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Abstract

1,4-Dihydropyridines are well known for their use as calcium channel blockers and 

are extensively used in treatment o f hypertension. Dihydropyridine derivatives such 

as nifedipine have been shown to have the potential to overcome Pgp-mediated 

multidrug resistance thus can function as both L-type calcium channel blockers and 

multi-drug resistance (MDR) reversal agents. In this thesis, the design and synthesis 

o f a number o f novel structure modifications o f initially identified lead 4-(l,3-diaryl- 

1 H-pyrazole-4-yl)-l ,4-dihydropyrdines and evaluation o f their anti-proliferative 

properties on MCF-7 (ER positive) and MDA-MB-231 (ER negative) breast cancer 

cell lines is described.

These compounds were shown to have negligible effects on activation or inhibition o f 

calcium transporters in MCF-7 cells. This investigation revealed that the anti

proliferative effect o f  this scaffold compound is independent o f effects on the calcium 

channel in MCF-7 cell. Moreover, flow cytometric analysis and viability assay 

suggest that the novel dihydropyridines were effective modulators o f Pgp mediated 

paclitaxel resistance and induced G1 phase cell accumulation and cell death both at 

)iM range level. Initial synthesis work focused on the modified aryl rings at N-1 and 

C-3 o f the pyrazole structure including a comprehensive panel o f  substituted 

heterocyclic rings, together with the optimised study o f  N-substitution on the DHP. 

Synthesis o f  corresponding products lacking the DHP methyl substituents via novel 

synthetic route has also been carried out. A number o f these scaffold derivatives were 

screened against a comprehensive NCI60 cell line panel and showed broad spectrum 

antiproliferative activity against various tumour cell lines and presented activity 

comparable to or exceeding that o f tamoxifen.

Raloxifene is a selective estrogen receptor modulator (SERM) with a triarylthiophen 

structure and can used as estrogen antagonist in breast cancer treatment. As a result 

o f SAR investigation it was found that the biochemical activity o f  the synthesised 

type II scaffold derivatives containing pyrazole heterocylic analogues could be 

modulated by the substitutents attached at the C-4 position.

The stability o f the novel synthesised type I derivatives was determined by HPLC at 

difference pH values and in human blood plasma. The initial SAR has been 

established and the structural features optimised for further development.
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Chapter 1

Introduction



1.1 Cancer overview

This thesis presents a study of the synthesis and biochemical evaluation of a series of 

novel pyrazoles and 1,4-dihydropyridines. These compounds are of particular interest 

as potential antitumor drugs for treatment breast cancer and leukaemia as they are 

shown to display reversal effect on the p-glycoprotein efflux pump.

In this chapter, a review of the chemotherapeutic drugs used in breast cancer 

treatment is presented together with a summary of the antiproliferative effects of 

pyrazoles and 1,4-DHPs containing compounds.

Originating from the Latin word for crab whose limbs were historically thought to 

resemble the swollen blood vessels around the area o f a tumour, cancer is a term used 

to describe a class o f illnesses characterized by their malignant behaviour where 

abnormal cells divide without control, invade other tissues and/or spread to other 

parts of the body via the circulation of lymph or blood -  three pernicious properties 

that differentiate cancer from benign tumours. Most cancer have the form of a tumour 

with the exception of blood cancer, medically termed leukaemia where normal blood
I Tfunction is prohibited by the uncontrolled accumulation o f abnonnal blood cells. '

Affecting people at all ages, cancers represent the second largest mortality diseases in 

the world, following heart disease and leading cardiovascular disease. In 2007, 7.6 

million people died from cancer, accounting for 13% of all human deaths worldwide. 

