL of 1 N HCl to each well. Spectrophotometrically the 

absorbances of each sample were then obtained at 490 nm and 690 nm. Individual sample 

values were obtained by subtracting the measurement at 690 nm from the corresponding 

primary measurement at 490 nm. The lysis solution wells were used to represent cells at 100% 

lysis and by comparing this to the treated wells minus the background LDH reading of the 

media; the percentile of LDH released was calculated.

195



6.1.7 Inhibitor Studies: Reactive Oxygen Species

Reactive oxygen species (ROS) are short lived diffusible entities containing oxygen 

such as hydroxy, nitroxyl, alkoxy, superoxide or peroxyl radicals. Other ROS species include 

hydrogen peroxide and organic peroxides. ROS are generated as metabolites of oxygen and are 

utilised for signalling events for essential cell functions. ROS are often associated with the 

induction of cell death and apoptosis. In order to ascertain whether ROS have a role in the 

mechanism of cell death, cells are pre-treated with N-acetyl cysteine (NAC) - a known ROS 

scavenger and the effeet is studied^'*'A 96 well plate was seeded with 2x10'* cells/well and 

were pre-treated with 5 mM NAC for 1 h prior to compound treatment. The wells were treated 

with the desired drug concentration (10 pM & 1 pM) for a predetermined time frame (24 - 48 

h). After treatment and incubation; each well was treated with 20 pL of alamarBlue® (37 °C) 

and the plate was incubated in the dark at 37°C for 4-6 hours. Fluoreseence of the 96 well plates 

was then read at 590 nm (excitation 544 nm). The control wells were used to represent cells at 

100% viability and by comparing this to the treated wells minus the background fluorescence 

of the media, the percentage of viable cells remaining was calculated. The percentage of viable 

cells remaining with NAC pre-treatment was compared to the percentage of viable cells 

remaining without NAC pre-treatment in order to determine the implication of ROS in the 

mechanism of cell death induced.

6.2 Results of Biochemical Screening

6.2.1 Evaluation of the in vitro anti-proliferative activity of the nitrostyrene analogues

A series of over 134 compounds related to nitrostyrenes, anthracenes and 

ethanoanthracenes were evaluated for anti-proliferative activity at 10 pM and 1 pM in the 

MUTU-1 and DG-75 cell lines. The effect of compounds including a range alternative double 

bond functionalities such as cyanovinyl, hydrazone and triazoles were also investigated. Chain 

length and substituents were varied at C-2 of the nitrovinyl unit and the effect of these 

substitutions were also evaluated. The effect of phenyl ring substitution was investigated and 

the inclusion of heterocyclic moieties such as fiiran, epoxides, thiophene, benzoquinone, 

naphthalene and anthracene were also discussed. These nitrostyrene analogues are discussed 

in nine main groupings (Sections 6.2.1-6.2.10) and categorised within the groups by structural 

type. The previous lead compound (85) was used as a control and demonstrated good activity 

at 10 pM in the MUTU-I (<5% viable cells remaining) and DG-75 cell lines (<40%).
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6.2.2 In vitro anti-proliferative activity screen of the (£)-(2-nitrovinyl)benzene library
MLTU-I ceL line (24 h) DC-75 cell line (48 h)
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Figure 237: Preliminary anti-proliferative screen for (£)-(2-nitrovinyl)benzene (A)

(I) The compounci 85 and its simple nitrostyrene analogue (1) possessed very similar anti­

proliferative effects in the BL lines. The effect of chloro substituent position {ortho, meta, para) 

(Figure 237) on the anticancer activity of the (£^-(2-nitrovinyl)benzenes in the MUTU-1 cell 

line was minimal, however in the DG-75 cell line compounds 28 (2-chloro) and 25 (2,4- 

dichloro) elicited less anti-proliferative activity than compounds 1 and 14. Comparing the 

effect of variation of C-4 substituents - it was observed that the decreased electronegativity of 

bromo (29) was detrimental to the anticancer effects induced in the DG-75 cell line. The more 

electronegative methoxy (10), chloro (1) and fluoro (4) substitutions yielded similar results, 

while removing the phenyl substitution (21) deactivated the pharmacophore in the DG-75 cell 

line at 10 pM and 1 pM.
Mllt-l cell line (24 h) DG-75 cell line (48 h)
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Figure 238: Preliminary anti-proliferative screen for (£)-(2-nitrovinyl)benzene (B)

(ii) In Figure 238, the anti-proliferative effect of the alkoxy substituted (£)-(2- 

nitrovinyI)benzenes is displayed. It is apparent that although all compounds showed activity in 

the MUTU-I cell line at 10 pM, only compounds 17 and 19 (with C-2 alkoxy substitution) were
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considerably active at 1 jiM (-20-30%). In the DG-75 cell line all compounds showed activity 

at 10 pM but compounds 23 and 18 bearing 3,4-dimethoxy and 3,4,5-trimethoxy substitutions

respectively possessed less anti-proliferative activity.
MUTD-I cell line (24 h) DC-7S cell line (48 h)
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Figure 239: Preliminary anti-proliferative screen for (£)-(2-nitrovinyl)benzene (C)

(III) Compounds 9 and 32 (both bearing meta bromo & a para / ortho methoxy substituent) 

elicited potent anticancer effects at both concentrations in the MUTU-I cell lines. Compound 

9 with a C-2 methoxy substituent proved more potent than its C-4 methoxy analogue compound 

32. Compound 9 was the most active in the chemoresistant DG-75 cell line of this cohort also, 

with below 20% viable cells remaining at 10 pM and reducing the amount of viable cells in the 

experiments to -80% at 1 pM. Compound 26 (C-3 hydroxy) was found to be the most active 

of the hydroxy substituted compounds (31,13, 84,27, 26) with <15% of viable cells remaining 

in both lines at 10 pM (Figure 239).
MUTC-I cell line (24 h) DG-75 CeU line (48 h)
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Figure 240: Preliminary anti-proliferative screen for (£)-(2-nitrovinyl)benzene (D)

(IV) The alkoxy, phenoxy and benzyloxyl compounds (22, 20, 8, 24,11) were studied in
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Figure 240 and compounds 21 and 23 produced promising results in the MUTU-I cell line with 

activity exhibited at the lower concentration (60-85% viable cells remaining). The 1,4- 

dinitrovinyl compound (5) also produced a promising result in the MUTU-I cell line at both 

concentrations (<75%). This grouping of compounds produced good activity at the higher 

concentration in the DG-75 cell line but exhibited low anti-proliferative potential at 1 pM.

MUTC-I cell line (24 h)

Jv' JJ' 4^ tS' 4''' 45*
a'^ a' ,■>' ,,4' .4' ,■>' .4' . ■>'

Compound # (Treatment Concentration pM)

” 60

DG-75 Cell line (48 h)

4^4^4^4^4^4^4^4^4^4!'4^,^^4^4^4^4^4^'4^ 
,a'^',\'^\a'^' >5'>\a'^' a4 .,4 ,.4’ ,4' „4' ,4' „4- ,4' ,,4' ,4^ ^ 

Compound # (Treatment Concentration pM)

NO,

(D (71) (74)

’i

(3)(105) (6)

Figure 241: Preliminary anti-proliferative screen for (£^-(2-nitrovinyl)benzcne (E)

(V) In a study of other cyclic and heterocyclic nitrostyrene adducts, the anthracene based 

compound 7 elicited activity in both cell lines, with comparable activity to that of the previous 

lead compound 85. The C-1 substituted naphthalene compound 6, was found to be more 

favourable than its C-2 analogue for activity in the DG-75 cell line. Very small differences in 

activities were observed when eomparing the furan and thiophene based compounds, these 

compounds (71, 72, 73, 74) showed minimal activity at 1 pM in the DG-75 and MUTU-I cell 

lines. The benzoquinone based compound 105 was observed to possess little anti-proliferative 

activity at both concentrations in both eell lines (>90% DG-75 cell line) (Figure 241).
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6.2.3 In vitro anti-proliferative activity screen of the (£)-(2-nitroprop-l-en-l-yi)benzenes

MUTU-I cell line (24 h) DG-75 Cell line (48 h)
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Figure 242; Preliminary screen for (£)-(2-nitroprop-l-en-l-yl)benzenes anti-proliferative activity (A)

(I) In this series; introduction of a methyl sidechain to C-4 chloro nitrostyrene (35) 

increased the anti-proliferative effect in both the DG-75 (-85% 1 pM) and MUTU-I (-70% 1 

pM) cells when compared to the previous lead 85. The effect of chloro substituent position was 

also investigated and it was observed that C-2 (57) and C-3 (55) chloro substitution was 

preferred for anticancer activity in both cell lines over the C-4 chloro analogue (35). The 

hydroxy compounds (36, 56) were less active than the halogen compounds in the MUTU-I cell 

line, while the C-3 hydroxy compound (56) gave a slightly more potent effect (<2%) than its 

C-4 hydroxy analogue (<10%) at 10 pM in both cell lines (Figure 242).
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Figure 243; Preliminary screen for (£)-(2-nitroprop-l-en-l-yl)benzenes anti-proliferative activity (B)

(II) In a study of C-2 alkoxy substituted (£)-(2-nitroprop-I-en-l-yl)benzenes (50, 44,47,

48, 54), compound 54 exhibited the most promising anti-proliferative activity. Compound 54 

induced an anti-proliferative effect (1 pM) in both cell lines with only -55% viable cells 

remaining in the MUTU-I cell line and -82% in the DG-75 cell line. Replacing the C-2 

methoxy substitution observed in compound 45 with a C-2 hydroxy substituent (58) reduced
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anti-proliferative activity in the chemoresistant DG-75 cell line at 10 pM by -20% (Figure 

243).

MUTlJ-l cell line (24 h) DG-75 CeU line (48 h)
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Figure 244: Preliminary screen for (£)-(2-nitroprop-l-en-l-yl)benzenes anti-proliferative activity (C)

(III) Compound 53, the unsubstituted (£)-(2-nitroprop-l-en-l-yl)benzene exhibits anti­

proliferative activity comparable to the previous lead 85, however this activity is less than that 

of the halogenatcd and alkoxy analogues discussed earlier (Figure 243). The C-2

naphthalene compound 40 was observed to exhibit a more potent effect in both cell lines when 

compared to its C-3 analogue 37 (Figure 244).
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Figure 245: Preliminary screen for (£')-(2-nitroprop-l-en-l-yl)benzenes anti-proliferative activity (D)

(W) The anthracene based compound (41) was inactive in both cell lines with >90% viable 

cells remaining. "While the remaining compounds were all active at 10 pM in the MUTU-I cell 

line (<20“/o viable cells remaining), compounds 106, 78 and 77 elicited only a weak anti­

proliferative effect at 10 pM in the DG-75 cell line (-70%). The 3-thionyl compound 76 was 

the most promising of this heterocyclic group giving good activity at 10 pM in both cell lines 

(<10%) but was inactive at 1 pM in both cell lines (>90%). The C-3 thiophene based 

heterocycle 76 was shown to be more active in the DG-75 cell line than its C-3 fiiran analogue
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(75) however with the nitrovinyl unit at C-2 aetivity in the DG-75 cell line is diminished to 

-80% cell viability (Figure 245).

6.2.4 In vitro anti-proliferative activity screen of the (£)-(2-nitrobut-l-en-l-yl)benzenes

MLTU-l cell line (24 h) DG-75 Cell line (48 h)
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Figure 246: Preliniinar>' anti-proliferative screen for (£)-(2-nitrobut-l-en-l-yl)ben2enes (A)

(I) Introduction of an ethyl sidechain to C-4 chloro nitrostyrene (60) once again increased 

the anti-proliferative effect in both the DG-75 (-80% 1 pM) and MUTU-I (-59% 1 pM) cell 

lines when compared to the previous lead 85. Compound 66 possessed the most potent anti­

proliferative activity with good activity at 1 pM in both cell lines (MUTU-I -20%, DG-75 

-67%). In a study of the position of chloro substituent it was observed that C-3 and C-4 chloro 

substitutions (60, 69) were more favourable for increased anti-proliferative activity in both cell 

lines over the C-2 chloro analogue (67). Increased electronegativity provided by fluoro 

substitution (63) was shown to decrease the anticancer effect in the MUTU-I cell line to -26% 

viable cells remaining at 10 pM (Figure 246).
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4:^ 4 4 # 4.^ 4k^ i'

DG-75 Cell line (48 h)

Compound U (Treatment Concentration pM)

NO,

4^ 4^^^ 4^ 4^ 4^ 4^ 4^ / 4^ ^ ^/ »4 4- .4*' 4- 5,4'’ 4' ■?
4:'^ if / f 41^ 4.^ f 4v'^

Compound # (Treatment Concentration pM)

.NO,1' :j -I - ^ k COT ore ’ erx fTC
(85) ■''^(3 (‘5) (M) (75) (80) (81) (82)

Figure 247: Preliminary anti-proliferative screen for (£)-(2-nitrobut-l-en-l-yl)benzenes (B)
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By comparing the results obtained by the hydroxy compounds (68, 70, 61) it was concluded 

that C-3 hydroxyl substitution (68, 1 pM ~64%) was more favourable for anti-proliferative 

behaviour in the MUTU-I cell line over its C-4 analogue (61, 1 pM ~80%).

(II) The naphthalene based (£)-(2-nitrobut-l-en-l-yl)benzenes exhibited good anti­

proliferative activity in both cell lines at the higher concentration with -2-35% viable cells 

remaining. As previously discussed the C-3 thiophene based analogue (80) induced a -1% 

response at 10 pM in the DG-75 cell line outperforming its fiiran based analogue (79) and the 

C-2 thiophene analogues (81, 82) >50% viable cells remaining (Figure 247).

6.2.5 In vitro anti-proliferative activity screen of the (£)-l,3-bis(aryl)-2-nitro-l-propenes, 
1-aryl-l-nitroethanes and the (2-nitropropane-l,3-diyl)dibenzenes

MUTII-I cell line (24 h) DG-75 Cell line (48 h)

Compound it (Treatment Concentration pM)
^NO,

^ ^ ^ ^ ^ ^ 

Compound # (Treatment Concentration pM)
NOj

Figure 248: Preliminary screen for anti-proliferative activity of the (£)-l,3-bis(aryl)-2-nitro-l-propenes, l-aryl-l- 
nitroethanes and the (2-nitropropane-l,3-diyl)dibenzenes

Reducing compounds 1,21 and 85 to their respective nitroalkane analogues 83, 84 and 

89 impacted the anti-proliferative potential of the pharmacophore, reducing its effect and 

allowing >80% of cells to remain viable at both concentrations in both cell lines. An 

unsubstituted (£)-l,3-bis(aryl)-2-nitro-l-propene (88) elicited a lesser anti-proliferative effect 

at both concentrations in the DG-75 cell line (>60%) than the substituted (£)-l,3-bis(aryl)-2- 

nitro-1-propene analogues (85, 86, 87). Compounds 86 and 87 improved upon activity 

exhibited by compound 85 and gave comparable activities at the 1 pM in the MUTU-I cell line 

(-65-83%). Compound 86 (bearing C-4 chloro substitution of the nitrostyrene unit and no 

substitution of the benzyl sidechain) elicited a more potent effect at 1 pM in the DG-75 cell 

line (-70%) than compound 87 (-80%) (bearing C-4 chloro substitution of the benzyl sidechain 

and no substitution of nitrostyrene unit) (Figure 248).
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6.2.6 In vitro anti-proliferative activity screen of the (£)-2-nitro-l,3-diphenylprop-2-en- 
1-ones and ethyl (£)-2-hydroxy-3-nitro-4-phenylbut-3-enoates

The (£)-2-nitro-l,3-diphenylprop-2-en-l-ones (90, 91, 92, 93, 94) are chalcone based 

nitrostyrenes bearing structural similarity to the initial lead compound 85 and the (£)-l,3- 

bis(aryl -2-nitro-l-propenes (85, 86, 87, 88).

MUTU-I ceU line (24 h) DG-75 CeU Une (48 h)

.S' 4^
C''*'

Compound# (Treatment Concentration |iM)

4?' 4^ 4^' 4^ 4^ 4^ 4^ 4^
^■4’ 0,4' ..4' ,^4’ ^4'

Compound # (Treatment Concentration pM)

Figure 249: Preliminary screen for anti-proliferative activity of the (£^-2-nitro-l,3-diphenylprop-2-en-l-ones

This series of (£)-2-nitro-l,3-diphenylprop-2-en-l-ones (90, 91, 92, 93, 94) were inactive 

(>80%) at both the 10 pM and 1 pM concentrations in the DG-75 cell line. In the MUTU-1 cell 

line good anti-proliferative activity was observed at 10 pM by compounds 91, 92 and 93 with 

~15-40"o viable cells remaining. The C-4 hydroxy compound 92 was deemed the most potent 

of this cohort with ~16% viable cells remaining after treatment with 10 pM in the MUTU-I 

cell line (Figure 249).

MUTC-I cell Une (24 h) DG-7S Cell line (48 h)

/ A''" ci* A'

»• A .A V®'

4^' 4^ 4J' 4^ 4^-T .,■? A- ■>'
O v'-

Compound # (Treatment Concentration pM) Compound # (Treatment Concentration pM)

V"°'T°T
(104) ° (102) ° ^ (101) °

Figure 250: Preliminary screen for anti-proliferative activity of the ethyl (E)-2-hydroxy-3-nitro-4-phenylbut-3-

enoates
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Baylis-Hillman adducts (101, 102, 103, 104) were found to possess promising activity 

in the MUTU-I cell line at both concentrations, the best compound (104) gave a response of 

<10% viable cells at 10 pM and <50% at 1 pM. Anti-proliferative performance was not as 

prominent in the DG-75 cell line, however the bromomethoxy compound (101) equated to a 

promising -25% viable cells remaining at the higher concentration. In this cohort of 

compounds the C-3 chloro substitution possessed a greater anti-proliferative effect (104, 

-42%) at 1 pM than the C-4 chloro analogue (102, -86%) and C-4 hydroxy analogue (103, 

-66%) in the MUTU-I cell line (Figure 250).

6.2.7 In vitro anti-proliferative activity screen of the l-substituted-2-nitroethylbenzenes

MLTt-I cell line (24 h) DG-75 Cell line (48 h)

4^ ^ ^ 4^a"^' a"^’ a"^’..c?
~s'' .S' ..S' jS/ .o'*' / .»•»■ v''^'

t-' .SS»" n'>'“

Compound # (TreaCmcnl Conccnlralion pM) Compound * (Trealment Conccntralion pM)

L. a„ a. a. cu- cU"' .jy-* .y >
(»5) («) (»») (W) (100) (97) “ (96)

Figure 251; Preliminary screen for anti-proliferative activity of the l-substituted-2-nitrocthylbenzencs

..-.jo
Ay^xo,

The Michael adducts (95, 97, 98, 99,100) gave good anti-proliferative action at 10 pM 

in the MUTU-I cell line of -9-20% viable cells remaining. Compound 96 was found to be 

inactive (>85%) in both BL cell lines. The activity profile of the nitrogen based Michael 

adducts (98, 99,100) in the DG-75 cell line was comparable to the lead compound 85. The C- 

4 chloro analogue (99) was the most potent of these adducts at 1 pM in the MUTU-I cell line 

with -73% viable cells remaining (Figure 251). However the observed reduced potency of this 

series of Michael adducts indicated that the vinyl double bond was favourable for anti­

proliferative activity.
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6.2.8 In vitro anti-proliferative activity screen of the 2-alkyl-2-nitro-3-phenyloxirar.es and 
the 5-alkyl-4-phenyl-l/(r-l,2,3-triazoles

MUTU-I ceU line (24 h) DG-75 Cell Une (48 h)

Compound # (Treatment Concentration ^M) 
oL-NOj

,v'>' «'>' .v'^' _>,■» .v-^’ a'>' .»■»
i> cv'“ v'A'

Compound # (Treatment Concentration pM) 

NO,

(107) (110) (109)

Figure 252: Preliminary screen for anti-proliferative activity of the 2-alkyl-2-nitro-3-phenyloxiranes

The 2-alkyl-2-nitro-3-phenyloxiranes introduced a rigid three member epoxide ring in 

place of the vinyl functionality of the nitrostyrenes. The epoxides (107 - 111) were iiactive 

(>80% viable cells remaining) in the DG-75 cell line at both concentrations. The C-3 and C-4 

chloro compounds 108 and 107 were the most active in the MUTU-I cell line at 10 glV (~20- 

25%) (Figure 253).

MUTU-I cell line (24 h) DG-75 CeU Une (48 h)

1*1 j;

Til?
Ji'' .S' .S' .S' 4^ .S' .S' Ji'' 451 Jy! 4^ iS' 4^ ^ .s'/ /.SS^ //
♦‘1 .s'* s'! •\'^ s' 9,'' s'*

4C'4^4^4^.S'^4^.S'.S'.^.S'^.S'.S'.S'.S4^.S'
/

Compound # (Treatment Concentration ^M)

S^'' \' S' S' ,^S' S' ^S”® S' i^s'’ s'

Compound # (Treatment Concentration jiM)

n^n
Br.

N=N
NH Cl NH Br.

N=N n=N

r
(85) (11‘) (112) (113) (114) ■' (115) (117) (118) (119)

Figure 253: Preliminary screen for anti-proliferative activity of the 5-alkyl-4-phenyl-lH-l,2,3-triazole>

The 5-alkyl-4-phenyl-l//-l,2,3-triazoles (112 - 119) induced a constrained ‘‘{E)' configiration 

on the vinyl system of the nitrostyrenes however at the cost of eliminating the nitro 

functionality. It was observed that these triazole compounds were inactive (>80% viabe cells 

remaining) in both the MUTU-I and DG-75 cell lines (Figure 253).
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6.2.9 In vitro anti-proliferative activity screen of the 2-substituted-3-phenylacrylonitriles

MLTU-I cell line (24 h) DG-75 Cell line (48 h)

4»'' ■4''' 4^ JC' ^ 4>'' ^ 4^
cN'^ a'^

Compound # (Treatment Concentration pM)

^ 4^' 4^ 4^ 4^ 4^ ♦K' 4^ 4^ 4^
»■> .»■> ,\'> .»■>
' y> 0* y> c»'^ y> <y.^ O v'- y><?• .^7'' 4^ A' O’ A^ O’ A^ O’

Compound # (Treatment Concentration pM)

Figure 254: Preliminary screen for anti-proliferative activity of the 2-substituted-3-phenylacrylonitriles

The 2-substituted-3-phenylacrylonitriles (120,122,123,125) were found to elicit poor 

activity at 10 pM and 1 pM in both cell lines. Compounds 121 and 124 bearing C-2 methoxy 

and C-5 bromo substituents were found to be the more active compounds of this series and 

gave activity at 10 pM in MUTU-I (~35-40%) and DG-75 (-50-60%) (Figure 254).

MUTIJ-I cell line (24 h) DG-75 Cell line (48 h)

s' ' s'
Compound# (Treatment Concentration pM) Compound# (Treatment Concentration pM)

.iTl" „jCO,"
(127) ‘(129)

Figure 255: Preliminary screen for anti-proliferative activity of the 2‘Substituted-3>phenylacr>’lonitriles

The 2-substituted-3-phenylacrylonitriles (126, 127, 129) were also found to possess poor 

anticancer activity in both cell lines. Similarly compound 128 bearing C-2 methoxy and C-5 

bromo substituents was found to be the most active of this family at 10 pM in both the MUTU- 

I (-64%) and DG-75 (-50%) cell lines (Figure 255).
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6.2.10 In vitro anti-proliferative activity screen of the benzylidenehydrazines

MUTU-I cell line (24 h) DG-7S Cell line (48 h)

4^ 4^ 4^ j!' 4^
1 k> k.''' S' s^^ s^^ <?

Compound # (Treatment Concentration pM)

^ -d^ 4^ 4^ 4^ 4^
cv'^- v'^-

Compound # (Treatment Concentration pM)

,N'' 4^

o

(130) (131)

Figure 256: Preliminary screen for anti-proliferative activity of benzylidenehydrazines

The benzylidenehydrazines (130, 131, 133, 134) showed poor anti-proliferative 

properties at 10 pM and 1 pM in both cell lines. Compound 132 provided the largest anti­

proliferative effect in this grouping with ~45% viable cells remaining at 10 pM in the MUTU- 

I cell line but was inactive in the DG-75 cell line (>80%) (Figure 256).

6.2.11 Summary of preliminary screen findings

In summary the para chloro (£)-(2-nitrovinyl)benzene (1) was shown to exhibit 

comparable anti-proliferative activity to the previous l,3-bis(aryl)-2-nitro-l-proper.e lead 

compound (85) (Figure 257). Removing substitution of the phenyl ring was found to reduce 

the anti-proliferative activity provided by the pharmacophore (10, 53, 70). A numbei of the 

more potent (£)-(2-nitrovinyl)benzenes possessed phenyl C-3 halogen or hydroxy aid C-2 

alkoxy substitutions and these characteristics were found to be favourable for promotirg anti­

proliferative activity e.g. compounds (9, 14, 17, 19, 26, 32) in both cell lines. Increased alkyl 

chain length at vinyl C-2 of the nitrostyrene pharmacophore to methyl and ethyl leads to 

increased anti-proliferative effects, this trend continued throughout the preliminary screen with 

some exceptions particularly in the anthracene, bis-nitrovinyl, fliran and C-2 thiophene based 

nitrovinyl compounds. Some examples for this trend include compounds (9, 54, 66), (1, 35, 

60) and (2, 36, 61). The benzoquinone based compounds (105, 106) were found to possess 

negligible anti-proliferative activity.

Reducing the nitrostyrenes (1, 10, 85) to their nitroalkane adducts (83, 84, 89) 

inactivated the pharmacophore (>80% viable cells remaining) at both 10 pM and 1 plV in the 

BL cell lines. The nitrochalcones (90, 91, 92, 93, 94) possessed good activity in the MUTU-I
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cell line, however the introduction of the carbonyl did not have a favourable impaet on activity 

in the DG-75 eell line with >80% viable cells remaining at both eoncentrations. The epoxide, 

hydrazone and triazole derivatives were also found to elieit a poor anti-proliferative effect 

(>80% viable eells remaining). The C-2 methoxy and C-5 bromo substituted MBH adducts and 

the 2-substituted-3-phenylaerylonitrile eohorts were observed to induee the most favourable 

anti-proliferative effects in both cell lines. The structure activity relationship is depicted in 

Figure 257.

Phenvl riny
C-5 halogen (Br, Cl) or hydroxy 

C-2 alkoxy

NO^', Nitrovinyl unit

/ Extend ethyl chain at C-2 
methyl / ethyl

Figure 257: Optimised nitrostyrene analogue for antiproliferative activity in BL cell lines

6.2.12 In vitro anti-proliferative activity (ICsos) of the most potent nitrostyrene derivatives

The IC50 values of the most promising anti-proliferative nitrostyrene compounds 

identified during the preliminary biological screen at 10 pM and 1 pM were obtained for both 

the DG-75 and MUTU-I BL cell lines. Compounds 7, 9, 17, 19 and 26 were selected from the 

initial (£)-(2-nitrovinyl)benzene library, eompounds 35, 36, 54, 55, 57 and 59 were selected 

from the (£l-(2-nitroprop-l-en-l-yl)benzene library. The (£l-(2-nitrobut-l-en-l-yl)benzene 

library provided the active eompounds 60, 61, 66, 67 and 69, while the MBH adduct compound 

101 represented the most active ethyl (Fr)-2-hydroxy-3-nitro-4-phenylbut-3-enoate. IC50 values 

were also obtained for the previous lead nitropropene eompound (85) (2.82-6.03 pM) and the 

ehemotherapeutie agent taxol (0.32-1.32 pM) in the BL eell lines (Table 40). All nitrostyrene 

eompounds gave IC50 values <6 pM in the BL eell lines, with many <1 pM. The IC50 

determination identified compound 66 as the most potent anti-proliferative agent with an IC50 

of 0.45 pM in the MUTU-I and 1.26 pM in the DG-75.

Lipinski rule of five properties for druggability were ealeulated for these compounds 

(Mcule property calculator vl 2015). Lipinski’s rules are a series of chemical parameters used 

to predict the ‘drug like’ behaviour of a given molecule in a bio-physiological system. In order 

to be orally available the following criteria must be met:

1. Moleeular weight (Mr) of the eompound must be < 500 Daltons

2. LogP value (lipophilieity) < 5

3. Number of hydrogen bond acceptors (nON) < 10

4. Number of rotatable bonds (nrotb) < 10
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5. Number of hydrogen bond donors (nOHNH) < 5

6. Polar surface area (PSA) < 140 Angstroms^

These parameters were applied to the library of nitrostyrene derivatives and these compounds 

were found to satisfy all the Lipinski rule of five criteria (Table 40). On further analysis, no 

trend between anti-proliferative activity and lipophilicity or PSA was observed.

B
= 100-01u
i *"■
i® 40-Be
5 20-
c 0-

5? -7

Cl
.67

■ \ ■ Taxol

.0 -6.5 -6.0 -5.5 -5.0 -4.5 -4.0
log(concentration) M

Compound

#

IC50 (pM) Lipinski properties
MUTU-I 

(24 h)
DG-7S 
(48 h) Mr logP nrotb nON nOHNH PSA (k^

Taxol 0.32 1.32 853.9 7.38 15 15 4 221.29
85 2.82 6.03 308.2 5.377 4 3 0 45.82

7 2.57 2.08 249.2 4.763 2 3 0 45.82
9 0.87 4.17 258.0 3.228 3 4 0 55.05
17 0.75 4.16 209.2 2.474 4 5 0 64.28
19 0.72 2.82 193.2 2.856 4 4 0 55.05
26 5.75 8.32 165.2 2.163 2 4 1 46.66

35 1.18 2.75 197.6 3.501 2 3 0 45.82
36 2.14 5.25 179.2 2.553 2 4 1 66.05
54 0.76 1.59 272.1 3.618 3 4 0 55.05
55 0.91 1.99 197.6 3.501 2 3 0 45.82
57 0.76 2.34 197.6 3.501 2 3 0 45.82
59 0.93 3.31 207.2 3.246 4 4 0 55.05

60 1.05 3.09 211.6 3.891 3 3 0 45.82
61 1.55 3.31 193.2 2.943 3 4 1 66.05
66 0.45 1.26 286.1 4.009 4 4 0 55.05
67 2.29 2.24 211.6 3.891 3 3 0 45.82
69 1.12 2.51 211.6 3.891 3 3 0 45.82

101 2.51 3.16 360.2 2.523 7 7 1 101.58
Table 40: ICso value (BL cell lines DG-7S & MUTU-I) and Lipinski properties of leading nitrosty renes Chapter 1
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6.2.13 Investigations into the pro-apoptotic effect of the most potent nitrostyrene 
derivatives

The design of drugs that induce selective programmed cell death (PCD) (apoptosis) of 

cancer cells over normal cells is crucial to the development of safer and more effective agents. 

A compound that induces apoptosis in vitro has the potential to become an anticancer agent. In 

order to quantify the pro-apoptotic effects of the most potent nitrostyrene derivatives Annexin 

V / PI FACS analysis was carried out on a subset of 6 of the most potent compounds identified 

from the cell viability study. Annexin V / PI FACS analysis is described in section 7, Chapter 

6. The study was carried out at the 10 pM in both the BL cell lines (DG-75 and MUTU-I). The 

chemotherapeutic agent Taxol (10 pM) was used as a positive control.

MUTU-I Cell line (24 h) DG-75 Cell line (48 h)
100

. ^ ^ ^

Compound # (Treatment Concentration)

. ^ ^ ^ ^ ^ ^ 

^ v* v'S

‘5'

(55)

Compound # (Treatment Concentration)

*TCct."
(ST) (60) (61) (66)

Figure 258: Annexin V / PI FACS - Apoptosis in MUTU-1 and DG-75 cell lines

In the MUTU-I cell line all selected compounds elicited >80% apoptosis comparable 

to the effect induced by Taxol at the same concentration (Figure 258). The previous lead 

compound (85) was found to induce ~40% in the DG-75 cell line and an apoptotic effect was 

also induced with compounds 55, 57, 69 >85% apoptosis which is double that of compound 

85. The effect of these compounds was also comparable to Taxol at this concentration 

(MUTU-I >80%, DG-75 >60%).
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6.2.14 In vitro anti-proliferative activity of the most potent nitrostyrene derivatives in 
other malignant diseases

The in vitro anti-proliferative activity of compounds 35, 55, 57, 60, 61, 66, 85 was 

further assessed in a number of other malignant cell lines. The cancer cell lines chosen for this 

study were HeLa (ovarian), MCF-7 (breast), HL60 (leukaemia) and the BL cell lines Ramos 

and Bjab. This preliminary investigation was carried out 10 pM and 1 pM and the results were 

quantified as percentage viable cells remaining after treatment (Table 41).

Cl

'(irr"-„,CrX'.„JaX°
(85) (35) (55) (57) (60) (61) (66)'

4. % viable cells remai Ship
Compound * HeLa MCF-7 Ramos Bjab HL60

24 h 72 h 24 h 24 h 24 h

# 10 1 10 1 10 1 10 1 10 1

pM pM pM pM pM pM pM pM pM pM

Taxol 48.4 86.9 75.0 100.8 24.9 69.3 80.2 97.6 69.7 97.6

35 17.7 93.0 37.1 102.7 13.9 62.6 50.8 100.5 6.5 103.8

55 23.2 90.6 29.7 94.3 5.1 27.2 46.2 90.1 6.8 78.2

57 34.2 87.1 41.7 81.4 7.7 53.4 51.9 82.2 16.5 73.4

60 21.8 95.3 20.7 98.1 4.4 66.9 68.9 102.4 9.1 99.8

61 28.4 85.6 23.6 97.2 7.3 87.8 48.4 107.4 15.3 83.5

66 19.7 96.9 11.3 103.6 2.6 47.1 42.2 99.5 3.7 99.1

85 43.6 96.2 77.4 108.6 2.1 80.9 47.8 92.1 36.3 104.4

Table 41: in vitro anti-proliferative activity of compounds 35,36, 55, 57, 60, 61,66, 85 in HeLa, MCF-7, HL60, Ramos
and Bjab cell lines

This selection of compounds elicited good anti-proliferative effects at the 10 pM concentration 

in all cell lines with comparable activity to the anti-proliferative effects exerted by Taxol. In 

summary the nitrostyrene compound 66 was found to elicit the most potent anticancer effect 

over the five lines at 10 pM (2.6-42.2%). The (£)-(2-nitrobut-l-en-l-yl)benzenes (60, 61, 66) 

were deemed the most favourable grouping for anti-proliferative activity in this study exerting 

a more potent effect that Taxol and the previous lead compound 85. This grouping was 

particularly potent at 10 pM in the RAMOS (2.6-7.3% viable) and HL60 (3.7-15.3%) cell lines.
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6.2.15 In vitro and ex vivo evaluation of lead compound for the treatment of CLL

Chronic lymphocytic leukaemia (CLL) is a type of B-cell malignancy effecting the 

blood and bone marrow. CLL is the most common type of leukaemia diagnosed in adults and 

over 400 new cases are diagnosed in Ireland each year'’^^ '^®’. Compounds 85, 55 and 66 were 

selected for further work in the CLL cell lines Cll, HG3,183 and PGAl. This work was carried 

out by Dr. Sandra A. Bright in collaboration with the Williams Group, School of Biochemistry 

and Immunology, Trinity College Dublin.

6.2.15.1 Cell culture

The 183 cell line was isolated in 1994 from the peripheral blood of a 75-year-old 

Caucasian man with CLL. Epstein-Barr virus-transformed CLL cells PGAl (mutated 

immunoglobulin heavy chain genes (IgVn), good prognosis cell line) and HG3 (unmutated 

IgVu, poor prognosis cell line) were grown in RPMI 1640 (Glutamax) medium supplemented 

with 10% (v/v) foetal bovine serum (FBS) and 50 pg/mL penicillin/streptomycin. Cells were 

grown in DMEM medium supplemented with 10% (v/v) foetal bovine serum (FBS) and 50 

pg/mL penicillin/streptomycin. All cells were grown in a humidified environment maintained 

at 95% O2 and 5% CO2 and passaged at least twice weekly depending on their levels of 

confluency. Cell lines were seeded at 2 x 10^ cells/mL prior to treatment.

6.2.15.2 Ex vivo patient samples

Fresh peripheral blood (10 mL) was collected with written informed consent from CLL 

patients (n = 14) in EDTA-anticoagulant tubes. Ethical approval for all work carried out on ex 

vivo CLL patient samples was obtained from the St. James’s Hospital and Adelaide and Meath 

incorporating the National Children’s Hospital Ethics Committee. Peripheral blood 

mononuclear cells (PBMCs) were isolated via lymphoprep ficoll gradient, diluted to a volume 

of 50 mL with RPMI medium and centrifuged for 10 min at 650 xg. Pelleted cells were 

resuspended in freezing medium and frozen until required. When required, frozen stocks were 

resuspended in RPMI 1640 (Glutamax) medium supplemented with 10% (v/v) FBS, 50 pg/ml 

penicillin/streptomycin and seeded at a density of 1 x 10^ cells/mL. Cells were then treated for 

up to 48 h with the compounds or the required vehicles and positive controls (e.g. fludarabine).

213



6.2.15.3 Biochemical results

Compounds 85, 55 and 66 exhibited good IC50 values in the CLL cell lines 

(alamarBlue® assay) ranging from 2.17 - 8.69 pM, this compared favourably to Fludarabine 

(IC50 = 20.7 - 49.9 pM) a current frontline treatment for CLL. Compounds 55 and 66 elicited 

a more potent overall response (IC50: 2.17-3.46 pM) than the previous lead compound (85) in 

our study (IC50: 8.05 - 8.69 pM).

ICso (pM)
Compound ai

(48 h)

HG3

(48 h)

183

(48 h)

PGAl

(48 h)

Fludarabine 49.9 28.1 20.7 32.0

85 8.05 8.69 8.43 6.74

55 3.46 2.54 3.08 2.90

66 3.46 3.08 4.13 2.17

HO^

N^N

(Fludarabine) p

(66) (55)

Table 42: IC50 of fludarabine, 85, 55 and 66 in the CLL cell lines Cll, HG3,183 and PGA.

Compound 55 Compound 66

PGAl

Concentration Concentration

HG3

^ ^ ^ ^ ^ ^ ^ vV vV^ vV vV

Concentration Concentration

Figure 259: Compounds 55 & 66 in HG3 and PGAl CLL cell lines - Annexin V / PI FACS analysis (48 h)

Annexin V / PI FACS analysis was carried out using a concentration range of compounds 

85, 55 and 66 in the HG3 and the PGAl cell lines to determine the mode of cell death. A potent 

dose dependent apoptotic mechanism of cell death was observed. Compounds 55 and 66 

elicited an apoptotic response of over 80% at 10 pM and 5 pM in both CLL cell lines. In the
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PGAl cell line at 1 p,M compound 66 exhibited more favourable apoptotic activity (>50%) 

than compound 55 at the same concentration (<25%). Conversely in the HG3 cell line at 2.5 

pM compound 55 exhibited more favourable apoptotic activity (>60%) than compound 66 at 

the same concentration (<25%) (Figure 259).

Additional annexin V / PI FACS analysis was carried out in the presence of a ROS 

inhibitor (N-acetyl cysteine) and a caspase inhibitor (Z-vad-fmk) in order to study their effects 

(if any) on pro-apoptotic effects. In the presence of NAC the apoptosis induced by compounds 

55 and 66 decreased from 64-67% to 20-30% at 2.5 pM and from 86-87% to 31-34% at 5 pM 

in the PGAl cell line. Similar results were obtained in the HG3 cell line at 2.5 pM (57-91% to 

34-36%) and 5 pM (84-86% to 30-50%). In the presence of the caspase inhibitor the apoptosis 

induced by compounds 55 and 66 decreased from 59-60% to 26-48% at 2.5 pM and from 81- 

89% to 37-38% at 5 pM in the PGAl cell line. Similar results were obtained in the HG3 cell 

line at 2.5 pM (61-83% to 12-30%) and 5 pM (75-83% to 34-49%). These findings indicate 

that both caspases and ROS may be involved in the mechanism of apoptosis for compounds 55 

and 66 (Figure 260).
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Figure 260: Compounds 55 & 66 in HG3 and PGAl CLL cell lines - Inhibitor study Annexin V / PI FACS analysis
(48h)
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Ex vivo CLL patient samples were kindly provided by Dr. Anthony McElligott (School 

of Molecular Medicine, Trinity College Dublin) and cultured by Dr. Sandra A. Bright (School 

of Biochemistry and Immunology, Trinity College Dublin). It was observed that compounds 

85, 55 and 66 exhibited potent anti-proliferative and pro-apoptotic activity in a dose dependant

manner.

Ex vivo patients samples

100

Concentration (55)

^

Concentration (66)

Concentration (85) Concentration (Fludarabine)

Figure 261: Ex vivo CLL patients samples - Annexin V / PI FACS analysis (48 h)

The activity exhibited by compounds 85, 55 and 66 was more potent that the frontline treatment 

Fludarabine. Compounds 55, 66 and 85 were observed to elicit a potent proapoptotic response 

(>80%) at 10 pM, 5 pM and 2.5 pM (Fludarabine <60%). It is interesting that compounds 55 

and 66 elicited an apoptotic response of >60% at 0.25 pM, demonstrating a potent effect at this 

low concentration.
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6.2.16 Effect of compounds 55 and 66 on the viability of PBMCs

Compounds 55 and 66 were evaluated for their toxicity on PBMCs (peripheral blood 

mononuclear cells) to determine if these potent compounds have a selective toxic effect on 

malignant BL cell lines over normal lymphatic cells. Compounds were evaluated at 10 pM and 

1 pM over a 24 h treatment time (Figure 293). This work was carried out by Dr. Sandra A. 

Bright in collaboration with the Williams Group, School of Biochemistry and Immunology, 

Trinity College Dublin.

PBMC (24 h) MUTU-I (24 h) DG-75 (48 h)

B
ec

■S' ^ ^
.«,■»

(ft 1^ to

Compound # (Treatment Concentration) Compound # (Treatment Concentration) Compound # (Treatment Concentration)

(55) (66)
I

Figure 262: In vitro antiproliferative effect of compounds 55 and 66 on PBMCs (24 h), MUTU-I cell line (24 h) and
DG-75 cell line (48 h) at 10 pM and I pM

Compound 55 and 66 demonstrated moderate toxicity in the PBMCs at 10 pM (19-34% 

viable cells) and low toxicity activity at 1 pM (74-99% viable cells) (Figure 262). Compound 

55 and 66 exhibit good anti-proliferative effects in both BL cell lines at 10 pM (2-10% viable 

cells remaining). Anti-proliferative effects are also observed for both compounds at the lower 

concentration (1 pM) in the MUTU-I cell line (21-40% viable cells) and in the DG-75 cell line 

(67-85% viable cells). Comparing the results obtained from the BL cell lines and the PBMCs, 

the results suggest compounds 55 and 66 exert a selectively toxic effect on BL cell lines.

6.3.0 Evaluation of the in vitro anti-proliferative activity of the heterocyclic nitrostyrene 
analogues

A series of over 29 related nitrovinyl heterocycles were evaluated for anti-proliferative 

activity at 10 pM and 1 pM in the MUTU-I and DG-75 cell lines. These heterocycles induce a 

constrained configuration on the anti-proliferative nitrostyrene pharmacophore and the effects 

of these induced configurations was evaluated biologically. These nitrovinyl heterocycles are 

discussed in two main groupings and categorised within the groups by structural type.
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6.3.1 Preliminary screen for in vitro anti-proliferative activity of the 3-nitro-2-phenyl-2//- 
chromenes and 3-nitro-l,2-dihydroquinoIine$

A series of 3-nitro-2-phenyl-2//-chromenes were evaluated at 10 pM and 1 pM for anti­

proliferative activity in the MUTU-I and DG-75 BL cell lines (Figure 263). Compounds 137, 

139, 145 were found to possess the most potent anti-proliferative activity in the MUTU-I cell 

line with good activities at 1 pM (-38-48% cells remaining). These compounds contained 

hydroxyl and alkoxy substituents on the phenyl ring. Compound 145 (C-7 methoxy chromene 

ring) exerted the greatest anti-proliferative effect in the DG-75 cell line at 1 pM with 58% 

viable cells remaining. Compound 141 (the phenol analogue of 145) was relatively inactive 

>85% viable cells were remaining with this analogue.
MCTU-I ccU line (24 h) DC-75 ccU line (48 h)
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Figure 263: Preliminary screen for anti-proliferative activity of the 3-nitro-2-phenyl-2//-chromenes

A number of other chromene ring substitutions (C-6 / C-8 chloro, C-8 methoxy) were 

also evaluated and found to possess good anti-proliferative effects in both BL lines at 10 pM 

(<10%) (146,147,144,143). The quinoline and quinolone analogues (149,150,151) possessed 

little anti-proliferative effects at both concentrations (>90% remaining). Compound 148 was 

the most promising quinoline with activity at 10 pM in both cell lines (-45%) (Figure 264).
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Figure 264: Preliminary screen for anti-proliferative activity of the 3-nitro-2-phenyI-2ff-chromenes
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6.3.2 Preliminary screen for in vitro anti-proliferative activity of the 3-nitro-flavones and 
other heterocycles

MUTO-I cell line (24 h)

B
V

E

Compound # (Treatment Concentration pM)

Figure 265: Preliminary screen for anti-proliferative activity of the 3-nitro-flavones

Flavone (170) and the 3-nitroflavones (179 - 188) were evaluated for anti-proliferative 

activity in the MUTU-I and DG-75 cell lines at 10 pM and 1 pM. Compound 85 was once 

again used as the therapeutic standard. It was observed that flavone and the 3-nitroflavones 

synthesised in the current work were inactive in the BL lines at these concentrations with over 

90% of viable cells remaining after the treatment periods (Figure 265).
MUTU-I cell line (24 h) DG-n eell line (48 h)
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Figure 266: Preliminary screen for anti-proliferative activity of selected heterocycles
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Heterocycles 189, 190 and 193 were also evaluated for anticancer effect and were also 

found to exhibit poor anticancer properties with -80% viable cells remaining at both 

concentrations in both cell lines. The most potent of these compounds was 193, based on the 

isoxazole scaffold with 75% viable cells remaining in the MUTU-I cell line (Figure 266).

6.3.3 Summary of preliminary screen findings

The nitro-2-phenyl-2//-chromenes 137, 139, 140 and 145 were identified as the most 

potent heterocyclic compounds evaluated containing a constrained nitrostyrene 

pharmacophore. These compounds were found to exert anti-proliferative effects comparable to 

the previous lead compound 85. The para hydroxy compound 137 was the most promising of 

these unsubstituted phenyl-2//-chromenes in both the DG-75 and MUTU-I cell lines. The 3,4 

alkoxy compounds 139 and 140 were also elicited a good response at 10 pM in both lines 

(<20%) and potent effects at 1 pM in the MUTU-I cell line (38-60% viable cells remaining). 

Compound 145 was the most potent substituted phenyl-2//-chromene with a C-7 methoxy 

group on the chromene ring exerting a potent effect in the MUTU-I cell line. This C-7 methoxy 

compound exerted a more potent effect in the MUTU-I and DG-75 cell line than the C-8 

analogues (144, 143). Compound 145 exerted the greatest anti-proliferative effect in the DG- 

75 cell line at 1 pM with 58% viable cells remaining.

The introduction of a naphthyl group (142) and a phenolic group (141) were found to 

be unfavourable for anti-proliferative effects. The 3-nitro-l,2-dihydroquinolines and 3-nitro- 

1,2-dihydroquinolones (149,150,151) were found to possess little activity at 10 pM and 1 pM 

in both lines (>90%). The most promising of this class was compound 148 which gave a small 

effect 10 pM in both cell lines (-45%). Flavone (170) and the 3-nitro-flavones (179 -188) were 

found to elicit poor anticancer effects in the MUTU-I and DG-75 cell lines with over 90% 

viable cells remaining at both concentrations. Similarly the other heterocycles 189, 190 and 

193 were inactive at both concentrations in the MUTU-I and DG-75 cell lines with over 80- 

90% viable cells remaining at both concentrations.

Contrasting the heterocyclic structures evaluated, it was concluded that compounds 

inducing a constrained trans {E) configuration on (2-nitrovinyl)benzene (nitrostyrene) and 1,3- 

bis(aryl)-2-nitro-l-propene scaffolds (135 - 148) were more potent than compounds inducing 

a cis (Z) configuration (179 - 188, 189,190, 193).
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6.3.4 In vitro anti-proliferative activity (ICso) and investigation into pro-apoptotic effect 
of the most potent heterocyclic derivatives.

The IC50 values of the most promising anti-proliferative heterocyclic compounds 

identified during the preliminary biological screen were obtained for both the DG-75 and 

MUTU-I BL cell lines (Table 43). Compounds 137,145 were selected from the initial 3-nitro- 

2-phenyl-2//-chromene library. Compound 145 was found to have an IC50 value of 0.49 pM in 

the MUTU-I and an IC50 value of 2.51 pM in the DG-75 cell line, while compound 137 was 

slightly less active in both cell lines.

(85) (137) ' (145) ^

Compound

#
ICso (pM) Lipinski properties
MUTU-I 

24 h
DG-7S

48 h Mr logP nrotb nON nOHNH PSA ( A^)

Taxol 0.32 1.32 853.9 7.38 15 15 4 221.29
85 2.82 6.03 308.2 5.377 4 3 0 45.82

137 0.79 2.34 269.3 3.666 2 5 1 75.28
145 0.49 2.51 283.3 3.969 3 5 0 64.28

Table 43: IC.so (BL cell lines DG-75 & MUTU-I) and Lipinski properties of leading heterocycles Chapter 2 

Lipinski’s rule of five properties were calculated for these compounds (Mcule property 

calculator vl 2015). These parameters were applied to compounds 137, 145 and these 

compounds were found to satisfy all the Lipinski rule of five criteria. The mode of cell death 

was identified as apoptotic and compound 145 was found to elicit comparable apoptotic effects 

to Taxol (>80%) at 10 pM and 1 pM. This effect was superior to that of the previous lead 

compound 85 at 1 pM (-40%) (Figure 267).

MUTU-I ceU Unc (24 h) DC-75 cell Unc (48 h)

Compound # (Treatment Concentration) Compound # (Treatment Concentration)

Figure 267: Annexin V / PI FACS - Apoptosis MUTU-I and DG-75 cell lines
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6.4.0 Evaluation of the in vitro anti-proliferative activity of the anthracene based 
Maprotiline analogues

A library of 58 anthracene based eompounds structurally related to the maprotiline were 

evaluated for anti-proliferative aetivity at 10 pM and 1 pM in the MUTU-I and DG-75 eell 

lines. The anticancer effect of compounds including a range of C-9 functionalities such as 

hydroxy, aldehyde, imine, aeid, cyanovinyl and hydrazone on anticancer effect was quantified. 

Once the optimum C-9 functionality was identified, the effect of C-10 substitution on anti­

proliferative effect was also evaluated. These anthracene based maprotiline analogues are 

discussed in four main groupings and categorised within the groups by structural type.

6.4.1 Preliminary screen for in vitro anti-proliferative activity of the (£)-9-(2- 
nitrovinyl)anthracenes

MirrU-l cell Une (24 h)

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
C-' ^ 0^ .^5^

\> *l> .■<> V'V vy V V V

Compound # (Treatment Concentration ^M) 

DG-75 cell line (48 h)

Compound # (Treatment Concentration ^M) ttti) (223)

Figure 268: Preliminary screen for anti-proliferative activity of the (£)-9-(2-nitrovinyl)anthracenes (A)

(£l-9-(2-Nitrovinyl)anthracene (7) was found to elicit a more potent anti-proliferative 

effeet (<20% cells remaining) than control maprotiline (>60%) in both cell lines at 10 pM. 

Extension of the alkyl chain (methyl, ethyl) at C-2 of the nitrovinyl unit deactivated the {E)-9- 

(2-nitrovinyl)anthracene pharmacophore (>80%) and this trend was observed in compounds 

(7, 41, 210) and (211, 212, 213). Compound 211 introduced C-9 chloro substitution and this
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feature appeared favourable for MUTU-I cells at 1 pM when compared to 7 (<20%) but 

unfavourable for activity in the DG-75 cell line - reducing anti-proliferative effect. Replacing 

the anthracene moiety (7) with a phenanthrene moiety (223) reduced anticancer effect in the 

DG-75 cell line from -10% to -60% cell viability. The extended chain nitrovinyl analogues 

(221, 222) were found to induce good activity at 10 pM in the MUTU-I cell line (-15-40%) 

however these analogues exhibited reduced activity in the DG-75 cell line at 10 pM of -79- 

97% when compared to compound 7 (Figure 268).

MUTU-I cell line (24 h)
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Figure 269: Preliminary screen for anti-proliferative activity of the (E)-9-(2-nitrovinyl)anthracenes (B)

A number of (£)-9-(2-nitrovinyl)anthracenes with varied halogen, alkyl, phenyl and 

methoxy substituents were also synthesised and evaluated for anti-proliferative activity. As 

stated before the C-9 chloro substitution, this feature appears favourable for MUTU-I cells at 

1 pM when compared to 7 but unfavourable for activity in the DG-75 cell line. This appeared 

also to be the case for the C-9 bromo compound (215) with poor activity (> 70%) at 10 pM 

and 1 pM in the DG-75 cell line (Figure 269).

Reducing the vinyl unit of compound 7 to give compound 224 was detrimental to the 

anticancer effects with activity lost in both BL cell lines (>85%). The {E)-9-{2-
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nitrovinyl)anthracenes 217, 218, 219, 220 were found to elicit similar anti-proliferative effects 

to compound 7 in both the MUTU-I and DG-75 BL cell lines at both concentrations (Figure 

269).

6.4.2 Preliminary screen for in vitro anti-proliferative activity of the (anthracen-9- 
yl)methylamines and the anthracene amides

MUTU-I Cell line (24 h)

Compound # (Treatment Concentration pM)
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Figure 270: Preliminary screen for anti-proliferative activity of anthracene amides

The anthracene amides (245-250) were tested at 10 pM and 1 pM in the MUTU-I and 

DG-75 cell lines for anti-proliferative activity. These anthracene amides exhibited poor anti­

proliferative effects in MUTU-I cell line at 10 pM (> 80%) when compared to compound 7. 

Similar effects were recorded in the DG-75 cell line where at 10 pM > 60% cells remained 

viable (Figure 270) indicating the requirement for the nitrovinyl functionality
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fX,

cv'^' Bs'^ Bs'^ Bs'^’

(>.>><• ' ^ "(f .(f
v'^ Cs'^' v'^’ Bs'^ Bs'^f Cs'^ Bs^ Bv'^’

C-® ..>5 .n'> a'"' .C-® a'" ..B'® .,>5®
jS>® ' .«■*“ V .!> %*• -B' %*■ -f' .f -f -S' •?

Compound# (Treatment Concentration pM)

.r?

Maprotiline

Figure 271: Preliminary screen for anti-proliferative activity of (anthracen-9-yl)methylamines
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The (anthracen-9-yl)methylamines (241-244) and their precursors (238-239) were also shown 

to exhibit poor anti-proliferative activity in the BL cell lines, with over 80% of cells remaining 

viable post treatment (Figure 271).

6.4.3 Preliminary screen for in vitro anti-proliferative activity of the anthracen-9- 
ylmethanimines and the (£)-3-(anthracen-9-yl)acrylonitrile derivatives

MLTU-I ceU line (24 h) DOTS cell line (48 h)
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Figure 272: Preliminary screen for anti-proliferative activity of anthraccn-9-ylmethanimines

The anthracen-9-ylmethanimines (228 - 232) encompassed anthracene based 

hydrazones, oximes and nitrones. These anthracen-9-ylmethanimines were shown to elicit poor 

anti-proliferative effects in both BL cells lines at both concentrations (Figure 272) when 

compared to control compounds maprotiline and compound 7.
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Figure 273: Preliminary screen for anti-proliferative activity of (£)-3-(anthracen-9-yl)acrylonitrile derivatives
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The (£)-3-(anthracen-9-yl)acrylonitriles (235, 233, 234, 240) were synthesised in order to 

evaluate the effects of different substituents at the C-2 carbon of the vinyl unit. The cyano 

anthracene compounds (235, 233, 240) were inactive (> 80%) in both BL cell lines at both 

concentrations. The C-9 dicyano compound 234 was found to give good activity at 10 pM in 

the MUTU-I cell line (-20%) and moderate activity at 10 pM in the DG-75 cell line (-55%) 

(Figure 268). It was concluded that the nitrovinyl unit was required for increased anti­

proliferative activity.

6.4.4 Preliminary screen for in vitro anti-proliferative activity of the 4-(anthracen-9-yl)- 
l/f-l,2,3-triazoles and miscellaneous condensation products.

Mimj-I ceU line (24 h) DC-75 ceU Une (48 h)
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Figure 274: Preliminary screen for anti-proliferative activity of the 4-(anthracen-9-yl)-lH-l,2,3-triazoles and
miscellaneous condensation products.

The triazole functionality induced a constrained ‘(£)’ conformation on the vinyl system 

of the (£)-9-(2-nitrovinyl)anthracenes, through the elimination of the nitro functionality. The 

4-(anthracen-9-yl)-l//-1,2,3-triazoles (225, 226, 227) were found to possess no anti­

proliferative activity in the BL cell lines (> 90%). Compounds 237 and 236 were synthesised 

in order to assess the impact of alternative vinyl functionalities on anti-proliferative aetivity. 

Similarly the condensation produets, compounds 237 and 236, were inactive in both BL cell 

lines (> 90%) (Figure 274).
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6.4.5 Summary of preliminary screen findings of anthracene based analogues

The study of the anti-proliferative action of these diversely substituted (£)-9-(2- 

nitrovinyl)anthracenes allowed a number of observations to be compiled. Maprotiline elicits a 

moderate effect at 10 pM in both cell lines (>60% cells remaining), compound 7 was found to 

elicit a more potent effect at 10 pM in both cell lines (<20%). Reducing the nitrovinyl unit of 

compound 7 to the nitroalkane (224) reduced anti-proliferative effect to >80% viable cells 

remaining. Extension of the nitrovinyl chain to give compounds 221 and 222 was also found 

to be unfavourable for anticancer effect in both the DG-75 and MUTU-I cell lines (>80%). 

Extension of alkyl chain length at C-2 of the nitrovinyl unit was also unfavourable, deactivating 

the pharmacophore in both cell lines (>80%) this trend was observed in (7, 41, 210) and (211, 

212, 213). The introduction of a phenanthrene moiety (223) was found to decrease anti­

proliferative activity at 10 pM in the DG-75 cell line (> 60%). The optimum pharmacophore 

elucidated from this study was of (£)-9-(2-nitrovinyl)anthracene (7), which was unsubstituted 

at C-2 and contained a nitrovinyl functionality directly attached to an anthracene moiety.

The anthracene amides (245-250) and anthracene amines (241-244) were found to 

possess minimal anti-proliferative activity in both the MUTU-I and DG-75 cell lines. The 

anthracene amides were inactive in the MUTU-I and DG-75 cell lines giving >60-80% viable 

cells remaining, while the amines gave >80% in both cell lines. The anthracen-9- 

ylmethanimines (228 - 232) and 4-(anthracen-9-yl)-l//-l,2,3-triazoles (225-227) were inactive 

at 10 pM and 1 pM in both the DG-75 and MUTU-I cell lines (>80%). The cyano anthracene 

compounds (235, 233, 240) exhibited poor anticancer effects at both concentrations in the BE 

cell lines (> 80%). The C-9 dicyano compound 234 possessed the most promising the activity 

of the cyano anthracenes at 10 pM in the MUTU-I cell line (-20%) and moderate activity at 

10 pM in the DG-75 cell line (-55%). Exchanging the nitrovinyl unit with other vinyl, amine, 

amide and triazole functionalities was unfavourable for anti-proliferative effects The effect of 

anthracene substitution patterns of the (£)-9-(2-nitrovinyl)anthracenes on anti-proliferative 

activity were also investigated. The C-9 chloro substituted compound 211 and C-9 bromo 

substituted compound 219 were found to elicit a diminished anti-proliferative effect in the DG- 

75 cell line at 10 pM (-60%). Although halogen C-9 substitution impacts negatively on anti­

proliferative activity, other substitution patterns of the (£)-9-(2-nitrovinyl)anthracenes appear 

to have little effect on anti-proliferative effects and possess similar activity to the previous lead 

compound 7 and resulted in the identification of a potent series of active compounds.
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6.5.0 Evaluation of the in vitro anti-proliferative activity of the anthracene based 
Maprotiiine analogues

Based on the 9,10-dihydro-9,10-ethanoanthracene scaffold a series of over 80 

maprotiiine analogues were evaluated for anti-proliferative activity at 10 pM and 1 pM in the 

MUTU-I and DG-75 cell lines. The effect of compounds including a range of C-9 

functionalities such as hydroxy, aldehyde, imine, acid, cyanovinyl and hydrazone on anticancer 

effect was quantified. Other modifications such as variation of C-10 substitution, maleimide 

substituent, phenylmaleimide substitution and ethano bridge modification were also shown to 

impact on anti-proliferative effect. These maprotiiine analogues are discussed in three main 

groupings (6.5.1,6.5.2, 6.5.3) and categorised within the groups by structural type.

6.5.1 Preliminary screen for in vitro anti-proliferative activity of the 9,10-dihydro-9,10- 
ethanoanthracenes

MUTIJ-I cell line (24 h) DG-75 ceU Une (48 h)
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Figure 275: Preliminary screen for anti-proliferative activity of the (£)-l l,12-substiuted-9-(2-nitrovinyl)-9,10-
dihydro-9,10-ethanoanthracenes

(I) Maprotiiine was found to induce a modest anti-proliferative effect at 10 pM in the 

MUTU-I (73% cells remaining) and DG-75 (65%) BL cell lines. No anti-proliferative effect 

was observed for Maprotiiine at 1 pM with > 90% of viable cells remaining (Figure 275). The 

(£)-l l,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes (270, 271, 288) 

were found to elicit a potent anti-proliferative effect at both concentrations in the MUTU-I cell 

line (-1-12%). In the DG-75 cell line the maleic anhydride derivative (270) gave comparable 

results to maprotiiine at both concentrations. The maleimide (271) and phenylmaleimide (288) 

derivatives elicited a potent effect at 1 pM in the DG-75 cell line also (0.5-1% cells remaining). 

The unsubstituted 9,10-dihydro-9,10-ethanoanthracenes (331, 332, 333) did not contain the
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nitrovinyl unit at C-9 and the anti-proliferative activity was greatly reduced at both 

concentrations in both cell lines (> 60%) (Figure 275) - indicating the C-9 substitution was 

necessary to enhance anti-proliferative effect.

(II) A cohort of C-9 substituted 9,I0-dihydro-9,I0-ethanoanthracenes derived from maleic 

anhydride, maleimide and phenyl maleimide were investigated for anti-proliferative activity, 

to assess the effect of variation of the C-9 substituent. A series of (£)-12,14-dioxo-9,10- 

[3,4]furanoanthracen-9(10//)-yl)acrylonitriles (342, 343, 344, 345, 346, 347) introduced a 

cyanovinyl substituent at C-9. The most promising of these cyano compounds, compound 343 

elicited comparable activities at 10 pM to Maprotiline in the MUTU-I (79%) and DG-75 (54%) 

cell lines. The remaining compounds were less active leaving 70-95 % viable cells remaining 

at both concentrations in both cell lines (Figure 276).
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Figure 276: Preliminary screen for anti-proliferative activity of the 9,10-dihydro-9,10-ethanoanthracene$

(III) A second series of C-9 substituted 9,10-dihydro-9,10-ethanoanthracenes encompassed 

aldehyde (334, 335, 336), alcohol (340,341) and acid (337, 338,339) functionalities. Although 

these compounds possess anticancer activity exceeding the activity of Maprotiline at 1 pM in 

the DG-75 cell line, the anticancer effect in the MUTU-I cell line was minimal with > 80% of 

viable cells remaining at both concentrations (Figure 277). Comparing the activities of the 

aldehyde (334, 335, 336), alcohol (340, 341) and acid (337, 338, 339) functionalities, it is 

evident that the aldehyde compounds 334, 335 possess more anti-proliferative effects in the 

DG-75 cell line than their alcohol and acid analogues.
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Figure 277: Preliminary screen for anti-proliferative activity of the 9-substituted 9,10-dihydro-9,10-ethanoanthracenes

(IV) Further C-9 substituted 9,10-dihydro-9,10-ethanoanthracenes included variants with 

nitroalkane (284, 285, 286), hydrazone (348,349, 350) and oxime (351, 352) substitution. This 

grouping exhibited comparable effects to Maprotiline in the MUTU-I cell line at both 

concentrations. The most potent analogue was identified as compound 350, compound 350 

elicited a more potent anti-proliferative effect at 10 pM in the DG-75 cell line (19%) than any 

other compound in this grouping (-58-86%). Similarly to earlier observations the nitroalkane 

maleic anhydride analogue (284) was found to possess less potency than the corresponding 

maleimide (285) and phenyl maleimide (286) derivatives (Figure 278).

MUTU-I cell line (24 h) DG-75 cell line (48 h)
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Figure 278: Preliminary screen for anti-proliferative activity of the 9-substituted 9,10-dihydro-9,10-
ethanoanthraeenes

230



(V) Reducing the nitrovinyl unit in the (£)-l l,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro- 

9,10-ethanoanthracenes (270, 271, 288) to the corresponding nitroalkanes (284, 285, 286) 

diminished the potent anti-proliferative effect observed earlier in the present work. Also 

introducing alternative double bond units such as cyanovinyl (342, 343, 344, 345, 346, 347), 

oxime (351, 352) and hydrazone (348, 349, 350) were found to reduce the observed anti­

proliferative effects (Figure 278).

6.5.2 Preliminary screen for in vitro anti-proliferative activity of the 9-substituted 
triptycenes
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Figure 279: Preliminary screen for in vitro anti-proliferative activity of the 9-substituted triptycenes

A number of triptycene based Diel-Alder adducts were synthesised in order to assess 

the effect of the triptycene moiety on anti-proliferative effect (Figure 279). The C-9 

functionalities such as alcohol (330), aldehyde (329), nitrovinyl (324, 325, 326, 327) and 

nitroalkane (328) were also included to assess their impact on the anticancer properties of the 

series. The most promising results were obtained by compounds 324 and 327 and these 

nitrovinyl adducts exhibited potent effects (<5%) at both concentrations in the MUTU-I cell 

line. A potent effect was also observed at the 10 pM in the DG-75 cell line (<2%). Compound 

327 bears a C-10 chloro substitution and elicited a more potent effect (46%) than the 

unsubstituted compound 324 (90%) at 10 pM in the DG-75 cell line. Reducing the nitrovinyl 

bond was once again detrimental to anti-proliferative effects in both cell lines at both 

concentrations (> 90%).
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The effect of alkyl chain length was assessed at C-2 of the nitrovinyl unit, chain length 

was increased from unsubstituted (324, 327) to methyl (325) and ethyl (326). Compounds 325 

and 326 were found to induce poor anticancer effects at 10 pM and 1 pM in both cell lines (> 

85%). The aldehyde based triptycene (329) exhibited good activity at the higher concentration 

in the MUTU-I cell line (<5%), however was poorly active in the DG-75 cell line (> 60%) at 

both concentrations. Reducing the aldehyde (329) to the alcohol (330) had a negative impact 

on the favourable anti-proliferative activity shown in the MUTU-I cell line by 329, however 

similar activity to that of Maprotiline was observed in the DG-75 cell line (Figure 279).

6.5.3 Preliminary screen for anti-proliferative activity of the (£)-ll,12-substiuted-9-(2- 
nitrovinyl)-9,l O-dihydro-9,10-ethanoanthracenes
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Figure 280: Preliminary screen for anti-proliferative activity of the (E)-ll,12-substiuted-9-(2-nitrovinyl)-9,10-
dihy(lro-9,10-ethanoanthracenes

(I) Maleic anhydride based (£)-l 1,12-Substituted-9-(2-nitrovinyl)-9,l O-dihydro-9,10- 

ethanoanthracenes (270, 271,272) were evaluated against their corresponding maleimide (276, 

277, 278) and phenyl maleimide (288, 303, 304) analogues. These analogues also included 

compounds (271, 277, 303, 272, 278, 304) where the effect of alkyl chain length (methyl and 

ethyl) was assessed at C-2 of the nitrovinyl unit (Figure 278).

232



Compounds 276 and 288 not only show improved anti-proliferative effects when 

compared to Maprotiline but also when compared to anthracene compound 7 in both BL cell 

lines. Compound 7 was found to elicit activity of <20 % in both BL cell lines at 10 pM but 

possessed minimal effects at the lower concentration. The Diels-Alder adducts of compound 7 

(276, 288) improve upon this and endowed excellent activity in both lines at both 

concentrations (< 5%). Increased chain length at the C-2 position decreased anti-proliferative 

effect across the series and can be seen in each grouping of adducts (270, 271, 272), (276, 277, 

278) and (288, 303, 304). As previously discussed the maleimide (276) and phenyl maleimide 

(288) adducts are observed to possess superior anticancer activity in the two BL cell lines than 

the maleic anhydride adduct (270) (Figure 280).
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Figure 281: Preliminary screen for anti-proliferative activity of the (£)-ll,12-substiuted-9-(2-nitrovinyl)-9,10- 
dihydro-9,10-ethanoanthracenes

(II) Similarly chlorine substituted (£)-l l,12-Substituted-9-(2-nitrovinyl)-9,10-dihydro- 

9,10-ethanoanthracenes (273, 274, 275, 279, 280, 281, 291, 309, 310) were evaluated for their 

anti-proliferative activity. Compounds 273,279,291 are Diels-Alder adducts of compound 211 

and as with the previous cohort, these compounds elicit enhanced anti-proliferative activity 

when compared to the parent compound at the 10 pM. These analogues also included 

compounds (279, 280, 281, 291, 309, 310) where the effect of alkyl chain length (methyl and
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ethyl) was assessed at C-2 of the nitrovinyl unit. Compounds 279 and 291 were found to 

possess potent anticaneer effects at both concentrations in both cell lines with 0.5-15% viable 

cells remaining. The maleic anhydride based compound 273 gave good anti-proliferative 

activity at 10 pM in the MUTU-I cell line (44%), however poor activity was observed at 1 pM 

concentration (> 90%). As a result the C-10 chloro substituted compound 273 was not as 

effective as its unsubstituted analogue compound (270) in the MUTU-I cell line discussed 

earlier (Figure 281).
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Figure 282: Preliminary screen for anti-proliferative activity of the (£)-ll,12-substiuted-9-(2-nitrovinyl)-9,10- 
dihydro-9,I0-ethanoanthracenes

(III) When examining the anti-proliferative activity of the N-arylmaleimide compounds 305, 

306, 312, 313, 314, 315, 307, and 308 the deactivating effect of extended alkyl chain length 

(methyl and ethyl) at C-2 on anticancer activity can once again be observed (70-90% viable 

cells remaining). Compound 289 is the most potent compound in this grouping eliciting < 2% 

viable cells remaining in both the DG-75 and MUTU-I cell line at both concentrations. 

Compounds 311, 312, 313, 314 and 315 were synthesised containing a benzyl substituent on 

the nitrogen heterocycle, this benzyl substituent was observed to be unfavourable for anti­

proliferative activity when comparing the activity of compound 311 to the phenyl substituent 

in compound 289. Compound 289 possessed potent anticancer activity at the lower
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concentration while the benzyl compound 311 has poor activity at 1 pM in both the MUTU-1 

(75%) and DG-75 (93%) cell lines (Figure 282).

(IV) The effect of ethano-bridge substitution on anticancer effects was assessed by the use 

of different dienophiles during the Diels-Alder reaction. Utilising a range of different 

dienophiles and the ring opening reaction of the anhydride it was possible to introduce nitrile 

and ester groups on the ethano-bridge. The anthracene compound 7 was found to elicit activity 

of <20 % cells remaining in both BL cell lines at 10 pM but possessed minimal effects at the 

lower concentration, once again it was observed that all but two of these simpler Diel-Alder 

adducts (317, 322) possessed enhanced anti-proliferative aetivity superior to that of the parent 

anthracene compound (7). Compounds 317 and 322 still elicited a potent effect at the 1 pM 

concentration in both lines (-10%) and a poor effect at the lower concentration. It was noted 

however that this activity was still comparable to compound 7 and superior to the activity 

induced by Maprotiline in both cell lines (Figure 283).
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Figure 283: Preliminary screen for anti-proliferative activity of the (£)-ll,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro- 
9,10-ethanoanthracenes

Compound 317 was sjmthesised from an azide dienophile in order to directly compare the 

nitrogen-nitrogen bridge system in 317 to the carbon-carbon bridge in compound 288. 

Compound 288 proved to be more potent at the lower concentration in both BL lines than 317, 

indicating that the carbon-carbon bridged system was more favourable for the desired 

anticancer effect. The most promising compounds from this cohort were compounds 318, 320 

and 323, and these compounds gave good anti-proliferative effects at both concentration in 

both cell lines (<10% viable cells remaining). The addition of an acetate group to the nitrile 

ethano bridged system in 321 redueed the potency observed in compound 318 at 1 pM
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concentration in both lines (9% to 49% in the MUTU-I and from 20% to 48% in the DG-75) 

(Figure 283).

(V) To further explore the structure activity relationship of this series, a panel of 9-{{E)-2- 

nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-diones were

synthesised from the corresponding alkyl, benzyl and phenylmaleimides in order to determine 

the most potent Diels-Alder analogue. Phenyl substitution patterns were also varied by altering 

the substitution of the dienophiles used during the reaction.
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Figure 284: Preliminary screen for anti-proliferative activity of the 9-((£)-2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10- 
|3,4|epipyrraioanthracene-l 2,14-diones

In the MUTU-I cell line it was observed that all the analogues in the above grouping 

elicited a very potent anti-proliferative action at both the 10 pM and 1 pM concentrations 

leaving <5% viable cells. In the DG-75 cell line the most potent activity was produced by 

compounds 288 and 289, equating to <6% viable cells remaining at both concentrations. 

Compound 291 also produced a promising result at 1 pM concentrations leaving <14% viable. 

Reduced activity was detected when comparing the activities of compounds 289 (para-C\) and 

204 {meta-C\). The para chloro substitution is more favourable for anti-proliferative activity 

at 1 pM (<5%) in the DG-75 than its meta chloro substituted analogue (> 60%). In a study of
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para phenyl substitution of the 9-((£')-2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10- 

[3,4]epipyrroloanthracene-12,14-diones (288, 302, 289, 290, 204, 180,187), the unsubstituted 

compound 288 and para chloro compound 289 were found be more favourable for anticancer 

activity than the bromo (294), fluoro (292), amino (302), ketone (301) and methoxy (290) 

analogues at the 1 pM concentration in the DG-75 cell line (Figure 284).
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Figure 285: Preliminary screen for anti-proliferative activity of the (£)-l l,12-substiuted-9-(2-nitrovinyl)-9,10- 
dihy dro-9,1 0-ethanoanthracenes

(VI) With the exception of two compounds (311, 203) it was observed that all the analogues 

in the above grouping elicited a very potent anti-proliferative action in the MUTU-I cell line at 

both 10 pM and 1 pM concentrations leaving <5% viable cells. Similarly these two compounds 

(311, 203) were the least potent in the DG-75 cell line at 1 pM, however the activity of these 

compounds was still superior to that exhibited by Maprotiline over the same range. The benzyl 

substituted compound 311 was found to possess poor activity in both BL lines at the lower 

concentration leaving > 80% viable cells. Compounds 298 and 316 elicited good activity in the 

DG-75 cell line, with <5% viable cells remaining in the MUTU-I cell line at 10 pM and <20% 

at the 1 pM dosing (Figure 285). Surprisingly the dimer compound 287 was found to possess 

one of the most potent anti-proliferative activities in both BL lines at both concentrations 

leaving <5% viable cells.
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6.5.6 Summary of preliminary screen findings of the 9,10-dihydro-9,10- 
ethanoanthracenes

Compounds 270, 271 and 288 introduced a nitrovinyl unit at C-9 and as a result a potent 

anti-proliferative effect is observed in the MUTU-I cell line at both concentrations (<5%). The 

C-9 unsubstituted 9,10-dihydro-9,10-ethanoanthracenes analogues 331, 332 and 333 were 

shown to elicit reduced anticancer effects at both the 10 pM and 1 pM concentrations in the 

MUTU-I and DG-75 cell lines. The maleimide and phenylmaleimide adducts compounds 271 

and 288 were more potent than the maleic anhydride analogue (288) and possessed potent 

activity in the DG-75 cell line at the 10 pM and 1 pM concentrations (<2%).

The effect of variation of C-9 substitution on anti-proliferative effect was also studied. 

Compounds including aldehyde (334, 335, 336), alcohol (340, 341) and acid (337, 338, 339) 

functionalities were found to possess reduced anticancer effects at 10 pM and 1 pM in the 

MUTU-I and DG-75 cell lines (60-80%). A C-9 cyanovinyl substituent was introduced in the 

(£)-12,14-dioxo-9,10-[3,4]furanoanthracen-9(10H)-yl)acrylonitriles (342, 343, 344, 345, 346, 

347) these compounds were found to be less active that the corresponding potent nitrovinyl 

compounds (270, 271, 288) with 70-95% viable cells remaining in both BL cell lines. Further 

variations evaluated included nitroalkane (284, 285, 286), hydrazone (348, 349, 350) and 

oxime (351, 352) C-9 substitution. These compounds however elicited reduced anti­

proliferative activity in the MUTU-I cell line (>75%) and moderate DG-75 activity (~58-86%).

Replacement of the 9,10-dihydro-9,10-ethanoanthracene moiety with a triptycene 

moiety (324, 327) was found to be unfavourable for activity, decreasing activity induced in the 

DG-75 cell line at 1 pM (-40-85%) and a number of other C-9 functionalities were also found 

unfavourable such as alcohol (330), nitroalkane (328) and aldehyde (329) (>80% at 10 pM and 

1 pM in both cell lines). Inereased chain length at the C-2 position of the nitrovinyl unit to 

methyl and ethyl was also found to be unfavourable for anti-proliferative activity (>80%) and 

this trend can be seen in (324, 325, 326), (270, 271, 272), (276, 277, 278) and (288, 303, 304). 

In this series of ethanoanthraeenes a number of key requirements for antiproliferative activity 

were identified. The nitrovinyl pharmacophore was demonstrated to be eritical for 

antiproliferative effect, epipyrolo bridgeheads were also found to exert a more potent effect 

than simple ethano and furan based bridgeheads.
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6.5.7 In vitro anti-proliferative activity (ICsos) of the most potent Maprotiline analogues

In order to identify the most potent anti-proliferative agents in the MUTU-I cell line, 

IC50 values were determined for a number of the most active compounds from the 

ethanoanthracene series (section 6.5) (Table 44). These IC50 values combined with the data 

provided by the preliminary screen in the DG-75 BL cell line was used to select compounds 

for IC50 determination in the DG-75 cell line. These selected compounds would also be studied 

using Annexin V/PI for pro apoptotic effects in both the MUTU-I and DG-75 cell lines.

Compound IC50 (pM) Compound ICsofpM) Compound IC50 (pM)

# MUTU-I
24 h # MUTU-I

24 h # MUTU-I
24 h

Taxol 0.32 288 0.21 298 0.26
Maprotiline > 10 289 0.17 301 0.23

290 0.20 302 0.3
7 2.57 291 0.22 316 0.26

292 0.25 320 0.54
279 0.25 293 0.24 323 0.55
287 0.09 294 0.22 327 0.28

295 0.20
282 0.32 296 0.24 318 0.38

Table 44; IC50 values for most potent compounds in the MUTU-I cell line (24 h)

Compounds 288, 289, 290 and 291 were selected from the 9-((£')-2-nitrovinyl)-13-phenyl- 

9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione class, compound 318 from the {E)- 

1 l,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes and compounds 287 

and 279 as representatives of the 9-((£)-2-nitrovinyl)-9,10-dihydro-9,10- 

[3,4]epipyrroloanthracene-12,14-diones. The calculated Lipinski properties for these 

compounds and IC50 values for the BL cell lines MUTU-I and DG-75 are presented in Table 

45.

The IC50 values of all the selected compounds were not only more potent than the 

parental anthracene based compound 7 (MUTU-I; 2.57 pM, DG-75; 2.08 pM) and Maprotiline 

(MUTU-I > 10 pM, DG-75 > 10 pM) in both BL cell lines but also these compounds exerted 

a more potent effect than Taxol (MUTU-I; 0.32 pM, DG-75; 1.32 pM). These Maprotiline 

analogues gave IC50 values in the MUTU-I cell line ranging from 0.09 - 0.38 pM and IC50 

values ranging from 0.24 - 0.78 pM in the DG-75 cell line. Compound 287 was identified as 

the most potent analogue with an IC50 value of 0.09 pM in the MUTU-I cell line and an IC50 

of 0.24 pM in the DG-75 cell line. Lipinski rule of five properties were calculated for these
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compounds (Mcule property calculator vl 2015). These parameters were applied to the above 

compounds and the compounds 7, 279, 287, 288, 290 and 318 were found to satisfy all the 

Lipinski mle of five criteria indicating their potential as lead compounds for development.
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#
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24 h
DG-75 

48 h Mr logP nrotb nON nOHNH PSA (A^)

Taxol 0.32 1.32 853.9 7.38 15 15 4 221.29
Maprotiline > 10 > 10 277.4 4.602 4 1 1 12.03

7 2.57 2.08 249.3 4.763 2 3 0 45.82

2''9 0.25 0.78 380.8 3.31 2 6 1 91.99
ifn 0.09 0.24 774.8 7.143 11 12 0 166.4
288 0.21 0.71 422.4 4.616 3 6 0 83.2
289 0.17 0.45 456.9 5.269 3 6 0 83.2
290 0.20 0.56 452.5 4.625 4 7 0 92.43
291 0.22 0.59 456.9 4.96 3 6 0 83.2
318 0.38 0.69 302.3 4.275 2 4 0 69.61

C
HN-A

"nH NOj
I

Maprotiline (7) (2*
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19) (288) (289) (290) (291) (318)

Table 45: ICso (BL cell lines DG-75 & MUTU-I) & Lipinski properties of leading compounds Chapter 3 & Chapter 4
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6.5.8 Investigations into the pro-apoptotic effect - FITC Annexin V / PI FACS analysis

(I) In order to determine potential pro-apoptotic effects of the most potent maprotiline 

analogues, Annexin V / PI FACS analysis was carried out on a subset of compounds identified. 

Annexin V / PI FACS analysis is described in section 7, Chapter 6. The study was carried out 

over a concentration range (10-0.2 pM) in both the BL cell lines (DG-75 and MUTU-I). Taxol 

was used as a positive control.
MLTU-I cell line (24 h)MUTU-I cell Une (24 h) MUTU-I ceU line (24 h)

__
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pi ii
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Figure 286: Annexin V / PI FACS Maprotiline analogues MLTU-l cell line

Taxol was found to elicit a pro-apoptotic effect in the MUTU-I at both 10 pM (87%) 

and 1 pM (63%). Compound 7 was found to possess potent apoptotic activity at 10 pM (90%), 

however no activity was observed at 1 pM. Compound 288 was much more active than its 

parent compound 7 and was found to induce over 80% apoptosis at 10 pM, 1 pM and 0.5 pM, 

at 0.2 pM compound 288 induced 46% apoptosis (Figure 286).
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Figure 287: Annexin V / PI FACS Maprotiline analogues MUTU-I cell line
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(II) The ;?ara-chloro phenyl compound 289 induced a more potent effect than the 

unsubstituted compound 288. At all concentrations during this experiment in the MUTU-I cell 

line, compound 289 gave a response of >80% apoptosis. The /?ara-methoxy phenyl compound 

290 was found to induce over 90% apoptosis at 10 pM, 1 pM and 0.5 pM, at 0.2 pM compound 

290 induced 57% apoptosis. Similar activity was observed for C-10 chloro compound 291; at 

0.2 pM 63% apoptosis was recorded (Figure 287).
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Figure 288: Annexin V / PI FACS Maprotiline analogues MUTU-I cell line

Compounds 279 and 318 were also found to possess potent apoptotic activity at 10 pM, 1 pM 

and 0.5 uM of over 90% and at 0.2 pM 53% and 36% respectively. The most potent compound 

was the dimer compound 287, eliciting over 90% apoptosis at all four concentrations (Figure 

288). In summary compounds 287 and 289 not only possessed the most potent IC50 values but 

were found to induce the most favourable pro-apoptotic response in the MUTU-I cell line.