In Ireland, with over 20,000 new cases, and over 7,500 deaths each year that account 

for almost 25% of the annual death toll, cancer has become a major cause of death
•j

and disease in this country. The main causes of cancer death in Ireland remain 

almost steady each year with those from skin, breast in woman, prostate in men, lung 

and colon and rectal ranking highest. Tablel.l shows the case numbers of all the 

common cancers in Ireland and the age-standardised incidences rates (ASR) resulting 

from these cancers in the period 1994-2007, in both men and women.
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Al! cancers

Gender Year Number 
of case

Crude
rate

European
ASR

World
ASR

Cumulative
Risk(0-74)

Female 1994 9792 543.22 545.88 392.73 35.20%

1995 9597 529.37 528.25 379.56 33.98%

1996 10192 558.2 553.13 400.12 35.43%

1997 10483 568.19 561.04 404.98 35.79%

1998 10381 556.74 543.22 393.21 34.86%

1999 10574 561.47 547.23 396.47 35.14%

2000 11232 589.17 571.4 414.98 36.17%

2001 11667 603.25 583.61 425.71 36.69%

2002 12198 618.86 600.02 440.55 37.90%

2003 12936 646.25 620.25 454.94 38.64%

2004 13449 661.73 630.08 463.02 39.01%

2005 13356 646.81 614.73 451.65 38.49%

2006 13896 655.88 623.39 457 38.84%

2007 14561 671.7 643.92 475.75 40.12%

Male 1994 9496 532.49 626.27 419.32 38.75%

1995 9436 527.62 614.83 413.15 38.08%

1996 9721 539.99 627.37 421.89 38.61%

1997 9927 545.62 629.09 420.45 38.38%

1998 9876 537.06 615.52 415.31 38.41%

1999 10084 542.56 622.95 417.44 38.18%

2000 10678 567.07 648.18 435.84 39.72%

2001 10905 569.99 648.39 437.39 40.13%

2002 11484 590.08 667.85 449.17 40.64%

2003 11776 595.53 669.22 451.16 40.97%

2004 12646 628.75 700.28 474.43 43.02%

2005 12658 618.73 684.65 462.43 42.34%

2006 13229 623.66 693.11 468.76 42.57%

2007 13369 615.77 688.44 467.87 43.13%

Table 1.1 National cancer registry: Number of incidences of cancer in Ireland and age- 
standardised rate from all cancers, 1994-2007."'
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1.1.1 Cancer causing factors

As the functional basic unit of human body, in normal circumstance, cells develop 

and multiply in a controlled manner, generating more copies to maintain the 

configuration and function of the body. When cells become sufficiently old or 

damaged, they undergo a programmed death process called apoptosis and are 

replaced by fresh new cells.

However, sometimes this orderly process can go out of control wherein the genetic 

material (DNA) of a cell becomes damaged or altered, disrupting apoptosis and 

therefore resulting in uncontrolled and often rapid cell proliferation, and at the end of 

the chain, the formation of a tumour. Some type of tumours may turn malignant, 

which are referred as cancer. (Figurel.l)^

(a )  N o r m a l  C e ll  D iv is ion

Apopioikis 
(Cfrf %utctfd9\

(b) C a n c e r  C ell D iv is ion

U rK O fitio tfed

Figure 1.1 (a) Normal cell division , (b) Cancer cell division

After a half century o f rapid advances, the precise reasons as to why a particular 

individual develops cancer rather than another are still unknown, but research related 

to differences in genetics (5-10%) and exposure to various environmental factors (90- 

95%) has generated rich and complex body of knowledge. An analysis conducted by 

Anand P. et al.^ in 2008 has revealed that tobacco (25-30%), diet and obesity (30- 

35%)), infections (15-20%), radiation, stress, lack of physical activity and 

environmental pollutants are the most common environmental factors causing 

abnormalities in the genetic material of cells, and leading to cancer death.^ Decades
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o f research has demonstrated the Unk between the following factors and 

carcinogenesis.

>  Chemicals

As mentioned above, cancer pathogenesis can be related to DNA mutations that bear 

on cell growth and metastasis. Chemicals that stimulate DNA mutations are 

recognized as mutagens, and mutagens that induce cancers are noted as carcinogens. 