(Ill) In the chemoresistant DG-75 cell line, Taxol was found to elicit a pro-apoptotic effect 

at both 10 pM (73%) and 1 pM (21%). Compound 7 elicits similar effects at both 10 pM (82%) 

and 1 pM (10%). The unsubstituted Diels-Alder adduct compound 288 has a potent apoptotic 

effect at 10 pM (92%) but is inactive at all other concentrations (<5%) (Figure 289).
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Figure 289: Annexin V / PI FACS Maprotilinc analogues DC-75 cell line

(IV) The para chlorophenyl maleimide compound 289 and /?ara-methoxyphenyl maleimide 

compound 290 exhibits improved pro-apoptotic activity when compared to the unsubstituted 

compound 288 in the DG-75 cell line. Compound 289 and 290 induce 61% and 29% apoptosis 

at 1 pM respectively. The C-10 chloro compound 291 induced 44% apoptosis at 10 pM and a 

modest 15% at 1 pM (Figure 290).

DG-75 Cell line (48 h) DG-75 Cell line (48 h) DG-75 Celi line (48 h)

Concentration Concentration

Figure 290: Annexin V / PI FACS Maprotilinc analogues DG-75 cell line

The maleimide Diels-Alder adduct compound 279 was shown to induce 90% apoptosis at 10 

pM and 11% at 1 pM. Compound 318 also gave good activity at 10 pM of 87%. The leading 

compound in this experiment was compound 287 and this compound induced dose dependent
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apoptosis at all concentrations assayed: 10 pM (95%), 1 pM (46%), 0.5 pM (18%) and 0.2 pM 

(7%) (Figure 291) in the DG-75 cell line.
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Concentration Concentration Concentration

Figure 291: Annexin V / PI FACS Maprotiline analogues DG-75 cell line

Overall compounds 287 and 289 were shown to induce a superior potent pro-apoptotic response 

in both the MUTU-I and DG-75 BL cell lines than other selected compounds in this grouping 

and merit further study.
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6.5.9 Evaluation of in vitro cytotoxity via lactate dehydrogenase (LDH) assay

Compounds 289, 287 and 290 were found to elicit the most potent anti-proliferative 

and pro-apoptotic activity. In vitro cytotoxicity of these compounds was evaluated using the 

LDH assay, LDH is released during mechanisms of cell death associated with loss of cell 

membrane integrity (necrosis). It is important therefore to evaluate potential cytotoxicity of 

these test compounds. The MUTU-I and DG-75 BL cell lines were treated at 10 pM and 1 pM 

for the desired treatment period and the results are presented as percentage of total LDH release.

10 pM

MUTU-I (24 h)
loo­

se-

Q
“ 40-

DG-75 (48 h)

Compound (10 pM) Compound (10 pM)

1 pM

Compound (1 pM) Compound (I pM)

Figure 292: LDH assay Maprotiline analogues MUTU-I and DG-75 eell lines

In the MUTU-I cell line low levels of % LDH released were obtained (2-17%) at 10 pM and 

1 pM - indicating low cytotoxity. The lowest % LDH released was obtained by compound 

289 - 10 pM (2%) and 1 pM (5%). The compounds were low to moderate cytotoxic in the 

DG-75 cell line at 10 pM (25-41%) and 1 pM (27-30%). The lowest % LDH released was 

obtained by compound 290 - 10 pM (25%) and 1 pM (17%).
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6.5.10 Effect of compounds 289, 287 and 290 on the viability of PBMCs

The (£)-11,12-substiuted-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracenes

compounds 289, 287 and 290 were evaluated for their toxicity on PBMCs (peripheral blood 

mononuclear cells^ to determine if these potent compounds have a selective toxic effect on 

malignant BL cell lines over normal lymphatic cells. Compounds were evaluated at 1 pM and 

0.5 pM over a 24 h treatment time (Figure 293). This work was carried out by Dr. Sandra A. 

Bright in collaboration with the Williams Group, School of Biochemistry and Immunology, 

Trinity College Dublin.
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Figure 293: In vitro antiproliferative effect of compounds 289, 287 and 290 on PBMCs (24 h), MUTU-I cell line (24 h)

and DG-75 cell line (48 h) at 1 pM and 0.5 pM

Compounds 289, 287 and 290 elicited minimal toxicity in the PBMCs at 0.5 pM (~99% 

viable cells) and low toxicity activity at 1 pM (72-81% viable cells) (Figure 293). In 

comparison compounds 289, 287 and 290 induced a potent anti-proliferative effect in the 

MUTU-I at 1 pM and 0.5 pM (2-7% viable cells remaining). Compounds 289, 287 and 290 

also induced a potent anti-proliferative effect in the DG-75 at 1 pM (6-28%) and 0.5 pM (18- 

57%). Comparing the results obtained from the BL cell lines and the PBMCs, the results 

suggest compounds 289, 287 and 290 exert a selectively toxic effect on BL cell lines.
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6.5.11 Investigation into the role of reactive oxygen species in cell death induced by 
compounds 289, 287 and 290

100n

DG-75 Cell Une (48 h)

JC' ^

Compound # (Treatment Concentration) ± NAC (5 mM)

Figure 294: Investigation into the role of reactive oxygen species in cell death induced by compounds 289, 287 and
290

A preliminary experiment to determine if reactive oxygen species play a role in the 

mechanism of cell death induced by compounds 289, 287 and 290 was accomplished. Using 

the DG-75 cell line, cells were pre-treated for 1 h with NAC and subsequently treated with the 

desired compound and viability was monitored using the alamarBlue® dye. From the results 

obtained it is evident that in the presence of the reactive oxygen species inhibitor NAC - the 

anti-proliferative effects of compounds 289, 287 and 290 at 1 pM was reduced. Overall the 

anti-proliferative effects previously observed by compounds 289, 287 and 290 dropped from 

6-23% viable cells to 73-83% viable cells in the presence of 5 mM NAC. Thus indicating that 

ROS may be involved in the mechanism of cell death.
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6.5.12 Conclusions

Nitrostyrenes and nitrovinyl containing compounds are known to induce anti-cancer 

effects and stimulate an apoptotic response in a range of cancer cell lines''^’ In this

thesis over 300 compounds were synthesised and evaluated in a preliminary screen for potential 

anti-proliferative activity in the MUTU-I and DG-75 BL cell lines. A number of structural 

features favourable for anti-proliferative activity were identified from the study and the 

preservation of the nitrovinyl unit was recognised as critical for pro-apoptotic and anti­

proliferative activity.

A series of 134 nitrostyrene analogues and related structures were first evaluated for 

potential anti-proliferative activity in the MUTU-I and DG-75 BL cell lines. Structural 

modifications of the nitrostyrenes evaluated included variations in aryl ring substitution, alkyl 

chain length at C-2 of the vinyl unit and the inclusion of alternative aryl heterocycles. The 

preliminary screen identified that the (£')-(2-nitrovinyl)benzenes possessing aryl C-3 halogen 

or hydroxy and C-2 alkoxy substitutions were favourable for promoting an anti-proliferative 

and pro-apoptotic response in BL cell lines. Reduction of the nitrovinyl unit was detrimental 

to anticancer activity and a number of alternative vinyl and heterocyclic units were also 

evaluated for anti-proliferative activity including cyanovinyl, epoxide, chalcone, hydrazone 

and triazole derivatives. However these latter compounds were found to elicit a poor anti­

proliferative effect. This structure activity study is presented in section 6.2.11 and is 

summarised below in Figure 295.
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Figure 295: Summarised SAR for the (£)-(2-nitrovinyl)benzenes
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The study identified a number of compounds with anti-proliferative activity and pro- 

apoptotic activities in the BL cell lines exceeding that of the previous lead compound 85 {(E)- 

4,4'-(2-nitroprop-l-ene-l,3-diyl)bis(chlorobenzene)). The lead compound identified in this 

study was compound 66 ((£)-4-bromo-l-methoxy-2-(2-nitrobut-l-en-l-yl)benzene). 

Compound 66 was shown to elicit anti-proliferative activity in the BL cell lines (MUTU-I (IC50 

= 0.45 pM) and DG-75 (IC50 = 1.26 pM)). The compounds also exhibited anticancer properties 

in a range of other malignant cell lines at 10 pM and 1 pM including HeLa (ovarian), MCF-7 

(breast), HL60 (leukaemia), Ramos (BL) and Bjab (BL). Compound 66 was shown to ellicit a 

pro-apoptotic effect at 10 pM in both the DG-75 and MUTU-I cell lines (>80%). Compound 

66 was also shown to induce potent pro-apoptotic and anti-proliferative effects in CLL cell 

lines (Cll, HG3,183 and PGAl) and CLL ex vivo samples. This activity was superior to that of 

the current frontline CLL treatment - Fludarabine. Inhibitor studies carried out in the PGAl 

and HG3 cell lines have indicated that caspases and ROS are involved in this apoptotic 

mechanism of cell death. The present work has demonstrated the selectively toxic effect of 

compound 66 towards the MUTU-I and DG-75 cell lines over PBMCs.

The nitro-2-phenyl-2//-chromenes were selected as the most potent heterocyclic 

compounds included a constrained nitrostyrene pharmacophore. These compounds were found 

to exert a potent pro-apoptotic and anti-proliferative effect comparable to the previous lead 

compound 85. Comparing the heterocyclic structures evaluated, it was concluded that 

compounds inducing a constrained irons (E) configuration on (2-nitrovinyl)benzene 

(nitrostyrene) and l,3-bis(aryl)-2-nitro-l-propene scaffolds were more potent anticancer 

agents than compounds inducing a cis (Z) configuration (Figure 296). This structure activity 

study is summarised in section 6.3.3. The lead compound identified in this study was the C-7 

methoxy compound 145 (7-methoxy-3-nitro-2-phenyl-2H-chromene), compound 145 was 

shown to elicit anti-proliferative activity in the BL cell lines (MUTU-I (IC50 0.49 pM) and DG- 

75 (IC50 2.51 pM)). Compound 145 was shown to elicit a pro-apoptotic effect comparable to 

Taxol at 10 pM in both the DG-75 and MUTU-I cell lines (>80%). This improved upon the 

activity of the previous lead compound 85 in the BL cell lines (MUTU-I (IC50 = 2.82 pM) and 

DG-75 (IC50 = 6.03 pM)) indicating that the nitro-2-phenyl-2//-chromenes may provide a new 

potential lead structure for the treatment of BL.
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Figure 296: Summarised SAR for the heterocyclic compounds containing a constrained nitrostyrene pharmacophore

As an extension of this work, a series of 52 anthracene based maprotiline analogues 

was evaluated at 10 pM and 1 juM for anti-proliferative activity in the MUTU-I and DG-75 BL 

cell lines. A number of anthracenes containing the C-9 and C-10 substituents were evaluated 

for their anticancer effects; these included cyanovinyl, hydrazone, nitrovinyl, triazole, 

nitroalkane, nitrone, halogen and hydroxyl. The (£)-9-(2-nitrovinyl)anthracene pharmacophore 

(7) was identified as a potent anti-proliferative agent and subsequent study of this 

pharmacophore yielded a number of conclusions. Reduction of the nitrovinyl unit and 

extension of chain length at C-9 were unfavourable for antiproliferative action. Extensions of 

alkyl chain length at C-2 were also unfavourable, in contrast to the series of nitrostyrenes 

previously examined. The effect of anthracene substitution patterns of the (£)-9-(2- 

nitrovinyl)anthracenes on anti-proliferative activity were also investigated. Halogen 

substitution at C-10 was found to be unfavourable; however all other C-10 alkyl, phenyl and 

alkoxy substitutions were found to elicit similar activity to the previous lead compound 7. This 

structure activity study is summarised in section 6.4.5.

Figure 297: Summarised SAR for the 9-substituted anthracene maprotiline analogues

The lead compound from this study was identified as compound 7, eliciting a 
anti-proliferative and pro-apoptotic effect in the MUTU-I (IC50 = 2.57 pM) and DG-75 cell
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lines (IC50 = 2.08 juM). This activity compared favourably to that induced by maprotiline in the 

MUTU-I and DG-75 cell lines (IC50 >10 pM). Compound 7 was found to elicit a potent pro- 

apoptotic effect at 10 pM in both BL cell lines (>90%) that was comparable to Taxol at the 

same concentration (>90%), however no activity was observed at 1 pM in both BL cell lines. 

Taxol was found to elicit -60% apoptosis in the MUTU-I cell line at 1 pM and -20% in the 

DG-75 cell line.

A series of 83 9,10-dihydro-9,10-ethanoanthracene based maprotiline 

analogues were evaluated at 10 pM and 1 pM for potential anti-proliferative activity in the 

MUTU-I and DG-75 BL cell lines. The effects of the inclusion of a number of C-9 9,10- 

dihydro-9,10-ethanoanthracene substitutions on anti-proliferative activity were discussed 

including alcohol, aldehyde, acid, hydrazone, nitrovinyl, nitroalkane and cyanovinyl (Figure 

298). The most promising 9, lO-dihydro-9,10-ethanoanthracene based maprotiline analogues 

were identified and these included a nitrovinyl substituent at C-9. The effect of a number of 

9, lO-dihydro-9,10-ethanoanthracene structural modifications on activity was also investigated; 

these modifications included but were not limited to ethano bridge modifications, phenyl 

substitutions, maleimide substitutions and extension of alkyl chain length at C-2 of the 

nitrovinyl unit.

Figure 298; Summarised SAR for the 9,10-dihydro-9,10-ethanoanthracene based maprotiline analogues

The preliminary screen of the 9,10-dihydro-9,10-ethanoanthracenes identified 

compounds 289 and 287 as the lead compounds of this study. Compound 289 elicited potent 

anti-9roliferative activity in the BL cell lines (MUTU-I (IC50 = 0.17 pM) and DG-75 (IC50 =
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0.45 |iM)). The dimer compound 287 was also a potent anticancer agent inducing good 

activities in both BL lines (MUTU-I (IC50 = 0.09 pM) & DG-75 (IC50 = 0.24 pM)). These 

compounds were shown to induce a pro-apoptotic effect of >80% at 0.2 pM in the MUTU-I 

cell line and 50-60% apoptosis at 1 pM in the DG-75 cell line. An LDH assay was used to 

demonstrate extremely low cytotoxicity towards the MUTU-I cell line and moderate 

cytotoxicity in the DG-75 cell line. The present work has also demonstrated the selectively 

toxic effect of compounds 287 and 289 towards the MUTU-I and DG-75 cell lines over PBMCs 

at 1 pM and 0.5 pM. In the presence of a ROS inhibitor the anti-proliferative effect of these 

compounds dramatically decreased indicating that ROS may be involved in the mechanism of 

cell death. Further study may be required to identify a possible molecular target for these 

compounds.
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Chapter 7. Conclusion
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7.0 Conclusion

Burkitt’s lymphoma is a rare, aggressive malignancy with high incidence in children in 

the developing areas such as equatorial Africa. Treatment of this condition in these regions is 

inadequate and the development of new, safe, effective and economical therapeutics are of 

current interest. Previous work in our laboratory identified a series of (£')-l,3-bis(aryl)-2-nitro-

1- propenes related to the amphetamines with potent anticancer activity in BL cell lines^’ ^o? 

The nitrostyrene and related nitrovinyl compounds are a biologically active class of compounds 

reported to induce anti-cancer effects and stimulate an apoptotic response in a range of cancer 

cell lines'"'^. This study reports the synthesis, characterisation and biochemical evaluation of a 

number of nitrostyrene and related nitrovinyl compounds in the BL MUTU-I and DG-75 cell 

lines. A diverse library of compounds related in structure to the previous lead (£^-l,3-bis(aryl)-

2- nitro-1-propene scaffold and the tetracyclic antidepressant maprotiline were synthesised and 

initially evaluated for anti-proliferative effect in Burkitt’s lymphoma (BL) cell lines. These 

compounds were structurally arranged into the four groupings; (a) Nitrostyrenes and related 

structures, (b) Heterocycles containing the nitrovinyl pharmacophore, (c) Anthracene based 

maprotiline analogues and (d) Ethanoanthracene based maprotiline analogues

(A) Nitrostyrenes: A library of 134 nitrostyrene compounds structurally related to the (£’)-l,3- 

bis(aryl)-2-nitro-l-propene scaffold was prepared, isolated and characterised. The Henry- 

Knoevenagel condensation reaction was utilised to synthesise a comprehensive library of 

structurally diverse nitrostyrene derivatives. A number of structural modifications of the 

nitrostyrene scaffold were also achieved including triazole formation, epoxidation, reduction, 

oxidations, Michael additions and Morita-Baylis-Hillman reactions (Figure 299), to investigate 

potential SARs for the series.
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Figure 299: Optimal SAR for the (£)-(2-nitrovinyl)benzenes
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A number of nitrostyrenes were initially identified as potent anti-proliferative agents in 

a comprehensive screen in the BL cell lines MUTU-I and DG-75. The optimal structure activity 

relationship (SAR) was identified for the series and this is summarised in Figure 299. Optimum 

anti-proliferative activity was achieved with extended chain length at C-2 of the nitrovinyl unit, 

C-1 phenyl substitution of the vinyl unit with ortho alkoxy and meta halogen or hydroxy 

substitutions. The lead compound (66) containing 5-bromo-2-methoxy aryl substitution and 

ethyl C-2 vinyl substitution, not only displayed good anti-proliferative activity in the MUTU- 

I and DG-75 cell lines, but also exhibited potent effects in CII, PGAl, HG3, HL60, MCF-7, 

Bjab, Ramos and HeLa cell lines (Table 46).

Compounds were shown to elicit a less toxic effect on PBMCs than to the BL cell lines. 

Further investigations determined that these nitrostyrenes elicited a pro-apoptotic effect in both 

the BL lines (MUTU-I and DG-75), ex vivo CLL samples and CLL (PGAl and HG3) cell lines. 

Additional inhibitor investigations in the PGAl and HG3 cell lines demonstrated that in the 

presence of NAC and a caspase inhibitor, the percentage of total apoptosis was greatly reduced 

and it was concluded that ROS and caspases may be involved in the mechanism of cell death.

?
Compound 66: summary physiochemical properties

Lipinski Properties
Mr logP nrotb nON nOHNH PSA (k^)

286.1 4.009 4 4 0 55.05
Malignant cell line ICso (pM

MUTU-I 
(24 h)

DG- 75 
(48 h)

CII 
(48 h)

HG3 
(48 h)

183 
(48 h)

PGAl 
(48 h)

0.45 1.26 3.46 3.08 4.13 2.17
Malignant cell line (% viable cells remaining at 10 pM)

Ramos 
(24 h)

Bjab 
(24 h)

HL60 
(24 h)

MCF-7 
(72 h)

HeLa 
(24 h)

2.6 42.2 3.7 11.3 19.7
% Total Apoptosis (10 pM)
MUTU-I 

(24 h)
DG- 75 
(48 h)

HG3 
(48 h)

PGAl 
(48 h)

CLL ex vivo 
(48 h)

89.1 79.6 94.7 88.1 92.3
Table 46: Compound 66: summary physiochemical properties
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(B) Heterocyclic compounds: A series of heterocycles incorporating the (£’)-l,3-bis(aryl)-2- 

nitro-1-propene and nitrostyrene pharmacophores were next prepared, isolated and 

characterised (including 3-nitro-2-phenyl-2//-chromenes, 3-nitro-l,2-dihydroquinolines, 3- 

nitroquinolin-2(l//)-one, 3-nitro-2-phenylchromen-4-ones, 4-nitro-3,5-diphenylisoxazole, 3- 

nitrochalcones, 3-nitro-2-phenyl-l//-indole and 3-nitro-2,4-diphenyl-2,5-

dihydrobenzo[b][l,4]thiazepine). These heterocycles induced a more constrained 

configuration on the (£)-l,3-bis(aryl)-2-nitro-l-propene scaffold previously shown to exhibit 

anti-proliferative activity. A Baylis-Hillman tandem Michael reaction was identified for the 

preparation of the 3-nitro-2-phenyl-2/f-chromenes and 3-nitro-l,2-dihydroquinolines. 

Nitration of flavones, isoxazole and phenylindole provided other nitrated adducts (Figure 30)

Figure 300: Optimal SAR for the heterocyclic compounds containing a constrained nitrostyrene pharmacophore

The 3-nitro-2-phenyl-2//-chromenes were identified as good anti-proliferative agents 

in the BL cell lines MUTU-I and DG-75. The 3-nitro-2-phenyl-2//-chromenes in contrast to 

other heterocyclic compounds in this study displayed a trans {E) configuration on the 1,3- 

bis(aryl)-2-nitro-1-propene pharmacophore and this feature has therefore been identified as 

favourable for anti-proliferative activity. The lead compound (145) not only displayed good 

anti-proliferative activity in the MUTU-I and DG-75 cell lines but also induced a potent pro- 

apoptotic response in these cell lines. (Table 47).

Compound 145: summary physiochemical properties
Lipinski Properties

Mr logP nrotb nON nOHNH PSA (k^)
283.3 3.969 3 5 0 64.28

Malignant cell line ICso (pM) % Total Apoptosis (10 pM)

MUTU-I 
(24 h)

DG- 75 
(48 h)

MUTU-I 
(24 h)

DG- 75 
(48 h)

0.49 2.51 93.2 76.7
Table 47: Compound 145: summary physiochemical properties
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(C) Anthracenes: The antidepressant ethanoanthracene maprotiline and compound 7 ((£)-9- 

(2-nitrovinyl)anthracene) have in our work been previously shown to induce programmed cell 

death (apoptosis) in the BL cell lines MUTU-I and DG-75^'^. In the present work maprotiline 

elicited IC50 values of >10 pM in both the MUTU-I and DG-75 cell lines. A series of anthracene 

compounds based on maprotiline were synthesised for evaluation and also as intermediates in 

the preparation of the 9,10-dihydro-9,10-ethanoanthracene based maprotiline analogues. 

Preliminary biochemical evaluation was carried out on these anthracenes in order to identify 

the optimum anti-proliferative diene system for use in the Diels-Alder cycloaddition. The C-9 

substitution of these anthracene compounds was varied extensively and functionalities such as 

alcohol, hydrazone, cyanovinyl, nitroalkane, nitrovinyl, oxime, amine, amide, nitrone and 

chlorides were installed. The optimal structure-activity relationship (SAR) was identified for 

the anthracene series and this is summarised in Figure 301. The unsubstituted nitrovinyl unit 

and the anthracene moieties were identified as key structural features for activity in the BL cell 

lines, although considerable variation in aryl substitution was achieved without loss of activity.

Figure 301: Optimal SAR for the 9-substituted anthracene maprotiline analogues

The study identified a family of (£’)-9-(2-nitrovinyl)anthracenes exhibiting good anti­

proliferative and pro-apoptotic effect in the BL cell lines MUTU-I and DG-75. Compound 7 

was selected as one of the most potent representatives of this series for biochemical evaluation 

(Table 48).

NO,

Compound 7: summary physiochemical properties
Lipinski Properties

Mr logP nrotb nON nOHNH PSA (A^)
249.3 4.763 2 3 0 45.82

Malignant cell line ICso (fiM) I % Total Apoptosis (10 pM)

MUTU-I 
(24 h)
2.57

DG- 75 
(48 h)

MUTU-I 
(24 h)

2.08 90.6

DG- 75 
(48 h)
82.4

Table 48: Compound 7: summary physiochemical properties
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(D) Ethanoanthracenes: In order to synthesise the required 9,10-dihydro-9,10- 

ethanoanthraeene based maprotiline analogues a varied panel of dienophiles was assembled 

and utilised to prepare a library of over 80 examples of 9,10-dihydro-9,10-ethanoanthracenes 

using the Diels-Alder cycloaddition chemistry. These 9,10-dihydro-9,10-ethanoanthracenes 

included a number of structural modifications of the ethano bridgehead together with phenyl 

substitutions. A number of C-9 functionalities were successfully included into the 9,10- 

dihydro-9,10-ethanoanthracene structure such as hydrazone, alcohol, acid, nitrovinyl, 

nitroalkane and cyanovinyl (Figure 302). Preliminary MOE overlays were utilised to design 

the target stmctures and compare structural similarities with maprotiline. A number of X-ray 

crystal stmctures were then obtained and analysis of the asymmetric unit confirmed the 

stmctural similarities of maprotiline and 12 of the synthesised 9,10-dihydro-9,10- 

ethanoanthracenes in the present work.

Figure 302: Optimal SAR for the 9,10-dihydro-9,10-ethanoanthracene based maprotiline analogues

The optimal features for stmcture-activity relationship (SAR) were identified for the 

anthracene series and are summarised in Figure 302. Preliminary biological evaluation 

identified compounds 287 and 289 as the leading compounds for anti-proliferative activity in 

the BL cell lines MUTU-I and DG-75 (Table 49 and Table 50). Further biological 

investigations demonstrated the potent pro-apoptotic effect induced by these 9,10-dihydro- 

9,10-ethanoanthracene based compounds in the MUTU-I and DG-75 cell lines. The anti­

proliferative effects induced by these compounds was found to be selective to BL cell lines as 

they had minimal effect on the viability of PBMCs. LDH assays have shown that the 

compounds are minimally cytotoxic to the MUTU-I cell line and moderately toxic to the DG-
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75 cell line. The novel dimeric compound 289 was found to possess favourable characteristics 

for oral druggability, however logP was slightly >5 (Mcule VI 2015). However compound 287 

broke three of the Lipinski criteria for oral druggability with Mr >500, logP >5 (5.269) and 

nON >10. Additional inhibitor investigations in the DG-75 cell line demonstrated that in the 

presence of NAC (a ROS inhibitor), the antiproliferative effects of compounds 287 and 289 

was greatly reduced and it was concluded that ROS may play a role in the mechanism of cell 

death.

Compound 289: summary physiochemical properties
Lipinski Properties

Mr logP 1 nrotb nON nOHNH PSA (k^)
456.9 5.269 3 6 0 83.2
Malignant cell line ICso (pM) % Total Apoptosis (10 pM)

MUTU-J 
(24 h)

DG- 75 1 MUTU-I
(48 h) (24 h)

DG- 75 
(48 h)

0.17 0.45 1 97.2 89.6
Table 49: Compound 289: summary physiochemical properties
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Compound 287: summary physiochemical properties
Lipinski Properties

Mr logP nrotb nON nOHNH PSA (k^)
774.8 7.143 11 12 0 166.4
Malignant cell line IC50 (pM) % Total Apoptosis (10 pM)

MUTU-I 
(24 h)

DG- 75 
(48 h)

MUTU-I 
(24 h)

DG- 75 
(48 h)

0.09 0.24 95.7 96.5

Table 50: Compound 287: summary physiochemical properties

Previous work within our laboratory has shown that the (£)-l,3-bis(aryl)-2-nitro-l- 

propene based nitrostyrene compounds have a low SERT binding activity^. Nitrostyrenes are 

known to interact with a number of molecular targets such as tubulin'^, telomeres’"’ and 

protein tyrosine phosphates (PTP)‘’°. Additional biological studies such as tubulin binding, 

PTP inhibition and telomerase inhibition are required to evaluate activity at these molecular 

targets in order to elucidate a possible molecular target for the compounds of the present study 

and to fully exploit this excellent pharmacophore. Future biochemical studies would also
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include a global screen e.g. microarray and / or kinase screen to identify the key molecular 

targets of these novel compounds. Although specific references to toxicity of the vinyl nitro 

pharmacophore are not available, future work to identify, synthesise and biologically evaluate 

bioisosteres'**’* (such as carbocycles, carboxylic acids, sulphonate and nitrogen eontaining 

heteroeycles) for the nitrovinyl unit of the compounds reported in this study is of current 

interest.

Future synthetic objectives and possible structure activity relationship studies for 

further optimisations of the lead nitrostyrene eompound 66 are outlined in Figure 303.

Modification of C-2 substitution
Carboxylic acids 
Sulphanones 
Carbocycle 
Nitrogen heterocycle 

Modification of C-5 substituent
Suzuki (Arylation)
Heck (Alkcne / Alkyne)
Halogens (Br, Cl, F)
Amination

^ NO2

Modification of alkvi chain
Increased chain length

Modification of C-2 substituent
Variation of alkoxy chain 
Variation of heteroatom

Figure 303: Future synthetic modification of the nitrostyrene lead compound (66)

The incorporation of the favourable 9,10-dihydro-9,10-ethanoanthracene scaffold into 

a 3-nitro-2-anthracene-2//-chromene type structure is also feasible. The proposed synthetic 

route ineludes Diels-Alder cycloaddition of a maleimide based dienophile and the anthracene 

diene structure (Figure 304).

o

Figure 304: F'uture synthetic modification of the 3-nitro-2-anthracene-2/f-chromene lead compound

Based on the potency of the anthracene lead compound 7, the synthesis of nitrovinyl 

analogues of other TCAs sueh as imipramine and amitriptyline is also planned, through Henry- 

Knoevenagel condensations of the corresponding aldehydes (Figure 305).
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(7)

Figure 305: Future synthetic targets - TCA analogues

In order to exploit the potential of the potent ethanoanthracene compounds discovered 

in this work, further modification of the ethano bridgehead of the 9,10-dihydro-9,10- 

ethanoanthracenes is possible through the use of a number of diverse dienophiles in the Diels- 

Alder cycloadditions such as benzoquinone, nitrostyrene, ethylene, citraconic anhydride and 

acrylic acid (Figure 306).

Modification of maleimide substituent
’ Alkyl maleimides
• Aryl maleimides
• Dimeric products

Modification of C-2 vinyl substitution
Carboxylic acid 
Sulphonate 
Carbocycle 
Nitrogen heterocycle

• di
O citrai

■Modification of ethano bridgehead
Saponification of anhydride 
dienophiles: acrylic acid, ethylene, 

citraconic anhydride

Modification of C-10 substitution
C-IO substitution (Heck coupling)

0,!\

Figure 306: Future synthetic objectives for modification of the 9,10-dihydro-9,10-ethanoanthracene lead compound
(289)

In summary a diverse library of nitrostyrenes, heterocyclic derivatives, 9-substituted 

anthracenes and 9,10-dihydro-9,10-ethanoanthracenes were designed, synthesised and 

identified as novel anti-proliferative agents in the BL cell lines MUTU-I and DG-75. Selected 

compounds elicit a potent anti-proliferative and pro-apoptotic effect towards a range of 

malignant cell lines and have shown superior proapoptotic activity when compared with the 

control drugs fludarabine and taxol in Burkitt’s lymphoma and CLL. The leading nitrostyrene 

and 9,10-dihydro-9,10-ethanoanthracene based compounds were shown to elicit selective 

toxicity towards BL over PBMCs and subsequently have potential for preclinical development 

as potential drug candidates for the treatment of Burkitt’s lymphoma and related B-cell 

malignancies such as CLL.
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Experimental
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Experimental note

Uncorrected melting points were measured on a Gallenkamp apparatus. Infra-red (IR) spectra 

were recorded on a Perkin Elmer FT-IR Paragon 1000 spectrometer. 'H, ’^C and '^F nuclear 

magnetic resonance spectra (NMR) were reeorded at 27 °C on a Brucker DPX 400 spectrometer 

(400.13 MHz, 'H; 100.61 MHz, '^C; 376.47 MHz, '^F) in either CDCb (internal standard 

tetramethylsilane (TMS)) or CD3OD or DMSO-t/fi. For CDCI3, 'H-NMR spectra were assigned 

relative to the TMS peak at 0.00 ppm and '^C-NMR spectra were assigned relative to the middle 

CDCI3 peak at 77.0 ppm. For CD3OD, 'H and '^C-NMR spectra were assigned relative to the 

center peaks of the CD3OD multiplets at 3.30 ppm and 49.00 ppm respectively. Coupling 

constants are reported in Hertz. For 'H-NMR assignments, chemical shifts are reported: shift 

value (number of protons, description of absorption, coupling constant(s) where applicable). 

Electrospray ionisation mass spectrometry (ESI-MS) was performed in the positive ion mode 

on a liquid chromatography time-of-flight mass spectrometer (Micromass LCT, Waters Ltd., 

Manehestcr, UK). The samples were introduced to the ion source by an EC system (Waters 

Alliance 2795, Waters Corporation, USA) in acetonitrileiwater (60:40 %v/v) at 200 pL/min. 

The capillary voltage of the mass spectrometer was at 3kV. The sample cone (de-clustering) 

voltage was set at 40V. For exact mass determination, the instrument was externally calibrated 

for the mass range m/z 100 to m/z 1000. A lock (reference) mass (rn/z 556.2771) was used. 

Mass measurement accuracies of <±5 ppm were obtained. Rf values are quoted for thin layer 

chromatography on silica gel Merck F-254 plates, unless otherwise stated. Flash column 

chromatography was carried out on Merck Kieselgel 60 (particle size 0.040-0.063mm), Aldrich 

aluminium oxide (activated, neutral, Brockmarm I, 50 mesh) or Aldrich aluminium oxide 

(activated, acidic, Brockmarm I, 50 mesh). Microwave experiments were carried out using the 

Discover CEM microwave synthesiser on standard power setting if otherwise stated. On 

standard power setting, the maximum power supplied is 300 watts.

X-ray erystallography data was collected using a Rigaku Saturn 724 and Bruker APEX 

DUO diffractometer at 90(2) and 100(2)K using Mo Ka and Cu Ka wavelength radiation (k = 

0.71073 and 1.54178 A) respectively. Data was collected using CrystalClear and APEX2 

software. Absorption corrections were performed using REQAB and SADABS respectively. 

Space group determinations, structure solutions and refinements were performed with Bruker 

SHELXTL and APEX2 software. All non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were assigned to calculated positions using a riding model with appropriately 

fixed isotropic thermal parameters.
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8.1 General procedure for preparation of (£)-(2-nitrovinyl)benzene (1 - 34, 71 - 74)

To a solution of the appropriate benzaldehyde (3.6 mmol) in 4 mL glacial acetic acid was added 
nitromethane (7.2 mmol, 0.5 mL) followed by cyclohexylamine (3.6 mmol, 0.4 mL). The 
reaction mixture was heated under microwave irradiation at 120 “C for 30 min. After cooling, 
water (10 mL) was added to the reaction and it was allowed to stand. The precipitated 
nitroethene was isolated by filtration. The filtrate was further diluted with water (20 mL) and 
extracted with dichloromethane (3x10 mL). The organic phases were combined and washed 
with saturated aqueous NaHC03 (3x10 mL). The solution was dried over anhydrous Na2S04, 
filtered and all solvent removed in vacuo, to give an oil which was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexanes). The chromatographed and 
precipitated nitroethene fractions were combined and recrystallised from ethanol.

(£)-l-(4-Chlorophenyl)-2-nitroethene (1)

(£)-l-(4-Chlorophenyl)-2-nitroethene was prepared from 4-chlorobenzaldehyde (3.6 mmol, 
0.5 g) according to general procedure 8.1. The product was purified by flash column 
chromatography over silica gel (eluent: 4:1 dichloromethane: hexane) and recrystallised from 
ethanol.
Yellow crystals 547 mg (83%)
Melting Point: 113-115 “C (lit. M.p. 112-112.5 °C^°^)
IRFmav(KBr): 3043 (CH), 1631 (C-C), 1520, 1341 (NO2), 811 (C-Cl) cm '
'H NMR (400 MHz, CDCb) 6 7.46 (d, 2 H, J= 8.5 Hz, H2VH6’), 7.53 (d, 2 H, J= 8.5 Hz, 
H37H5’), 7.59 (d, 1 H,J= 13.6 Hz, HI), 7.98 (d, 1 H,J= 13.6 Hz, H2)
'-^C NMR (CDCb) ppm 128.1 (C4’), 129.4, 129.9, 137.0 (C3VC5’), 137.3 (Cl), 137.9 (C2) 
HRMS (APCI) calculated for C8H6Cf^N02 [M"^] 183.0087: found 183.0083. Mass accuracy 
(-2.19 ppm).

(£)-4-(2-Nitrovinyl)phenol (2)

(£)-4-(2-Nitrovinyl)phenol was prepared from 4-hydroxybenzaldehyde (3.6 mmol, 0.440 g) 
according to general procedure 8.1. The product was purified by flash column chromatography 
over silica gel (eluent: dichloromethane) and recrystallised from methanol / H2O (1:1).
Orange crystals 238 mg (40%)
Melting Point: 165°C (lit. M.p. 167-168 °C'^^)
IRFmax(ATR): 3349 (OH), 3106 (CH), 1599 (C=C), 1515, 1337 (NO2) cm '
'H NMR (400 MHz, CDCb) 6 5.52 (br.s., 1 H, -OH), 6.92 (d, 2 H, J= 8.52 Hz, 2x ArH), 7.59 
(d, 2 H, J= 8.52 Hz, 2 x ArH), 7.54 (d, 1 H, J= 13.5 Hz, =CH), 7.99 (d, 1 H, J= 13.5 Hz, 
=CH)
i^C NMR (CDCb) ppm 116.0 (2C), 122.4, 131.0 (2C), 134.7, 138.5 (C2), 158.7 (C4’) 
HRMS (APCI) calculated for C8H7NO3 [M^+H] 165.0426: found 165.0418. Mass accuracy (- 
4.85 ppm).

(£)-2-(2-Nitrovinyl)naphthalene (3)

(£)-2-(2-Nitrovinyl)naphthalene was prepared from 2-naphthaldehyde (3.6 mmol, 0.562 g) 
according to general procedure 8.1. and recrystallised from ethanol.
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Yellow crystals 540 mg (75%)
Melting Point: 121-122 “C (lit. M.p. 122
IRjw(KBr): 3428 (CH), 1631 (C=C), 1506, 1334 (NO2) cm''
’H NMR (400 MHz, CDCb) 6 7.56-7.66 (m, 3 H, 3 x ArH), 7.72 (d, 1 H, J = 13.4 Hz, =CH), 
7.86-7.95 (m, 3 H, 3 X ArH), 8.04 (s, 1 H, 1 x ArH), 8.18 (d, 1 H,J= 13.4 Hz, =CH)

NMR (CDCb) ppm 122.9 (CH), 126.9 (CH), 127.1, 127.5 (CH), 128.0 (CH), 128.4 (CH), 
128.9 (CH), 131.9 (CH), 132.7, 134.5, 136.7 (CH), 138.8 (C2)
HRMS (APCI) calculated for C12H10NO2 [M"+H] 200.0712: found 200.0701. Mass accuracy 
(4.99 ppm).

(£)-l-Fluoro-4-(2-nitrovinyl)benzene (4)

(£^-l-Fluoro-4-(2-nitrovinyl)benzene was prepared from 4-fluorobenzaldehyde (3.6 mmol, 
0.459 g) according to general procedure 8.1. and recrystallised from ethanol.
Yellow crystals 471 mg (78%)
Melting Point: 99-100 °C (lit. M.p. 100-101 °C‘*'')
IRv„a;,(KBr): 3113 (CH), 1637 (C=C), 1513, 1346 (NO2) cm''
'H NMR (400 MHz, CDCb) 6 7.12-7.20 (m, 2 H, 2 x ArH), 7.54-7.62 (m, 3 H, 2 x ArH & 1 
X =CH), 7.99 (d, 1 H, J= 13.6 Hz, =CH)
'^C NMR ppm (CDCb) ppm 116.2, 116.4, 125.9, 130.8, 136.4, 137.5 (C2), 163.2 (C4’), 
165.7 (C4’)
HRMS (ESI) calculated for C8H7FNO2 [M"+H] 168.0461: found 168.0461. Mass accuracy (0 
ppm).

1,4-Bis((£)-2-nitrovinyl)benzene (5)

1,4-Bis((£)-2-nitrovinyl)benzene was prepared from terephthalaldehyde (3.6 mmol, 0.543 g) 
according to general procedure 8.1. and recrystallised from ethanol.
Orange crystals 622 mg (79%)
Melting Point: 229-231 "C (lit. M.p. 230-231 "C^'^)
IRv„<„ (KBr): 2940 (CH), 1653 (C=C), 1532, 1326 (NO2) cm '
'H NMR (400 MHz, CDCb) 6 7.62-7.71 (m, 6 H, 4 x ArH & 2 x -CH), 8.02 (d, 2 H, J= 13.6 
Hz, 2 X =CH)
’^C NMR (CDCb) ppm 129.4 (ArC), 132.9, 136.8, 138.1 (C2)
HRMS (ESI) calculated for C10H7N2O4 [M"-H] 219.0400: found 219.0404. Mass accuracy 
(1.82 ppm).

(£)-l-(2-Nitrovinyl)naphthalene (6)

(£)-l-(2-Nitrovinyl)naphthalene was prepared from 1-napthylaldehyde (3.6 mmol) according 
to general procedure 8.1. and recrystallised from ethanol.
Yellow Crystals 580 mg (76%)
Melting Point: 82-83 “C (lit. M.p. 84 °C^'^)
IRv„ax (KBr): 3429 (CH), 1629 (C=C), 1512, 1341 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 7.50-7.56 (m, 1 H, ArH), 7.58-7.70 (m, 3 H, 2 x ArH & 1 x 
=CH), 7.75 (d, 1 H, J = 7 Hz, 1 x ArH), 8.02 (d, 1 H, J = 7.5 Hz, 1 x ArH), 8.13 (d, 1 H, J = 
8.5 Hz, 1 X ArH), 8.33 (d, 1 H, J= 13.5 Hz, =CH)
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'^c NMR (101 MHz, CDCb) ppm 122.5, 125.0, 126.0, 126.4, 126.5, 127.3, 128.6, 131.1, 
132.2, 133.3, 135.7, 138.0 (C2)
HRMS (APCI) calculated for C10H14NO2S [M'+H] 212.0745: found 212.0748. Mass accuracy 
(1.41 ppm).

(£)-9-(2-Nitrovinyl)anthracene (7)

(£)-9-(2-Nitrovinyl)anthracene was prepared from 9-anthraldehyde (3.6 mmol, 0.742 g) 
according to general procedure 8.1. The product was purified by flash column chromatography 
over silica gel (eluent: Toluene) and recrystallised from ethanol.
Red crystals 225 mg (25%)
Melting Point: 145-147 °C (lit. M.p. 142 “C'^')
IRFmax (KBr): 3050, 2948 (C-H), 1617, 1553 (C=C), 1498, 1330 (NO2), 1250 (C-N) cm''
'H NMR (400 MHz, CDCb) 8 7.40 - 7.66 (m, 5 H, 4 x ArH & CH= x 1), 7.80 - 8.05 (m, 2 H, 
2 X ArH), 8.05 - 8.25 (m, 2 H, 2 x ArH), 8.45 (br. s., 1 H, HIO), 8.90 (d, J = 13.43 Hz, 1 H, 
CH=x 1)
'^C NMR (101 MHz, CDCb) ppm 124.3 (C9), 125.7 (CH), 127.5 (CH), 129.2 (CH), 129.2, 
129.8, 130.4 (CH), 131.1, 135.6 (CH), 142.6 (C2’)
HRMS (APCI) calculated for C16H12NO2 [M"+H] 250.0868: found 250.0879. Mass accuracy 
(-4.39 ppm).

(£)-l-(Benzyloxy)-3-(2-nitrovinyl)benzene (8)

(£)-l-(Benzyloxy)-3-(2-nitrovinyl)benzene was prepared from 3-benzyloxybenzaldehyde (3.6 
mmol, 0.763 g) according to general proeedure 8.1. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 diehloromethane: hexane) and recrystallised from 
ethanol.
Yellow crystals 756 mg (82%)
Melting Point: 90-92 °C (lit. M.p. 93 °C^'^)
IRFmax (ATR): 3048, 3032 (C-H), 1633, 1581 (C=C), 1522, 1342 (NO2), 1165 (C-N) cm’’
'H NMR (400 MHz, CDCb) 8 5.12 (s, 2 H, CH2), 7.11 - 7.19 (m, 3 H, 3 x ArH), 7.35 - 7.50 
(m, 6 H, 6 X ArH), 7.56 (d,J= 13.68 Hz, 1 H, HI’), 7.96 (d, J= 13.27 Hz, 1 H, H2’)
'^C NMR (101 MHz, CDCb) ppm 70.1 (CH2), 115.0 (CH), 118.7 (CH), 121.9 (CH), 127.4 
(CH), 128.2 (CH), 128.6 (CH), 130.4 (CH), 131.3, 136.2, 137.3 (CT), 138.9 (C2’), 159.2 (Cl) 
HRMS (APCI) calculated for C15H14NO3 [M^+H] 256.0974: found 256.0972. Mass aecuraey 
(-0.78 ppm).

(£)-4-Bromo-l-methoxy-2-(2-nitrovinyl)benzene (9)

(£)-4-Bromo-l-methoxy-2-(2-nitrovinyl)benzene was prepared from 5-bromo-2- 
methoxybenzaldehyde (3.6 mmol, 0.774 g) aeeording to general procedure 8.1. The produet 
was purified by flash eolumn chromatography over silica gel (eluent: 3:1 diehloromethane: 
hexane) and reerystallised from ethanol.
Yellow crystals 795 mg (86%)
Melting Point: 121-122 °C (lit. M.p. 121-123 °C^'^)
IRv^o;, (KBr): 3143 (CH), 1629 (C=C), 1486, 1335 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 3.96 (s, 3 H, -CH3), 6.95 (d, 1 H, J=8.5 Hz, H6), 7.45-7.53 
(m,2H, =CH&H5), 7.74 (d, 1 H, J= 13.5 Hz, H3), 8.07 (d, 1 H, J = 13.5 Hz, H2’)
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'^C NMR (101 MHz, CDCb) ppm 56.5 (CH3), 112.1 (C6), 112.8 (C4), 123.7 (C2), 130.4 
(C5), 133.6 (C3), 135.9 (CT), 137.4 (C2’), 158.8 (Cl)
HRMS (APCI) calculated for C9H9N03Br^^ [M*+H] 257.9766: found 257.9760. Mass 
accuracy (-2.33 ppm).

(£)-l-Methoxy-4-(2-nitrovinyl)benzene (10)

(£)-l-Methoxy-4-(2-nitrovinyl)benzene was prepared from 4-methoxybenzaldehyde (3.6 
mmol, 0.489g) according to general procedure 8.1. Tbe product was purified by flash column 
chromatography over siliea gel (eluent: 3:1 dichloromethane: hexane) and reerystallised from 
ethanol.
Yellow crystals 453 mg (70%)
Melting Point: 85°C (lit. M.p. 86-87 °C^'^)
IRvmax (ATR): 3108 (CH), 1605 (C=C), 1517, 1343 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 3.90 (s, 3 H, CH3), 6.98 (d, 2 H, J= 9 Hz, 2 x ArH), 7.53 (d, 2 
H, J=9Hz, 2x ArH), 7.55 (d, 1 H,J= 13.5 Hz, =CH), 8.00 (d, 1 H, J= 13.5 Hz, =CH)

NMR (101 MHz, CDCb) ppm 55.6 (CH3), 114.9, 122.6, 131.2, 135.1, 139.1 (C2), 163.0
(CD
HRMS (ESI) calculated for C9H10NO3 [M*+H] 180.0661: found 180.0666. Mass accuracy 
(2.78 ppm).

(£)-2-(Benzyloxy)-l-methoxy-4-(2-nitrovinyl)benzene (11)

(£)-2-(Benzyloxy)-l-methoxy-4-(2-nitrovinyl)benzene was prepared from 3-benzyloxy-4- 
methoxybenzaldehyde (3.6 mmol, 0.871 g) aeeording to general proeedure 8.1. The product 
was purified by flash eolumn ehromatography over silica gel (eluent: 3:1 diehloromethane: 
hexane) and reerystallised from ethanol.
Yellow erystals 638 mg (62%)
Melting Point: 124-125 "C (lit. M.p. 125-126 °C^'^)
IRvmax (ATR): 3080, 3036 (C-H), 1622, 1593 (C=C), 1508, 1356 (NO2), 1138 (C-N) cm''
'H NMR (400 MHz, CDCb) 8 3.95 (s, 3 H, OCH3), 5.18 (s, 2 H, CH2), 6.94 (d, J = 8.29 Hz, 
1 H, H5), 7.05 (d, J= 2.07 Hz, 1 H, H3), 7.18 (dd, J= 8.29, 2.07 Hz, 1 H, 1 x ArH), 7.30 - 7.48 
(m, 6H, 5xArH&Hr), 7.91 (d,y= 13.27 Hz, 1 H, H2’)
”C NMR (101 MHz, CDCb) ppm 56.1 (OCH3), 71.1 (CH2), 111.7 (CH), 113.2 (CH), 122.6, 
124.9 (CH), 127.3 (CH), 128.2 (CH), 128.7 (CH), 135.1 (CH), 136.2, 139.2 (C2’), 148.6 (C2 / 
Cl), 153.4 (Cl /C2)
HRMS (APCI) ealculated for C16H16NO4 [M^+H] 286.1079: found 286.1075. Mass accuracy 
(-1.40 ppm).

(£)-l,2,4-Trimethoxy-5-(2-nitrovinyl)benzene (12)

(£)-l,2,4-Trimethoxy-5-(2-nitrovinyl)benzene was prepared from 2-4-5 
trimethoxybenzaldehyde (3.6 mmol, 0.706 g) aeeording to general procedure 8.1. The product 
was purified by flash eolumn chromatography over silica gel (eluent: 3:1 diehloromethane: 
hexane) and reerystallised from ethanol.
Orange crystals 414 mg (48%)
Melting Point: 127-128 “C (lit. M.p. 127-128 °C^‘^)
IRvmax (KBr): 2942 (CH), 1607 (C=C), 1522, 1335 (NO2) cm’'
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’H NMR (400 MHz, CDCb) 8 3.90 (s, 3 H, CH3), 3.97 (s, 3 H, -CH3), 3.99 (s, 3 H, -CH3), 
6.55 (s, 1 H, ArH), 6.92 (s, 1 H, ArH), 7.80 (d, 1 H,J= 13.5 Hz, =CH), 8.17 (d, 1 H,J = 13.5 
Hz, =CH)

NMR (101 MHz, CDCb) ppm 56.2 (OCH3), 56.2 (OCH3), 56.5 (OCH3), 96.3, 110.4, 
113.6, 135.4, 135.9 (C2), 143.4, 153.9 (C3’), 155.8 (C2’)
HRMS (APCI) calculated for C11H14NO5 [M"+H] 240.0866 found 240.0860. Mass accuracy 
(-2.50 ppm).

(£)-4-Methoxy-2-(2-nitrovinyl)phenol (13)

(£)-4-Methoxy-2-(2-nitrovinyl)phenol was prepared from 2-hydroxy-5-methoxybenzaldehyde 
(1 mmol, 0.15 g) according to general procedure general procedure 8.1. The product was 
purified by recrystallization from ethanol.
Brown solid 112.5 mg (58%)
Melting Point: 150-152 °C (lit. M.p. 153-153.5 “C^‘^)
IRiw(ATR): 3397 (OH), 3056, 2950 (C-H), 1612, 1584 (C=C), 1554, 1341 (NO2), 1195 (C- 
N) cm''
'H NMR (400 MHz, CDCb) 8 3.95 (s, 3 H, OCH3), 6.86 - 7.06 (m, 3 H, 3 x ArH), 7.96 (d, J 
= 13.43 Hz, 1 H, HI’), 8.11 (d, J= 13.43 Hz, 1 H, H2’)
"*C NMR (101 MHz, CDCb) ppm 56.3 (OCH3), 113.4 (CH), 116.6, 120.2 (CH), 123.6 (CH), 
135.0 (CH), 138.7 (C2’), 146.5 (C4 / Cl), 146.8 (C4/Cl)
HRMS (ESI) calculated for C9H8NO4 [M"-H] 194.0459: found 194.0453. Mass accuracy (- 
3.09 ppm).

(£)-l-Chloro-3-(2-nitrovinyl)benzene (14)

(£)-l-Chloro-3-(2-nitrovinyl)benzene was prepared from 3-chlorobenzaldehyde (1 mmol, 0.14 
g) according to general procedure general procedure 8.1. The product was purified by 
recrystallization from ethanol.
Yellow crystals 134 mg (73%)
Melting Point: 40-42 "C (lit. M.p. 48 "C^^O)
IRKmax (ATR): 3084, 3052 (C-H), 1635, 1594 (C=C), 1564, 1339 (NO2), 1196 (C-N) cm''
'H NMR(400 MHz, CDCb) 8 7.37 - 7.51 (m, 3 H, 3 x ArH), 7.52 - 7.61 (m, 2 H, H2 & HI’), 
7.94 (d, J= 13.43 Hz, 1 H, H2’)
'"C NMR (101 MHz, CDCb) ppm 127.2 (CH), 128.7 (CH), 130.6 (CH), 131.8, 131.9 (C2), 
135.4, 137.4 (Cl’), 138.1 (C2’)
HRMS (APCI) calculated for C8H7N02CP^ [M^+H] 184.0165: found 184.0163. Mass 
accuracy (-1.09 ppm).

(£)-l-Methyl-4-(2-nitrovinyi)benzene (15)

(£)-l-Methyl-4-(2-nitrovinyl)benzene was prepared from /2-tolualdehyde (3.6 mmol, 0.432 g) 
according to general procedure 8.1. The product was purified by flash column chromatography 
over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from ethanol.
Yellow crystals 460 mg (78%)
Melting Point: 101-103 °C (lit. M.p. 104.5-105 °C''^')
IRv„ax (KBr): 2932 (CH), 1633 (C=C), 1517, 1339 (NO2) cm '
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'H NMR (400 MHz, CDCb) 6 2.44 (s, 3 H, CH3), 126-1M (m, 2 H, 2 x ArH), lAl (d, 2 H, 
y=7Hz, 2xArH), 7.60 (d, 1 H,J= 13.5 Hz, =CH), 8.02 (d, 1 H,J= 13.5 Hz, =CH)
'^C NMR (101 MHz, CDCb) ppm 21.3 (CH3), 126.8, 128.8, 129.7, 135.8, 138.8 (C2), 142.7
(CD
HRMS (APCI) calculated for C9H10NO2 [M^+H] 164.0706: found 164.0703. Mass accuracy 
(-1.86 ppm).

(E)-2,4-Dimethoxy-l-(2-nitrovinyl)benzene (16)

(£)-2,4-Dimethoxy-l-(2-nitrovinyl)benzene was prepared from 2,4-dimethoxybenzaldehyde 
(3.6 mmol, 0.598 g) according to general procedure 8.1. The product was purified by flash 
column chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and 
recrystallised from ethanol.
Yellow crystals 529 mg (70%)
Melting Point: 104-107 ”C (lit. M.p. 106-108
IRv;„ax (KBr): 2943 (CH), 1605 (C=C), 1564, 1327 (NO2) cm''
•H NMR (400 MHz, CDCb) 6 3.90 (s, 3 H, -CH3), 3.96 (s, 3 H, -CH3), 6.51 (d, 1 H, J= 2.2 
Hz, H3’), 6.58 (dd, 1 H, J= 2.3 Hz, 8.5 Hz, ArH), 7.41 (d, 1 H, J= 8.8 Hz, ArH), 7.86 (d, 1 H, 
J= 13.5 Hz, =CH), 8.12 (d, 1 H, J= 13.5 Hz, =CH)
’^C NMR (101 MHz, CDCb) ppm 55.68 (OCH3), 98.68 (C3’), 105.90 (C5’), 112.45, 134.44, 
135.81, 136.07 (C2), 161.26 (C4’/C2’), 164.40 (C4’/C2’)
HRMS (APCI) calculated for C10H12NO4 [M%H] 210.0766: found 210.0757. Mass accuracy 
(-4.28 ppm).

(£)-l,4-Dimethoxy-2-(2-nltrovinyl)benzene (17)

(£)-l,4-Dimethoxy-2-(2-nitroviny!)benzene was prepared from 2,5 dimethoxybenzaldehyde 
(3.6 mmol, 0.598 g) according to general procedure 8.1. The product was purified by flash 
column chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and 
recrystallised from ethanol.
Yellow crystals 604 mg (80%)
Melting Point: 119-121 °C (lit. M.p. 121-123 °C^^^)
IRv^ax (KBr): 2966 (CH), 1618 (C=C), 1488, 1352 (NO2) cm '
’H NMR (400 MHz, CDCb) 6 3.83 (s, 3 H, CH3), 3.93 (s, 3 H, -CH3), 6.93 (d, 1 H, 9 Hz, 
ArH), 6.99 (d, 1 H, J= 3 Hz, ArH), 7.04 (dd, 1 H, J= 9 Hz, 3 Hz, ArH), 7.89 (d, 1 H,J=13.5 
Hz, =CH), 8.14(d, 1 H,y= 13.5 Hz, =CH)
'^C NMR (101 MHz, CDCb) ppm 56.0 (OCH3), 56.0 (OCH3), 112.4, 116.3, 119.2, 119.5, 
135.3, 138.5 (C2), 153.5 (C2’ / C5), 153.9 (C2’ / C5’)
HRMS (APCI) calculated for C10H12NO4 [M%H] 210.0766: found 210.0756. Mass accuracy 
(-4.76 ppm).

(£)-l ,2,3-Trimethoxy-5-(2-nitrovinyl)benzene (18)

(£)-b2,3-Trimethoxy-5-(2-nitrovinyl)benzene was prepared 
trimethoxybenzaldehyde (3.6 mmol, 0.706g) according to general 
Recrystallised from ethanol.
Yellow crystals 518 mg (60%)
Melting Point: 120-122 °C (lit. M.p. 121-123 “C^'^)
lRv„ax (KBr): 2943 (CH), 1627 (C=C), 1510, 1339 (NO2), 1129 (CO) cm''
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'H NMR (400 MHz, CDCb) 6 3.94 (s, 9 H, 3 x -OCH3), 6.79 (s, 2 H, 2 x ArH), 7.57 (d, 1 H, 
J= 11.7 Hz, =CH), 7.96 (d, 1 H,J= 11.7Hz, =CH)
’3C NMR (101 MHz, CDCb) ppm 55.8 (OCH3), 60.6 (OCH3), 105.9, 124.8, 135.9, 138.9 
(C2), 141.3 (C2’), 153.2 (Cl ’ & C3’)
HRMS (ESI) calculated for C11H14NO5 [M+H] 240.0866: found 240.0858. Mass accuracy (- 
3.66 ppm).

(£)-l-Ethoxy-2-(2-nitrovinyl)benzene (19)

(£)-l-Ethoxy-2-(2-nitrovinyl)benzene was prepared from 2-ethoxybenzaldehyde (3.6 mmol, 
0.540 g) according to general procedure 8.1. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from 
ethanol.
Golden Brown crystals 467 mg (67%)
Melting Point: 34-35 “C (lit. M.p. 37-38
IRv„ax (KBr): 2982 (CH), 1627 (C=C), 1574, 1338 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 1.59 (t, 3 H, J = 7 Hz, -CH3), 4.20 (q, 3 H, J = 7 Hz, -CH2), 
7.01 (m, 2 H, ArH), 7.43-7.50 (m, 2 H, 2 x ArH), 7.94 (d, 1 H, J= 13.6 Hz, =CH), 8.17 (d, 1 
H, 13.6 Hz, =CH)
’^C NMR (101 MHz, CDCb) ppm 14.3 (CH3), 63.9 (-OCH2), 111.6, 120.5, 132.3, 133.0, 
135.3, 137.8 (C2), 158.5 (Cl’)
HRMS (APCI) calculated for C10H12NO3 [M%H] 194.0812: found 194.0807. Mass accuracy 
(-2.42 ppm).

(£)-l-(2-Nitrovinyl)-4-phenoxybenzene (20)

(£)-l-(2-Nitrovinyl)-4-phenoxybenzene was prepared from 4-phenoxybenzaldehyde (3.6 
mmol, 0.712 g) according to general procedure 8.1. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from 
ethanol.
Yellow crystals 609 mg (70%)
Melting Point: 100-102 °C (lit. M.p. 102 “C^^^)
IRv^o;. (KBr): 3110 (CH), 1630 (C=C), 1510, 1342 (NO2) cm '
’H NMR (400 MHz, CDCb) 8 7.04 (d, 2 H, J = 9 Hz, ArH), 7.10 (d, 2 H, J= 7.5 Hz, ArH), 
7.22-7.26 (m, 1 H, H4”), 7.40-7.46 (m, 2 H, H3”/H5”), 7.50-7.59 (m, 3 H, 2 x ArH, 1 x =CH), 
8.00 (d, 1 H, J- 13.6 Hz, =CH)
’^C NMR (101 MHz, CDCb) ppm 117.9,119.7,123.9, 124.4,129.7,130.7, 135.4,138.2 (C2), 
154.8 (C4” / C4’), 160.9 (C4 / C4’)
HRMS (APCI) calculated for C14H12NO3 [M%H] 242.0812: found 242.0805. Mass accuracy 
(-2.81 ppm).

(£)-(2-Nitrovinyl)benzene (21)

(£)-(2-Nitrovinyl)benzene was prepared from benzaldehyde (3.6 mmol, 0.381 g) according to 
general procedure 8.1. The product was recrystallised from ethanol.
Yellow crystals 432 mg (80%)
Melting Point: 53-54°C (lit. M.p. 55-56 X^^®)
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IRv„,a;, (KBr): 3110(CH), 1632 (C=C), 1510, 1347 (NO2) cm '
'H NMR (400 MHz, CDCb) 6 7.47-7.54 (m, 3 H, 3 x ArH), 7.57-7.60 (m, 2 H, 2 x ArH), 7.62 
(d, 1 H, J = 13.8 Hz, =CH), 8.04 (d, 1 H, J = 13.8 Hz, =CH)
'^C NMR (101 MHz, CDCb) ppm 129.2, 129.4, 130.1, 132.2, 137.2 (Cl), 139.1 (C2) 
HRMS (ESI) calculated for C8H8NO4 [M"+H] 150.0550: found 150.0546. Mass accuracy (- 
2.37 ppm).

(£)-5-(2-Nitrovinyl)benzo|d][l,3]dioxole (22)

(£)-5-(2-Nitrovinyl)benzo[d][l,3]dioxole was prepared from piperonal (3.6 mmol, 0.540 g) 
according to general procedure 8.1. The product was purified by flash column chromatography 
over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from ethanol.
Yellow crystals 488 mg (70%)
Melting Point: 160-161 “C (lit. M.p. 161.5 “C^^V)
IRv„ax (KBr): 2920 (CH), 1626 (C=C), 1490, 1337 (-NO2) cm''
’H NMR (400 MHz, CDCb) 8 6.08 (s, 2 H, -OCH2O-), 6.87-6.92 (m, 1 H, ArH), 7.03 (s, 1 H, 
H6’), 7.11 (m, 1 H, ArH), 7.49 (d, 1 H, J= 13.6 Hz, ArH, =CH), 7.95 (d, 1 H, J= 13.6 Hz, 
=CH)
'3C NMR (101 MHz, CDCb) ppm 101.6, 106.5, 108.6, 123.7, 126.2, 134.9, 138.7 (C2), 148.3 
(Cr /C3’), 150.9 (Cr /C3’)
HRMS (APCI) calculated for C9H8NO4 [M^+H] 194.0448: found 194.0445. Mass accuracy (- 
1.26 ppm).

(E)-l,2-Dimethoxy-4-(2-nitrovinyl)benzene (23)

(£)-l,2-Dimethoxy-4-(2-nitrovinyl)benzene was prepared from 3,4-dimethoxybcnzaldehyde 
(3.6 mmol, 0.598 g) according to general procedure 8.1. The product was purified by flash 
column chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and 
recrystallised from ethanol.
Yellow crystals 501 mg (40%)
Melting Point: 139-141 “C (lit. M.p. 140-141 °C^'^)
IRv™,^ (KBr): 2971 (CH), 1627 (C=C), 1581, 1342 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 3.95 (s, 6 H, 2 x OCH3), 6.93 (d, 1 H, J= 8.5 Hz, H3’), 7.02 
(d, 1 H, J=2 Hz, 8.5 Hz, ArH), 7.55 (d, 1 H, J= 13.6 Hz, =CH), 7.98 (d, 1 H, J= 13.6 Hz, 
=CH)
'3C NMR (101 MHz, CDCb) ppm 55.56 (OCH3), 55.66 (OCH3), 109.71 (CH), 110.86 (CH), 
122.34 (CH), 124.86, 134.71 (CH), 138.94 (CH), 149.08 (C2’/Cr), 152.35 (C2’/ Cl’) 
HRMS (ESI) calculated for CioHiiN04Na [M^+Na] 232.0586: found 232.0582. Mass 
accuracy (-1.72 ppm).

(£)-l-(Benzyloxy)-4-(2-nitrovinyl)benzene (24)

(£)-l-(Benzyloxy)-4-(2-nitrovinyl)benzene was prepared from 4-benzoxybenzaldehyde (3.6 
mmol, 0.763 g) according to general procedure 8.1. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from 
ethanol.
Yellow crystals 368 mg (40%)
Melting Point: 120-121 °C (lit. M.p. 121-122 “C^^*)
IRFmav(ATR): 3107, 3034 (C-H), 1630, 1592 (C=C), 1512, 1342 (NO2), 1174 (C-N) cm’'
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'H NMR (400 MHz, CDCb) 8 5.14 (s, 2 H, CH2), 6.96 - 7.09 (m, 2 H, 2 x ArH), 7.30 - 7.47 
(m, 5 H, 5 X ArH), 7.47 - 7.59 (m, 3 H, 2 x ArH & HI), 7.98 (d, J = 13.68 Hz, 1 H, H2)

NMR (101 MHz, CDCb) ppm 70.2 (CH2), 115.7 (CH), 122.7, 127.4 (CH), 128.3 (CH), 
128.7 (CH), 131.1 (CH), 135.1 (CH), 135.9, 138.9 (C2), 162.0 (C4)
HRMS (APCI) calculated for C15H14NO3 [M"+H] 256.0974: found 256.0971. Mass accuracy 
(-1.17 ppm).

(£)-2,4-DichIoro-l-(2-nitrovinyl)benzene (25)

(£)-2,4-Dichloro-l-(2-nitrovinyl)benzene was prepared from 2,4-diehlorobenzaldehyde (3.6 
mmol, 0.630 g) aceording to general procedure 8.1. The product was purified by flash eolumn 
chromatography over silica gel (eluent: 3:1 dichloromethane: hexane) and recrystallised from 
ethanol.
Yellow crystals 406 mg (52%)
Melting Point: 109-1 lOX (lit. M.p. 110
IRv;„ax(KBr): 3101 (CH), 1631 (C=C), 1585, 1338 (NO2), 816 (C-Cl) cm''
'H NMR (400 MHz, CDCb) 8 7.38 (dd, 1 H, J = 8.5 Hz, 2.3 Hz, ArH), 7.53-7.57 (m, 2 H, 2 
X ArH), 7.60 (d, 1 H, J= 13.5 Hz, =CH), 8.38 (d, 1 H, J= 13.5 Hz, =CH)
’3C NMR (101 MHz, CDCb) ppm 127.1,128.1, 129.3, 130.7,134.0, 136.7, 138.5 (Cl), 139.0 
(C2)
HRMS (APCI) calculated for C8H6N02Cl2^^ [M%H] 217.9770: found 217.9766. Mass 
aceuracy (-2.11 ppm).

(£)-3-(2-nitrovinyl)phenol (26)

(£)-3-(2-Nitrovinyl)phenol was prepared from 3-hydroxybenzaldehyde (3.6 mmol, 0.440 g) 
according to procedure 8.1. The product was purified by flash column chromatography over 
silica gel (eluent: dichloromethane: hexane 3/1).
Orange crystals 298 mg (50%)
Melting Point: 135-136 °C (lit. M.p. 136-137 °C^^“)
IRv^o;. (KBr): 3376 (OH), 2919 (CH), 1633C=C), 1505, 1343 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 5.21 (br.s., 1 H , -OH), 6.97-7.05 (m, 1 H, ArH), 7.14-7.17 
(m, 1 H, ArH), 7.33-7.40 (m, 1 H, ArH), 7.58 (d, 1 H, J= 13.6 Hz, =CH), 7.98 (d, 1 H, J = 
13.6 Hz, =CH)
”C NMR (101 MHz, CDCb) ppm 110.8, 114.9, 118.9, 121.6, 126.4, 130.2, 131.1, 137.0 
(Cl), 138.4 (C2), 155.7 (C3’)
HRMS (ESI) calculated for C8H8NO3 [M^+H] 166.0504: found 166.0498. Mass accuracy (- 
3.61 ppm).

(£)-2-(2-Nitrovinyl)phenol (27)

(E)-2-(2-Nitrovinyl)phenol was prepared from 2-hydroxybenzaldehyde (3.6 mmol, 0.439 g) 
aecording to general procedure 8.1. The produet was purified by flash column chromatography 
over silica gel (eluent: dichloromethane).
Orange crystals 203 mg (30%)
Melting Point: 130-131 °C (lit. M.p. 133 “C^^')
IRv^av (KBr): 3366 (OH), 3040 (CH), 1621 (C=C), 1557, 1333 (NO2) cm '
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’H NMR (400 MHz, CDCb) 6 6.09 (br.s., 1 H, -OH), 6.89 (d, 1 H, J = 8 Hz, ArH), 7.03 (dd, 
1 H, J= 7.5 Hz, ArH), 7.33-7.41 (m, 1 H, ArH), 7.45 (dd, 1 H, J= 6.52 Hz, 1 Hz, ArH), 7.99 
(d, 1 H, J= 13.6 Hz, =CH), 8.16 (d, 1 H, J= 13.6 Hz, =CH)
'^C NMR (101 MHz, CDCb) ppm 116.0, 117.2, 121.1, 132.2, 132.8, 135.2 (Cl), 138.1 (C2), 
155.6 (C2’)
HRMS (ESI) calculated for C8H7N03Na [M^+Na] 188.0324: found 188.0318. Mass accuracy 
(-3.19 ppm).

(£^-l-Chloro-2-(2-nitrovinyl)benzene (28)

(F)-l-Chloro-2-(2-nitrovinyl)benzenewas prepared from 2-chlorobenzaldehyde (1 mmol, 0.14 
g) according to general procedure general procedure 8.1.
Yellow resin 154 mg (84%)
Melting Point: N/A (lit. M.p. 40 °C''^'’)
IRrmav (ATR): 3061, 2925 (C-H), 1629, 1588 (C=C), 1522, 1333 (NO2), 1158 (C-N stretch) 
cm"'
'H NMR (400 MHz, CDCb) 8 7.32 - 7.39 (m, 1 H, 1 x ArH), 7.40 - 7.48 (m, 1 H, 1 x ArH), 
7.48 - 7.54 (m, 1 H, 1 x ArH), 7.57 - 7.66 (m, 2 H, 1 x ArH & HI’), 8.40 (d, J= 14.05 Hz, 1 
H, H2’)
'^C NMR (101 MHz, CDCb) ppm 127.4 (CH), 128.4, 128.5 (CH), 130.7 (CH), 132.8 (CH), 
135.1 (Cr), 136.0, 138.7 (C2’)
HRMS (APCI) calculated for C8H7NO2CI [M%H] 184.0165: found 184.0163. Mass accuracy 
(-1.09 ppm).

(£')-l-Bromo-4-(2-nitrovinyl)benzene (29)

(£)-l-Bromo-4-(2-nitrovinyl)benzene was prepared from 4-bromobenzaldehyde (1 mmol, 0.18 
g) according to general procedure general procedure 8.1. The product was purified by 
recrystallization from ethanol.
Yellow solid 156 mg (69%)
Melting Point: 150-151 X (lit. M.p. 151-153 “C^-^^)
IR^mox (ATR): 3050,2855 (C-H), 1602, 1574 (C=C), 1550, 1351 (NO2), 1186 (C-N) cm''
‘H NMR (400 MHz, CDCb) 8 7.42 (d, J= 8.53 Hz, 2H, 2 x ArH), 7.54 - 7.67 (m, 3H, 1 x 
=CH & 2 X ArH), 7.95 (d, J= 13.55 Hz, IH, HC=)
’^C NMR (101 MHz, CDCb) ppm 126.7, 128.9, 130.4 (CH), 132.7 (CH), 137.4 (Cl), 137.8 
(C2)
HRMS (ESI) calculated for C8H7Br’^N04 [M%H] 227.9660: found 227.9660. Mass accuracy 
(0 ppm).

(£)-l-Ethoxy-4-(2-nitrovinyl)benzene (30)

(£)-1-Ethoxy-4-(2-nitrovinyl)benzene was prepared from 4-ethoxybenzaldehyde (1 mmol, 
0.15 g) according to general procedure general procedure 8.1. The product was purified by 
recrystallization from ethanol.
Tan crystals 112 mg (58%)
Melting Point: 114-116 °C (lit. M.p. 114-115X4^^)
IRFmax(ATR): 3010 (C-H), 1632, 1580 (C=C), 1551, 1354 (NO2), 1180 (C-N) cm''
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'H NMR (400 MHz, CDCb) 8 1.46 (t, J= 6.78 Hz, 3H, CH3), 4.10 (q, J= 7.03 Hz, 2H, CH2), 
6.95 (d, y = 9.03 Hz, 2H, 2 x ArH), 7.45 - 7.58 (m, 3H, 1 = =CH, 2 x ArH), 7.99 (d, J= 13.55 
Hz, IH, =CH)
'^C NMR (101 MHz, CDCb) ppm 14.6 (CH3), 63.9 (CH2), 115.3 (C3’&C5’), 122.3, 131.2 
(C2’ & C6’), 134.9, 139.2 (C2), 162.4 (C4’)
HRMS (ESI) calculated for C10H12NO3 [M^+H] 194.0817: found 194.0820. Mass accuracy 
(1.55 ppm).

(£)-2-Methoxy-6-(2-nitrovinyl)phenol (31)

(£)-2-Methoxy-6-(2-nitrovinyl)phenol was prepared from 2-hydroxy-3-methoxybenzaldehyde 
(1 mmol, 0.15 g) according to general proeedure general procedure 8.1. The product was 
purified by recrystallization from ethanol.
Brown crystals 290 mg (29%)
Melting Point: 125-127 °C (lit. M.p. 128-129 "C^’'^)
IRi'mox (ATR): 3350 (OH), 3098 (CH), 1580 (C=C), 1545, 1350 (NO2) cm''
>H NMR (400 MHz, CDCb) 8 3.95 (s, 3H, OCH3), 6.50 (s, IH, OH), 6.91 - 7.05 (m, 3H, 3 x 
ArH), 7.97 (d, 7= 13.55 Hz, IH, =CH), 8.11 (d, 7= 13.55 Hz, IH, =CH)
'^C NMR (101 MHz, CDCb) ppm56.0 (OCH3), 113.0, 116.2, 119.9, 123.3, 134.7 (Cl), 138.5 
(C2), 162.8 (Cr)
HRMS (ESI) calculated for C9H10NO4 [M"+H] 196.0610: found 196.0611. Mass accuracy 
(0.51 ppm).

(£)-2-Bromo-l-methoxy-4-(2-nitrovinyl)benzene (32)

(£)-2-Bromo-l-methoxy-4-(2-nitrovinyl)benzene was prepared from 3-bromo-4- 
methoxybenzaldehyde (1 mmol, 0.22 g) according to general procedure general procedure 8.1. 
The product was purified by recrystallization from ethanol.
Yellow crystals 391 mg (39%)
Melting Point: 109-111 °C (lit. M.p. 108-109 °C^'^)
IR^^mav (ATR): 3088, 3054 (CH), 1598 (C=C), 1555, 1353 (NO2) cm''
>H NMR (400 MHz, CDCb) 8 3.92 - 4.05 (m, 3 H, OCH3), 6.96 (d, J= 8.53 Hz, 1 H, 1 x 
ArH), 7.44 - 7.61 (m, 2 H, 1 x ArH, 1 x =CH), 7.77 (d, J= 2.01 Hz, 1 H, 1 x ArH), 7.91 (d, J 
= 13.55 Hz, 1 H, 1 x=CH)
’^C NMR (101 MHz, CDCb) ppm 56.5 (OCH3), 112.1, 112.8, 123.7, 130.4, 133.6, 135.9 
(Cl), 137.5 (C2), 158.9 (C4’)
HRMS (ESI) calculated for C9H9Br’^03 [M"+H] 257.9766: found 257.9778. Mass accuracy 
(4.65 ppm).

(£)-2-Methoxy-5-(2-nitrovinyl)phenol (33)

(£)-2-Methoxy-5-(2-nitrovinyl)phenol was prepared from 3-hydroxy-4-methoxybenzaldehyde 
(1 mmol, 0.15 g) according to general procedure general procedure 8.1. The product was 
purified by recrystallization from ethanol.
Orange crystals 622 mg (62%)
Melting Point: 157-160 °C (lit. M.p. 158-161 °C'^')
IRi^max (ATR): 3347 (OH), 3091 (CH), 1578 (C=C), 1542, 1349 (NO2) cm '
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'H NMR (400 MHz, CDCb) 6 3.99 (s, 3 H, OCH3), 5.76 (br. s., 1 H, OH), 6.92 (d, J = 8.03 
Hz, 1 H, 1 X ArH), 7.09 - 7.18 (m, 2 H, 2 x ArH), 7.51 (d, J= 13.55 Hz, 1 H, =CH), 7.95 (d, J 
= 13.55 Hz, 1 H, =CH)

NMR (101 MHz, CDCb) ppm56.1 (OCH3), 110.8, 113.6, 123.4, 123.8, 135.5 (Cl), 139.2 
(C2), 150.0 (C4’)
HRMS (ESI) calculated for C9H10NO4 [M*+H] 196.0610; found 196.0611. Mass accuracy 
(0.51 ppm).

(£)-l-Nitro-3-(2-nitrovinyl)benzene (34)

(£)-l-Nitro-3-(2-nitrovinyl)benzene was prepared from 3-nitrobenzaldehyde (1 mmol, 0.15 g) 
aceording to general procedure general procedure 8.1. The product was purified by 
recrystallization from ethanol.
Yellow erystals 333 mg (33%)
Melting Point: 120-123 °C (lit. M.p. 123-124 °C‘*^^)
IRi'mox (ATR): 3087 (CH), 1582 (C=C), 1551, 1346 (NO2) em'’
'H NMR (400 MHz, CDCb) 6 7.65 (d, 7 = 13.55 Hz, 1 H, =CH), 7.70 - 7.81 (m, 2 H, 2 x 
ArH), 8.05 (d, 7= 13.55 Hz, 1 H, =CH), 8.30 - 8.36 (m, 2 H, 2 x ArH)
'^C NMR (101 MHz, CDCb) ppm 124.6, 126.4, 129.8, 136.0, 136.1, 139.9 (C2), 149.5 (CT) 
HRMS (ESI) calculated for C8H7N2O4 [M%H] 195.0406: found 195.0408. Mass accuracy 
(1.03 ppm).

(£)-3-(2-Nitrovinyl)furan (71)

(£)-3-(2-Nitrovinyl)furan was prepared from 3-furaldehyde (3.6 mmol, 0.346 g) aceording to 
general procedure 8.1. The product was purified by flash column chromatography over silica 
gel (eluent: diehloromethane: hexane 3/1).
Golden brown crystals 378 mg (75%)
Melting Point: 100-101 °C (lit. M.p. 101-103 °C^^-)
IR vmax (KBr): 3104 (CH), 1638 (C=C), 1520, 1359 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 ppm 6.60 (s, 1 H, 1 x ArH), 7.41 (d, 1 H, 7= 13.5 Hz, =CH), 
7.54 (s, 1 H, 1 X ArH), 7.86 (s, 1 H, 1 x ArH), 7.96 (d, 1 H, 7= 13.5 Hz, =CH)
’-^C NMR (101 MHz, CDCb) ppm 106.8, 117.8, 129.1, 136.2, 144.9 (C2 / C5’), 146.9 (C2 / 
C5’)
HRMS (ESI) calculated for C6H6NO3 [M%H] 140.0342: found 140.0338. Mass accuracy (- 
2.86 ppm).

(E)-3-(2-Nitrovinyl)thiophene (72)

(£)-3-(2-Nitrovinyl)thiophene was prepared from 3-thiophenealdehyde (3.6 mmol, 0.346 g) 
according to general proeedure 8.1. The product was purified by flash column chromatography 
over silica gel (eluent: diehloromethane: hexane 3/1).
Golden brown crystals 564 mg (74%)
Melting Point: 96 °C (lit. M.p. 96-97
IRv^ov (KBr): 3104 (CH), 1628 (C=C), 1528, 1338 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 7.29 (d, 1 H, 7 = 5 Hz, H5’), 7.45 (dd, 1 H, 7 - 5 Hz, 3 Hz, 
H4’), 7.51 (d, 1 H, 7= 13.5 Hz, =CH), 7.75 (d, 1 H, 7= 2 Hz, H2’), 8.04 (d, 1 H, 7= 13.5 Hz, 
=CH)
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NMR ppm (CDCb) ppm 124.6, 127.7, 131.8, 132.0, 132.1 (Cl), 136.3 (C2)
HRMS (APCI) calculated for C10H14NO2S [M"+H] 212.0745: found 212.0748. Mass accuracy 
(1.41 ppm).

(£)-2-(2-Nitrovinyl)thiophene (73)

(£)-2-(2-Nitrovinyl)thiophene was prepared from 2-thiophenecarboxaldehyde (3.6 mmol, 
0.404 g) according to general proeedure 8.1. The produet was purified by flash column 
chromatography over silica gel (eluent: diehloromethane: hexane 3/1).
Brown crystals 679 mg (89%)
Melting Point: 78-80 T (lit. M.p. 80 °C^‘0)
IR vmax (KBr): 3092 (CH), 1622 (C=C), 1524, 1329 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 7.17 (dd, 1 H,J=5Hz, 1.2 Hz, H4’), 7.47 (d, 1 H,J=5Hz, 
H5’/H3’), 7.49 (d, 1 H,J= 13.5 Hz, =CH), 7.58 (d, 1 H,J=5Hz, H3’/ H5’), 8.17 (d, 1 H,J 
= 13.5 Hz, =CH)
'^C NMR ppm (CDCb) ppm 128.9, 131.7, 132.1, 133.8, 134.7 (Cl), 135.4 (C2)
HRMS (ESI) calculated for C6H6NO2S [M^+H] 156.0119: found 156.0116. Mass aecuracy (- 
1.92 ppm).

(£)-2-Methyl-5-(2-nitrovinyl)thiophene (74)

(£)-2-Methyl-5-(2-nitrovinyl)thiophene was prepared from 5-methyl-2- 
thiophenecarboxaldehyde (3.6 mmol, 0.404 g) according to general proeedure 8.1. The product 
was purified by flash column chromatography over silica gel (eluent: diehloromethane: hexane 
3/1).
Red crystals 306 mg (50%)
Melting Point: 77-79 °C (lit. M.p. 79-81 °C^”)
IRv„av (KBr); 3104 (CH), 1628 (C=C), 1528, 1338 (NO2) cm''
’H NMR (400 MHz, CDCb) 6 2.57 (s, 3 H, -CH3), 6.83 (m, 1 H, H3’), 7.30 (d, 1 H, J= 3.3 
Hz, H4’), 7.39 (d, 1 H, J = 13.3 Hz, =CH), 8.09 (d, 1 H, J= 13.3 Hz, =CH)
’^C NMR (101 MHz, CDCb) ppm 16.0 (CH3), 127.5, 131.8, 132.6, 134.2, 135.8 (C2), 147.9 
(C2’)
HRMS (APCI) calculated for C7H8NO2S [M^+H] 170.0276: found 170.0268. Mass accuracy 
(-4.71 ppm).