Specific substances have been associated with particular forms o f cancer. For 

instance, tobacco smoke and alcohol intake are substantial hazard agents for a lot o f 

types o f cancer.** Certain natural mineral fibres like asbestos can directly damage 

DNA because o f  their size and result in carcinogenic mutations. Large numbers o f 

mutagens are also carcinogens, but several carcinogens are not mutagens. Alcohol is 

an exceptional chemical carcinogen that is not a mutagen.^ Such chemicals may 

enhance cancers by accelerating cell division which leaves less time for repair 

processes where enzymes correct damaged DNA during DNA replication, increasing 

the chance o f a mutation.

>  Ionizing radiation

Ionising radiation, sourced from X-rays, cosmic rays, solar radiations and indirectly 

from radon gas, damages the DNA, disrupting the correct genetic sequence.'^ It is 

estimated that current CT investigations will result in 2% o f future cancers." 

Additionally, ultraviolet radiation from sunlight can induce mutations by causing 

certain segments o f DNA to remain linked together. It has been recognized that 

prolonged exposure to ultraviolet radiation from the sun can lead to melanoma and 

other skin malignancies.

>  Infection

Infections by certain viruses and bacteria have been discovered related to DNA 

mutations. Process o f canceration by these biological mutagens may involve a 

number o f different complex mechanisms. Examples o f viruses that cause cancer 

include the human T-cell lymphyocytic virus implicated in lymphoma, the human 

papilloma virus implicated in cervical cancer and the hepatitis B virus implicated in
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12liver cancer. A representative o f known bacterial mutagens is Helicobacter pylori 

implicated in stomach cancer.

> Heredity

It is easily understood that genetic mutations in carriers, as part o f the gene, can be 

passed down to the next generation, making the newborn statistically more likely to 

develop cancer later in life. Representatively, certain hereditary mutations in the 

genes BRCA l and BRCA2 are correlated with a promoted risk o f breast cancer and 

ovarian cancer; However interestingly, in a number o f recognised syndromes where 

there is an inherited predisposition to cancer, the genetic defect is often found 

preventing tumour formation, such as Multiple Endocrine N eoplasia Syndrome type 

1, 2A and 2B; Li-Fraumeni Syndrome in which various tumours such as 

osteosarcoma, breast cancer, soft tissue sarcoma, brain tumours develop due to 

mutations o f  p53; Turcot syndrome, characterised by polyps in the colon in addition 

to brain tumours; Familial Adenomatous Polyposis, involving an inherited mutation 

o f  the APC gene that leads to early development o f colon cancer; Hereditary 

nonpolyposis colorectal cancer (HNPCC, also known as Lynach syndrome); and 

Down’s Syndrome, with which patients are likely to have carcinoma developed such 

as leukaemia and testicular cancer due to an extra chromosome 21.'^

>  Other causes

Research has shown that certain hormone based menopause hormone therapy could 

cause serious side effects, such as increase the risk o f  breast cancer, stroke, or blood 

clots.'"* Others factors, such as overweight, a poor diet in fruits and vegetables, or 

lack o f  physical activity may give rise to the risk o f developing cancers in breast, 

colon, uterus and prostate.

1.1.2 Classification

Cancer is not referred as a single disease but a variety o f  diseases. There are more 

than 200 distinct types o f cancer, and subtypes o f  tumour can be found within 

specific organs. Generally cancers are classified by the type o f  cell that is initially 

affected, therefore, the tissue presumed to be the origin o f the tumor. Examples o f 

general categories include;'^
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❖ Carcinoma: Malignant tumours derived from epithelial cells. This group 

comprises the majority o f cancers, including the common classes o f breast, 

lung and colon cancer.

Sarcoma: Malignancies derived from connective tissue, or mesenchymal 

cells.

❖ Leukemia and lymphoma: Malignant tumours derived from hematopoietic 

cells

Germ cell tumour: Tumours derived from totipotent stem cells. In adults, 

these tumours are most often found in the testicle and ovary, and in fetuses, 

babies, and young children, on the body midline, particularly at the tip o f the 

tailbone

❖ Blastic tumour or blastema: Tumours caused by malignancies in blast cells 

and resembling an immature or embryonic tissue. These tumours most often 

occur in children.

1.1.3 Cancer at molecular level

Suggested by a number o f lines o f  research evidence, carcinogenesis in humans 

involves a series o f steps that reflect genetic mutations by which progressive 

transformation o f normal cells are driven into highly malignant derivants. However, 

the immense catalogue o f  the genetic constitution o f cancer cells is a manifestation o f 

six substantial alterations in cell physiology that conjointly result in malignancy: 

self-direction in growth signalling, escape o f programmed cell death (apoptosis), 

unlimited divisional potential, prolonged angiogenesis, and tissue invasion and 

metastasis.'^

The many series o f molecules examined in various studies during the past decade 

reveal the pathogenesis o f cancer. These molecules contain various structures 

implicated in anticancer activity. In order to understand how these molecules exert 

their anticancer effects, it is required to understand the cell cycle occurring in healthy 

cells, as well as the factors that produce disregulation o f this cycle.

1.1.3.1 The cell cycle

Cell proliferation plays a major role in many pathological and physiological 

processes, including growth, repair, immune response and tumour formation. Within 

a normal cell, the cell replicates all o f  its genetic material and then undergoes mitosis
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to produce two distinct daughter cells. The cell cycle (F igurel.2)'^ refers to the series 

o f events that takes place inside a cell thus leading to cell segmentation and cell 

replication.

Grawlh 
and 

noimal R  
metabolic ISi 

roles K / * i

« Growth 
■= and 
£  preparation 
% tor mitosis

DNA
replication

phase

cell pr« 
to divic

cell divisio 
(mitosis)

cycle Begins

cell grows

R
\

replication 
of DNA

S cell decides 
whether to 

continue

Figure 1.2 Physiological cell cycle

The rounded succession o f events from one cell division to the next usually 

comprises the phase when this genetic material is being copied (S phase), the phase 

when the cell actually splits into two daughter cells (M  phase), the two interposing 

gap phases (Gi and G2), and a resting state named quiescence (Go).

• G| Phase -  The cell develops dimensionally and checks the conditions o f its 

internal systems. I f  everything is operating normally and any impairment in 

the D N A has been repaired, the cell is committed to the proliferation cycle. I f  

the conditions do not meet the requirement for the transition, the cell exits its
I n

cycle and may initiate apoptosis. In Figure 1.2, R marks the restriction point 

o f  a cell cycle.

• S phase -  The DN A is synthesized during this phase. A t the end o f the S 

phase, every chromosome has duplicated and has a sister chromatid.'^'

•  G2 phase -  This stage prepares the cell for division before entering mitosis. 

During G2 phase, microtubules are generated and proteins are synthesized. I f  

any o f  these activities fa il to occur, the cell w ill be prevented from undergoing 

mitosis.

•  M itosis phase -  The nuclear material and proteins equally divide, producing 

two new identical daughter cells which then enter the Gi phase o f their own
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cell cycle. Mitosis is a highly regulated and complicated process, involving 

many phases, such as Prophase, Metaphase, Anaphase and Telophase. If any

slight error occurs in any o f  these processes, it may result in cancer or cell
”?  1death by apoptosis.

• Go phase (Resting phase) —  Go phase is a time period in the cell cycle when 

cells remain in a dormant stage, during which cell cycle machineries are 

dismantled and cyclin and cyclin-dependent enzymes disappear. This often 

occurs to prevent cell destruction by apoptosis.

1.1.3.2 Hallmark capabilities o f cancer

If the cell cycle can be described as an cancer defence mechanism hardwired into 

cells and tissues, the following eight capabilities o f cancer hallmark most if not all 

cancers during their development.through various mechanistic strategies.'^

Self Sufficiency in Growth Signals

Cells require growth signals to switch from a quiescent state to a proliferating state. 