8.2 General procedure for synthesis of (£)-(2-Nitroprop-l-en-l-yl)benzenes (35 - 59,75 -
78)

To a solution of the appropriate benzaldehyde (3.6 mmol) in 4 mL glacial acetic acid was added 
nitroethane (7.2 mmol) followed by cyclohexylamine (3.6 mmol, 0.4 mL). The reaetion 
mixture was heated under mierowave irradiation at 120 °C for 30 min. After cooling, water (10 
mL) was added to the reaction and it was allowed to stand. The precipitated nitroethene was 
isolated by filtration. The filtrate was further diluted with water (20 mL) and extracted with 
diehloromethane (3x10 mL). The organic phases were combined and washed with saturated 
aqueous NaHC03 (3x10 mL). The solution was dried over anhydrous Na2S04, filtered and all 
solvent removed in vacuo, to give an oil which was purified by flash column chromatography 
over silica gel (eluent: diehloromethane / hexanes). The chromatographed and precipitated 
nitroethene fraetions were combined and recrystallised from ethanol.
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(£)-l-Chloro-4-(2-nitroprop-l-en-l-yl)benzene (35)

(£^-l-Chloro-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 4-chlorobenzaldehyde (3.6 
mmol, 0.505 g) according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 dichloromethane/hexane) and recrystalliscd from 
ethanol.
Yellow crystals 486 mg (64%)
Melting Point: 82-83 “C (lit. M.p. 85
IRv„ax(KBr): 3053 (CH), 1641 (C=C), 1526, 1353 (NO2), 831 (C-Cl) cm''
’H NMR (400 MHz, CDCb) 8 2.44 (s, 3 H, CH3), 7.38 (d, 2 H, J = 9 Hz, 2 x ArH), 7.43 (d, 2
H, J = 9 Hz, 2 X ArH), 8.03 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 13.6 (C3), 128.8, 130.4, 131.8, 131.8, 135.6 (Cl), 147.6 
(C2)
HRMS (ESI) calculated for C9H9CP^N02 [M"+H] 198.0322: found 198.0314. Mass accuracy 
(-4.04 ppm).

(£)-4-(2-Nitroprop-l-en-l-yl)phenol (36)

(£)-4-(2-Nitroprop-l-en-l-yl)phenol was prepared from 4-hydroxybenzaldehyde (3.6 mmol, 
0.440 g) according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/2).
Orange crystals 52 mg (8%)
Melting Point: 124-125 °C (lit. M.p. 125-125.5 “C'^^)
IRv„,av (KBr): 3381 (OH), 2917 (CH), 1602 (C=C), 1521, 1362 (NO2) cm’’
’H NMR (400 MHz, CDCb) 6 2.50 (s, 3 H, CH3), 5.56 (br.s., 1 H, OH), 6.95 (d, 2 H, J= 8.52 
Hz, 2 X ArH), 7.40 (d, 2 H, 8.52 Hz, 2 x ArH), 8.09 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 13.70 (C3), 115.60 (CH), 124.42, 131.90 (CH), 133.31 
(Cl), 145.29 (C2), 156.95 (C4’)
HRMS (ESI) calculated for C9H10NO3 [M%H] 180.0661: found 180.0658. Mass accuracy (-
I. 67 ppm).

(£)-2-(2-Nitroprop-l-en-l-yl)naphthalene (37)

(£)-2-(2-Nitroprop-l-en-l-yl)naphthalene was prepared from 2-naphthaldehyde (3.6 mmol, 
0.562 g) according to general procedure 8.2. and recrystallised from ethanol.
Yellow crystals 460 mg (60%)
Melting Point: 96-97 °C (lit. M.p. 97-98
IRv„av (KBr): 3061 (-CH), 1652 (C=C), 1515, 1316 (-NO2) cm''
'H NMR (400 MHz, CDCb) 8 2.57 (s, 3 H, CH3), 7.50-7.66 (m, 3 H, 3 x ArH), 7.85-7.99 (m, 
4 H, 4 X ArH), 8.28 (s, 1 H, =CH)
’^C NMR (101 MHz, CDCb) ppm 13.8 (C3), 126.0, 126.5, 127.2, 127.4, 128.1, 128.2, 129.4, 
130.2, 132.6, 133.2, 133.4 (Cl), 147.3 (C2)
HRMS (APCI) calculated for C13H11NO2 [M'] 213.0784: found 213.0779. Mass accuracy (- 
2.35 ppm).

(£)-l-Fluoro-4-(2-nitroprop-l-en-l-yI)benzene (38)
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(£)-l-Fluoro-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 4-fluorobenzaldehyde (3.6 
mmol, 0.459 g) according to general procedure 8.2. and recrystallised from ethanol.
Yellow crystals 324 mg (50%)
Melting Point: 61-62 “C (lit. M.p. 61-63
IRv„<« (KBr): 3079 (CH), 1653 (C=C), 1518, 1354 (NO2) cm’'
'H NMR (400 MHz, CDCb) 8 2.46 (s, 3 H, CH3), 7.12-7.22 (m, 2 H, 2 x ArH), 7.40-7.50 (m, 
2 H, 2 X ArH), 8.07 (s, 1 H, =CH)

NMR (101 MHz, CDCb) ppm 13.5 (C3), 115.6, 115.8, 128.0, 131.6, 132.03 (Cl), 147.0 
(C2), 161.7 (CF), 164.2 (CF)
HRMS (ESI) calculated for C9H7FNO2 180.0455: found 180.0459. Mass accuracy
(2.22 ppm).

1.4- Bis((E)-2-nitroprop-l-en-l-yl)benzene (39)

1.4- Bis((£')-2-nitroprop-l-en-l-yl)benzene was prepared from terephthalaldehyde (3.6 mmol, 
0.543 g) according to general procedure 8.2. and recrystallised from ethanol.
Orange crystals 585 mg (60%)
Melting Point: 120-121 °C (lit. M.p. 122-123 “C^'^)
IRv^,,;. (KBr): 2938 (CH), 1651 (C=C), 1519, 1316 (NO2) cm ’
'H NMR (400 MHz, CDCb) 6 2.51 (s, 6 H, 2 x -CH3), 7.54-7.62 (m, 4 H, 4 x ArH), 8.10 (s, 
2 H, 2 X =CH)
'^C NMR (101 MHz, CDCb) ppm 13.7 (2 x -CH3), 129.9, 131.8, 133.4 (Cl), 148.3 (C2) 
HRMS (ESI) calculated for Ci2Hi2N204Na [M%Na] 271.0695: found 271.0685. Mass 
accuracy (-3.69 ppm).

(£)-l-(2-nitroprop-l-en-l-yl)naphthalene (40)

(£)-l-(2-nitroprop-l-en-l-yl)naphthalene was prepared from 1-naphthaldehyde (3.6 mmol, 
0.550g) according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/1).
Yellow resin 423 mg (55%)
Melting Point: N/A (lit. M.p. 65-67 “C^^^)
IRv„av (KBr): 3060 (CH), 1659 (C=C), 1520, 1324 (NO2) cm '
’H NMR (400 MHz, CDCb) 8 2.39 (s, 3 H, -CH3), 7.46 (d, 1 H, J = 7 Hz, ArH), 7.52-7.58 
(m, 1 H, H3’), 7.59-7.66 (m, 2 H, 2 x ArH), 7.90-7.99 (m, 3 H, 3 x ArH), 8.66 (s, 1 H, HI)
'3C NMR (101 MHz, CDCb) ppm 13.8 (C3), 123.7, 124.7, 126.2, 126.7, 126.8, 128.4, 129.3, 
129.8, 131.0, 131.5, 133.0 (Cl), 148.8 (C2)
HRMS (ESI) calculated for C13H12NO2 [M%H] 214.0868: found 214.0860. Mass accuracy (- 
3.74 ppm).

(E)-9-(2-Nitroprop-l -en-1 -yl)anthracene (41)

(£)-9-(2-Nitroprop-l-en-l-yl)anthracene was prepared from 9-anthraldehyde (3.6 mmol, 0.742 
g) using according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: toluene) and recrystallised from ethanol.
Orange crystals 95 mg (10%)
Melting Point: 141-142 °C (lit. M.p. 142-143 °C^^0)
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IR^'max (KBr): 3052, 2825 (C-H), 1510, 1326 (NO2), 1622.16, 1442.74 (C=C), 1483 (C=C), 
385 (CH3) cm-'
'H NMR (400 MHz, CDCb) 6 1.98 (s, 1 H, CH3), 7.42 - 7.63 (m, 4 H, 4 x ArH), 7.86 (d, J = 
7.93 Hz, 2H, 2x ArH), 7.93-8.12(m, 2H, 2xArH), 8.48 (s, 1 H, HIO), 8.71 (s, 1 H, HI’) 

NMR (101 MHz, CDCb) ppm 14.4 (C3’), 124.8 (C9), 125.5 (CH), 126.7, 128.6, 128.8 
(CH), 129.0 (CH), 131.0, 131.3 (CH), 151.0 (C2’)
HRMS (ESI) calculated for C17H14NO2 [M"+H] 264.1025: found 264.1035. Mass accuracy 
(3.78 ppm).

(£)-l-(Benzyioxy)-3-(2-nitroprop-l-en-l-yl)benzene (42) 441

(£)-l-(Benzyloxy)-3-(2-nitroprop-l-en-l-yl)benzene was prepared from 3- 
benzyloxybenzaldehyde (3.6 mmol, 0.713 g) according to general procedure 8.2. The product 
was purified by flash column chromatography over silica gel (eluent: 3:1 dichloromethane / 
hexane) and recrystallised from ethanol.
Yellow crystals (60%)
Melting Point: 68-71 °C
IRv„a.v (KBr): 3034 (CH), 1657 (C=C), 1513, 1325 (NO2) cm''
'H NMR (400 MHz, CDCb) 6 2.42 (s, 3 H, CH3), 5.14 (s, 2 H, -CH2-), 7.01-7.10 (m, 3H, 3 x 
ArH), 7.36-7.50 (m, 6 H, 6 x ArH), 8.07 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 13.6 (C3), 69.7 (CH2), 115.8, 116.0, 122.2, 126.9, 127.8, 
128.29, 129.6, 132.9, 133.3, 136.0 (Cl), 147.5 (C2), 158.4 (C3’)
HRMS (APCI) calculated for C16H16NO3 [M%H] 270.1125: found 270.1119. Mass accuracy 
(-2.07 ppm).

(£)-2-(Benzyloxy)-l-methoxy-4-(2-nitroprop-l-en-l-yl)benzene (43)

(£)-2-(Benzyloxy)-l-methoxy-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 3- 
benzyloxy4-methoxybenzaldehyde (3.6 mmol, 0.871 g) according to general procedure 8.2. 
The product was purified by flash column chromatography over silica gel (eluent: 3:1 
dichloromethane / hexane) and recrystallised from ethanol.
Yellow crystals (35%)
Melting Point: 102-103 °C (lit. M.p. 101-103 “C^^)
IRi/mox (ATR): 3084, 3065 (C-H), 1642, 1594 (C=C), 1517, 1365 (NO2), 1137 (C-N) cm’'
'H NMR (400 MHz, CDCb) 5 2.30 (d, J= 0.83 Hz, 3 H, CH3), 3.96 (s, 3 H, OCH3), 5.21 (s, 
2 H, CH2), 6.93 - 6.99 (m, 2 H, 2 x ArH), 7.08 (dd, J= 8.29, 2.07 Hz, 1 H, 1 x ArH), 7.28 - 
7.49 (m, 5 H, 5 X ArH), 7.99 (s, 1 H, HI’)
‘^C NMR (101 MHz, CDCb) ppm 13.9 (CH3), 56.0 (OCH3), 71.2 (CH2), 111.6 (CH), 115.7 
(CH), 124.8 (CH), 127.1 (CH), 128.1 (CH), 128.7 (CH), 133.7 (Cl’), 136.6, 145.8 (C2’), 147.9 
(Cl /C2), 151.4 (Cl /C2)
HRMS (APCI) calculated for C15H14NO3 [M^+H] 300.1236: found 300.1231. Mass accuracy 
(-1.66 ppm).

(£)-l,2,4-Trimethoxy-5-(2-nitroprop-l-en-l-yl)benzene (44)

(£^-l,2,4-Trimethoxy-5-(2-nitroprop-l-en-l-yl)benzene was prepared from 2-4-5 
trimethoxybenzaldehyde (3.6 mmol, 0.706 g) according to general procedure 8.2. The product
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was purified by flash column chromatography over silica gel (eluent: 3:1 dichloromethane / 
hexane) and recrystallised from ethanol.
Orange crystals 228 mg (25%)
Melting Point: 100-103 °C (lit. M.p. 100-101.5 °C^^)
IRv;„av (KBr): 2942 (CH), 1606 (C=C), 1508, 1343 (NO2) cm'’
’H NMR (400 MHz, CDCb) 6 3.88 (s, 3 H, OCH3), 3.91 (s, 3 H, OCH3), 3.98 (s, 3 H, OCH3), 
6.56 (s, 1 H, ArH), 6.90 (s, 1 H, ArH), 8.35 (s, 1 H, HI)

NMR (101 MHz, CDCb) ppm 13.9 (C3), 55.7 (OCH3), 55.9 (OCH3), 56.3 (OCH3), 96.1 
(C3’), 112.7, 129.2, 142.4, 145.1 (C2), 151.7 (C4’), 153.6 (CT & C2’)
HRMS (APCI) calculated for C12H15NO5 [M^] 253.0945: found 253.0941. Mass accuracy (- 
1.58 ppm).

(£)-l-Methyl-4-(2-nitroprop-l-en-l-yl)benzene (45)

(£)-l-Methyl-4-(2-nitroprop-l-en-l-yl)benzene was prepared from/j-tolualdehyde (3.6 mmol, 
0.706 g) according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: 3:1 dichloromethane / hexane) and recrystallised from 
ethanol.
Yellow crystals 254 mg (40%)
Melting Point: 50-52 “C (lit. M.p. 51.5-52.5 °C^^®)
IRv„ax (KBr): 2984 (CH), 1650 (C=C), 1518, 1358 (NO2) cm''
>H NMR (400 MHz, CDCb) 8 2.43 (s, 3 H, -CH3), 2.49 (s, 3 H, -CH3), 7.28 (d, 2 H, J= 9 Hz, 
2x ArH), 7.37(d, 2H,J=9Hz, 2x ArH), 8.10(s, 1 H, HI)
’^C NMR (101 MHz, CDCb) ppm 13.7 (C3), 21.1 (CT), 129.1, 129.2, 129.7, 133.3 (Cl), 
140.1 (C4’), 146.5 (C2)
HRMS (APCI) calculated for C10H11NO2 [M^] 177.0784: found 177.0781. Mass accuracy (- 
1.69 ppm)

(£)-l-Bromo-4-(2-nitroprop-l-en-l-yl)benzene (46)

(£)-l-Bromo-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 4-bromobenzaldehyde (1 
mmol, 0.18 g) according to general procedure general procedure 8.2. The product was purified 
by recrystallization from ethanol.
Yellow solid 18 mg (18%)
Melting Point: 93-96 “C (lit. M.p. 93-95 “C^^)
IRi^max (ATR): 3063 (C-H), 1652, 1598 (C=C), 1540, 1351 (NO2), 1121 (C-N) cm''
’H NMR (400 MHz, CDCb) 8 2.44 (d, J= 0.83 Hz, 3 H, CH3), 7.29 - 7.32 (m, J= 8.29 Hz, 2 
H, 2 X ArH), 7.58 - 7.65 (m, J= 8.29 Hz, 2 H, 2 x ArH), 8.02 (s, 1 H, HI)
’^C NMR (101 MHz, CDCb) ppm 13.9 (C3), 124.4, 131.2, 131.3, 131.4, 132.2, 132.2, 148.1 
(C2)
HRMS (ESI) calculated for C9H9Br^^N02 [M^+H] 241.9817: found 241.9820. Mass accuracy 
(-1.24 ppm).

(E)-2,4-Dimethoxy-l-(2-nitroprop-l-en-l-yl)benzene (47)

(£)-2,4-Dimethoxy-l-(2-nitroprop-l-en-l-yl)benzene was prepared from 2,4- 
dimethoxybenzaldehyde (3.6 mmol, 0.597 g) according to general procedure 8.2. The product
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was purified by flash column chromatography over silica gel (eluent: 3:1 dichloromethane / 
hexane) and recrystallised from ethanol.
Yellow crystals 282 mg (35%)
Melting Point: 75-77 °C (lit. M.p. 77-78
IRv;„«:v (KBr): 2984 (CH), 1650 (C=C), 1518, 1358 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 2.43 (s, 3 H, CH3), 2.49 (s, 6 H, OCH3), 7.28 (d, 1 H, J= 2 Hz, 
1 X ArH), 7.37(d, 2H,J=8Hz, 2xArH), 8.10 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 14.3 (C3), 55.5 (OCH3), 55.6 (OCH3), 98.4, 104.9, 114.3,
129.6, 131.1 (Cl), 145.7 (C2), 159.9 (C2’/ C4’), 162.9 (C2’/ C4’)
HRMS (APCI) calculated for C11H14NO4 [M%H] 224.0917: found 224.0911. Mass accuracy 
(-2.65 ppm).

(£)-l,4-Dimethoxy-2-(2-nitroprop-l-en-l-yI)benzene (48)

(£)-l-4-Dimethoxy-2-(2-nitroprop-l-en-l-yl)benzene was prepared from 2,5- 
dimethoxybenzaldehyde (3.6 mmol, 0.597 g) according to general procedure 8.2. The product 
was purified by flash column chromatography over silica gel (eluent: 3:1 dichloromethane / 
hexane) and recrystallised from ethanol.
Yellow crystals 645 mg (80%)
Melting Point: 73-75 T (lit. M.p. 74-75
IRv„av (KBr): 2946 (CH), 1647 (C=C), 1513, 1353 (NO2) cm '
'H NMR (400 MHz, CDCb) 5 2.42 (s, 3 H, CH3), 3.82 (s, 3 H, OCH3), 3.86 (s, 3 H, OCH3), 
6.84-7.00 (m, 3 H, 3 x ArH), 8.26 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 13.7 (C3), 55.4 (OCH3), 55.6 (OCH3), 111.3, 115.4, 115.6,
121.7, 129.2, 147.3 (C2), 152.0 (Cr/C4’), 152.7 (CH / C4’)
HRMS (APCI) calculated for C11H14NO4 [M%H] 224.0917: found 224.0911. Mass accuracy 
(-2.65 ppm).

(£)-l,2,3-Trimethoxy-5-(2-nitroprop-l-en-l-yl)benzene (49)

(£)-l,2,3-Trimethoxy-5-(2-nitroprop-l-en-l-yl)benzene was prepared from 3,4,5- 
trimethoxybenzaldehyde (3.6 mmol, 0.705 g) according to general procedure 8.2. The product 
was purified by flash column chromatography over silica gel (eluent: 3:1 dichloromethane / 
hexane) and recrystallised from ethanol.
Yellow crystals 455 mg (50%)
Melting Point: 94-96 °C (lit. M.p. 95-96 T^^)
IRv„av (KBr): 2939 (CH), 1645 (C=C), 1581, 1358 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 2.43 (s, 3 H, CH3), 3.91 (s, 9 H, 3 x OCH3), 6.68 (s, 2 H, 2 x 
ArH), 8.06 (s, 1 H, HI)
i^'C NMR (101 MHz, CDCb) ppm 13.8 (C3), 55.8 (OCH3), 60.6 (OCH3), 107.0, 127.3,133.4, 
139.4 (C2), 146.6 (C2’), 152.9 (CF &C3’)
HRMS (APCI) calculated for C12H15NO5 [M^ 253.0945: found 253.0942. Mass accuracy (- 
1.78 ppm).

(£)-l-Ethoxy-2-(2-nitroprop-l-en-l-yl)benzene (50)

(F)-l-Ethoxy-2-(2-nitroprop-l-en-l-yl)benzene was prepared from 2-ethoxybenzaldehyde 
(3.6 mmol, 0.540 g) according to general procedure 8.2. The product was purified by flash
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column chromatography over silica gel (eluent: 3:1 dichloromethane / hexane) and 
recrystallised from ethanol.
Yellow crystals 299 mg (40%)
Melting Point: 54-55 “C (lit. M.p. 56 "C'*^)
IR vmax (ATR): 3072, 2981 (C-H), 1651, 1596 (C=C), 1545, 1366 (NO2), 1120 (C-N) cm'’
’H NMR (400 MHz, CDCb) 6 1.46 (t, J= 7.02 Hz, 3 H, CH3), 2.39 (s, 3 H, CH3), 4.11 (q, J 
= 6.71 Hz, 2 H, CH2), 6.94 (d, J= 7.94 Hz, 1 H, H6), 7.00 (app.t, J= 7.63 Hz, 1 H, H4 / H5), 
7.30 (d,J=7.32 Hz, 1 H, H3), 7.35 - 7.43 (m, 1 H, H4 / H5), 8.30 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCI3) ppm 14.2 (CH3), 14.7 (CH3), 64.0 (CH2), 111.7 (CH), 120.2 
(CH), 121.5, 130.0, 130.0 (CH), 131.4 (CH), 147.3 (C2’), 157.5 (Cl)
HRMS (APCI) calculated for C11H14NO3 [M^+H] 208.0974: found 208.0970. Mass accuracy 
(-1.92 ppm).

(£)-l-(2-Nitroprop-l-en-l-yl)-4-phenoxybenzene (51)

(£)-l-(2-Nitroprop-l-en-l-yl)-4-phenoxybenzene was prepared from 4-phenoxybenzaldehyde 
(3.6 mmol, 0.712 g) according to general procedure 8.2. The product was purified by flash 
eolumn chromatography over silica gel (eluent: 3:1 diehloromethane/hexane) and 
recrystallised from ethanol.
Yellow erystals 663 mg (72%)
Melting Point: 58-60 °C ^^^)
IRv„«x (KBr): 3100 (CH), 1620 (C=C), 1520, 1352 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 2.50 (s, 3 H, CH3), 7.09 (m, 4 H, 4 x ArH), 7.22 (m, 1 H, ArH), 
7.43 (m, 4 H, 4 X ArH), 8.11 (s, 1 H, HI)
"’C NMR (101 MHz, CDCb) ppm 14.1 (C3), 118.2, 119.9, 124.5, 126.7, 130.1, 132.0, 133.2 
(Cl), 146.6 (C2), 155.7 (C4’ / C4”), 159.4 (C4’ / C4”)
HRMS (APCI) calculated for C15H14NO3 [M"+H] 256.0968: found 256.0961. Mass aceuracy 
(-2.81 ppm).

(£)-l-(Benzyloxy)-4-(2-nitroprop-l-en-l-yl)benzene (52)

(£’)-!-(Benzyloxy)-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 4- 
benzyloxybenzaldehyde (1 mmol, 0.21 g) according to general procedure general procedure 
8.2. The product was purified by reerystallization from ethanol.
Yellow erystals 135 mg (50%)
Melting Point: 143-145 °C (lit. M.p. 144-146 “C^^^)
IRrmav(ATR): 3060, 3037 (C-H), 1598 (C=C), 1514, 1361 (NO2), 1176 (C-N) em’’
'H NMR (400 MHz, CDCb) 8 2.48 (s, 3 H, CH3), 5.14 (s, 2 H, CH2), 7.04 - 7.10 (m, 2 H, 2 x 
ArH), 7.30 - 7.50 (m, 7 H, 7 x ArH), 8.08 (s, 1 H, HI’)
"*C NMR (101 MHz, CDCb) ppm 14.1 (CH3), 70.1 (CH2), 115.3 (CH), 124.9, 127.4 (CH), 
128.2 (CH), 128.7 (CH), 132.1 (CH), 133.5 (Cl’), 134.0, 136.2, 145.8 (C2’), 160.2 (C4) 
HRMS (APCI) calculated for C16H16NO3 [M"+H] 270.1130: found 270.1123. Mass accuracy 
(-2.59 ppm).

(£)-(2-Nitroprop-l-en-l-yl)benzene (53)

(£)-(2-Nitroprop-l-en-l-yl)benzene was prepared from benzaldehyde (1 mmol, 0.11 g) 
according to general procedure general procedure 8.2. The product was purified by 
recrystallization from ethanol.
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Yellow crystals 112 mg (68%)
Melting Point: 62-64 “C (lit. M.p. 65
\Rvmax (ATR): 3058, 2936 (C-H), 1650, 1598 (Ar C=C), 1574, 1386 (NO2), 1163 (C-N) cm'' 
’H NMR (400 MHz, CDCb) 8 2.46 (s, 3 H, CH3), 7.40 - 7.51 (m, 5 H, 5 x ArH), 8.09 (s, 1 H, 
HI’)

NMR (101 MHz, CDCb) ppm 13.9 (CH3), 128.8, 129.8 (CH), 129.9 (CH), 132.3, 133.4 
(Cr), 147.6 (C2’)
HRMS (APCI) calculated for C9H10NO2 [M%H] 164.0712: found 164.0704. Mass accuracy 
(-4.88 ppm).

(£)-4-Bromo-l-methoxy-2-(2-nitroprop-l-en-l-yl)benzene (54)"^^^

(£)-4-Bromo-l-methoxy-2-(2-nitroprop-l-en-l-yl)benzene was prepared from 5-bromo-2- 
methoxybenzaldehyde (1 mmol, 0.21 g) according to general procedure general procedure 8.2. 
The product was purified by recrystallization from ethanol.
Yellow crystals 230 mg (85%)
Melting Point: 68-70 “C
IRimav (ATR): 3072, 2943 (C-H), 1650, 1591 (C=C), 1507, 1354 (NO2), 1132 (C-N) cm''
'H NMR (400 MHz, CDCb) 6 2.37 (s, 3 H, CH3), 3.87 (s, 3 H, OCH3), 6.84 (d, J= 9.16 Hz, 
1 H, H4), 7.38 (d, J= 2.44 Hz, 1 H, H3), 7.49 (dd, J= 8.55, 2.44 Hz, 1 H, H5), 8.14 (s, 1 H, 
HI’)
’^C NMR (101 MHz, CDCb) ppm 14.0 (CH3), 55.8 (OCH3), 112.5 (CH), 123.4, 128.2 (CH), 
132.2 (CH), 133.9 (Cl’), 148.3 (C2’), 157.1 (Cl)
HRMS (APCI) calculated for CioHioN03Br’^ [M^] 270.9844: found 270.9847. Mass accuracy 
(1.11 ppm).

(£)-l-Chloro-3-(2-nitroprop-l-en-l-yl)benzene (55)

(£)-l-Chloro-3-(2-nitroprop-l-en-l-yl)benzene was prepared from 3-chlorobenzaldehyde (1 
mmol, 0.14 g) according to general procedure general procedure 8.2. The product was purified 
by column chromatography (eluent: 1:1 dichloromethane: hexane).
Yellow oil 120 mg (61%)
Melting Point: N/A (lit. M.p. 40 °C^^^)
IR^mox (ATR): 3067, 2926 (Ar C-H), 1660, 1594 (Ar C=C), 1519, 1323 (NO2), 1168 (C-N) 
cm”'
*H NMR (400 MHz, CDCb) 8 2.45 (s, 3 H, CH3), 7.30 - 7.35 (m, 1 H, 1 x ArH), 7.41 (d, J = 
3.73 Hz, 3 H, 3 X ArH), 8.01 (s, 1 H, HI’)
>^C NMR (101 MHz, CDCb) ppm 13.9 (CH3), 124.3 (CH), 129.5 (CH), 129.8 (CH), 130.1 
(CH), 131.8 (Cr), 134.1, 134.8, 148.7 (C2’)
HRMS (APCI) calculated for C9HgN02Cl^^ [M^] 197.0244: found 197.0242. Mass accuracy 
(-1.11 ppm).

(.£')-3-(2-Nitroprop-l-en-l-yl)phenol (56)

(.£')-3-(2-Nitroprop-l-en-l-yl)phenol was prepared from 3-hydroxybenzaldehyde (1 mmol, 
0.12 g) according to general procedure general procedure 8.2. The product was purified by 
column chromatography (eluent: dichloromethane).
Yellow solid 66 mg (37%)

283



Melting Point: 95-98 °C (lit. M.p. 96-98
(ATR): 3411 (OH), 3112, 3306 (Ar C-H), 1648, 1630 (Ar C=C), 1506, 1319 (NO2), 

1160 (C-N stretch) cm''
'H NMR (400 MHz, CDCb) 8 2.46 (s, 3 H, CH3), 5.31 (s, 1 H, OH), 6.84 - 6.96 (m, 2 H, H2 
&H6), 7.01 (d,J=7.94 Hz, 1 H, H4), 7.30 - 7.36 (m, 1 H, H5), 8.03 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 14.1 (CH3), 116.5 (C6), 117.1 (C2), 122.6 (C4), 130.2 
(C5), 133.3 (Cr), 133.9 (C3), 148.0 (C2’), 155.8 (Cl)
HRMS (ESI) calculated for C9H8NO3 [M"-H] 178.0510: found 178.0503. Mass accuracy (- 
3.93 ppm).

(£)-l-Chloro-2-(2-nitroprop-l-en-l-yl)benzene (57)

(£)-l-Chloro-2-(2-nitroprop-l-en-l-yl)benzene was prepared from 2-chlorobenzaldehyde (1 
mmol, 0.14 g) according to general procedure general procedure 8.2. The product was purified 
by column chromatography (eluent: 1:1 dichloromethane: hexane).
Yellow oil 110 mg (56%)
Melting Point: N/A (lit. M.p. 40 "C''^')

(ATR): 3068, 2934 (C-H), 1665 (C=C), 1518, 1324 (NO2), 1055 (C-N) cm''
'H NMR (400 MHz, CDCb) 8 2.30 (s, 3 H, CH3), 7.27 - 7.39 (m, 3 H, 3 x ArH), 7.41 - 7.47 
(m, 1 H, H6), 8.06 - 8.20 (m, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 13.7 (CH3), 124.3 (CH), 126.8 (CH), 129.8 (CH), 130.1 
(CH), 130.4 (CH), 130.8, 131.0, 134.6, 149.1 (C2’)
HRMS (APCI) calculated for C9H9NO2CI [M%H] 198.0322: found 198.0321. Mass accuracy 
(-0.50 ppm).

(F)-4-Methoxy-2-(2-nitroprop-l-en-l-yl)phenol (58)

(£)-4-Methoxy-2-(2-nitroprop-l-en-l-yl)phenol was prepared from 2-hydroxy-5- 
methoxybenzaldehyde (1 mmol, 0.15 g) according to general procedure general procedure 8.2. 
The product was purified by recrystallization from ethanol.
Yellow solid 38 mg (18%)
Melting Point: 110-114 °C
IRi^mox-(ATR): 3476 (OH), 3070, 2935 (C-H), 1659, 1585 (C=C), 1510, 1361 (NO2), 1122 (C- 
N) cm''
'H NMR (400 MHz, CDCb) 8 2.40 (s, 3 H, CH3), 3.94 (s, 3 H, OCH3), 6.06 (s, 1 H, H3), 6.92 
(s, 2 H, 2 X ArH), 8.28 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 14.3 (CH3), 56.2 (OCH3), 111.8 (CH), 118.8, 119.7 (CH), 
121.6 (CH), 128.8 (Cl’), 145.0 (Cl), 146.6 (C2’), 147.8 (C4)
HRMS (ESI) calculated for C10H10NO4 [M*+H] 208.0615: found 208.0617. Mass accuracy 
(0.96 ppm).

(£)-l-Ethoxy-4-(2-nitroprop-l-en-l-yl)benzene (59)

(£)-l-Ethoxy-4-(2-nitroprop-l-en-l-yl)benzene was prepared from 4-bromobenzaldehyde (1 
mmol, 0.15 g) according to general proeedure general procedure 8.2. The product was purified 
by recrystallization from ethanol.
Yellow solid 81 mg (39%)
Melting Point: 73-76 “C (lit. M.p. 74-75
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(ATR): 3060 (C-H), 1660, 1589 (C=C), 1553, 1345 (NO2), 1202 (C-N) cm'’
’H NMR (400 MHz, CDCb) 8 1.45 (t, J= 7.03 Hz, 3 H), 2.49 (s, 3 H), 4.10 (q,J= 7.03 Hz, 
2 H), 6.88 - 7.06 (m, J= 8.53 Hz, 2 H), 7.36 - 7.50 (m, J= 9.03 Hz, 2 H), 8.08 (s, 1 H)

NMR (101 MHz, CDCb) ppm 14.1 (CH3), 14.7 (CH3), 63.7 (OCH2), 114.9, 124.5, 132.1, 
133.7, 145.5 (C2), 160.5 (C4’)
HRMS (ESI) calculated for C11H14NO3 [M^+H] 208.0974: found 208.0980. Mass accuracy 
(2.88 ppm).

(£)-3-(2-Nitroprop-l-en-l-yl)furan (75)

(£)-3-(2-Nitroprop-l-en-l-yl)furan was prepared from 3-furaldehyde (3.6 mmol, 0.346 g) 
according to general procedure 8.2. The product was purified by flash column chromatography 
over silica gel (eluent: dichloromethane / hexane 3/1) and recrystallised from ethanol.
Brown crystals 385 mg (70%)
Melting Point: 86-88 °C (lit. M.p. 86-87 °C^”)
IRv„av(KBr): 3130(CH), 1656 (C=C), 1501, 1356 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 2.47 (s, 1 H, -CH3), 6.70 (s, 1 H, ArH), 7.29 (s, 1 H, ArH), 
7,56 (s, 1 H, ArH), 7.96 (s, 1 H, HI)
'-’C NMR (101 MHz, CDCb) ppm 13.57 (C3’), 109.38 (C4), 118.58 (C3), 124.06 (C5), 
144.21 (C2’), 145.62 (C2)
HRMS (APCI) calculated for C7H7NO3 [M"] 153.0420: found 153.0417. Mass accuracy (- 
2.51 ppm).

(£)-3-(2-Nitroprop-l-en-l-yl)thiophene (76)

(£)-3-(2-Nitroprop-l-en-l-yl)thiophene was prepared from 3-thiophenecarboxaldehyde (3.6 
mmol, 0.404 g) according to general procedure 8.2. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/1) and recrystallised from 
ethanol.
Brown crystals 379 mg (62%)
Melting Point: 71-73 °C (lit. M.p. 72.5-73.5 ‘’C^-^^)
IRv^o;, (KBr): 3102 (CH), 1646 (C=C), 1502, 1339 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 2.52 (s, 3 H, CH3), 7.31 (s, 1 H, ArH), 7.47 (s, 1 H, ArH), 7.63 
(s, 1 H, ArH), 8.1 (s, 1 H, HI)
'■C NMR (101 MHz, CDCb) ppm 13.8 (C3), 126.6, 127.2, 127.7, 129.6, 133.2 (Cl), 145.7 
(C2)
HRMS (ESI) calculated for C7H8NO2S [M"+H] 170.0270: found 170.0265. Mass aecuracy (- 
2 94 ppm).

(£)-2-(2-Nitroprop-l-en-l-yl)thiophene (77)

(£)-2-(2-Nitroprop-l-en-l-yl)thiophene was prepared from 2-thiophenecarboxaldehyde (3.6 
mmol, 0.403 g) aceording to general procedure 8.2. The product was purified by flash column 
caromatography over silica gel (eluent: dichloromethane / hexane 3/1) and recrystallised from 
ethanol.
Yellow crystals 395 mg (65%)
Melting Point: 67-68 °C (lit. M.p. 69 “C^'")
IRv^a. (KBr): 3093 (CH), 1643 (C=C), 1494, 1363 (NO2) cm''
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'H NMR (400 MHz, CDCb) 8 2.58 (s, 3 H, CH3), 7.21 (dd, 1 H, J= 3.8 Hz, H4’), 7.45 (d, 1 
H, J=5 Hz, H37H5’), 7.66 (d, 1 H, J=3.5 Hz, H37H5’), 8.33 (s, 1 H, HI)

NMR (101 MHz, CDCb) ppm 14.3 (CH3), 127.3 (CT), 128.2 (C4), 131.8 (C3), 134.8 
(C5), 135.4 (C2’), 144.4 (C2)
HRMS (ESI) calculated for C7H7NO2S [M^-H] 169.0197; found 169.0192. Mass accuracy (- 
2.96 ppm).

(£)-2-Methyl-5-(2-nitroprop-l-en-l-yl)thiophene (78)

(£)-2-Methyl-5-(2-nitroprop-l-en-l-yI)thiophene was prepared from 5-methyl-2- 
thiophenecarboxaldehyde (3.6 mmol, 0.454 g) according to general procedure 8.2. The product 
was purified by flash column chromatography over silica gel (eluent: dichloromethane / hexane 
3/1) and recrystallised from ethanol.
Orange crystals (55%)
Melting Point: 116-118 °C (lit. M.p. 117 °C^^^)
IRv„ax (KBr): 3054 (CH), 1639 (C=C), 1494, 1359 (NO2) cm’’
'H NMR (400 MHz, CDCb) 6 2.54 (s, 3 H, -CH3), 2.60 (s, 3 H, -CH3), 6.88 (dd, 1 H, J= 3.5 
Hz, 1 Hz, H3’), 7.28 (d, 1 H, J= 3.5 Hz, H4’), 8.25 (s, 1 H, HI)
’3C NMR (101 MHz, CDCb) ppm 14.15 (CH3), 15.82 (CH3), 126.83, 127.89, 133.21, 135.7 
(Cl), 142.99 (C2’), 147.93 (C2)
HRMS (ESI) calculated for C8H9NO2S [M^-H] 182.0265: found 182.0272. Mass accuracy 
(3.85 ppm).

8.3 General procedure for preparation of (£)-(2-nitrobut-l-en-l-yl)benzenes (60 - 70, 79
-82)

To a solution of the appropriate benzaldehyde (3.6 mmol) in 4 mL glacial acetic acid was added 
nitropropane (7.2 mmol) followed by cyclohexylamine (3.6 mmol, 0.4 mL). The reaction 
mixture was heated under microwave irradiation at 120 “C for 30 min. After cooling, water (10 
mL) was added to the reaction and it was allowed to stand. The precipitated nitroethene was 
isolated by filtration. The filtrate was further diluted with water (20 mL) and extracted with 
dichloromethane (3x10 mL). The organic phases were combined and washed with saturated 
aqueous NaHC03 (3 x 10 mL). The solution was dried over anhydrous Na2S04, filtered and all 
solvent removed in vacuo, to give an oil which was purified by flash column chromatography 
over silica gel (eluent; dichloromethane / hexane). The chromatographed and precipitated 
nitroethene fractions were combined and recrystallised from the appropriate alcohol.

(£)-l-Chloro-4-(2-nitrobut-l-en-l-yl)benzene (60)

(£)-l-Chloro-4-(2-nitrobut-l-en-l-yl)benzene was prepared from 4-chlorobenzaldehyde (3.6 
mmol, 0.500 g) using according to general procedure 8.3. The product was purified by flash 
column chromatography over silica gel (eluent: 3:1 dichloromethane / hexane) and 
recrystallised from ethanol.
Yellow crystals 151 mg (20%)
Melting Point: 75-77 °C (lit. M.p. 76-76.5 “C^’^)
IRv„<„ (KBr): 2976 (CH), 1651 (C=C), 1520, 1382 (NO2), 836 (C-Cl) cm '
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'H NMR (400 MHz, CDCb) 6 1.29 (t, 3 H, J= 7.5 Hz, -CH3), 2.86 (q, 2 H,y= 7.5 Hz, -CH2), 
7.37 (d, 2 H, J= 8.5 Hz, 2 x ArH), 7.44 (d, 2 H, J= 8.5 Hz, 2 x ArH), 7.99 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 12.0 (C4), 20.3 (C3), 128.9, 130.3, 130.4, 131.4 (Cl), 
153.2 (C2)
HRMS (APCI) calculated for C10H10NO2CF [M^+H] 211.0395: found 211.0389. Mass 
accuracy (-2.45 ppm).

(£)-4-(2-Nitrobut-l-en-l-yl)phenol (61)

(£)-4-(2-Nitrobut-l-en-l-yl)phenol was prepared from 4-hydroxybenzaldehyde (3.6 mmol, 
0.440 g) according to general procedure 8.3. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/1) and recrystallised from 
ethanol.
Orange crystals 49 mg (7%)
Melting Point: 75-78 °C (lit. M.p. 78.5-79 “C'*^^)
IRv;„av (KBr): 3391 (OH), 2976 (CH), 1644 (C=C), 1519, 1372 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 1.31 (t, 3 H, J= 7.5 Hz, CH3), 2.91 (q, 2 H, J= 7.5 Hz, CH2), 
5.74 (br.s., 1 H, OH), 6.96 (d, 2 H, J= 8.5 Hz, 2 x ArH), 7.39 (d, 2 H, J= 8.5 Hz, 2 x ArH), 
8.04 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 11.9(C4), 20.4 (C3), 115.7(2C), 124.3, 131.6 (2C), 133.0 
(Cl), 150.8 (C2), 157.2 (C4’)
HRMS (ESI) calculated for C10H12NO3 [M^+H] 194.0812: found 194.0807. Mass accuracy (- 
2.58 ppm).

(£)-2-(2-Nitrobut-l-en-l-yl)naphthalene (62)

(£)-2-(2-Nitrobut-l-en-l-yl)naphthalene was prepared from 2-naphthaldehyde (3.6 mmol, 
0.562 g) according to general procedure 8.3. Purified by flash chromatography over silica gel 
(eluent: 3/1 dichloromethane / hexane) and recrystallised from ethanol.
Yellow oil 270 mg (30%)
IRv„av (KBr): 2982 (CH), 1646 (C-C), 1520, 1330 (NO2) cm''
*H NMR (400 MHz, CDCb) 6 1.37 (t, 3 H, J= 7.5 Hz, -CH3), 2.98 (q, 2 H, J = 7 Hz, -CH2), 
7.50-7.64 (m, 3 H, 3 x ArH), 7.85-7.98 (m, 4H, 4 x ArH), 7.92 (s, 1 H, =CH)
'^C NMR (101 MHz, CDCb) ppm 12.2 (C4), 20.4 (C3), 125.6, 126.5, 127.2, 127.3, 128.1, 
128.4, 129.3, 129.9, 132.6, 132.9, 133.2, 152.9 (C2)
HRMS (ESI) calculated for Ci4Hi3N02Na [M"+Na] 250.0844: found 250.0835. Mass 
accuracy (-3.60 ppm).

(£)-l-FIuoro-4-(2-nitrobut-l-en-l-yl)benzene (63)

(£)-l-Fluoro-4-(2-nitrobut-l-en-l-yl)benzene was prepared from 4-fluorobenzaldehyde (3.6 
mmol, 0.459 g) according to general procedure 8.3. and recrystallised from ethanol.
Yellow crystals 280 mg (40%)
Melting Point: 79-80 “C
IRv;„av (KBr): 2967 (CH), 1653 (C-C), 1508, 1323 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 1.29 (t, 3 H, J= 7.5 Hz, -CH3), 2.86 (q, 2 H, J = 7 Hz, -CH2), 
7.17 (m, 2 H, 2 X ArH), 7.43 (m, 2 H, 2 x ArH), 8.00 (IH, s, =CH)
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'^C NMR (101 MHz, CDCb) ppm 12.0 (C4), 20.2 (C3), 115.7, 115.9, 127.9, 131.4, 131.6 
(Cl), 152.6 (C2), 161.8 (CF), 164.3 (CF)
HRMS (ESI) calculated for C10H10FNO2 [M*] 195.0690: found 195.0686. Mass accuracy (- 
2.25 ppm).

l,4-Bis((F)-2-nitrobut-l-en-l-yl)benzene (64)

l,4-Bis((F)-2-nitrobut-l-en-l-yl)benzene was prepared from terephthalaldehyde (3.6 mmol, 
0.543g) using nitropropane (7.2 mmol) according to general procedure 8.3. and recrystallised 
from ethanol.
Yellow crystals 397 mg (40%)
Melting Point: 133-134 “C (lit. M.p. 134-135 °C^^’)
IRv„,av (KBr): 2975 (CH), 1654 (C=C), 1501, 1324 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 1.33 (t, 6 H, J= 7.5 Hz, 2 x -CH3), 2.90 (q, 4 H, J= 7 Hz, 2 x 
-CH2), 7.50-7.60 (m, 4 H, 4 x ArH), 8.03 (s, 2 H, 2 x =CH)
’^C NMR ppm (CDCb) 12.1 (2 x CH3), 20.4 (2 x CH2), 129.7, 131.4, 133.4 (Cl x 2), 153.8 
(C2 X 2)
HRMS (ESI) calculated for C14H16N2O2 [M^] 276.1110: found 276.1110. Mass accuracy (0 
ppm).

(£)-l-(2-Nitrobut-l-en-l-yl)naphthalene (65)"^^*

(£)-l-(2-Nitrobut-l-en-l-yl)naphthalcne was prepared from 1-naphthaldehyde (3.6 mmol, 
0.550 g) according to general procedure 8.3. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/1).
Yellow oil 287 mg (35%)
Melting Point: N/A
IRvmax (KBr) 3071 (CH), 1680 (C=C), 1524, 1331 (NO2) cm''
’H NMR (400 MHz, CDCb) 6 1.25 (t, 3 H, J= 7.5 Hz, -CH3), 2.79 (q, 2 H, J= 7.5 Hz, -CH2), 
7.46 (d, 1 H, J= 7 Hz, ArH), 7.53-7.59 (m, 1 H, H3’), 7.60-7.65 (m, 2 H, 2 x ArH), 7.90-7.98 
(m, 3 H, 3 X ArH), 8.58 (s, 1 H, HI)
‘^C NMR (101 MHz, CDCb) ppm 12.4 (C4), 20.5 (C3), 123.8, 124.8, 126.0, 126.2, 126.7, 
128.3, 129.4, 129.7, 131.0, 131.1, 133.0 (Cl), 154.5 (C2)
HRMS (ESI) calculated for C14H14NO2 [M%H] 228.1025: found 228.1018. Mass accuracy (- 
3.07 ppm).

(£)-4-Bromo-l-methoxy-2-(2-nitrobut-l-en-l-yl)benzene (66)

(£)-4-Bromo-l-methoxy-2-(2-nitrobut-l-en-l-yl)benzene was prepared from 5-bromo-2- 
methoxybenzaldehyde (1 mmol, 0.21 g) according to general procedure general procedure 8.3. 
The product was purified by flash column chromatography over silica gel (eluent: 
dichloromethane : hexane 3/1).
Yellow oil 176 mg (62%)
IRk;«<« (ATR): 3075, 3021 (C-H), 1686, 1591 (C=C), 1552, 1333 (NO2), 1179 (C-N) cm '
'H NMR (400 MHz, CDCb) 8 1.16 - 1.20 (m, 3 H, CH3), 2.69 - 2.76 (m, 2 H, CH2), 3.81 (s, 
3 H, OCH3), 6.79 (d, J=9.16Hz, 1 H, H6), 7.29 (d, J =2.44 Hz, 1 H, H3), 7.43 (dd, J=9.16, 
2.44 Hz, 1 H, H5), 8.00 (s, 1 H, HI’)
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'^c NMR (101 MHz, CDCb) ppm 12.3 (CH3), 20.6 (CH2), 55.7 (OCH3), 112.4, 112.4 (CH), 
123.3, 127.6 (CH), 131.1, 131.6 (CH), 132.7, 133.8 (CH), 153.7 (Cl / C4), 156.9 (Cl / C4) 
HRMS (APCI) calculated for CiiHi2Br^^N03 [M^] 285.0001: found 285.0006. Mass accuracy 
(1.75 ppm).

(£)-l-ChIoro-2-(2-nitrobut-l-en-l-yl)benzene (67)

(£)-l-Chloro-2-(2-nitrobut-l-en-l-yl)benzene was prepared from 2-chlorobenzaldehyde (1 
mmol, 0.14 g) aecording to general procedure general procedure 8.3. The product was purified 
by flash column chromatography over silica gel (eluent: diehloromethane : hexane 3/1). 
Yellow oil 199 mg (94%)
Melting Point: N/A (lit. M.p. 20-21 "C^^^)
IRr>«<.v (ATR): 3066, 2939 (C-H), 1659, 1591 (C=C), 1521, 1330 (NO2), 1128(C-N) em''
'H NMR (400 MHz, CDCb) 6 1.12 (t, 7= 7.32 Hz, 3 H, CH3), 2.60 - 2.67 (m, 2 H, CH2), 7.20 
- 7.32 (m, 3 H, 3 X ArH), 7.32 - 7.40 (m, 1 H, H6), 7.98 (s, 1 H, HI’)
’^C NMR (101 MHz, CDCb) ppm 12.1 (CH3), 20.3 (CH2), 126.8 (CH), 129.4 (CH), 129.5 
(CH), 129.7 (CH), 130.6 (CT), 130.8, 134.2, 154.3 (Cl)
HRMS (APCI) calculated for CioHnCPN02 [M%H] 212.0478: found 212.0476. Mass 
accuracy (-0.94 ppm).

(£)-3-(2-Nitrobut-l-en-l-yl)phenol (68) 459

(£)-3-(2-Nitrobut-l-en-l-yl)phenol was prepared from 3-hydroxybenzaldehyde (1 mmol, 0.12 
g) according to general procedure general proeedure 8.3. The product was purified by column 
chromatography (eluent: diehloromethane) and recrystallised from ethanol.
Yellow solid 25 mg (13%)
Melting Point: 124-128 “C
IRKm<«(ATR): 3376 (OH), 3065, 2977 (C-H), 1641, 1580 (C=C), 1530, 1330 (NO2), 1173 (C- 
N) cm-'
'H NMR (400 MHz, CDCb) 8 1.26 - 1.30 (t, 3 H, CH3), 2.87 (q, 7= 7.32 Hz, 2 H, CH2), 5.20 
(br. s., 1 H, OH), 6.87 - 6.95 (m, 2 H, 2 x ArH), 7.00 (d, 7= 7.94 Hz, 1 H, H6), 7.29 - 7.40 (m, 
1 H, H5), 7.97 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 12.5 (CH3), 20.7 (CH2), 116.2 (CH), 117.1 (CH), 122.2 
(CH), 130.2 (CH), 132.8 (CH), 133.9, 153.6 (C2’), 155.9 (Cl)
HRMS (APCI) calculated for C10H10NO3 [M^-H] 192.0666: found 192.0661. Mass accuracy 
(-2.60 ppm).

(£)-l-Chloro-3-(2-nitrobut-l-en-l-yI)benzene (69) 455

(£)-l-Chloro-3-(2-nitrobut-l-en-l-yl)benzene was prepared from 3-chlorobenzaldehyde (1 
mmol, 0.14 g) aceording to general procedure 8.3. The product was purified by flash column 
chromatography over silica gel (eluent: diehloromethane : hexane 3:1).
Yellow oil 49 mg (23%)
IRFmax(ATR): 3066, 2939.63 (C-H), 1657, 1621 (C=C), 1520, 1330 (NO2), 1168 (C-N) cm'' 
'H NMR (400 MHz, CDCb) 8 1.21 (t, 7= 7.63 Hz, 3 H, CH3), 2.75 - 2.84 (m, 2 H, CH2), 7.21 
- 7.28 (m, 1 H, H2), 7.28 - 7.41 (m, 3 H, 3 x ArH), 7.85 (s, 1 H, HI ’)
”C NMR (101 MHz, CDCb) ppm 12.2 (CH3), 20.5 (CH2), 127.4 (CH), 129.1 (CH), 129.7 
(CH), 130.1 (CH), 131.2 (Cr), 134.0, 134.7, 154.1 (C2’)
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HRMS (APCI) calculated for CioHioN02CP^ [M^] 211.0395: found 211.0399. Mass accuracy 
(1.89 ppm).

(£)-4-Methoxy-2-(2-nitrobut-l-en-l-yl)phenoi (70)

(£)-4-Methoxy-2-(2-nitrobut-l-en-l-yl)phenol was prepared from 2-hydroxy-5- 
methoxybenzaldehyde (1 mmol, 0.15 g) according to general procedure general procedure 8.3. 
The product was purified by column chromatography (eluent 3:1 dichloromethane: hexane). 
Yellow resin 20 mg (9%)
IRi^m«;c(ATR): 3482 (OH), 3084, 2923 (C-H), 1642, 1586 (C=C), 1540, 1363 (NO2), 1191 (C- 
N) cm ’
’H NMR (400 MHz, CDCI3) 8 1.26 (t, J= 7.32 Hz, 3 H, CH3) 2.84 (q, J= 7.32 Hz, 2 H, CH2)
3.93 (s, 3 H, OCH3) 6.05 (s, 1 H, H3) 6.92 (s, 2 H, H5 & H6) 8.23 (s, 1 H, HI’)
’3C NMR (101 MHz, CDCI3) ppm 12.4 (CH3), 21.0 (CH2), 56.1 (OCH3), 111.8, 118.8(CH), 
119.8(CH), 121.0 (CH), 128.2 (CT), 145.0 (Cl), 146.6 (C2’), 153.3 (C4)
HRMS (APCI) calculated for C11H12NO4 [M"-H] 222.0772: found 222.0765. Mass accuracy 
(-3.15 ppm).

(£)-3-(2-Nitrobut-l-en-l-yl)furan (79)

(£’)-3-(2-Nitrobut-l-en-l-yl)furan was prepared from 3-furaldehyde (3.6 mmol, 0.345 g) 
according to general procedure 8.3. The product was purified by flash column chromatography 
over silica gel (eluent: dichloromethane / hexane 3/1).
Yellow resin 205 mg (30%)
IRv^ox (KBr): 2979 (CH), 1655 (C=C), 1518, 1328 (NO2) cm ’
'H NMR (400 MHz, CDCI3) 8 1.27 (t, 3 H, J= 7.5 Hz, -CH3), 2.89 (q, 2 H, J= 7.5 Hz, -CH2), 
6.64 (s, 1 H, ArH), 7.55-7.58 (m, 1 H, ArH), 7.80 (s, 1 H, ArH), 7.91 (s, 1 H, HI)
'3C NMR (101 MHz, CDCI3) ppm 12.0 (C4), 21.1 (C3), 109.6, 118.7, 123.7, 144.9, 146.2 
(C4’), 151.4 (C2)
HRMS (ESI) calculated for C8H9N03Na [M%Na] 190.0480: found 190.0486. Mass accuracy 
(3.16 ppm).

(£)-3-(2-Nitrobut-l-en-l-yl)thiophene (80)

(£)-3-(2-Nitrobut-l-en-l-yl)thiophene was prepared from 3-thiophenecarboxaldehyde (3.6 
mmol, 0.403 g) according to general procedure 8.3. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane / hexane 3/1) and recrystallised from 
ethanol.
Yellow crystals 314 mg (48%)
Melting Point: 47-50 °C
IRv„ax (KBr): 2976 (CH), 1646 (C=C), 1514, 1323 (NO2) cm’’
’H NMR (400 MHz, CDCb) 8 1.31 (t, 3 H, 7= 7.5 Hz, -CH3), 2.95 (q, 2 H, J= 7.5 Hz, -CH2), 
7.29 (d, 1 H, J= 4 Hz, H5’), 7.46 (q, 1 H, J= 4 Hz, 1 Hz, H4’), 7.63 (s, 1 H, H2’), 8.05 (s, 1 
H,H1)
’3C NMR (101 MHz, CDCb) ppm 11.7 (C4), 20.6 (C3), 126.6, 126.8, 129.5, 133.0 (Cl), 
151.2 (C2)
HRMS (ESI) calculated for CgH8N02S [M^-H] 182.0470: found 182.0461. Mass accuracy (-
4.94 ppm).

(£)-2-(2-Nitrobut-l-en-l-yl)thiophene (81)
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(£)-3-(2-Nitrobut-l-en-l-yl)thiophene was prepared from 2-thiophenecarboxaldehyde (3.6 
mmol, 0.404 g) according to general procedure 8.3. The product was purified by flash column 
chromatography over silica gel (eluent: dichloromethane : hexane 3/1).
Yellow Resin 384 mg (58%)
Melting Point: N/A (lit. M.p. 32
IRv^o^ (KBr): 2978 (CH), 1643 (C=C), 1519, 1370 (NO2) cm'’
>H NMR (400 MHz, CDCb) 6 1.29 (t, 3 H, J= 7.5 Hz, -CH3), 3.04 (q, 2 H, J= 7.5 Hz, -CH2),
7.20 (dd, 1 H, J= 3.8 Hz, H4’), 7.43 (d, 1 H, J=3.8 Hz, ArH), 7.65 (dd, 1 H, J= 3.8 Hz, ArH), 
8.26 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 11.6 (C4), 21.4 (C3), 126.7, 128.2, 131.7, 134.7, 134.9 
(Cl), 149.9 (C2)
HRMS (ESI) calculated for C8H10NO2S [M"+H] 184.0427: found 184.0423. Mass accuracy (-
2.20 ppm).

(£)-2-Methyl-5-(2-nitrobut-l-en-l-yl)thiophene (82)

(£)-2-Methyl-5-(2-nitrobut-l-en-l-yl)thiophene was prepared from 5-methyl-2- 
thiophenecarboxaldehyde (3.6 mmol, 0.454 g) according to general procedure 8.3. The product 
was purified by flash column chromatography over silica gel (eluent: dichloromethane : hexane 
3/1) and recrystallised from ethanol.
Orange crystals 395 mg (56%)
Melting Point: 89-90 “C
IRv„a;, (KBr): 2973 (CH), 1635 (C=C), 1503, 1316 (NO2) cm '
'H NMR (400 MHz, CDCb) 6 1.26 (t, 3 H, J = 7.5 Hz, -CH3), 2.59 (s, 1 H, -CH3 on Cl” 
thiophene ring), 3.99 (q, 2 H, J= 7.5 Hz, -CH2), 6.85 (s, 1 H, ArH), 7.25 (s, 1 H, ArH), 8.19 
(s, 1 H,H1)
'■^C NMR (101 MHz, CDCb) ppm 11.2 (C4), 15.4 (Cl”), 20.9 (C3), 126.3, 126.9, 132.2, 
135.5 (Cl), 147.5 (C2 / C2’), 148.0 (C2 / C2’)
HRMS (ESI) calculated for C9H10NO2S [M^-H] 196.0427: found 196.0418. Mass accuracy (- 
4.59 ppm).

8.4 General procedure for preparation of nitroethanes (84, 84, 89)
To a vigorously stirred mixture of the appropriate nitroethene (3.68 mmol), silica gel 

(9.30 g) and propan-2-ol (100 mL) in dichloromethane (350 mL) at room temperature there 
was added NaBH4 (15.5 mmol, 0.59 g). The mixture was stirred until the solution turned 
colourless ( ~ 20 min). Excess NaBH4 was quenched with the addition of dilute HCl (50 mL). 
The mixture was filtered and the silica gel was washed with dichloromethane (100 mL). All 
organic phases were combined and washed with brine (3 x 50 mL) and water (3 x 50 mL). The 
organic phases were then dried over anhydrous Mg2S04 and the solvent removed in vacuo, to 
give an oil which was then purified by flash chromatography over silica gel to afford the 
product.

460l-(4-Chlorophenyl)-l-nitroethane (83)

l-(4-Chlorophenyl)-l-nitroethane was prepared from (£)-1-(4-chlorophenyl)-1-nitroethene 
(36.8 mmol, 6.76 g) according to general procedure 8.4. No further purification was required. 
Brown Oil 6.06 g (89%)
IRv„a;, (KBr): 3023 (CH), 1613 (C=C), 1542, 1350 (NO2), 815 (C-Cl) cm '
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'H NMR (400 MHz, CDCb) 8 3.31 (t, 2 H, 7= 7.3 Hz, CH2), 4.62 (t, 2 H, J = 7.3 Hz, CH2), 
7.17 (d, 2 H, J = 8 Hz, H2VH6’), 7.32 (d, 2 H, J= 8.5 Hz, H3VH5’)
'^C NMR (101 MHz, CDCb) ppm 32.7 (C2), 76.0 (Cl), 129.1 (C27C6’), 130.0 (C3VC5’), 
133.4 (Cr), 134.1 (C4’)
HRMS (APCI) calculated for C8H8CP^N02 [Ml 185.0244: found 185.0250. Mass accuracy 
(3.24 ppm).

(2-Nitroethyl)benzene (84)

(2-Nitroethyl)benzene was prepared from (£)-(2-nitrovinyl)benzene (36.8 mmol, 5.48 g) 
according to general procedure 8.4. No further purifieation was required.
Brown oil 5.09 g (91%^^‘)
IRv„ax (KBr): 3050 (CH), 1658 (C=C), 1530, 1371 (NO2) em’'
>H NMR (400 MHz, CDCb) 8 3.35 (t, 2 H, J= 7.8 Hz, CH2), 4.64 (t, 2H,J= 7.8 Hz, CH2), 
7.23 (d, 2 H, J= 6.8 Hz, H2VH6’), 7.31-7.34 (m, 1 H, H4’), 7.35-7.39 (m, 2 H, H3VH5’)
’^C NMR (101 MHz, CDCb) ppm 33.4 (CH2), 76.3 (CH2), 127.4, 128.5, 129.0
HRMS (APCI) calculated for C8H)oN02 [Ml 152.0706: found 152.0706. Mass aecuracy (0
ppm).

4,4'-(2-Nitropropane-l,3-diyl)bis(chlorobenzene) (89)

4,4'-(2-Nitropropane-l,3-diyl)bis(cblorobenzene) was prepared from (£)-4,4'-(2-nitroprop-l- 
ane-l,3-diyl)bis(cblorobenzene) (1 mmol) according to general procedure 8.4. No further 
purification was necessary.
Colourless oil 309 mg (90%)
IRvmav (ATR): 3089, 2981 (CH), 1620 (C=C), 1533, 1326 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 3.06 (dd, 2 H, 7 = 14.67, 5.87 Hz, 2 x Ha), 3.28 (dd, 2 H, 7 = 
14.67, 5.87 Hz, 2 x Hb), 4.80-4.91 (m, 1 H, CH), 7.09 (d, 4 H, 7= 7.8 Hz, 4 x ArH), 7.33 (d, 4 
H,7=7.8 Hz, 4 X ArH)
'^C NMR (101 MHz, CDCb) ppm 38.9 (2 x CH2), 90.6 (CH), 129.12 (CH), 130.15 (CH), 
133.5, 133.6
HRMS (ESI) calculated for Ci5Hi3Cl3^^N02 [M^+Cl] 344.0012: found 344.0022. Mass 
accuracy (2.91 ppm).

8.5 General procedure for preparation of (£)-l,3-bis(aryl)-2-nitro-l-propenes (85 - 88)

A mixture of the appropriate l-(aryl)-l-nitroethane (15.0 mmol), dimethylamine hydrochloride 
(30.0 mmol), potassium fluoride (2.25 mmol) and the appropriate aldehyde (15.0 mmol) in 
toluene (20 mL) was refluxed using a Dean-Stark trap for 24 h. The reaction was then diluted 
with toluene (100 mL) and washed with 10% aq. HCl (3 x 30 mL). The organic phase was 
dried over anhydrous Mg2S04 and solvent removed in vacuo. The product was purified by flash 
chromatography over silica gel (eluent: 10:1 hexane / ethyl acetate).

(£)-4,4'-(2-Nitroprop-l-ene-l,3-diyi)bis(chlorobenzene) (85)

(£)-4,4'-(2-Nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) was prepared from 4- 
chlorobenzaldehyde (15.0 mmol) and l-chloro-4-(2-nitroethyl)benzene (15.0 mmol) aeeording 
to general procedure 8.5. The product was purified by flash column chromatography over silica 
gel (eluent: 10:1 hexane / ethyl acetate) and recrystallised from ethanol.
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Yellow crystals 2.30 g (50%)
Melting Point: 75-77 °C (lit. M.p. 74-76
IRvmax(KBr): 3110(CH), 1671 (C=C), 1549, 1369 (NO2) cm''
'H NMR (400 MHz, CDCb) 6 4.22 (s, 2 H, CH2), 7.14 (d, 2 H, 8 Hz, H3”/H5”), 7.32 (d, 
2 H, y = 8.5 Hz, H2’7H6”), 7.37 (d, 2 H, J = 8.6 Hz, H3 VH5’), 7.43 (d, 2 H, J = 8.6 Hz, 
H2VH6’), 8.28(1H, s, HI)

NMR (101 MHz, CDCb) ppm 31.9 (C3’), 128.5, 128.7,129.1, 129.7, 130.4, 132.6,133.9, 
134.1, 136.4 (C4), 149.0 (C2’)
HRMS (ESI) calculated for Ci5HiiCl2^^N02 [M*] 307.0161: found 307.0155. Mass accuracy 
(-1.97 ppm).

(£)-l-Chloro-4-(2-nitro-3-phenylprop-l-en-l-yl)benzene (86)

(£)-l-Chloro-4-(2-nitro-3-phenylprop-l-en-l-yl)benzene was prepared from 4- 
chlorobenzaldehyde (15.0 mmol) and (2-nitroethyl)benzene (15.0 mmol) according to general 
procedure 8.5. The product was purified by flash column chromatography over silica gel 
(eluent: 10:1 hexane / ethyl acetate).
Yellow Oil 1.33 g (30%)
IRv„ax (ATR): 3111 (CH), 1674 (C=C), 1553, 1368 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 4.25 (s, 2 H, H3), 7.20 (d, 2 H, J= 7.6 Hz, H3), 7.32-7.42 (m, 
6 H, 6 X ArH), 8.27 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 32.9 (C3’), 127.1, 127.52, 129.0, 130.4, 134.2, 135.8, 
136.7 (C4), 149.1 (C2’)
HRMS (ESI) calculated for Ci5Hi2Cp5N02Na [M%Na] 296.0454: found 296.0463. Mass 
accuracy (3.04 ppm).

(£)-l-Chloro-4-(2-nitro-3-phenylalIyl)benzene (87)

(£)-l-Chloro-4-(2-nitro-3-phenylallyl)benzene was prepared from benzaldehyde (15.0 mmol) 
and l-chloro-4-(2-nitroethyl)benzene (15.0 mmol) according to general procedure 8.5. The 
product was purified by flash column chromatography over silica gel (eluent: 10:1 hexane / 
ethyl acetate).
Yellow oil 1.11 g(25%)
IRvmax (ATR): 3116 (CH), 1668 (C=C), 1554, 1373 (-NO2) cm '
>H NMR (400 MHz, CDCb) 8 4.25 (s, 2 H, H3), 7.17 (d, 2 H, J= 8.5 Hz, 2 x ArH), 7.32 (d, 
2 H, J= 8.5 Hz, 2 X ArH), 7.43-7.50 (m, 5 H, 5 x ArH), 8.35 (s, 1 H, HI)
'^C NMR (101 MHz, CDCb) ppm 32.5 (C3’), 126.5, 127.2, 128.5, 128.7, 129.2, 130.0, 131.6 
(Cr), 135.1 (C4), 148.7 (C2’)
HRMS (ESI) calculated for Ci5Hi2C1^5N02Na [M%Na] 296.0454: found 296.0463. Mass 
accuracy (3.04 ppm).

(£)-2-Nitro-l,3-diphenylprop-l-ene (88)

(£)-2-Nitro-l,3-diphenylprop-l-ene was prepared from benzaldehyde (15.0 mmol) and (2- 
nitroethyl)benzene (15.0 mmol) according to procedure 5.6. The product was purified by flash 
column chromatography over silica gel (eluent: 10:1 hexane / ethyl acetate).
Brown Oil 0.786 g (20%'’^)
IRv«av(ATR): 3116(CH), 1665 (C=C), 1530, 1353 (NO2) cm’'
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'H NMR (400 MHz, CDCb) 6 4.30 (s, 2 H, H3), 7.24 (d, 2 H, J = 8 Hz, ArH), 1.29-1 .'il (m, 
1 H, ArH), 7.36 (t, 2 H, J= 6.5 Hz, ArH), 7.42-7.52 (m, 5 H, 5 x ArH), 8.34 (s, 1 H, HI) 

NMR (101 MHz, CDCb) ppm 32.5 (C3), 126.5, 127.2, 128.5, 129.2, 130.0, 131.6 (CT), 
147.9 (C2’)
HRMS (ESI) calculated for Ci5Hi3N02Na [M^+Na] 262.0844; found 262.0843. Mass 
accuracy (-0.38 ppm).

8.6 General procedure for preparation of (£)-2-nitro-l,3-diphenylprop-2-en-l-ones (90
-94)

A mixture of nitroacetophenone (4.00 g, 25 mmol), the appropriate benzaldehyde (40 mmol), 
P-alanine (0.188 g) and glacial acetic acid (4 mL) in benzene (40 mL) was refluxed for 3 h 
using a Dean-Stark trap. The reaction mixture was washed with water (3x5 mL) and the 
benzene was removed in vacuo. The product was purified using flash chromatography over 
silica gel (eluent: 8:1 hexane / ethyl aeetate).

(£)-2-Nitro-l,3-diphenylprop-2-en-l-one (90)

(£)-2-Nitro-l,3-diphenylprop-2-en-l-one was prepared from benzaldehyde (40.0 mmol) 
according to general procedure 8.6. The product was purified by flash column chromatography 
over silica gel (eluent: 8:1 hexane / ethyl acetate) and recrystallised from ethanol.
Yellow crystals 4.14 g (60%)
Melting Point: 90-91 °C (lit. M.p. 92 “C'^^)
IRr'mav (KBr): 3061 (CH), 1674 (C=0), 1634 (C=C), 1525, 1318 (NO2) cm''
'H NMR (400 MHz, CDCb) 6 7.34 (d, J=7.5 Hz, 2 H, 2 x ArH), 7.43 (d, J = 8 Hz, 3 H, 3 x 
ArH), 7.46-7.58 (m, 2 H, 2 x ArH), 7.60-7.70 (m, 1 H, 1 x ArH), 7.99 (d, 2 H, J = 8 Hz, 2 x 
ArH), 8.37 (s, 1 H, H3)
'^C NMR (101 MHz, CDCb) ppm 128.5, 128.8 (CH), 128.9 (CH), 128.9 (CH), 129.0, 130.7 
(CH), 131.9 (CH), 134.5 (CH), 134.6, 137.0 (C3), 144.3 (C2), 187.8 (C=0)
HRMS (ESI) calculated for CisHnNOsNa [M"+Na] 276.0637: found 276.0650. Mass 
accuracy (4.71 ppm).

(£)-3-(4-Chlorophenyl)-2-nitro-l-phenyIprop-2-en-l-one (91)

(£)-3-(4-Chlorophenyl)-2-nitro-l-phenylprop-2-en-l-one was prepared from 4- 
ehlorobenzaldehyde (40.0 mmol) aecording to general procedure 8.6. The product was purified 
by flash column chromatography over silica gel (eluent: 95:5 hexane / ethyl acetate).
Yellow resin 3.48 g (45%"^“)
IRvmoA- (KBr): 3062 (CH), 1668 (C=0), 1639 (C=C), 1531, 1324 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 7.33 (d, J= 6.5 Hz, 2 H, 2 x ArH), 7.37 (d, J= 6.5 Hz, 2 H, 2 
X ArH), 7.50-7.60 (m, 2 H, H3” & H5”), 7.65-7.73 (m, 1 H, H4”), 7.96 (d, J= 7 Hz, 2 H, 1 x 
ArH), 8.31 (s, 1 H, H3)
’^C NMR (101 MHz, CDCb) ppm 126.9, 128.8 (CH), 128.9 (CH), 129.3 (CH), 131.7 (CH), 
134.4, 134.8 (CH), 135.5 (C3), 138.2, 144.6 (C2), 187.6 (C=0)
HRMS (ESI) calculated for CisHioCl^^NOsNa [M^+Na] 310.0247: found 310.0244. Mass 
accuracy (-0.96 ppm).
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(£)-3-(4-Hydroxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (92)

(£)-3-(4-Hydroxyphenyl)-2-nitro-l-phenylprop-2-en-l-one was prepared from 4- 
hydroxybenzaldehyde (40.0 mmol) according to general procedure 8.6. The product was 
purified by flash column chromatography over silica gel (eluent: dichloromethane).
Orange resin 2.01 g (30%)
IRr'mav (KBr): 3390 (OH), 3066 (CH), 1672 (C=0), 1600 (C=C), 1516, 1307 (NO2) cm''
’H NMR (400 MHz, CDCb) 6 6.58 (br.s., 1 H, -OH), 6.77 (d, J = 7 Hz, 2 H, 2 x ArH), 7.32 
(d, J = 7 Hz, 2 H, 2 X ArH), 7.50-7.59 (m, 2 H, H3” & H5”), 7.64-7.66 (m, 1 H, H4”), 7.99 
(d, J= 7.5 Hz, 2 H, 2 X ArH), 8.31 (s, 1 H, H3)
’3C NMR (101 MHz, CDCb) ppm 116.2 (CH), 120.7 (CF), 128.8 (CH), 128.9 (CH), 133.4 
(CH), 134.6 (CH), 137.4 (C3), 141.8 (C2), 159.6 (C4’), 188.8 (C=0)
HRMS (ESI) calculated for C15H10NO4 [M"-H] 268.0615: found 268.0626. Mass accuracy 
(4.10 ppm).

(£}-3-(Naphthalen-l-yl)-2-nitro-l-phenylprop-2-en-l-one (93)

(£)-3-(Naphthalen-l-yl)-2-nitro-l-phenylprop-2-en-l-one was prepared from 1- 
naphthaldehyde (40.0 mmol) according to general procedure 8.6. The product was 
recrystallised from ethanol.
Yellow crystals 3.26 g (40%)
Melting Point: 136-138 "C
IRiw (KBr): 3062 (CH), 1679 (C=0), 1634 (C=C), 1525, 1316 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 7.31 (dd, J= 7.5 Hz, 1 H, 1 x ArH), 7.39 (dd, J = 8 Hz, 1 H, 1 
X ArH), 7.51 (d,y=6.5 Hz, 1 H, 1 x ArH), 7.55 (d, J=7.5 Hz, 1 H, 1 x ArH), 7.61 (dd, J= 8 
Hz, 1 H, 1 X ArH), 7.70 (m, J= 8 Hz, 1 H, 1 x ArH), 7.88 (d, J= 8 Hz, 2 H, 1 x ArH), 7.92 (d, 
J=7.5Hz, 2H, 1 xArH), 8.14(d,y=8Hz, 1 H, 1 x ArH), 9.14 (s, 1 H, H3)
'-^C NMR (101 MHz, CDCb) ppm 122.9, 124.9, 125.6, 126.5, 127.4, 128.3, 128.6, 128.7, 
131.1, 132.0, 133.0, 134.3, 134.5, 134.6 (C3), 145.9 (C2), 187.4 (C=0)
HRMS (ESI) calculated for C19H13NO3 [M~+Na] 326.0793: found 326.0782. Mass accuracy 
(-3.37 ppm).

(£)-3-(5-Bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one (94)

(£)-3-(5-Bromo-2-methoxyphenyl)-2-nitro-l-phenylprop-2-en-l-one was prepared from 5- 
bromo-2-methoxybenzaldehyde (40.00 mmol) according to general procedure 8.6. The product 
was purified by flash column chromatography over silica gel (eluent: dichloromethane). The 
product was recrystallised from ethanol.
Yellow Crystals 7.02 g (78%)
Melting Point: 172-176 °C
IR vmax (KBr): 3066, 2970 (CH), 1675 (C=0), 1592 (C=C), 1530, 1356 (NO2) cm '
’H NMR (400 MHz, CDCb) 8 3.60 (s, 3 H, OCH3), 6.74 (d, J=8.71 Hz, 1 H, H3), 7.37 - 7.57 
(m, 4 H, 4 X ArH), 7.57-7.67 (m, J= 7.46 Hz, 1 H, H4”), 7.93 (d, J= 7.46 Hz, 2 H, H6” & 
H2”), 8.43 (s, 1 H, H3)
'•'C NMR (101 MHz, CDCb) ppm 112.9 (CH), 113.0, 128.9 (CH), 129.0 (CH), 131.8 (CH), 
134.0 (CH), 134.4 (CH), 135.3, 136.2 (C3), 138.3, 146.1 (C2), 157.2 (C2”), 187.1 (C=0)
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HRMS (APCI) calculated for Ci6Hi2Br^^N04 [M"] 360.9950: found 360.9956. Mass accuracy 
(1.66 ppm).

8.7 General procedure for Michael additions of amines and thiols to nitrostyrenes (95 -
100)
To a mixture of the required nitrostyrene (1 mmol) in water (4 mL) was added the appropriate 
thiol / amine (1.1 mmol). The reaction was stirred at room temperature overnight. The aqueous 
reaction mixture was extracted with diehloromethane. The organie layer was washed with 
water, brine and dried over anhydrous sodium sulphate. Solvent was removed in vacuo. No 
further purifieation was required.

Ethyl(2-nitro-l-phenylethyl)sulfane (95)

Ethyl(2-nitro-l-phenylethyl)sulfane was prepared from (£)-(2-nitrovinyl)benzene (0.149 g, 1 
mmol) and ethanethiol according to general proeedure 8.7.
Brown oil 106 mg (50%'™)
IRvmax (ATR): 3031, 2996 (C-H), 1634 (C=C), 1550, 1374 (NO2), 1158 (C-N) em '
'H NMR (400 MHz, CDCb) 6 1.23 (t, J= 7.32 Hz, 3 H, CH3), 2.42 - 2.53 (m, 2 H, CH2), 4.54 
- 4.63 (m, 1 H, CH), 4.76 (d, J= 7.94 Hz, 2 H, CH2NO2), 7.28 - 7.41 (m, 5 H, 5 x ArH)

NMR (101 MHz, CDCb) ppm 14.3 (CH3), 25.6 (CH2S), 46.2 (Cl), 79.3 (C2), 127.6 (CH), 
128.4 (CH), 129.0 (CH), 137.4 (Cl’)
HRMS (APCI) caleulated for C10H14NO2S [M%H] 212.0745; found 212.0748. Mass 

aeeuraey (1.41 ppm).

(l-(5-Bromo-2-methoxyphenyl)-2-nitroethyl)(ethyl)sulfane (96)

(l-(5-Bromo-2-methoxyphenyl)-2-nitroethyl)(ethyl)sulfane was prepared from (£)-4-bromo- 
l-methoxy-2-(2-nitrovinyl)benzene (0.32 g, 1 mmol) and ethanethiol according to general 
procedure 8.7.
Brown oil 286 mg (90%)
IR^mox (ATR): 3011, 2966 (C-H), 1639 (C=C), 1550, 1374 (NO2), 1132 (C-N) cm '
'H NMR (400 MHz, CDCb) 6 1.24 (t, J= 7.48 Hz, 3 H, CH3), 2.55 (q, J= 7.46 Hz, 2 H, CH2), 
3.86 (s, 3 H, OCH3), 4.65 - 4.85 (m, 3 H, CH & CH2), 6.79 (d, J= 8.71 Hz, 1 H, H3), 7.38 (d, 
J= 8.71 Hz, 1 H, H4), 7.46 (d, J= 2.49 Hz, 1 H, H6)
’^C NMR (101 MHz, CDCb) ppm 14.5 (CH3), 26.6 (CH2S), 41.0 (CT), 56.0 (OCH3), 78.3 
(C2’), 112.9(C3), 113.1 (C5), 128.1 (Cl), 131.2 (C4), 132.1 (C6), 156.0 (C2)
HRMS (APCI) calculated for CiiHi4N03Br™S [M^] 318.9878: found 318.9878. Mass 

aeeuraey (0 ppm).

(l-(5-Bromo-2-methoxyphenyl)-2-nitroethyl)(phenyl)sulfane (97)

(l-(5-Bromo-2-methoxyphenyl)-2-nitroethyl)(phenyl)sulfane was prepared from {E)-4- 
bromo-l-methoxy-2-(2-nitrovinyl)benzene (0.32 g, 1 mmol) and thiophenol aeeording to 
general procedure 8.7.
Brown Oil 256 mg (70%)
IRv^ax (ATR): 3056, 3016 (C-H), 1628 (C=C), 1553, 1364 (NO2), 1250 (C-N) cm '
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'H NMR (400 MHz, CDCh) 8 3.83 (s, 3 H, OCH3), 4.74 (dd, J= 13.27, 7.05 Hz, 1 H, Ha), 
4.86 (dd, y=13.06, 8.50 Hz, 1 H, Hb), 5.17 (dd, J = 8.50,126 Hz, 1 H, H4’), 6.76 (d, J= 8.71 
Hz, 1 H, 1 X ArH), 7.18 (d, J = 2.49 Hz, 1 H, H2’), 7.29 - 7.34 (m, 3 H, 3 x ArH), 7.35 - 7.40 
(m, 3 H, 3 X ArH), 7.47 - 7.53 (m, 1 H, 1 x ArH)
'3C NMR (101 MHz, CDCb) ppm 44.5 (Cl), 55.9 (OCH3), 77.4 (C2), 112.9 (s), 127.1, 127.5 
(CH), 128.7 (CH), 129.0 (CH), 129.2 (CH), 130.9 (CH), 132.2 (CH), 133.7 (CH), 136.9 (Cl’), 
155.9 (C2’)
HRMS (APCI) calculated for Ci5Hi4N03Br^®S [M^] 366.9878; found 366.9876. Mass 
accuracy (-0.54 ppm).

N-(2-Nitro-l-phenylethyl)aniline (98)

N-(2-Nitro-l-phenylethyl)aniline was prepared from (£’)-(2-nitrovinyl)benzene (0.149 g, 1 
mmol) and aniline according to general procedure 8.7.
Brown oil 206 mg (85%)
Melting point: N/A (lit. M.p. 86-87.5 ‘’C^“)
IRr-m«;c (ATR): 3377 (NH), 3055, 3027 (C-H), 1601.52 (C=C), 1544, 1379 (NO2), 1181 (C-N) 
em’
'H NMR (400 MHz, CDCb) 8 4.48 (d, J= 5.49 Hz, 1 H, NH) 4.68 - 4.75 (m, 2 H, CH2) 5.23 
(d, J= 6.10 Hz, 1 H, CH) 6.68 (m, 1 H, 1 x ArH) 6.72 - 6.75 (m, 1 H, 1 x ArH) 6.80 - 6.85 (m, 
1 H, 2 X ArH) 7.21 (m, 2 H, 2 x ArH) 7.32 - 7.46 (m, 5 H, 5 x ArH)
'■’C NMR (101 MHz, CDCb) ppm 56.6 (CH), 79.9 (C2), 113.9 (CH), 118.9 (CH), 126.4 (CH), 
128.6 (CH), 129.3 (CH), 129.3 (CH), 137.7 (Cl’), 145.6 (Cl”)
HRMS (APCI) ealculated for C14H15N2O2 [M^+H] 243.1134: found 243.1128. Mass accuracy 
(-2.47 ppm).