Cancer cells have the ability to become autonomous o f the growth signals in the cell 

cycle. The most obvious mechanism available to the cancer cell is to develop a 

method o f producing its own growth factors independently o f the cell cycle. Cancer 

cells can also over-express growth factor receptors (e.g. Her2 in breast cancer) which 

lead to the cell becoming more sensitive to normal levels o f  growth factor. The third 

method available to the cell is to alter its cell machinery to become more sensitive to 

signals from growth factor receptors.

Ignoring Anti-arowth Signals

In the physiological cell cycle there also exists a number o f anti-growth signals that 

are used by the cell to switch from a proliferating state to a quiescent state. These 

signals lead the cell to enter the Go phase o f the cell cycle or else to start on the path 

to cell death. Cancer cells develop the ability to disrupt these signals.(Figure 1.3)'^
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Bypassing Apoptosis

Apoptosis is a major barrier to a cell turning cancerous. The cell has safeguards to 

sense that the normal cell cycle has gone awry. This leads to the triggering o f 

apoptosis which is the programmed death o f the cell. Cancer cells can bypass this 

pathway by either turning off the apoptotic signals (such as mutating p53), or by 

overwhelming the apoptotic signals with anti-apoptotic signals (switching on IGF-2 

genes)

Replication

Even with achieving the first three hallmarks o f cell replication, a cancer cell cannot 

go on replicating forever. Telomeres are strands o f DNA located at the end o f 

chromosomes that function as a kind o f internal clock, becoming shorter with each 

replication o f  the cell. As the telomeres shorten, the cells genome becomes unstable 

and eventually apoptosis is triggered. Cancer cells are able to maintain telomeres 

usually by using telomerase to replace the short strands o f  DNA at the end o f 

chromosomes. This allows the cell to maintain a stable genome and avoid apoptosis 

through countless replications.
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Angiogenesis

In order for a cancer tumour to grow beyond a few millimetres in diameter, it needs 

to develop its own vasculature. Such vasculature is required to disperse the nutrients 

and oxygen needed for further growth throughout the tumour. Angiogenesis is 

required to develop such vasculature. This angiogenesis is controlled by both 

initiating and inhibiting signals. The cancer cell learns to tip the balance in favour o f 

the initiating signals such as vascular endothelial growth factor (VEGF).

Metastasis

The final hallmark o f cancer is the ability o f the primary tumour to migrate to distant 

parts o f the body and to initiate secondary tumours. This represents the most lethal 

aspect o f cancer. Through the process o f angiogenesis the tumour has access to the 

circulatory system. For metastasis to occur the tumour cells must have the ability to 

break o ff from the primary tumour, migrate through the stroma, enter and survive in 

the bloodstream while they migrate to a secondary site, penetrate the blood vessel 

walls at the secondary site, migrate into surrounding tissue, and proliferate until a 

critical mass is reached that allows it to generate its own vasculature and hence a 

secondary tumour. Although the example given above describes metastasis through 

the circulatory system, the tumour can also spread through the lymphatic system or 

through body cavities.

Genome instability

Genomic instability has been revealed by the recent studies o f human cancers as 

another original hallmark o f cancer. It occurs in hereditary cancer, which are 

characterized by instability in either the microsatellite or chromosomes, as a result o f 

the mutations in DNA repair genes. In sporadic cancers, genomic instability is not 

shown due to alterations in DNA repair genes or mitotic checkpoint genes during the 

early stages o f  cancer development.

Contribution o f surrounding stroma

One act o f  genetic mutations that turn normal cells into tumours is to affect the 

tightly controlled systems for growth control, making the surrounding



microenvironment more suitable for the initiation and growth o f tumours, by 

employing the cancer- associated fibroblasts (CAFs), endothelial cells, pericytes, 

leukocytes, and extracellular matrix. The dynamic signalling circuitry in the stroma 

contributes to the whole process o f cancer development, and eventually leads to a 

fatal disease. Tumour cell interaction with the surrounding stroma in the context o f 

the original hallmarks o f cancer is a continuous focus in cancer research.

1.2 Estrogen receptor 

1.2.1 Breast cancer

The breast consists o f lobes and ducts. Each breast contains 15 to 20 separate lobes, 

each comprising several secretory lobules. Lobules end in dozens o f tiny bulbous 

mammary glands that secrete milk during lactation. The lobes, lobules, and mammary 

glands are linked by thin tubes named ducts.(F igure 1.4) '̂̂

Figure 1.4 Breast profile and Enlargement

Breast profile: A Ducts B Lobules C Dilated section of duct to hold milk D Nipple E Fat 
F Pectoralis major muscle G Chest wall/rib cage.

Enlargement: A Normal duct cells B Basement membrane C Lumen (centre of duct)

Breast tissue also has blood vessels and lymphatic vessels. The lymphatic vessels 

carry lymph, and lead to lymph nodes, which are small bean-shaped organs being 

found throughout the body. They filter lymph fluid by removing antigens, helping to 

fight infection and disease. Clusters o f  lymph nodes near the breast are found in the 

axilla, above the collarbone, and in the chest.
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Breast cancer is a disease where malignant cancer cells form in the mammary glands. 

It is the number two leading malignancy female disease, causing 519,000 deaths 

worldwide in 2004 (7% o f cancer deaths, almost 1% o f all d e a th ) .A lth o u g h  breast 

cancer occurs over 100 fold more commonly in women than in men, it is still the 

most common type o f  non-skin cancer and accounting for 10.4% o f all cancer 

incidence among female. Genetic alterations, as a result o f the aging process and 

the special lifestyle in general, are always a reason for development o f breast cancer, 

causing about 90% o f the disease. Multiple factors, such as gender, age, lack o f 

childbearing or breastfeeding, higher hormone levels, race, economic status and 

obesity, have been implicated primary in causing breast cancer. A recent review 

made by World Cancer Research Fund, taking into account hundreds o f  separate 

studies, announced that more that 30% o f breast cancer cases could be prevented 

through reducing alcohol intake, avoiding tobacco use, increasing physical activity 

levels and maintaining a healthy body weight.

Most commonly, breast cancer begin in the cells o f the lobules or the ducts. Over 

time, malignant cells can infiltrate nearby healthy tissue, and enter the circulatory 

system by invading blood vessels and/or lymphatic vessels, and relocate at other parts 

o f the body. Breast cancers are classified by the expression status o f three important 

receptors - estrogen receptor (ER), human epidermal growth factor receptor-2 

(HER2) and progesterone receptor (PR). ER-positive breast cancer rely on estrogen 

for the cancer cells to growth, and usually has a better prognosis; HER2/neu breast 

cancer is much more aggressive than ER cancer; and PR cancers. Those without these
9 7receptors are called basal-like, or triple negative breast cancers.

1.2.2 Estrogen receptor

Estrogen receptors are a group o f ligand-activated transcriptional regulators that are 

activated by the steroid hormone 17p-estradiol. Two distinct forms o f the estrogen 

receptors - E R a and ERp, have been identified, each encoded by a separate gene 

ESRl and ESR2, respectively. (Figure 1.5 and 1.6) DNA transcriptional activation 

is the main function o f  estrogen receptors. They regulate the expression o f target 

genes, carry out and modulate the effects o f estrogen in various organs and systems 

in human body.
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Figure 1.5 The domain structures of ERa and ERpincluding some of phosphorylation
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(a) (b)

Figure 1.6 (a) A dimer of the ligand-binding region of ERa, (b) A dimer of the ligand- 
binding region of ERp '̂

ERs are a group o f related molecules that belong to the nuclear receptor (NR) 

superfamily, which is a family o f over 100 known structurally related ligand- 

inducible transcription factors, including steroid receptors (SRs), vitamin D receptor 