N-(l-(4-Chlorophenyl)-2-nitroethyl)aniline (99)

N-(l-(4-Chlorophenyl)-2-nitroethyl)aniline was prepared from (£)-l-chloro-4-(2- 
nitrovinyl)benzene (0.183 g, 1 mmol) and aniline according to general procedure 8.7.
Brown oil 210 mg (76%'™)
IRKm<«(ATR): 3400 (NH), 3091,3053 (ArC-H), 1601 (ArC=C), 1548, 1376 (NO2), 1212 (C- 
N) cm"'
’H NMR (400 MHz, CDCb) 8 4.47 (br. s., 1 H, NH) 4.68 (d, 7= 6.10 Hz, 2 H, CH2) 5.17 (t, 
7= 6.41 Hz, 1 H, CH) 6.62 (d, 7= 7.94 Hz, 2 H, 2 x ArH) 6.72 (d,7= 7.32 Hz, 1 H, 1 x ArH) 
6.81 (t, 7= 7.32 Hz, 1 H, H4”) 7.20 (d, 7= 6.71 Hz, 2 H, 2 x ArH) 7.33 - 7.38 (m, 3 H, 3 x 
ArH)
>-’C NMR (101 MHz, CDCb) ppm 56.1 (CH), 79.8 (C2), 113.9 (CH), 119.2 (CH), 127.8 (CH), 
129.4 (CH), 129.5 (CH), 134.5, 136.2, 145.3 (Cl”)
HRMS (APCI) calculated for Ci4Hi4N202CP^ [M^+H] 277.0744; found 277.0738. Mass 
accuracy (-2.16 ppm).

N-(l-(4-Bromophenyl)-2-nitroethyl)aniline (100)

N-(l-(4-Bromophenyl)-2-nitroethyl)aniline was prepared from (£)-l-bromo-4-(2- 
nitrovinyl)benzene 0.23 g (1 mmol) and aniline according to general procedure 8.7.
Brown oil 224 mg (70%)
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IRf^ov (ATR): 3400 (NH), 3026 (C-H), 1601 (C=C), 1548, 1335 (NO2), 1211 (C-N) cm''
’H NMR (400 MHz, CDCb) 8 4.43 (br. s., 1 H, NH), 4.57 - 4.70 (m, 2 H, CH2), 5.12 (br. s., 
1 H, CH), 6.53 - 6.62 (m, 2 H, 2 x ArH), 6.69 (d, J= 7.94 Hz, 1 H, 1 x ArH), 6.75 - 6.79 (m, 1 
H, 1 X ArH), 7.16 - 7.18 (m, 1 H, 1 X ArH), 7.26 (dd, J= 8.24, 2.75 Hz, 2 H, 2 x ArH), 7.46 - 
7.54 (m, 2 H, 2 X ArH)

NMR (101 MHz, CDCb) ppm 56.1 (CH), 79.8 (C2), 113.9 (CH), 119.2 (CH), 122.6, 
128.2 (CH), 129.4 (CH), 132.5 (CH), 137.8, 145.3 (Cl”)
HRMS (APCI) calculated for Ci4Hi4N202Br^® [M^+H] 320.0160; found 320.0163. Mass 
accuracy (0.94 ppm).

8.8 General procedure for preparation of ethyl (£)-2-hydroxy-3-nitro-4-phenylbut-3- 
enoates(101 -104)

To a stirred solution of DMAP (50 mg, 40 mol %), the required nitroalkene (1 mmol) in 
aeetonitrile (1 mL) was added ethyl glyoxylate (4 mmol). The reaction was stirred at room 
temperature and monitored by TLC. After completion the reaction was diluted with water and 
extracted with ethyl acetate. The organic layer was extracted with water, brine and dried over 
anhydrous sodium sulphate. The organic phase was coneentrated in vacuo. The product was 
purified by column chromatography (eluent 2:1 - hexane ; ethyl acetate).

Ethyl (£)-4-(5-bromo-2-methoxyphenyl)-2-hydroxy-3-nitrobut-3-enoate (101)

Ethyl (£')-4-(5-bromo-2-methoxyphenyl)-2-hydroxy-3-nitrobut-3-enoate was prepared from 
(£)-4-bromo-l-methoxy-2-(2-nitrovinyl)benzene (0.256 g, 1 mmol) aceording to general 
procedure 8.8. The product was purified by column chromatography (eluent 2:1 - hexane ; ethyl 
aeetate) and recrystallised from ethanol.
Yellow solid 208 mg (58%)
Melting Point: 123-125 °C
IRiw (ATR): 3326 (0-H), 3026, 2980 (C-H), 1730 (C=0), 1638, 1591 (C=C), 1528, 1325 
(NO2), 1190 (C-N stretch) cm''
'H NMR (400 MHz, CDCb) 5 1.31 (t, J= 7.05 Hz, 3 H, CH3), 3.90 (s, 3 H, OCH3), 4.33 (dq, 
J= 1.87, 7.12 Hz, 2H, OCH2), 5.18 (s, 1 H, CH), 6.86 (d,J=9.12Hz, 1 H, H3), 7.57 (dd, J = 
8.71, 2.49 Hz, 1 H, H4), 7.67 (d, J= 2.49 Hz, 1 H, H6), 8.40 (s, 1 H, H4’)
'^C NMR (101 MHz, CDCb) ppm 14.0 (CH3), 56.0 (OCH3), 63.1 (OCH2), 65.9 (C2’), 112.6 
(C3), 112.9 (C5), 121.9 (Cl), 132.5 (C4), 134.1 (C6), 135.3 (C4’), 148.0 (C3’), 157.5 (C2), 
170.4 (C=0)
HRMS (APCI) calculated for CnH^Br^^NOe [M^ 359.0004: found 359.0005. Mass accuracy 
(-0.28 ppm).

Ethyl (£)-4-(4-chlorophenyl)-2-hydroxy-3-nitrobut-3-enoate (102)

Ethyl (£)-4-(4-chlorophenyl)-2-hydroxy-3-nitrobut-3-enoate was prepared from (£)-l-chloro- 
4-(2-nitrovinyl)benzene (0.18 g, 1 mmol) according to general procedure 8.8. The product was 
purified by column chromatography (3:1- dichloromethane : hexane) and recrystallised from 
ethanol.
Yellow solid 129 mg (45%)
Melting Point: 100-102 “C (lit. M.p. 102 °C‘’')
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IRj w (ATR): 3328 (0-H), 3095, 3056, 2972 (C-H), 1766 (C=0), 1647, 1589 (C=C), 1539, 
1337 (NO2), 1216 (C-N stretch) cm''
'H NMR (400 MHz, CDCb) 8 1.25 (t, 7=7.05 Hz, 3 H, CH3), 3.79 (br.s., 1 H, OH), 4.18 - 
4.38 (m, 2 H, CH2), 5.17 (s, 1 H, CH), 7.42 - 7.49 (m, 2 H, 2 x ArH), 7.49 - 7.57 (m, 2 H, 2 x 
ArH), 8.26 (s, 1 H, H4’)
'"C NMR (101 MHz, CDCb) ppm 13.9 (CH3), 63.0 (OCH2), 65.7 (CH), 129.2, 129.5 (CH), 
131.1 (CH), 137.4, 137.9 (CH), 148.0 (C3’), 170.2 (C=0)
HRMS (APCI) calculated for Ci2Hi3Cl^^N05 [M"+H] 286.0482: found 286.0479. Mass 
accuracy (-1.05 ppm).

Ethyl (£)-2-hydroxy-4-(4-hydroxyphenyl)-3-nitrobut-3-enoate (103)

Ethyl (£)-2-hydroxy-4-(4-hydroxyphenyl)-3-nitrobut-3-enoate was prepared from (£)-4-(2- 
nitrovinyl)phenol (0.17 g, 1 mmol) according to general procedure 8.8. The product was 
purified by column chromatography (eluent 5% methanol & 95% dichloromethane) and 
recrystallised from ethanol.
Yellow solid 106 mg (40%)
Melting Point: 141-144 “C
IRr-mav (ATR): 3327 (0-H), 3054, 2982 (C-H), 1744 (C=0), 1604, 1591 (C=C), 1522, 1330 
(NO2), 1209 (C-N stretch) cm''
'H NMR (400 MHz, CDCb) 6 1.19 - 1.30 (m, 3 H, CH3), 3.70 (br. s., 1 H, OH), 4.21 - 4.38 
(m, 2 H, CH2), 5.25 (s, 1 H, CH), 6.89 - 7.00 (m, 2 H, 2 x ArH), 7.44 - 7.58 (m, 2 H, 2 x ArH), 
8.30 (s, 1 H, H4’)
'^C NMR (101 MHz, CDCb) ppm 14.0 (CH3), 63.0 (OCH2), 66.0 (CH), 116.4 (CH), 129.1, 
132.4 (CH), 136.0, 139.5 (CH), 158.5 (C3’), 170.7 (C=0)
HRMS (APCI) calculated for C12H13NO6 [M"] 267.0743: found 267.0742. Mass accuracy (- 
0.37 ppm).

Ethyl (£)-4-(3-chlorophenyl)-2-hydroxy-3-nitrobut-3-enoate (104) 464

Ethyl (£)-4-(3-chlorophenyl)-2-hydroxy-3-nitrobut-3-enoate was prepared from (£)-1-chloro- 
3-(2-nitrovinyl)benzene (0.18 g, 1 mmol) according to general procedure 8.8. The product was 
purified by column chromatography (eluent 3:1 - dichloromethane : hexane).
Yellow oil 35 mg (12%)
IR vmax (ATR): 3475 (0-H), 3058, 2981.18 (C-H), 1742 (C=0), 1645, 1591 (C=C), 1524, 
1328 (NO2), 1211 (C-N stretch) cm''
'H NMR (400 MHz, CDCb) 8 1.27 (t, J= 7.26 Hz, 3 H, CH3), 3.96 (br. s., 1 H, OH), 4.19 - 
4.40 (m, 2 H, CH2), 5.18 (s, 1 H, CH), 7.41 - 7.50 (m, 3 H, 3 x ArH), 7.55 (s, 1 H, H2), 8.23 
(s, 1 H, H4’)
”C NMR (101 MHz, CDCb) ppm 13.9 (CH3), 63.1 (OCH2), 65.7 (CH), 127.7 (CH), 129.5 
(CH), 130.4 (CH), 130.9 (CH), 132.5, 135.2, 137.4 (CH), 148.6 (C3’), 170.2 (C=0)
HRMS (APCI) calculated for Ci2Hi3CP^N05 [M*+H] 286.0482: found 286.0481. Mass 
accuracy (-0.35 ppm).

299



8.9 General procedure for synthesis of (£)-2-(2-nitrovinyl)cyclohexa-2,5-diene-l,4- 
diones (105 -106)
To a rapidly stirred solution of the required (£’)-!,4-dimethoxy-2-(2-nitrovinyl)benzene (1 
mmol) in CH3CN 5.2 mL was added a solution of ceric ammonium nitrate (1.2 g, 2.19 mmol) 
in 3:1 water / CH3CN (2.1 mL). The reaction mixture was stirred for 10 min and was then 
washed with brine. The brine layer was extracted with CH3CN and the CH3CN layer was 
concentrated until the mixture began to phase separate. The mixture was then extracted with 
dichloromethane and washed with brine and water. The organic layer was dried over sodium 
sulphate and solvent removed in vacuo. The residual solid was purified by recrystallization 
(THF / cyclohexane).

(£)-2-(2-nitrovinyl)cyclohexa-2,5-diene-l,4-dione (105)

(£)-2-(2-nitrovinyl)cyclohexa-2,5-diene-1,4-dione was prepared from (£)-l,4-dimethoxy-2- 
(2-nitrovinyl)benzene 0.21 g (1 mmol) according to general procedure 8.9. The product was 
purified by recrystallisation from THF / cyclohexane.
Light brown solid 133 mg (75%)
Melting Point: 102-104 °C (lit. M.p. 104-106
IRi'mox (ATR): 3099, 3068 (C-H), 1752 (C=0), 1613, 1560 (C=C), 1560, 1366 (NO2), 1214 
(C-N stretch) cm''
'H NMR (400 MHz, CDCI3) 8 6.88 - 6.91 (m, 2 H, H5 & H6), 6.99 (d, J = 2.07 Hz, 1 H, H3), 
7.63 (d,J=13.68 Hz, 1 H, HL), 8.12 (d, J= 13.68 Hz, 1 H, H2’)

NMR (101 MHz, CDCb) ppm 130.1. 136.4, 136.8 (CH), 137.4 (CH), 137.9 (CH), 144.5 
(C2), 184.8 (C=0), 186.0 (C=0)
HRMS (ESI) calculated for C8H4NO4 [NL^-H] 178.0146: found 178.0148. Mass accuracy (1.12 
ppm).

(£)-2-(2-nitroprop-l-en-l-yl)cyclohexa-2,5-diene-l,4-dione (106)

(£)-2-(2-nitroprop-l-en-l-yl)cyclohexa-2,5-diene-l,4-dione was prepared from (£)-l,4- 
dimethoxy-2-(2-nitroprop-l-en-l-yl)benzene 0.21 g (1 mmol) according to general procedure 
8.9. The product was purified by recrystallisation from THF / cyclohexane.
Light brown solid 119 mg (62%)
Melting Point: 89-92 °C (lit. M.p. 91-92
IRKmav (ATR): 3068, 3036 (C-H), 1656 (C=0), 1561 (C=C), 1521, 1310 (NO2), 1128 (C-N 
stretch) cm''
'H NMR (400 MHz, CDCb) 8 2.38 (s, 3 H, CH3), 6.79 (s, 1 H, H3), 6.86 - 6.90 (m, 2 H, H5 
&H6), 7.86 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 14.6 (CH3), 123.7 (CH), 134.8 (CH), 136.7 (CH), 137.0 
(CH), 139.7, 152.5 (C2’), 184.7 (C=0), 186.3 (C=0)
HRMS (ESI) calculated for C9H7NO4 [M-H] 193.0375: found 193.0379. Mass accuracy (2.07 
ppm).

8.10 General procedure for preparation of 2-alkyl-2-nitro-3-phenyloxiranes (107 - 111)

To a stirred solution of the required (£)-(2-nitrovinyl)benzene (0.5 mmol), 1 8-diazabicyclo 
[5.4.0] undec-7-ene 4 uL (0.023 mmol) and hexane (1.5 mL) was added tert-butyl
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hydrogenperoxidc 100 uL (0.023 mmol). The reaction was stirred at room temperature for 10 
min. The reaction was quenched with deionised water (10 mL) and extracted into diethyl ether. 
The organic layer was washed with water, brine and dried over sodium sulphate. Solvent was 
removed in vacuo to afford pure product.

3-(3-Chlorophenyl)-2-methyi-2-nitrooxirane (107)

3-(3-Chlorophenyl)-2-methyl-2-nitrooxirane was prepared from (£')-l-chloro-3-(2-nitroprop- 
l-en-l-yl)benzene (0.20 g, 1 mmol) according to general procedure 8.10.
Yellow oil 180 mg (85%)
IRomox (ATR): 3068, 3003 (C-H), 1493, 1454 (C=C), 1557, 1350 (NO2 stretch) cm '
'H NMR (400 MHz, CDCb) 6 1.73 - 1.78 (m, 3 H, CH3), 4.49 (s, 1 H, CH), 7.14-7.21 (m, 1 
H, H6’), 7.25 - 7.29 (s, 1 H, H2’), 7.29 - 7.38 (m, 2 H, H4’)
'^C NMR (101 MHz, CDCb) ppm 12.4 (CH3), 61.7 (CH), 88.5 (C2), 124.6 (CH), 126.5 (CH), 
129.7 (CH), 130.1 (CH), 133.0, 135.0
HRMS (ESI) calculated for C9H7CP^N03 [M^-H] 212.0120: found 212.0118. Mass accuracy 
(-0.49 ppm).

3-(4-Chlorophenyl)-2-methyl-2-nitrooxirane (108)

3-(4-Chlorophenyl)-2-methyl-2-nitrooxirane was prepared from (E)-l-chloro-4-(2-nitroprop- 
l-en-l-yl)benzene (0.20 g, 1 mmol) according to general procedure 8.10.
Yellow oil 188 mg (89%^^^)
IRjw- (ATR): 3006, 2971 (C-H), 1493, 1456 (C=C), 1560, 1351 (NO2 stretch) cm''
'HNMR (400 MHz, CDCb) 6 1.70- 1.76 (m, 3 H, CH3), 4.49 (s, 1 H, CH), 7.22 (m, J=8.71 
Hz, 2 H, 2 X ArH), 7.37 (m, J= 8.71 Hz, 2 H, 2 x ArH)
’■’C NMR (101 MHz, CDCb) ppm 12.4 (CH3), 62.0 (CH), 88.6 (C2), 127.8 (CH), 129.0, 129.1 
(CH), 129.4, 135.6
HRMS (ESI) calculated for C9H7CP^N03 [M'-H] 212.0120: found 212.0119. Mass accuracy 
(-0.47 ppm).

3-(4-Bromophenyl)-2-methyi-2-nitrooxirane (109)

3-(4-Bromophenyl)-2-methyl-2-nitrooxirane was prepared from (E)-l-bromo-4-(2-nitroprop- 
l-en-l-yl)benzene (0.24 g, 1 mmol) according to general procedure 8.10.
Yellow oil 234 mg (92%)

(ATR): 3008, 2893 (C-H), 1489, 1410 (C=C), 1553, 1351 (NO2 stretch) cm’'
'H NMR (400 MHz, CDCb) 5 1.78 (s, 3 H, CH3), 4.51 (s, 1 H, CH), 7.20 (m, J= 8.29 Hz, 2 
H, 2 X ArH), 7.56 (m, J= 8.29 Hz, 2 H, 2 x ArH)
>-’C NMR (101 MHz, CDCb) ppm 12.4 (CH3), 62.0 (CH), 88.5 (C2), 123.7, 128.0 (CH), 
130.0, 132.0 (CH)
HRMS (ESI) calculated for C9H7Br’^N03 [M"-H] 255.9615: found 255.9622. Mass accuracy 
(2.73 ppm).

3-(3-Chlorophenyl)-2-ethyl-2-nitrooxirane (110)

3-(3-Chlorophenyl)-2-ethyl-2-nitrooxirane was prepared from (£)-l-chloro-3-(2-nitrobut-l 
en-l-yl)benzene (0.21 g, 1 mmol) according to general procedure 8.10.
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Yellow oil 207 mg (92%)
IRFmav (ATR): 3068, 2945 (C-H), 1479, 1462, 1434 (C=C), 1556, 1351 (NO2 stretch) cm'' 
'HNMR (400 MHz, CDCb) 6 1.08 (t, J=7.46 Hz, 3 H, CH3), 1.68 (dq, J = 14.93, 7.46 Hz, 1 
H, CHa), 2.48 (dq, J= 15.24, 7.50 Hz, 1 H, CHb), 4.50 (s, 1 H, CH), 7.18 - 7.42 (m, 4 H, 4 x 
ArH)

NMR (101 MHz, CDCb) ppm 7.6 (CH3), 19.5 (CH2), 62.3 (CH), 92.2 (C2), 124.5 (CH), 
126.4 (CH), 129.6 (CH), 130.1 (CH), 133.1, 134.9
HRMS (ESI) calculated for CioH9CP^N03 [M-H] 226.0276: found 226.0277. Mass aceuracy 
(0.44 ppm).

2-(4-Chlorobenzyl)-3-(4-chlorophenyl)-2-nitrooxirane (111)

2-(4-Chlorobenzyl)-3-(4-ehlorophenyl)-2-nitrooxirane was prepared from (£')-4,4'-(2- 
nitroprop-l-ene-l,3-diyl)bis(chlorobenzene) 0.31 g (1 mmol) aecording to general procedure 
8.10.

Colourless oil 276 mg (86%)
\Kvmax (ATR): 3042, 2969 (C-H), 1489, 1423 (C=C), 1553, 1351 (NO2 stretch) cm''
’HNMR (400 MHz, CDCb) 8 2.83 (d,J=15.76 Hz, 1 H, CHa), 3.77 (d,J =15.34 Hz, 1 H, 
CHb), 4.54 (s, 1 H, CH), 7.15 (m, J= 8.29 Hz, 2 H, 2 x ArH), 7.22 - 7.29 (m, 2 H, 2 x ArH), 
7.32 (d, 8.29 Hz, 2 H, 2 x ArH), 7.40 - 7.46 (m, 2 H, 2 x ArH)
’^C NMR (101 MHz, CDCb) ppm 31.1 (CH2), 62.3 (CH), 91.2 (C2), 127.7 (CH), 129.0 (CH), 
129.2, 129.3 (CH), 130.7, 130.8 (CH), 133.8, 135.9
HRMS (ESI) calculated for Ci5HioC12^5N03 [M^-H] 322.0043: found 322.0039. Mass 
accuracy (-1.24 ppm).

8.11 General procedure for preparation of 5-alkyl-4-phenyl-li/-l,2,3-triazoles (112 - 
119)
To a stirred solution of the required (£)-(2-nitrovinyl)benzene (1 mmol) in DMSO (2 mL) was 
added sodium azide (2 mmol). The reaetion was stirred at 90 "C for 90 minutes. After allowing 
the reaction to cool to room temperature deionised water (10 mL) was added and the aqueous 
mix was extracted into diethyl ether. The organic layer was washed with water, brine and dried 
over sodium sulphate. Solvent was removed in vacuo to afford crude product. The product was 
purified by column chromatography over siliea gel (gradient dichloromethane - methanol).

4-(3-Chlorophenyl)-5-methyl-l//-l,2,3-triazole (112)

4-(3-Chlorophenyl)-5-methyl-l//-l,2,3-triazole was prepared from (£)-l-chloro-3-(2- 
nitroprop-l-en-l-yl)benzene (0.197 g, 1 mmol) according to general proeedure 8.11. The 
product was purified by column chromatography (gradient dichloromethane - methanol) and 
reerystallised from ethanol..
White solid 119 mg (62%)
Melting Point: 166-169 °C
IKvmax (ATR): 3089, 2981 (C-H), 1594, 1464 (C=C), 1231 (C-N) cm’'
’H NMR (400 MHz, DMSO-rfb) 8 2.45 (s, 3 H, CH3), 7.40 (d, J= 8.29 Hz, 1 H, H2’), 7.48 (t, 
J= 7.88 Hz, 1 H, H5’), 7.66 (d, J= 7.88 Hz, 1 H, H6’), 7.73 (s, 1 H, H2’)

NMR (101 MHz, DMS0-</6) ppm 10.4 (CH3), 125.0 (CH), 126.0 (CH), 127.3 (CH), 130.7 
(CH), 133.5 (C5), 135.3, 141.3, 145.2
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HRMS (ESI) calculated for C9H7CP^N3 192.0334: found 192.0335. Mass accuracy
(0.52 ppm).

4-(4-Bromophenyl)-5-methyi-l/f-l,2,3-triazole (113)

4-(4-Bromophenyl)-5-methyl-l//-1,2,3-triazole was prepared from (£)-l-bromo-4-(2- 
nitroprop-l-en-l-yl)benzene (0.24 g, 1 mmol) according to general procedure 8.11. The 
product was purified by column chromatography (gradient dichloromethane - methanol) and 
recrystallised from ethanol..
White solid 148 mg (63%)
Melting Point: 196-199 “C
IRiw (ATR): 3120, 3075 (C-H), 1638, 1566 (C=C), 1226 (C-N) cm '
'H NMR (400 MHz, DMSO-</6) 6 2.44 (s, 3 H, CH3), 7.66 (s, 4 H, 4 x ArH)
'3C NMR (101 MHz, DMS0-</6) ppm 11.4 (CH3), 120.7, 128.4 (CH), 130.9, 131.7 (CH), 
139.2, 140.5, 142.4
HRMS (ESI) calculated for CQHvBr^^Ns [M*-H] 235.9829; found 235.9828. Mass accuracy (- 
0.42 ppm).

4-(5-Bromo-2-methoxyphenyl)-5-methyI-l//-l,2,3-triazole (114)

4-(5-Bromo-2-methoxyphenyl)-5-methyl-l//-1,2,3-triazole was prepared from (£)-4-bromo-
1- methoxy-2-(2-nitroprop-l-en-l-yl)benzene (0.27 g, 1 mmol) according to general procedure 
8.11. The product was purified by column chromatography (gradient dichloromethane - 
methanol) and recrystallised from ethanol..
White solid 159 mg (60%)
Melting Point: 135-137 X
IRiw (ATR): 3208 (N-H), 2971, 2936 (Ar C-H), 1638, 1530 (C=C), 1221 (C-N) cm’’
'H NMR (400 MHz, DMSO-</6) 6 2.08 - 2.33 (m, 3 H, CH3), 3.69 - 3.85 (m, 3 H, OCH3), 7.09 
(d, J= 8.7! Hz, 1 H, H3’), 7.40 - 7.66 (m, 2 H, H6’ & H4’)
'X NMR (101 MHz, DMSO-rf6) ppm 10.7 (CH3), 55.6 (OCH3), 111.7, 113.8 (CH), 132.3 
(CH), 132.8 (CH), 138.6, 140.6, 141.5, 156.1
HRMS (ESI) calculated for CioH9Br^^30 [M^-H] 265.9934: found 265.9936. Mass accuracy 
(0.75 ppm).

4-(2,5-DimethoxyphenyI)-5-methyl-l/f-l,2,3-triazoIe (115)

4-(2,5-Dimethoxyphenyl)-5-methyl-l//-l,2,3-triazole was prepared from (E)-l,4-dimethoxy-
2- (2-nitroprop-l-en-l-yl)benzene (0.22 g, 1 mmol) according to general procedure 8.11. The 
product was purified by column chromatography (gradient dichloromethane - methanol) and 
recrystallised from ethanol..
Yellow solid 120 mg (55%)
Melting Point: 76-80 “C
IRi'mox (ATR): 3272 (N-H), 2969, 2936 (C-H), 1615, 1563 (C=C), 1227 (C-N) cm''
'H NMR (400 MHz, DMSO-rf6) 8 2.20 (s, 3 H, CH3), 3.73 (d, J= 1.24 Hz, 6 H, 2 x OCH3), 
6.90 - 7.01 (m, 2 H, H3’ & H4’), 7.01 - 7.07 (m, 1 H, H6’)
'X NMR (101 MHz, DMS0-</6) ppm 10.2 (CH3), 55.5 (OCH3), 55.8 (O CH3), 112.7 (CH), 
114.6 (CH), 116.0 (CH), 120.7, 129.8, 139.8, 141.8, 150.7 (C5’), 153.0 (C2’)

303



HRMS (ESI) calculated for C11H12N3O2 [M"-H] 218.0935: found 218.0934. Mass accuracy (- 
0.45 ppm).

4-(4-ChIorophenyI)-5-methyl-l//-l,2,3-triazole (116)

4-(4-Chlorophenyl)-5-methyl-l//-1,2,3-triazole was prepared from (£)-l-chloro-4-(2- 
nitroprop-l-en-l-yl)benzene (0.197 g, 1 mmol) according to general procedure 8.11. The 
product was purified by column chromatography (gradient dichloromethane - methanol) and 
recrystallised from ethanol.
White solid 119 mg (62%)
Melting Point: 188-190 °C

(ATR): 3199 (N-H), 2980, 2884 (C-H), 1639, 1566 (C=C), 1231 (C-N) cm''
’H NMR (400 MHz, DMSO-^/6) 8 2.43 (s, 3 H, CH3), 7.50 (m, J= 8.71 Hz, 2 H, 2 x ArH), 
7.72 (m, y = 8.29 Hz, 2 H, 2 x ArH)

NMR (101 MHz, OMSO-rfe) ppm 11.0 (CH3), 128.2 (CH), 128.8 (CH), 130.3, 132.2, 
135.2, 141.3, 145.2
HRMS (ESI) calculated for C9H7N3C1^^ [M^-H] 192.0334: found 192.0334. Mass accuracy (0 
ppm).

4-(3-Chlorophenyl)-5-ethyl-l//-l,2,3-triazole (117)

4-(3-Chlorophenyl)-5-ethyl-l//-1,2,3-triazole was prepared from (£)-l-chloro-3-(2-nitrobut- 
l-en-l-yl)benzene (0.21 g, 1 mmol) according to general procedure 8.11. The product was 
purified by column chromatography (gradient dichloromethane - methanol) and recrystallised 
from ethanol.
White solid 140 mg (68%)
Melting Point: 115-118 “C
IRf^ox (ATR): 3352 (N-H), 2971, 2932 (C-H), 1605, 1584 (C=C), 1243 (C-N) cm '
’H NMR (400 MHz, DMSO-rffi) 6 1.22 (t, J= 7.46 Hz, 3 H, CH3), 2.85 (q, J= 7.33 Hz, 2 H, 
CH2), 7.36 - 7.43 (m, 1 H, H4’), 7.48 (t, J= 7.67 Hz, 1 H, H5’), 7.62 (d, J= 7.46 Hz, 1 H, H6’), 
7.69 (s, 1 H, H2’)

NMR (101 MHz, DMSO-y6) ppm 12.9 (CH3), 18.5 (CH2), 109.6,125.3 (CH), 126.3 (CH), 
127.4 (CH), 130.6 (CH), 133.5 (C5), 135.9, 140.1, 141.9, 145.5
HRMS (ESI) calculated for CioHgCl^^Ns [M^-H] 206.0490: found 206.0489. Mass accuracy (- 
0.49 ppm).

4-(5-Bromo-2-methoxyphenyl)-5-ethyI-l//-l,2,3-triazole (118)

4-(5-bromo-2-methoxyphenyl)-5-ethyl-l//-l,2,3-triazole was prepared from (£)-4-bromo-l- 
methoxy-2-(2-nitrobut-l-en-l-yl)benzene (0.29 g, 1 mmol) according to general procedure 
8.11. The product was purified by column chromatography (gradient dichloromethane - 
methanol) and recrystallised from ethanol.
Yellow crystals 210 mg (75%)
Melting Point: 169-172 °C
IRFmox (ATR): 2977, 2881 (C-H), 1638, 1585 (C=C), 1249 (C-N) cm ’
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»H NMR (400 MHz, DMSO-rf6) 8 1.03 - 1.21 (m, 3 H, CH3), 2.50 - 2.66 (m, 2 H, CH2), 3.77 
(s, 3 H, OCH3), 7.07 (d, J= 8.71 Hz, 1 H, 1 x ArH), 7.45 (s, 1 H, H6’), 7.49 - 7.65 (m, 1 H, 1 
X ArH)

NMR (101 MHz, DMSO-rf6) ppm 13.0 (CH3), 18.5 (CH2), 55.6 (OCH3), 111.7 (s), 113.7 
(CH), 122.8, 132.2 (CH), 132.9 (CH), 137.1, 140.0, 146.6, 156.1 (C2’)
HRMS (ESI) calculated for Ci iHi iN3Br’^0 [M^H] 280.0091; found 280.0092. Mass accuracy 
(0.36 ppm).

Ethyl 2-(4-(3-chlorophenyl)-l//-l,2,3-triazol-5-yl)-2-hydroxyacetate (119)

Ethyl 2-(4-(3-chlorophenyI)-l//-l,2,3-triazol-5-yl)-2-hydroxyacetate was prepared from ethyl 
(E)-4-(3-chlorophenyl)-2-hydroxy-3-nitrobut-3-enoate (£)-l-chloro-3-(2-nitrovinyl)benzene 
0.286 g (1 mmol) according to general procedure 8.11. The product was purified by column 
chromatography (gradient - dichloromethane: methanol) and recrystallised from ethanol. 
Yellow oil 192 mg (68%)
IR^mox- (ATR): 3197 (N-H), 2981, 2931 (Ar C-H), 1734 (C=0), 1604, 1571 (C=C), 1210 (C- 
N stretch) cm '
'H NMR (400 MHz, CDCb) 8 1.13 (t, J= 7.05 Hz, 3 H, CH3), 4.10 - 4.29 (m, 2 H, CH2), 5.53 
(s, 1 H, CH), 7.31 - 7.42 (m, 2 H, 2 x ArH), 7.58 - 7.70 (m, 1 H, 1 x ArH), 7.77 (s, 1 H, H2) 

NMR (101 MHz, CDCLr) ppm 13.8 (CH3), 62.7 (OCH2), 65.2 (CH), 126.2 (CH), 128.1 
(CH), 129.0, 130.1 (CH), 131.0, 134.8, 142.8, 171.8 (C=0)
HRMS (APCI) calculated for Ci2Hi3CP%03 [M^+H] 282.0645: found 282.0646. Mass 
accuracy (0.35 ppm).

8.12 General procedure for preparation of alkyl 2-cyano-3-phenylacrylates (120 - 125)

To a solution of the required alkyl 2-cyanoacctatc (1 mmol) in ethanol 5 mL was added the 
appropriate benzaldehydc (1 mmol) and 1 drop of piperidine. The reaction was stirred 
vigorously and heated to 80 “C for 30 min in a microwave reactor. The solution was allowed 
to come to room temperature and the precipitate was isolated by filtration. The crude product 
was recrystallizcd from ethanol. No further purification was necessary.

Methyl 3-(4-chlorophenyl)-2-cyanoacrylate (120)

Methyl 3-(4-chlorophenyl)-2-cyanoacrylate was prepared from 4-chlorobenzaldehyde (0.14 g, 
1 mmol) and methyl 2-cyanoacetate according to general procedure 8.12. and recrystallised 
from ethanol.
Yellow solid 145 mg (66%)
Melting Point: 120-122 “C (lit. M.p. 122 "C^’^)
IRf«<iv (ATR): 2987 (C-H), 2222 (CN), 1722 (C=0), 1586, 1548 (Ar C=C), 1260 (CN) cm ' 
’H NMR (400 MHz, CDCb) 8 3.95 (s, 3 H, CH3), 7.49 (m, J= 8.71 Hz, 2 H, 2 x ArH), 7.94 
(m,J=8.71 Hz, 2 H, 2 X ArH), 8.22 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 53.5 (CH3), 115.2 (CN), 129.0, 129.7 (CH), 129.8 (CH), 
132.2 (CH), 139.7, 153.6 (CH), 162.7 (C=0)
HRMS (APCI) calculated for CiiH8CP^N02 [M^] 221.0244: found 221.0245. Mass accuracy 
(0.45 ppm).
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Methyl 3-(5-bromo-2-niethoxyphenyl)-2-cyanoacrylate (121) 466

Methyl 3-(5-bromo-2-methoxyphenyl)-2-cyanoacrylate was prepared from 5-bromo-2- 
methoxybenzaldehyde (0.213 g, 1 mmol) and methyl 2-cyanoaeetate according to general 
procedure 8.12. and recrystallised from ethanol.
Yellow solid (70%)
Melting Point: 152-156 “C
IRFmav (ATR): 3069, 2969 (C-H), 2223 (CN), 1705 (C=0), 1588, 1549 (Ar C=C), 1257 (CN) 
cm'
‘H NMR (400 MHz, CDCb) 8 3.94 (s, 3 H, CH3), 3.91 (s, 3 H, OCH3), 6.86 (d, J= 9.12 Hz, 
1 H, H3), 7.61 (dd, J= 8.92, 2.28 Hz, 1 H, H4), 8.34 (d, J= 2.07 Hz, 1 H, H6), 8.64 (s, 1 H, 
HI’)
”C NMR (101 MHz, CDCb) ppm 53.4 (CH3), 56.1 (OCH3), 103.4, 112.9 (CH), 113.2, 115.1 
(CN), 131.6 (CH), 137.3 (CH), 148.3 (CH), 158.1 (Cl’), 162.8 (C=0)
HRMS (APCI) calculated for Ci2HiiBr’^N03 [M%H] 295.9922: found 295.9923. Mass 
accuracy (0.34 ppm).

Ethyl 3-(3-chlorophenyl)-2-cyanoacrylate (122)

Ethyl 3-(3-chlorophenyl)-2-cyanoacrylate was prepared from 3-chlorobenzaldehyde (0.14 g, 1 
mmol) and ethyl 2-cyanoacetate according to general procedure 8.12. and recrystallised from 
ethanol.
White solid 71 mg (30%)
Melting Point: 100-102 “C (lit. M.p. 101-102 "C^^’)
IR>4„av (ATR): 3068 (C-H), 2223 (CN), 1706 (C=0), 1588, 1561 (ArC=C), 1257 (CN) cm ' 
'H NMR (400 MHz, CDCb) 8 1.41 (t, J= 7.26 Hz, 3 H, CH3), 4.41 (q, J= 7.05 Hz, 2 H, CH2), 
7.46 (t, J = 7.88 Hz, 1 H, ArH, 1 x ArH), 7.54 (ddd, J = 8.19, 1.97, 1.04 Hz, 1 H, H5), 7.86 - 
7.99 (m, 2 H, 2 X ArH), 8.19 (s, 1 H, HI’)
”C NMR (101 MHz, CDCb) ppm 14.1 (CH3), 63.0 (CH2), 104.7, 114.9 (CN), 128.6 (CH). 
130.5 (CH), 130.8 (CH), 133.0 (CH), 135.3, 153.2 (Cl’), 162.0 (C=0)
HRMS (APCI) calculated for Ci2HioCP^N02 [M^] 235.0400: found 235.0400. Mass accuracy 
(0 ppm).

Ethyl 3-(4-chlorophenyl)-2-cyanoacrylate (123)

Ethyl 3-(4-chlorophenyl)-2-cyanoacrylate was prepared from 4-chlorobenzaldehyde (0.14 g, 1 
mmol) and ethyl 2-cyanoacetate according to general procedure 8.12. and recrystallised from 
ethanol.
Yellow solid 152 mg (65 %)
Melting Point: 89-92 “C (lit. M.p. 91.5-92.5 °C^^*)
IRr'mo.v (ATR): 3036, 2989 (C-H), 2223 (CN), 1721 (C=0), 1587, 1565 (ArC=C), 1258 (CN) 
cm"'
'H NMR (400 MHz, CDCb) 8 1.40 (t, J= 7.26 Hz, 3 H, CH3), 4.39 (q, 7.33 Hz, 2 H, CH2),
7.48 (m,J=8.71 Hz, 2 H, 2 x ArH), 7.94 (m, J=8 71 Hz, 2 H, 2 x ArH), 8.20 (s, 1 H, HI’) 
’^C NMR (101 MHz, CDCb) ppm 14.1 (CH3), 62.8 (CH2), 103.5, 115.2 (CN), 129.6 (CH), 
132.2 (CH), 139.5, 153.3 (Cl’), 162.2 (C=0)
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HRMS (APCI) calculated for Ci2HioCP^N02 [M'] 235.0400: found 235.0399. Mass accuracy 
(-0.43 ppm).

Ethyl 3-(5-bronio-2-inethoxyphenyl)-2-cyanoacrylate (124)

Ethyl 3-(5-bromo-2-methoxyphenyl)-2-cyanoacrylate was prepared from 5-bromo-2- 
methoxybenzaldehyde 0.213 g (1 mmol) and ethyl 2-cyanoacetate according to general 
procedure 8.12.
Yellow solid 191 mg (58 %)
Melting Point: 101-103 °C (lit. M.p. 103-104
IRr«ax (ATR): 3067, 2900 (C-H), 2223 (CN), 1719 (C=0), 1609, 1587 (Ar C=C), 1259 (CN) 
cm'
'H NMR (400 MHz, CDCb) 6 1.40 (t, J= 7.05 Hz, 3 H, CH3), 3.90 (s, 3 H, OCH3), 4.39 (q, 
J= 7.05 Hz, 2 H, CH2), 6.86 (d, J= 8.71 Hz, 1 H, H3), 7.60 (dd, J= 8.92, 2.28 Hz, 1 H, H4), 
8.32 (d, J= 2.49 Hz, 1 H, H6), 8.62 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 14.1 (CH3CH2), 56.0 (OCH3), 62.7 (CH2), 103.9, 112.9 
(CH), 113.2, 115.1 (CN), 122.4, 131.6 (CH), 137.2 (CH), 148.0 (CH), 158.1 (CT), 162.3 
(C=0)
HRMS (APCI) calculated for Ci3Hi2Br’‘’NaN03 [M"+Na] 331.9898: found 331.9884. Mass 
accuracy (-4.22 ppm).

Methyl 3-(3-chlorophenyl)-2-cyanoacryIate (125)"*™

Methyl 3-(3-chlorophenyl)-2-cyanoacrylate was prepared from 3-chlorobenzaldehyde (0.14 g, 
1 mmol) and methyl 2-cyanoacetate according to general procedure 8.12.
White solid 110 mg (50%)
Melting Point: 145-149 °C
IR»w (ATR): 3066.69, 2983.21 (C-H), 2223.23 (CN), 1709.24 (C=0), 1588.74, 1562.20 
(C=C), 1258.91 (CN) cm-'
'H NMR (400 MHz, CDCb) 6 3.95 (s, 3 H, CH3), 7.47 (d, J= 8.29 Hz, 1 H, 1 x ArH), 7.51 - 
7.57 (m, 1 H, H5), 7.89 - 7.94 (m, 2 H, 2 x ArH), 8.19 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 53.5 (CH3), 104.1, 114.9 (CN), 128.7 (CH), 130.5 (CH), 
130.8 (CH), 132.9, 133.1 (CH), 135.3, 153.4 (Cl’), 162.5 (C=0)
HRMS (APCI) calculated for CiiH8Cl^^N02 [M^] 221.0244: found 221.0244. Mass accuracy 
(0 ppm).

8.13 General procedure for synthesis of 2-benzylidenemalononitriles (126 - 129)

To a solution of malononitrile (1 mmol) in ethanol (1 mL) was added the appropriate 
benzaldehyde (1 mmol). To this was added 1 drop of piperidine and the mixture was heated to 
reflux for one h. The reaction mixture was then allowed to cool to room temperature and the 
precipitate was isolated by filtration. The solid was recrystallised from ethanol. No further 
purification was required.

2-(4-Chlorobenzylidene)malononitrile (126)
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2-(4-Chlorobenzylidene)malononitrile was prepared from 4-chlorobenzaldehyde (0.14 g, 1 
mmol) according to general procedure 8.13.
Yellow solid 147 mg (78%)
Melting Point: 162-165 °C (lit. M.p. 163

(ATR): 3069, 3034 (C-H), 2226 (CN), 1580, 1557 (C=C), 1191 (CN stretch) cm''
>H NMR (400 MHz, CDCb) 5 7.53 (m, J= 8.29 Hz, 2 H, 2 x ArH), 7.75 (s, 1 H, HI’), 7.86 
(m,J=8.71 Hz, 2 H, 2 X ArH)

NMR (101 MHz, CDCb) ppm 83.3 (C2’), 112.3 (CN), 113.4 (CN), 129.2, 130.0 (CH), 
131.8 (CH), 141.1, 158.3 (CF)
HRMS (APCI) calculated for CioH5CPN2[M^] 188.0141: found 188.0140. Mass accuracy (- 
0.53 ppm).

2-(4-Bromobenzylidene)malononitrile (127)

2-(4-Bromobenzylidene)malononitrile was prepared from 4-bromobenzaldehyde (0.18 g, 1 
mmol) according to general procedure 8.13.
Yellow solid 191 mg (83%)
Melting Point: 163-164 °C (lit. M.p. 163 “C^’^)
IRr^max (ATR): 3093, 2971 (C-H), 2226 (CN), 1577, 1555 (C=C), 1152 (CN stretch) cm''
'H NMR (400 MHz, CDCb) 6 7.67 - 7.72 (m, 2 H, 2 x ArH), 7.73 (s, 1 H, HI’), 7.76 - 7.80 
(m, 2 H, 2 X ArH)
'^C NMR (101 MHz, CDCb) ppm 83.4 (C2’), 112.3 (CN), 113.4 (CN), 129.6, 129.9, 131.8 
(CH), 133.0 (CH), 158.4 (CF)
HRMS (APCI) calculated for CioH5Br^^N2 [M^] 231.9636: found 231.9637. Mass accuracy 
(0.43 ppm).

2-(5-Bromo-2-methoxybenzylidene)malononitrile (128)

2-(5-Bromo-2-methoxybenzylidene)malononitrile was prepared from 2-methoxy-5- 
bromobenzaldehyde (0.21 g, 1 mmol) according to general procedure 8.13.
Yellow solid 161 mg (62%)
Melting Point: 136-138 °C (lit. M.p. 137-139 “C^’^)
IRr-max (ATR): 3035, 2971 (C-H), 2225 (CN), 1582, 1533 (C=C), 1217 (CN stretch) cm’’
•H NMR (400 MHz, CDCb) 6 3.93 (s, 3 H, OCH3), 6.90 (d, 7= 9.12 Hz, 1 H, H3), 7.59-7.75 
(m, 1 H, H4), 8.19 (s, 1 H, HF), 8.24 (d, 7= 2.49 Hz, 1 H, H6)
*^C NMR (101 MHz, CDCb) ppm 56.3 (OCH3), 83.2 (C2’), 112.3 (CN), 113.2 (CH), 113.4 
(CN), 113.7, 121.7, 131.1 (CH), 138.7 (CH), 152.8 (CF), 157.8
HRMS (APCI) calculated for CiiH7Br^^N20 [M^] 261.9742: found 261.9747. Mass accuracy 
(1.91 ppm).

2-(3-Chlorobenzyiidene)malononitrile (129)

2-(3-Chlorobenzylidene)malononitrile was prepared from 3-chlorobenzaldehyde (0.14 g, 1 
mmol) according to general procedure 8.13.
Yellow solid 169 mg (90 %)
Melting Point: 115-118°C (lit. M.p. 116-117 °C^’^)
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(ATR): 3035, 2971 (C-H), 2226 (CN), 1584, 1560 (C=C), 1214 (CN stretch) cm''
’H NMR (400 MHz, CDCb) 8 7.46 - 7.54 (m, 1 H, H5), 7.58 - 7.64 (m, 1 H, H4), 7.74 (s, 1 
H, HI’), 7.82 - 7.87 (m, 2 H, H2 & H5)
'^C NMR (101 MHz, CDCb) ppm 84.6 (C2’), 112.0 (CN), 113.2 (CN), 128.3 (CH), 130.4 
(CH), 130.8 (CH), 132.3, 134.3 (CH), 135.7, 158.2 (CT)
HRMS (APCI) calculated for CioHsCl^^ [M^] 188.0141; found 188.0140. Mass accuracy (- 
0.53 ppm).

8.14 General procedure for synthesis of benzylidenehydrazines (130 - 134)
To a solution of hydrazine hydrate (1 mL) in ethanol (1 mL) was added the appropriate 
benzaldehyde (1 mmol). The reaction mixture was refluxed for three hours and subsequently 
cooled to room temperature. The precipitate was isolated by filtration and recrystallizcd with 
ethanol. No further purification was required.

Benzylidenehydrazine (130)

Benzylidenehydrazine was prepared from benzaldehyde (0.11 g, 1 mmol) according to general 
procedure 8.14.
Yellow solid 73 mg (60%)
Melting Point: 178-180 °C (lit. M.p. 198 “C^’^)
IRimox (ATR): 3671 (N-H), 2981, 2888 (C-H), 1624, 1574 (C=C), 1173 (CN stretch) cm''
’H NMR (400 MHz, CDCb) 8 7.39 - 7.58 (m, 3 H, 3 x ArH), 7.81 - 7.95 (m, 2 H, H2 & H6), 
8.69 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 128.5 (CH), 128.8 (CH), 131.2 (CH), 134.1, 162.0 (Cl’) 
HRMS (ESI) calculated for C7H9N2 [M^+H] 121.0766: found 121.0765. Mass accuracy (-0.83 
ppm).

(3-Chlorobenzylidene)hydrazine (131)

(3-Chlorobenzylidene)hydrazine was prepared from 3-chlorobenzaldehyde (0.14 g, 1 mmol) 
according to general procedure 8.14.
Yellow solid 111 mg (72%)
Melting Point: 147-149 °C'‘’^)
IRKmav (ATR): 3338 (N-H), 3076, 2970 (C-H), 1626, 1593 (C=C), 1264 (CN stretch) cm''
’H NMR (400 MHz, CDCb) 8 7.35 - 7.50 (m, 2 H, 2 x ArH), 7.64 - 7.74 (m, 1 H, 1 x ArH), 
7.89 (t,J = 1.87 Hz, 1 H, HI), 8.60 (s, 1 H,Hr)
‘^C NMR (101 MHz, CDCb) ppm 127.0 (CH), 128.1 (CH), 130.0 (CH), 131.3 (CH), 134.9, 
135.7, 161.1 (Cr)
HRMS (APCI) calculated for C7H9CFN2 [M*] 154.0298: found 154.0294. Mass accuracy (- 
2.60 ppm).

(4-Chlorobenzylidene)hydrazine (132)

(4-Chlorobenzylidene)hydrazine was prepared from 4-chlorobenzaldehyde (0.14 g, 
according to general procedure 8.14.
Yellow solid 134 mg (87%)
Melting Point: 182-184 °C (lit. M.p. 275 °C^^’)
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IRKmav (ATR): 3660 (N-H), 3048, 2981 (C-H), 1624, 1568 (C=C), 1279 (CN stretch) cm'’
’H NMR (400 MHz, CDCb) 8 7.36 - 7.60 (m, 2 H, 2 x ArH), 7.69 - 7.98 (m, 2 H, 2 x ArH), 
8.62 (s, 1 H, HI’)

NMR (101 MHz, CDCb) ppm 129.1 (CH), 129.7 (CH), 137.3, 161.1 (CT)
HRMS (APCI) calculated for C7H9CP^N2 [M*] 154.0298: found 154.0293. Mass accuracy (- 
3.25 ppm).

(5-Bromo-2-methoxybenzylidene)hydrazine (133)

(5-Bromo-2-methoxybenzylidene)hydrazine was prepared from 5-bromo-2- 
methoxybenzaldehyde (0.21 g, 1 mmol) according to general procedure 8.14.
Yellow solid 50 mg (22%)
Melting Point: 238-243^
IRK;„ax (ATR): 3662 (N-H), 3004, 2988 (C-H), 1618, 1566 (C=C), 1128 (CN stretch) cm '
'H NMR (400 MHz, CDCb) 8 3.89 (s, 3 H, OCH3), 6.84 (d, J= 9.12 Hz, 1 H, H3), 7.51 (dd, 
7=8.71,2.49 Hz, 1 H, H4), 8.23 (d, 7= 2.49 Hz, 1 H, H6), 8.98 (s, 1 H, HI’)
’^C NMR (101 MHz, CDCb) ppm 55.9 (OCH3), 113.0 (CH), 113.4, 129.8 (CH), 134.9 (CH), 
156.6 (Cl’), 158.1
HRMS (APCI) calculated for C8H9Br^^N02 [M^] 227.9894: found 227.9898. Mass accuracy 
(1.75 ppm).

(4-Bromobenzylidene)hydrazine (134)

(4-Bromobcnzylidene)hydrazine was prepared from 4-chlorobenzaldehyde 0.14 g (1 mmol) 
according to general procedure 8.14.
Yellow solid 154 mg (78%)
Melting Point: 232-235 °C 2*')
IRFmav (ATR): 3661 (N-H), 3047, 2981 (C-H), 1624, 1563 (C=C), 1117 (CN stretch) cm''
>H NMR (400 MHz, CDCb) 8 7.60 (m, 7= 8.29 Hz, 2 H, 2 x ArH), 7.72 (m, 7= 8.29 Hz, 2 
H, 2 X ArH), 8.60 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 129.9 (CH), 132.1 (CH), 133.7, 140.2, 161.2 (Cl’) 
HRMS (APCI) calculated for C7H9Br’^N2 [M%H] 198.9871: found 198.9871. Mass accuracy 
(0 ppm).

8.15 General procedure for preparation of 3-nitro-2-phenyl-2//-chromenes (135 - 142)

To a mixture of salicylaldehyde (6 mmol) and P-nitrostyrene (1 mmol) was added DABCO (1 
mmol, 112 mg) at room temperature. The reaction mixture was stirred at 60 °C for 1.5 h. The 
reaction was extracted with 20 mL DCM and washed with 10 % HCl (2x5 mL). The organic 
extracts were washed with H2O and brine, then dried over Na2S04, and solvent removed in 
vacuo. The residue was purified by flash column chromatography over silica gel (eluent: 
hexanes/ethyl acetate (8/1)) to give 3-nitro-2-phenyl-2//-chromenes. The product was 
recrystalliscd from the appropriate alcohol.

3-Nitro-2-phenyl-27f-chromene (135)
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3- Nitro-2-phcnyl-2//-chromene was prepared from (£)-(2-nitrovinyl)benzene (1 mmol, 0.149 
g) according to general procedure 8.15. and recrystallised from ethanol.
Yellow crystals 110 mg (40%)
Melting Point: 85-87 °C (lit. M.p. 87
IRr>„<^ (KBr): 3066 (-CH), 1650, 1605 (C=C), 1511, 1327 (NO2) cm''
'H NMR (400 MHz, CDCb) 8 6.61 (s, 1 H, H2), 6.89 (d, J= 8 Hz, 1 H, H8), 7.00-7,06 (m, 1 
H, H7), 7.41-7.32 (m, 7 H, 7 x ArH), 8.09 (s, 1 H, H4)
'■’C NMR (101 MHz, CDCb) ppm 73.8 (C2), 116.8, 117.5, 122.1, 126.6, 128.4, 128.9, 129.0, 
130.0, 133.9, 136.31, 140.7 (C3), 153.1 (C8a)
HRMS (ESI) calculated for CisHnNOsNa [M%Na] 276.0637: found 276.0628. Mass 
accuracy (-3.26 ppm).

2-(4-Chlorophenyl)-3-nitro-2//-chromene (136)

2-(4-Chlorophenyl)-3-nitro-2//-chromene was prepared from (£)-l-chloro-4-(2- 
nitrovinyl)benzene (1 mmol, 0.184 g) according to general procedure 8.15. and recrystallised 
from ethanol.
Yellow crystals 101 mg (35%)
Melting Point: 135-136 °C (lit M.p. 136 “C^*^)
IRrw(KBr): 3070 (-CH), 1650, 1605 (C=C), 1514, 1325 (NO2), 755 (C-Cl) cm '
'H NMR (400 MHz, CDCb) 8 6.57 (s, 1 H, H2), 6.89 (d, J= 8 Hz, 1 H, H8), 7.05 (dd, J= 7.5 
Hz, 1 H, H7), 7.40-7.30 (m, 6 H, 6 x ArH), 8.09 (s, 1 H, H4)
'■^C NMR (101 MHz, CDCb) ppm 73.0 (C2), 116.8, 117.3, 122.3, 128.0, 128.7, 129.1, 130.1, 
134.1, 134.8, 135.0, 140.3 (C3), 152.8 (C8a)
HRMS (ESI) calculated for Ci5H9Cl^^N03 [M^-H] 286.0265; found 286.0260. Mass accuracy 
(-1.75 ppm).

4- (3-Nitro-2//-chromen-2-yI)phenol (137)

4-(3-Nitro-2//-chromen-2-yl)phenol was prepared from (£)-4-(2-nitrovinyl)phenol (1 mmol,
0 165 g) according to general procedure 8.15. and recrystallised from ethanol.
Yellow crystals 122 mg (45%)
Melting Point: 193-195 °C
IR(w (KBr): 3477 (OH), 3071 (CH), 1648, 1604 (C=C), 1509, 1319 (NO2) cm '
'H NMR (400 MHz, DMSO-d6) 8 6.52 (s, 1 H, H2), 6.62 - 6.80 (m, 2 H, H3’ & H5’), 6.84 
(d, J=8.03 Hz, 1 H, H8), 7.03 (td, J= 7.53, 1.00 Hz, 1 H, H6), 7.14 - 7.26 (m, 2 H, H2’ & 
H6’), 7.26 - 7.43 (m, 1 H, H7), 7.60 (dd, J= 7.53, 1.51 Hz, 1 H, H5), 8.38 (s, 1 H, H4), 9.69 
(s, 1 H, OH)
'■^C NMR (101 MHz, DMSO-d6) ppm 73.3 (C2), 115.5, 116.8 (C8 C6), 118.2 (C4a), 122.4 
(C6), 127.1 (Cr), 128.6, 129.8 (C4), 131.1 (C5), 134.4 (C7), 140.8 (C3), 152.8 (C8a), 158.5 
(C4’)
HRMS (APCI) calculated for C15H11NO4 [M^] 269.0688: found 269.0682. Mass accuracy (- 
223 ppm).

2-(4-(Benzyloxy)phenyl)-3-nitro-2//-chromene (138)
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2-(4-(Benzyloxy)phenyl)-3-nitro-2//-chromene was prepared from (£)-l-(benzyloxy)-4-(2- 
nitrovinyl)benzene (1 mmol, 0.255 g) according to general procedure 8.15. and recrystallised 
from ethanol.
Yellow Crystals 215 mg (60%)
Melting Point: 162-163 °C (lit. M.p. 164

(KBr): 3068 (CH), 1647, 1606 (C=C), 1509, 1323 (NO2) cm''
’H NMR (400 MHz, CDCb) 8 5.03 (s, 2 H, CH2), 6.55 (s, 1 H, H2), 6.87 (d, J= 8.5 Hz, 1 H, 
H8), 6.92 (d, J = 9 Hz, 2 H, 2 x ArH), 7.01 (t, J= 7.5 Hz, 1 H, H7), 7.25-7.41 (m, 9 H, 9 x 
ArH), 8.07 (s, 1 H, H4)

NMR (101 MHz, CDCb) ppm 69.6 (CH2), 73.5 (C2), 114.6, 116.9, 117.5, 122.0, 127.0,
127.7, 128.1, 128.2, 128.6, 128.7, 129.9, 138.8, 136.2, 140.8 (C3), 153.1 (C8a), 159.2 (C4') 
HRMS (ESI) calculated for C22H16NO4 [M"-H] 358.1074: found 358.1078. Mass accuracy 
(1.11 ppm).

2-(Benzo(d]|l,3]dioxol-5-yl)-3-nitro-2//-chromene (139)

2-(Bcnzo[d][l,3]dioxol-5-yl)-3-nitro-2//-chromene was prepared from (£)-5-(2- 
nitrovinyl)benzo[d][l,3]dioxole (1 mmol, 0.193 g) according to general procedure 8.15. and 
recrystallised from ethanol.
Orange Crystals 125 mg (39%)
Melting Point: 116-118 °C (lit m.p. 118°C'^^)
IRv«ax(fdm) 3071,2962 (CH), 1649, 1606 (C=C), 1509, 1319 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 5.96 (s, 2 H, OCH2O), 6.50 (s, 1 H, H2), 6.75 (d, 7 = 8.5 Hz, 1 
H, H8), 6.87 (d, 7= 8.5 Hz, 3 H, 3 x ArH), 6.99-7.06 (m, 1 H, H6), 7.30-7.38 (m, 2 H, 2 x 
ArH), 8.07 (s, 1 H, H4)
>3C NMR (101 MHz, CDCb) ppm 73.6 (C2), 101.0 (OCH2O), 107.1, 107.9, 116.9, 117.4,
120.7, 122.1, 128.8, 130.1,133.9, 140.6 (C3), 147.6 (C3’/ C2’), 148.2 (C3’/C2’), 152.9 (C8a) 
HRMS (ESI) calculated for Ci6HiiN05Na [M"+Na] 320.0535: found 320.0545. Mass 
accuracy (3.12 ppm).

2-(3,4-Dimethoxyphenyl)-3-nitro-2//-chromene (140)

2-(3,4-Dimethoxyphenyl)-3-nitro-2H-chromene was prepared from (E)-l,2-dimethoxy-4-(2- 
nitrovinyl)benzene (1 mmol, 0.209 g) according to general procedure 8.15. and recrystallised 
from ethanol.
Brown crystals 202 mg (60 %)
Melting Point: 92-93 °C (lit M.p. 90 ‘’C'®^)
IRrmav (KBr): 3071 (CH), 1648, 1605 (C=C), 1516, 1327 (NO2) cm '
’H NMR (400 MHz, CDCb) 8 3.84 (s, 6 H, 2 x -CH3), 6.54 (s, 1 H, H2), 6.76 (d, 7 = 8 Hz, 1 
H, H8), 6.86-6.91 (m, 2 H, 2 x ArH), 6.95 (d, 7 = 2 Hz, 1 H, 2 x ArH), 6.98-7.04 (m, 1 H, H7), 
7.34 (d, 7= 7.5 Hz, 2 H, 2 x ArH), 8.07 (s, 1 H, H4)
'^C NMR (101 MHz, CDCb) ppm 55.4 (2 x OCH3), 73.7 (C2), 101.0, 110.4, 116.9, 117.6, 
118.9,122.1,128.7,128.7,129.9,133.8,140.8 (C3), 148.7 (C3’/C4’), 149.5 (C3’/C4’), 153.0 
(C8a)
HRMS (ESI) calculated for CnHisNOsNa [M*+Na] 336.0848: found 336.0850. Mass 
accuracy (0.60 ppm).

312



2-(Naphthalen-2-yl)-3-nitro-2//-chromene (142)

2- (Naphthalen-2-yl)-3-nitro-2//-chromene was prepared from (£)-2-(2-nitrovinyl)naphthalene 
(1 mmol, 0.199g) according to general procedure 8.15. and recrystallised from ethanol.
Gold Crystals 151 mg (50 %)
Melting Point: 131-133 °C (lit. M.p. 132-133
IRFmax(KBr): 3061 (CH), 1649, 1605 (C=C), 1512, 1326 (NO2) cm’’
'H NMR (400 MHz, CDCb) 8 6.77 (s, 1 H, H2), 6.89 (d, J = 8 Hz, 1 H, H8), 7.00-7.05 (m, 1 
H, H7), 7.27-7.40 (m, 2 H, 2 x ArH), 7.48-7.50 (m, 2 H, 2 x ArH), 7.50-7.56 (d, 8.5 Hz, 1
H, 1 X ArH), 7.77-7.86 (m, 4 H, 4 x ArH), 8.17 (s, 1 H, H4)
'-^C NMR (101 MHz, CDCb) ppm 73.8 (C2), 116.9, 117.6, 122.2, 124.2, 126.0, 126.1, 126.4, 
127.2, 127.9, 128.5, 129.2, 130.0, 132.4, 133.2, 133.5, 133.9, 140.6 (C3), 153.1 (C8a)
HRMS (ESI) calculated for C19H12NO3 [M*-H] 302.0812: found 302.0814. Mass accuracy 
(0.65 ppm).

3- Nitro-2-phenyl-2H-chromen-7-ol (141)

To 7-methoxy-3-nitro-2-phenyl-2//-chromene (80 mg, 2.83 mmol) was added pyridine 
hydrochloride (3.2 g, 28.3 mmol). The mixture was heated to 170 “C for 6 h. The reaction was 
allowed to come to room temperature and 50 mL of water was added and the mixture was 
extracted with dichloromethane. The organic phases were combined and washed with water, 
brine and dried over anhydrous sodium sulphate. The solvent was removed in vacuo. The crude 
product was purified by column chromatography on silica gel (dichloromethane) and 
rccrystallised from ethanol.
Orange Crystals 29 mg (10 %)
Melting Point: 153-156 °C
IRFmov (KBr): 3321 (OH), 3055, 2971 (CH), 1605, 1572 (C=C), 1542, 1323 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 6.35 (d, J= 1.66 Hz, 1 H, H8), 6.49 (dd, 8.29, 2.07 Hz, 1 
H, H6), 6.57 (s, 1 H, H2), 7.21 (d, J= 8.29 Hz, 1 H, H5), 7.30 - 7.40 (m, 5 H, 5 x ArH), 8.05 
(s, 1 H, H4)
'"C NMR (101 MHz, CDCb) ppm 74.5 (C2), 104.3 (CH), 110.0 (CH), 110.6 (CH), 111.4, 
127.0 (CH), 128.8 (CH), 129.4 (CH), 129.7 (CH), 132.1 (C4), 136.9, 138.5 (C3), 155.6 (C8a), 
161.3 (C7)
HRMS (ESI) calculated for C15H10NO4 [M'^-H] 286.0615: found 286.0607. Mass accuracy (- 
2.80 ppm).

8.16 General procedure for preparation of 3-nitro-2-phenyl-2//-chromenes (143 - 147)

To a mixture of the appropriate methoxysalicylaldehyde or chlorosalicylaldehyde (1.5 mmol) 
and desired p-nitrostyrene (1 mmol) in acetonitrile 1.5 mL was added DABCO (1 mmol, 112 
mg) at room temperature. The reaction mixture was stirred at 60 “C for 1.5 h. The reaction was 
extracted with 20 mL DCM and washed with 10 % HCl (2x5 mL). The organic extracts were 
washed with H2O and brine, then dried over Na2S04, and solvent removed in vacuo. The 
residue was purified by flash column chromatography over silica gel (eluent: hexanes/ethyl
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acetate (8/'l)) to give 3-nitro-2-phenyl-2//-chromenes. The product was recrystallised from the 
appropriate alcohol.

2-(4-Chlorophenyl)-8-inethoxy-3-nitro-2//-chromene (143)

2-(4-Chlorophenyl)-8-methoxy-3-nitro-2//-chromene was prepared from (£)-l-chloro-4-(2- 
nitrovinyl )benzene (1 mmol, 0.184 g) and 2-hydroxy-3-methoxybenzaldehyde according to 
general procedure 8.16. and recrystallised from ethanol.
Yellow Crystals 170 mg (50 %)
Melting Point: 160-161 °C (lit. M.p. 161
IRKm<«(KBr): 3069 (CH), 1649, 1603 (C=C), 1512, 1319 (NO2), 730 (C-Cl) cm '
'H NMR (400 MHz, CDCb) 6 3.82 (s, 3 H, CH3), 6.69 (s, 1 H, H2), 6.82-7.02 (m, 3 H, 3 x 
ArH), 7.32 (d, J = 9 Hz, 2 H, 2 x ArH), 7.36 (d, J = 7.5 Hz, 2 H, 2 x ArH), 8.06 (s, 1 H, H4) 

NMR (101 MHz, CDCb) ppm 55.8 (CH3), 73.0 (C2), 116.3, 118.2, 121.7, 122.3, 127.9, 
128.6, 129.0, 134.7, 135.0, 140.6 (C8), 142.0 (C3), 148.2 (C8a)
HRMS (ESI) calculated for Ci6Hi2Cp5N04Na [M"+Na] 340.0353: found 340.0354. Mass 
accuracy (0.29 ppm).

8-Methoxy-3-nitro-2-phenyl-2//-chromene (144)

8-Methoxy-3-nitro-2-phenyl-2//-chromene was prepared from (£)-(2-nitrovinyl)benzene (1 
mmol, 0.149 g) and 2-hydroxy-3-methoxybenzaldehyde according to general procedure 8.16. 
and recrystallised from ethanol.
Orange Crystals 138 mg (45 %)
Melting Point: 119-121 °C (lit. M.p. 121-122 “C^^*)
IR^„,a.• (KBr): 3066 (CH), 1650, 1605 (C=C), 1512, 1322 (NO2) cm '
•H NMR (400 MHz, CDCb) 6 3.83 (s, 3 H, -OCH3), 6.70 (s, 1 H, H2), 6.97 (s, 3 H, 3 x ArH), 
7.27-7.35 (m, 3 H, 3 x ArH), 7.39-7.44 (m, 2 H, 2 x ArH), 8.06 (s, 1 H, H4)

NMR (101 MHz, CDCb) ppm 55.9 (CH3), 73.7 (C2), 116.3, 118.3, 121.7, 122.0, 126.5 
(2C), 128.3, 128.8 (2C), 129.0, 136.2, 141.0 (C8), 142.3 (C3), 148.2 (C8a)
HRMS (ESI) calculated for Ci6Hi3N04Na [M"-i-Na] 306.0742; found 306.0742. Mass 
accuracy (0 ppm).

7-Methoxy-3-nitro-2-phenyl-2//-chromene (145)

7-Methoxy-3-nitro-2-phenyl-2//-chromene was prepared from (£)-(2-nitrovinyl)benzene (1 
mmol, 0.149 g) and 2-hydroxy-4-methoxybenzaldehyde according to general procedure 8.16. 
and recrystallised from ethanol.
Orange Crystals 184 mg (60%)
Melting Point: 139-141 °C (lit. M.p. 135 T^^^)
IRf^mav (KBr): 3065 (CH), 1642, 1611 (C=C), 1495, 1326 (NO2) cm’’
'H NMR (400 MHz, CDCb) 6 3.80 (s, 3 H, -OCH3), 6.42 (s, 1 H, H2), 6.59 (d, 2 H, 2 x ArH), 
7.27 (d, J= 8.5 Hz, 1 H, 1 x ArH), 7.32-7.37 (m, 3 H, 3 x ArH), 7.38-7.43 (m, 2 H, 2 x ArH), 
8.08 (s, 1 H, H4)
'^C NMR (101 MHz, CDCb) ppm 55.2 (OCH3), 74.1 (C2), 101.8 (C8), 109.4 (C6), 110.7, 
111.9, 126.6 (2C), 128.4, 129.0, 129.4, 131.3, 136.6, 137.9 (C3), 155.2 (C8a), 164.7 (C7)
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HRMS (ESI) calculated for Ci6Hi3N04Na [M*+Na] 306.0742: found 306.0737. Mass 
accuracy (-0.83 ppm).

6-Chloro-3-nitro-2-phenyl-2//-chromene (146)

6-Chloro-3-nitro-2-phenyl-2H-chromene was prepared from (£)-(2-nitrovinyl)benzene (1 
mmol, 0.149 g) and 2-hydroxy-5-chlorobenzaldehyde according to general procedure 8.16. 
and recrystallised from ethanol.
Yellow Crystals 87 mg (30%)
Melting Point: 118-121 "C (lit. M.p. 117-118

lRvn,ax (KBr): 3083, 3035 (CH), 1654 (C=C), 1517, 1324 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 6.56 (s, 1 H, H2), 6.79 (d, J= 8.71 Hz, 1 H, 1 x ArH), 7.23 
(dd, J= 8.71, 2.49 Hz, 1 H, 1 x ArH), 7.29 (d, J= 2.49 Hz, 1 H, 1 x ArH), 7.30 - 7.37 (m, 5 
H, 5 X ArH), 7.95 (s, 1 H, H4)
'^C NMR (101 MHz, CDCb) ppm 74.4 (C2), 118.6(CH), 119.2, 127.0 (CH), 127.1, 127.3,
127.8 (CH), 128.9 (CH), 129.3 (CH), 129.7 (CH), 131.3, 133.7 (C4), 136.2, 142.1 (C3),
151.9 (C8a)
HRMS (APCI) calculated for CisHnNOsCP^ [M"+H] 288.0427; found 288.0420. Mass 
accuracy (-2.43 ppm).

8-Chloro-3-nitro-2-phenyl-2//-chromene (147)

8-Chloro-3-nitro-2-phenyl-2//-chromene was prepared from (E)-(2-nitrovinyl)benzene (1 
mmol, 0.149 g) and 2-hydroxy-3-chlorobenzaldehyde according to general procedure 8.16. and 
recrystallised from ethanol.
Yellow Crystals 64 mg (22%)
Melting Point: 117-119 °C (no lit M.p.^^')
IRrw (KBr): 3064, 2984 (CH), 1656 (C=C), 1517, 1332 (NO2) cm '
'H NMR (400 MHz, CDCb) 8 6.74 (s, 1 H, H2), 6.95 (t, J= 7.88 Hz, 1 H, 1 x ArH), 7.24 (dd, 
J= 7.67, 1.45 Hz, 1 H, 1 X ArH), 7.33 - 7.43 (m, 6 H, 6 x ArH), 8.04 (s, 1 H, H4)
'-’C NMR (101 MHz, CDCb) ppm 74.4 (C2), 119.6, 122.6, 122.9 (CH), 126.7 (CH), 128.5 
(CH), 128.7 (CH), 128.8 (CH), 129.6 (CH), 134.3 (C4), 136.2, 141.9 (C3), 149.3 (C8a) 
HRMS (APCI) calculated for CisHioNOsCP^ [M^ 287.0349: found 287.0347. Mass accuracy 
(-0.70 ppm).

8.17 General procedure for preparation of 3-nitro-2-phenyl-l,2-dihydroquinolines (148, 
149)

To a mixture of 2-aminobenzaldehyde (1.2 mmol) and the appropriate (£)-(2- 
nitrovinyl)benzene (1 mmol) in benzene (5 mL) was added DABCO (0.5 mmol, 56 mg) at 
room temperature. The reaction mixture was refluxed at 100 “C for 10 h. The reaction was 
cooled and extracted with DCM (20 mL) and washed with 10 % HCL (2x5 mL). The organic 
extracts were washed with H2O and brine, then dried over Na2S04, and solvent removed in 
vacuo. The residue was purified by flash column chromatography over silica gel (eluent; 
dichloromethane/hexane (3/1)).
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3-Nitro-2-phenyl-l,2-dihydroquinoline (148)

3- Nitro-2-phenyl-l,2-dihydroquinoline was prepared from (£)-(2-nitrovinyl)benzene (1 mmol, 
0.149 g) and 2-aminobenzaldehyde according to general procedure 8.17.
Recrystallized from ethanol.
Dark purple crystals 59 mg (23%)
Melting Point: 107-109 °C
IR^^„^(KBr): 3361 (NH), 3027, 2981 (CH), 1634 (C=C), 1523, 1315 (NO2) cm’’
’H NMR (400 MHz, CDCb) 8 4.72 (br. s., 1 H, NH), 6.00 (d, J=l .66 Hz, 1 H, H2), 6.47 (d, J 
= 7.88 Hz, 1 H, 1 X ArH), 6.72 (td, J= 7.46, 0.83 Hz, 1 H, 1 x ArH), 7.15 - 7.23 (m, 2 H, 2 x 
ArH), 7.28 - 7.34 (m, 3 H, 3 x ArH), 7.36 - 7.42 (m, 2 H, 2 x ArH), 7.99 (s, 1 H, C4)

NMR (101 MHz, CDCh) ppm 55.5 (C2), 113.4 (CH), 118.6 (CH), 126.3 (CH), 128.1 
(CH), 128.5 (CH), 128.7 (CH), 128.8,129.0 (CH), 131.3 (CH), 132.7 (CH), 134.1 (CH), 140.1,
142.1 (C3), 144.4 (C8a)
HRMS (APCI) calculated for C15H13N2O2 [NC] 253.0977: found 253.0978. Mass accuracy 
(0.40 ppm).

4- (3-Nitro-l,2-dihydroquinolin-2-yI)phenol (149)

4-(3-Nitro-l,2-dihydroquinolin-2-yl)phenol was prepared from (£)-4-(2-nitrovinyl)phenol (1 
mmol, 0.149 g) and 2-aminobenzaldehyde according to general procedure 8.17 and 
recrystallised from ethanol.
Purple Crystals 117 mg (40%)
Melting Point: 207-209 °C
IRvmax (KBr): 3356 (OH), 2917 (CH), 1603 (C=C), 1492, 1335 (NO2) cm '
>H NMR (400 MHz, DMSO-dd) 6 5.84 (s, 1 H, H2), 6.53-6.58 (m, 2 H, 2 x ArH), 6.69 (d, J 
= 8.6Hz,2H, 2xArH), 7.10-7.14 (m, 3 H, 3 X ArH), 7.31 (d,J=7.5Hz, 1 H, 1 x ArH), 8.15 
(s, 1 H, H4), 9.48 (s, 1 H, OH)
'^C NMR (101 MHz, DMSO-</fi) ppm 53.5 (C2), 113.3, 114.1, 115.3, 116.8, 127.3, 131.5, 
131.9, 133.7, 134.2, 139.5 (C3), 145.7 (C8a), 157.4 (C4’)
HRMS (ESI) calculated for Ci5Hi2N203Na [M%Na] 291.0746: found 291.0736. Mass 
accuracy (-3.44 ppm).

3-Nitro-2-phenylquinoline (150)

To a solution of 850 mg (7 mmol) of 2-aminobenzaldehyde in 5 mL 95 % ethanol was added
1.1 g (6.6 mmol) nitroacetophenone. The solution was heated to reflux for 3 hours. The solution 
was allowed to come to room temperature and the resulting yellow precipitate was filtered. The 
yellow solid was then washed with ethanol and hexane. This yellow solid was then 
recrystallized from ethanol.
Yellow Crystals 728 mg (44 %)
Melting Point: 150-153 °C (lit. M.p. 155-156 “C^^^)
IRFmav (KBr): 3065, 2981 (CH), 1615 (C=C), 1521, 1334 (NO2) cm '
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’H NMR (400 MHz, CDCb) 8 lAl - 7.55 (m, 3 H, 3 x ArH), 7.63 - 7.73 (m, 3 H, 3 x ArH), 
7.86-7.94 (m, 1 H, 1 x ArH), 7.97 (d, 7= 7.88 Hz, 1 H, 1 x ArH), 8.24 (d, 7= 8.29 Hz, 1 H, 1 
X ArH), 8.68 (s, 1 H, C4)
'“’'C NMR (101 MHz, CDCb) ppm 125.5, 128.1 (CH), 128.4, 128.5 (CH), 128.7 (CH), 129.6 
(CH), 129.7 (CH), 132.6 (CH), 132.8 (C4), 137.0, 143.9 (C3), 148.3 (C8a), 152.0 (C2) 
HRMS (ESI) calculated for C15H11N2O2 [M*+H] 251.0816: found 251.0821. Mass accuracy 
(1.99 ppm).

3-Nitroquinolin-2(l/f)-one (151)

To a solution of ethyl 2-nitroacetate 0.42 mL in toluene 30 mL was added 2- 
aminobenzaldehyde 460 mg (3.8 mmol). Piperidine 0.38 mL was then added and the reaction 
mixture was heated to reflux using a Dean Stark trap for removal of water. The reaction was 
heated at reflux for 2 h. The reaction mixture was allowed to cool to room temperature and the 
resulting precipitate was filtered and recrystallised from ethanol.
Yellow Crystals 323 mg (40 %)
Melting Point: 258-261 "C ((lit. M.p. 259-260 T^^’)
IRi mav (KBr): 3329 (NH), 3064, 2984 (CH), 1656 (C=C), 1517, 1332 (NO2) cm*’
'H NMR (400 MHz, DMSO-</6) □ 7.24 - 7.42 (m, 2 H, 2 x ArH), 7.66 - 7.92 (m, 2 H, 2 x 
ArH), 8.89 (hr. s., 1 H, H4), 12.56 (hr. s., 1 H, NH)
'-^C NMR (DMSO-rf6) ppm 115.5 (CH), 116.3, 123.1 (CH), 130.4 (CH), 134.1 (C4), 138.0 
(C3), 140.0 (C8A), 153.9 (C=0)
HRMS (ESI) caleulated for C9H6N203Na [M^+Na] 213.0276: found 213.0267. Mass accuracy 
(-4.22 ppm).

8.18 General procedure for preparation of o-benzoyloxyacetophenones (152 - 160)
The appropriately substituted o-hydroxyacetophenone (22 mmol) was added to a round 
bottomed flask and then the appropriately substituted benzoyl chloride (31 mmol) and pyridine 
(5 mL) were also added to the flask. The contents were mixed by shaking the flask. The reaction 
time took 30 min. After the reaction was gone to completion, the reaetion mixture was poured 
onto 100 mL of 1 M hydrochlorie aeid and 50 g of crushed ice. The produet was then filtered 
off with a Buchner furmel and washed with 20 mL of water and 20 mL of ice cold methanol. 
The product was then recrystallised from hot methanol and allowed to cool thoroughly.

o-Benzoyloxyacetophenone (152)
o-Benzoyloxyacetophenone was prepared from 2-hydroxyaeetophenone (22 mmol, 3 g), 
benzoyl chloride (31 mmol, 4.32 g) and pyridine (5 mL) according to general procedure 8.18. 
Colourless crystalline solid 4.63 g (80%)
Melting Point: 93-97 °C (lit. M.p. 89 "C^^^)
IRr'max (film): 3071 (-CH Ar), 1693 (C=0), 1602 (C=C Ar), 1023 (C-0) em '
’H NMR (400 MHz, CDCb) 6 2.58 (s, 3 H, CH3), 7.27 (d, 1 H, J = 7.5 Hz, ArH, H3), 7.39- 
7.43 (m, 1 H, ArH, H5), 7.54-7.69 (m, 4 H, 4 x ArH), 7.90 (d, 1 H, J= 7.5 Hz, ArH, H6), 8.25 
(d, 2 H, J = 7 Hz, 2 X ArH, H2’ & H6’)
'^C NMR (101 MHz, CDCb) ppm 30.1 (CH3), 124.2,126.5,129.0,129.5,130.5,131.5,133.7, 
134.1, 149.7 (C2), 165.5 (C=Oester), 197.9 (C=Oketone)
HRMS (ESI) calculated for C15H12O3 [M"+Na] 263.0684: found 263.0675. Mass aecuraey (- 
3.42ppm)
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2-Acetylphenyl-4-chlorobenzoate (153)
2-Acetylphenyl-4-chlorobenzoate was prepared from 2-hydroxyacetophenone (22 mmol, 3 g), 
4-chlorobenzoyl chloride (31 mmol, 5.43 g) and pyridine (5 mL) according to general 
procedure 8.18.
Colourless crystals 5.75 g (88%)
Melting point: 60-64 “C (lit. M.p. 60-62
IRpmav (film): 3075 (C-H), 1739 (C=0), 1594 (C=C), 1200 (C-0), 751 (C-Cl) cm ’
'H NMR (400 MHz, CDCb) 8 2.56 (s, 3 H, CH3), 7.25 (d, 1 H, J = 7.5 Hz, ArH, H3), 7.37- 
7.43 (m, 1 H, ArH, H5), 7.52 (d, 2 H, J= 7 Hz, 2 x ArH, H5’& H3’), 7.58-7.64 (m, 1 H, ArH, 
H4), 7.89 (d, 1 H,J=8Hz, ArH, H6), 8.16 (d, 2 H, J = 7 Hz, 2 x Ar, H2’ & H6’)
’’’C NMR (101 MHz, CDCb) ppm 29.1 (CH3), 123.5, 125.9, 127.34, 128.6, 128.9, 130.0,
130.5, 131.2, 131.5, 133.1, 139.9, 148.7 (C2), 164.0 (C=0, ester), 197.0 (C=0, ketone)
HRMS (ESI) calculated for C15H1 iCp503 [M"+Na] 297.0294: found 297.0287. Mass accuracy 
(-2.55 ppm)

4-Methoxybenzoic acid 2-acetylpbenyi ester (154)
4-Methoxybenzoic acid 2-acetylphenyl ester was prepared from 2-hydroxyacetophenone (8.3 
mmol, 1.1378 g),p-anisoyl chloride (11.7 mmol, 2 g) and pyridine (8 mL) according to general 
procedure 8.18.
Colourless crystals 2.07 g (85%)
Melting point: 118-119 °C (lit. M.p. 113-114 “C^”^)
IRp^tox (film): 3003 (CH), 1720 (C=0), 1451 (C=C), 1257 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 2.57 (s, 3 H, -CH3), 3.92 (s, 3 H, OCH3), 7.02 (d, 2 H, J= 7.5 
Hz, 2 X ArH, H3’& H5’), 7.25 (d, 1 H, J = 8 Hz, ArH, H3), 7.36-7.38(m, 1 H, ArH, H5), 7.59- 
7.61 (m, 1 H, ArH, H4), 7.87 (d, \ U, J = 8.04 Hz, ArH, H6). 8.19 (d, 2 H, / = 7.5 Hz, ArH, 
H2’&H6’)
”C NMR (101 MHz, CDCb) ppm 29.5 (CH3), 55.1 (-OCH3), 113.6, 113.7, 121.1, 123.5,
125.6, 129.7, 131.0, 132.0, 132.4, 132.9, 149.0 (C2), 163.7 (C4’), 164.4 (Cester), 197.6 (Cketone) 
HRMS (ESI) calculated for C16H14O4 [M^+Na] 293.079: found 293.0789. Mass accuracy (- 
0.34 ppm)

4-Chlorobenzoic acid 2-acetyl-5-chlorophenyl ester (155)

4-Chlorobenzoic acid 2-acetyl-5-chlorophenyl ester was prepared from 4-chloro-2- 
hydroxyacetophenone (11.7 mmol, 2 g), 4-chlorobenzoyl chloride (16.4 mmol, 2.866 g) and 
pyridine (4 mL) according to general procedure 8.18.
Colourless crystals 2.93 g (76%)
Melting point: 93-95 °C
IRr-«ar (film): 3095 (CH), 1741 (C=0), 1595 (C=C), 1261 (C-0), 752 (C-Cl) cm '
'H NMR (400 MHz, CDCb) 8 2.54 (s, 3 H, CH3), 7.29 (s, 1 H, ArH, H3), 7.38(d, 1 H, J = 8 
Hz, ArH, H5), 7.53 (d, 2 H, J= 8.5 Hz, 2 x ArH, H3’ &H5’), 7.84 (d, 1 H, J= 8.5 Hz, ArH, 
H6), 8.14(d,2H, J=8Hz, 2x ArH, H2’ & H6’)
'^C NMR(101 MHz, CDCb)ppm29.1 (CH3), 124.1,126.2, 126.9,128.4,128.7,128.8,131.0, 
131.3, 138.7 (C4’), 140.2 (C4), 149.4 (C2), 163.6 (Cester), 195.7 (Cketone)
HRMS (ESI) calculated for Ci5HioCl2^^03 [M^+Na] 330.9905: found 330.9904. Mass 
accuracy (-0.30 ppm)
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3-Chlorobenzoic acid 2-acetylphenyl ester (156)

3-Chlorobenzoic acid 2-acetylphenyl ester was prepared from 2-hydroxyacetophenone (22 
mmol, 3 g), 3-chlorobenzoylchloride (30.8 mol, 5.399 g) and pyridine (5 mL) according to 
general procedure 8.18.
Pink crystals 4.86 g (81%)
Melting point: 60-62 T (lit. M.p. 60-62 T^*^)
IlR^^mav (film): 3004 (CH), 1743 (C=0), 1425 (C=C), 1241 (C-0), 739 (C-Cl) cm''
’H NMR (400 MHz, CDCb) 8 2.57 (s, 3 H, CH3), 7.25 (d, 1 H, J= 8 Hz, ArH, H3), 7.41- 
7.43 (m, 1 H, ArH, H5), 7.47-7.51 (m, 1 H, ArH), 7.59-7.64 (m, 2 H, ArH, H4), 7.90 (d, 1 H, 
y = 8Hz, ArH, H6), 8.12(d, 1 H,J=7.5Hz, ArH, H6’), 8.21 (s, 1 H, ArH, H2’)
’-’'C NMR (101 MHz, CDCb) ppm 29.0 (CH3), 123.4, 126.0, 128.0, 129.6, 129.9, 130.1, 
130.4, 130.6, 133.2, 133.3, 134.4 (C3’), 148.6 (C2), 163.7 (Cester), 196.9 (Cketone)
HRMS (ESI) calculated for C15H11CFO3 [M"-H] 273.0318: found 273.0321. Mass accuracy 
(1.09 ppm)

3.4.5- Trimethoxy-benzoic acid 2-acetylphenyl ester (157)

3.4.5- Trimethoxybenzoic acid 2-acetylphenyl ester was prepared from 2- 
hydroxyacetophenone (22 mmol, 3 g), 3,4,5-trimethoxybenzyl chloride(30.8 mmol, 7.085 g) 
and pyridine (5 mL) according to general procedure 8.18.
Colourless crystals 5.51 g (71%)
Melting point: 164-166 °C (lit. M.p. 167 °C^*^)
mvmax (film): 2942 (CH), 1732 (C=0), 1589 (C=C), 1120 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 2.57 (s, 3 H, CH3), 3.95 (s, 9 H, 3 x OCH3), 7.25 (d, 1 H, J = 
8 Hz, ArH, H3), 7.37-7.41 (m, 1 H, ArH. H5), 7.48 (s, 2 H, 2 x ArH, H2’& H6’), 7.59-7.63 (m, 
1 H, ArH, H4), 7.88 (d, 1 H, J= 7.5 Hz, ArH, H6)
'^C NMR (101 MHz, CDCb) ppm 29.2 (CH3), 55.8 ( 2 x OCH3 on C3’ & C5’), 60.5 (OCH3 
on C4’), 107.0( C2’ & C6’), 123.5, 123.7 (CL), 125.8, 129.9, 130.7 (Cl), 133.1, 142.4 ( C4’), 
148.9 (C2), 152.7 (C3’ & C5’), 164.4 (Ces,er), 197.2 (Ckcone)
HRMS (ESI) calculated for CisHisOe [M^+Na] 353.1001: found 353.1007. Mass accuracy (- 
1.70 ppm)

3,4,5-Trimethoxybenzoic acid 2-acet>4-5-methoxyphenyl ester (158)

3,4,5-Trimethoxybenzoic acid 2-acetyl-5-methoxyphenyl ester was prepared from 4-methoxy- 
2-hydroxyacetophenone (12 mmol, 2 g), 3,4,5-trimethoxybenzylchloride (16.8 mmol, 3.865 g) 
and pyridine (11.5 mL) according to general procedure 8.18.
Colourless solid 3.91 g (85%)
Melting point: 160-165 °C ^^^)
IRi-max (film): 3091 (CH), 1725 (C=0), 1414 (C=C), 1105 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 2.79 (s, 3 H, CH3), 3.89 (s, 3 H, OCH3), 3.95 (s, 9 H, 3’4’5’- 
OCH3), 6.74 (s, 1 H, ArH, H3), 6.89 (d, 1 H, J= 8.5 Hz, ArH, H5), 7.48 (s, 2 H, 2 x ArH,
H2’ & H6’), 7.90 (d, 1 H, J= 8.5 Hz, H6)
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'^C NMR (101 MHz, CDCb) ppm 28.9 (CH3), 55.3 (OCH3 on C4), 55.8 (2 x OCH3 on C3’ 
& C5’), 60.5 (OCH3 on C4’), 106.7, 107.0 ( C2’ & C6’), 108.8, 111.5, 122.9, 123.8, 126.6,
132.1, 142.4, 151.2 (C2), 152.6, 163.3 (C4), 164.3 (Cester), 195.3 (Cketone)
HRMS (ESI) calculated for C19H20O7 [M"+Na] 383.1107: found 383.1122. Mass accuracy 
(3.92 ppm)

Benzoic acid 2-acetyl-5-methoxyphenyl ester (159)

Benzoic acid 2-acetyl-5-methoxyphenyl ester is prepared from 4-methoxy-2- 
hydroxyacetophenone (12 mmol, 2 g), benzoyl chloride (16.8 mmol, 2.362 g) and pyridine 
(11.5 mL) according to general procedure 8.18.
Colourless oil 1.62 g (46%)
Melting point: N/A (lit. M.p. 51-52
IRrmox (film): 3004 (C-H), 2917 (C-H), 1738 (C=0), 1608 (C=C), 1265 (C-0)
'H NMR (400 MHz, CDCb) 6 2.52 (s, 3 H, CH3), 3.89 (s, 3 H, OCH3), 6.75 (s, 1 H, ArH, 
H3), 6.90 (dd, 1 H, ArH, H5), 7.52-7.58 (m, 2 H, 2 x ArH, H3’& H5’), 7.66-7.70 (m, 1 H, 
ArH, H4’), 7.91 (d, 1 H, J= 9 Hz, ArH, H6), 8.23 (d, 2 H, J= 7.5 Hz, 2 x ArH, H2’ & H6’) 

NMR (101 MHz, CDCb) ppm 29.5 (CH3), 55.8 (OCH3 on C4), 109.3,112.0,123.5, 128.7, 
129.4, 130.3, 132.5, 133.8, 151.7 (C2), 163.8 (C4), 165.2 (Cester), 195.7 (Cketone).
HRMS (ESI) calculated for C16H14O4 [M^+Na] 293.0790; found 293.0800. Mass accuracy 
(3.41 ppm)

4-Methoxybenzoic acid 2-acetyl-5-methoxyphenyl ester (160)

4-Methoxybenzoic acid 2-acetyl-5-methoxyphenyl ester was prepared from 4-methoxy-2 
hydroxyacetophenone (27 mmol, 4.5 g), 4-methoxybenzoyl chloride (38 mmol, 6.45 g) and 
pyridine (10 mL) according to general procedure 8.18.
Colourless solid 5.23 g (60%)
Melting point: 95-99 (lit. M.p. 94-95 “C^*^)
IRFmax(fdm): 3006, 2841 (C-H), 1732 (C=0), 1606 (C=C), 1258 (C-O)
'H NMR (400 MHz, CDCb) 6 2.51 (s, 3 H, CH3), 3.88 (s, 3 H, OCH3), 3.92 (s, 3 H, OCH3 
on C4’), 6.73 (s, 1 H, ArH, H3), 6.88 (dd, 1 H, ArH, H5), 7.02 (d, 2 H, J= 8.5 Hz, 2 x ArH, 
H3’ & H5’), 7.91 (d, 1 H, J= 9 Hz, ArH, H6), 8.20 (d, 2 H, J= 7 Hz, 2 x ArH, H2’ & H6’) 
’^C NMR (101 MHz, CDCb) ppm 29.7 (CH3), 55.6 (OCH3 on C4’), 55.8 (OCH3 on C4),
109.2, 112.0, 114.0, 121.6, 123.8, 132.3, 151.8 (C2), 163.7, 164.1.164.8, 195.8 (Cketo).
HRMS (ESI) calculated for CnHieOs [M"+Na] 323.0895: found 323.0896: Mass accuracy 
(0.31 ppm)

8.19 General Procedure for preparation of 3-hydroxy-3-phenylprop-2-en-l-ones (161 
- 169)
The appropriately substituted o-benzoyloxyacetophenone (15.8 mmol) was dissolved in dry 
pyridine (15 mL) in a bolt-necked flask and heated to 50 “C. Potassium hydroxide (KOH), 25 
mmol (1.42 g) which was powdered rapidly in a mortar and pestle and preheated at 100 “C in 
an oven, was then added to the bolt-necked flask. The reaction time was 20 min. The reaction 
mixture was then cooled to room temperature and acidified by adding 21 mL of 10% acetic 
acid. The mixture was then filtered with a Buchner funnel and flask. The precipitate was

320



washed with 20 mL of 10% acetic acid and 20 mL of water. It was then recrystallised with 
hot methanol.

3-Hydroxy-l-(2-hydroxyphenyl)-3-phenylprop-2-en-l-one (161)

3-Hydroxy-l-(2-hydroxyphenyl)-3-phenylprop-2-en-l-one was prepared from o- 
b'cnzoyloxyacetophenonc (15.8 mmol, 3.8 g), KOH (25 mmol, 1.42 g) and pyridine (15 mL) 
according to general procedure 8.19.
\^ellow solid 3.91 g (94%)
Melting point: 115-117 ”C (lit. M.p. 116-117
IRimox (film): 3379 (OH), 3064 (CH), 1688 (C=0), 1493 (C=C) cm''
’H NMR (400 MHz, CDCb) 8 6.87 (s, 1 H, =CH), 6.94-6.98 (m, 1 H, ArH, H5), 7.03 (d, 1 H, 
/ = 8 Hz, ArH, H3), 7.48-7.60 (m, 4 H, 4 x ArH), 7.80 (d, 1 H, J= 7.5 Hz, ArH, H6), 7.96 (d, 
2 H,J=7Hz, 2x ArH, H2’ & H6’), 12.16 (s, 1 H, OH), 15.58 (s, 1 H, enol OH)

NMR (101 MHz, CDCb) ppm 92.6 (=CH), 119.1, 119.2, 119.4, 127.1, 128.8, 129.1,
132.7, 133.8, 136.1, 162.8 (C2), 177.7 (Cenoi), 195.9 (Cketo)
HRMS (ESI) calculated for C15H12O3 [M"-i-Na] 263.0684: found 263.0676. Mass accuracy (- 
3.04 ppm)

3-(4-ChlorophenyI)-3-hydroxy-l-(2-hydroxyphenyl)prop-2-en-l-one (162)

3-(4-Chlorophenyl)-3-hydroxy-l-(2-hydroxyphenyl)prop-2-en-l-onewas prepared from 2- 
acetylphenyl-4-chlorobcnzoatc (16.4 mmol, 4.5 g), KOH (25.94 mmol, 1.46 g) and pyridine 
(16 mL) according to general procedure 8.19.
Yellow crystals 1.165 g (26%)
Melting point: 128-133 “C^^°
IRr'mav (film): 3058 (CH), 1615 (C=0), 1486 (C=C), 746 (C-Cl) cm '
’H NMR (400 MHz, CDCb) 8 6.82 (s, 1 H, =CH), 6.94-6.97 (m, 1 H, ArH, H5), 7.03 (d, 1 H, 
J = 8 Hz ArH, 113), 7.46-7.50 (m, 3 H, 3 x ArH, H3’& H5’&H4), 7.89 (d, 2 H, J= 8.5 Hz, 
ArH, H2’&H6’), 12.06 (s, 1 H, OH), 15.54 (s, 1 H, enol OH)
'^C NMR (101 MHz, CDCb) ppm 91.8 (=CH), 118.3, 118.4, 118.7, 118.9, 127.7, 128.1,
128.7, 128.8. 131.5, 136.0, 138.2, 162.1 (C2), 175.5 (Cenoi), 195.3 (Cketone)
HRMS (ESI) calculated for CisHnCP^Os [M^-H] 273.0318: found 273.0318. Mass accuracy 
(0 ppm)

l-(4-Chloro-2-hydroxyphenyl)-3-(4-chlorophenyl)-3-hydroxyprop-2-en-l-one (163)

1 -(4-Chloro-2-hydroxyphenyl)-3-(4-chlorophenyl)-3-hydroxyprop-2-en-l-one was prepared 
from 4-chlorobenzoic acid 2-acetyl-5-chlorophenyl ester (8.0 mmol, 2.5 g), KOH (12.8 mmol, 
0.720 g) and pyridine (8 mL) according to general procedure 8.19.
Yellow solid 0.489 g (20%)
Melting point: 154-157 °C
IRr-mav (film): 3078 (C-H), 1688 (C=C), 1594 (C=0), 1488 (C=C), 780 (C-Cl)
*H NMR (400 MHz, CDCb) 8 6.75 (s, 1 H, =CH), 6.92 (dd, 1 H, ArH, H5), 7.29 (s, 1 H, ArH, 
H3), 7.49 (d, 2 H, y = 8 Hz, 2 x ArH, H3’ & H5’), 7.71 (d, 1 H, J = 8 Hz, ArH, H6), 7.89 (d,
2 H, J= 8.5 Hz, 2 X ArH, H2’ & H6’), 12.23 (s, 1 H, phenol OH), 15.42 (s, 1 H, enol OH)
”C NMR (101 MHz, CDCb) ppm 92.2 (=CH), 118.9, 119.8, 128.2, 128.4, 128.9, 129.2, 
129.5, 131.7, 131.8, 138.9 (C4VC4), 141.8 (C4VC4), 163.2 (C2), 176.4 (Cenoi), 194.8 (Cketone)
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HRMS (ESI) calculated for CisHioCb^^Os 306.9929: found 306.9931. Mass accuracy
(0.65 ppm)

3-Hydroxy-l-(2-hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-en-l-one (164)

3-Hydroxy-l-(2-hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-en-l-one was prepared from 4- 
methoxybenzoic acid 2-acetylphenyl ester (5.9 mmol, 1.6 g), KOH ( 9.3 mmol, 0.5272 g) and 
pyridine (8 mL) according to general procedure 8.19.
Yellow solid 829 mg (48%)
Melting point: 115-118“C^®'

(film): 3390 (OH), 2840 (CH), 1678 (C=0), 1601 (C=C), 1334 (C-0) cm '
’H NMR (400 MHz, CDCb) 6 3.91 (s, 3 H, OCH3), 6.79 (s, 1 H, =CH), 6.92-7.04 (m, 4 H, 4 
X ArH), 7.46-7.48 (m, 1 H, ArH, H4), 7.78 (d, 1 H, 7.5 Hz, ArH, H6), 7.94 (d, 2 H, J = 7 
Hz, 2 X ArH, H2’ & H6’), 12.19 (s, 1 H, OH) 15.80 (s, 1 H, enol OH)

NMR (101 MHz, CDCb) ppm 90.6 (=CH), 113.6, 113.7, 118.1, 118.3, 118.6, 118.9, 
125.3, 127.9, 128.4, 130.6, 130.8, 135.1, 161.8 (C4), 162.8 (C2), 194.4 (Cketone).
HRMS (ESI) calculated for C16H14O4 [M^-i-Na] 293.079: found 293.0787. Mass accuracy (- 
1.02 ppm)

3-(3-ChlorophenyI)-3-hydroxy-l-(2-hydroxyphenyl)prop-2-en-l-one (165)

3-(3-Chlorophenyl)-3-hydroxy-l-(2-hydroxyphenyl)prop-2-en-l-one was prepared from 4- 
ehlorobenzoic aeid 2-acetylphenyl ester (10.9 mmol, 3 g), KOH (17.3 mmol, 0.9707 g) and 
pyridine (15 mL) aeeording to general procedure 8.19.
Yellow solid 416 mg (14%)
Melting point: 115-117 °C (lit. M.p. 116-118 °C^**^)
lRvn,ax (film): 3070 (C-H), 1614 (C=0), 1564 (C=C), 748 (C-Cl)
’H NMR (400 MHz, CDCb) 8 6.83 (s, 1 H, =CH), 6.95-6.97 (m, 1 H, ArH), 7.04 (d, 1 H, J = 
8 Hz, ArH, H3), 7.44-7.54 (m, 3 H, 3 x ArH), 7.80-7.85 (m, 2 H, 2 x ArH, H6 & H6’), 7.93 
(s, 1 H, ArH, H2’), 12.04 (s, 1 H, phenol OH), 15.47 (s, 1 H, enol OH)
'^C NMR (101 MHz, CDCb) ppm 92.8 (=CH), 118.9, 119.2, 124.9, 126.9, 128.6, 130.1, 
132.2, 135.0, 135.5, 136.2, 162.6 (C2), 185.5 (Cenoi), 196.0 (Cketone)
HRMS (ESI) caleulated for CisHuCI^^Ob [M^-H] 273.0318: found 273.0319. Mass accuraey 
(0.37 ppm)

3-Hydroxy-l-(2-hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one (166)

3-Hydroxy-l-(2-hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one was prepared 
from 3,4,5-trimethoxybenzoic acid 2-acetylphenyl ester (9.0 mmol, 3 g), KOH (14.2 mmol, 
0.7967 g) and pyridine ( 10 mL) according to general procedure 8.19.
Yellow crystals 1.89 g (64%)
Melting point: 139-141 °C (lit. M.p. 135-136 °C^^^)
IRFmov (film): 2964 (C-H), 1608 (C=0), 1487 (C=C), 1129 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 3.90 - 3.98 (m, 9 H, 3 x OCH3), 6.76 (s, 1 H, =CH), 6.92-6.96 
(m, 1 H, ArH, H5), 7.02 (d, 1 H, J = 8 Hz, ArH, H3), 7.17 (s, 2 H, 2 x ArH, H2’& H6’), 7.46- 
7.50 (m, 1 H, ArH, H4),7.78 (d, 1 H, J= 7.5 Hz, ArH, H6) 12.07 (s, 1 H, OH) 15.77 (s, 1 H, 
enol OH)
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'^c NMR (101 MHz, CDCb) ppm 55.8 / 55.9 ( 2 x OCH3 on C3 VC5’), 60.6 (OCH3 on C4’), 
91.5 (=CH), 103.8 (C2’ & C6’), 118.4, 118.5, 118.6, 128.0, 128.4, 130.7, 135.4, 141.5. 152.9 
(C3VC5’), 161.9 (C2), 177.0 (Cenol) 194.7 (Cketone).
HRMS (ESI) calculated for CigHigOe [M*-H] 329.1025: found 329.1033. Mass accuracy 
(2.43 ppm)

3-Hydroxy-l-(2-hydroxy-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one
(167)

3-Hydroxy-l-(2-hydroxy-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-l-one was 
prepared from 3,4,5-trimethoxybenzoic acid 2-acetyl-5-methoxyphenyl ester (8.3 mmol, 3 g), 
KOH (13.1 mmol, 0.735 g) and pyridine (8 mL) according to general procedure 8.19.
Pale yellow crystals 1.9 g (60%)
Melting point: 116-119 °C (lit. M.p. 119
IR('„,ax (film): 3430 (OH), 3091 (C-H), 1726 (C=0), 1674 (C=C), 1414 (C=C), 1122 (C-0) 
cm'
'H NMR (400 MHz, CDCb) 8 3.90 (s, 3 H, OCH3),3.96 (s, 9 H, 3 x OCH3 on C3’C4’& C5’), 
6.62-6.66 (m, 2 H, =CH & H5), 6.64 (s, 1 H, ArH, H3), 7.16 (s, 2 H, 2 x ArH, H2’ & H6’), 
7.70 (d, 1 H, y = 8 Hz, ArH, H6), 12.57 (s, 1 H, OH) 15.59 (s, 1 H, enol OH)
'^C NMR (101 MHz, CDCb) ppm 55.2 (OCH3 on C4), 91.5 (=CH), 100.9, 107.7, 112.0, 
127.5, 128.6, 128.7, 129.7, 129.9, 131.8, 137.8, 165.0 (C2), 165.6 (C4), 174.1 (Cenoi), 194.0
(Cketone)
HRMS (ESI) calculated for CigHaoO? [M%Na] 383.1107: found 383.1101. Mass accuracy (- 
1.57 ppm)

3-Hydroxy-l-(2-hydroxy-4-methoxyphenyl)-3-(4-methoxyphenyl) prop-2-en-l-one (168)

3-Hydroxy-1 -(2-hydroxy-4-methoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-1 -one was 
prepared from 4-methoxybenzoic acid 2-acetyl-5-methoxyphenyl ester (37 mmol, 11 g ), KOH 
(58 mmol, 3.2 g ) and pyridine (30 mL) according to general procedure 8.19.
Yellow crystals 9.56 g (80%)
Melting point: 112-115 °C
IRr'««x(fdm): 2938, 2841 (C-H), 1606 (C=0), 1510 (C=C), 1247 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 3.86 (s, 3 H, OCH3 on C4’), 3.90 (s, 3 H, OCH3 on C4), 6.48- 
6.51 (m, 2 H, 2 X ArH, H3 & H5), 6.66 (s, 1 H, =CH), 6.99 (d, 2 H, J- 8.5 Hz, 2 x ArH, H3’ 
& H5’), 7.70 (d, 1 H, y = 8.5 Hz, ArH, H6), 7.91 (d, 2 H, y = 9 Hz, 2 x ArH, H2’& H6’) 12.66 
(s, 1 H, phenol OH), 15.58 (s, 1 H, enol OH)
'"C NMR (101 MHz, CDCb) ppm 55.1 & 55.6 (2 x OCH3 on C4/C4’), 90.7 (=CH), 101.3, 
107.8, 114.0, 114.1, 128.6, 129.9, 131.3. 162.9 (C2), 165.1 (C4/C4’), 165.7 (C4/C4’), 176.2 
(C enol), 193.9 (Ck etone)
HRMS (ESI) calculated for CnHieOs [M^+Na] 323.0889: found 323.0895. Mass accuracy (- 
1.86 ppm).

3-Hydroxy-l-(2-hydroxy-4-methoxyphenyl)-3-phenylprop-2-en-l-one (169)
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3 -Hydroxy-1 -(2-hydroxy-4-methoxyphenyl)-3 -phenylprop-2-en-1 -one was prepared from 
benzoic acid 2-acetyl-5-methoxyphenyl ester (4.9 mmol, 1.35 g), KOH (7.7 mmol, 0.432 g) 
and pyridine (6.74 mL) according to general procedure 8.19.
Brown solid 660 mg (46%)
Melting point: 191 -194 “C
IRvmax (film): 3064 (C-H), 1606 (C=0), 1573 (C=C), 1270 (C-0) cm '
'H NMR (400 MHz, CDCb) 6 3.87 (s, 3 H, OCH3 on C4), 6.48-6.52 (m, 2 H, 2 x ArH, H3 & 
H5), 6.74 (s, 1 H, =CH), 7.48-7.56 (m, 3 H, 3 x ArH, H3, H4’ & H5’), 7.71 (d, 1 H, J= 8 Hz, 
ArH, H6), 7.94 (d, 2 H, J= 8.5 Hz, 2 x ArH, H2’ & H6’), 12.62 (s, 1 H, phenol OH), 15.39 (s, 
1 H, enol OH)

NMR (101 MHz, CDCb) ppm 55.7 (OCH3 on C4), 92.0 (=CH), 101.3, 108.0, 108.3,
112.6, 126.7, 128.8, 128.9, 130.2, 132.1, 133.8, 133.9, 165.3 (C2), 165.9 (C4), 176.0 (Cenoi), 
194.5 (Cketone).
HRMS (ESI) calculated for C16H14O4 [M^-i-Na] 293.079: found 293.0797. Mass accuracy 
(2.39 ppm)

8.20 General procedure for preparation of Fiavones (170 - 178)

The appropriately substituted 3-hydroxy-3-phenylpropenone (15 mmol) was dissolved in 
acetic acid (20 mL) in a 500 mL flask. 0.8 mL of sulphuric acid was added to the flask with 
shaking. The flask was then attached to a reflux condenser and the mixture was heated in a 
water bath and refluxed at 150 “C for 1 h. The reaction mixture was poured onto 100 mL of 
crushed ice with stirring and the ice was allowed to melt. The newly formed fiavones was then 
filtered with a Buchner flask and funnel and washed with 200 mL of water. The product was 
recrystallised with hot methanol.

2-Phenyl-4//-chromen-4-one (170)

2-Phenyl-4//-chromen-4-one was prepared from 3-hydroxy-l-(2-hydroxyphenyl)-3- 
phenylpropenone (15 mmol, 3.6 g), cone, acetic acid (20 mL) and cone, sulphuric acid (0.8 
mL) according to general procedure 8.20.
Cream crystals 1.51 g (45%)
Melting point: 104-106 “C (lit. M.p. 99-100
IRKmax (film): 3072 (C-H), 1648 (C=0), 1606 (C=C), 1466 (C=C), 1378 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 6.85 (s, 1 H, =CH), 7.42-7.47 (m, 1 H, ArH), 7.53-7.57 (m, 3 
H, ArH), 7.59-7.61 (m, 1 H, ArH, H8), 7.70-7.74 (m, 1 H, ArH, H7), 7.94 (d, 2 H, J= 8 Hz, 2 
X ArH, H2’ & H6’), 8.25 (d, 1 H, J = 8 Hz, 1 x ArH, H5)
"*C NMR (101 MHz, CDCb) ppm 107.6 (C3), 118.1 (C7), 124.0, 125.3, 125.7, 126.3, 129.1,
131.6, 131.8, 133.8, 152.3 (C8a), 163.4 (C2), 178.5 (C4)
HRMS (ESI) calculated for C15H10O2 [M^-i-H] 223.0759: found 223.0754. Mass accuracy (- 
2.24 ppm)

2-(4-Chlorophenyl)chromen-4-one (171)

2-(4-Chlorophenyl)chromen-4-one was prepared from 3-(4-chlorophenyl)-3-hydroxy-l-(2- 
hydroxyphenyl)propenone (3.6 mmol, 1 g), cone, acetic acid (5 mL) and cone, sulphuric acid 
(0.20 mL) according to general procedure 8.20.
Colourless crystals 0.795 g (86%)
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Melting point: 193-196 “C (lit. M.p. 188-189
IRFmax(KBr): 3064 (CH), 1638 (C=0), 1468 (C=C), 1092 (C-O) cm''
’H NMR (400 MHz, CDCb) 8 6.81 (s, 1 H, =CH), 7.41-7.47 (m, 1 H, ArH, H6), 7.51 (d, 2 H, 
y=7Hz, 2 X ArH, H5’ & H3’), 7.57 (d, 1 H, J= 8 Hz, ArH, H8), 7.69-7.75 (m, 1 H, ArH, H7), 
7.87 (d, 2 H, J = 7 Hz, 2 x ArH, H2’ & H6’), 8.23 (d, 1 H, J = 8 Hz, ArH, H5)
'^C NMR (101 MHz, CDCb) ppm 107.2 (C3), 117.6 (C7), 123.4, 124.9, 125.3, 127.1 (C3’ & 
C5’), 129.0 (C2’ & C6’), 129.8, 133.5, 137.5, 155.7 (C8a), 161.8 (C2), 177.8 (C4)
HRMS (ESI) calculated for Ci5H9CP^02 [M^+H] 257.0369: found 257.0376. Mass accuracy 
(2.72 ppm)

7-Chloro-2-(4-chlorophenyl)chromen-4-one (172)

7-Chloro-2-(4-chIorophenyl)chromen-4-one was prepared from l-(4-chloro-2- 
hydroxyphenyl)-3-(4-chlorophenyl)-3-hydroxypropenone (2.01 mmol, 0.620 g), cone, acetic 
acid (3 mL) and cone, sulphuric acid (0.11 mL) according to general procedure 8.20. 
Colourless solid 425 mg (73%)
Melting point: 222-224 oc"*^^
IRK«a.v (film): 3069 (C-H), 1638 (C=0), 1617 (C=C), 1430 (C=C), 1095 (C-O), 815(C-C1) 
cm'
'H NMR (400 MHz, CDCb) 8 6.82 (s, 1 H, =CH, H3), 7.42-7.54 (m, 2 H, 2 x ArH, H3’ & 
H5’), 7.55-7.64 (m, 2 H, 2 x ArH, H6 & H8), 7.86 (d, 2 H, J = 8 Hz, ArH, H2’ & H6’), 8.19 
(d, 1 H,J=8Hz, ArH, H5)
'-’C NMR (101 MHz, CDCb) ppm 107.8 (=CH), 118.1 (C7), 122.4, 126.3, 127.1, 127.5,
129.5, 138.2, 139.9, 156.2 (C8a), 162.4 (C2), 177.4 (Cketone)
HRMS (ESI) calculated for Ci5H8Cl2^^02 [M%H] 290.998: found 290.9991. Mass accuracy 
(3.78 ppm)

2-(4-Methoxyphenyl)chromen-4-one (173)

2-(4-Methoxyphenyl)chromen-4-one was prepared from 3-hydroxy-l-(2-hydroxy-phenyl)-3- 
(4-methoxyphenyl)propenone (2.2 mmol, 0.6 g), cone, acetic acid (5 mL) and cone, sulphuric 
acid (0.1 mL) according to general procedure 8.20.
Colourless erystals 490 mg (81%)
Melting point: 162-165 “C (lit. M.p. 158.5 “C^^^)
IRvmax (KBr): 3013 (CH), 1648 (C=0), 1608 (C=C Ar), 1267 (C-O) cm '

'H NMR (400 MHz, CDCb) 8 3.89 (s, 3 H, OCH3) 6.77 (s, 1 H, =CH), 7.02 (d, 2 H, J= 7.5 
Hz, 2 X ArH, H5’ & H3’), 7.38-7.44 (m, 1 H, ArH, H6), 7.55 (d, 1 H, J = 8 Hz, ArH, H8), 
7.66-7.71 (m, 1 H, ArH, H7), 7.88 (d, 2 H, J= 8.5 Hz, 2 x ArH, H2’ & H6’), 8.23 (d, 1 H, J = 
7.5 Hz, ArH, H5)
"'C NMR (101 MHz, CDCb) ppm 55.1 (CH3), 105.6 (=CH, C3), 114.0, 117.5 (C7), 123.4,
123.5, 124.6, 125.2, 127.5, 133.2, 155.7 (C8a), 161.9 (C4’), 163.0 (C2), 177.9 (Cketone).
HRMS (ESI) calculated for C16H12O3 [M^+Na] 275.0684: found 275.0688. Mass accuracy 
(1.45 ppm)

2-(3-ChIorophenyl)chromen-4-one (174)
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2-(3-Chlorophenyl)-chromen-4-one was prepared from 3-(3-chlorophenyl)-3-hydroxy-l-(2- 
hydroxyphenyl)propenone (1.39 mmol, 0.380 mg), cone, acetic acid (5 mL) and cone, 
sulphuric acid (0.1 mL) according to general procedure 8.20.
Colourless solid 271 mg (70%)
Melting point: 185-187 °C (lit. M.p. 188-189
IRKmox (film): 3067 (C-H), 1643 (C=0), 1466 (C=C), 1372 (C-0), 765 (C-Cl) cm''
’H NMR (400 MHz, CDCb) 8 6.82 (s, 1 H, =CH), 7.41-7.54 (m, 3 H, 3 x ArH), 7.59 (d, IH, 
J= 8.5 Hz, ArH, H8), 7.72 (dd, 1 H, ArH, H7), 7.80 (d, 1 H, J = 8 Hz, ArH, H6’), 7.94 (s, 1 
H, ArH, H2’), 8.24 (d, 1 H, J = 8 Hz, 1 x ArH, H5)

NMR (101 MHz, CDCb) ppm 108.2 (C3), 118.1 (C7), 123.9, 124.4, 125.5, 125.8, 126.4,
130.4, 131.5, 133.6, 134.0, 135.3 (C3), 156.2 (C8a), 161.8 (C2), 178.3 (C4)
HRMS (ESI) calculated for Ci5H9C1^^02 [M%Na] 279.0189: found 279.0188. Mass accuracy 
(-0.36 ppm)

2-(3,4,5-Trimethoxyphenyl)chromen-4-one (175)

2-(3,4,5-Trimethoxyphenyl)chromen-4-one was prepared from 3-hydroxy-1-(2-
hydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)propenone (5.1 mmol, 1.7 g), cone, acetic acid (6.8 
mL) and cone, sulphuric acid (0.27 mL) according to general procedure 8.20.
Colourless crystals 1.38 g (81%)
Melting point: 181-184 °C (lit. M.p. 174-175 °C^^’)
IRf-mav (film): 3059 (C-H), 1650 (C=0), 1505 (C=C), 1127 (C-0) cm '
'H NMR (400 MHz, CDCb) 8 3.94 (s, 3 H, 1 x 4 -OCH3), 3.96 (s, 6 H, 2 x 3,5 -OCH3) 6.78 
(s, 1 H, =CH), 7.13 (s, 2 H, 2 X ArH, H2’ & H6’), 7.41-7.45 (m, 1 H, ArH, H6), 7.58 (d, 1 H, 
J = 8 Hz, ArH, H8), 7.67-7.71 (m, 1 H, ArH, H7), 8.21 (d, 1 H, J= 7.5 Hz, ArH, H5)

NMR (101 MHz, CDCb) ppm 55.9 (2 x OCH3 on C3’ & C5’), 60.6 (OCH3 on C4’), 103.2 
(C2’&C6’), 106.9 (C3), 117.6 (C7), 123.4, 124.9, 125.2, 126.5, 133.3, 140.7, 153.1 (C3’& 
C5’), 155.7 (C8a), 162.8 (C2), 177.9 (Cketone)
HRMS (ESI) calculated for CisHieOs [M%Na] 335.0895: found 335.0911. Mass accuracy 
(4.77 ppm)

7-Methoxy-2-(3,4,5-triniethoxyphenyl)chromen-4-one (176)

7-Methoxy-2-(.3,4,5-trimethoxyphenyl)chromen-4-one was prepared from 3-hydroxy-l-(2- 
hydroxy-4-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)propenone (4.4 mmol, 1.6 g), cone, 
acetic acid (6 mL) and cone, sulphuric acid(0.3 mL) according to general procedure 8.20. 
Cream crystals 465 mg (29%)
Melting point: 191-194 “ C (Lit. M.p. 191-192 °C^^^)
IR(/„av(KBr): 3094 (C-H), 3000 (C-H), 1698 (C=0), 1627 (C=C), 1229 (-C-0) cm '
'H NMR (400 MHz, CDCb) 8 3.93-3.99 (m, 12 H, 4 x OCH3), 6.87 (s, 1 H, =CH), 7.00 (d, 1 
H, J= 8.5 Hz, ArH, H6), 7.15 (s, 1 H, ArH, H8), 7.39 (s, 2 H, 2 x ArH, H2’ & H6’), 8.16 (d, 
1 H,J=8.5Hz, ArH, H5)

NMR (101 MHz, CDCb) ppm 55.5 (OCH3 on C7), 55.8 / 55.9 (2 x OCH3 on C3’ & C5’), 
60.5 (OCH3 on C4’), 100.0, 103.2 (=CH, C3), 106.7 / 106.8 (C2VC6’), 114.2, 117.0, 124.0,
126.5, 126.4, 152.5, 153.1, 157.6 (C8a), 162.8 (C2), 163.9 (C7), 177.5 (Cketone).
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HRMS (ESI) calculated for CigHisOe [M*+Na] 365.1001: found 365.0988. Mass accuracy (- 
3.56 ppm)

7-Methoxy-2-(4-methoxyphenyl)chromen-4-one (177)

7-Methoxy-2-(4-methoxyphenyl)chromen-4-one was prepared from 3-hydroxy-l-(2-hydroxy- 
4-methoxyphenyl)-3-(4-methoxyphenyl)propenone (6 mmol, 2 g), cone, acetic acid (13.63 
mL) and cone, sulphuric acid (0.27 mL) according to general procedure 8.20.
Cream solid 1.74 g (95%)
Melting point: 153-155 °C (lit. M.p. 149-150 X^^®)
IRFmox (film): 3005 (C-H), 1655 (C=0), 1626 (C=C), 1513 (C=C), 1266 (C-O) cm '
'H NMR (400 MHz, CDCb) 8 3.87 (s, 3 H, OCH3 on Cl), 3.92 (s, 3 H, OCH3 on C4’), 7.65 
(s, 1 H, =CH), 6.90-6.95 (m, 2 H, 2 x ArH), 6.98 (d, 2 H, J= 9 Hz, 2 x ArH, H3’ & H5’), 7.82 
(d, 2 H, y = 9 Hz, 2 X ArH, H2’ & H6’), 8.10 (d, 1 H, J= 8.5 Hz, H5)
'^C NMR (101 MHz, CDCb) ppm 55.5 / 55.8 (2 x OCH3), 100.4, 105.4 (=CH), 114.2, 114.4, 
117.7, 124.1, 126.9, 127.8, 157.8 (C8a), 162.2 (C4’), 163.0 (C2), 164.0 (C7), 177.8 (Cketone) 
HRMS (ESI) calculated for C17H14O4 [M%Na] 305.079: found 305.0782. Mass accuracy (- 
2.62 ppm)

7-Methoxy-2-phenylchromen-4-one (178)

7-Methoxy-2-phenylchromen-4-one was prepared from 3-hydroxy-l-(2-hydroxy-4- 
methoxyphenyl)-3-phenylpropenone (2 mmol, 0.53 g), cone, acetic acid (4.54 mL) and cone, 
sulphuric acid (0.09 mL) according to general procedure 8.20.
Brown crystals 270 mg (49%)
Melting point: 107-110 “C (lit. M.p. 109-110 “C^"")
IRKm^ (film): 3067 (C-H,Ar), 1641 (C=0), 1607 (C=C,Ar), 1283 (C-O) cm '
'H NMR (400 MHz, CDCb) 6 3.96 (s, 3 H, OCH3), 6.80 (s, 1 H, =CH), 6.98-7.02 (m, 2 H, 2 
X ArH, H3’ & H5’), 7.52-7.56 (m, 3 H, 3 x ArH), 7.92 (d, 2 H, J= 7.5 Hz, 2 x ArH, H2’ & 
H6’), 8.15(d, 1 H,J=8.5Hz, ArH, H5)
”C NMR (101 MHz, CDCb) ppm 55.9 (OCH3 on Cl), 100.4 (=CH), 107.5, 114.5, 117.8, 
126.2, 127.1, 129.0, 131.5, 131.8, 158.1 (C8a), 163.1 (C2), 164.3 (C7), 178.0 (Cketone)
HRMS (ESI) calculated for C16H12O3 [M%Na] 275.0684: found 275.0674. Mass accuracy (- 
3.64 ppm)

8.21 General procedure for preparation of 3-nitrofiavones (179 - 188)
The appropriate substituted flavone (1.58 mmol) was weighed out and placed into a 100 mL 
round bottomed flask (predried in an oven at 100 °C). 5 mmol (400 mg) of ammonium nitrate 
was then added. A rubber septum was fitted and a nitrogen balloon attached. 1.58 mmol (25 
mL) of dry dichloromethane was added followed by 1.58 mmol (25 mL) of dry acetonitrile 
(HPLC grade). 8.49 mmol (1.2 mL) of trifluoroacetic acid was then added with cooling in an 
ice bath. Once addition was complete, the reaction mixture was heated to 40 °C and allowed 
to react for 1.5 hours. After reaction was completed the mixture was neutralised with 100 mL 
of water. It was then extracted with 2 x 20mL dichloromethane in a separating funnel. An 
appropriate amount of sodium sulphate was added and then mixture was filtered. The solvent 
was removed in vacuo. The 3-nitroflavone obtained was then recrystallised from hot 
methanol.
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3-Nitro-2-phenylchroiiien-4-one (179)

3-Nitro-2-phenylchromen-4-one was prepared from 2-phenyl-4//-chromen-4-one (1.58 mmol, 
0.350 g), ammonium nitrate (5.0 mmol, 0.4 g), trifluoroacetic acid (8.49 mmol, 1.2 mL), dry 
dichloromethane (25 mL) and dry acetonitrile (25 mL) according to general procedure 8.21. 
Yellow crystals 435 mg (95%)
Melting point: 143-146 “C (lit. M.p. 141-142 °C^o')
IRvmax (KBr): 3423 (CH), 1659 (C=0), 1622 (C=C), 1532 (N-0), 761 (C-Cl) cm''
•H NMR (400 MHz, CDCb) 5 7.51-7.59 (m, 3 H, 3 x ArH, H8, H3’ & H5’), 7.61-7.67 (m, 2
H, 2 X ArH, H4’ & H6’), 7.76 (d, 2 H, J = 7 Hz, 2 x ArH, H2’ & H6’), 7.80-7.85 (m, 1 H, 
ArH, H7), 8.32 (d, 1 H, J = 8 Hz, ArH, H5)

NMR (101 MHz, CDCb) ppm 118.0 (C7), 122.9,126.0,126.1,127.3, 127.9, 128.9,132.5, 
134.8, 154.9 (C8a), 159.3 (C2), 168.4 (C4)
HRMS (ESI) calculated for C15H9NO4 [M%Na] 290.0429: found 290.0420. Mass accuracy 
(-3.10 ppm)

2-(4-Chlorophenyl)-3-nitrochromen-4-one (180)

2-(4-Chlorophenyl)-3-nitrochromen-4-one was prepared from 2-(4-chlorophenyl)chromen-4- 
one (1.58 mmol 0.405 g), ammonium nitrate (5.0 mmol, 0.4 g), trifluoroacetic acid (8.49 mmol,
I. 2 mL), dry dichloromethane (25 mL) and dry acetonitrile (25 mL) according to general 
procedure 8.21.
Yellow crystals 440 mg (86%)
Melting point: 158-160 °C ^'^)
IRf4„ax (KBr): 3428 (CH), 1659 (C=0), 1622 (C=C), 1531 (N-0), 1372 (-C-0) cm '
'H NMR (400 MHz, CDCb) 8 7.52-7.58 (m, 3 H, 3 x ArH, H3’,H5’, H6), 7.62 (d, 1 H, J = 
8.5 Hz, ArH, H8), 7.71 (d, 2 H, J = 8 Hz, 2 x ArH, H2’& H6’), 7.81-7.86 (m, 1 H, ArH, H7), 
8.32 (d, 1 H, J= 7.5 Hz, ArH, H5).
'"C NMR (101 MHz, CDCb) ppm 117.9 (C7), 122.9, 126.1, 126.2, 126.3, 127.2, 128.7 (C3’ 
& C5’), 129.2 (C2’ & C6’), 129.3, 134.9, 139.0 (C3), 154.8 (C8a), 158.0 (C2), 168.2 (C4) 
HRMS (ESI) calculated for Ci5H8Cl^^N04 [M%Na] 324.004: found 324.0034. Mass accuracy 
(-1.85 ppm).

7-Chloro-2-(4-chlorophenyl)-3-nitrochromen-4-one (181)

7-Chloro-2-(4-chlorophenyl)-3-nitrochromen-4-one was prepared from 7-chloro-2-(4- 
chlorophenyl)chromen-4-one (0.9 mmol, 0.3 g), ammonium nitrate (3 mmol, 0.24 g), 
trifluoroacetic acid (4.8 mmol, 0.7 mL), dry dichloromethane (10 mL) and dry acetonitrile (10 
mL) according to general procedure 8.21.
Colourless crystals 109 mg (33%)
Melting point: 197-199 °C
IRrmov (KBr): 3068 (C-H), 1660 (C=0), 1613 (C=C), 1599 (N-0), 1426 (C=C), 794 (C-Cl) 
cm'
'H NMR (400 MHz, CDCb) 8 7.51-7.58 (m, 3 H, 3 x ArH, H3’ H5’ & H6), 7.66-7.71 (m, 3 
H, 3 X ArH, H2’, H6’ & H8), 8.27 (d, 1 H, J = 8 Hz, ArH, H5)
”C NMR (101 MHz, CDCb) ppm 118.1 (C7), 121.4,125.9,127.1,127.4,128.7 ( C3’ & C5’), 
129.4 (C2’ & C6’), 139.4, 141.2 (C3), 154.9 (C8a), 158.9 (C2), 167.5 (C4)
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HRMS (ESI) calculated for Ci5H7Cl2^^N04 [M"+C1] 369.9441: found 369.9428. Mass 
accuracy (-3.51 ppm)

2-(3-Nitro-4-methoxyphenyl)-3-nitrochromen-4-one (182)

2-(3-Nitro-4-methoxyphenyl)-3-nitrochromen-4-one was prepared from 2-(4- 
methoxyphenyl)chromen-4-one (1.1 mmol, 0.3 g), ammonium nitrate (3.5 mmol, 0.28 g), 
trifluoroacetic acid (5.9 mmol, 0.83 mL), dry dichloromethane (10 mL) and dry acetonitrile 
(10 mL) according to general procedure 8.21.
Yellow crystals 105 mg (30%)
Melting point: 221-223 °C (lit. M.p. 221-223 °C^'^)
IRfw (KBr): 3094 (C-H), 1655 (C=0), 1616 (C=C), 1528 (N-0), 1465 (C=C), 1293 (C-0) 
cm'
'H NMR (400 MHz, DMSO -d6) 8 3.39 (s, 3 H, OCH3), 7.64-7.68 (m, 2 H, 2 x ArH, H6 & 
H8), 7.90 (d, 1 H, J= 8 Hz, ArH, H5’), 7.97-8.00 (m, 2 H, 2 x ArH, H6’ & H7), 8.19 (d, 1 H, 
J= 8 Hz, ArH, H5), 8.41 (s, 1 H, ArH, H2’)

NMR (101 MHz, DMSO-d6) ppm 57.9 (CH3), 116.0, 119.6, 120.6, 123.2, 125.7, 125.9, 
127.4, 134.4, 136.4, 138.0, 139.7 (C3), 155.4 (C8a), 155.6, 158.7 (C2), 168.9 (Cketone)
HRMS (ESI) calculated for C15H11NO5 [M^-i-Na] 320.0535: found 320.0530. Mass accuracy 
(-1.56 ppm)

7-Methoxy-3-nitro-2-(3,4,5-trimethoxyphenyl)chromen-4-one (183)

7-Methoxy-3-nitro-2-(3,4,5-trimethoxyphenyl)chromen-4-one was prepared from 7-methoxy-
2- (3,4,5-trimethoxyphenyl)chromen-4-one (0.9 mmol, 0.350 g), ), ammonium nitrate (2.8 
mmol, 0.224 g), trifluoroacetic acid (4.8 mmol, 0.677 mL), dry dichloromethane (14.24 mL) 
and dry acetonitrile (14.24 mL) according to general procedure 8.21.
HRMS (ESI) calculated for CigHivNOg [M^-i-Na] 410.0852: found 410.0843. Mass accuracy 
(-2.19 ppm)

3- Nitro-2-(3,4,5-trimethoxyphenyl)chromen-4-one (184)

3-Nitro-2-(3,4,5-trimethoxyphenyl)chromen-4-one was prepared from 2-(3,4,5- 
trimethoxyphenyl)chromen-4-one (1.2 mmol, 0.4 g), ammonium nitrate (3.8 mmol, 0.304 g), 
trifluoroacetic acid (6 mmol, 0.9 mL), dry dichloromethane (18.98 mL) and dry acetonitrile 
(18.98 mL) according to general procedure 8.21.
Colourless solid 104 mg (23%)
Melting point: 178-181 °C (lit. M.p. 177-178 °C^'^)
IRKmax (KBr): 3083 (C-H), 1673 (C=0), 1655 (C=C), 1504 (C=C), 1520 (N-0), 1244 (C-0) 
cm"'
>H NMR (400 MHz, CDCb) 6 3.91 (s, 6 H, 2 x OCH3 on C3’ & C5’) 3.95 (s, 3 H, OCH3 on 
C4’), 6.96 (s, 2 H, 2 X ArH, H2’ & H6’), 7.50-7.56 (m, 1 H, ArH, H6), 7.63 (d, 1 H, J = 8 Hz, 
ArH, H8), 7.78-7.84 (m, 1 H, ArH, H7), 8.29 (d, 1 H, J = 8 Hz, ArH, H5)
’-'C NMR (101 MHz, CDCb) ppm 55.9 (C3’ & C5’), 60.6 (OCH3 on C4’), 104.8 ( 2 x CH, 
C2’ & C6’), 118.0 (CH, C7), 122.7, 122.9, 125.9 (CH), 126.0(CH), 134.7 (CH), 137.6, 141.5 
(C3, Cq), 153.2 (C3’ & C5’,Cq), 154.8 (C8a, Cq), 158.8 (C2, Cq), 168.3 (C4, Cq)
HRMS (ESI) calculated for CigHisNOv [M"+Na] 380.0746: found 380.0741. Mass accuracy 
(-1.32 ppm)
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3-Nitro-2-(3,4,5-triinethoxy-2-nitrophenyl)chromen-4-one (185)

Obtained as a by product of the above synthesis of 3-nitro-2-(3,4,5- 
trimethoxyphenyl)chromen-4-one.
Yellow resin 36 mg (7%)
IRrmox (film): 2947 (C-H), 1671 (C=0), 1532 (N-0), 1464 (C=C), 1375 (C-0) cm '
•H NMR (400 MHz, CDCb) 8 3.95 (s, 3 H, OCH3), 4.02 (s, 3 H, OCH3), 4.10 (s, 3 H, OCH3) 
6.92 (s, 1 H, ArH, H6’), 7.49 (d, 1 H, J= 8.5 Hz, ArH, H8), 7.53-7.56 (m, 1 H, ArH, H6), 7.78- 
7.84 (m, 1 H, ArH, H7), 8.3l(d, 1 H,y= 7.5 Hz, ArH, H5)
'^C NMR (101 MHz, CDCb) ppm 55.9 ( 2 x OCH3 on C3’ & C5’), 60.6 (OCH3 on C4’), 
106.9, 117.5, 117.9 (C7), 123.1, 126.1, 126.4, 135.1, 145.6 (C3), 147.9, 154.8 (C8a), 155.3, 
156.7 (C2), 167.9 (Ck Clone)

HRMS (ESI) calculated for Ci8Hi4N2Na09 [M^+Na] 425.0597; found 425.0583. Mass 
accuracy 3.29 ppm)

7-Methoxy-2-(4-methoxyphenyi)-3-nitrochromen-4-one (186)

7-Methoxy-2-(4-methoxyphenyl)-3-nitrochromen-4-one was prepared from 7-methoxy-2-(4- 
methoxyphenyl)chromen-4-one (1.77 mmol, 0.5 g), ammonium nitrate (5.9 mmol, 0.447 g), 
trifluoroacetic acid (9.6 mmol, 1.34 mL), dry dichloromethane (25 mL) and dry acetonitrile 
(25 mL) according to general procedure 8.21.
Yellow resin 56 mg (9%)
IRr-mo. (KBr): 2933 (C-H), 1643 (C=C), 1623 (C=0), 1603 (C=C), 1529 (N-O), 1269 (C-0) 
cm"'
'H NMR (400 MHz, CDCb) 8 3.90 (s, 3 H, OCH3 on C4’) 3.96 (s, 3 H, OCH3 on C7), 6.98 
(s, 1 H, ArH, H8), 7.02-7.08 (m, 3 H, 3 x ArH, H3’,H5’, H4), 7.70 (d, 2 H, J= 8 Hz, 2 x ArH, 
H2’ & H6’), 8.19 (d, 1 H, J= 8.5 Hz, ArH, H5)
'^C NMR ppm (CDCb) ppm 55.1 (OCH3 on C4’), 55.6 (OCH3 on C7), 100.2, 114.34 (C3’ 
&C5’), 115.1, 116.3, 119.9, 127.3, 129.2 (C2’& C6’), 156.6 (C8a), 158.4 (C7), 162.7 (C4’), 
164.6 (C2), 167.8 (Cketone)
HRMS (ESI) calculated for C17H13NO6 [M^+Na] 350.0641: found 350.0632. Mass accuracy 
(-2.57 ppm)

2-(3-Chlorophenyl)-3-nitrochromen-4-one (187)

2-(3-Chlorophenyl)-3-nitrochromen-4-one was prepared from 2-(4-chlorophenyl)chromen-4- 
one (0.779 mmol, 0.2 g), ammonium nitrate (2.4 mmol 0.389 g), trifluoroacetic acid (4.2 mmol, 
0.59 mL), dry dichloromethane (11 mL) and dry acetonitrile (11 mL) according to general 
procedure 8.21.
Colourless solid 54 mg (21%)
Melting point: 159-162 “C (lit. M.p. 157-158 °C^'^)
IRKmav(KBr ): 3096 (C-H), 1658 (C=0), 1617 (C=C), 1520 (N-O), 1466 (C=C), 768 (C-Cl) 
cm"'
'H NMR (400 MHz, CDCb) 8 7.47-7.66 (m, 5 H, 5 x ArH), 7.77 (s, 1 H, ArH, H2’), 7.82- 
7.88 (m, 1 H, ArH, H7), 8.23 (d, 1 H, J= 7.5 Hz, ArH, H5)
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'3CNMR(101 MHz, CDCb) ppm 118.0 (C7), 122.9,125.5,126.1,126.3, 127.4, 129.6,130.2, 
132.5, 135.0, 135.1, 137.8 (C3), 154.9 (C8a), 157.7 (C2), 168.2 (Cketone)
HRMS (ESI) calculated for Ci5H8Cl^^N04 [M"+Na] 324.0040: found 324.0024. Mass 
accuracy (-4.94 ppm).

7-Methoxy-3-nitro-2-phenylchromen-4-one (188)

7-Methoxy-3-nitro-2-phenylchromen-4-one was prepared from 7-methoxy-2-phenylchromen- 
4-one (0.7 mmol 0.2 g), ammonium nitrate (2.2 mmol, 0.176 g), trifluoroacetic aeid (3.78 
mmol, 0.533 mL), dry dichloromethane (9.88 mL) and dry acetonitrile (9.88 mL) according to 
general procedure 8.21.
Yellow resin 106 mg (15%)
IRr-mox (KBr): 2961 (C-H), 1653 (C=0), 1630 (C=C), 1528 (N-0), 1434 (C=C), 1253 (C-0) 
cm'
'H NMR (400 MHz, CDCb) 8 3.97 (s, 3 H, OCH3) 7.00 (s, 1 H, ArH, H8), 7.09 (d, 1 H, J = 
7.5 Hz, ArH, H6), 7.55-7.59 (m, 2 H, 2 x ArH, H3’&H5’), 7.61-7.65 (m, 1 H, ArH, H4’), 7.75 
(d, 2 H, J = 8 Hz, 2 X ArH, H2’ & H6’), 8.23 (d, IH, J = 8 Hz, ArH, H5)
’^C NMR (101 MHz, CDCb) ppm 55.6 (CH3), 100.2, 115.3, 116.5,127.3, 127.4 (C3’ & C5’), 
128.0, 128.8, 129.0 (C2’ & C6’), 132.2, 137.6 (C3), 156.8 (C8a), 158.7 (C7), 164.8 (C2), 167.7
(Cketone)
HRMS (ESI) calculated for CieHnNOs [M"+Na] 320.0535: found 320.0537. Mass accuracy 
0.62 ppm).

3-Nitro-2,4-diphenyl-2,5-dihydrobenzo[b]|l,4]thiazepine (189)

To a solution of 2-nitro-l,3-diphenylprop-2-en-l-one (250 mg, 0.98 mmol) in methanol (10 
mL) was added o-aminothiophenol (0.125 g, 1 mmol) and coneentrated hydrochlorie acid 10 
drops. The reaction was heated to reflux for 3 hours. Organic solvent was removed in vacuo. 
Crude product was purified by eolumn chromatography on silica gel (eluent 8:1 hexane: ethyl 
acetate).
Colourless erystals 212 mg (60%)
Melting Point: 159-162 “C (lit. M.p. 161-163
IRk^ma;e (KBr): 3328 (NH), 3056, 2981 (CH), 1791 (C=0), 1625 (C=C), 1524, 1355 (NO2), 
1234 (CN) em-'
’H NMR (400 MHz, CDCb) 8 6.31 (s, 1 H, CH), 6.47 (hr. s., 1 H, NH), 6.81 - 6.96 (m, 2 H), 
6.97 - 7.21 (m, 7 H), 7.47 - 7.62 (m, 5 H)
"*C NMR (101 MHz, CDCb) ppm 51.2 (C4), 122.1 (CH), 125.2, 125.3 (CH), 126.9 (CH), 
127.2 (CH), 128.0 (CH), 129.0 (CH), 129.3 (CH), 129.8 (CH), 135.3 (CH), 139.6, 139.8, 143.3 
(C2), 151.4 (C-NH)
HRMS (APCI) calculated for C21H17N2O2S [M^+H] 361.1011: found 361.1009. Mass 
aecuracy (2.22 ppm).

3-Nitro-2-phenyl-lH-indole (190)

To a mixture of indole (1 g, 8.55 mmol) and silver nitrate (1.55 g, 9.1 mmol) in acetonitrile 8 
niL was added benzoyl chloride 1.25 g (9.1 mmol) dropwise at 0 “C. The reaction mixture was 
stirred at 0 °C for 45 min. The reaction mixture was diluted with water (200 mL) and the
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precipitate was filtered off. This precipitate was recrystallized from benzene to give pure 
product.
Yellow-green solid 1.01 g (52%)
Melting Point: 230-233 °C (lit. M.p. 237-238
IRj^max(ATR): 3246 (NH), 3055, 2981 (C-H), 1605 (C=C), 1543,1356 (NO2), 1243 (C-N) cm' 
1

'H NMR (400 MHz, CDCb) 6 7.36 - 7.47 (m, 3 H, 3 x ArH) 7.52 - 7.56 (m, 3 H, 3 x ArH) 
7.69 - 7.75 (m, 2 H, 2 x ArH) 8.36 - 8.42 (m, 1 H, H7) 8.59 (br. s., 1 H, NH)

NMR (101 MHz, CDCh) ppm 111.4 (CH), 121.5, 124.2 (CH), 125.0 (C2), 128.7 (CH), 
129.5 (CH), 130.4 (C7A)
HRMS (APCI) calculated for C14H11N2O2 [M"+H] 239.0821: found 239.0816. Mass accuracy 
(-2.09 ppm).

2,3-Dibromo-l,3-diphenylpropan-l-one (191)

To a solution of bromine (1.997 g, 12.5 mmol) in chloroform (10 mL) was added (2 g, 9.6 
mmol) chalcone at 0 “C. The reaction mixture was allowed to heat to room temperature and the 
reaction was monitored by TLC. After the desired eompletion level was attained, solvent was 
removed in vacuo. The crude product was purified by column chromatography (eluent: 
dichloromethane). Produet was then reerystallised from ethanol.
Colourless crystals (45%)
Melting Point: 153-156 “C (lit. M.p. 158-158 “C^*’^)
IR^mox (KBr): 3058, 3028 (CH), 1682 (C=0), 1594 (C=C) cm'’
'H NMR (400 MHz, CDCb) 8 5.68 (d, J = 11.61 Hz, 1 H, H3), 5.87 (d, 7 = 11.20 Hz, 1 H, 
H2), 7.39 - 7.49 (m, 3 H, 3 x ArH), 7.52 - 7.61 (m, 4 H, 4 x ArH), 7.65 - 7.72 (m, 1 H, 1 x 
ArH), 8.11 - 8.17 (m, 2 H, 2 x ArH)

NMR (101 MHz, CDCb) ppm 46.8 (C3), 49.8 (C2), 128.3 (CH), 128.8 (CH), 128.9 (CH), 
129.0 (CH), 129.3 (CH), 134.1 (CH), 134.4 (Cl”), 138.2 (CF), 191.1 (C=0)
HRMS (APCI) calculated for Ci5Hi30Br2^^ [M%H] 366.9333: found 366.9328. Mass 
aceuracy (-1.36 ppm).

3,5-Diphenylisoxazole (192)

To a solution of 2,3-dibromo-l,3-diphenylpropan-l-one (1.45 g, 3.96 mmol) in (35 mL) 
methanol was added hydroxylamine hydrochloride 0.69 g (in 1.25 mL water). The reaction 
mixture was heated to reflux and KOH (1.7 g in 3 mL water) was added and the solution was 
refluxed for 30 min. The reaction mixture was allowed to cool to room temperature and the 
precipitate was filtered. This precipitate was recrystallized from methanol to give pure product. 
Colourless crystals 457 mg (52%)
Melting Point: 135-138 °C (lit. M.p. 141 "C^*’^)
IRr^^ox (KBr): 3056, 2981 (CH), 1681, 1579 (C=C), 1127 (CN) cm''
>H NMR (400 MHz, CDCb) 8 6.85 (s, 1 H, =CH), 7.45 - 7.54 (m, 6 H, 6 x ArH), 7.84 - 7.93 
(m, 4 H, 4 X ArH)
’3C NMR (101 MHz, CDCb) ppm 97.5 (C4), 125.8 (CH), 126.8 (CH), 128.9 (CH), 129.0 
(CH), 130.0 (CH, 130.2 (CH), 163.0 (C3), 170.4 (C5)
HRMS (APCI) calculated for C15H12ON [M"+H] 222.0919: found 222.0915. Mass accuracy 
(-1.80 ppm).
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4-Nitro-3,5-diphenylisoxazole (193)

To a solution of 3,5-diphenylisoxazole (500 mg, 2.26 mmol) in acetic anhydride (4 mL) was 
added concentrated nitric acid 0.1 mL and concentrated sulphuric acid (10 drops). The reaction 
was stirred at room temperature for 40 min. The water (200 mL) was added to the reaction 
vessel and was extracted into dichloromethane. The organic phase was washed with water, 
brine and dried over anhydrous sodium sulphate. Solvent was removed in vacuo. The crude 
product was purified by column chromatography (eluent: 4:1 hexane: ethyl acetate). 
Colourless crystals 199 mg (33%)
Melting Point: 172-176 (lit. M.p. 174-176
IRr^ma.v (KBr): 30.54, 2971 (CH), 1614, 1590 (C=C), 1534, 1389 (NO2), 1127(CN) cm '
'H NMR (400 MHz, CDCb) 6 7.42 - 7.72 (m, 6 H, 6 x ArH), 7.83 - 7.97 (m, 2 H, H2’ & H6’ 
/ H2’ & H6’), 8.02 - 8.17 (m, 2 H, H2’ & H6’ / H2’ & H6’)

NMR (101 MHz, CDCb) ppm 104.6 (C4), 126.5, 126.5 (CH), 126.7, 127.0 (CH), 127.4, 
127.8, 128.2 (CH), 128.6 (CH), 128.6 (CH), 128.7 (CH), 128.8 (CH), 128.9 (CH), 130.1 (CH), 
130.2 (CH), 130.6 (CH), 130.6 (CH), 160.7 (C3), 165.8 (C5)
HRMS (APCI) calculated for C15H11O3N2 [M^+H] 267.0770: found 267.0763. Mass accuracy 
(-2.62 ppm).

9-Methoxyanthracene (194)

To a stirred solution of anthrone (1.94 g, 10 mmol) in methanol (30 mL) and benzene (30 mL), 
was added trimethyl orthoformate (1.06 g) and concentrated sulfuric acid (10 drops). The 
reaction mixture was heated to reflux for 3 days. The reaction was cooled and poured onto 100 
mL saturated sodium hydrogen carbonate solution and extracted with ether. The organic 
extracts were washed with water, brine and dried over Na2S04. Solvent was removed in vacuo 
and the solid was recrystallized from ethanol.
Pale yellow solid 1.59 g (76%)
Melting Point: 90-94 “C (lit. M.p. 94 "C^^^)
IRvma.v (ATR): 3051, 2969 (C-H), 1620 (C=C), 1571, 1462 (C=C) cm '
'H NMR (400 MHz, CDCb) 8 4.18 (s, 3 H, OCH3), 7.50 (dqd, J = 8.05, 6.27, 6.27, 6.27, 1.83 
Hz, 4 H, 4 X ArH), 7.97 - 8.06 (m, 2 H, 2 x ArH), 8.25 (s, 1 H, HIO), 8.29 - 8.38 (m, 2 H, 2 x 
ArH)
'"C NMR (101 MHz, CDCb) ppm 63.1 (CH3), 122.2 (CH), 122.2 (CH), 124.4, 125.1 (CH), 
125.4 (CH), 128.4 (CH), 132.4, 152.2 (C9)
HRMS (APCI) calculated for C15H13O [M%H] 209.0966: found 209.0958. Mass accuracy (- 
3.82 ppm).

9-Methylanthracene (195)

To a mixture of 9-anthraldehyde (2 g, 9.7 mmol), hydrazine hydrate (3.33 g, 85 %) and 
diethylene glycol (20 mL) was added potassium hydroxide (3.33 g). The reaction mixture was 
heated to 200 °C for 1 h in a pressure tube. The reaction mix was allowed to cool to room 
temperature, diluted with water and extracted with dichloromethane. Solvent was removed in 
vacuo and residual solid was recrystallized from aqueous ethanol.
Pale yellow solid 1.57 g (84%)
Melting Point: 82-84 “C (lit. M.p. 79-80 T^®^)
IRFmax (ATR): 3088, 2981 (C-H), 1659 (C=C), 1555, 1478 (C=C) cm''
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•H NMR (400 MHz, CDCb) 8 3.15 (s, 3 H, CH3), lAl - 7.62 (m, 4 H, 4 x ArH), 8.03 - 8.11 
(m, 2 H, 2 X ArH), 8.32 - 8.37 (m, 2 H, 2 x ArH), 8.39 (s, 1 H, HIO)

NMR (101 MHz, CDCb) ppm 13.9 (CH3), 124.6 (CH), 124.7 (CH), 125.2 (CH), 125.2 
(CH), 129.0 (CH), 130.1, 130.1, 131.4
HRMS (APCI) calculated for C15H13 [M^+H] 193.1012: found 193.1006. Mass accuracy (- 
3.11 ppm).

9-Ethylanthracene (196)

To a hot solution of anthrone (2 g, 10.3 mmol) in anhydrous toluene (20 mL) was added 
portion-wise a solution of 3.0 M ethyl magnesium bromide (3.8 mL) in THF (11.33 mmol). 
The reaction was heated to reflux under nitrogen for 2 h until the mixture turned green. The 
mixture was allowed to cool to room temperature and poured over a slurry of 20 % HCl and 
crushed ice (50 mL). Once the ice had melted; the aqueous layer was extracted into toluene and 
the solvent was removed in vacuo. The crude product was washed with hot water and 
recrystallized from ethanol.
Yellow solid 1.71 g (80%)
Melting Point: 55-58 °C (lit. M.p. 59 “C^°’)
IRvmax (ATR): 3025, 2977 (C-H), 1621 (C=C), 1494, 1443 (C=C) cm''
'H NMR (400 MHz, CDCb) 8 1.47 - 1.52 (m, 3 H, CH3), 3.68 (q, J = 1 .'il Hz, 2 H, CH2), 
7.44 - 7.61 (m, 4 H, 4 x ArH), 8.04 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.26 - 8.41 (m, 3 H, 2 x 
ArH & HIO)
’^C NMR (101 MHz, CDCb) ppm 15.5 (CH3), 21.1 (CH2), 123.5 (CH), 124.3 (CH), 124 8 
(CH), 125.3 (CH), 125.4 (CH), 125.5 (CH), 126.2 (CH), 128.1 (CH), 129.2, 129.2 (CH), 131.7, 
136.6
HRMS (APCI) calculated for C16H15 [M^+H] 207.1174: found 207.1168. Mass accuracy (- 
2.90 ppm).

9-Isopropylanthracene (197)

To a hot solution of anthrone (2 g, 10.3 mmol) in anhydrous toluene 20 mL was added portion- 
wise 8.3 mL of 3.0 M of isopropyl magnesium bromide (11.33 mmol) in diethyl ether. The 
reaction was heated to reflux under nitrogen for 2 h until the mixture turned green. The mixture 
was allowed to cool to room temperature and poured over a slurry of 20 % HCl and crushed 
ice. Once the ice had melted the aqueous layer was extracted into toluene and the solvent W£S 
removed in vacuo. The crude product was washed with hot water and recrystallized from 
ethanol.
Yellow solid 1.72 g (76%)
Melting Point: 61-65 °C (lit. M.p. 76 “C^®*)
IRf^ox (ATR): 3069, 2988 (C-H), 1591 (C=C), 1485, 1442 (C=C) cm '
'H NMR (400 MHz, CDCb) 8 1.78 (d, J = 7.05 Hz, 6 H, 2 x CH3), 4.60 (s, 1 H, CH), 7.41 - 
7.53 (m, 5 H, 5 X ArH), 8.02 (dd, J= 8.50, 1.45 Hz, 3 H, 3 x ArH), 8.35 (s, 1 H, HIO)
"’C NMR (101 MHz, CDCb) ppm 22.9 (CH3), 28.3 (CH), 110.0 (CH), 124.5 (CH), 125.3 
(CH), 126.2 (CH), 126.3 (CH), 127.2 (CH), 128.1 (CH), 129.5 (CH), 131.6, 134.1 (CH) 
HRMS (APCI) calculated for C17H16 [M^ 220.1252: found 220.1248. Mass accuracy (-1.82 
ppm).
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9- PhenyIanthracene (198)

To a solution of anthrone (4 g, 20.6 mmol) in anhydrous toluene (20 mL) under nitrogen, was 
aided portion-wise of 3.0 M phenyl magnesium bromide (24.72 mmol, 8.3 mL) in diethyl 
e:her. The reaction mixture was refluxed under nitrogen for 3 h until the reaction mix turned 
green. The mixture was allowed to cool to room temperature and poured over a slurry of 20 % 
LCl and crushed ice (50 mL). The organic layer was separated and solvent was removed in 
V3CUO. Product was purified by column chromatography (eluent dichloromethane: hexane 
(1:4)).
T ellow solid 4.41 g (84%)
Melting Point: 150-153 °C (lit. M.p. 153-154 °C^°^)
IRi'mav (ATR): 3029, 2998 (C-H), 1667 (C=C), 1511, 1486 (C=C) cm''

NMR (400 MHz, CDCb) 6 7.40 - 7.47 (m, 2 H, 2 x ArH), 7.50 - 7.57 (m, 4 H, 4 x ArH), 
7.60 - 7.70 (m, 3 H, 3 x ArH), 7.79 (d, J = 8.71 Hz, 2 H, 2 x ArH), 8.12 (d, J = 8.29 Hz, 2 H, 
2x ArH), 8.57 (s, 1 H, HIO)
‘■C NMR (101 MHz, CDCb) ppm 125.0 (CH), 125.3 (CH), 126.5 (CH), 126.8 (CH), 127.4 
(CH), 128.3 (CH), 128.3 (CH), 130.2, 131.2 (CH), 131.3, 136.9, 138.7 (C9)
HRMS (APCI) calculated for C20H15 [M"+H] 255.1168: found 255.1158. Mass accuracy (- 
3.92 ppm).

10- Ethylanthracene-9-carbaldehyde (199)

To a cooled, stirred solution of 9-ethylanthracene (1.65 g, 8 mmol) in phosphorus oxychloride 
(2.30 g, 15 mmol) was added N-methylformanilide (2.03 g, 15 mmol). The flask was heated to 
100 “C for 1.5 h. The solution was then allowed to cool to room temperature and quenched by 
aiding a solution of sodium acetate 8.3 g in water 15 mL. The reaction mixture was then 
e<tractcd with dichloromethane, washed with water and brine and subsequently dried over 
srdium sulphate. The solvent was evaporated in vacuo. The product was purified by column 
ciromatography (dichloromethane: hexane (1:4)).
\ellow solid 1.51 g (80%)
Melting Point: 95-98 °C (lit. M.p. 96-96.5 "C^'®)

(ATR): 3023, 2978 (C-H), 1603 (C=C), 1523, 1448 (C=C) cm’'
'H NMR (400 MHz, CDCb) 8 1.48 (t, J = 1.63 Hz, 3 H, CH3), 3.67 (q, J = 7.83 Hz, 2 H, 
CH2), 7.48 - 7.72 (m, 4 H, 4 x ArH), 8.35 (d, J = 8.61 Hz, 2 H, 2 x ArH), 8.96 (d, J = 9.00 Hz, 
2 H, 2 X ArH), 11.46 (s, 1 H, CHO)
>'C NMR (101 MHz, CDCb) ppm 15.5 (CH3), 22.1 (CH2), 121.6 (CH), 123.5 (CH), 124.2 
(:H), 125.0 (CH), 125.6 (CH), 125.7 (CH), 127.3 (CH), 128.3 (CH), 128.6, 129.0 (CH), 129.2 
(:H), 131.8, 135.2 (CH), 146.0, 193.4 (CHO)
KRMS (APCI) calculated for C17H15O [M^+H] 235.1123: found 235.1121. Mass accuracy (- 
C85 ppm).

lO-Isopropylanthracene-9-carbaldehyde (200)

To a cooled, stirred solution of 9-isopropylanthracene (1.76 g, 8 mmol) in phosphonis 
cxychloride (2.30 g, 15 mmol) was added N-methylfomianilidc (2.03 g, 15 mmol). The flask

335



was heated to 100 “C for 1.5 h. The solution was then allowed to cool to room temperature and 
quenched by adding a solution of sodium acetate 8.3 g in water 15 raL, The reaction mixture 
was then extracted with dichloromethane, washed with water and brine and subsequently dried 
over sodium sulphate. The solvent was evaporated in vacuo. The product was purified by 
column chromatography (dichloromethane: hexane (1:4)).
Dark brown resin 1.19 g (60%)
IRvmav (ATR): 3077, 2950 (C-H), 1622 (C=C), 1520, 1445 (C=C) cm''
’H NMR (400 MHz, CDCb) 8 1.77 (d, J = 7.32 Hz, 6 H, 2 x CH3), 4.52 - 4.62 (m, 1 H, CH), 
7.50 - 7.55 (m, 2 H, 2 x ArH), 7.58 - 7.65 (m, 2 H, 2 x ArH), 8.53 (d, 7 = 9.16 Hz, 2 H, 2 x 
ArH), 8.93 (d, 7= 9.16 Hz, 2 H, 2 x ArH), 11.46 (s, 1 H, CHO)
'^C NMR (101 MHz, CDCb) ppm 21.3 (CH3), 22.1 (CH), 121.6 (CH), 123.5 (CH), 124.2 
(CH), 125.0 (CH), 125.6 (CH), 125.7 (CH), 127.3 (CH), 128.3 (CH), 128.7, 129.1 (CH), 129.2 
(CH), 131.8, 135.2 (CH), 146.1, 195.4 (CHO)
HRMS (APCI) calculated for CigHnO [M^+H] 249.1279: found 249.1276. Mass accuracy (- 
1.20 ppm).

lO-Phenyianthracene-9-carbaldehyde (201)

To a cooled, stirred solution of 9-phenylanthracene (2 g, 8 mmol) in phosphorus oxychloride 
(2.30 g, 15 mmol) was added N-methylfonuanilide (2.03 g, 15 mmol). The flask was heated to 
100 “C for 1.5 h. The solution was then allowed to cool to room temperature and quenched by 
adding a solution of sodium acetate 8.3 g in water 15 mL. The reaction mixture was then 
extracted with dichloromethane, washed with water and brine and subsequently dried over 
sodium sulphate. The solvent was evaporated in vacuo. The product was purified by column 
chromatography (dichloromethane: hexane (1:4)).
Yellow solid 1.58 g (70%)
Melting Point: 162-163 X (lit M.p. 165-166 “C^")
IR(w (ATR): 2981,2884 (C-H), 1732 (C=0), 1665 (C=C), 1554, 1479 (C=C) cm '
’H NMR (400 MHz, CDCb) 8 7.32 - 7.48 (m, 4 H, 4 x ArH), 7.54 - 7.68 (m, 5 H, 5 x ArH), 
7.72 (d,J=8.71 Hz, 2 H, 2 X ArH), 9.01 (d, J = 9.12 Hz, 2 H, 2 x ArH), 11.55 (s, 1 H, CHO) 
'^C NMR (101 MHz, CDCb) ppm 123.3 (CH), 124.9, 125.4 (CH), 127.9 (CH), 127.9 (CH), 
128.4 (CH), 128.5 (CH), 129.7, 130.5 (CH), 131.5, 138.1, 145.3, 193.1 (CHO)
HRMS (APCI) calculated for C21H15O [M^+H] 283.1117: found 283.1112. Mass accuracy (- 
1.77 ppm).

lO-Methoxyanthracene-9-carbaldehyde (202)

To a cooled, stirred solution of 9-methoxyanthracene (2 g, 8.5 mmol) in phosphorus 
oxychloride (2.30 g, 15 mmol) was added N-methylformanilide (2.03 g, 15 mmol). The flask 
was heated to 100 “C for 1.5 h. The solution was then allowed to cool to room temperature and 
quenched by adding a solution of sodium acetate 8.3 g in water 15 mL. The reaction mixture 
was then extracted with dichloromethane, washed with water and brine and subsequently dried 
over sodium sulphate. The solvent was evaporated in vacuo. The product w'as recrystallized 
from ethanol.
Bright yellow solid 1.45 g (72%)
Melting Point: 160-162 °C (lit. M.p. 165 “C^"^)
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IRk-max (ATR): 3029, 2997 (C-H), 1730 (C=0), 1625 (C=C), 1555, 1436 (C=C) cm''
’H NMR (400 MHz, CDCb) 8 4.21 (s, 3 H, OCH3), 7.54 - 7.63 (m, 2 H, 2 x ArH), 7.65 - 7.75 
(m, 2 H, 2 X ArH), 8.42 (d, J = 8.55 Hz, 2 H, 2 x ArH), 9.08 (d, J = 9.16 Hz, 2 H, 2 x ArH), 
11.48 (s, 1 H, CHO)

NMR (101 MHz, CDCb) ppm 63.9 (CH3), 121.2 (CH), 123.1 (CH), 123.9 (CH), 124.2, 
125.6 (CH), 127.0 (CH), 127.2 (CH), 128.4,129.3 (CH), 133.8,134.1 (CH), 159.2 (CIO), 191.9 
(CHO)
HRMS (APCI) calculated for C16H13O2 [M~+H] 237.0916: found 237.0907. Mass accuracy (- 
3.80 ppm).

lO-Methylanthracene-9-carbaIdehyde (203)

To a cooled, stirred solution of 9-methylanthracene (2 g, 8.5 mmol) in phosphorus oxychloride 
(2.30 g, 15 mmol) was added N-methylformanilide (2.03 g, 15 mmol). The flask was heated to 
100 “C for 1.5 h. The solution was then allowed to cool to room temperature and quenched by 
adding a solution of sodium acetate 8.3 g in water 15 mL. The reaction mixture w'as then 
extracted with dichloromethane, washed with water and brine and subsequently dried over 
sodium sulphate. The solvent was evaporated in vacuo. The product was rccr>'stallized from 
ethanol.
Bright orange solid 1.12 g (60%)
Melting Point: 171-174 °C (lit. M.p. 171.9-172.6 °C^'2)
IRi'mav (KBr): 3076, 2981 (C-H), 1681 (C=0), 1561 (C=C), 1542, 1449 (C=C) cm '
'H NMR (400 MHz, CDCb) 8 3.18 (s, 3 H, CH3), 7.51 - 7.77 (m, 4 H, 4 x ArH), 8.39 (d, .7 = 
9,16 Hz, 2 H, 2 X ArH), 8.99 (d, J = 8.55 Hz, 2 H, 2 x ArH), 11.50 (s, 1 H, CHO)
'■'C NMR (101 MHz, CDCb) ppm 15.4 (CH3), 123.9, 124.1 (CH), 125.4 (CH), 125.6 (CH), 
128.4 (CH), 129.7, 131.6, 139.9, 193.4 (CHO)
HRMS (APCI) calculated for C16H13O [M^+H] 221.0961: found 221.0953. Mass accuracy (- 
3 62 ppm).

9,10-Dibromoanthracene (204)

To a solution of anthracene (5 g, 28 mmol) in dichloromethane (100 mL) was added dropwise 
Bromine (2.9 mL) in dichloromethane (50 mL). The reaction mixture was allowed to stir at 
room temperature for 4 h. Solvent was removed in vacuo and residual solid was recrystallized 
from dichloromethane.
Yellow solid 8.41 g (90%)
Melting Point: 210-215 °C (lit. M.p. 221 T^'^)
IRFm«x(ATR): 3077, 2981, (C-H), 1621 (C=C), 1506, 1435 (C=C) cm''
'H NMR (400 MHz, CDCb) 8 7.57 - 7.71 (m, 4 H, 4 x ArH), 8.48 - 8.67 (m, 4 H, 4 x ArH) 
'•r NMR (101 MHz, CDCb) ppm 123.5, 127.5 (CH), 128.3 (CH), 131.1 
HRMS (APCI) calculated for Ci4H9Br2’^ [M^+H] 334.9071: found 334.9084. Mass accuracy 
(3.88 ppm).

19-Bromoanthracene-9-carbaldehyde (205)
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To a suspension of 9,10-dibromoanthracene (2 g, 5.95 mmol) in dry THF (20 mL) under 
nitrogen, at -90 °C was added w-butyl lithium (2.9 mL, 7.2 mmol, 2.5 M in hexane) dropwise. 
The solution was stirred at -90 °C for 50 min before the addition of N-methylformanilide (1.46 
mL, 11.9 mmol). The reaction mixture was allowed to heat to room temperature and was stirred 
overnight. The reaction was quenched with the addition of deionised water (50 mL) and 
extracted into dichloromethane. Organic layers were combined, washed with water and brine 
and dried over sodium sulphate. Solvent was removed in vacuo. Residue was purified by 
column chromatography (dichloromethane: hexane (1:2)).
Yellow solid (72%)
Melting Point: 210-213“C (lit. M.p. 218
IRiw (ATR): 3086, 2970 (C-H), 1731 (C=0), 1666 (C=C), 1544, 1439 (C=C) cm''
'H NMR (400 MHz, CDCb) 6 7.59 - 7.74 (m, 4 H, 4 x ArH), 8.61 - 8.68 (m, 2 H, 2 x ArH), 
8.79 - 8.90 (m, 2 H, 2 x ArH), 11.47 (s, 1 H, CHO)
‘^C NMR (101 MHz, CDCb) ppm 123.8, 125.6 (CH), 127.3 (CH), 128.8 (CH), 128.9 (CH), 
130.2, 131.8, 131.8, 193.2 (CHO)
HRMS (APCI) calculated for CisHioBr’^O [M^+H] 284.9915: found 284.9906. Mass accuracy 
(-3.16 ppm).

1,8-Dichloroanthracene (206)

A slurry of l,8-dichloroanthracene-9,10-dione (5 g, 18.1 mmol) in NH3 (60 mL aqueous 28 
%) and deionised water (45 mL) was cooled in an ice bath. Zinc dust (25 g, 0.38 mol) was 
added portion-wise with stirring over 15 min. The resulting red coloured slurry was heated 
slowly to 75 °C and stirred at this temperature for 4 h. The reaction mixture was allowed to 
cool to room temperature and was filtered to remove excess zinc solids. The filtrate was 
extracted with dichloromethane and the organic extracts were concentrated in vacuo to give a 
white residue. This residual white solid was suspended in a mixture of 12 M HCl (20 mL) and 
isopropanol (220 mL). The resulting suspension was refluxed for 3 hours resulting in a pale 
yellow solution. The reaction mixture was allowed to stand overnight at room temperature and 
the precipitated solid was collected by filtration. Further concentration of the mother liquor led 
to the formation of a second crop of crystals when allowed to stand for a second night.
Yellow crystals 2.53 g (57%)
Melting Point: 152-155 °C (lit. M.p. 156-157

(ATR): 3028, 2981 (C-H), 1618 (C=C), 1508, 1382 (C=C) cm''
'H NMR (400 MHz, CDCb) 6 7.36 - 7.42 (m, 2 H, 2 x ArH), 7.59 - 7.64 (m, 2 H, 2 x ArH), 
7.90 (d, J = 8.71 Hz, 2 H, 2 x ArH), 8.40 (s, 1 H, HIO), 9.21 (s, 1 H, H9)

NMR (101 MHz, CDCb) ppm 120.9 (CH), 125.6 (CH), 125.9 (CH), 127.2 (CH), 127.5 
(CH), 129.4, 132.4, 132.5
HRMS (APCI) calculated for C^HgCh^^ [M^] 246.0003: found 245.9999. Mass accuracy (- 
1.63 ppm).

4,5-Dichloroanthracene-9-carbaldehyde (207)

To a solution of 1,8-dichloroanthracene (5 g, 20.3 mmol) and AICI3 (5 g in of dichloromethane 
(145 mL) was added of n,n-dichloromethyl methyl ether (2.7 g in dichloromethane 2 mL). 
After 1 h the reaction was poured onto ice cold dilute HCl and extracted into dichloromethane. 
Organic extracts were combined, washed with water and brine and dried over sodium sulphate.
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Solvent was removed in vacuo. Purification was carried out using column chromatography 
(toluene).
Yellow solid 1.67 g (30%)
Melting Point: 220-222 °C (lit. M.p. 224-226
IRimav (ATR): 3094, 2981 (C-H), 1734 (C-0), 1618 (C=C), 1510, 1479 (Ar C=C) cm''
'H NMR (400 MHz, CDCb) 6 7.54 - 7.64 (m, 2 H, 2 x ArH), 7.64 - 7.73 (m, 2 H, 2 x ArH), 
8.77 (d,J=8.29 Hz, 2 H, 2 x ArH), 9.58 (hr. s., 1 H, HIO), 11.41 (hr. s., 1 H, CHO)
'-’C NMR (101 MHz, CDCb) ppm 122.3 (CH), 126.1 (CH), 128.1 (CH), 128.5 (CH), 128.6 
(CH), 130.4, 132.2, 133.2, 192.5 (CHO)
HRMS (APCI) calculated for CisHgCk^^O [M*+H] 275.0030: found 275.0030. Mass accuracy 
(0 ppm).

9-(2-Methoxyvinyl)anthracene (208)

To a suspension of (methoxymethyl)triphenylphosphonium chloride (4.46 g, 13 mmol) in THF 
25 mL under nitrogen at 0 "C was added potassium tert-butoxide (13 mL, 1 M solution in THF) 
dropwise. The resultant mixture was stirred for 1 hour. After 1 h a solution of anthraldehyde 
(10 mmol) in THF 20 mL was added. The reaction was stirred at 0 “C for 5 minutes and then 
allowed to heat to room temperature, after which the reaction was allowed to stir for two further 
hours. The reaction was then filtered through a short column of silica and eluted with diethyl 
ether. Solvent was removed in vacuo. Product was purified by column chromatography 
(hexane: dichloromethane (3:2)) to afford a mixture of E /Z methyl enol ethers.
Orange resin 1.83 g (60%)
IRKmav (ATR): 2981, 2924 (C-H), 1622 (C=C), 1524, 1445 (C=C) cm''
'H NMR (400 MHz, CDCb) 6 3.66 (s, 3 H, Z CH3), 3.96 (s, 3 H, E CH3), 6.04 (d, J = 6.71 
Hz, 1 H, Z =CH), 6.46 (d, J = 13.43 Hz, 1 H, E =CH), 6.61 (d, J = 7.32 Hz, 1 H, Z =CH), 6.81 
(d, J = 12.82 Hz, 1 H, E =CH), 7.46 - 7.58 (m, 6 H), 7.99 - 8.09 (m, 3 H), 8.36 - 8.49 (m, 3 H) 
'•'C NMR (101 MHz, CDCb) ppm 56.5 (CH3), 59.9 (CH3), 98.9, 101.3, 124.9, 125.0, 125.1, 
125.7, 126.1,126.2,126.7, 128.4,128.5,128.6,128.7,129.4, 129.6,130.1,130.5,131.4,131.5, 
133.6, 133.8, 148.5, 152.8
HRMS (APCI) calculated for C17H15O [M%H] 235.1123: found 235.1115. Mass accuracy (- 
3.40 ppm).

2-(Anthracen-9-yl)acetaldehyde (209)

To a solution of (1.8 g, 7.6 mmol) of the enol ether mixture and Nal (13 mmol) in dry 
acetonitrile (76 mL) under nitrogen was added TMSCI (13 mmol) dropwise. The reaction was 
stirred vigorously for 10 min and poured over of 0.5 M aqueous sodium thiosulfate 100 mL 
and extracted into diethyl ether. The combined organic layers were washed with water, brine 
and subsequently dried over sodium sulphate. The solvent was removed in vacuo. Product was 
purified by column chromatography (hexane: dichloromethane (3:2)).
Yellow solid 1.39 g (83%)
Melting Point: 140-144 °C (lit. M.p. 144-145 °C^^')
IRKmav (ATR): 3032, 2881 (C-H), 1621 (C=C), 1522, 1423 (C=C) cm’’
’H NMR (400 MHz, CDCb) 6 ppm 4.67 (d, J = 1.83 Hz, 2 H, CH2), 7.46 - 7.62 (m, 4 H, 4 x 
ArH), 8.07 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.18 (d, 7 = 9.16 Hz, 2 H, 2 x ArH), 8.48 (s, 1 H, 
HIO), 9.76-9.82 (m, 1 H, CHO)
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'^C NMR (101 MHz, CDCb) 5 ppm 43.0 (CH2), 123.3, 123.7 (CH), 125.1 (CH), 126.5 (CH), 
127.7 (CH), 129.3 (CH), 131.4, 198.8 (CHO)
HRMS (APCI) calculated for C16H13O [M"+H] 221.0966; found 221.0960. Mass accuracy (- 
2.71 ppm).

8.21 General procedure for the preparation of nitrovinyl anthracene derivatives via 
Henry Knoevenagel Condensation (7, 41, 210 - 223)
To a solution of 9-anthraldehyde (2 g, 9.7 mmol) in the appropriate nitroalkane (15 mL) was 
added piperidinium acetate (1.5 g, 10.3 mmol). (Piperidinium acetate was prepared from 
piperidine 6.6 mL and acetic acid 3 mL). The solution was heated at 90 °C for 1.5 h under 
nitrogen gas. After one hour the reaction was cooled to room temperature and poured onto 100 
mL of ice cold H2O. The resultant mixture was extracted into DCM, washed with brine and the 
organic layers were combined, dried over Na2S04 and solvent removed in vacuo. The product 
was recrystallised from an appropriate solvent.

(£)-9-(2-nitrovinyl)anthracene (7)

(£)-9-(2-Nitrovinyl)anthracene was prepared from 9-anthraldehyde (9.7 mmol, 2 g) and 
nitromethane (15 mL) according to general procedure 3.1. The product was recrystallized from 
methanol and diethyl ether.
Red Crystals 2.41 g (99%)
Melting Point: 145-147 “C (lit. M.p. 142 “C'^')
IR^mav (KBr): 3050, 2948 (C-H), 1617, 1553 (C=C), 1498, 1330 (NO2), 1250 (C-N) cm '
’H NMR (400 MHz, CDCb) 8 7.40 - 7.66 (m, 5 H, 4 x ArH & CH= x 1), 7.80 - 8.05 (m, 2 H, 
2 X ArH), 8.05 - 8.25 (m, 2 H, 2 x ArH), 8.45 (hr. s., 1 H, HIO), 8.90 (d, J = 13.43 Hz, 1 H, 
CH=x 1)
'^C NMR (101 MHz, CDCb) ppm 124.3 (C9), 125.7 (CH), 127.5 (CH), 129.2 (CH), 129.2, 
129.8, 130.4 (CH), 131.1, 135.6 (CH), 142.6 (C2’)
HRMS (APCI) calculated for C16H12NO2 [M"+H] 250.0868: found 250.0879. Mass accuracy 
(-4.39 ppm).

(£)-9-(2-Nitroprop-l-en-l-yl)anthracene (41)

(£)-9-(2-Nitroprop-l-en-l-yl)anthracene was prepared from 9-anthraldehyde (9.7 mmol, 2 g) 
and nitroethane (15 mL) according to general proeedure 3.1. The product was recrystallized 
from ethanol and diethyl ether.
Orange Crystals 1.87 g (73%)
Melting Point: 141-142 °C (lit. M.p. 142-143 °C^'^)
IR(/„av (KBr): 3052, 2825 (C-H), 1510, 1326 (NO2), 1622.16, 1442.74 (C=C), 1483 (C=C), 
385 (CH3) cm '
'H NMR (400 MHz, CDCb) 8 1.98 (s, 1 H, CH3), 7.42 - 7.63 (m, 4 H, 4 x ArH), 7.86 (d, J = 
7.93 Hz, 2H, 2 X ArH), 7.93-8.12 (m, 2 H, 2 X ArH), 8.48 (s, 1 H, HIO), 8.71 (s, 1 H, HI’) 
'^C NMR (101 MHz, CDCb) ppm 14.4 (C3’), 124.8 (C9), 125.5 (CH), 126.7, 128.6, 128.8 
(CH), 129.0 (CH), 131.0, 131.3 (CH), 151.0 (C2’)
HRMS (ESI) calculated for C17H14NO2 [M^+H] 264.1025: found 264.1035. Mass accuracy 
(3.78 ppm).
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(£)-9-(2-Nitrobut-l-en-l-yI)anthracene (210)

(£)-9-(2-Nitrobut-l-en-l-yl)anthracene was prepared from 9-anthraldehyde (9.7 mmol, 2 g) 
and nitropropane (15 mL) according to general procedure 8.21. The product was recrystallized 
from ethanol and diethyl ether.
Gold Crystals 1.62 g (60%)
Melting Point: 159-160 T
IRrmax (KBr): 2982, 2937 C-H), 1622, 1427 (C=C), 1520, 1341 (NO2), 1444 (CH2), 1376 
(CH3) cm-'
'H NMR (400 MHz, CDCb) 8 0.90 (t, J = 7.32 Hz, 3 H, CH3), 2.37 (q, J = 7.32 Hz, 2 H, 
CH2), 7.48 - 7.54 (m, 4 H,4 x ArH), 7.88 - 7.93 (m, 2 H, H4 & H5), 8.01 - 8.05 (m, 2 H, H8 & 
HI), 8.48 (s, 1 H, HIO), 8.54 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 11.6 (C3’), 21.4 (C2’), 124.9 (C9), 125.6 (CH), 125.7, 
126.6 (CH), 128.3 (CH), 128.8, 128.9 (CH), 130.7 (CH), 131.1, 156.7 (C2’)
HRMS (APCI) calculated for C18H16NO2 [M*+H] 278.1181: found 278.1189. Mass accuracy 
(2.87 ppm).

(£)-9-Chloro-10-(2-nitrovinyI)anthracene (211)

(£)-9-Chloro-10-(2-nitrovinyl)anthracene was prepared from lO-chloroanthracene-9- 
carbaldehyde (5 mmol, 1.2 g) and nitromethane (15 mL) according to general procedure 8.21. 
The product was recrystallized from methanol and diethyl ether.
Orange Crystals 1.01 g (71%)
Melting Point: 232-234 “C
IRk^ox (ATR): 3066, 2973 (C-H), 1623 (C=C), 1439 (C=C), 1538, 1326 (NO2), 1110 (C-N) 
cm"'
'H NMR (400 MHz, CDCb) 8 7.52 (d, J = 14.04 Hz, 1 H, =CH), 7.60 - 7.77 (m, 4 H, 4 x 
ArH), 8.20 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.62 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.96 (d, J = 
14.04 Hz, 1 H, =CH)
'-^C NMR (101 MHz, CDCb) ppm 124.8, 125.8, 127.1,127.6,128.5, 130.1, 135.4 (Cl), 143.3 
(C2),
HRMS (APCI) calculated for Ci6HiiCP^N02 [M+H] 284.0478: found 284.0492. Mass 
accuracy (4.93 ppm).

(£)-9-Chloro-10-(2-nitroprop-l-en-l-yl)anthracene (212)

(£)-9-Chloro-10-(2-nitroprop-l-en-l-yl)anthracene was prepared from 10-chloroanthracene- 
9-carbaldehyde (5 mmol, 1.2 g) and nitroethane (15 mL) according to general procedure 8.21. 
The product was recrystallized from methanol and diethyl ether.
Orange Crystals 722 mg (50%)
Melting Point: 158-160 °C
IRr^max (ATR): 3023, 2977 (C-H), 1622 (C=C), 1480, 1438 (C=C), 1512, 1327 (NO2), 1171 
(C-N) cm-'
'H NMR (400 MHz, CDCb) 8 1.99 (s, 3 H, CH3), 7.53 - 7.77 (m, 4 H, 4 x ArH), 7.92 (d, J = 
8.55 Hz, 2 H, 2 X ArH), 8.60 (d, 7= 9.16 Hz, 2 H, 2 x ArH), 8.70 (s, 1 H, HI’)
’-’C NMR (101 MHz, CDCb) ppm 14.4 (C3’), 125.2,125.6, 127.0,127.0, 128.4,129.2,130.8, 
131.0 (Cl’), 151.5 (C2’)
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HRMS (APCI) calculated for Ci7Hi3Cl^^N02 [M"+H] 298.0635; found 298.0637. Mass 
accuracy (0.67 ppm).

(£)-9-Chloro-10-(2-nitrobut-l-en-l-yl)anthracene (213)

(£)-9-Chloro-10-(2-nitrobut-l-en-l-yl)anthracene was prepared from 10-chloroanthraeene-9- 
carbaldehyde (5 mmol, 1.2 g) and nitropropane (15 mL) according to general procedure 8,21. 
The product was recrystallized from methanol and diethyl ether.
Orange Crystals 998 mg (64%)
Melting Point: 157-159 “C

(ATR): 3086, 2850 (C-H), 1621 (C=C), 1438, 1425 (C=C), 1553, 1328 (NO2), 1149 
(C-N) cm"'
'H NMR (400 MHz, CDCb) 6 0.90 (t, J = 7.32 Hz, 3 H, CH3), 2.35 (q, J = 7.32 Hz, 2 H, 
CH2), 7.52 - 7.70 (m, 4 H, 4 x ArH), 7.94 (d, J = 8.55 Hz, 2 H, H4 & H6), 8.49 (s, 1 H, HI’), 
8.57 (d, J = 8.55 Hz, 2 H, HI & H8)
'^C NMR (101 MHz, CDCb) ppm 11.5 (C4’), 21.4 (C3’) 125.3 (CH), 125.2 (CH), 125.4 
(CH), 125.5, 126.9 (CH), 128.4, 129.1, 130.1 (CT), 130.6, 157.0 (C2’)
HRMS (APCI) calculated for C18H15CFNO2 [M^+H] 312.0791: found 312.0797. Mass 
accuracy (1.92 ppm).

(£)-9-Methoxy-10-(2-nitrovinyl)anthracene (214)

(£’)-9-Methoxy-10-(2-nitrovinyl)anthracene was prepared from 10-methoxyanthracene-9- 
carbaldehyde (2 mmol, 0.5 g) and nitromethane (6 mL) according to general procedure 8.21. 
The product was purified by column chromatography (dichloromethane: hexane (1:1)). The 
product was recrystallized from methanol and diethyl ether.
Orange solid 302 mg (54%)
Melting Point: 151-153 “C^'’
IRFmox (KBr): 3048, 2971 (C-H), 1610, 1468 (C=C), 1559, 1352 (NO2), 1234 (C-N) cm '
'H NMR (400 MHz, CDCb) 6 4.19 (s, 3 H, OCH3), 7.53 - 7.66 (m, 5 H, 4 x ArH & HI ’), 8.24 
(d, J = 9.16 Hz, 2 H, 2 X ArH), 8.40 (d, J = 7.94 Hz, 2 H, 2 x ArH), 9.02 (d, J = 13.43 Hz, 1 
H, H2’)
"’C NMR (101 MHz, CDCb) ppm 63.7 (OCH3), 123.1 (CH), 124.3, 124.7 (CH), 125.6 (CH), 
127.7 (CH), 131.1, 135.5 (CH), 142.3 (CH), 155.4 (C2’)
HRMS (APCI) calculated for C17H14NO3 [M^+H] 280.0974: found 280.0965. Mass accuracy 
(-3.21 ppm).

(£)-9-Bromo-10-(2-nitrovinyl)anthracene (215)

(£)-9-Bromo-10-(2-nitrovinyl)anthracene was prepared from 10-bromoanthracene-9- 
carbaldehyde (1.7 mmol, 0.5 g) and nitromethane (5.1 mL) according to general procedure 
8.21. The product was purified by column chromatography (dichloromethane: hexane (1:2)). 
Orange solid 311 mg (56%)
Melting Point: 227-230 °C
IRiw- (ATR): 3101, 3048 (C-H), 1626, 1508, (C=C), 1543, 1347 (NO2), 1251 (C-N) cm '
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'H NMR (400 MHz, DMSO-</6) 6 7.71 (br. s., 2 H, 2 x ArH), 7.80 (br. s., 2 H, 2 x ArH), 7.92 
(d, J= 13.27 Hz, 1 H,Hr),8.31 (d,J = 7.46 Hz, 2 H, 2 x ArH), 8.54 (d, J = 7.46 Hz, 2 H, 2 
X ArH), 8.94 (d, J = 13.68 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-rf6) ppm 109.5, 126.0 (CH), 127.4 (CH), 127.5 (CH), 128.2 
(CH), 129.4 (CH), 129.6 (CH), 135.1, 137.6, 144.5, 148.3 (C2’)
HRMS (APCl) calculated for Ci6HiiBr^^N02 [M^+H] 327.9973: found 327.9966. Mass 
accuracy (-2.13 ppm).

(F)-9-MethyI-l0-(2-nitrovinyl)anthracene (216)

(£)-9-Methyl-10-(2-nitrovinyl)anthracene was prepared from lO-methylanthracene-9- 
carbaldehyde (2.2 mmol, 0.5 g) and nitromethane (6.6 mL) according to general proeedure
8.21. The product was purified by column chromatography (dichloromethane: hexane (1:2)). 
The product was recrystallized from methanol and diethyl ether.
Bright orange solid 175 mg (30%)
Melting Point: 140-142 °C
IRrmav (ATR): 3100, 2981 (C-H), 1624 (C=C), 1549, 1332 (NO2), 1504, 1461 (C=C) cm''
’H NMR (400 MHz, CDCb) 6 3.08 (s, 3 H, CH3), 7.45 (d, J = 13.43 Hz, 1 H, HI’), 7.51 - 
7.61 (m, 4 H, 4 X ArH), 8.08 - 8.17 (m, 2 H, 2 x ArH), 8.23 - 8.34 (m, 2 H, 2 x ArH), 8.88 (d, 
J= 14.04 Hz, 1 H, H2’)
'-’C NMR (101 MHz, CDCb) ppm 14.6 (CH3), 121.7, 124.9 (CH), 125.4 (CH), 125.5 (CH), 
126.8 (CH), 129.4, 129.6, 134.6, 136.2 (CH), 142.5 (C2’)
HRMS (APCI) calculated for C17H14NO2 [M"+H] 264.1019: found 264.1006. Mass accuracy 
(-4.92 ppm).

(£)-9-(2-NitrovinyI)-l0-phenylanthracene (217)

(£)-9-(2-Nitrovinyl)-10-phenylanthracene was prepared from lO-phenylanthracene-9- 
carbaldehyde (1.7 mmol, 0.5 g) and nitromethane (5.1 mL) according to general proeedure
8.21. The product was purified by eolumn chromatography (dichloromethane: hexane (1:1)). 
The product was recrystallized from methanol and diethyl ether.
Orange solid 332 mg (60%)
Melting Point: 119-121 °C
IR vmax (ATR): 3094, 2981 (C-H), 1630 (C=C), 1510, 1437 (C=C), 1542, 1331 (NO2) cm’'
'H NMR (400 MHz, CDCb) 6 7.43 (t, J = 7.02 Hz, 4 H, 4 x ArH), 7.55 - 7.66 (m, 6 H, 5 x 
ArH & HI ’), 7.73 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.25 (d, J = 9.16 Hz, 2 H, 2 x ArH), 9.08 (d, 
J= 14.04 Hz, 1 H, H2’)
’-'C NMR (101 MHz, CDCb) ppm 123.3, 124.4 (CH), 125.5 (CH), 127.1 (CH), 127.9 (CH), 
128.5 (CH), 129.6, 129.9, 130.9 (CH), 136.1 (CH), 138.1, 140.9, 142.9 (C2’)
HRMS (APCI) calculated for C22H16NO2 [M^+H] 326.1181: found 326.1177. Mass accuracy 
(-1.23 ppm).

(£)-l ,8-Dichlor0-10-(2-nitrovinyl)anthracene (218)

(£)-l,8-Dichloro-10-(2-nitrovinyl)anthracene was prepared from 4,5-diehloroanthracene-9- 
carbaldehyde (1.8 mmol, 0.5 g) and nitromethane (5.1 mL) according to general procedure
8.21. The product was purified by column chromatography dichloromethane: hexane (1:1). 
Yellow solid 58 mg (10%)
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Melting Point: 206-209 °C
IRiw(ATR): 2981, 2889 (C-H), 1631 (C=C), 1510, 1437 (C=C), 1543, 1361 (NO2) cm'' 
'HNMR (400 MHz, CDCb) 8 7.40- 7.63 (m, 3 H, 2 x ArH &Hr), 7.71 (d, 7 = 7.32 Hz, 2 
H, 2 X ArH), 8.08 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.91 (d, J = 14.04 Hz, 1 H, H2’), 9.47 (s, 1 
H, H9)

NMR (101 MHz, CDCb) ppm 123.6 (CH), 124.3 (CH), 126.3, 126.5, 127.5 (CH), 129.0, 
130.7, 133.5, 135.3 (CH), 143.6 (C2’)
HRMS (APCI) calculated for Ci6H9Cl2^^N02 [M^ 317.0010: found 317.0009. Mass accuracy 
(-0.32 ppm).

(£)-9-Ethyl-10-(2-nitrovinyl)anthracene (219)

(£)-9-Ethyl-10-(2-nitrovinyl)anthracene was prepared from lO-ethylanthracene-9- 
carbaldehyde (4.4 mmol, 1.1 g) and nitromethane (12 mL) according to general procedure 8.21. 
The product was recrystallized from methanol and diethyl ether.
Orange solid 733 mg (60%)
Melting Point: 130-134 °C
IRFmax (ATR): 3087, 2976 (C-H), 1629 (C=C), 1554, 1338 (NO2), 1539, 1442 (C=C) cm’’
’H NMR (400 MHz, CDCb) 8 1.49 (t, J = 7.63 Hz, 3 H, CH3), 3.68 (q, J = 7.32 Hz, 2 H, 
CH2), 7.46 - 7.66 (m, 5 H, 4 x ArH & HI’), 8.14 - 8.25 (m, 2 H, 2 x ArH), 8.30 - 8.42 (m, 2 H, 
2 X ArH), 8.98 (d, J = 13.43 Hz, 1 H, H2’)
'^C NMR (101 MHz, CDCb) ppm 15.5 (CH3), 21.6 (CH2), 122.0, 124.3 (CH), 125.1 (CH), 
125.2 (CH), 125.7 (CH), 125.7 (CH), 126.8 (CH), 127.5 (CH), 128.8, 129.2 (CH), 129.8, 136.4 
(CH), 140.9, 142.6 (C2’)
HRMS (APCI) calculated for CisHieNOa [M%H] 278.1181: found 278.1178. Mass accuracy 
(-1.08 ppm).

(£)-9-Isopropyl-10-(2-nitrovinyl)anthracene (220)

(£)-9-Isopropyl-10-(2-nitrovinyl)anthracene was prepared from lO-isopropylanthracene-9- 
carbaldehyde (4.4 mmol, 1.1 g) and nitromethane (12 mL) according to general procedure 8.21. 
The product was recrystallized from methanol and diethyl ether.
Dark red resin 873 mg (68%)
IR»w(ATR): 3087, 2962 (C-H), 1628 (C=C), 1552, 1333 (NO2), 1514, 1443 (C=C) cm''
’H NMR (400 MHz, CDCb) 8 1.80 (m, 6 H, 2 x CH3), 4.52 - 4.71 (m, 1 H, CH), 7.43 - 7.62 
(m, 5 H, 4 X ArH & HI’), 8.12 - 8.24 (m, 2 H, 2 x ArH), 8.47 - 8.63 (m, 2 H, 2 x ArH), 8.99 
(dd,J= 13.43, 1 H, H2’)
13c NMR (101 MHz, CDCb) ppm 22.9 (CH3), 28.8 (CH), 122.5, 124.3 (CH), 125.1, 125.4 
(CH), 125.6 (CH), 125.8 (CH), 126.4 (CH), 127.5 (CH), 129.0, 129.0, 129.2 (CH), 129.9, 
130.0, 136.5 (CH), 142.8 (C2’), 144.7
HRMS (APCI) calculated for C19H18NO2 [M"+H] 292.1338: found 292.1334. Mass accuracy 
(-1.37 ppm).

9-(3-Nitroallyl)anthracene (221)

9-(3-Nitroallyl)anthracene was prepared from 2-(anthracen-9-yl)acetaldehyde (6.7 mmol, 1.5 
g) and nitroethane (15 mL) according to general procedure 8.21. The product was purified by 
column chromatography (eluent 3:1 dichloromethane: hexane)

344



Dark orange oil 566 mg (32%)
(ATR): 3089, 2928 (C-H), 1667 (C=C), 1551, 1356 (NO2), 1514, 1444 (C=C) cm''

'H NMR (400 MHz, CDCb) 8 4.58 (d, J = 6.10 Hz, 2 H, CH2), 6.62 (dd, J= 13.43, 1.83 Hz, 
1 H, H3’), 7.49 - 7.61 (m, 4 H, 4 x ArH), 7.66 - 7.77 (m, 1 H, H2’), 8.07 (d, J = 8.55 Hz, 4 H, 
4x ArH), 8.49 (s, 1 H, HIO)

NMR (101 MHz, CDCb) ppm 27.0 (CH2), 123.3 (CH), 125.2 (CH), 126.8 (CH), 127.8 
(CH), 129.5 (CH), 129.8, 131.5, 140.7 (C2’), 141.1
HRMS (APCI) calculated for C17H14NO2 [M%H] 264.1025: found 264.1023. Mass accuracy 
(-0.75 ppm).

9-(3-Nitrobut-2-en-l-yl)anthracene (222)

9-(3-Nitrobut-2-en-l-yl)anthracene was prepared from 2-(anthracen-9-yl)acetaldehyde (6.7 
mmol, 1.5 g) and nitroethane (15 mL) according to general procedure 8.21. The product was 
purified by column chromatography (eluent 3:1 dichloromethane: hexane)
Brown oil 372 mg (20%)
IRi)„ax (ATR): 3088, 2951 (C-H), 1667 (C=C), 1545, 1360 (NO2), 1513, 1473 (C=C) cm''
'H NMR (400 MHz, CDCb) 8 2.54 (s, 3 H, CH3), 4.53 (d, J = 6.71 Hz, 2 H, CH2), 7.49 - 7.60 
(m, 5 H, 4 X ArH & H2’), 8.05 - 8.13 (m, 4 H, 4 x ArH), 8.47 (s, 1 H, HIO)
'-’C NMR (101 MHz, CDCb) ppm 13.1 (CH3), 26.7 (CH2), 123.4 (CH), 125.1 (CH), 126.5 
(CH), 127.5 (CH), 128.5, 129.6 (CH), 129.8, 131.6, 134.9 (C2’)
HRMS (APCI) calculated for C18H16NO2 [M^+H] 278.1181: found 278.1177. Mass accuracy 
(-1.44 ppm).

(£')-9-(2-Nitrovinyl)phenanthrene (223)

(£)-9-(2-Nitrovinyl)phcnanthrene was prepared from phenanthrene-9-carbaldehyde (7.3 
mmol, 1.5 g) and nitromethane (18 mL) according to general procedure 8.21. The product was 
purified by column chromatography (toluene) and recrystallized from ethanol.
Orange solid 273 mg (15%)
Melting Point: 170-173 °C (lit. M.p. 173 “C^^^)
IRFmax- (ATR): 2981, 2885 (C-H), 1633 (C=C), 1534, 1338 (NO2), 1442 (C=C) cm''
'H NMR (400 MHz, CDCb) 8 7.65 - 7.78 (m, 5 H, 4 x ArH & HI’), 7.91 (d, J = 7.94 Hz, 1 
H, 1 X ArH), 7.95 (s, 1 H, HIO), 8.11 (d, J = 8.55 Hz, 1 H, 1 x ArH), 8.68 (d, J = 8.55 Hz, 1 H, 
1 X ArH), 8.74 (d, J = 7.93 Hz, 1 H, 1 x ArH), 8.79 (d, J = 13.43 Hz, 1 H, H2’)
”C NMR (101 MHz, CDCb) ppm 122.7 (CH), 122.8, 123.4 (CH), 123.9 (CH), 126.1, 127.4 
(CH), 127.5 (CH), 127.5 (CH), 128.4 (CH), 128.7 (CH), 129.5,129.5 (CH), 130.6, 131.7,136.8 
(CH), 138.8 (C2’)
HRMS (APCI) calculated for C16H12NO2 [M^+H] 250.0868: found 250.0861. Mass accuracy 
(-2.80 ppm).

9-(2-Nitroethyl)anthracene (224)

To a solution of (£)-9-(2-nitrovinyl)anthracene (lOOmg, 0.4 mmol) in dichloromethane (10 
mL) and isopropanol 2 mL was added sodium borohydride (60 mg, 1.6 mmol). The reaction 
mixture was stirred at room temperature for 24 h and neutralised using 1 M HCl. The solution
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was extracted with dichloromethane, dried with sodium sulphate and solvent removed in vacuo. 
The product was recrystallized from methanol and diethyl ether.
Orange Crystals 85mg (85%)
Melting Point: 147-149 “C
IRcmox (ATR): 3053, 2974 (C-H), 1622, 1493 (C=C), 1546, 1377 (NO2), 1137 (C-N) cm’'
>H NMR (400 MHz, CDCb) 8 4.35 - 4.44 (m, 2 H, CH2), 4.70 - 4.78 (m, 2 H, CH2), 7.48 - 
7.56 (m, 2 H, 2 X ArH), 7.57 - 7.65 (m, 2 H, 2 x ArH), 8.06 (d, J = 8.55 Hz, 2 H, 2 x ArH), 
8.25 (d,J=9.16Hz, 2H,2x ArH), 8.46 (s, 1 H, CIO)
”C NMR (101 MHz, CDCb) ppm 26.1 (C2’), 74.7 (CF), 122.9 (CH), 125.2 (CH), 126.2, 
126.9 (CH), 127.8, 129.6 (CH), 129.9, 131.5
HRMS (APCI) calculated for C16H12NO2 [M^-H] 250.0874: found 250.0874. Mass accuracy 
(0 ppm).

4-(Anthracen-9-yl)-lff-l,2,3-triazole (225)

To a stirred solution of (£)-9-(2-nitrovinyl)anthracene (1 mmol, 0.25 g) in DMSO (2 mL) was 
added sodium azide (2 mmol). The reaction was stirred at 90 “C for 90 min. After allowing the 
reaction to cool to room temperature, deionised water 10 mL was added and aqueous mix was 
extracted into diethyl ether. The organic layer was washed with water, brine and dried over 
sodium sulphate. Solvent was removed in vacuo to afford crude product. The product was 
purified by column chromatography (gradient dichloromethane - methanol) and recrystallized 
from ethanol.
Yellow solid 226 mg (92%)
Melting Point: 241-245 °C (lit. M.p. 243-244 “C^'**)
IRiw(KBr): 3035,2881 (C-H), 1624. (C=C), 1554, 1441 (C=C), 1149 (C-N) cm’'
'H NMR (400 MHz, DMSO-^/6) 8 7.43 - 7.59 (m, 4 H, 4 x ArH), 7.68 (d, J = 9.16 Hz, 2 H, 2 
X ArH), 8.16 (d, 7=8.55 Hz, 2 H, 2 X ArH), 8.23 (s, 1 H, HIO), 8.74 (s, 1 H, =CH)
’3C NMR(101MHz,DMSO-76)ppm 125.5 (CH), 125.6 (CH), 126.4 (CH), 128.0 (CH), 128.5 
(CH), 130.6, 130.8
HRMS (APCI) calculated for C16H12N3 [M%H] 246.1031: found 246.1033. Mass accuracy 
(0.81 ppm).

4-(Anthracen-9-yl)-5-methyI-l//-l,2,3-triazole (226)

To a stirred solution of (£)-9-(2-nitroprop-l-en-l-yl)anthracene (1 mmol, 0.25 g) in DMSO (2 
mL) was added sodium azide (2 mmol). The reaction was stirred at 90 “C for 90 minutes. After 
allowing the reaction to cool to room temperature, deionised water (10 mL) was added and 
aqueous mix was extracted into diethyl ether. The organic layer was washed with water, brine 
and dried over sodium sulphate. Solvent was removed in vacuo to afford crude product. The 
product was purified by column chromatography (gradient dichloromethane - methanol) and 
recrystallized from ethanol.
Yellow solid 117 mg (45%)
Melting Point: 231-232 °C
IRr-max (ATR): 3082, 3026 (C-H), 1623, 1587 (C=C), 1249 (C-N) cm’'
'H NMR (400 MHz, DMSO-76) □ 2.01 (s, 3 H, CH3), 7.40 - 7.63 (m, 6 H, 6 x ArH), 8.17 (d, 
J = 8.29 Hz, 2 H, 2 X ArH), 8.76 (s, 1 H, HIO)
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'^C NMR (101 MHz, DMSO-rf6) ppm 9.3 (CH3), 125.5 (CH), 126.4 (CH), 128.6 (CH), 130.5, 
130.8
HRMS (APCI) calculated for C17H14N3 [M^+H] 260.1188: found 260.1181. Mass accuracy (- 
2.69 ppm).

4-(Anthracen-9-yl)-4,5-dihydro-l.^f-l,2,3-triazole (227)

To a stirred solution of (£^-9-(2-nitrovinyl)anthracene (1 mmol, 0.25 g) in DMSO (2 mL) was 
added sodium azide (2 mmol). The reaction was stirred at 90 "C for 12 h. After allowing the 
reaetion to cool to room temperature deionised water (10 mL) was added and aqueous mix was 
extracted into diethyl ether. The organie layer was washed with water, brine and dried over 
sodium sulphate. Solvent was removed in vacuo to afford crude product. The produet was 
purified by column chromatography (gradient dichloromethane - methanol) and recrystallized 
from ethanol.
Yellow crystals 222 mg (90%)
Melting Point: 266-268 "C
IRiw (ATR): 3054, 2920 (C-H), 1614, 1488 (C=C), 1220 (C-N) cm '
'H NMR (400 MHz, DMSO-rfd) 8 4.64 (d, J = 4.88 Hz, 2 H, CH2), 6.68 (t, J = 5.19 Hz, 1 H, 
CH), 7.45 - 7.70 (m, 4 H, 4 x ArH), 8.11 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.31 (d, J = 9.16 Hz, 
2 H, 2 X ArH), 8.56 (s, 1 H, HIO), 11.40 (s, 1 H, NH)

NMR (101 MHz, DMSO-rftf) ppm 24.0 (CH2), 124.3 (CH), 125.2 (CH), 126.2 (CH), 126.3 
(CH), 129.0 (CH), 129.3, 129.7, 131.1, 147.9 (CH)
HRMS (APCI) calculated for C16H13N3 [M^] 247.1109: found 247.1118. Mass accuracy (3.64 
ppm).

(£)-(Anthracen-9-ylmethylene)hydrazine (228)

To a solution of 9-anthraldehyde (1 g, 4.85 mmol) in DCM (20 ml) and ethanol (10 mL), was 
added dropwise hydrazine (1 g, 20 mmol). The solution was then stirred at RT for 24 h. The 
solvent was removed in vacuo. The residual solid was recrystallized from a mixture of 
diehloromethane and hexane. Produet was isolated by filtration.
Orange solid 0.965 g (90%)
Melting Point: 122-124 °C (lit. M.p. 125-126 °C^'*)
IR^mov (ATR): 3363 (N-H), 3044, 2982 (C-H), 1622 (C=C), 1484, 1440 (C=C) cm''
'H NMR (400 MHz, DMSO-rf6) 8 7.18 (s, 2 H, NH2), 7.52 (br. s., 4 H, 4 x ArH), 8.07 (d, J = 
7.32 Hz, 2 H, 2 X ArH), 8.52 (s, 1 H, CIO), 8.62 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.89 (s, 1 H, 
Cl’)

NMR (101 MHz, DMSO-rf6) ppm 125.3 (CH), 125.4 (CH), 125.9 (CH), 126.8 (CH), 
127.8, 128.6 (CH), 129.0, 131.1, 136.5 (CL)
HRMS (APCI) calculated for C15H13N2 [M^+H] 221.1079: found 221.1080. Mass aeeuracy 
(0.45 ppm).

(£)-((!0-Chloroanthracen-9-yl)methylene)hydrazine (229)

To a solution of lO-chloro-9-anthraldehyde (1.16 g, 4.85 mmol) in DCM (20 mL) and ethanol 
10 mL, was added dropwise hydrazine (1 g, 20 mmol). The solution was then stirred at RT for
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24 h. The solvent was removed in vacuo. The residual solid was recrystallized from a mixture 
of dichloromethane and hexane. Product was isolated by filtration.
Orange solid 1.05 g (85%)
Melting Point: 205-207 °C
IRi„,av (KBr): 3351 (N-H), 3038, 2904 (C-H), 1621 (C=C), 1483, 1438 (C=C) cm''

NMR (400 MHz, DMSO-rf6) 8 7.30 (s, 2 H, NH2), 7.58 - 7.67 (m, 2 H, 2 x ArH), 7.67 - 
7.76 (m, 2 H, 2 X ArH), 8.45 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.63 (d, J = 8.55 Hz, 2 H, 2 x 
ArH), 8.82 (s, 1 H, Cl’)

NMR (101 MHz, DMSO-rf6) ppm 109.6 (CIO), 124.3 (CH), 126.2 (CH), 126.3 (CH), 
127.0, 127.4 (CH), 127.9, 128.7, 129.4, 135.5 (CT)
HRMS (APCI) calculated for Ci5Hi2N2CP^ [M%H] 255.0689: found 255.0684. Mass 
accuracy (-1.96 ppm).

(£)-Anthracene-9-carbaldehyde oxime (230)

9-Anthraldehyde (1 g) was dissolved in ethanol (20 mL) and heated to 75 °C. To this was added 
hydroxylamine hydrochloride 0.4 g in water 3.33 mL (neutralised with sodium carbonate). The 
mixture was heated for ten minutes and diluted with water until cloudy. The reaction mixture 
was then iced and the precipitate was filtered to give pure product.
White solid 0.99 g (90%)
Melting Point: 157-160 “C (lit. M.p. 159-162 “C^'^)
IRFm<« (ATR): 3420 (0-H), 3084, 3012, 2980 (C-H), 1634, 1622, 1482 (C=C) cm '
'H NMR (400 MHz, DMSO-</6) 8 7.45 - 7.65 (m, 4 H, 4 x ArH), 8.03 - 8.19 (m, 2 H, 2 x 
ArH), 8.41 - 8.54 (m, 2 H, 2 x ArH), 8.62 (s, 1 H, HIO), 9.23 (s, 1 H, OH)
’^C NMR (101 MHz, DMSO-i/6) ppm 124.8, 125.1 (CH), 125.2 (CH), 125.4 (CH), 126.1 
(CH), 126.7 (CH), 128.4 (CH), 128.6, 128.7 (CH), 129.5, 130.9, 146.4 (CH), 146.5 (CH) 
HRMS (APCI) calculated for C15H12NO [M^+H] 222.0919: found 222.0914. Mass accuracy 
(-2.25 ppm).

(£)-l-(Anthracen-9-yl)-N-methylmethanimine oxide (231)

To an ice cold solution of sodium acetate (7.5 mmol) in dichloromethane (30 mL), was added 
N-methylhydroxylamine (7.5 mmol). A solution of 9-anthaldehyde (1 g, 5 mmol) in 
dichloromethane was added dropwise. The reaction mixture was stirred at 0 “C for 2 h and 
allowed to heat to RT overnight. The organic layer was washed successively with brine, water 
and dried over sodium sulphate. The solvent was removed in vacuo and the residual solid was 
recrystallized from ethanol and diethyl ether.
Colourless Crystals 1.05 g (89%)
Melting Point: 90-93 T (lit. M.p. 92-94

(ATR): 2981, 2895 (C-H), 1622, 1484, 1438 (C=C), 1146 (C-N) cm''
'H NMR (400 MHz, CDCb) 8 4.15 (s, 3 H, CH3), 7.44 - 7.59 (m, 4 H, 4 x ArH), 7.87 (d, J = 
8.55 Hz, 2 H, 2 X ArH), 8.01 (d, J = 7.93 Hz, 2 H, 2 x ArH), 8.25 (s, 1 H, CIO), 8.51 (s, 1 H,
cr)
'^C NMR (101 MHz, CDCb) ppm 53.7 (CH3), 122.3, 124.3 (CH), 125.0 (CH), 125.4 (CH), 
125.8 (CH), 126.7 (CH), 127.6 (CH), 129.0 (CH), 129.1 (CH), 129.5, 130.0 (CH), 131.2, 134.1 
(CL)
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HRMS (APCI) calculated for C16H14NO [M"+H] 236.1066: found 236.1070. Mass accuracy 
(-1.78 ppm).

(£)-2-(Anthracen-9-yl)acetaldehyde oxime (232)

9-Anthraldehyde (1 g) was dissolved in ethanol (20 mL) and heated to 75 °C. To this was added 
hydroxylamine hydrochloride 0.4 g in water 3.33 mL (neutralised with sodium carbonate). The 
mixture was heated for ten minutes and diluted with water until cloudy. The reaction mixture 
was then iced and the precipitate was filtered to give pure product.
Yellow Crystals 236 mg (20%)
Melting Point: 178-180 °C (lit. M.p. 177-180 “C^^')
IRiw (ATR): 3025, 2852 (C-H), 1621, 1488 (C=C) cm''
'H NMR (400 MHz, DMSO-rfe) 8 4.63 (d, J = 5.49 Hz, 2 H, CH2), 6.68 (t, J = 5.19 Hz, 1 H, 
CH), 7.51-7.61 (m, 4 H, 4 x ArH), 8.12 (d, J = 7.94 Hz, 2 H, 2 x ArH), 8.31 (d, 7 = 8.55 Hz, 
2 H, 2 X ArH), 8.57 (s, 1 H, HIO), 11.39(s, 1 H, =N-OH)
’■’C NMR (101 MHz, DMS0-</6) ppm 24.0 (CH2), 124.3 (CH), 125.2 (CH), 126.2 (CH), 126.3 
(CH), 129.0 (CH), 129.3, 129.7, 131.1, 147.9 (N=CH)
HRMS (APCI) calculated for CieHnNO [M"+H] 236.1075: found 236.1069. Mass accuracy 
(-2.54 ppm).

2-(Anthracen-9-ylmethylene)malononitrile (233)

To a solution of 9-anthraldehyde (0.393 g, 1.91 mmol) and malononitrile (0.372 g, 6.11 mmol) 
in ACN (50 mL), was added 1 drop of piperidine. The solution was then heated at 90 °C for 
0.5 h. The solution was then coneentrated in vacuo, the residual solid dissolved in DCM and 
washed with HCl, water and brine. The organic phases were combined and dried over Na2S04, 
solvent removed in vacuo and recrystallized from ethanol.
Orange crystals 459 mg (95%)
Melting Point: 256-257 °C (lit. M.p. 206 T^^^)
IR^^„ax (KBr): 2965, 2932 (C-H), 2228 (CN), 1621 (C=C), 1574, 1445 (Ar C=C) cm''
’H NMR (400 MHz, CDCb) 6 7.55 (t, J = 7.63 Hz, 3 H, 3 xArH), 7.65 (t, J = 7.63 Hz, 2 H, 
2 X ArH), 7.89 (d, J = 8.54 Hz, 2 H, H4 & H5), 8.05 (d, J = 7.93 Hz, 2 H, H8 & HI), 8.59 (s, 
1 H, HIO), 8.88 (s, 1 H, HI’)
'-’C NMR (101 MHz, CDCb) ppm 92.2, 108.9, 111.5 (CN), 113.0 (CN), 123.4 (C9), 123.8, 
126.1, 128.3, 129.1, 129.5, 130.8, 132.5, 160.8 (C2’)
HRMS (ESI) calculated for C18H9N2 [M^-H] 253.0771: found 253.0764. Mass accuracy (-2.77 
ppm).

2-((10-Chloroanthracen-9-yi)methylene)malononitrile (234)

To a solution of 10-chloro-9-anthraldehyde (0.458 g, 1.91 mmol) and malonitrile (0.372 g. 6.11 
mmol) in ACN 50 mL, was added 1 drop of piperidine. The solution was then heated at 90 °C 
for 0.5 h. The solution was then concentrated in vacuo, the residual solid dissolved in DCM 
and washed with HCl, water and brine. The organic phases were combined and dried over 
Na2S04 and solvent removed in vacuo.
Orange crystals 495 mg (90%)
Melting Point: 196-198 °C
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IRcmax (ATR):, 3088, 2965 (C-H), 2228 (CN), 1621 (C=C), 1574, 1445 (C=C) cm''
'H NMR (400 MHz, CDCb) 5 7.68 - 7.76 (m, 4 H, 4 x ArH), 7.91 - 7.97 (m, 2 H, 2 x ArH), 
8.61 - 8.71 (m, 2 H, 2 X ArH), 8.91 (s, 1 H, Cl’)

NMR (101 MHz, CDCb) ppm 93.4 (C2’), 111.1 (CN), 112.7 (CN), 122.9, 124.2 (CH), 
126.2 (CH), 127.2, 127.4 (CH), 128.4, 128.5 (CH), 129.3, 160.2 (CT)
HRMS (APCI) calculated for Ci8H9N2CP^ [M*] 288.0454: found 288.0466. Mass accuracy 
(4.16 ppm).

(£^-3-(Anthracen-9-yl)acrylonitrile (235)

To a solution of 9-anthraldehyde (1 g, 4.85 mmol) and cyanoacetic acid (0.52 g, 6.11 mmol) 
in DMF (6 mL), was added morpholine (0.7 mL). The solution was then heated at 90 °C for 6 
h. The solution was then cooled to -10 “C overnight. The resultant crystals were filtered and 
washed with diethyl ether.
Orange crystals 446 mg (40%)
Melting Point: 205-207 °C (lit. M.p. 209.5-210.5 “C^'*^)
IRFmax (KBr): 3051 (C-H), 2218 (CN), 1623, 1442.02 (C=C) cm''
'H NMR (400 MHz, CDCb) 8 5.84 (d, J = 17.09 Hz, 1 H =CH), 7.43 - 7.54 (m, 4 H, 4 x 
ArH), 7.97 (d, J = 7.93 Hz, 2 H, H4 & H5), 8.06 (d, J = 8.54 Hz, 2 H, HI & H8), 8.27 (d, J = 
17.09 Hz, 1 H, =CH), 8.41 (s, 1 H, HIO)
’^C NMR (101 MHz, CDCb) ppm 105.4 (C2’), 117.4 (CN), 124.3 (C9), 125.4 (CH), 126.9 
(CH), 127.6, 128.9 (CH), 129.0 (CH), 129.2, 131.0, 148.4 (CF)
HRMS (APCI) calculated for C17H12N [M^+H] 230.0966: found 230.097. Mass accuracy 
(1.74 ppm)

(£)-4-(Anthracen-9-yl)but-3-en-2-one (236)

To a stirred solution of 9-anthraldehyde (1 g, 4.5 mmol) in acetone (50 mL) was added aqueous 
10 % NaOH 0.5 mL. The solution was stirred for 3 h and concentrated in vacuo. Pure product 
was isolated by filtration and recrystallized from ethanol.
Orange solid 666 mg (60%)
Melting Point: 99-100 °C (lit. M.p. 100-102 °C^^^)
IR vmax (ATR): 3046, 2971 (C-H), 1661 (C=0), 1622 (C=C), 1442, 1441 (C=C) cm '
'H NMR (400 MHz, CDC/i) 8 ppm 2.56 (s, 3 H, CH3),6.71 {d,J= 16.48 Hz, 1 H, H3’), 7.51 
(m, 4 H, 4 X ArH), 8.01 (d, J = 7.32 Hz, 2 H, 2 x ArH), 8.20 (d, J = 1.1>1 Hz, 2 H, 2 x ArH), 
8.39 - 8.53 (m, 2 H, 1 x HIO & H4’)
'"C NMR (101 MHz, CDCli) 8 ppm 27.9 (CH3), 125.0 (CH), 125.3 (CH), 126.3 (CH), 128.4 
(CH), 128.9 (CH), 129.1, 129.3, 131.2, 135.8 (CH), 140.4 (CH), 197.8 (C=0)
HRMS (APCI) calculated for CigHisO [M^+H] 247.1123: found 247.1116. Mass accuracy (- 
2.83 ppm).

5-(Anthracen-9-yimethyIene)-2,2-dimethyl-l,3-dioxane-4,6-dione (237)

A solution of 9-anthraldehyde (0.5 g, 2.4 mmol) and Meldrums acid (0.35 g, 2.5 mmol) in 
pyridine (2 mL) was stirred at room temperature for six hours. Solvent was removed from the 
resulting mixture in vacuo. The crude product was recrystallized from ethanol.
Orange solid 558 mg (70%)
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Melting Point: 187-188 °C (lit. M.p. 193-194
IRimox (ATR): 3029, 2970 (C-H), 1730 (C=0), 1625 (C=C), 1555, 1444 (C=C) cm''
'H NMR (400 MHz, CDCb) 5 1.90 (s, 6 H, 2 x CH3), 7.45 - 7.57 (m, 4 H, 4 x ArH), 7.83 (d, 
y = 9.16 Hz, 2 H, 2 X ArH), 7.98 - 8.07 (m, 2 H, 2 x ArH), 8.53 (s, 1 H, HIO), 9.45 (s, 1 H, 
=CH)
'^C NMR (101 MHz, DMSO-y6) ppm 28.1 (CH3), 104.9, 120.9, 124.4 (CH), 125.5 (CH), 
126.7, 127.0 (CH), 128.5, 129.3 (CH), 130.2 (CH), 130.8, 157.6 (CH), 157.8 (C=0), 161.8 
(C=0)
HRMS (APCI) calculated for C21H16O4 [M*+H] 332.1049: found 332.1051. Mass accuracy 
(0.60 ppm).

Anthracen-9-ylmethanol (238)

To a suspension of 9-anthraldehyde (206 mg, 1 mmol) in ethanol (3 mL) was added sodium 
borohydride (152 mg, 4 mmol). After stirring for 30 min at room temperature the reaction 
mixture was quenched with water (10 mL). The reaction mixture was then extracted with 
diethyl ether. The organic phase was washed with water, brine and dried over anhydrous 
sodium sulphate. Solvent was removed in vacuo. No further purification was necessary.
Pale yellow erystals 187 mg (90%)
Melting Point: 155-158 °C (lit. M.p. 158 "C^^^)
IRrmo.- (ATR): 3372 (0-H), 3045, 2970 (C-H), 1621, 1435 (C=C) cm '
'H NMR (400 MHz, CDCb) 5 1.75 (br. s., 1 H, OH), 5.66 (s, 2 H, CH2), 7.42 - 7.64 (m, 4 H, 
4 X ArH), 8.04 (d,./ = 7.93 Hz, 2 H, 2 x ArH), 8.33 - 8.54 (m, 3 H, 3 x ArH)
"‘C NMR (101 MHz, CDCb) ppm 57.4 (CH2), 123.9 (CH), 125.1 (CH), 126.4 (CH), 128.4 
(CH), 129.1 (CH), 130.2, 131.0, 131.5
HRMS (APCI) calculated for CisHnO [M"-H] 207.0815: found 207.0805. Mass accuracy (- 
4.83 ppm).

9-(Chloromethyl)anthracene (239)

To a solution of anthracen-9-ylmethanol (1.2 g, 5.77 mmol) in dry dioxane (10 mL) was added 
thionyl chloride (0.6 mL). The reaction mixture was then refluxed for 6 h. The reaction was 
allowed to come to room temperature and the reaction mixture was eoncentrated in vacuo. The 
remaining solids were washed with hexane, filtered and dried.
Yellow crystals 1.21 g (93%)
Melting Point: 138-140 °C (lit. M.p. 141-142.5 °C^^^)
IRF«a;c (ATR): 2970, 2884 (C-H), 1623, 1505 (C=C) cm''
'H NMR (400 MHz, CDCb) 5 5.63 (s, 2 H, CH2), 7.46 - 7.58 (m, 2 H, 2 x ArH), 7.59 - 7.68 
(m, 2 H, 2 X ArH), 8.05 (d, J = 7.93 Hz, 2 H, 2 x ArH), 8.34 (d, J = 8.55 Hz, 2 H, 2 x ArH), 
8.50 (s, 1 H, HIO)
''’C NMR (101 MHz, CDCb) ppm 38.9 (CH2), 123.4 (CH), 125.2 (CH), 126.9 (CH), 127.6, 
129.2 (CH), 129.3 (CH), 129.9, 131.4
HRMS (APCI) calculated for CisHioCP^ [M^+H] 225.0477: found 225.0466. Mass accuracy 
(-4.89 ppm).

2-(Anthracen-9-yl)acetonitrile (240)
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To a solution of 9-(chloromethyl)anthracene (1.5 g, 6.6 mmol) in acetonitrile (160 mL) was 
added potassium cyanide (6.6 mmol). The reaction mixture was refluxed for 2 h, cooled and 
then filtered. The solvent was removed in vacuo and the residue was dissolved in 
dichloromethane. The organic layer was washed with water, brine and dried over magnesium 
sulphate. Solvent was removed in vacuo to give pure product.
Yellow solid 1.29 g (90%)
Melting Point: 161-162 °C (lit. M.p. 159-163 “€^^4)
IRFmav(ATR): 3087, 2981 (C-H), 2240 (CN), 1658 (C=C), 1511, 1472 (C=C) cm''
’H NMR (400 MHz, CDCb) 8 4.54 (s, 2 H, CH2), 7.45 - 7.54 (m, 2 H, 2 x ArH), 7.57 - 7.65 
(m, 2 H, 2 X ArH), 8.02 (d, 7 = 7.93 Hz, 2 H, 2 x ArH), 8.13 (d, J = 9.16 Hz, 2 H, 2 x ArH), 
8.47 (s, 1 H, HIO)

NMR (101 MHz, CDCb) ppm 16.1 (CH2), 117.7 (CN), 120.7, 122.9 (CH), 125.2 (CH), 
127.2 (CH), 128.8 (CH), 129.4 (CH), 129.7, 131.3
HRMS (APCI) calculated for Ci6H)2N [M"+H] 218.0970: found 218.0964. Mass accuracy (- 
2.75 ppm).

8.22 General procedure for preparation of (anthracen-9-yl)methylamines (241 - 244)
To a solution of 9-chloromethylanthracene (225 mg, 1 mmol) in dry dichloromethane (5 mL) 
was added the required amine (2 mmol). The reaction mixture was stirred at room temperature 
for 24 h. The reaction mixture was then poured onto water and extracted into dichloromethane. 
The organic layer was washed with water, brine and dried over anhydrous sodium sulphate. 
Solvent was removed in vacuo and product was recrystallized from dichloromethane : hexane 
(1:3).

l-(Anthracen-9-ylmethyl)azepane (241)

l-(Anthracen-9-ylmethyl)azepane was prepared from 9-(chloromethyl)anthracene (0.23 g, 1 
mmol) and homopiperidine according to general procedure 8.22.

Yellow crystals 249 mg (86%)

Melting Point: 100-101 °C (lit. M.p. 102-104 “C^^^)
IR^^».«;r (ATR): 3048, 2930 (C-H), 1598, 1518 (C=C), 1195 (C-N) cm'"
•H NMR (400 MHz, CDCb) 6 1.63 (s, 8 H, 4 x CH2), 2.80 (br. s., 4 H, 2 x NCH2), 4.56 (s, 2 
H, NCH2-ANT), 7.41 - 7.61 (m, 4 H, 4 x ArH), 8.03 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.43 (s, 1 
H, HIO), 8.59 (d, J = 8.55 Hz, 2 H, 2 x ArH)
'3C NMR (101 MHz, CDCb) ppm 27.2 (CH2), 28.3 (CH2), 53.9 (CH2), 54.9 (CH2), 124.7 
(CH), 125.3 (CH), 125.4 (CH), 127.1 (CH), 128.8 (CH), 131.3, 131.3, 131.4 
HRMS (APCI) calculated for C21H24N [M"+H] 290.1909: found 290.1899. Mass accuracy (- 
3.44 ppm).

l-(Anthracen-9-yImethyl)pyrrolidine (242)

l-(Anthracen-9-ylmethyl)pyrrolidine was prepared from 9-(chloromethyl)anthracene (0.23 g, 
1 mmol) and pyyrolidine according to general procedure 8.22.

Yellow crystals 196 mg (75%)
Melting Point: 109-110 “C (lit. M.p. 108-110 "C^^^)
IRFmax (ATR): 3083, 2919 (C-H), 1572, 1490.91 (C=C), 1232 (C-N) cm''

352



'H NMR (400 MHz, CDCb) 6 1.77 (dt, J = 6.56, 3.13 Hz, 4 H, 2 x CH2N), 2.63 - 2.75 (m, 4 
H, 2 X CH2), 4.61 (s, 2 H, NCH2), 7.38 - 7.57 (m, 4 H, 4 x ArH), 8.02 (d, J = 8.55 Hz, 2 H, 2 
X ArH), 8.42 (s, 1 H, H10), 8.56 (d, J = 9.16 Hz, 2 H, 2 x ArH)
’3C NMR (101 MHz, CDCb) ppm 23.6 (C3” & C4”), 51.4 (CT), 54.3 (C2” & C5”), 124.8 
(CH), 125.0 (CH), 125.4 (CH), 127.1 (CH), 128.9 (CH), 130.9, 131.2, 131.4 
HRMS (APCI) calculated for C19H20N [M"+H] 262.1596: found 262.1590. Mass accuracy (- 
2.29 ppm).

Anthracen-9-yl(morpholino)methanone (243)

Anthracen-9-yl(morpholino)methanone was prepared from 9-(chloromethyl)anthracene (0.23 
g, 1 mmol) and morpholine aceording to general procedure 8.22.

Yellow crystals 250 mg (90%)
Melting Point: 118-122 “C (lit. M.p. 122-124 "C^^^)
IRFma;c (ATR): 2924, 2854 (C-H), 1622, 1422 (C=C), 1110 (C-N) cm '
'H NMR (400 MHz, CDCb) 6 2.57 - 2.71 (m, 4 H, 2 x CH2), 3.58 - 3.75 (m, 4 H, 2 x CH2), 
4.47 (s, 2 H, CrH2), 7.44 - 7.60 (m, 4 H, 4 x ArH), 8.02 (d, J = 7.93 Hz, 2 H, 2 x ArH), 8.44 
(s, 1 H, HIO), 8.50(d, J = 9.16Hz, 2H, 2x ArH)
'^C NMR (101 MHz, CDCb) ppm 53.6 (CH2), 54.6 (CH2), 67.1 (CH2), 124.8 (CH), 125.0 
(CH), 125.6 (CH), 127.2 (CH), 127.6 (CH), 129.0 (CH), 131.3, 131.4, 134.1 (CH)
HRMS (APCI) calculated for C19H20NO [M%H] 278.1545: found 278.1539. Mass accuracy 
(-2.15 ppm).

l-(Anthracen-9-ylmethyl)pyrrolidine (244)

l-(Anthracen-9-ylmethyl)pyrrolidine was prepared from 9-(chloromethyl)anthracene (0.23 g, 
1 mmol) and pyyrolidine according to general procedure 8.22.
Yellow crystals 226 mg (82%)
Melting Point: 117-118 °C (lit. M.p. 119-121 "C^^^)
IR^^max (ATR): 3049, 2849 (C-H), 1599, 1449 (C=C), 1118 (C-N) cm''
’H NMR (400 MHz, CDCb) 6 1.39 - 1.58 (m, 6 H, 3 x CH2), 2.57 (br. s., 4 H, 2 x NCH2), 
4.38 (s, 2 H, NCH2), 7.38 - 7.58 (m, 4 H, 4 x ArH), 7.99 (d, J = 7.94 Hz, 2 H, 2 x ArH), 8.40 
(s, 1 H, HIO), 8.53 (d, J = 8.55 Hz, 2 H, 2 x ArH)
’3C NMR (101 MHz, CDCb) ppm 24.6 (C4”), 26.2 (C3” & C5”), 54.8 (C2” & C6”), 55.1 
(Cr), 124.7 (CH), 125.3 (CH), 127.1 (CH), 128.8 (CH), 130.6, 131.4, 131.4 
HRMS (APCI) calculated for C20H22N [M^+H] 276.1752: found 276.1745. Mass accuracy (- 
2.53 ppm).

8.23 General procedure for preparation of anthracene amides via the Mukaiyama 
reaction (245 - 250)
To a suspension of anthracene-9-carboxylic acid (0.22 g, 1 mmol) in anhydrous 
dichloromethane (10 mL) was added chloro-l-methylpyridinium iodide (0.76 g, 3 mmol). The 
solution turned yellow and was stirred for a further five min. To this was added the required 
amine (1 mmol) followed by the addition of trimethylamine (0.7 mL, 5 mmol). The reaction 
mixture was stirred at room temperature for 1 h and was then diluted with 10% hydrochloric 
acid (10 mL) followed by extraction with dichloromethane (10 mL). The organic layer was
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washed with 10% sodium hydroxide solution, water and brine. Solvent was removed in vacuo 
and the residue was purified by column chromatography (eluent: dichloromethane) and 
recrystallized from ethanol.

N,N-Diethylanthracene-9-carboxamide (245)

N,N-Diethylanthracene-9-carboxamide was prepared from 9-anthracenecarboxylic acid (0.2 g, 
1 mmol) and diethylamine according to general procedure 8.23.
Brown solid 236 mg (85%)
Melting Point: 188-190 T (lit. M.p. 189-192 “C'^^)
IRr'max (ATR): 3049, 2970, 2931 (C-H), 1623, 1486 (C=C), 1257 (C-N) cm’'
'H NMR (400 MHz, CDCb) 6 0.85 (t, J = 7.02 Hz, 3 H, CH3), 1.52 (t, J = 7.02 Hz, 3 H, CH3), 
2.88 - 3.11 (m, 2 H, CH2), 3.77 - 4.01 (m, 2 H, CH2), 7.36 - 7.61 (m, 4 H, 4 x ArH), 7.93 (d, J 
= 8.55 Hz, 2 H, 2 X ArH), 8.01 (d, J = 7.94 Hz, 2 H, 2 x ArH), 8.45 (s, 1 H, HIO)
'^C NMR (101 MHz, CDCb) ppm 13.1 (CH3), 14.1 (CH3), 39.1 (CH2), 43.1 (CH2), 124.9 
(CH), 125.4 (CH), 126.5 (CH), 127.3 (CH), 127.5, 128.5 (CH), 131.2 (s), 131.5 (s), 169.6 
(C=0)
HRMS (APCI) calculated for C19H20NO [M^+H] 278.1539: found 278.1528. Mass accuracy 
(-3.95 ppm).

N,N-Dimethylanthracene-9-carboxamide (246)

N,N-Dimethylanthracene-9-carboxamide was prepared from 9-anthracenecarboxylic acid (0.2 
g, 1 mmol) and dimethylamine according to general procedure 8.23.
Brown solid 200 mg (80%)
Melting Point: 150-152 °C (lit. M.p. 151.3-153.5 “C^^**)
IR^mox (ATR): 3058, 2853 (C-H), 1629, 1560 (C=C), 1262 (C-N) cm '
>H NMR (400 MHz, CDCb) 6 2.71 (s, 3 H, CH3), 3.43 (s, 3 H, CH3), 7.44 - 7.57 (m, 4 H, 4 x 
ArH), 7.88 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.03 (d, J = 7.93 Hz, 2 H, 2 x ArH), 8.47 (s, 1 H, 
HIO)
'^C NMR (101 MHz, CDCb) ppm 34.7 (CH3), 38.1 (CH3), 124.9 (CH), 125.5 (CH), 126.7 
(CH), 127.5, 127.5 (CH), 128.6 (CH), 131.1, 170.4 (CT)
HRMS (APCI) calculated for C17H16NO [M*+H] 250.1232: found 250.1223. Mass accuracy 
(-3.60 ppm).

Anthracen-9-yi(azepan-l-yl)methanone (247)

Anthracen-9-yl(azepan-l-yl)methanone was prepared from 9-anthraeenecarboxylic acid (0.2 
g, 1 mmol) and homopiperidine according to general proeedure 8.23.
Brown solid 261 mg (86%)
Melting Point: 134-137 T
IRKmax (ATR): 3048, 2929 (C-H), 1615, 1486.60 (C=C), 1263 (C-N) cm’'
'H NMR (400 MHz, CDCb) 8 1.31 - 1.43 (m, 2 H, CH2), 1.47 - 1.59 (m, 2 H, CH2), 1.75 (dt, 
J= 11.75, 6.03 Hz, 2 H, CH2), 1.94-2.12 (m, 2 H, CH2), 3.09 (t, J= 6.10 Hz, 2 H, CH2), 3.95 
- 4.06 (m, 2 H, CH2), 7.42 - 7.57 (m, 4 H, 4 x ArH), 7.90 - 8.06 (m, 4 H, 4 x ArH), 8.45 (s, 1 
H, HIO)
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'•’C NMR (101 MHz, CDCb) ppm 26.5 (C5” / C4”), 28.1 (C5” / C4”), 28.3 (C3” / C6”), 28.8 
(C3” / C6”), 45.1 (C7” / C2”), 49.0 (C7” / C2”), 125.0 (CH), 125.4 (CH), 126.5 (CH), 127.3 
(CH), 127.5, 128.6 (CH), 131.2, 131.7, 170.1 (Cl’)
HRMS (APCI) calculated for C21H22NO [M’^+H] 304.1701: found 304.1688. Mass accuracy 
(-4.27 ppm).

Anthracen-9-yl(pyrrolidin-l-yl)methanone (248)

Anthracen-9-yl(pyrrolidin-l-yl)methanone was prepared from 9-anthracenecarboxylic acid 
(0.2 g, 1 mmol) and pyrrolidine according to general procedure 8.23.
Yellow crystals 207 mg (75%)
Melting Point: 149-151 "C (lit. M.p. 150-152 °C^^*)
IRf^ox (ATR): 3048, 2969 (C-H), 1616, 1578 (C=C), 1224 (C-N) cm''
'H NMR (400 MHz, CDCb) 6 1.80 (quin, J = 6.87 Hz, 2 H, CH2), 2.05 (quin, J = 6.87 Hz, 2 
H, CH2), 2.93 (t, J = 7.02 Hz, 2 H, CH2), 3.98 (t, J = 7.02 Hz, 2 H, CH2), 7.43 - 7.55 (m, 4 H, 
4 X ArH), 7.93 (d, J = 8.55 Hz, 2 H, 2 x ArH), 7.98 - 8.06 (m, 2 H, 2 x ArH), 8.46 (s, 1 H, HIO) 
’-’C NMR (101 MHz, CDCb) ppm 24.7 (C3” / C4”), 25.9 (C3” / C4”), 45.6 (C5” / C2”), 47.6 
(C5” / C2”), 124.8 (CH), 125.4 (CH), 126.7 (CH), 127.2, 127.5 (CH), 128.6 (CH), 131.23, 
132.3, 168.7 (Cr)
HRMS (APCI) calculated for CigHisNO [M"-i-H] 276.1388: found 276.1380. Mass accuracy 
(-2.90 ppm).

Anthracen-9-yl(morphoIino)methanone (249)

Anthracen-9-yl(morpholino)methanone was prepared from 9-anthracenecarboxylic acid (0.2 g, 
1 mmol) and morpholine according to general procedure 8.23.
Yellow crystals 256 mg (88%)
Melting Point: 160-163 °C (lit. M.p. 161.5-163.5 T^^*)
IRf^max (ATR): 3084, 2970 (C-H), 1610, 1487 (C=C), 1234 (C-N) cm '
'H NMR (400 MHz, CDCb) 6 3.01 - 3.09 (m, 2 H, CH2), 3.41 - 3.48 (m, 2 H, CH2), 3.88 - 
4.00 (m, 2 H, CH2), 4.09 - 4.19 (m, 2 H, CH2), 7.43 - 7.59 (m, 4 H, 4 x ArH), 7.94 (d, J = 8.55 
Hz, 2 H, 2 X ArH), 8.03 (d, J = 8.55 Hz, 2 H, 2 x ArH), 8.48 (s, 1 H, HIO)
'"C NMR (101 MHz, CDCb) ppm 42.0 (CH2), 47.0 (CH2), 67.0 (CH2), 67.1 (CH2), 124.6 
(CH), 125.6 (CH), 126.9 (CH), 127.6, 127.9 (CH), 128.7 (CH), 129.9, 131.1, 168.8 (Cl’) 
HRMS (APCI) calculated for CigHigNO [M'+H] 292.1338: found 292.1328. Mass aceuracy 
(-3.42 ppm).

Anthracen-9-yl(piperidin-l-yl)methanone (250)

Anthracen-9-yl(piperidin-l-yl)methanone was prepared from 9-anthracenecarboxylic acid (0.2 
g, 1 mmol) and piperidine according to general procedure 8.23.
Yellow crystals 261 mg (90%)
Melting Point: 181-183 °C (lit. M.p. 183.2-185 °C^^*)
IRKm<xx (ATR): 3051, 2992 (C-H), 1753 (C=0), 1655, 1458 (C=C), 1222 (C-N) cm''
'H NMR (400 MHz, CDCb) 8 1.27 - 1.40 (m, 2 H, CH2), 1.61 - 1.75 (m, 2 H, CH2), 1.85 (dt, 
J= 11.29, 5.95 Hz, 2 H, CH2), 2.96 - 3.11 (m, 2 H, CH2), 3.99 - 4.15 (m, 2 H, CH2), 7.38 -
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7.57 (m, 4 H, 4 X ArH), 7.95 (d, J = 7.93 Hz, 2 H, 2 x ArH), 7.98 - 8.13 (m, 2 H, 2 x ArH), 
8.46 (s, 1 H, HIO)
'^C NMR (101 MHz, CDCb) ppm 24.5 (C4”), 26.0 (C3” / C5”), 26.7 (C3” / C5”), 42.5 (C2” 
/ C6”), 47.9 (C2” / C6”), 125.0 (CH), 125.5 (CH), 126.5 (CH), 127.3 (CH), 127.5, 128.6 (CH), 
131.2, 131.2, 168.5 (CT)
HRMS (APCI) calculated for C20H20NO [M^+H] 290.1536: found 290.1545. Mass accuracy 
(3.1 ppm).

8.24 General procedure for preparation of phenyl and benzyl maleimides (251 - 269)
To a solution of maleic anhydride (20 mmol) dissolved in diethyl ether (25 mL) was added the 
appropriate benzyl or aryl amine (20 mmol) dissolved in diethyl ether (10 mL). The reaction 
was stirred under reflux at RT for 1 h. The precipitated solid was isolated by filtration and 
washed with diethyl ether. This solid was immediately used in the next step and placed in a 
conieal flask containing sodium acetate (0.7 g) and acetic anhydride (10 mL). This mixture was 
heated to 90 “C for 0.5 h, after which the mixture was poured over ice water (100 mL). The 
precipitated solid was isolated by filtration and recrystallised from ethanol.

l-Benzyl-l//-pyrrole-2,5-dione (251)

1-Benzyl-1//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) and benzyl 
amine (20 mmol) aceording to general procedure 8.24.
Tan Crystals 1.51 g (40%)
Melting Point: 69-72 “C (lit. M.p. 68-69 T^^^)
lR(m<« (KBr): 3039, 2947 (C-H), 1700 (C=0), 1631 (C=C), 1530, 1496 (C=C), 1456 (CH2), 
1137(C-N) cm-'
'H NMR (400 MHz, CDCb) 6 4.64 (s, 2 H, CH2), 6.66 (s, 2 H, HC=CH), 7.11 - 7.41 (m, 5 H, 
5 X ArH)

NMR (101 MHz, CDCb) ppm 41.3 (CH2), 127.7 (CH), 128.1, 128.1, 128.2 (CH), 128.6 
(CH), 128.8, 130.9, 134.1 (HC=CH), 136.1, 170.3 (0=C)
HRMS (APCI) calculated for C11H10NO2 [M^+H] 188.0712: found 188.0705. Mass accuracy 
(-3.72 ppm).

l-(3,4,5-Trimethoxybenzyl)-l//-pyrrole-2,5-dione (252)

l-(3,4,5-Trimethoxybenzyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 
mmol) and 3,4,5-trimethoxybenzyl amine (20 mmol) according to general proeedure 8.24. 
Brown Crystals 1.11 g (20%)
Melting Point: 135-138 “C (lit. M.p. 128-130 “C^^’)
IRr^;„av (KBr): 3017, 2990 (C-H), 1709 (C=0), 1592 (C=C), 1508, 1429 (C=C), 1464 (CH2), 
1358 (CH3), 1122 (C-N) cm '
'H NMR (400 MHz, CDCb) 5 3.75 - 3.85 (m, 9 H, 3 x OCH3), 4.56 (s, 2 H, CH2), 6.57 (s, 2 
H, HC=CH), 6.69 (s, 2 H, 2 x ArH)
">C NMR (101 MHz, CDCb) ppm 41.6 (CH2), 56.0 (m-OCHs x 2), 60.7 (P-OCH3), 76.7, 77.3, 
105.6 (CH), 131.8, 134.1 (HC=CH), 137.5, 153.2, 170.3 (C=0)
HRMS (APCI) calculated for CnHieNOs [M%H] 278.1028: found 278.1025. Mass accuracy 
(-L07ppm).
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l-(4-Chlorophenyl)-l//-pyrroIe-2,5-dione (253)

l-(4-Chlorophenyl)-l//-pyrrole-2,5-dione was prepared from maleie anhydride (20 mmol) and 
4-chloroaniline (20 mmol) according to general procedure 8.24.
Yellow Crystals 2.29 g (55%)
Melting Point: 118-124 °C (109-110 °C^^*)
IRKma.v (KBr): 3116, 3084 (Ar C-H), 1583 (C=C), 1497, 1452 (C=C), 1712 (C=0), 1149 (C- 
N) cm"'
'H NMR (400 MHz, CDCb) 8 6.83 (s, 2 H, HC=CH) 7.29 (d, J = 8.54 Hz, 2 H, 2 x ArH) 7.41 
(d,J=8.54 Hz, 2 H, 2 X ArH)

NMR (101 MHz, CDCb) ppm 127.0 (CH), 129.2 (CH), 129.7 (s), 133.5 (s), 134.2 
(HC=CH), 169.1 (0=C)
HRMS (APCI) calculated for CioH7Cl^^N02 [M%H] 208.0165: found 208.0165. Mass 
accuracy (0 ppm).

l-(4-Methylphenyl)-l//-pyrrole-2,5-dione (254)

l-(4-Methylphenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) 
and 4-methylaniline (20 mmol) according to general procedure 4.1 
Yellow Crystals (40%)
Melting Point: 145-155 °C (lit. M.p. 148
IRi-mo.(KBr): 3075,2924(C-H), 1707(C=0), 1517, 1449(C=C), 1585.38 (C=C), 1314(CH3), 
1152 (CN) cm '
'H NMR (400 MHz, CDCb) 8 2.37 (s, 3 H, CH3), 6.81 (s, 2 H, HC=CH), 7.16 - 7.32 (m, 4 H, 
4 X ArH)
'^C NMR (101 MHz, CDCb) ppm 21.1 (CH3), 126.0 (CH), 128.5, 129.8 (CH), 134.1 
(HC=CH), 138.0, 169.7 (0=C)
HRMS (APCI) calculated for CnHioN02 [M"+H] 188.0712: found 188.0713. Mass accuracy 
(0.53 ppm).

l-(4-(Dimethylamino)phenyl)-l//-pyrrole-2,5-dione (255)

l-(4-(Dimethylamino)phenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 
mmol) and N,N-dimethylbenzene-l ,4-diamine (20 mmol) according to general procedure 8.24. 
Red Crystals 1.52 g (35%)
Melting Point: 159-162 °C (lit. M.p. 153-154 “C^^^)
IRvmax (KBr):3066, 2984 (C-H), 1693 (C=0), 1520, 1447.01 (C=C), 1568 (C=C), 1153 (CN) 
cm"'
•H NMR (400 MHz, CDCb) 8 2.98 (s, 6 H, 2 x CH3), 6.77 (d, J = 9.16 Hz, 2 H, 2 x ArH), 
6.80 (s, 2 H, 2 X =CH), 7.14 (d, 7 = 8.55 Hz, 2 H, 2 x ArH)
•-'C NMR (101 MHz, CDCb) ppm 40.4 (2 x CH3), 112.4 (CH), 119.4, 127.2 (CH), 134.0 
(CH), 150.1, 170.2 (C=0)
HRMS (APCI) calculated for C12H13N2O2 [M%H] 217.0977: found 217.0975. Mass aecuracy 
(-0.92 ppm).

l-(4-BenzoylphenyI)-l//-pyrrole-2,5-dione (256)
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1- (4-Benzoylphenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) 
and (4-aminophenyl)(phenyl)methanone (20 mmol) according to general procedure 8.24. 
Yellow solid 1.61 g (29%)
Melting Point: 149-159 °C (lit. M.p. 162-164 “C”'^)
IRi)„ax(KBr): 3093, 2988 (C-H), 1711 (C=0), 1592, 1510 (C=C), 1148 (CN) cm''
’H NMR (400 MHz, DMSO-^/e) 8 7.23 (s, 2 H, 2 x =CH), 7.55 - 7.59 (m, 4 H, 4 x ArH), 7.67 
(d, J = 7.32 Hz, 1 H, 1 X ArH), 7.76 (d, J = 7.32 Hz, 2 H, 2 x ArH), 7.85 (d, J = 8.55 Hz, 2 H, 
2 X ArH)

NMR (101 MHz, DMSO-rf6) ppm 126.1 (CH), 128.6 (CH), 129.7 (CH), 129.7 (CH), 130.3 
(CH), 132.8 (CH), 134.9 (CH), 135.3, 135.7, 136.8, 169.6 (2 x NC=0), 195.0 (C=0)
HRMS (APCI) calculated for C17H12NO3 [M"+H] 278.0817: found 278.0817. Mass accuracy 
(0 ppm).

2- (2,5-Dioxo-2,5-dihydro-l//-pyrrol-l-yl)phenyl acetate (257)

2- (2,5-Dioxo-2,5-dihydro-l//-pyrrol-l-yl)phenyl acetate was prepared from maleic anhydride 
(20 mmol) and 2-aminophenol (20 mmol) according to general procedure 8.24.
Colourless solid 0.84 g (18%)
Melting Point: 70-75 “C
IRr^^ox (KBr): 3098, 2988 (C-H), 1707 (C=0), 1504, 1456 (C=C), 1586.53 (C=C), 1156 (CN) 
cm'
'H NMR (400 MHz, CDCb) 6 2.15 (s, 3 H, CH3), 6.82 (s, 2 H, 2 x =CH), 7.19 - 7.34 (m, 3 
H, 3 X ArH), 7.35 - 7.47 (m, 1 H, 1 x H3)
'^C NMR (101 MHz, CDCb) ppm 20.7 (CH3), 123.0, 123.8 (CH), 126.2 (CH), 129.2 (CH), 
129.7 (CH), 134.4 (CH), 146.1, 167.9 (C=0), 168.6 (2 x NC=0)
HRMS (APCI) calculated for C12H10NO4 [M%H] 232.0610: found 232.0616. Mass accuracy 
(2.59 ppm).

l-(3-Chlorophenyl)-l/f-pyrrole-2,5-dione (258)

l-(3-Chlorophenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) and
3- chloroaniline (20 mmol) according to general procedure 8.24.
Colourless solid 2.28 g (55%)
Melting Point: 96-102 “C (lit. M.p. 87-89.5 "C^^^)
IRFmav (KBr): 3107, 3083 (C-H), 1712 (C=0), 1577, 1542 (C=C), 1591 (C=C), 1143 (CN) 
cm'
•H NMR (400 MHz, CDCb) 8 6.80 (s, 2 H, 2 x =CH), 7.21 - 7.26 (m, 1 H, H2), 7.27 - 7.38 
(m, 3 H, 3 X ArH)
'^C NMR (101 MHz, CDCb) ppm 123.8 (CH), 125.9 (CH), 127.8 (CH), 129.9 (CH), 132.3, 
134.1 (CH), 134.4, 168.8 (C=0)
HRMS (APCI) calculated for CioH6Cl^^N04 [M^-e'] 207.0087: found 207.0097. Mass 
accuracy (4.83 ppm).

3-(2,5-Dioxo-2,5-dihydro-lH-pyrroI-l-yl)phenyl acetate (259)

3-(2,5-Dioxo-2,5-dihydro-lH-pyrrol-l-yl)phenyl acetate was prepared from maleic anhydride 
(20 mmol) and 3-aminophenol (20 mmol) according to general procedure 8.24.

358



Yellow oil 1.99 g (43%^^')
IRi-w (KBr): 3103, 2988, (C-H ), 1709 (C=0), 1489, 1449 (C=C), 1595 (C=C), 1369 (CH3), 
1191 (CN) cm-'
'H NMR (400 MHz, CDCb) 6 2.27 (s, 3 H, CH3), 6.81 (s, 2 H, 2 x =CH), 7.06 - 7.13 (m, 1 
H, 1 X ArH), 7.17 (t,y = 2.14 Hz, 1 H, 1 x ArH), 7.23 - 7.29 (m, 1 H, 1 x ArH), 7.37 - 7.48 (m, 
1 H, 1 X ArH)
'^C NMR (101 MHz, CDCb) ppm 21.0 (CH3), 119.0 (CH), 120.9 (CH), 122.8 (CH), 129.6 
(CH), 132.1, 134.2 (CH), 150.8, 169.0 (C=0), 169.1 (2 x N=0)
HRMS (APCI) calculated for C12H10NO4 [M~+H] 232.0610: found 232.0617. Mass accuracy 
(3.02 ppm).

1 -(3,4-Dimethoxyphenethyl)-l/f-pyrrole-2,5-dione (260)

l-(3,4-Dimethoxyphenethyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 
mmol) and 2-(3,4-dimethoxyphenyl)ethan-l-amine (20 mmol) according to general procedure 
8.24.
Yellow solid 0.79 g (15%)
Melting Point: 138-144 °C (lit. M.p. 122-124 °C”^)
IRr'm^ (KBr): 3093, 2988 (C-H ), 1698 (C=0), 1608, 1514.87 (C=C), 1592 (C=C), 1261 
(CH3), 1140 (CN) cm-'
'H NMR (400 MHz, DMSO-</6) 6 2.74 (t, J = 7.32 Hz, 2 H, CH2), 3.62 (t, J = 7.32 Hz, 2 H, 
CH2), 3.71 (s, 3 H, OCH3), 3.70 (s, 3 H, OCH3), 6.64 (dd, J = 8.24, 1.53 Hz, 1 H, 1 x ArH), 
6.74 (d, J = 1.83 Hz, 1 H, H2”), 6.82 (d, J = 7.94 Hz, 1 H, 1 x ArH), 6.97 (s, 2 H, 2 x =CH) 
'^C NMR (101 MHz, DMS0-</6) ppm 33.2 (CH2), 38.6 (CH2), 55.4 (OCH3), 55.4 (OCH3), 
111.7(CH), 112.3 (CH), 120.5 (CH), 1305, 134.4 (CH), 147.4, 148.6, 170.8 (C=0)
HRMS (APCI) calculated for C14H16NO4 [M"+H] 262.1079: found 262.1074, Mass accuracy 
(-1.91 ppm).

Methyl 4-(2,5-dioxo-2,5-dihydro-l//-pyrrol-l-yl)benzoate (261)

Methyl 4-(2,5-dioxo-2,5-dihydro-l//-pyrrol-l-yl)benzoate was prepared from maleic 
anhydride (20 mmol) and methyl 4-aminobenzoate (20 mmol) according to general procedure 
8.24.
Colourless solid 1.85 g (40%)
Melting Point: 161-168 °C (lit. M.p. 161-163 °C^^^)

(KBr): 3108, 2958 (C-H), 1705 (C=0), 1601, 1510 (C=C), 1585.52 (C-C), 1140 (CN)
cm-'
'H NMR (400 MHz, CDCb) 6 3.91 (s, 3 H, OCH3), 6.86 (s, 2 H, 2 x =CH), 7.48 (m, J - 8.55 
Hz, 2 H, 2 X ArH), 8.11 (m, J = 8.55 Hz, 2 H, 2 x ArH)
”C NMR (101 MHz, CDCb) ppm 52.2 (OCH3), 125.1 (CH), 129.0, 130.3 (CH), 134.3 (CH), 
135.3, 166.1 (C=0), 168.9 (2 x NC=0)
HRMS (APCI) calculated for C12H10NO4 [M%H] 232.0610: found 232.0610. Mass accuracy 
(0 ppm).

l-(3,5-Dimethoxyphenyl)-l//-pyrrole-2,5-dione (262)

l-(3,5-Dimethoxyphenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 
mmol) and 3,5-dimethoxyaniline (20 mmol) according to general procedure 8.24.

359



Yellow solid 3.21 g (69%)
Melting Point: 161-168 "C (lit. M.p. 121.8
IRiw (KBr): 3027, 2970 (C-H), 1717 (C=0), 1602, 1453 (C=C), 1475 (C=C), 1146 (CN) 
cm'
’H NMR (400 MHz, CDCb) 6 3.79 (s, 6 H, 2 x OCH3), 6.44 - 6.51 (m, 3 H, 3 x ArH), 6.83 
(s, 2 H, 2 X =CH)
’"C NMR (101 MHz, CDCb) ppm 55.4 (OCH3), 100.3 (CH), 104.6 (CH), 132.6, 134.1 (CH), 
160.9, 169.3 (C=0)
HRMS (APCI) calculated for C12H11NO4 [M~] 233.0688: found 233.0692. Mass accuracy 
(1.72 ppm).

l-(4-Fluorophenyl)-l//-pyrrole-2,5-dione (263)

l-(4-Fluorophenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) and 
4-fluoroaniline (20 mmol) according to general procedure 8.24.
Yellow crystals 2.48 g (65%)
Melting Point: 160-162 "C (lit. M.p. 136-138
IR^mav (KBr): 3073, 2988 (C-H), 1708 (C=0), 1601, 1584(ArC=C), 1514 (C=C), 1148 (CN) 
cm'
'H NMR (400 MHz, CDCb) 8 6.85 (s, 2 H, =CH), 7.16 (t, J = 8.55 Hz, 2 H, 2 x ArH), 7.33 
(dd, J = 9.16, 4.88 Hz, 2 H, 2 x ArH)
'"C NMR (101 MHz, CDCb) ppm 116.0 (CH), 116.2 (CH), 127.8 (CH), 127.9, 134.2 (CH), 
160.5, 163.0, 169.3 (C=0)
HRMS (APCI) calculated for C10H6FNO2 [M^] 191.0383: found 191.0384. Mass accuracy 
(0.52 ppm).

l-(4-Bromophenyl)-l//-pyrrole-2,5-dione (264)

l-(4-Bromophenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) and 
4-bromoaniline (20 mmol) according to general procedure 4.1 
Yellow crystals (59%)
Melting Point: 120-125 °C (lit. M.p. 122-123
IRvmax (KBr): 3089, 2988 (C-H), 1719 (C=0), 1592, 1444 (C=C), 1488 (C=C), 1146 (CN) 
cm'
'H NMR (400 MHz, CDCb) 8 6.84 (s, 2 H, 2 x =CH), 7.22 - 7.28 (m, 2 H, 2 x ArH), 7.55 - 
7.60 (m, 2 H, 2 X ArH)
'3C NMR (101 MHz, CDCb) ppm 121.5, 127.3 (CH), 130.2, 132.2 (CH), 134.2 (CH), 169.0 
(C=0)
HRMS (APCI) calculated for CioH6Br^9N02 [M^] 250.9582: found 250.9585. Mass accuracy 
(1.19 ppm).

l-(3,4,5-Trimethoxyphenyl)-l//-pyrrole-2,5-dione (265)

l-(3,4,5-Trimethoxyphenyl)-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 
mmol) and 3,4,5 trimethoxyaniline (20 mmol) according to general procedure 8.24.
Yellow crystals 3.17 g (60%)
Melting Point: 120-128 °C
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IRrmav (KBr): 3085, 2964 (C-H), 1707 (C=0), 1509, 1470 (C=C), 1598 (C=C), 1127 (CN) 
cm'
'H NMR (400 MHz, CDCb) 8 3.86 (s, 9 H, 3 x OCH3), 6.54 (s, 2 H, 2 x ArH), 6.84 (s, 2 H, 2 
x=CH)
’•'C NMR (101 MHz, CDCb) ppm 56.2 (OCH3), 60.8 (OCH3), 104.0 (CH), 126.6,134.1 (CH), 
137.7, 153.4, 169.5 (C=0)
HRMS (APCI) calculated for C13H14NO5 [M"+H] 264.0872: found 264.0867. Mass accuracy 
(-1.89 ppm).

l-(4-Aminophenyl)-l/f-pyrrole-2,5-dione (266)

l-(4-Aminophenyl)-l//-pyrrole-2,5-dione was prepared from maleie anhydride (20 mmol) and 
benzene-1,4-diamine (20 mmol) aecording to general procedure 8.24.
Yellow solid 2.65 g (70%)
Melting Point: 120-128 °C (lit. M.p. 153 “C”^)
IRKmar (ATR): 3355 (N-H), 2970, 2938 (C-H), 1692 (C=0), 1585, 1469 (C=C), 1129 (CN) 
cm'
'H NMR (400 MHz, CDCb) 8 5.75 (s, 2 H. 2 x =CH), 7.21 (s, 2 H, 2 x ArH), 7.46 (s, 2 H, 2 
X ArH)
’-’C NMR (101 MHz, DMSO-d«) ppm 127.2 (CH), 130.8, 134.7 (CH), 152.3 169.8 (C=0)

HRMS (APCI) calculated for C10H9N2O2 [M%H] 189.0659: found 189.0653. Mass accuraey 
(-2.82 ppm).

l-(Hydroxymethyl)-liV-pyrroIe-2,5-dione (267)

l-(Hydroxymethyl)-l//-pyrrole-2,5-dione was prepared from maleimide and formaldehyde. A 
solution of 36% formaldehyde (aqueous) (5 mL) and maleimide (2 g) was refluxed at 100 “C 
for one h. After the reaction time had elapsed the volume of solvent in the flask was redueed 
to approximately 50% of the total volume and was cooled on ice. A erop of colourless crystals 
formed and were isolated by filtration. The crystals were purified by recrystallisation from 2- 
propanol.
Colourless solid 2.15 g (84%)
Melting Point: 101-104 °C (lit. M.p. 103.5-104.5 "C”^)
IR^mo* (KBr): 3570 (O-H), 1703 (C=0), 1506 (C=C), 1150 (CN) cm '
’H NMR (400 MHz, CDCb) 8 3.13 (t, J = 7.94 Hz, 1 H, OH), 5.09 (d, J = 7.94 Hz, 2 H, CH2), 
6.78 (s, 2 H, 2 X =CH)
”C NMR (101 MHz, CDCb) ppm 61.1 (CH2), 134.6 (CH), 170.1 (C=0))
HRMS (APCI) calculated for C5H6NO3 [M%H] 128.0348: found 128.0348. Mass aceuracy (0 
Fpm).

l-Methyl-l//-pyrrole-2,5-dione (268)

1-Methyl-l//-pyrrole-2,5-dione was prepared from maleic anhydride (20 mmol) and 
nethylamine (20 mmol) according to general procedure 8.24.
Yellow crystals 1.34 g (60%)
Melting Point: 60-68 °C (lit. M.p. 67 °C^^^)
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IRf^ov (ATR): 3173, 3095 (C-H), 1696 (C=0), 1600, 1437 (C=C), 1222 (CN) cm '
’H NMR (400 MHz, OMSO-rfb) 8 2.86 (s, 3 H, CH3), 6.99 (s, 2 H, 2 x =CH)
'^C NMR (101 MHz, DMS0-</6) ppm 20.3, 23.3, 24.5, 35.2 (CH3), 67.9, 134.6 (HC=CH), 
169.7, 171.1, 174.1, 174.1
HRMS (APCI) calculated for C5H6NO2 [M"+H] 112.0399: found 112.0395. Mass accuracy (- 
3.57 ppm).

1,1'-(Hexane-1,6-diyl)bis(lH-pyrrole-2,5-dione) (269)

1,1'-(Hexane-l,6-diyl)bis(lH-pyrrole-2,5-dione) was prepared from maleie anhydride (20 
mmol) and (20 mmol) aecording to general procedure 8.24.
Yellow erystals (60%)
Melting Point: 130-136 “C (lit. M.p. 136-141
IRf^ox (ATR): 3103, 2939 (C-H), 1688 (C=0), 1587, 1453 (C=C), 1227 (CN) cm''
’H NMR (400 MHz, CDCb) 8 1.09 - 1.34 (m, 4 H, 2 x CH2), 1.34 - 1.56 (m, 4 H, 2 x CH2), 
3.39 (t, J = 7.26 Hz, 4 H, 2 x CH2), 6.60 (s, 3 H, 2 x =CH)
”C NMR (101 MHz, CDCI3) ppm 25.9 (CH2), 28.1 (CH2), 37.4 (CH2), 133.9 (=CH), 169.7 
(C=0), 170.7 (C=0)
HRMS (APCI) calculated for C14H17N2O4 [M%H] 277.1188: found 277.1183. Mass accuracy 
(-1.80 ppm).

8.25 General Procedure for the Diels-Alder reactions
To a solution of the appropriate anthracene derivative (1 mmol) in toluene (2 mL) was added 
the required dienophile (1.3 mmol). The mixture was heated, with stirring at 90 °C for 48 h. 
The reaetion was then eooled to RT and the resulting solid was isolated by filtration. The solid 
product was sequentially washed with toluene (2 mL) and diethyl ether (2 mL) and 
recrystallized from toluene.

(£)-9-(2-NitrovinyI)-9,10-dihydro-9,10-|3,4]furanoanthracene-12,14-dione (270)

(£)-9-(2-Nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione was prepared from 
(£)-9-(2-nitrovinyl)anthraeene (0.25 g, 1 mmol) and maleic anhydride (0.13 g, 1.3 mmol) 
aceording to general proeedure 8.25.
Colourless solid 276 mg (80%)
Melting Point: 244-245 °C
IRFmox (KBr): 3030, 2966 (C-H), 1860, 1778 (C=0), 1662 (C=C), 1484, 1467 (C=C), 1525, 
1353 (NO2) cm '
'H NMR (400 MHz, DMSO-rffi) 8 3.81 (dd, J = 8.85, 3.36 Hz, 1 H, HI 1), 4.20 (d, J = 9.16 
Hz, 1 H, H15), 4.98 (d, 7 =3.66 Hz, 1 H, HIO), 7.19 - 7.32 (m, 5 H, 5 x ArH), 7.32 - 7.40 (m, 
1 H, ArH), 7.40 - 7.48 (m, 1 H,ArH), 7.57 (d, 7 = 6.71 Hz, 1 H, 1 x ArH), 8.10 (d, 7 = 14.04 
Hz, 1 H, HI’), 8.28 (d,7= 13.43 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-76) ppm 44.2 (CIO), 48.8 (Cll), 49.2 (C9), 49.2 (Cl5), 123.1 
(CH), 123.6 (CH), 124.6 (CH), 125.4 (CH), 126.7 (CH), 127.3 (CH), 127.4 (CH), 127.7 (CH), 
136.3 (C2’), 138.2 (Cq), 138.4 (Cq), 140.5 (Cq), 140.8 (Cq), 145.3 (CL), 170.1 (Cq, C=0, 
Cl2), 170.7 (Cq, C=0, C14)
HRMS (APCI) calculated for C20H12NO5 [M^-H] 346.0721: found 346.0721. Mass aceuracy 
(0 ppm).
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(£)-9-(2-Nitroprop-l-en-l-yl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione
(271)

(£)-9-(2-N itroprop-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dione was
prepared from (£)-9-(2-nitroprop-l-en-l-yl)anthracene (0.26 g, 1 mmol) and maleic anhydride 
(0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 259 mg (72%)
Melting Point: 256-258 °C

(KBr): 3009, 2960 (C-H), 1831, 1771 (C=0), 1641, 1521 (C=C), 1529, 1390 (NO2), 
1333 (CH3) cm-'
'H NMR (400 MHz, DMSO-rf6) 6 1.81 (br. s., 3 H, -CH3), 3.65 (dd,y = 8.85, 2.75 Hz, 1 H, 
Hll), 3.88(d,7=8.54 Hz, 1 H, H15), 4.95 (d,J = 2.44 Hz, 1 H, HIO), 7.11 -7.34 (m, 6 H, 6 
xArH), 7.41 (d,7=6.71 Hz, 1 H, ArH), 7.56 (d,J=7.32 Hz, 1 H, ArH), 8.16 (s, 1 H. HI’) 

NMR (101 MHz, DMSO-rf6) ppm 17.2 (C3’), 44.4 (CIO), 48.5 (Cll), 49.8 (C9), 51.8 
(C15), 123.8 (CH), 124.0 (CH), 124.9 (CH), 125.4 (CH), 126.6 (CH), 127.2 (CH), 127.3 (CH), 
127.8 (CH), 138.0 (CT), 138.2 (Cq), 140.3 (Cq), 153.0 (C2’), 170.6 (C12), 170.7 (C14) 
HRMS (APCI) calculated for C21H14NO5 [M^-H] 360.877: found 360.0865. Mass accuracy (-
3.3 ppm).

(£)-9-(2-Nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (272)

(£)-9-(2-Nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dionewas 
prepared from (£)-9-(2-nitrobut-l-en-l-yl)anthracene (0.27 g, 1 mmol) and maleic anhydride 
(0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 336 mg (98%)
Melting Point: 230-233 °C
IRFmav (KBr): 2981, 2943 (C-H), 1837, 1775 (C=0), 1528, 1340 (NO2), 1479 (C=C), 1458 
(CH2), 1386 (CH3) cm-'
'H NMR (400 MHz, DMSO-76) 8 0.92 - 1.04 (m, 3 H, -CH3) 2.19 (br. s., 2 H, CH2) 3.69 (d, 
J = 6.71 Hz, 1 H, HI 1)3.93 (d, 7 =8.55 Hz, 1 H,H15)5.01 (d, 7 = 3.66 Hz, 1 H, HIO) 7.19- 
7.35 (m, 6 H, 6 X ArH) 7.39 - 7.50 (m, 1 H, ArH) 7.52 - 7.66 (m, 1 H, ArH) 8.08 (s, 1 H, Cl’) 
'^C NMR (101 MHz, DMSO-76) ppm 9.5 (C4’), 23.4 (C3’), 44.6 (CIO), 48.5 (Cll), 49.9 
(C9), 51.2 (C15), 123.3 (CH), 124.6 (CH), 125.4 (CH), 126.1 (CH), 126.5 (CH), 127.2 (CH),
127.3 (CH), 135.2 (Cl’), 139.3 (Cq), 156.9 (C2’), 177.1 (C12), 177.3 (C14)
HRMS (APCI) calculated for C22H16NO5 [M^H] 374.1034: found 374.1044. Mass accuracy 
(2.7 ppm).

(£)-9-Chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione
(273)

(£)-9-Chloro-l 0-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dione was 
prepared from (£)-9-chloro-10-(2-nitrovinyl)anthracene (0.28 g, 1 mmol) and maleic 
anhydride (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 58 mg (15%)
Melting Point: 275-277 °C
IRvmax (ATR): 3049, 2957 (C-H), 1706 (C=0), 1599 (C=C), 1456, 1420 (C=C), 1530, 1350 
(NO2) cm-'
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'HNMR(400 MHz, DMSO-</6) 6 3.96 (d,y = 9.16Hz, 1 H, HI 1), 4.44 (d, J= 9.16 Hz, 1 H, 
H15), 7.33-7.51 (m, 6 H, 6 x ArH), 7.71 (d,J = 7.32Hz, 1 H, 1 x ArH), 7.83 (d,J=7.94 Hz, 
1 H, 1 xArH), 8.12(d,J= 14.04 Hz, 1 H, HI’), 8.28 (d,J= 14.04 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-rfe) ppm 48.3 (CIO), 50.8 (Cll), 55.0 (Cl5), 69.4 (C9), 122.5 
(CH), 123.0 (CH), 123.4 (CH), 123.7 (CH), 127.8 (CH), 128.0 (CH), 128.3 (CH), 128.7 (CH), 
135.1 (C2’), 136.7, 136.9, 139.4, 145.8 (Cl’), 166.7 (C12), 168.8 (C14)
HRMS (APCI) calculated for C2oHi3Cl^^N05 [M*+H] 382.0482: found 382.0478. Mass 
accuracy (-1.05 ppm).

(£)-9-Chloro-10-(2-nitroprop-l-en-l-yl)-9,10-dihydro-9,10-|3,4]furanoanthracene- 
12,14-dione (274)

(£)-9-Chloro-10-(2-nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14- 
dione was prepared from (£)-9-chloro-10-(2-nitroprop-l-en-l-yl)anthracene (0.298 g, 1 mmol) 
and maleic anhydride (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 72 mg (18%)
Melting Point: 270-272 °C
IRFmox (ATR): 3012, 2977 (C-H), 1781 (C=0), 1656 (C-C), 1474, 1459 (C=C), 1516, 1334 
(NO2) cm '
'H NMR (400 MHz, DMSO-rf6) 8 1.82 (br. s., 3 H, CH3), 3.81 (d, J = 9.16 Hz, 1 H, H15), 
4.18 (d,y= 8.55 Hz, 1 H, Hll), 7.33 - 7.49 (m, 6 H, 6 x ArH), 7.74 (d, J= 7.32 Hz, 1 H, 1 x 
ArH), 7.86 (d, J = 7.94 Hz, 1 H, 1 x ArH), 8.20 (s, 1 H, HI’)
'"C NMR (101 MHz, DMS0-</6) ppm 17.4 (C3’), 49.0 (CIO), 53.1 (Cl 1), 54.9 (C15), 69.7 
(C9), 122.9 (CH), 123.1 (CH), 124.0 (CH), 127.8 (CH), 127.9 (CH), 128.3 (CH), 128.5 (CH), 
136.7, 136.9, 139.0, 153.4 (C2’), 166.8 (C12 & C14)
HRMS (APCI) calculated for C2iHi4NCl'’^05 [M^ 395.0561: found 395.0553. Mass accuraey 
(-2.03 ppm).

(£)-9-Chloro-10-(2-nitrobut-l-en-l-yl)-9,10-dihydro-9,10-|3,4]furanoanthracene-12,14- 
dione (275)

(£)-9-Chloro-10-(2-nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione 
was prepared from (£)-9-chloro-10-(2-nitrobut-l-en-l-yl)anthraeene (0.312 g, 1 mmol) and 
maleic anhydride (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 224 mg (55%)
Melting Point: 259-263 °C
IRFma:. (KBr): 3065, 2951 (C-H), 1711 (C=0), 1610 (C=C), 1454 (C=C), 1530, 1346 (NO2) 
cm'
'H NMR (400 MHz, DMSO-rf6) 8 0.99 (br. s., 3 H, CH3) 2.02 - 2.23 (m, 2 H, CH2) 3.80 (br. 
s., 1 H, H15) 4.18 (d,J= 8.55 Hz, 1 H, HI 1) 7.29 - 7.50 (m, 6 H, 6 x ArH) 7.75 (d,J=7.32 
Hz, 1 H, 1 X ArH) 7.87 (d, J = 7.32 Hz, 1 H, 1 x ArH) 8.06 (br. s., 1 H, H1 ’)
'"C NMR (101 MHz, DMS0-</6) ppm 55.0 (CIO), 56.4 (C15 & Cl 1), 69.7 (C9), 115.6 (CH), 
122.9 (CH), 123.1 (CH), 123.8 (CH), 127.9 (CH), 128.0 (CH), 128.5 (Cl’), 137.1, 149.7 (C2’), 
157.7 (C15&C11)
HRMS (APCI) calculated for C22Hi6C1^5N05 [M"] 409.0717: found 409.0717. Mass accuracy 
(0 ppm).
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(£)-9-(2-Nitrovinyl)-9,10-dihydro-9,10-|3,4]epipyrroloanthracene-12,14-dione (276)

(£)-9-(2-Nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was prepared 
from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and maleimide (0.13 g, 1.3 mmol) 
according to general procedure 8.25.
Colourless solid 172 mg (50%)
Melting Point: 176-178 °C
IRrmav (KBr): 3551 (N-H), 3058, 2963 (Ar C-H), 1722 (C=0), 1527, 1354 (NO2), 1167 (N- 
C) cm"'
'H NMR (400 MHz, DMSO-i/6) 8 3.28 (br. s., 1 H, HI 1), 3.70 (d, J = 8.54 Hz, 1 H, H15), 
4.79 (br. s., 1 H, HIO), 6.99 - 7.36 (m, 7 H, 7 x ArH), 7.51 (d,J=6.71 Hz, 1 H, ArH), 8.04 (d, 
J= 14.04 Hz, 1 H, HI’), 8.24 (d,J= 13.43 Hz, 1 H, H2’), 10.89 (br. s., 1 H, NH)
'^C NMR (101 MHz, DMSO-rfe) ppm 44.3 (CIO), 48.6 (Cll) 48.7 (Cl5), 49.2 (C9), 122.9 
(CH), 123.3 (CH), 124.3 (CH), 125.3 (CH), 126.3 (CH), 126.8 (CH), 127.0 (CH), 127.2 (CH), 
137.5 (C2’), 138.5 (Cq), 138.7 (Cq), 141.4 (Cq), 141.7 (Cq), 145.1 (CT), 176.9 (C12), 177.1 
(C14)
HRMS (APCI) calculated for C20H13N2O4 [M^-H] 345.0881: found 345.0896. Mass accuracy 
(-4.34 ppm).

(£)-9-(2-Nitroprop-l-en-l-yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione
(277)

(£)-9-(2-Nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was 
prepared from (E)-9-(2-nitroprop-l-en-l-yl)anthracene (0.26 g, 1 mmol) and maleimide (0.13 
g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 348 mg (97%)
Melting Point: 296-300 “C
IR^max (KBr): 3368 (N-H), 3090, 3008 (C-H), 1520, 1350 (NO2), 1771 (C=0), 1346 (CH3) 
cm'
’H NMR (400 MHz, DMSO-rfb) 6 1.80 (br. s., 3 H, CH3), 3.17 (dd, J = 8.54, 3.05 Hz, 1 H, 
HI 1), 3.35 (d,J = 7.93 Hz, 1 H, H15), 4.79 (d,J = 3.66 Hz, 1 H, HIO), 7.13 - 7.27 (m, 6 H, 6 
X ArH), 7.33 (d, J = 6.71 Hz, 1 H, ArH), 7.52 (d, J = 132 Hz, 1 H, ArH), 8.28 (s, 1 H, HI’), 
10.83 (s, 1 H, NH)

NMR (101 MHz, DMSO-rf6) ppm 17.2 (C3’), 44.5 (CIO), 48.3 (Cll), 49.8 (C9), 51.1 
(C15), 123.4 (CH), 124.6 (CH), 125.3 (CH), 126.2 (CH), 126.6 (CH), 127.0 (CH), 127.2 (CH), 
131.9 (Cr), 138.4 (Cq), 139.0 (Cq), 141.2 (Cq), 152.4 (C2’), 177.1 (C12), 177.4 (C14) 
HRMS (APCI) calculated for C21H16N2O4 [M^-H] 359.1037: found 359.1024. Mass accuracy 
(-3.60 ppm).

(£)-9-(2-Nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione
(278)

was(£)-9-(2-Nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
prepared from (£')-9-(2-nitrobut-l-en-l-yl)anthracene (0.27 g, 1 mmol) and maleimide (0.13 
g, 1.3 mmol) according to general procedure 8.25.
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Colourless solid 283 mg (76%)
Melting Point: 296-298 “C
IRr-mav (KBr): 3182 (N-H), 3015, 2988 (C-H), 1707 (C=0), 1523, 1348 (NO2), 1457 (CH2) 
cm"'

NMR (400 MHz, DMSO-rffi) 8 3.00 (br. s., 3 H, CH3), 2.12 (br. s., 2 H, CH2), 3.17 (br. s., 
1 H, HI 1), 3.35 (br. s., 1 H, H15), 4.81 (d, J=2.44 Hz, 1 H, HIO), 7.09 - 7.27 (m, 6 H, 6 x 
ArH), 7.28 -7.40 (m, 1 H, ArH), 7.53 (d, 7 = 6.10 Hz, 1 H, ArH), 8.13(s, 1 H, HI’), 10.84 (s, 
IH)

'^C NMR (101 MHz, DMS0-</6) ppm 9.5 (C4’), 23.4 (C3’), 44.6 (CIO), 48.5 (Cll), 49.8 
(C9), 51.2 (C15), 123.3 (CH), 124.6 (CH), 125.4 (CH), 126.1 (CH), 126.5 (CH), 127.2 (CH), 
127.3 (CH), 135.2, 139.2 (CT), 156.9 (C2’), 177.1 (C12), 177.3 (C14)
HRMS (APCI) calculated for C22H17N2O4 [M^-H] 373.1194: found 373.1176. Mass accuracy 
(4.82 ppm).

(£)-9-Chloro-10-(2-nitrovinyI)-9,10-dihydro-9,10-|3,4]epipyrroloanthracene-12,14-dione
(279)

(£)-9-Chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was 
prepared from (£)-9-chloro-10-(2-mtrovinyl)anthracene (0.28 g, 1 mmol) and maleimide (0.13 
g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 95 mg (25 %)
Melting Point: >300 “C
IRrw (ATR): 3050, 2963 (C-H), 1707 (C=0), 1599 (C=C), 1457, 1419 (C=C), 1518, 1349 
(NO2) cm '
'H NMR (400 MHz, DMSO-</6) 8 3.51 (d,J = 8.55Hz, 1 H, HI 1), 3.95 (d,J=8.55 Hz, 1 H, 
HI5), 7.25 - 7.49 (m, 6 H, 6 x ArH), 7.67 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.80 (d, J = 7.32 Hz, 
1 H, 1 xArH), 8.08 {d,J= 14.04 Hz, 1 H, HI’), 8.27 (d, J = 14.04 Hz, 1 H, H2’), 11.09 (br. 
s., 1 H, NH)
'^C NMR (101 MHz, DMS0-</6) ppm 48.3 (CIO), 50.4 (Cl 1), 54.1 (C15), 70.2 (C9), 122.3 
(CH), 123.0 (CH), 123.1 (CH), 123.3 (CH), 127.4 (CH), 127.6 (CH), 127.7, 128.1 (CH), 136.3 
(C2’), 137.1, 137.3, 140.1, 140.4, 145.6 (Cl’), 173.4 (C12), 175.5 (C14)
HRMS (APCI) calculated for C2oHi2CP^N204 [M^-H] 379.0491: found 379.0478. Mass 
accuracy (-3.43 ppm).

(£)-9-Chloro-10-(2-nitroprop-l-en-l-yl)-9,10-dihydro-9,10-[3,4]epipyrroIoanthracene- 
12,14-dione (280)

(£)-9-Chloro-10-(2-nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (E)-9-chloro-10-(2-nitroprop-l-en-l-yl)anthracene (0.298 g, 1 mmol) 
and maleimide (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 197 mg (50%)
Melting Point: 295-297 °C
IRKmax(ATR): 3368 (N-H), 3067, 2942 (C-H), 1711 (C=0), 1610 (C=C), 1455 (C=C), 1521, 
1344 (NO2) cm-’
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'H NMR (400 MHz, DMSO-rf6) 6 1.81 (br. s., 3 H, CH3), 3.38 (d, J = 8.55 Hz, 1 H, H15), 
3.60 (d, J = 7.94 Hz, 1 H, HI 1), 7.28 - lAl (m, 6 H, 6 x ArH), 7.70 (d, J = 7.94 Hz, 1 H, 1 x 
ArH), 7.84 (d, J = 7.94 Hz, 1 H, 1 x ArH), 8.32 (s, 1 H, H1’), 11.04 (s, 1 H, NH)
'-’C NMR (101 MHz, DMS0-</6) ppm 17.4 (C3’), 49.0 (CIO), 52.6 (Cll), 53.9 (C15), 70.4 
(C9), 122.7 (CH), 123.0 (CH), 123.5 (CH), 124.1, 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.9 
(CH), 130.8, 135.1, 137.1, 137.6, 140.1, 152.8 (C2’), 173.5 (C12), 175.9 (C14)
HRMS (APCI) calculated for C21H16CP5N2O4 [M"+H] 395.0799: found 395.0787. Mass 
accuracy (-3.03 ppm).

(£)-9-Chloro-10-(2-nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (281)

(£)-9-Chloro-10-(2-nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-9-chloro-10-(2-nitrobut-l-en-l-yl)anthracene (0.312 g, 1 mmol) 
and maleimide (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 224 mg (55%)
Melting Point: 294-298 “C
IR^)«<lr (ATR): 3369 (N-H), 3022, 2942 (C-H), 1710 (C=0), 1608 (C=C), 1455, 1426 (C=C), 
1519, 1342 (NO2) cm-‘
'H NMR (400 MHz, DMSO-</6) 8 0.98 (br. s., 3 H, CH3), 2.11 (br. s., 2 H, CH2), 3.36 (d, J = 

7.32 Hz, 1 H, H15), 3.48 - 3.76 (m, 1 H, HI 1), 126 (m, 1 H, 1 x ArH), 7.30 - 7.51 (m, 5 H, 5 
X ArH), 7.71 (d, J = 7.32 Hz, 1 H, 1 X ArH), 7.85 (d, J = 7.94 Hz, 1 H, 1 x ArH), 8.16 (s, 1 H, 
HI’), 11.04 (br. s., 1 H, NH)
'-’C NMR (101 MHz, DMSO-rf6) ppm 9.4 (C4’), 23.5 (C3’), 49.2 (CIO), 52.6 (Cll), 54.0 
(C15), 70.4 (C9), 122.7 (CH), 123.1 (CH), 123.4 (CH), 127.5 (CH), 127.6 (CH), 127.8 (CH), 
130.5, 137.8, 157.2 (C2’), 173.5 (C12), 175.9 (C14)
HRMS (APCI) calculated for C22Hi8Cl^^N204 [M*-H] 409.0955: found 409.0974. Mass 
accuracy (4.64 ppm).

(£)-13-Methyl-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione(282)

(£)-13-Methyl-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-l 2,14-dione 
was prepared from (£')-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and 1-methyl-1//-pyrrole- 
2,5-dione (0.144 g, 1.3 mmol) aeeording to general procedure 8.25.
Yellow solid 198 mg (55%)
Melting Point: 267-268 °C
IRKmav (ATR): 3070, 2951 (C-H), 1713 (C=0), 1594 (C=C), 1481, 1450 (C=C), 1531, 1349 
(NO2) cm"'
>H NMR (400 MHz, DMSO-^/6) 8 2.35 (s, 3 H, CH3), 3.38 (dd, J = 8.24, 2.75 Hz, 1 H, HI 1), 
3.78 (d,J = 8.55Hz, 1 H, H15), 4.87 (d,J= 2.44 Hz, 1 H, HIO), 7.15 - 7.36 (m, 7 H, 7 x ArH), 
7.56 (d,y=6.71 Hz, 1 H, 1 x ArH), 8.11 (d,J= 13.43 Hz, 1 H, HI’), 8.29 (d,y= 13.43 Hz, 1 
H, H2’)
”C NMR (101 MHz, DMS0-</6) ppm 24.0 (CH3), 44.4 (CIO), 47.5 (Cl 1), 47.6 (C15), 49.3 
(C9), 122.8 (CH), 123.4 (CH), 124.4 (CH), 125.1 (CH), 126.4 (CH), 126.8 (CH), 127.1 (CH), 
127.2 (CH), 137.4 (CH), 138.2, 138.4, 141.1, 141.5, 145.1 (Cl’), 175.4 (C12), 175.8 (C14)
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HRMS (APCI) calculated for C21H17N2O4 [M"+H] 361.1188: found 361.1180. Mass accuracy 
(-2.21 ppm).

(£)-13-(HydroxymethyI)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (283)

(£)-13-(Hydroxymethyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione was prepared from (E)-9-(2-nitrovinyl)anthraeene 0.25 g (1 mmol) and 1- 
(hydroxymethyl)-l//-pyrrole-2,5-dione 0.165 g (1.3 mmol) aeeording to general proeedure 
8.25.
Colourless solid 301 mg (80%)
Melting Point: 230-232 °C

(KBr): 3463 (OH), 2964, 2899 (C-H), 1778 (C=0), 1698 (C=C), 1523 (NO), 1482, 
1456 (C=C), 1198 (C-N streteh) cm '
'H NMR (400 MHz, DMSO-</6) 6 3.43 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.85 (d, J = 8.55 
Hz, 1 H,H15), 4.19-4.31 (m, 2 H, CH2), 4.88 (d,J = 3.05 Hz, 1 H, HIO), 6.12 (t, J = 7.02 
Hz, 1 H, OH), 7.14-7.35(m, 7H, 7xArH), 7.57 (d,J=7.32 Hz, 1 H, 1 x ArH), 8.13 (d, 7 = 
14.04 Hz, 1 H, HI’), 8.30 (d, J = 14.04 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMS0-</6) ppm 44.4 (CIO), 47.4 (Cll), 47.4 (C15), 49.3 (C9), 60.2 
(CH2), 122.8 (CH), 123.3 (CH), 124.4 (CH), 125.2 (CH), 126.4 (CH), 126.8 (CH), 127.1 (CH), 
127.2 (CH), 137.4 (C2’), 138.2, 138.4, 141.3, 141.7, 145.1 (Cl’), 174.9 (C12), 175.3 (C14) 
HRMS (APCI) calculated for C21H17N2O5 [M%H] 377.1137: found 377.1 138. Mass aeeuracy 
(0.26 ppm).

9-(2-Nitroethyl)-9,10-dihydro-9,10-[3,41furanoanthracene-12,14-dione (284)

9-(2-Nitroethyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione was prepared from 9- 
(2-nitroethyl)anthracene (0.25 g, 1 mmol) and maleie anhydride (0.13 g, 1.3 mmol) aeeording 
to general procedure 8.25.
Colourless solid 150 mg (43%)
Melting Point: 242-244 °C
IRr'mo;. (ATR): 3065, 2974 (C-H), 1773 (C=0), 1581 (C=C), 1469, 1457 (C=C), 1546, 1338 
(NO2) cm '
'H NMR (400 MHz, DMSO-76) 6 3.33 - 3.52 (m, 2 H, CH2), 3.60 (d, J = 9.16 Hz, 1 H, HI 1), 
3.78 (d,7 = 9.16Hz, 1 H, H15), 4.88 (br. s., 1 H, HIO), 5.06 (t,7= 14.65 Hz, 1 H,Hra), 5.24 
(t, J = 10.38 Hz, 1 H, Hl’b), 7.25 (quin, J = 7.02 Hz, 4 H, 4 x ArH), 7.33 - 7.43 (m, 2 H, 2 x 
ArH), 7.53 (d, 7 = 6.71 Hz, 1 H, 1 x ArH), 7.49 (d, 7 = 7.32 Hz, 1 H, 1 x ArH)
'3C NMR (101 MHz, DMSO-76) ppm 25.6 (Cl’), 44.4 (CIO), 46.3 (Cll), 48.4 (C9), 49.0 
(C15), 72.8 (C2’), 122.6 (CH), 122.9 (CH), 125.3 (CH), 125.5 (CH), 127.1 (CH), 127.1, 127.7 
(CH), 127.7, 139.7, 140.7, 141.3, 142.4, 170.9 (C12), 171.5 (C14)
HRMS (APCI) calculated for C20H16NO5 [M%H] 350.1028: found 350.1030. Mass accuracy 
(0.57 ppm).

9-(2-Nitroethyl)-9,10-dihydro-9,10-[3,4]epipyrroioanthracene-12,14-dione (285)
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9-(2-Nitroethyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was prepared from 
9-(2-nitroethyI)anthraeene (0.25 g, 1 mmol) and maleimide (0.13 g, 1.3 mmol) aeeording to 
general proeedure 8.25.
Colourless solid 157 mg (45%)
Melting Point: 295-297 °C
IRKmov (ATR): 3049, 2936 (C-H), 1702 (C=0), 1599 (C=C), 1456, 1419 (C=C), 1548, 1349 
(NO2) em"'
'H NMR (400 MHz, DMSO-^/6) 6 3.16 (d, J = 8.55 Hz, 1 H, H2’a), 3.23 - 3.31 (m, 2 H, H2’b 
& HI 1), 3.44 - 3.62 (m, 1 H, H15), 4.72 (br. s., 1 H, CIO), 5.15 (d, J = 7.32 Hz, 2 H, CH2), 
7.11 - 7.37 (m, 6 H, 6 X ArH), 7.48 (t, J = 8.55 Hz, 2 H, 2 x ArH), 10.89 (br. s., 1 H, NH)
'^C NMR (101 MHz, DMSO-rf6) ppm 25.5 (CT), 44.1 (CIO), 45.6 (Cll), 46.9 (C15), 48.3 
(C9), 72.7 (C2’), 121.9, 122.1 (CH), 124.5 (CH), 124.9 (CH), 126.3 (CH), 126.3 (CH), 126.6 
(CH), 126.7 (CH), 139.6, 140.8, 142.0, 142.8, 177.3 (C12), 177.6 (C14)
HRMS (APCI) calculated for C20H17N2O5 [M*+H] 349.1188: found 349.1181. Mass accuracy 
(-2.00 ppm).

9-(2-Nitroethyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione
(286)

9-(2-Nitroethyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was 
prepared from 9-(2-nitroethyl)anthracene (0.25 g, 1 mmol) and phenylmaleimide (0.224 g, 1.3 
mmol) according to general procedure 8.25.
Colourless solid 127 mg (30%)
Melting Point: 248-250 °C
IRr7„<u- (ATR): 2964, 2939 (C-H), 1710 (C=0), 1595 (C=C), 1491, 1456 (C=C), 1541, 1388 
(NO2) cm"'
'H NMR (400 MHz, DMSO-rf6) 8 3.37 (d, J = 8.55 Hz, 2 H, H2’a), 3.49 - 3.60 (m, 2 H, H2’b 
& H15), 4.87 (br. s., 1 H, CIO), 5.10 - 5.31 (m, 2 H, CH2), 6.44 (d,y = 5.49 Hz, 2 H, 2 x ArH), 
7.20 - 7.42 (m, 9 H, 9 x ArH), 7.57 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.54 (d, J = 7.32 Hz, 1 H, 
1 X ArH)
'^C NMR (101 MHz, DMSO-rf6) ppm 25.5 (CT), 44.6 (CIO), 46.2 (Cll), 46.2 (C9), 47.4 
(C15), 72.7 (C2’), 122.0 (CH), 122.3 (CH), 124.7 (CH), 125.0 (CH), 126.5 (CH), 126.5 (CH), 
126.7 (CH), 126.8 (CH), 128.5 (CH), 128.9 (CH), 131.6, 139.4, 140.5, 141.6, 142.4, 175.0 
(C12), 175.5 (C14)
HRMS (APCI) calculated for C26H21NO4 [M%H] 425.1501: found 425.1512. Mass accuracy 
(2.58 ppm).

13,13'-(Hexane-l,6-diyl)bis(9-((£)-2-nitrovinyl)-9,10-dihydro- 
9,10l3,4]epipyrroloanthracene -12,14-dione) (287)

13,13'-(Hexane-l,6-diyl)bis(9-((£)-2-nitrovinyl)-9,10-dihydro-9,10[3,4]epipyrroloanthracene 
-12,14-dione) was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and the 
required maleimide (0.5 mmol) according to general procedure 8.25.
Colourless solid 39 mg (10%)
Melting Point: 186-188 °C

(KBr): 3050, 2961 (Ar C-H), 1699 (C=0), 1533, 1358 (NO2), 1203 (N-C) cm"'
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'H NMR (400 MHz, DMSO-rf6) 8 0.43 (br. s., 4 H, 2 x CH2), 0.47 - 0.57 (m, 4 H, 2 x CH2), 
2.86 - 2.94 (m, 4 H, 2 x NCH2), 3.36 (dd, J= 8.44, 3.30 Hz, 2 H, 2 x HI 1), 3.76 (dd, J= 8.44, 
1.83 Hz, 2 H, 2 X H15), 4.86 - 4.92 (m, 2 H, 2 x HIO), 7.18 - 7.31 (m, 12 H, 12 x ArH), 7.31 - 
7.38 (m, 2 H, 2 X ArH), 7.54 - 7.59 (m, 2 H, 2 x ArH), 8.12 (d, J= 13.94 Hz, 2 H, 2 x HI’), 
8.27 - 8.34 (m, 2 H, 2 x H2’)

NMR (101 MHz, DMSO-rf6) ppm 25.14 (CH2), 26.17 (CH2), 37.67 (NCH2), 44.45 (CIO 
& CIO’), 47.24 (Cl 1 & Cl 1’), 47.36 (C15 & C15’), 49.35 (C9 & C9’), 122.87 (CH), 123.32 
(CH), 124.35 (CH), 125.19 (CH), 126.39 (CH), 126.79 (CH), 127.07 (CH), 137.33 (C2’), 
138.44, 138.54, 141.29, 141.61, 145.15 (Cl’), 175.35 (Cll), 175.73 (C15)
HRMS (APCI) calculated for C46H39N4O8 [M^+H] 775.2768: found 775.2771. Mass accuracy 
(0.39 ppm).

(£)-9-(2-Nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione (288)

(£’)-9-(2-Nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
was prepared from (£')-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and phenylmaleimide 
(0.23 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 126 mg (30%)
Melting Point: 256-257 ”C

(KBr): 3035, 2961 (C-H), 1709 (C=0), 1529, 1349 (NO2), 1596, 1457 (C=C), 1201 
(C-N) cm-'
'H NMR (400 MHz, DMSO-^/fi) 8 3.51 (m, J = 8.24, 2.75 Hz, 1 H, Hll), 3.91 (d, J = 8.54 
Hz, 1 H, HI5), 4.86 - 4.98 (m, 1 H, HIO), 6.28 - 6.46 (m, 2 H, H6”&H2”), 7.14 - 7.34 (m, 10 
H, 10 X ArH), 7.58 (d, 7= 6.71 Hz, 1 H, ArH), 8.08 (d, J = 14.04 Hz, 1 H, HI’), 8.28 (d, J = 
14.04 Hz, 1 H, H2’)

NMR (101 MHz, DMS0-</6) ppm 44.8 (CIO), 47.6 (Cll), 47.9 (C15), 49.6 (C9), 123.1 
(CH), 123.5 (CH), 124.5 (CH), 125.3 (CH), 126.5 (CH), 126.97 (CH), 127.16 (CH), 127.31 
(CH), 128.6 (CH), 128.8 (CH), 131.5 (CH), 137.3 (C2’), 138.5 (Cq), 140.9 (Cq), 141.3 (Cq), 
145.2 (Cr), 174.7 (C12), 175.1 (C14)
HRMS (APCI) calculated for C26H19N2O4 [M^+H] 423.1345: found 423.1364. Mass accuracy 
(4.49 ppm).

(£)-13-(4-Chlorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (289)

(£)-13-(4-Chlorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and l-(4- 
chlorophenyl)-!//-pyrrole-2,5-dione (0.27 g, 1.3 mmol) according to general procedure 8.25. 
Colourless solid 233 mg (51%)
Melting Point: 238-241 °C
IRFmax (KBr): 3035, 2946 (C-H), 1714 (C=0), 1659 (C=C), 1537, 1493 (C=C), 1191 (C-N) 
cm'
'H NMR (400 MHz, DMSO-rfe) 8 3.55 (dd, J = 8.54, 3.05 Hz, 1 H, HI 1), 3.95 (d, J = 7.93 
Hz, 1 H, H15), 4.97 (d,J=3.05 Hz, 1 H, HIO), 6.48 (d,J=8.54 Hz, 2 H, H6”& H2”), 7.21 - 
7.47 (m, lOH, 10 x ArH), 7.61 (d,J = 6.71 Hz, 1 H, ArH), 8.12 (d,J= 14.04 Hz, 1 H, HI’), 
8.32 (d, J= 14.04 Hz, 1 H, H2’)
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'^C NMR (101 MHz, DMS0-</6) ppm 44.8 (CIO), A1.1 (Cll), 48.0 (C15), 49.6 (C9), 123.0 
(CH), 123.5 (CH), 124.5 (Cq), 125.3 (CH), 126.5 (CH), 127.0 (CH), 127.2 (Cq ), 127.3 (CH), 
128.1 (CH), 129.0 (CH), 130.3 (Cq), 133.1 (Cq), 137.2 (C2’), 138.4 (Cq), 138.5 (Cq), 140.9 
(Cq), 141.2 (Cq), 145.2 (CH), 174.5 (C12), 174.9 (C14)
HRMS (APCI) calculated for C26H18CP5N2O4 [M*+H] 457.0955: found 457.0968. Mass 
accuracy (2.84 ppm).

(£)-13-(4-Methoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (290)

{£)-13-(4-Methoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione was prepared from (£)-9-(2-nitrobut-l-en-l-yl)anthracene (0.26 g, 1 mmol) and 
l-(4-methoxyphenyl)-l//-pyrrole-2,5-dione (0.243 g, 1.3 mmol) according to general 
procedure 8.25.
Tan solid 317 mg (70%)
Melting Point: 240-242“C
IRiw (KBr): 2988, 2938 (C-H), 1717 (C=0), 1515, 1349. (NO2), 1657, 1607 (C=C), 1250 
(C-N) cm-'
'H NMR (400 MHz, DMSO-(/6) 6 3.51 (d, J = 6.71 Hz, 1 H, HI 1), 3.71 (br. s., 3 H, CH3), 
3.91 (d,J = 7.93 Hz, 1 H, HI5), 4.95 (br. s., 1 H, HIO), 6.32 (d, J = 7.32 Hz, 2 H, H3” & H5”), 
6.87 (d, J = 7.93 Hz, 2 H, H6” & H2”), 7.23 - 7.46 (m, 7 H, 7 x ArH), 7.61 (d, J = 6.10 Hz, 1 
H, 1 xArH),8.11 (d,J= 13.43 Hz, 1 H, H2’),8.31 (d,J= 14.04 Hz, 1 H, HI’)

NMR (101 MHz, DMS0-</6) ppm 44.8 (CIO), 47.5 (Cll), 47.8 (C15), 49.6 (C9), 55.3 
(OCH3), 114.1, 123.1, 123.5, 124.0, 124.5, 125.3, 126.5, 126.9, 127.2, 127.3, 127.6,
137.3 (C2’), 138.5,138.6, 141.0, 141.3, 145.2 (CH), 159.0 (C4”), 174.9 (Cl2), 175.3 
(Cl 4)
HRMS (APCI) calculated for C27H21N2O5 [M%H] 453.1450: found 453.1448. Mass accuracy 
(-0.44 ppm).

(£)-9-Chloro-10-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione (291)

(£)-9-Chloro-10-(2-nitrovinyl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione was prepared from (£)-9-chloro-10-(2-nitrovinyl)anthracene (0.28 g, 1 mmol) and 
phenylmaleimide (0.22 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 69 mg (15%)
Melting Point: 263-264 °C
IRk^^v (KBr): 3125, 3068 (C-H), 1705 (C=0), 1596 (C=C), 1494, 1453 (C=C), 1528, 1347 
(NO2) cm"’
’HNMR (400 MHz, DMSO-</6) 6 3.71 (d,J=8.55Hz, 1 H,H11), 4.16 (d, J = 8.55 Hz, 1 H, 
HI5), 6.38 - 6.49 (m, 2 H, 2 x ArH), 7.34 (br. s., 3 H, 3 x ArH), 7.37 - 7.52 (m, 6 H, 6 x ArH), 
7.73 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.88 (d, J = 7.32 Hz, 1 H, 1 x ArH), 8.13 (d, J = 14.04 
Hz, 1 H, HI’), 8.33 (d, J = 14.04 Hz, 1 H, H2’)

NMR (101 MHz, DMSO-rf6) ppm 48.8 (CIO), 49.7 (Cl 1), 53.3 (C15), 70.4 (C9), 122.6 
(CH), 123.0 (CH), 123.3 (CH), 123.6 (CH), 126.4 (CH), 127.6 (CH), 127.8 (CH), 127.9 (CH),
128.3 (CH), 128.7 (CH), 128.9 (CH), 129.0, 131.4, 136.2 (CH), 136.9 (C2’), 137.2, 139.7, 
139.9, 145.7 (Cl’), 171.4 (C12), 173.4 (C14)
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HRMS (APCI) calculated for C2oHi8CP%04 [M^+H] 457.0955: found 457.0946. Mass 
accuracy (-1.97 ppm).

(£)-13-(4-Fluorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione (292)

{£)-13-(4-Fluorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12.14- dione was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and l-(4- 
fluorophenyl)-!//-pyrrole-2,5-dione (0.248 g, 1.3 mmol) according to general procedure 8.25. 
Colourless solid 120 mg (27%)
Melting Point: 242-243 °C
IRjw (KBr): 3099, 2892 (C-H), 1711 (C=0), 1688 (C=C), 1505, 1456 (C=C), 1156 (C-N) 
cm"'
'H NMR (400 MHz, DMSO-</6) 6 3.55 (dd, J = 7.94, 3.05 Hz, 1 H, HI 1), 3.95 (d, J = 8.55 
Hz, 1 H, HI5), 4.97 (d, J = 3.05 Hz, 1 H, HIO), 6.47 (dd, J = 8.55, 4.88 Hz, 2 H, 2 x ArH),
7.14- 7.44 (m, 9 H, 9 X ArH), 7.61 (d,J = 7.32Hz, 1 H, 1 x ArH), 8.12 (d, 7= 14.04 Hz, 1 H, 
HI ’), 8.33 (d, J = 14.04 Hz, 1 H, H2’)

NMR (101 MHz, DMS0-</6) ppm 45.2 (CIO), 48.1 (Cll), 48.4 (C15), 50.1 (C9), 116.0, 
115.8, 123.5 (CH), 124.0 (CH), 125.0 (CH), 125.7 (CH), 127.0 (CH), 127.4 (CH), 127.6 (CH), 
127.8 (CH), 128.9 (CH), 129.1 (CH), 135.1 (CH), 137.7 (C2’), 138.9, 139.0, 141.3, 141.7,
145.7 (Cr), 162.7, 160.3, 175.1 (C12), 175.5 (C14)
HRMS (APCI) calculated for C26H18FN2O4 [M"+H] 441.1251: found 441.1240. Mass 
accuracy (-2.49 ppm).

(£)-9-(2-Nitrovinyl)-13-(3,4,5-trimethoxyphenyl)-9,10-dihydro-9,10- 
[3,4]epipyrroloanthracene-12,14-dione (293)

(£)-9-(2-Nitrovinyl)-13-(3,4,5-trimethoxyphenyl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthracene 
(0.25 g, 1 mmol) and l-(3,4,5-trimethoxyphenyl)-l//-pyrrole-2,5-dione (0.341 g, 1.3 mmol) 
according to general procedure 8.25.
Yellow solid 52 mg (10%)
Melting Point: 270-272 “C
IRvmax (ATR): 3049, 2964 (C-H), 1707 (C=0), 1660 (C=C), 1457, 1420 (C=C), 1518, 1349 
(NO2), 1196 (C-N) cm"'
'H NMR (400 MHz, CDCb) 8 3.43 - 3.56 (m, 2 H, HI 1 & H15), 3.71 (s, 6 H, 2 x OCH3), 
3.78 (s, 3 H, P-OCH3), 4.90 - 5.03 (m, 1 H, HIO), 5.58 (s, 2 H, H6” & H2”), 7.27 - 7.37 (m, 6 
H, 6 X ArH), 7.43 - 7.55 (m, 2 H, 2 x ArH), 7.91 (d, J = 14.04 Hz, 1 H, HI’), 8.30 (d, J = 14.04 
Hz, 1 H, H2’)
"*C NMR (101 MHz, CDCb) ppm 45.8 (CIO), 48.0 (Cll), 48.2 (Cl5), 50.4 (C9), 56.1 (C3” 
& C5”), 60.7 (C4”), 103.9 (C6” & C2”), 123.3 (CH), 123.4 (CH), 124.6 (CH), 125.9 (CH), 
126.4 (CH), 127.2 (CH), 127.4 (CH), 127.7 (CH), 127.9 (CH), 136.7 (C2’), 138.2,138.5, 140.4,
140.8 (Cr), 144.7, 153.5, 174.3 (C12), 174.9 (C14)
HRMS (APCI) calculated for C29H25N2O7 [M^+H] 513.1662: found 513.1643. Mass accuracy 
(-3.70 ppm).
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(£')-13-(4-Broinophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-|3,4]epipyrroloanthracene-
12,14-dione (294)

(£)-13-(4-Bromophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione was prepared from (E)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and l-(4- 
bromophenyl)-l//-pyrrole-2,5-dione (0.325 g, 1.3 mmol) according to general procedure 8.25. 
Tan solid 330 mg (66%)
Melting Point: 267-268 “C
IRr-mav (KBr): 3059, 2965 (C-H), 1701 (C=0), 1524, 1351 (NO2), 1537, 1493 (C=C), 1174 
(C-N) cm '
’H NMR (400 MHz, DMSO-</6) 8 3.55 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.95 (d, J = 8.55 
Hz, 1 H, H15), 4.97 (d, J = 3.05 Hz, 1 H, HIO), 6.42 (d, J = 8.55 Hz, 2 H, 2 x ArH), 7.20 - 
7.45 (m, 7 H, 7 X ArH), 7.51 -7.65 (m, 3 H, 3 x ArH), 8.12 (d, J = 14.04 Hz, 1 H, HI’), 8.32 
(d, J= 13.43 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMS0-</6) ppm 44.8 (CIO), 47.7 (Cl 1), 48.0 (C15), 49.7 (C9), 121.6, 
123.0 (CH), 123.5 (CH), 124.5 (CH), 125.3 (CH), 126.5 (CH), 127.0 (CH), 127.2 (CH), 127.3 
(CH), 128.4 (CH), 130.7, 131.9 (CH), 137.2 (C2’), 138.4, 138.5, 140.8, 141.2, 145.2 (Cl’), 
174.5 (C12), 174.8 (C14)
HRMS (APCI) calculated for C26Hi8Br^‘'N204 [M"+H] 501.0450: found 501.0468. Mass 
accuracy (3.59 ppm).

Methyl (E')-4-(9-(2-nitrovinyl)-12,14-dioxo-9,10-dihydro-9,10-|3,4]epipyrroloanthracen- 
13-yl)benzoate (295)

Methyl (£)-4-(9-(2-nitrovinyl)-12,14-dioxo-9,10-dihydro-9,10-[3,4]epipyrroloanthracen-13- 
yl)benzoate was prepared from (£’)-9-(2-nitrovinyl )anthracene (0.25 g, 1 mmol) and methyl 4- 
(2,5-dioxo-2,5-dihydro-1//-pyrrol-l-yl)benzoate (0.3 g, 1.3 mmol) according to general 
procedure 8.25.
Colourless solid 288 mg (60%)
Melting Point: 254-255 °C
IR^mo^ (KBr): 2989, 2901 (C-H), 1705 (C=0), 1524 (NO), 1459, 1433 (C=C), 1115 (C-N) cm’ 
1

'H NMR (400 MHz, DMSO-</6) 8 3.58 (dd, J= 8.24, 3.36 Hz, 1 H, HI 1), 3.83 (s, 3 H, OCH3), 
3.97 (d, J = 8.55 Hz, 1 H, HI5), 4.98 (d, J = 3.05 Hz, 1 H, HIO), 6.66 (m, J = 8.55 Hz, 2 H, 
H6” & H2”), 7.24 - 7.34 (m, 5 H, 5 x ArH), 7.39 (td, J = 8.24, 4.88 Hz, 2 H, 2 x ArH), 7.62 (d, 
J - 6.71 Hz, 1 H, 1 X ArH), 7.92 (m, J = 8.55 Hz, 2 H, H3” & H5”), 8.13 (d, J = 14.04 Hz, 1 
H, HI’), 8.33 (d, J = 14.04 Hz, 1 H, H2’)

NMR (101 MHz, DMSO-rfa) ppm 44.8 (CIO), 47.7 (Cll), 48.1 (C15), 49.7 (C9), 52.3 
(OCH3), 123.1 (CH), 123.5 (CH), 124.5 (CH), 125.3 (CH), 126.5 (CH), 126.6 (CH), 127.0 
(CH), 127.2 (CH), 127.4 (CH), 129.5, 129.7 (CH), 135.5, 137.2 (C2’), 138.4, 138.5, 140.8, 
141.2, 145.3 (Cr), 165.3 (Ester C=0), 174.4 (C12), 174.8 (C14)
HRMS (APCI) calculated for C28H21N2O6 [M"+H] 481.1400: found 481.1384. Mass accuracy 
(-3.25 ppm).

(£)-13-(4-Benzoylphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-(3,4]epipyrroloanthracene-
12,14-dione (296)
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{E)~ 13-(4-Benzoylphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione was prepared from (E)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and l-(4- 
benzoylphenyl)-!//-pyrrole-2,5-dione (0.36 g, 1.3 mmol) according to general procedure 8.25. 
Yellow solid 210 mg (40%)
Melting Point: 232-234 “C
IRi'mav (ATR): 3071, 2966 (C-H), 1708 (C=0), 1660 (C=C), 1458, 1448 (C=C), 1529, 1353 
(NO2), 1195 (C-N) cm-'
'H NMR (400 MHz, DMSO-</6) 8 3.60 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.99 (d, J = 8.55 
Hz, 1 H, H15), 5.00 (d,y= 3.05 Hz, 1 H, HIO), 6.69 (d, J = 8.55 Hz, 2 H, H6” & H2”), 7.22- 
7.35 (m, 5 H, 5 X ArH), 7.35 - 7.46 (m, 2 H, 2 x ArH), 7.50 - 7.60 (m, 2 H, 2 x ArH), 7.60 - 
7.74 (m, 6 H, 6 X ArH), 8.14 (d, 7= 14.04 Hz, 1 H, HI’), 8.34 (d,J= 14.04 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-rf6) ppm 44.8 (CIO), 47.8 (Cl 1), 48.1 (C15), 49.7 (C9), 123.1 
(CH), 123.6 (CH), 124.5 (CH), 125.3 (CH), 126.4 (CH), 126.5 (CH), 127.1 (CH), 127.2 (CH), 
127.4 (CH), 128.2, 128.6 (CH), 129.6 (CH), 130.2 (CH), 132.9 (CH), 134.9, 136.5, 136.9, 
137.2 (C2’), 138.4, 138.5, 140.9, 141.2, 145.3 (Cl’), 174.5 (C12), 174.8 (C14), 194.8 (C=0) 
HRMS (APCI) calculated for C33H23N2O5 [M^+H] 527.1607: found 527.1599. Mass accuracy 
(-1.52 ppm).

(£)-13-(4-(Dimethylamino)phenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-
(3.4] epipyrroloanthracene-12,14-dione (297)

(£)-13-(4-(Dimethylamino)phenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-
[3.4] epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthracene 
(0.25 g, 1 mmol) and l-(4-(dimethylamino)phenyl)-l//-pyrrole-2,5-dione (0.28 g, 1.3 mmol) 
according to general procedure 8.25.
Yellow solid 312 mg (67%)
Melting Point: 280-282 "C
IRtw (KBr): 3133, 2968 (C-H), 1711 (C=0), 1610 (C=C), 1520, 1459 (C=C), 1200 (C-N) 
cm"'
’H NMR (400 MHz, DMSO-</6) 8 2.84 (s, 6 H, 2 x CH3), 3.49 (dd, J = 8.55, 3.05 Hz, 1 H, 
HI 1), 3.88 (d,J=8.55 Hz, 1 H, H15), 4.94 (d, 7 = 3.05 Hz, 1 H, HIO), 6.20 (m,J = 9.16Hz, 
2 H. H3” & H5”), 6.58 (m, J= 9.16 Hz, 2 H, H2” & H6”), 7.20 - 7.43 (m, 7 H, 7 x ArH), 7.60 
(d,J = 7.32 Hz, 1 H, I xArH), 8.12 (d,J= 14.04 Hz, 1 H, HI’), 8.32 (d,./= 14.04 Hz, 1 H, 
H2’)
'"C NMR (101 MHz, DMS0-</6) ppm 40.0 (2 x NCH3), 44.8 (CIO), 47.4 (Cl 1), 47.7 (C15), 
49.7 (C9), 111.8 (CH), 119.8 (CH), 123.0 (CH), 123.5 (CH), 124.4 (CH), 125.3 (CH), 126.5 
(CH), 126.9 (CH), 126.9 (CH), 127.1 (CH), 127.2 (CH), 137.4 (CH), 138.5, 138.6, 141.0, 
141.3, 145.2 (Cr), 150.1 (C4”), 175.1 (C12), 175.5 (C14)
HRMS (APCI) calculated for C28H24N3O4 [M%H] 466.1777: found 466.1793. Mass accuracy 
(3.43 ppm).

(£)-13-(3,5-Dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione (298)

(F)-13-(3,5-Dimethoxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£’)-9-(2-nitrovinyl)anthracene
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(0.25 g, 1 mmol) and l-(3,5-dimethoxyphenyl)-l//-pyrrole-2,5-dione (0.3 g, 1.3 mmol) 
according to general proeedure 8.25.
Colourless solid 304 mg (63%)
Melting Point: 268-271 “C
IRcmox (KBr): 2966, 2960 (C-H), 1714 (C-0), 1601 (C=C), 1531 (NO), 1474, 1457 (C=C), 
1159 (C-N) em-‘
’H NMR (400 MHz, DMSO-rf6) 8 3.52 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.64 (s, 6 H, 2 x 
0CH3),3.92 (d,J = 8.55 Hz, 1 H,H15), 4.96 (d,J=3.05 Hz, 1 H,H10),5.49 (d,J= 1.83 Hz, 
2 H, HI” & H6”), 6.42 - 6.49 (m, 1 H, H4”), 7.19 - 7.45 (m, 7 H, 7 x ArH), 7.61 (d, J = 6.71 
Hz, 1 H, 1 X ArH), 8.12 (d,J= 14.04 Hz, 1 H, HI’), 8.32 (d,J= 13.43 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-rf6) ppm 44.9 (CIO), 47.6 (Cll), 47.9 (C15), 49.7 (C9), 55.4 
(OCH3), 100.5 (C2” & C6”), 105.0 (C4”), 123.2 (CH), 123.5 (CH), 124.5 (CH), 125.3 (CH), 
126.5 (CH), 126.9 (CH), 127.2 (CH), 127.3 (CH), 133.2, 137.3 (CH), 138.5, 138.6, 140.9, 
141.2, 145.2 (Cr), 160.3 (C3” & C5”), 174.5 (C12), 174.9 (C14)
HRMS (APCI) calculated for C28H23N2O6 [M*+H] 483.1556: found 483.1543. Mass accuracy 
(-2.69 ppm).

(£)-13-(3-ChIorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroIoanthracene-
12,14-dione (299)

(£)-13-(3-Chlorophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthraeene (0.25 g, 1 mmol) and l-(3- 
chlorophenyl)-!//-pyrrole-2,5-dione (0.27 g, 1.3 mmol) aeeording to general procedure 8.25. 
Tan solid 265 mg (58%)
Melting Point: 258-261 °C
lR^w (ATR): 3069, 2966 (C-H), 1713 (C=0), 1594 (C=C), 1481, 1434 (C=C), 1537, 1351 
(NO2) em '
'H NMR (400 MHz, DMSO-</6) 8 3.57 (dd, J = 8.29, 3.32 Hz, 1 H, HI 1), 3.97 (d, J = 8.29 
Hz, 1 H, H15), 4.98 (d, 7 = 3.32 Hz, 1 H, HIO), 6.41 -6.52 (m, 2 H, 2 x ArH), 7.23 - 7.42 (m, 
9 H, 9 X ArH), 7.56 - 7.65 (m, 1 H, 1 x ArH), 8.13 (d,J= 13.68 Hz, 1 H, HI’), 8.34 (d, J = 
13.68 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-rf6) ppm 44.8 (CIO), 47.7 (Cl 1), 48.1 (C15), 49.7 (C9), 123.1 
(CH), 123.6 (CH), 124.5 (CH), 125.3 (CH), 126.4 (CH), 126.4 (CH), 126.5 (CH), 127.0 (CH), 
127.2 (CH), 127.3 (CH), 128.7 (CH), 130.6 (CH), 132.8, 132.9, 134.7 (CH), 138.5, 138.5, 
140.8, 141.2, 145.3 (Cl”), 174.5 (C12), 174.8 (C14)
HRMS (APCI) ealeulated for C26Hi8CP%04 [M%H] 457.0955: found 457.0951. Mass 
accuracy (-0.87 ppm).

(£■)-13-(2-Hy droxypheny I)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (300)

(£')-13-(2-Hydroxyphenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-
12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and l-(2- 
hydroxyphenyl)-l//-pyrrole-2,5-dione (0.245 g, 1.3 mmol) aeeording to general procedure 
8.25.
Colourless solid 175 mg (40%)
Melting Point: 203-206 °C
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IRFmav (KBr): 3030, 2969 (C-H), 1710 (C=0), 1663 (C=C), 1527 (NO), 1495, 1456 (C=C), 
1192 (C-N) cm-'
’H NMR (400 MHz, DMSO-rf6) 6 3.55 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.96 (d, J = 8.55 
Hz, 1 H, H15), 4.97 (d,J=3.05 Hz, 1 H, HIO), 6.41 -6.50 (m, 2 H, 2 x ArH), 7.23 - 7.41 (m, 
9H, 9xArH), 7.61 (d, 7=7.32 Hz, 1 H, 1 x ArH), 8.12 (d, 7= 14.04 Hz, 1 H, HI’), 8.32 (d, 
7= 14.04 Hz, 1 H, H2’)
'^C NMR (101 MHz, DMSO-76) ppm 44.8 (CIO), 47.7 (Cl 1), 48.1 (C15), 49.7 (C9), 123.1 
(CH), 123.6 (CH), 124.5 (CH), 125.3 (CH), 126.4 (CH), 126.5 (CH), 127.0 (CH), 127.2 (CH), 
127.3 (CH), 128.2 (CH), 128.7 (CH), 130.6 (CH), 132.8, 132.9, 137.2, 138.5, 138.5, 140.8, 
141.2, 145.3 (Cr), 174.5 (C12), 174.8 (C14)
HRMS (APCI) calculated for C26H19N2O5 [M^+H] 439.1294: found 439.1306. Mass accuracy 
(2.73 ppm).

(£)-3-(9-(2-Nitrovinyl)-12,14-dioxo-9,10-dihydro-9,10-[3,4]epipyrroloanthracen-13- 
yl)phenyl acetate

(£)-3-(9-(2-Nitrovinyl)-l 2,14-dioxo-9,10-dihydro-9,10-[3,4]epipyTroloanthracen-13- 
yl)phenyl acetate was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and 3- 
(2,5-dioxo-2,5-dihydro-l//-pyrrol-l-yl)phenyl acetate (0.3 g, 1.3 mmol) according to general 
procedure 8.25.
Colourless solid 240 mg (50%)
Melting Point: 246-248 “C
IRk^ox (ATR): 3085, 3065 (C-H), 1715 (C=0), 1606 (C=C), 1484, 1482 (C=C), 1538, 1338 
(NO2) cm '
'H NMR (400 MHz, DMSO-</6) 6 2.25 (s, 3 H, CH3), 3.55 (dd, 7= 8.24, 3.36 Hz, 1 H, HI 1), 
3.95 (d, 7 = 8.55 Hz, 1 H, H15), 4.97 (d, 7 = 3.05 Hz, 1 H, HIO), 6.25 - 6.36 (m, 2 H, C4” & 
C2”), 7.08 - 7.15 (m, 1 H, 1 X ArH), 7.21 - 7.43 (m, 8 H, 8 x ArH), 7.62 (d, 7 = 7.32 Hz, 1 H, 
1 xArH), 8.12(d,7= 13.43 Hz, 1 H, HI’), 8.33 (d,7= 14.04 Hz, 1 H, H2’)
'"C NMR (101 MHz, DMSO-76) ppm 20.7 (CH3), 44.8 (CIO), 47.7 (Cl 1), 48.0 (C15), 49.7 
(C9), 120.0 (CH), 122.2 (CH), 123.1 (CH), 123.5 (CH), 123.7 (CH), 124.5 (CH), 125.3 (CH), 
126.5 (CH), 127.0 (CH), 127.2 (CH), 127.3 (CH), 128.2,128.9,129.6 (CH), 132.2,137.2 (CH), 
138.4, 138.5, 140.9, 141.2, 145.3 (Cl’), 150.3 (C3”), 168.8 (AcetateC=0), 174.5 (C12), 174.8 
(C14)
HRMS (APCI) calculated for C28H21N2O6 [M"+H] 481.1388: found 481.1394. Mass accuracy 
(-1.23 ppm).

(£)-13-(4-Aminophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (302)

{£)-13-(4-Aminophenyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione was prepared from (£)-9-(2-nitrovinyl)anthracene 0.25 g (1 mmol) and l-(4- 
aminophenyl)-l//-pyrrole-2,5-dione 0.244 g (1.3 mmol) according to general procedure 8.25. 
Brown solid 197 mg (45%)
Melting Point: >300 °C
IRrmax (ATR): 3070, 2953 (C-H), 1712 (C=0), 1595 (C=C), 1482, 1457 (C=C), 1518, 1349 
(NO2) cm-'
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'H NMR (400 MHz, DMSO-</6) 6 3.53 (dd, J = 7.94, 3.05 Hz, 1 H, HI 1), 3.93 (d, J = 8.55 
Hz, 1 H, H15), 4.90-5.00 (m, 1 H, HIO), 6.42 (s, 2 H, NH2), 7.12 - 7.42 (m, 11 H, 11 x ArH), 
7.60 (d,J = 7.32Hz, 1 H, 1 x ArH), 8.10 (d, 7 = 14.04 Hz, 1 H, HI’), 8.30 (d, J = 13.43 Hz, 1 
H, H2’)
’3C NMR (101 MHz, DMSO-rf6) ppm 43.6 (CIO), 44.7 (Cll), 47.9 (C15), 49.7 (C9), 123.0 
(CH), 123.5 (CH), 124.5 (CH), 125.2 (CH), 125.3 (CH), 126.5 (CH), 126.8 (CH), 127.2 (CH), 
127.4 (CH), 128.2 (CH), 128.9 (CH), 131.3, 134.8 (CT), 137.2, 138.4, 138.4, 140.8, 141.2,
145.2 (Cr), 174.5 (C12), 174.9 (C14)
HRMS (APCI) calculated for C26H20N3O4 [M+H] 438.1454: found 438.1461. Mass accuracy 
(1.60 ppm).

(£)-9-(2-Nitroprop-l-en-l-yl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (303)

(£)-9-(2-Nitroprop-1 -en-1 -yl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-9-(2-nitroprop-l-en-l-yl)anthracene (0.26 g, 1 mmol) and 
phenylmaleimide (0.22 g, 1.3 mmol) aecording to general procedure 8.25.
Colourless solid 384 mg (88%)
Melting Point: 263-266 °C
IRi'mox (KBr): 3045, 2934 (C-H), 1700 (C=0), 1598, 1460 (C=C), 1519 (C=C), 1523, 1390 
(NO2), 1328 (CH3) cm-‘
'H NMR (400 MHz, DMSO-rf6) 8 1.86 (br. s., 3 H, CH3), 3.38 - 3.51 (m, 1 H, HI 1), 3.61 (d, 
J = 7.32 Hz, 1 H, HI5), 4.97 (d, J = 3.66 Hz, 1 H, HIO), 6.33 - 6.51 (m, 2 H, H6” & H2”), 
7.19-7.41 (m, 10 H, 10 x ArH), 7.63 (d,J=7.32Hz, 1 H, ArH), 8.37 (s, 1 H, HI’)
'^C NMR (101 MHz, DMS0-</6) ppm 17.2 (C3’), 44.9 (Cll), 47.4 (C15), 50.2 (C9), 50.3 
(CIO), 123.7 (CH), 123.9 (CH), 124.8 (CH), 125.3 (CH), 125.4 (CH), 126.4 (CH), 126.8 (CH),
127.2 (CH), 127.4 (CH), 128.2 (CH), 128.5 (CH), 128.8 (CH), 131.5 (Cl”), 131.8, 138.3 (Cl’), 
138.6, 140.7, 152.5 (C2’), 175.1 (C14 & C12)
HRMS (APCI) calculated for C27H21N2O4 [M*+H] 437.1501: found 437.1513. Mass accuracy 
(-2.74 ppm).

(£)-9-(2-Nitrobut-l-en-l-yl)-13-phenyl-9,10-dihydro-9,10-|3,4]epipyrroloanthracene- 
12,14-dione (304)

(£)-9-(2-Nitrobut-1 -en-1 -yl)-13-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-9-(2-nitrobut-l-en-l-yl)anthracene (0.27 g, 1 mmol) and 
phenylmaleimide (0.22 g, 1.3 mmol) according to general proeedure 8.25.
Colourless solid 368 mg (82%)
Melting Point: 259-263 °C
mvmax (KBr): 2968, 2939 (C-H), 1707 (C=0), 1597 (C=C), 1500, 1456 (C=C), 1519, 1390 
(NO2), 1464 (CH2), 1340 (CH3) cm '
>H NMR (400 MHz, CDCb) 8 1.03 (br. s., 3 H, CH3), 2.28 (br. s., 2 H, CH2), 3.34 (br. s., 2 
H, H15 & HI 1), 4.95 (s, 1 H, HIO), 6.47 (dd, J = 6.41, 2.75 Hz, 2 H, H6” & H2”), 7.19 - 7.45 
(m, 11 H, 11 X ArH), 8.20 (s, 1 H, HI’)

NMR (101 MHz, CDCb) ppm 9.8 (C4’), 23.9 ( C3’), 46.0 (CIO), 47.8 (Cl 1), 49.7 (C9), 
50.3 (C15), 123.5 (CH), 124.8 (CH), 125.8 (CH), 126.0, 126.2 (CH), 126.7 (CH), 127.1 (CH),
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127.8 (CH), 127.9, 128.0 (CH), 128.8 (CH), 129.0 (CT), 129.1, 129.9, 130.9, 134.2, 137.8, 
139.0 (C2’), 174.9 (C12&C14)
HRMS (APCI) calculated for C28H21N2O4 [M"-H] 449.1507: found 449.1490. Mass accuracy 
(-3.8 ppm).

(£)-13-(4-Chlorophenyl)-9-(2-nitroprop-l-en-l-yl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (305)

(£)-13-(4-Chlorophenyl)-9-(2-nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitroprop-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and l-(4-chlorophenyl)-l//-pyrrole-2,5-dione (0.27 g, 1.3 
mmol) according to general procedure 8.25.
Colourless solid 282 mg (60%)
Melting Point: 298-300 °C
IRKmox (KBr): 3003, 2967 (C-H), 1700 (C-0), 1524, 1390 (NO2), 1494 (C=C), 1460 (CH3), 
1198 (C-N), 778.31 (Cl-C) cm''
’H NMR (400 MHz, CDCb) 6 1.96 (br. s., 3 H, CH3), 3.35 (br. s., 2 H, HI 1 & H15), 4.94 (br. 
s., 1 H, HIO), 6.44 (d, J = 7.32 Hz, 2 H, H6” & H2”), 7.14 - 7.34 (m, 11 H, 11 x ArH), 8.45 
(br. s., 1 H, HI’)

NMR (101 MHz, CDCb) ppm 18.2 (C3’), 46.0 (CIO), 47.7 (Cl 1), 48.6 (C15), 50.6 (C9), 
123.4, 124.9, 125.9, 126.9, 127.3, 127.4, 127.9, 128.0, 129.3, 137.2 (C2’), 174.7 (C14 & C12) 
HRMS (APCI) calculated for C27H20CFN2O4 [M*+H] 471.1112: found 471.1099. Mass 
accuracy (-2.75 ppm).

(£)-13-(4-ChIorophenyl)-9-(2-nitrobut-l-en-l-yI)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione (306)

(£■)-13-(4-Chlorophenyl)-9-(2-nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitrobut-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and l-(4-chlorophenyl)-l//-pyrrole-2,5-dione (0.27 g, 1.3 
mmol) according to general procedure 8.25.
Colourless solid 212 mg (44%)
Melting Point: 275-279 “C
IRF«ax(KBr): 3005, 2941 (C-H), 1702 (C=0), 1598 (C=C), 1458, 1429 (C=C), 1520, 1383.10 
(NO2), 1341 (CH2), 1310 (CH3), 762 (Cl-C) cm''
’H NMR (400 MHz, DMSO-rfe) 6 0.99 (br. s., 3 H, CH3), 2.17 (br. s., 2 H, CH2), 3.42 (br. s., 
1 H, HI 1), 3.62 (d,J=6.10Hz, 1 H, H15), 4.98 (d,J = 3.05 Hz, 1 H, HIO), 6.47 (d, 7 = 9.16 
Hz, 2H, H6”&H2”), 7.17-7.48 (m, 10 H, 10 x ArH), 7.64 (d, 7 = 6.71 Hz, 1 H, ArH), 8.19 
(s, 1 H,Hr)

NMR (101 MHz, DMS0-</6) ppm 8.4 (C3’), 23.4 (C4’), 39.8 (CIO), 45.0 (Cll), 47.5 
(C15), 50.4 (C9), 123.6 (CH), 124.9 (CH), 125.4 (CH), 126.4 (CH), 126.8 (CH), 127.4 (CH), 
128.1 (CH), 129.0 (CH), 130.2 (Cq), 133.1 (Cq), 138.8 (Cq), 142.6 (Cq), 157.0 (C2’), 174.8 
(C14&C12)
HRMS (APCI) calculated for C28H20CFN2O4 [M%H] 483.1117: found 483.1101. Mass 
accuracy (-3.3 ppm).

378



(£)-13-(4-Methylphenyl)-9-(2-nitroprop-l-en-l-yl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (307)

{£)-13-(4-Methylphenyl)-9-(2-nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-
[3.4] epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitrobut-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and l-(4-methylphenyl)-l//-pyrrole-2,5-dione (0.243 g, 1.3 
mmol) aecording to general procedure 8.25.
Colourless solid 293 mg (65%)
Melting Point: 276-277 °C
IRFmox (KBr): 3071,3010 (C-H), 1700 (C=0), 1518, 1391 (NO2), 1198 (C-N) cm’’
>H NMR (400 MHz, DMSO-rf6) 8 1.85 (br. s., 3 H, CH3), 2.25 (s, 3 H, CH3), 3.41 (dd, J = 
8.24, 2.75 Hz, 1 H, HI 1), 3.59 (d, J = 7.32 Hz, 1 H, H15), 4.96 (d, J = 3.05 Hz, 1 H, HIO), 
6.30 (d, J = 8.54 Hz, 2 H, H5” & H3”), 7.12 (d, J = 7.93 Hz, 2 H, H6” & H2”), 7.20 - 7.43 (m, 
7H, 7xArH), 7.63 (d,J=6.71 Hz, 1 H,1 x ArH), 8.35 (s, 1 H, HI’)
'-^C NMR (101 MHz, DMSO-rf6) ppm 21.0 (C3’), 45.4 (CIO), 47.8 (Cl 1), 49.9 (Cl5), 51.0 
(C9), 55.0 (OCH3), 124.1, 125.2, 125.8, 126.6, 126.8,127.2, 127.6, 127.7, 129.3, 129.7, 
138.5, 139.1, 159.7 (C2’), 175.6 (C12 & C14),
HRMS (APCI) calculated for C28H23N2O4 [M+H] 451.1658: found 451.1666. Mass accuracy 
(1.77 ppm).

(£)-13-(4-Methylphenyl)-9-(2-nitrobut-l-en-l-yl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (308)

(E)-13-(4-Methylphenyl)-9-(2-nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-
[3.4] epipyrroloanthraccne-12,14-dione was prepared from (£)-9-(2-nitrobut-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and 1-(4-methyoxyphenyl)-l//-pyrrole-2,5-dione (0.243 g, 1.3 
mmol) according to general procedure 8.25.
Colourless solid 251 mg (54%)
Melting Point: 254-256 °C
IRKmox (KBr): 3006, 2962 (C-H), 1700 (C=0), 1523, 1387 (NO2), 1192 (C-N) cm''
’H NMR (400 MHz, DMSO-</6) 6 0.99 (br. s., 3 H, CH2-CH3), 2.17 (br. s., 2 H, CH2), 2.25 (s, 
3H, CH3), 3.40 (br. s., 1 H, HI 1), 3.58 (br. s., 1 H,H15),4.97 (d,J=3.05 Hz, 1 H,H10), 6.30 
(d, J = 7.93 Hz, 2 H, H5” & H3”), 7.11 (d, J = 8.54 Hz, 2 H, H6” & H2”), 7.21 - 7.47 (m, 7 H, 
7 X ArH), 7.63 (d, J = 6.71 Hz, 1 H, 1 x ArH), 8.20 (s, 1 H, HI’)
”C NMR (101 MHz, DMS0-</6) ppm 9.5 (C3’), 20.6 (OCH3), 23.4 (C4) 45.0 (Cl 1), 47.4 
(C15), 50.3 (C9), 109.5, 123.6, 124.8, 125.4, 126.1, 126.3, 126.7, 127.3, 127.5, 128.8, 
129.2, 138.1, 138.9, 156.9 (C2’), 175.1 (C12 & C14)
HRMS (APCI) calculated for C29H25N2O5 [M%H] 465.1814: found 465.1831. Mass accuracy 
(3.65 ppm).

(£)-9-Chloro-10-(2-nitroprop-l-en-l-yl)-13-phenyl-9,10-dihydro-9,10-
[3.4] epipyrroloanthracene-12,14-dione (309)

(£)-9-Chloro-10-(2-nitroprop-1 -en-1 -yl)-13-phenyl-9,10-dihydro-9,10-
[3.4] cpipyrroloanthracene-12,14-dione was prepared from (£)-9-chloro-10-(2-nitroprop-l-en- 
l-yl)anthracene (0.298 g, 1 mmol) and phenylmaleimide (0.224 g, 1.3 mmol) according to 
general procedure 8.25.
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Colourless solid 183 mg (39%)
Melting Point: 268-271 °C
IRcmav (ATR): 3072, 2981 (C-H), 1713 (C=0), 1625 (C=C), 1499, 1455 (C=C), 1520, 1332 
(NO2) cm-'
•H NMR (400 MHz, CDCb) 6 1.94 (br. s., 3 H, CH3), 3.46 (br. s., 2 H, HI 1 & HI5), 6.49 (dd, 
y = 6.10, 3.66 Hz, 2 H, 2 X ArH), 7.14 - 7.29 (m, 5 H, 5 x ArH), 7.29 - 7.45 (m, 4 H, 4 x ArH), 
7.89 (d, J = 7.93 Hz, 1 H, 1 x ArH), 8.01 (d, J = 7.32 Hz, 1 H, 1 x ArH), 8.49 (s, 1 H, HI’) 

NMR (101 MHz, CDCb) ppm 17.8 (C3’), 52.0 (CIO), 53.4 (C15 & Cl 1), 70.1 (C9), 122.8 
(CH), 124.0 (CH), 124.2 (CH), 126.1 (CH), 127.9 (CH), 128.1 (CH), 128.2 (CH), 128.4 (CH), 
128.9 (CH), 129.0 (CH), 130.8, 136.9, 137.3, 140.8 (C2’), 171.2 (C12 & C14)
HRMS (APCI) calculated for C27H20CPN2O4 [M*+H] 471.1112: found 471.1101. Mass 
accuracy (-2.33 ppm).

(£)-9-Chloro-10-(2-nitrobut-l-en-l-yl)-13-phenyl-9,10-dihydro-9,10- 
[3,4]epipyrroloanthracene-12,14-dione (310)

(£)-9-Chloro-10-(2-nitrobut-1 -en-1 -yl)-13-phenyl-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£)-9-chloro-10-(2-nitrobut-l-en-l- 
yl)anthracene (0.312 g, 1 mmol) and phenyl maleimide (0.224 g, 1.3 mmol) according to 
general procedure 8.25.
Colourless solid 184 mg (38%)
Melting Point: 261-262 °C
IR^'mav (ATR): 3075, 2981, 2942 (C-H), 1712 (C=0), 1623 (C=C), 1498, 1455 (C=C), 1520, 
1348 (NO2) cm-'
'H NMR (400 MHz, CDCb) 8 0.94 - 1.10 (m, 3 H, CH3), 2.26 (dd,y = 19.23, 7.02 Hz, 2 H, 
CH2), 3.44 (br. s., 2 H, HI 1 & H15), 6.50 (dd, J = 5.80, 3.36 Hz, 2 H, 2 x ArH), 7.20 - 7.50 
(m, 9 H, 9 X ArH), 7.90 (d, J = 7.94 Hz, 1 H, 1 x ArH), 8.02 (d, J = 7.93 Hz, 1 H, 1 x ArH), 
8.21 (s, 1 H, HI’)
'^C NMR (101 MHz, CDCb) ppm 10.0 (C4’), 24.4 (C3’), 52.2 (CIO), 53.5 (C15 & Cl 1), 70.1 
(C9), 123.0 (CH), 123.9 (CH), 124.1 (CH), 126.1 (CH), 127.7 (CH), 128.1, 128.2 (CH), 128.4, 
128.9 (CH), 129.0 (Cl’), 130.7, 137.5 (C2’), 171.1 (C12&C14)
HRMS (APCI) calculated for C28H22CP^N204 [M^-H] 485.1268: found 485.1248. Mass 
accuracy (-4.12 ppm).

(£)-13-Benzyl-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione
(311)

(£)-13-Benzyl-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione 
was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and 1-benzyl-1//-pyrrole- 
2,5-dione (0.24 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 323 mg (74%)
Melting Point: 232-236 °C
IRFmax (KBr): 3033 2933 (C-H), 1702 (C=0), 1657 (C=C), 1496, 1464 (C=C), 1533, 1390 
(NO2), 1464 (CH2), 1189 (C-N) cm '
'H NMR (400 MHz, DMS0-</6) 8 3.47 (d,J=5.49 Hz, 1 H, HI 1), 3.86 (d,J=7.93 Hz, 1 H, 
H15), 4.22 (br. s., 2 H, CH2), 4.90 (br. s., 1 H, HIO), 6.31 (d, J = 6.71 Hz, 2 H, H2” & H6”),
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7.01 -7.39 (m, 10 H, lOxArH), 7.57 (d, 7 = 6.10 Hz, 1 H, 1 x ArH), 8.12 (d, J = 14.04 Hz, 1 
H, H2’), 8.28 (d, J = 14.04 Hz, 1 H, HI’)
'-^C NMR (101 MHz, DMS0-</6) ppm 41.3 (CIO), 43.6 (Cll), 44.2 (C15), 47.5 (C16), 49.2 
(C9), 109.5, 122.9, 123.3, 124.3, 125.3, 126.1, 126.4, 126.8, 127.0, 127.4, 128.2, 134.9, 137.2 
(Cr), 138.5, 138.6, 141.4, 141.8, 145.2 (C2’), 175.3 (C12), 175.6 (C14)
HRMS (APCI) calculated for C27H21N2O4 [M^+H] 437.1501; found 437.1505. Mass accuracy 
(0.91 ppm).

(£)-13-Benzyl-9-(2-nitroprop-l-en-l-yI)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (312)

(£)-13-Benzyl-9-(2-nitroprop-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£’)-9-(2-nitroprop-l-en-l-yl)anthracene (0.26 g, 1 mmol) and 1- 
benzyl-l//-pyrrole-2,5-dione (0.24 g, 1.3 mmol) according to general procedure 8.25. 
Colourless solid 279 mg (62%)
Melting Point: 232-236 "C
IR4^„ax (KBr): 3007, 2960 (C-H), 1692 (C=0), 1586 (C=C), 1631, 1431 (ArC=C), 1520, 1399 
(NO2), 1457 (CH2), 1362 (CH3), 1175 (C-N) cm ’
'H NMR (400 MHz, DMSO-</6) 6 1.80 (br. s., 3 H, CH3), 3.49 (d, 7 = 7.32 Hz, 1 H11), 4.13 
(s, 2H, CH2), 4.37 (d, 7 =5.49 Hz, 1 H15), 4.88 (d, 7 = 3.05 Hz, 1 H, HIO), 6.30 (d, 7 =6.71 
Hz, 2 H, H6’ & H2’), 6.97 - 7.37 (m, 10 H, 10 x ArH), 7.55 (d, 7 = 6.71 Hz, 1 H, ArH), 8.33 
(s, 1 H,Hr)
’’’C NMR (101 MHz, DMSO-76) ppm 17.3 (C3’), 41.3 (CIO), 42.6 (Cll), 44.4 (C15), 47.2 
(C16), 50.0 (C9), 123.5, 124.7, 125.3, 126.2, 126.3, 126.8, 126.8, 127.1, 127.2, 127.4, 127.6, 
128.2, 128.4, 131.5, 132.4, 135.0, 137.9, 138.3, 139.1, 141.2, 152.6 (C2’), 165.2, 165.8, 175.7 
(C12), 175.8 (C14)
HRMS (APCI) calculated for C28H23N2O4 [M"+H] 451.1658: found 451.1671. Mass accuracy 
(2.88 ppm).

(£)-13-Benzyl-9-(2-nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene- 
12,14-dione (313)

(£)-13-Benzyl-9-(2-nitrobut-1 -en-1 -yl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-9-(2-nitrobut-l-en-l-yl)anthracene (0.26 g, 1 mmol) and 1- 
benzyl-1//-pyrrole-2,5-dione (0.24 g, 1.3 mmol) according to general procedure 8.25. 
Colourless solid 232 mg (50%)
Melting Point: 188-199 °C
IRfw (KBr): 3002, 2943 (C-H), 1695 (C=0), 1496, 1456 (C=C), 1518, 1339 (NO2), 1400 
(CH2), 1362 (CH3), 1175 (C-N) cm-'
'H NMR (400 MHz, DMSO-76) 5 0.98 (br. s., 3 H, CH3), 2.15 (br. s., 2 H, CH2), 3.52 (br. s., 
1 H, Hll), 4.20 (d, 7 = 2.44 Hz, 2 H, CH2 benzyl), 4.41 (d, 7= 6.10 Hz, 1 H, H15), 4.93 (d, 7 
= 3.05 Hz, 1 H, HIO), 6.35 (s, 2 H, H2” & H6”), 7.07 - 7.32 (m, 10 H, 10 x ArH), 7.59 (d, 7 = 
6.10 Hz, 1 H, ArH), 8.21 (s, 1 H, HI’)
'"C NMR (101 MHz, DMSO-76) ppm 9.9 (C4’), 23.9 (C3’) 41.3 (CIO), 42.7 (Cll), 44.4 
(C15), 47.3 (C16), 49.9 (C9), 123.4, 124.7, 125.4, 126.2, 126.3, 126.8, 126.8, 127.2, 127.2,
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127.6, 127.6, 128.2, 128.4, 131.5, 132.45,135.0, 139.4, 157.1 (C2’), 165.2, 165.7, 175.6 (C12 
&C14)
HRMS (APCI) calculated for C29H27N2O4 [M"+H] 465.1814: found 465.1795. Mass accuracy 
(-4.1 ppm).

(£)-9-(2-Nitroprop-l-en-l-yl)-13-(3,4,5-trimethoxybenzyl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione (314)

(£)-9-(2-Nitroprop-1 -en-1 -yl)-13-(3,4,5-trimethoxybenzyl)-9,10-dihydro-9,10-
[3,4]epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitroprop-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and l-(3,4,5-trimethoxybenzyl)-l//-pyrrole-2,5-dione (0.36 g, 
1.3 mmol) according to general procedure 8.25.
Yellow crystals 243 mg (45%)
Melting Point: 227-229 °C
IRKmar (KBr): 2961, 2997 (C-H), 1697 (C=0), 1592 (C=C), 1462, 1426 (C=C), 1522, 1330 
(NO2), 1241, 1103 (C-0), 1126 (C-N) cm''
’H NMR (400 MHz, DMSO-</6) 6 3.21 - 3.29 (m, 1 H, Hll), 3.45 (br. s., 1 H, HI5), 3.60 (s, 
3 H, P-OCH3), 3.66 (s, 6 H, 2 x OCH3), 3.95 (s, 2 H, CH2), 4.82 (d, J = 3.05 Hz, 1 H, HIO), 
6.18 (s, 2 H, H2” & H6”), 6.78 - 7.05 (m, 3 H, 3 x ArH), 7.10 - 7.32 (m, 4 H, 4 x ArH), 7.53 
(d, J = 6.71 Hz, 1 H, ArH), 8.30 (s, 1 H, HI’)
'^C NMR (101 MHz, DMSO-rf6) ppm 17.6 (C3’), 41.5 (CIO), 44.6 (Cll), 47.0 (C15), 50.2 
(C9), 55.9 (2 X OCH3), 59.8 (P-OCH3), 106.1, 123.6, 124.6, 124.9, 126.3, 126.8, 127.1, 130.9, 
138.9, 141.0, 152.4 (C2’), 175.6 (C12), 175.7 (C14)
HRMS (APCI) calculated for C31H29N2O7 [M"+H] 541.1975; found 541.1953. Mass accuracy 
(-4.1 ppm).

(£)-9-(2-Nitrobut-l-en-l-yI)-13-(3,4,5-trimethoxybenzyl)-9,10-dihydro-9,10-
[3.4] epipyrro]oanthracene-12,14-dione (315)

(£)-9-(2-Nitrobut-l -en-1 -yl)-13-(3,4,5-trimethoxybenzyl)-9,10-dihydro-9,10-
[3.4] epipyrroloanthracene-12,14-dione was prepared from (£)-9-(2-nitrobut-l-en-l- 
yl)anthracene (0.26 g, 1 mmol) and l-(3,4,5-trimethoxybenzyl)-l//-pyrrole-2,5-dione (0.36 g, 
1.3 mmol) according to general procedure 8.25.
Tan solid 299 mg (54%)
Melting Point: 224-229 “C
IRFmax (KBr): 2940, 2836 (C-H), 1700 (C=0), 1593 (C=C), 1508, 1426 (C=C), 1521, 1340 
(NO2), 1460 (CH2), 1401 (CH3), 1127 (C-N) cm’’
'H NMR (400 MHz, DMSO-</6) 6 0.93 (br. s., 3 H, CH3), 2.09 (br. s., 2 H, CH2), 3.23 - 3.27 
(m, 1 H,H11),3.47 (d,y = 7.32 Hz, 1 H,H15),3.60 (s, 3 H, P-OCH3), 3.67 (s, 6 H, 2 x OCH3), 
3.94 (s, 2 H, CH2 benzyl), 4.84 (d, 3.05 Hz, 1 H, HIO), 6.18 (s, 2 H, H2” & H6”), 6.93 (d,
J = 6.10 Hz, 3 H, 3 X ArH), 7.12 - 7.30 (m, 4 H, 4 x ArH), 7.54 (d, J = 6.71 Hz, 1 H, ArH), 
8.14 (s, 1 H, HI’)
’^C NMR (101 MHz, DMSO-rf6) ppm 9.5 (C4’), 23.4 (C3’), 41.5 (CIO), 44.6 (Cll), 47.1 
(C15), 50.0 (C9), 55.9 (OCH3 x 2), 59.8 (P-OCH3), 106.1 (CH), 123.4, 124.7, 124.9, 126.2, 
127.0, 127.3, 130.9, 137.1, 139.1, 152.5 (C2’), 156.9 (C4”), 175.6 (C12 & C14)
HRMS (APCI) calculated for C32H30N2O7 [M^+H] 555.2131: found 555.2122. Mass accuracy 
(-1.62 ppm).
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(£)-13-(3,4-Dimethoxyphenethyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
|3,4]epipyrroloanthracene-12,14-dione (316)

(£)-13-(3,4-Dimethoxyphenethyl)-9-(2-nitrovinyl)-9,10-dihydro-9,10- 
[3,4]epipyrroloanthracene-12,14-dionewas prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 
g, 1 mmol) and 1-(3,4-dimethoxyphenethyl)-l//-pyrrole-2,5-dione (0.34 g, 1.3 mmol) 
aecording to general proeedure 8.25.
Colourless solid 393 mg (77%)
Melting Point: 152-156 °C
IRj',„av (KBr): 2941, 2837 (C-H), 1771 (C=0), 1698 (C=C), 1528 (NO), 1494, 1450 (C=C), 
1155 (C-N) em '
'H NMR (400 MHz, DMSO-</6) 6 1.62 - 1.81 (m, 2 H, CH2), 3.00 - 3.19 (m, 2 H, CH2), 3.40 
(dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.71 (s, 3 H, OCH3), 3.69 (s, 3 H, OCH3), 3.81 (d, J = 7.94 
Hz, 1 H, H15), 4.91 (d,J = 3.05 Hz, 1 H, HIO), 6.50 (d,J=7.94 Hz, 1 H, H6”), 6.59 (s, 1 H, 
H2”), 6.80 (d, J = 8.55 Hz, 1 H, H5”), 7.21 - 7.39 (m, 7 H, 7 x ArH), 7.58 (d, J = 7.32 Hz, 1 
H, 1 xArH), 8.14(d,J= 14.04 Hz, 1 H, HI’), 8.32 (d, J = 14.04 Hz, 1 H, H2’)
'■^C NMR (101 MHz, DMSO-^/6) ppm 21.0 (CH2), 32.1 (CH2-N), 44.6 (CIO), 47.3 (Cl 1), 47.5 
(C15), 49.5 (C9), 55.4 (OCH3), 55.5 (OCH3), 111.9 (CH), 111.9 (CH), 120.1 (CH), 123.0 (CH), 
123.4 (CH), 124.4 (CH), 125.3 (CH), 126.5 (CH), 126.8 (CH), 127.1 (CH), 127.2 (CH), 128.2 
(CH), 128.9 (CH), 129.9, 137.4 (C2’), 138.3, 138.5, 141.1, 141.4, 145.2 (CT), 147.5 (C3”), 
148.7 (C4”), 175.2 (C12), 175.5 (C14)
HRMS (APCI) calculated for C30H27N2O6 [M"+H] 511.1869: found 511.1881. Mass accuracy 
(2.35 ppm).

(£)-9-(2-Nitrovinyl)-14-phenyl-9,10-dihydro-9,10-[l,2]epitriazoIoanthracene-13,15- 
dione (317)

(£)-9-(2-Nitrovinyl)-14-phenyl-9,10-dihydro-9,10-[ 1,2]epitriazoloanthracene-13,15-dione 
acetate was prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and 4-phenyl-3//- 
l,2,4-triazole-3,5(4//)-dione (1.3 mmol) according to general procedure 8.25.
Brown solid 289 mg (68%)
Melting Point: 168-169 °C
IRvmax (ATR): 3048, 2998 (C-H), 1730 (C=0), 1625 (C=C), 1555, 1486 (C=C) cm''
'H NMR (400 MHz, CDCb) 6 6.39 (s, 1 H, HIO), 7.10 (d, J = 7.93 Hz, 2 H, 2 x ArH), 7.34 -
7.45 (m, 9 H, 9 X ArH), 7.58 (d, 7 = 6.71 Hz, 2 H, 2 x ArH), 7.70 (d, J = 14.04 Hz, 1 H, HI’),
8.46 (d,7= 14.04 Hz, 1 H, H2’)

NMR (101 MHz, DMSO-76) ppm 60.0 (CIO), 67.1 (C9), 123.1 (CH), 124.5 (CH), 125.9 
(CH), 128.3 (CH), 128.8(CH), 129.0(CH), 129.1 (CH), 130.4,131.8(Cr), 135.6,136.3,145.4 
(C2’), 155.8 (C12 / C14), 156.4 (C12 /C14)
HRMS (APCI) calculated for C24H17N4O4 [M^+H] 425.1250: found 425.1251. Mass accuracy 
(0.23 ppm).

(£)-10-(2-NitrovinyI)-9,10-dihydro-9,10-ethanoanthracene-ll-carbonitrile (318)
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(£)-10-(2-Nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carbonitrile was prepared from 
(£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and acrylonitrile (3 mmol) according to 
general procedure 8.25.
Orange crystals 91 mg (30%)
Melting Point: 223-225 °C
IRiw (ATR): 3113, 3072, 2952 (C-H), 1658 (C=C), 1485, 1457 (C-C), 1526, 1354 (NO2), 
1190(CN) cm-'
'H NMR (400 MHz, DMSO-rf6) 6 1.93 (dt, J = 12.82, 3.36 Hz, 1 H, H12a), 2.27 (ddd, J = 
12.67, 10.53, 2.44 Hz, 1 H, H12b), 3.66 (dd, J - 10.68, 3.97 Hz, 1 H, HI 1), 4.60 (s, 1 H, C9), 
7.11 -7.31 (m, 5 H, 5 X ArH), 7.34 - 7.49 (m, 3 H, 3 x ArH), 8.04 (d,y= 13.43 Hz, 1 H, HI’), 
8.33 (d, J= 14.04 Hz, 1 H, H2’)
"*0 NMR (101 MHz, DMSO-^/6) ppm 31.2 (Cl 1), 34.0 (C12), 41.7 (C9), 48.9 (CIO), 121.0, 
123.1 (CH), 123.2 (CH), 123.8 (CH), 124.2 (CH), 126.1 (CH), 126.3 (CH), 127.3 (CH), 127.4 
(CH), 138.1 (Cr), 138.7, 139.9, 142.1, 142.5, 144.0 (C2’)
HRMS (APCI) calculated for C19H14N2O2 [M^] 302.1055: found 302.1055. Mass accuracy (0 
ppm).

Ethyl (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll-carboxylate (319)

Ethyl (£’)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carboxylate was prepared 
from (£’)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and ethyl acrylate (1.3 mmol) according 
to general procedure 8.25. Purification by column chromatography (hexane: ethyl acetate 9:1). 
Yellow oil 63 mg (18%)
IRi9«ttv (ATR): 3123, 2981 (C-H), 1731 (C=0), 1626 (C=C), 1486, 1443 (C=C), 1510, 1361 
(NO2), 1120 (CN) cm '
'HNMR (400 MHz, CDCb) 6 1.12 (t, J = 7.32 Hz, 3 H, CH3), 1.99 (d, J = 12.21 Hz, 1 H, 
H12a), 2.31 (t,J= 11.60 Hz, 1 H, HI 1), 3.01 (dd, J= 10.68, 4.58 Hz, 1 H, H12b), 4.00 (dd,J 
= 16.18, 7.63 Hz, 2 H, OCH2), 4.43 (br. s., 1 H, H9), 7.11 - 7.26 (m, 5 H), 7.28 - 7.42 (m, 3 
H), 7.49 (d, J = 14.04 Hz, 1 H, HI’), 8.35 (d, J = 14.04 Hz, 1 H, H2’)

NMR (101 MHz, CDCb) ppm 14.0 (C2”, CH3), 34.2 (Cl 1), 43.7 (C9), 46.3 (C12), 49.3 
(CIO), 60.9 (Cl”, OCH2), 122.2 (CH), 123.6 (CH), 123.6 (CH), 123.9 (CH), 126.0 (CH), 126.0 
(CH), 126.8 (CH), 127.1 (CH), 139.0, 140.2 (Cl’), 142.0, 142.5 (C2’), 142.8, 142.9, 172.7 
(C=0)
HRMS (APCI) calculated for C21H20NO4 [M"+H] 350.1392: found 350.1389. Mass accuracy 
(0.86 ppm).

Methyl (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll-carboxylate (320)

Methyl (£)-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1-carboxylate was 
prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and methyl acrylate (1.3 mmol) 
according to general procedure 8.25. Purification by column chromatography (hexane: ethyl 
acetate 9:1).
Gold oil 50 mg (15%)
IRrma;. (ATR): 3086, 2990 (C-H), 1730 (C=0), 1625 (C=C), 1466, 1444 (C=C), 1555, 1361 
(NO2), 1120 (CN) cm-'
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'H NMR (400 MHz, CDCb) 8 1.97 {d,J= 12.21 Hz, 1 H, H12a), 2.33 (t, 11.29 Hz, 1 H,
HI 1), 3.03 (dd, J = 10.07, 4.58 Hz, 1 H, H12b), 3.56 (s, 3 H, OCH3), 4.43 (br. s., 1 H, H9), 
7.05 - 7.30 (m, 6 H, 6 x ArH), 7.30 - 7.48 (m, 4 H, 4 x ArH & HI’), 8.34 (d, J = 14.65 Hz, 1 
H, H2’)
'-^C NMR (101 MHz, CDCb) ppm 34.26 (Cl 1), 43.68 (C9), 46.06 (C12), 49.24 (CIO), 52.01 
(OCH3), 122.19 (CH), 123.58 (CH), 123.73 (CH), 123.92 (CH), 126.05 (CH), 126.81 (CH), 
127.13 (CH), 139.01, 140.29 (CH), 141.98, 142.41 (C2’), 142.76, 142.86, 173.20 (C=0) 
HRMS (APCI) calculated for C20H18NO4 [M^+H] 336.1236: found 336.1233. Mass accuracy 
(-0.89 ppm).

(£^-ll-Cyano-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracen-ll-yl acetate (321)

(£)-11 -Cyano-10-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracen-11 -yl acetate was 
prepared from (£)-9-(2-nitrovinyl)anthracene (0.25 g, 1 mmol) and 1-cyanovinyl acetate (1.3 
mmol) aeeording to general procedure 8.25.
Purification by column chromatography (hexane: ethyl aeetate 9:1)
Yellow solid 127 mg (35%)
Melting Point: 168-170 °C
IRiw (ATR): 3062, 2956 (C-H), 1753 (C=0), 1650 (C=C), 1484, 1422 (C=C), 1534, 1351 
(NO2), 1193 (CN) em-'
'H NMR (400 MHz, CDCb) 8 2.08 (dd,7= 14.65,2.44 Hz, 1 H, H12a), 2.94 (dd,J= 14.65, 
3.05 Hz, 1 H, H12b), 4.40 (t, J = 2.75 Hz, 1 H, C9), 7.22 - 7.30 (m, 5 H, 5 x ArH), 7.33 - 7.41 
(m, 3 H, 3 X ArH), 7.60 (d,J= 14.65 Hz, 1 H, HI’), 8.11 (d,J= 14.04 Hz, 1 H, H2’)
'3C NMR (101 MHz, CDCb) ppm 20.7 (CH3), 42.8 (CIO), 45.2 (C12), 55.1 (C9), 74.8 (Cl 1), 
117.1 (CN), 123.8 (CH), 124.2 (CH), 124.8 (CH), 124.9 (CH), 126.8 (CH), 127.2 (CH), 128.1 
(CH), 128.6 (CH), 134.9 (Cl’), 135.9, 136.0, 141.8, 142.0, 144.5 (C2’), 168.5 (C=0)
HRMS (APCI) caleulated for C21H17N2O4 [M*+H] 361.1188: found 361.1191. Mass aceuracy 
(0.83 ppm).

Dimethyl
(322)

(£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll,12-dicarboxylate

Dimethyl (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1,12-diearboxylate was 
prepared from (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dione. 
(£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (150 mg, 0.5 
mmol) was refluxed in methanol (10 mL) and concentrated hydrochloric acid (2 drops) for 6 
h. The reaction was cooled to room temperature and solvent was removed in vacuo, residue 
was taken up in dichloromethane, washed with 10% NaOH solution, water, brine and dried 
over anhydrous sodium sulphate. Solvent was removed in vacuo. Purification by column 
chromatography (hexane: ethyl aeetate 9:1) and recrystallized from ethanol.
White solid 126 mg (32%)
Melting Point: 141-143 “C
IRf^ox (ATR): 3031, 2948 (C-H), 1746 (C=0), 1662 (C=C), 1467, 1422 (C=C), 1539, 1353 
(NO2), 1211 (CN) cm-'
'H NMR (400 MHz, CDCb) 8 3.30 (d, J = 10.99 Hz, 1 H, HI 1), 3.43 (d, J = 10.99 Hz, 1 H, 
H12), 3.46 - 3.50 (m, 3 H, OCH3), 3.54 (s, 3 H, OCH3), 4.71 (s, 1 H, HIO), 7.05 - 7.31 (m, 6
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H, 6 X ArH), 7.36 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.41 - 7.54 (m, 2 H, 1 x ArH & HI’), 8.24 
(d, J= 14.04 Hz, 1 H, H2’)
'^C NMR (101 MHz, CDCh) ppm 45.7 (CIO), 49.2 (Cll), 49.6 (C12), 49.7 (C9), 51.9 
(OCH3), 52.0 (OCH3), 122.6 (CH), 123.3 (CH), 123.9 (CH), 126.0 (CH), 126.3 (CH), 126.5 
(CH), 126.8 (CH), 127.4 (CH), 139.2 (Cl’), 139.2, 139.6, 141.7, 142.3, 142.7 (C2’), 170.6 
(C=0), 170.9 (C=0)
HRMS (APCI) calculated for C22H20NO6 [IVC+H] 394.1291: found 394.1285. Mass accuracy 
(-1.52 ppm).

Diethyl
(323)

(£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-ll,12-dicarboxylate

Dimethyl (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-ethanoanthracene-l 1,12-dicarboxylate was 
prepared from (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4] furanoanthracene-12,14-dione. 
(£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (150 mg, 0.5 
mmol) was refluxed in ethanol (10 mL) and concentrated hydrochloric acid (2 drops) for 6 h. 
The reaction was cool to room temperature and solvent was removed in vacuo, residue was 
taken up in dichloromethane, washed with 10% NaOH solution, water, brine and dried over 
anhydrous sodium sulphate. The solvent was removed in vacuo. Purification was achieved by 
column chromatography (hexane; ethyl acetate 9:1) and recrystallized from ethanol.
White solid 64 mg (15%)
Melting Point: 151-152 “C
IRvmav (ATR): 2980, 2928 (C-H), 1745 (C=0), 1655 (C=C), 1467, 1442 (C=C), 1522, 1347 
(NO2), 1175(CN) cm-'
'H NMR (400 MHz, CDCh) 6 1.04 (t, J = 7.32 Hz, 3 H, CH3), 1.14 (t, J = 7.02 Hz, 3 H, CH3),
3.26 (d, J = 10.99 Hz, 1 H, H12), 3.43 (d, J = 10.99 Hz, 1 H, HI 1), 3.79 - 4.09 (m, 4 H, 2 x 
OCH2), 4.71 (s, 1 H, HIO), 7.04 - 7.30 (m, 6 H, 6 x ArH), 7.35 (d, J = 6.71 Hz, 1 H, 1 x ArH), 
7.46 (d, J = 6.71 Hz, 1 H, 1 x ArH), 7.58 (d, J = 14.65 Hz, 1 H, HI ’), 8.24 (d, J = 14.04 Hz, 1 
H, H2’)

NMR (101 MHz, CDCI3) ppm 13.7 (CH3), 13.9 (CH3), 45.6 (CIO), 49.2 (Cll), 49.8 
(C12),49.8(C9), 60.9(OCH2),61.0(OCH2), 122.6 (CH), 123.2 (CH), 123.8 (CH), 126.1 (CH), 
126.2 (CH). 126.5 (CH), 126.7 (CH), 127.3 (CH), 129.8 , 139.1 (Cl’), 139.5, 139.8, 141.7, 
142.6, 142.9 (C2’), 169.9 (C=0), 170.6 (C=0)
HRMS (APCI) calculated for C24H24NO6 [M%H] 422.1604: found 422.1596. Mass accuracy 
(-1.90 ppm).

8.26 General procedure for preparation of Triptycene derivatives (324 - 327, 329) 
Preparation of benzenediazonium-2-carboxylate

Anthranilic acid (5.4 g, 0.04 mmol) and trichloroacetic acid 0.06 g in tetrahydrofiaran (60 mL) 
was placed in a 250 mL conical flask. The reaction mixture was stirred and cooled on an ice 
water bath. Isoamyl nitrite (10 mL) was added portionwise over 1 min. The mixture is allowed 
to warm to RT over 1.5 h. The mixture was then cooled again over ice and filtered using a 
plastic Buchner funnel. Subsequently the tan solid was washed with ice cold tetrahydrofiaran 
until the washings were colourless. The yield of air dried benzenediazonium-2-carboxylate was
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78 - 80 %. The benzenediazonium-2-carboxylate was washed with toluene and the tan solid 
was then stored in solution with toluene (60 mL).

Preparation of Triptycene derivatives

To a boiling solution of the appropriate anthracene derivative (4 mmol) in toluene (60 mL) was 
slowly added a slurry of benzenediazonium-2-carboxylate (prepared from 5.4 g (0.04 mmol) 
of anthranilic acid) in toluene over the course of 1 h. The mixture was heated to reflux for 1 h. 
After evaporation of the solvent, the residual oil was subjected to column chromatography 
(dichloromethane: hexane 1:1) to afford the product which was recrystallised from 
dichloromethane - hexane gave pure product which was isolated by filtration.

(£)-9-(2-Nitrovinyl)-9,l O-dihydro-9,10-| 1,2]benzenoanthracene (324)

(£)-9-(2Nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene was prepared from (£)-9-(2- 
nitrovinyl)anthracene (1 g, 4 mmol) and benzenediazonium-2-carboxylate (prepared from 
anthranilic acid (5.4 g, 0.04 mmol)) according to general procedure 8.26.
Colourless solid 260 mg (20%)
Melting Point: 258-260 °C (lit. M.p. 262-265 °C”^)

(ATR): 3111, 3069 (C-H), 1651 (C=C), 1457 (C=C), 1526, 1347 (NO2) cm''
’H NMR (400 MHz, CDCb) 6 5.53 (s, 1 H, CIO), 7.05 - 7.16 (m, 6 H, 6 x ArH), 7.44 (d, J = 
6.71 Hz, 3 H, 3 X ArH), 7.51 (d,J=6.71 Hz, 3 H, 3 x ArH), 7.75 (d,J= 14.04 Hz, 1 H, HI’), 
8.66 (d, J= 14.04 Hz, 1 H, H2’)
'-’C NMR (101 MHz, CDCb) ppm 54.1 (CIO), 121.4 (CH), 124.2 (CH), 125.2 (CH), 126.0 
(CH), 134.6 (CL), 143.8, 145.2, 146.1 (C2’)
HRMS (APCI) calculated for C22H16NO2 [M%H] 326.1181: found 326.1190. Mass accuracy 
(2.76 ppm).

(£)-9-(2-Nitroprop-l-en-l-yl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (325)

(£)-9-(2-Nitroprop-l-en-l-yl)-9,10-dihydro-9,10-[l,2]benzenoanthracene was prepared from 
(£)-9-(2-nitroprop-l-en-l-yl)anthracene (1.05 g, 4 mmol) and benzenediazonium-2- 
carboxylate (prepared from anthranilic acid (5.4 g, 0.04 mmol)) according to general 
procedure 8.26.
Yellow solid 311 mg (23%)
Melting Point: 226-228 "C
IRi/max (ATR): 3071, 3016, (C-H), 1594 (C=C), 1482, 1455 (C=C), 1526, 1328 (NO2) cm’'
‘H NMR (400 MHz, DMSO-fi?6) 6 1.97 (s, 3 H, CH3), 5.75 (s, 1 H, CIO), 6.97 - 7.14 (m, 6 H, 
6 X ArH), 7.42 (d, J = 6.71 Hz, 3 H, 3 x ArH), 7.50 - 7.58 (m, 3 H, 3 x ArH), 8.51 (s, 1 H, HI’) 
>^C NMR (101 MHz, DMSO-rf6) ppm 18.0 (C3’), 52.6 (CIO), 54.0 (C9), 122.2 (CH), 124.3 
(CH), 124.9 (CH), 125.7 (CL), 126.8, 145.4, 154.3 (C2’)
HRMS (APCI) caleulated for C23H17NO2 [M^] 339.1259: found 339.1259. Mass aecuracy (0 
ppm).

(£)-9-(2-Nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[l,2]benzenoanthracene
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(£)-9-(2-Nitrobut-l-en-l-yl)-9,10-dihydro-9,10-[l,2]benzenoanthracene was prepared from 
(£)-9-(2-nitrobut-l-en-l-yl)anthraeene (1.1 g, 4 mmol) and benzenediazonium-2-carboxylate 
(prepared from anthranilie acid (5.4 g, 0.04 mmol)) according to general procedure 8.26. 
Colourless solid 453 mg (32%)
Melting Point: 210-211 °C

(ATR): 3071, 2952 (C-H), 1713 (C=0), 1594 (C=C), 1481, 1459 (C=C), 1527, 1349 
(NO2) cm '
'H NMR (400 MHz, DMSO-rfe) 6 1.00 (t, J= 7.32 Hz, 3 H, CH3), 2.25 (q, J = 7.12 Hz, 2 H, 
CH2), 5.72 (s, 1 H, CIO), 6.99 - 7.10 (m, 6 H, 6 x ArH), 7.30 - 7.40 (m, 3 H, 3 x ArH), 7.46 - 
7.53 (m, 3 H, 3 X ArH), 8.28 (s, 1 H, HI’)
'^C NMR (101 MHz, DMSO-t/6) ppm 9.4 (C4’), 24.1 (C3’), 49.7 (C9), 52.5 (CIO), 122.0 
(CH), 124.3 (CH), 124.8 (CH), 125.8 (CH), 126.1 (CT), 142.8, 145.2, 158.9 (C2’)
HRMS (APCI) calculated for C24H20NO2 [M*+H] 354.1494: found 354.1490. Mass accuracy 
(-1.13 ppm).

(£)-9-Chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (327)

(£)-9-Chloro-10-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene was prepared from 
(£)-9-chloro-10-(2-nitrovinyl)anthracene (1.13 g, 4 mmol) and benzenediazonium-2- 
carboxylate (prepared from anthranilie acid (5.4 g, 0.04 mmol)) according to general 
procedure 8.26.
Colourless solid 430 mg (30%)
Melting Point: 259-261 °C
IRvma* (ATR): 3070, 2953 (C-H), 1713 (C=0), 1648 (C=C), 1481, 1481 (C=C), 1540, 1350 
(NO2) cm"'
>H NMR (400 MHz, DMSO-rf6) 6 7.15 - 7.29 (m, 6 H, 6 x ArH), 7.58 - 7.69 (m, 3 H, 3 x 
ArH), 7.72 - 7.82 (m, 3 H, 3 x ArH), 8.12(d,J= 14.04 Hz, 1 H, HI’), 8.50 (d,J= 14.65 Hz, 
1 H, H2’)

NMR (101 MHz, DMSO-i/6) ppm 52.9 (CIO), 74.6 (C9), 121.4 (CH), 122.1 (CH), 126.2 
(CH), 126.5 (CH), 128.9, 131.7 (Cl’), 142.5, 143.4, 148.0 (C2’)
HRMS (APCI) calculated for C22Hi4N02CP^ [M^] 359.0713: found 359.0712. Mass accuracy 
(-0.28 ppm).

9-(2-Nitroethyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (328)

To a solution of (£)-9-(2-nitrovinyl)-9,10-dihydro-9,10-[l,2]benzenoanthracene (lOOmg, 0.3 
mmol) in dichloromethane (10 mL) and isopropanol (2 mL) was added sodium borohydride 
(60 mg, 1.6 mmol). The reaetion mixture was stirred at room temperature for 24 hours and 
neutralised using 1 M HCl. The solution was extracted with dichloromethane, dried with 
sodium sulphate and solvent removed in vacuo 
Colourless solid 79 mg (80%)
Melting Point: 185-187 °C
mvmax (ATR): 3069, 2951 (C-H), 1594 (C=C), 1482, 1450 (C=C), 1523, 1349 (NO2) cm’'
’H NMR (400 MHz, CDCb) 6 3.75 - 3.84 (m, 2 H, CH2), 5.25 - 5.36 (m, 2 H, CH2), 5.44 (s, 
1 H, H10), 7.02 - 7.13 (m, 6 H, 6 X ArH), 7.35 (d, J = 7.32 Hz, 3 H, 3 x ArH), 7.46 (d, J = 6.71 
Hz, 3 H, 3 X ArH)
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’-’c NMR (101 MHz, CDCb) ppm 25.7 (CT), 52.3 (C9), 54.3 (CIO), 72.8 (C2’), 121.2,124.0, 
125.2, 125.5, 146.5
HRMS (APCI) calculated for C22H17NO2 [M*] 327.1259: found 327.1255. Mass accuracy (- 
1.22 ppm).

9.10- ll,2]Benzenoanthracene-9(10/^-carbaldehyde (329)

9.10- [l,2]Benzenoanthracene-9(107/)-carbaldehyde was prepared from 9-anthraldehyde (1.1 
g, 5 mmol) and benzenediazonium-2-carboxylate (prepared from anthranilic acid (5.4 g, 0.04 
mmol)) according to general proeedure 8.26.
Colourless solid 296 mg (21%)
Melting Point: 242-244 “C (lit. M.p. 243-257 °C^^')
IRiw (ATR): 3020, 2833 (C-H), 1728 (C=0), 1579 (C=C), 1451 (C=C) cm '
'H NMR (400 MHz, CDCb) 6 5.42 (s, 1 H, CIO), 7.00 - 7.13 (m, 6 H, 6 x ArH), 7.37 - 7.52 
(m, 3 H, 3 X ArH), 7.60 - 7.69 (m, 3 H, 3 x ArH), 11.24 (s, 1 H, CHO)
'-’C NMR (101 MHz, CDCb) ppm 54.2 (CIO), 60.8 (C9), 122.4 (CH), 124.0 (CH), 125.2 
(CH), 125.8 (CH), 142.6, 145.8, 201.0 (CHO)
HRMS (APCI) calculated for C2H14O [M^ 282.1045: found 282.1040. Mass accuracy (-1.77 
ppm).

9.10- ll,2]Benzenoanthracen-9(10//)-ylmethanol (330)

To a solution of 9,10-[l,2]benzenoanthracene-9(10//)-carbaldehyde (lOOmg, 0.35 mmol) in 
dichloromethane (10 mL) and isopropanol (2 mL) was added sodium borohydride (60 mg, 1.6 
mmol). The reaction mixture was stirred at room temperature for 24 h and neutralised using 1 
M HCI. The solution was extracted with dichloromethane, dried with sodium sulphate and 
solvent removed in vacuo 
Colourless solid 91 mg (85%)
Melting Point: 240-242 °C (lit. M.p. 242-243 "C^^^)
IR^^m^ (ATR): 3369 (O-H), 3051, 2981 (C-H), 1712 (C=0), 1609 (C=C), 1455 (C=C) cm ' 
'H NMR (400 MHz, CDCb) 6 2.21 (br. s., 1 H, OH), 5.26 (br. s., 2 H, CH2), 5.42 (s, 1 H, 
C10), 6.98 - 7.10 (m, 6 H, 6 X ArH), 7.42 (d, J = 6.71 Hz, 4 H, 4 x ArH), 7.50 (br. s., 2 H, 2 x 
ArH)
'^C NMR (101 MHz, CDCb) ppm 54.3 (CIO), 54.4 (C9), 61.1 (CH2), 122.0 (CH), 123.6 
(CH), 125.1 (CH), 125.2 (CH), 144.4, 146.8
HRMS (ESI) calculated for C2iHi60Na [M^+Na] 307.1099: found 307.1097. Mass accuracy 
(-0.65 ppm).

9.10- Dihydro-9,10-[3,4]furanoanthracene-12,14-dione (331)

9,10-Dihydro-9,10-[3,4]furanoanthracene-12,14-dione was prepared from anthracene (0.18 g, 
1 mmol) and maleic anhydride (0.13 g, 1.3 mmol) aecording to general procedure 8.25. 
Colourless solid 249 mg (90%)
Melting Point: 264-266 °C (lit. M.p. 267-268 “C^^^)
IRvmax (ATR): 3065 (C-H), 1711 (C=0), 1610 (C=C), 1497, 1455 (C=C) cm '
'H NMR (400 MHz, DMSO-</6) 6 3.66 (s, 2 H, H9 & HIO), 4.88 (s, 2 H, HI 1 & H15), 7.08 - 
7.27 (m, 4 H, 4 X ArH), 7.29 - 7.40 (m, 2 H, 2 x ArH), 7.40 - 7.55 (m, 2 H, 2 x ArH)
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NMR (101 MHz, DMSO-^/6) ppm 44.3 (C9 & CIO), 47.9 (Cl 1 & CIS), 124.4 (CH), 124.8 
(CH), 126.5 (CH), 127.0 (CH), 139.1, 141.1, 171.5 (C12 & C14)
HRMS (APCI) calculated for CigHnOs [M"+H] 277.0865: found 277.0858. Mass accuracy (- 
2.52 ppm).

9,10-Dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione (332)

9,10-Dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was prepared from anthracene 
(0.18 g, 1 mmol) and maleimide (0.13 g, 1.3 mmol) aecording to general procedure 8.25. 
Colourless solid 234 mg (85%)
Melting Point: 299-300 °C (lit. M.p. 300-301 T^^^)
IRFmox (ATR): 3347 (0-H), 3065, 2935 (C-H), 1712 (C=0), 1456, 1439 (C=C) cm''
'H NMR (400 MHz, DMSO-</6) 6 3.20 (s, 2 H, H9 & HIO), 4.73 (s, 2 H, HI 1 & H15), 7.08 - 
7.21 (m, 4 H, 4 X ArH), 7.21 - 7.32 (m, 2 H, 2 x ArH), 7.37 - 7.51 (m, 2 H, 2 x ArH), 10.77 (br. 
s., 1 H, NH)
>3C NMR (101 MHz, DMSO-rf6) ppm 44.4 (C9& CIO), 47.6 (Cl 1 &C15), 124.1 (CH), 124.7 
(CH), 126.1 (CH), 126.4 (CH), 139.5, 142.0, 178.0 (C12 & C14)
HRMS (APCI) calculated for C18H14NO2 [M%H] 276.1025; found 276.1012. Mass accuracy 
(-4.71 ppm).

9,10-Dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione (333)

9,10-Dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was prepared from anthracene 
(0.18 g, 1 mmol) and phenylmaleimide (0.224 g, 1.3 mmol) according to general proeedure 
8.25.
Colourless solid 316 mg (90%)
Melting Point: 227-229 “C (lit. M.p. 228-230 T^^^)
IRf^ox (ATR): 3059, 3001 (C-H), 1710 (C=0), 1596 (C=C), 1497, 1445 (C=C) cm''
'H NMR (400 MHz, DMSO-i/6) 8 3.41 (s, 2 H, H9 & HIO), 4.86 (s, 2 H, HI 1 & H15), 6.32 - 
6.49 (m, 2 H, 2 X ArH), 7.11 - 7.26 (m, 5 H, 5 x ArH), 7.26 - 7.37 (m, 4 H, 4 x ArH), 7.51 (dd, 
J = 5.19, 3.36 Hz, 2 H, 2 X ArH)
'^C NMR (101 MHz, DMSO-rf6) ppm 44.8 (C9 & CIO), 46.6 (Cll & C15), 124.3, 124.8, 
125.3, 126.3, 126.5, 126.6, 128.2, 128.4, 128.8, 128.9, 131.8, 139.3, 141.6, 175.9 (C12 & C14) 
HRMS (APCI) calculated for C24H18NO2 [M%H] 352.1338; found 352.1341. Mass aeeuracy 
(0.85 ppm).

12,14-Dioxo-9,10-[3,4]furanoanthracene-9(10//)-carbaldehyde (334)

To a solution of 9-anthraldehyde (1.03 g, 5 mmol) in xylene (10 mL) was added maleic 
anhydride (0.5 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The reaction was 
cooled to room temperature, filtered and the precipitate was washed with toluene and hexane. 
The solid was allow to dry at room temperature and was reerystallized from toluene. 
Colourless solid 610 mg (40%)
Melting Point: 235-237 (lit. M.p. 238-239 °C^^^)
IRr^mov (ATR): 2980, 2883 (C-H), 1745 (C=0), 1654 (C=C), 1517, 1466 (C=C) cm’'
>H NMR (400 MHz, DMSO-</6) 6 3.80 (dd, J = 9.16, 3.05 Hz, 1 H, HIO), 4.32 (d, J = 9.16 
Hz, 1 H, Hll), 4.95 (d,J = 3.66 Hz, 1 H, H15), 7.10 - 7.34 (m, 5 H, 5 x ArH), 7.38 - 7.48 (m,
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1 H, 1 xArH), 7.58(dd,y = 7.32, 1.22 Hz, 1 H, 1 x ArH), 7.65 - 7.76 (m, 1 H, 1 x ArH), 10.84 
(s, 1 H, CHO)
'^C NMR (101 MHz, DMSO-rf6) ppm 44.6 (CIO), 48.4 (Cl 1), 48.7 (C15), 57.0 (C9), 122.8 
(CH), 123.4 (CH), 125.1 (CH), 125.5 (CH), 126.5 (CH), 127.2 (CH), 127.4 (CH), 127.6 (CH), 
136.9, 138.8, 138.8, 141.0, 170.9 (C=0 x 2), 201.6 (C=0)
HRMS (APCI) calculated for C19H13O4 [M^+H] 305.0814: found 305.0812. Mass accuracy (- 
0.66 ppm).

12.14- Dioxo-9,10-[3,4]epipyrroloanthracene-9(10//)-carbaldehyde (335)

To a solution of 9-anthraldehyde (1.03 g, 5 mmol) in xylene (10 mL) was added maleimide 
(0.5 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The reaction was cooled to 
room temperature, filtered and the precipitate was washed with toluene and hexane. The solid 
was allow to dry at room temperature and was recrystallized from toluene.
Colourless solid 532 mg (35%)
Melting Point: 280-283 “C (lit. M.p. 286-287 "C^^)
IRi^mov (ATR): 3674 (N-H), 2980, 2892 (C-H), 1732 (C=0), 1583 (C=C), 1468, 1440 (C=C) 
cm''
'H NMR (400 MHz, DMSO-rf6) 8 3.37 (d, J = 3.66 Hz, 1 H, HIO), 3.91 (d, J = 8.55 Hz, 1 H, 
Hll), 4.79 (d,J=3.66 Hz, 1 H, HI5), 7.06 - 7.30 (m, 5 H, 5 x ArH), 7.30-7.40 (m, 1 H, 1 x 
ArH), 7.55 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.62 - 7.83 (m, 1 H, 1 x ArH), 10.78 (s, 1 H, NH), 
10.97 (hr. s., 1 H, CHO)
'^C NMR (101 MHz, DMSO-rf6) ppm 45.0 (CIO), 48.2 (Cl 1), 49.5 (C15), 55.4 (C9), 122.8 
(CH), 124.2 (CH), 124.8 (CH), 125.2 (CH), 126.3 (CH), 126.3 (CH), 126.6 (CH), 126.9 (CH), 
135.3 (CH), 137.5, 138.9, 140.7, 141.8, 171.1 (C=0), 172.8 (C=0), 177.1 (CHO)
HRMS (APCI) calculated for C19H14NO3 [M"+H] 304.0974: found 304.0971. Mass accuracy 
(-0.99 ppm).

12.14- Dioxo-13-phenyl-9,10-[3,4]epipyrroloanthracene-9(10//)-carbaldehyde (336)

To a solution of 9-anthraldehyde (1.03 g, 5 mmol) in xylene (10 mL) was added 
phenylmaleimide (0.865 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The 
reaction was cooled to room temperature, filtered and the precipitate was washed with toluene 
and hexane. The solid was allow to dry at room temperature and was recrystallized from 
toluene.
Colourless solid 1.18 g (62%)
Melting Point: 225-226 “C^^^
IR vma, (ATR): 2970, 2884 (C-H), 1724 (C=0), 1596 (C=C), 1481, 1457 (C-C) cm '
'H NMR (400 MHz, DMSO-</«) 8 3.57 (dd, J = 8.55, 3.66 Hz, 1 H, HIO), 4.12 (d, J = 8.55 
Hz, 1 H, Hll), 4.93 (d, J = 3.05 Hz, 1 H, HI5), 6.35 - 6.48 (m, 2 H, 2 x ArH), 7.13 - 7.43 (m, 
9 H, 9 X ArH), 7.62 (d, J = 6.71 Hz, 1 H, 1 x ArH), 7.69 - 7.79 (m, 1 H, 1 x ArH), 10.83 (s, 1 
H, CHO)
'"C NMR (101 MHz, DMSO-rf6) ppm 45.1 (CIO), 47.1 (Cl 1), 47.8 (C15), 57.2 (C9), 122.8 
(CH), 123.5 (CH), 125.0 (CH), 125.3 (CH), 126.4 (CH), 126.4 (CH), 126.7 (CH), 127.1 (CH), 
127.2 (cH), 128.6 (CH), 128.9 (CH), 131.5 (CH), 137.0, 139.1, 139.2, 141.5, 175.4 (C=0), 
175.5 (C=0), 202.0 (CHO)
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HRMS (APCI) calculated for C25H18NO3 [M"+H] 380.1287: found 380.1282. Mass accuracy 
(-1.32 ppm).

12.14- Dioxo-9,10-[3,4]furanoanthracene-9(10//)-carboxylic acid (337)

To a solution of anthracene-9-carboxylic acid (1.1 g, 5 mmol) in xylene (10 mL) was added 
maleic anhydride (0.5 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The 
reaction was cooled to room temperature, filtered and the precipitate was washed with toluene 
and hexane. The solid was allow to dry at room temperature and was recrystallized from 
toluene.
Colourless solid 1.30 g (81%)
Melting Point: 265-267 °C (lit. M.p. 268
IRFmax (ATR): 2980, 2884 (C-H), 1746 (C=0), 1656 (C=C), 1583, 1469 (C=C) cm '
’H NMR (400 MHz, DMSO-</6) 8 3.70 (dd, J = 9.16, 3.05 Hz, 1 H, HIO), 4.16 (d, J = 9.77 
Hz, 1 H,H11), 4.91 (d,J=3.05 Hz, 1 H, H15), 7.15 - 7.32 (m, 5 H, 5 x ArH), 7.34 - 7.40 (m, 
1 H, 1 X ArH), 7.52 - 7.59 (m, 1 H, 1 x ArH), 7.88 - 7.98 (m, 1 H, 1 x ArH), 14.14 (hr. s., 1 H, 
COOH)
'^C NMR (101 MHz, DMSO-rf«) ppm 44.8 (CIO), 48.4 (Cll), 50.1 (C15), 55.8 (C9), 122.8 
(CH), 124.6 (CH), 125.0 (CH), 125.0 (CH), 126.8 (CH), 127.0 (CH), 127.3 (CH), 137.2, 138.4, 
139.7, 140.7, 170.3 (C=0), 170.3 (C=0), 171.1 (C=0)
HRMS (APCI) calculated for C19H13O5 [M%H] 321.0763: found 321.0760. Mass accuracy (- 
0.93 ppm).

12.14- Dioxo-9,10-[3,41epipyrroloanthracene-9(10//)-carboxylic acid (338)

To a solution of anthracene-9-carboxylic acid (1.1 g, 5 mmol) in xylene (10 mL) was added 
maleimide (0.5 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The reaction was 
cooled to room temperature, filtered and the precipitate was washed with toluene and hexane. 
The solid was allow to dry at room temperature and was recrystallized from toluene. 
Colourless solid 656 mg (41%)
Melting Point: 298-299 °C
IRFmav (ATR): 3327 (N-H), 2970, 2931 (C-H), 1719 (C=0), 1583 (C=C), 1482, 1459 (C=C) 
cm'
'H NMR (400 MHz, DMSO-rf^) 8 3.23 (dd, J = 8.55, 3.05 Hz, 1 H, HIO), 3.78 (d, J = 8.55 
Hz, 1 H, Hll), 4.71 (d,J = 3.05 Hz, 1 H, HI5), 7.04 - 7.30 (m, 6 H, 6 x ArH), 7.31 -7.60 (m, 
1 H, 1 X ArH), 7.87 - 8.06 (m, 1 H, 1 x ArH), 10.78 (s, 1 H, NH), 13.69 (hr. s., 1 H, COOH) 
'^C NMR (101 MHz, DMSO-rfs) ppm 45.0 (CIO), 48.2 (Cll), 49.5 (C5), 55.4 (C9), 122.8 
(CH), 124.2 (CH), 124.8 (CH), 125.2 (CH), 126.3 (CH), 126.3 (CH), 126.6 (CH), 126.9 (CH), 
135.3 (CH), 137.5, 139.0, 140.7, 141.7, 171.1 (C=0), 172.7 (C=0), 177.1 (COOH)
HRMS (APCI) calculated for C19H14NO4 [M%H] 320.0923: found 320.0921. Mass accuracy 
(-0.62 ppm).

12,14-dioxo-13-phenyi-9,10-[3,4]epipyrroIoanthracene-9(10H)-carboxyIic acid

To a solution of anthracene-9-carboxylic acid 1.1 g (5 mmol) in 10 mL of xylene was added 
phenyl maleimide 0.865 g (5 mmol). The reaction mixture was heated to reflux for 1 hour. The 
reaction was cooled to room temperature, filtered and the precipitate was washed with toluene
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and hexane. The solid was allow to dry at room temperature and was recrystallized from 
toluene.
Colourless solid (43%)
Melting Point: 290-292 “C
IR vma* (ATR): 3292 (0-H), 2980, 2891 (C-H), 1743 (C=0), 1583 (C=C), 1483, 1465 (C=C) 
cm''
'H NMR (400 MHz, DMSO-</6) 8 ppm 3.48 (dd, J = 8.55, 3.05 Hz, 1 H, HIO), 4.00 (d, J = 
8.55 Hz, 1 H, Hll), 4.89 (d, J = 3.05 Hz, 1 H, H15), 6.44 (dd, J = 7.63, 1.53 Hz, 2 H, 2 x 
ArH), 7.16 - 7.41 (m, 9 H, 9 x ArH), 7.58 (dd, 5.49, 3.05 Hz, 1 H, 1 x ArH), 7.95 - 8.06 
(m, 1 H, 1 X ArH), 13.89 (hr. s., 1 H, COOH)
’3C NMR (101 MHz, DMS0-</6) 8 ppm 45.4 (CIO), 47.2 (Cl 1), 48.7 (C15), 55.9 (C9), 122.9 
(CH), 124.4 (CH), 124.8 (CH), 125.3 (CH), 126.5 (CH), 126.5 (CH), 126.6 (CH), 126.8 (CH), 
127.1 (CH), 128.5 (CH), 128.8 (CH), 131.7, 137.4, 138.9, 140.2, 141.3, 171.0 (C=0), 175.0 
(C=0), 175.5 (C=0)
HRMS (APCI) calculated for C25H18NO4 [M-i-H] 396.1236: found 396.1230. Mass accuracy 
(-1.51 ppm).

12,14-Dioxo-13-phenyl-9,10-13,4]epipyrroloanthracene-9(10H)-carboxyIic acid (339)

To a solution of anthracene-9-carboxylic acid (1.1 g, 5 mmol) in xylene (10 mL) was added 
phenyl maleimide (0.865 g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The 
reaction was cooled to room temperature, filtered and the precipitate was washed with toluene 
and hexane. The solid was allow to dry at room temperature and was recrystallized from 
toluene.
Colourless solid 851 mg (43%)
Melting Point: 290-292
IRi>„^ (ATR): 3292 (O-H), 2980, 2891 (C-H), 1743 (C=0), 1583 (C=C), 1483, 1465 (C=C) 
cm''
’H NMR (400 MHz, DMSO-</6) 8 3.48 (dd, J = 8.55, 3.05 Hz, 1 H, HIO), 4.00 (d, J = 8.55 
Hz, 1 H, Hll), 4.89 (d, J=3.05 Hz, 1 H, H15), 6.44 (dd, J = 7.63, 1.53 Hz, 2 H, 2 x ArH), 
7.16-7.41 (m, 9H, 9xArH), 7.58(dd,J= 5.49, 3.05 Hz, 1 H, 1 x ArH), 7.95 - 8.06 (m, 1 H, 
1 X ArH), 13.89 (br. s., 1 H, COOH)
'^C NMR (101 MHz, DMS0-</6) ppm 45.4 (CIO), 47.2 (Cll), 48.7 (C15), 55.9 (C9), 122.9 
(CH), 124.4 (CH), 124.8 (CH), 125.3 (CH), 126.5 (CH), 126.5 (CH), 126.6 (CH), 126.8 (CH), 
127.1 (CH), 128.5 (CH), 128.8 (CH), 131.7, 137.4, 138.9, 140.2, 141.3, 171.0 (C=0), 175.0 
(C=0), 175.5 (C=0)
HRMS (APCI) calculated for C25H18NO4 [M%H] 396.1236: found 396.1230. Mass accuracy 
(-1.51 ppm).

9-Hydroxy-9,10-dihydro-9,10-[3,4]furanoanthracene-12,14-dione (340)

To a solution of anthrone (0.97 g, 5 mmol) in xylene (10 mL) was added maleic anhydride (0.5 
g, 5 mmol). The reaction mixture was heated to reflux for 1 h. The reaction was cooled to room 
temperature, filtered and the precipitate was washed with toluene and hexane. The solid was 
allow to dry at room temperature and was recrystallized from toluene.
Colourless solid 805 mg (55%)
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Melting Point: 215-218 °C (lit. M.p. 218-219
IRiw (ATR): 3481 (0-H), 2970, 2883 (C-H), 1767 (C=0), 1660 (C=C), 1479, 1458 (C=C) 
cm’'
'H NMR (400 MHz, DMSO-</6) 8 3.50 (d, J = 9.16 Hz, 1 H, HI 1), 3.74 (dd, 7 = 9.16, 3.66 
Hz, 1 H, HIO), 4.82 (d, J = 3.05 Hz, 1 H, H15), 7.14 - 7.29 (m, 4 H, 4 x ArH), 7.33 (d, J = 
6.71 Hz, 1 H, 1 X ArH), 7.46 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.55 (t, J = 6.41 Hz, 2 H, 2 x 
ArH)
”C NMR (101 MHz, DMSO-rf6) ppm 43.3 (Cll), 49.2 (CIO), 52.2 (C15), 76.1 (C9), 120.9 
(CH), 121.2 (CH), 123.9 (CH), 124.4 (CH), 126.3 (CH), 126.5 (CH), 126.9 (CH), 126.9 (CH), 
137.2, 139.5, 140.9, 144.2, 168.8 (C=0), 171.4 (C=0)
HRMS (APCI) calculated for C18H13O4 [M^-i-H] 293.0814: found 293.0814. Mass accuracy (0 
ppm).

9-Hydroxy-9,10-dihydro-9,10-(3,4]epipyrroloanthracene-12,14-dione (341)

To a solution of anthrone (0.97 g, 5 mmol) in xylene (10 mL) was added maleimide (0.5 g, 5 
mmol). The reaction mixture was heated to reflux for 1 h. The reaction was cooled to room 
temperature, filtered and the precipitate was washed with toluene and hexane. The solid was 
allow to dry at room temperature and was recrystallized from toluene.
Colourless solid 846 mg (58%)
Melting Point: 253-255 °C
IRvma^c (ATR): 3474 (0-H), 3125, 2981 (C-H), 1752 (C=0), 1665 (C=C), 1571, 1478 (C=C) 
cm'
'H NMR (400 MHz, DMSO-rf^) 8 3.12 (d, J = 8.55 Hz, 1 H, HI 1), 3.32 (dd, J = 8.24, 2.75 
Hz, 1 H, HIO), 4.60-4.79 (m, 1 H,H15), 6.64 (s, 1 H, 1 x ArH), 7.13-7.29 (m, 4 H, 4 x ArH), 
7.44 (d, J = 7.32 Hz, 1 H, 1 x ArH), 7.56 (t, J = 6.71 Hz, 2 H, 2 x ArH), 10.76 (hr. s., 1 H, NH) 
'^C NMR (101 MHz, DMS0-</6) ppm 43.5 (Cll), 49.0 (CIO), 51.5 (Cl5), 76.6 (C9), 120.7 
(CH), 121.2 (CH), 123.5 (CH), 124.3 (CH), 126.0 (CH), 126.2 (CH), 126.3 (CH), 126.4 (CH), 
137.6, 140.2, 141.5, 145.1, 176.5 (C=0), 177.7 (C=0)
HRMS (APCI) calculated for C18H14NO3 [M^-i-H] 292.0974: found 292.0974. Mass accuracy 
(0 ppm).

(£)-3-(12,14-Dioxo-9,10-[3,4]furanoanthracen-9(10//)-yI)acrylonitrile (342)

(£)-3-(12,14-Dioxo-9,10-[3,4]furanoanthracen-9(10//)-yl)acrylonitrile was prepared from (£)- 
3-(anthracen-9-yl)acrylonitrile (0.23 g, 1 mmol) and maleic anhydride (0.13 g, 1.3 mmol) 
aceording to general procedure 8.25.
Colourless solid 241 mg (74%)
Melting Point: 215-219 °C
IRr>„<„ (KBr): 3054, 2965 (C-H), 2218 (CN), 1863, 1700 (C=0), 1626 (C=C), 1458, 1436, 
1403 (C=C), 1235 (C-0) cm '
'H NMR (400 MHz, DMSO-rf6) 8 3.77 (dd, J = 8.85, 3.36 Hz, 1 H, HI 1), 4.06 (d, J = 8.55 
Hz, 1 H, H15), 4.94 (d, J = 3.05 Hz, 1 H, HIO), 6.54 (d, J = 17.09 Hz, 1 H, H2’), 7.15 - 7.32 
(m, 5 H, 5 X ArH), 7.33 - lAl (m, 2 H, 2 x ArH), 7.55 (d, J = 6.10 Hz, 1 H, 1 x ArH), 7.95 (d, 
J= 17.09 Hz, 1 H, HI’)
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'-’c NMR (101 MHz, DMS0-</6) ppm 44.3 (CIO), 48.8 (Cll), 49.6 (C9), 51.6 (C15), 106.6 
(CH), 117.6 (CN), 123.1 (CH), 123.5 (CH), 124.6 (CH), 125.3 (CH), 126.6 (CH), 127.2 (CH), 
127.3 (CH), 127.6 (CH), 138.3, 138.6, 140.6, 141.0, 149.2 (C2’), 169.9 (C12), 170.8 (C14) 
HRMS (APCI) calculated for C21H12NO3 [M^-H] 326.0823: found 326.0817. Mass accuracy 
(-1.84ppm).

(£^-3-(12,14-Dioxo-9,10-[3,4]epipyrroloanthracen-9(10//)-yl)acrylonitrile (343)

(F)-3-(12,14-Dioxo-9,10-[3,4]epipyrroloanthracen-9(10//)-yl)acrylonitrile was prepared from 
(£l-3-(anthracen-9-yl)aer>ionitrile (0.23 g, 1 mmol) and maleimide anhydride (0.13 g, 1.3 
mmol) according to general procedure 8.25.
Colourless solid 123 mg (38%)
Melting Point: 289-300 ‘’C
lRF„,av (KBr): 3238 (N-H), 3064, 2970 (C-H), 2222 (CN), 1717 (C=0), 1636 (C=C), 1482, 
1457.43 (C=C), 1341 (C-N) cm*'
'H NMR (400 MHz, DMSO-rf6) 8 3.26 - 3.38 (m, 1 H, HI 1), 3.63 (d, J= 8.54 Hz, 1 H, H15), 
4.78 (d,J=3.05 Hz, 1 H, HIO), 6.51 (d, / = 17.09 Hz, 1 H, HI’), 6.88 (s, 1 H, HIO), 7.17- 
7.27 (m, 3 H, 3 X ArH), 7.27 - 7.40 (m, 2 H, 2 x ArH), 7.52 (d, J = 5.49 Hz, 1 H, ArH), 7.91 
(d,y= 17.09 Hz, 1 H, H2’), 10.88 (s, 1 H, NH)

NMR (101 MHz, DMS0-</6) ppm 44.4 (CIO), 48.3 (Cl 1), 48.7 (C15), 48.8 (C9), 106.1, 
117.9 (CN), 122.9 (CH), 123.2 (CH), 124.2 (CH), 125.2 (CH), 126.2 (CH), 126.6 (CH), 126.8 
(CH), 127.0 (CH), 135.2 (CH), 138.7, 139.0, 141.6, 141.9, 150.3 (C2’), 172.7 (C14* / C12*), 
176.8 (C12), 177.1 (C14)
HRMS (APCI) calculated for C2:Hi3N202 [M^-H] 325.0983: found 325.0975. Mass aecuracy 
(-2.46 ppm).

(£)-3-(12,14-Dioxo-13-phenyl-9,10-[3,4]epipyrroloanthracen-9(10//)-yl)acrylonitrile
(344)

(£)-3-( 12,14-Dioxo-13-phenyl-9,10-[3,4]epipyrroloanthracen-9( 10//)-yl)acrylonitrile was 
prepared from (£)-3-(anthracen-9-yl)acrylonitrile (0.23 g, 1 mmol) and phenylmaleimide (0.22 
g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 81 mg (20%)
Melting Point: 274-281 °C

(KBr): 3024, 2940 (C-H), 2221 (CN), 1714 (C=0), 1638, 1500 (C=C), 1595 (C=C), 
1383 (CN) cm-‘
>H NMR (400 MHz, DMSO-rf6) 8 3.51 (dd, J = 8.54, 3.05 Hz, 1 H, Hll), 3.82 (d, J = 8.54 
Hz, 1 H, H15), 4.92 (d,J=3.05 Hz, 1 H, HIO), 6.38 -6.45 (m, 2 H, H6” & H2”), 6.55 (d, 7 = 
17.09 Hz, 1 H, HI’), 7.23 - 7.44 (m, 10 H, 10 x ArH), 7.59 (d, J = 5.49 Hz, 1 H, ArH), 7.95 
(d,7= 17.09 Hz, 1 H, H2’)

NMR (101 MHz, DMS0-</6) ppm 45.1 (CIO), 47.6 (Cll), 47.6 (C15), 52.3 (C9), 106.6 
(CN), 123.3 (CH), 123.6 (CH), 124.6 (CH), 125.4 (CH), 126.6 (CH), 126.7 (CH), 127.0 (CH), 
127.2 (CH), 127.3 (CH), 128.7 (CH), 129.1 (Cl’), 131.8, 138.8, 139.0, 141.3, 141.7, 150.3 
(C2’), 174.8 (C12), 175.4 (C14)
HRMS (APCI) calculated for C27H17N2O2 [M*-H] 401.1296: found 401.1285. Mass accuracy 
(-2.74 ppm).
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2-((12,14-Dioxo-9,10-[3,4]furanoanthracen-9(10//)-yl)methylene)nialononitriIe (345)

2-(( 12,14-Dioxo-9,10-[3,4]furanoanthracen-9( 10//)-yl)methylene)malononitrile was prepared 
from 2-(anthracen-9-ylmethylene)malononitrile (0.35 g, 1 mmol) and maleic anhydride (0.13 
g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 53 mg (15%)
Melting Point: 196-198 “C
IR(>„ax(KBr): 2941,2970 (C-H), 2231 (CN), 1864, 1776 (C=0), 1623 (C=C), 1551, 1457.45, 
(C=C), 1078 (C-0) cm-'
'H NMR (400 MHz, DMSO-rf6) 8 3.74(br. s., 1 H, HI 1), 4.12 (br. s., 1 H, H15), 5.00 (d, J = 
3.05 Hz, 1 H, HIO), 7.20 - 7.38 (m, 4 H, 4 x ArH), 7.44 (t, J = 6.41 Hz, 2 H, 2 x ArH), 7.52 - 
7.65 (m, 2 H, 2 X ArH), 8.80 (br. s., 1 H, HI’)
"*C NMR (101 MHz, DMS0-</6) ppm 44.3 (CIO), 48.5 (Cll), 50.2 (C15), 51.1 (C9), 113.1 
(CN), 123.5 (CH), 125.3 (CH), 125.6 (CH), 126.6 (CH), 127.1 (CH), 127.7 (CH), 128.1 (CH), 
163.6 (Cr), 170.4 (C14&C12)
HRMS (APCI) calculated for C22H11N2O3 [M^-H] 351.0775: found 351.0788. Mass accuracy 
(3.70 ppm).

2-((12,14-Dioxo-9,10-[3,4]epipyrroloanthracen-9(10//)-yl)methylene)malononitrile (346)

2-(( 12,14-Dioxo-9,10-[3,4] epipyrroloanthracen-9( 10//)-yl)methylene)malononitrile was
prepared from 2-(anthracen-9-ylmethylene)malononitrile (0.35 g, 1 mmol) and maleimide 
(0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 147 mg (42%)
Melting Point: 281-284 ‘’C
IRFma.v (KBr): 3338 (N-H), 3063, 3010 (C-H), 2239 (CN), 1719 (C=0), 1467, 1457 (C=C), 
1336 (C-N) cm-'
'H NMR (400 MHz, DMSO-i/6) 6 3.20 - 3.32 (m, 1 H, HI 1), 3.67 (br. s., 1 H H15), 4.83 (d, 
y = 2.44 Hz, 1 H, HIO), 7.17 - 7.43 (m, 6 H, 6 x ArH), 7.43 - 7.69 (m, 2 H, 2 x ArH), 8.84 (br. 
s., 1 H, HI’), 10.95 (s, 1 H, NH)

NMR (101 MHz, DMS0-</6) ppm 44.4 (CIO), 48.1 (Cll), 50.4 (Cl5), 52.3 (C9), 111.8 
(CN), 113.3 (CN), 123.2 (CH), 123.4 (CH), 125.0 (CH), 125.5 (CH), 126.2 (CH), 126.5 (CH), 
127.4 (CH), 127.5 (CH), 138.1, 140.9, 165.3 (Cl’), 177.1 (C14 & C12)
HRMS (APCI) calculated for C22H12N3O2 [M^-H] 350.0935: found 350.0925. Mass accuracy 
(-2.86 ppm).

2-((l 2,14-Dioxo-l 3-phenyl-9,10-[3,4] epipyrroIoanthracen-9(l O/f)-
yl)methyIene)malononitrile (347)

2-(( 12,14-Dioxo-13-phenyl-9,10-[3,4]epipyrroloanthracen-9( 10//)-
yl)methylene)malononitrile was prepared from 2-(anthraeen-9-ylmethylene)malononitrile 
(0.35 g, 1 mmol) and phenylmaleimide (0.22 g, 1.3 mmol) according to general procedure 8.25. 
Colourless solid 188 mg (44%)
Melting Point: 255-258 “C
IRr';;,av (KBr): 3039, 2970 (C-H), 2240 (CN), 1712 (C=0), 1597 (C=C), 1470, 1457 (C=C), 
1387 (C-N) cm-'
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'H NMR (400 MHz, DMSO-</6) 8 3.48 (br. s., 1 H, Hll), 3.84 (br. s., 1 H, H15), 4.95 (br. s.,
1 H, HIO), 6.32 - 6.54 (m, 2 H, H2” & H6”), 7.20 - 7.70 (m, 11 H, 11 x ArH), 8.87 (br. s., 1 H, 
HD
'^C NMR (101 MHz, DMSO-rf6) ppm 44.9 (CIO), 47.2 (Cl 1), 49.6 (C15), 52.6 (C9), 113.2 
(CN), 123.4 (CH), 125.2 (CH), 125.3 (CH), 125.6 (CH), 126.4 (CH), 126.7 (CH), 127.5 (CH), 
127.6 (CH), 128.2, 128.6 (CH), 128.8 (CH), 131.4, 165.0 (CT), 175.0 (C14 & C12)
HRMS (APCI) calculated for C28H18N3O2 [M^+H] 428.1399: found 428.1382. Mass accuracy 
(-3.97 ppm).

(£)-9-(Hydrazonomethyl)-9,10-dihydro-9,10-l3,4]epipyrroloanthracene-12,14-dione
(348)

(£^-9-(Hydrazonomethyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14-dione was
prepared from (£)-(anthracen-9-ylmethylene)hydrazine (0.25 g, 1 mmol) and maleimide (0.13 
g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 200 mg (63%)
Melting Point: 245-247 °C
IRr-mo:. (ATR): 3369 (NH), 3062, 2972 (C-H), 1710 (C=0), 1609 (C=C), 1483, 1457 (C=C), 
1213 (C-N) em-‘
'H NMR (400 MHz, DMSO-rf6) 8 3.23 (d,J=8.55Hz, 1 H, HI 1), 3.44 (d, J = 8.55 Hz, 1 H, 
HI 5), 4.72 (br. s., 1 H, HIO), 6.82 (br. s., 2 H, NH2), 7.16 (br. s., 4 H, 4 x ArH), 7.25 - 7.38 (m,
2 H, 2 X ArH), 7.46 (d, J = 5.49 Hz, 1 H, 1 x ArH), 7.53 (d, J = 6.10 Hz, 1 H, 1 x ArH), 8.06 
(s, 1 H, HI’), 10.75 (br. s., 1 H, NH)
'^C NMR (101 MHz, DMS0-</6) ppm 44.7 (CIO), 48.6 (Cl 1), 49.8 (C15), 50.2 (C9), 123.6 
(CH), 123.9 (CH), 124.9 (CH), 125.7 (CH), 126.1 (CH), 126.2 (CH), 126.3 (CH), 137.9 (CF), 
139.1, 140.3, 142.0, 144.0, 177.0 (C12), 177.6 (C14)
HRMS (APCI) calculated for C19H16N3O2 [M%H] 318.1243: found 318.1237. Mass accuracy 
(-1.88 ppm).

(£^-9-(Hydrazonomethyl)-13-phenyI-9,10-dihydro-9,10-|3,4]epipyrroloanthracene- 
12,14-dione (349)

(£)-9-(Hydrazonomethyl)-l 3-phenyl-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-(anthracen-9-ylmethylene)hydrazine (0.25 g, 1 mmol) and 
phenylmaleimide (0.224 g, 1.3 mmol) aecording to general procedure 8.25.
Colourless solid 171 mg (54%)
Melting Point: 275-277 °C
IRk^ov (ATR): 3630 (NH), 3072, 2981 (C-H), 1711 (C=0), 1628 (C=C), 1498, 1455 (C=C), 
1203 (C-N) cm-’
'H NMR (400 MHz, DMSO-fi?6) 8 3.44 (d, J = 7.94 Hz, 1 H, Hll), 3.64 (d,J= 7.94 Hz, 1 H, 
H15), 4.85 (br. s., 1 H, HIO), 6.42 (d, J = 5.49 Hz, 2 H, 2 x ArH), 6.84 (s, 2 H, NH2), 7.15 - 
7.40 (m, 10 H, lOx ArH), 7.58 (d,J = 6.71 Hz, 1 H, 1 x ArH), 7.53 (d, J = 6.10Hz, 1 H, 1 x 
ArH), 8.09 (s, 1 H, HI’)
'^C NMR (101 MHz, DMS0-</6) ppm 45.1 (CIO), 47.6 (Cll), 48.9 (C15), 50.6 (C9), 123.7 
(CH), 124.0 (CH), 124.1 (CH), 124.9 (CH), 125.9 (CH), 126.3 (CH), 126.4 (CH), 126.4 (CH),
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126.5 (CH), 128.4 (CH), 128.8 (CH), 131.8, 137.5 (CF), 139.0, 140.1, 141.5, 143.7, 174.7 
(C12), 175.5 (C14)
HRMS (APCI) calculated for C19H16N3O2 [M^+H] 318.1243: found 318.1237. Mass accuracy 
(-1.88 ppm).

(£)-9-Chloro-10-(hydrazonomethyl)-9,10-dihydro-9,10-|3,4]epipyrroloanthracene- 
12,14-dione (350)

(£)-9-Chloro-10-(hydrazonomethyl)-9,10-dihydro-9,10-[3,4]epipyrroloanthracene-12,14- 
dione was prepared from (£)-(( 10-chloroanthracen-9-yl)methylene)hydrazine (0.25 g, 1 mmol) 
and maleimide (0.13 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 119 mg (34%)
Melting Point: 241-244 °C
IRr'max (ATR): 3635 (NH), 3066, 2980 (C-H), 1713 (C=0), 1597 (C=C), 1498, 1455 (C=C), 
1185 (C-N) cm-'
'HNMR(400 MHz, DMSO-</6) 6 3.41 (d,J=8.55Hz, 1 H, HI 1), 3.63 (d, 7 =8.55 Hz, 1 H, 
HI5), 6.90 (br. s., 2 H, NH2), 7.24 - 7.36 (m, 4 H, 4 x ArH), 7.40 (d, J = 7.32 Hz, 1 H, 1 x 
ArH), 7.62 (br. s., 2 H, 2 x ArH), 7.74 (d,J=7.32 Hz, 1 H, 1 x ArH), 8.03 (s, 1 H,Hr), 10.91 
(br. s., 1 H, NH)
'^C NMR (101 MHz, DMSO-rf6) ppm 49.2 (CIO), 51.5 (Cll), 54.1 (C15), 70.7 (C9), 122.0 
(CH), 122.6 (CH), 123.6 (CH), 126.7 (CH), 126.8 (CH), 127.0 (CH), 127.4 (CH), 136.7 (CF), 
137.9, 138.7, 141.0, 142.6, 173.9 (C12), 175.6 (C14)
HRMS (APCI) calculated for Ci9Hi5CP%02 [M%H] 352.0853: found 352.0848. Mass 
accuracy (-1.42 ppm).

(£)-12,14-Dioxo-9,10-[3,4]epipyrroloanthracene-9(10//)-carbaldehyde oxime (351)

(£)-12,14-Dioxo-9,10-[3,4]epipyrroloanthracene-9(10//)-carbaldehyde oxime was prepared 
from (£)-anthracene-9-carbaldehyde oxime (0.22 g, 1 mmol) and maleimide (0.13 g, 1.3 mmol) 
aecording to general proeedure 8.25.
Colourless solid 137 mg (43 %)
Melting Point: 272-273 '’C
IRKmax (ATR): 3043, 2939 (C-H), 1710 (C=0), 1595 (C=C), 1491, 1456 (C=C), 1192 (C-N) 
cm"'
>H NMR (400 MHz, DMSO-</6) 6 3.28 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.54 (d, J = 8.55 
Hz, 1 H, H15), 4.77 (d, J = 3.05 Hz, 1 H, HIO), 7.06 - 7.26 (m, 4 H, 4 x ArH), 7.33 (d, J = 
4.88 Hz, 2 H, 2 X ArH), 7.45 - 7.62 (m, 2 H, 2 x ArH), 8.44 (s, 1 H, HF), 10.83 (s, 1 H, NH), 
11.49 (s, 1 H,=N-OH)
’^C NMR (101 MHz, DMSO-rf6) ppm 44.7 (CIO), 48.4 (Cll), 49.4 (C9), 49.9 (C15), 123.6 
(CH), 124.1 (CH), 125.1 (CH), 125.9 (CH), 126.3 (CH), 126.6 (CH), 126.6 (CH), 139.0,139.3, 
141.8, 142.9, 147.5 (CF), 177.0 (C12), 177.5 (C14)
HRMS (APCI) calculated for C19H15N2O3 [M"+H] 319.1083: found 319.1077. Mass accuracy 
(-1.88 ppm).

(£)-12,14-Dioxo-13-phenyi-9,10-[3,41epipyrroloanthracene-9(10//)-carbaldehyde oxime 
(352)
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{EP}-12,14-dioxo-13-phenyl-9,10-[3,4]epipyrroloanthracene-9( 10//)-carbaldehyde oxime was 
prepared from (£)-anthracene-9-carbaldehyde oxime (0.22 g, 1 mmol) and phenylmaleimide 
(0.22 g, 1.3 mmol) according to general procedure 8.25.
Colourless solid 260 mg (66%)
Melting Point: 238-242 “C
IRFmav (ATR): 3380 (OH), 3053, 2972 (C-H), 1760 (C=0), 1598 (C=C), 1483, 1457 (C=C), 
1210 (C-N) cm-'
'H NMR (400 MHz, DMSO-^/6) 6 3.48 (dd, J = 8.55, 3.05 Hz, 1 H, HI 1), 3.75 (d, J = 8.55 
Hz, 1 H, H15), 4.90 (d,J = 3.05 Hz, 1 H, HIO), 6.34 - 6.51 (m, 2 H, 2 x ArH), 7.14-7.43 (m, 
9 H, 9 X ArH), 7.50 - 7.65 (m, 2 H, 2 x ArH), 8.49 (s, 1 H, H T), 11 -51 (s, 1 H, =N-OH)
'-’C NMR (101 MHz, DMSO-rf6) ppm 45.0 (CIO), 47.3 (Cll), 49.0 (C9), 49.9 (C15), 123.7 
(CH), 124.3 (CH), 125.1 (CH), 126.1 (CH), 126.5 (CH), 126.5 (CH), 126.7 (CH), 126.8 (CH), 
128.5 (CH), 128.8 (CH), 131.7, 138.8, 139.0, 141.3, 142.5, 147.3 (Cl’), 174.7 (C12), 175.4 
(Cl 4)
HRMS (APCl) calculated for C25H19N2O3 [M"+H] 395.1396: found 395.1390. Mass accuracy 
(-1.51 ppm).
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