(VDR), and estrogen receptors, ect. The structure o f  ERs contains function specific 

domains (Figure 1.7). The regulatory N-terminal A/B domain is responsible for 

transactivation o f  gene transcription without estrogen as the bound ligand, providing 

a weak but more selective activation compared with that by the E domain. The C 

domain, also known as the DNA-binding domain (DBD), binds to estrogen response 

elements in DNA. The D domain is a hinge region that is believed to connect DBD 

with the LBD. The E domain contains the ligand binding cavity as well as binding 

sites for coactivator and corepressor proteins, called the Ligand-binding domain 

(LBD). Gene transcription can be activated by the activation function 2 (AF-2) within 

the LBD in the presence o f estrogen. The C-terminal F domain function is not
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entirely clear and is variable in sequence and length between various nuclear 

receptors (NRs).^^

NH2-

DNA Binding Domain 
(DBD)

A /B   C  D E/F -COOH

Ligand Binding Domain 
(LBD)

Figure 1.7 Domain structure of nuclear receptors (NRs)

Breast cancer is caused by DNA damage (mutations) in genes that control cell 

proliferation. However, breast cancer cells do not always have receptors for estrogen. 

Usually breast cancer is divided into estrogen receptor (ER) positive and estrogen 

receptor (ER) negative. Estrogen receptor (ER) positive breast cancer refer to that 

possess estrogen receptors, in contrast, those that do not have estrogen receptor are 

said to be estrogen receptor negative. Two-thirds o f  all breast cancers are ER positive 

breast cancer, which is much less aggressive than ER negative breast cancer.

1.3 Breast Cancer therapy

Most patients who have been diagnosed with cancer will undergo some types o f 

treatment for the disease, such as surgery, chemotherapy, and radiotherapy, or a 

combination o f two or three o f modes o f therapy. Since the first dose o f cytotoxic 

chemotherapy was given about 60 years ago, hundreds o f  thousands o f chemical 

agents have been tested for their activity in inhibiting cancer cells. Unfortunately, few 

o f these drugs reached the stage o f clinical trials, yet fewer still were found safe and 

effective enough to be tested in humans. However, only a very small number o f those 

agents that have been tested in humans were demonstrated helpful in cancer patients. 

(Figure 1.8 and Table 1.3) illustrate the breast cancer-specific molecular targets and 

corresponding therapeutic compounds below.
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For anticancer drug treatment to be effective, several features must be present. The 

agent must reach the cancer cell, sufficiently toxic amounts o f drug or its active 

metabolite must enter the cells and remain there for a long enough period time, the 

cancer cells must be sensitive to the effects o f the drug, and all this must occur before 

resistance e m e r g e s . T h e  development o f  resistance to chemotherapeutic drugs is 

one o f the major obstacles to the cure o f  many malignant t u m o u r s , w h i c h  is 

discussed below. On the other hand, chemotherapy can not ensure to cure all types o f 

cancer so far. It involves poisoning the rapidly growing cancer cells, but also destroys 

rapidly growing healthy cells in the bone marrow, gastro-intestinal tract etc, hence 

bring side effects such as organ damage in liver, heart, kidneys, lung.

1.3.1 Overview of breast cancer chemotherapy regimens

1.3.1.1 Combination Chemotherapies for breast cancer

The current treatment o f breast cancer includes single drug therapy and combination 

therapies. Single drugs currently used for breast cancer chemotherapy are listed in 

Section 1.3.1.2, and the existing combination therapies for breast cancer are listed in 

(Table 1.2) below.

C om b in ation  ch em oth erap y C om position R eference

‘A C ’ chem otherapy Doxorubicin and 

Cyclophospham ide

37

‘A V M ’ chemotherapy D oxorubicin, V inblastine and 

M itomycin

58

‘C A F ’ chemotherapy C yclophospham ide, 
Doxorubicin and 5-Fluorouracil

W

‘C FP’ chemotherapy Cyclophospham ide, 5- 

Fluorouracil, and Prednisone

40

‘C M P ’ chemotherapy Cyclophospham ide, 
M ethotrexate, 5-Fluorouracil

41

"CMFP’chemotherapy C yclophospham ide, 
M ethotrexate, 5-Fluorouracil, 

and Prednisone

42

‘Copper regim en’ 5-Fluorouracil, M ethotrexate, 
V incristine, C yclophospham ide, 

Prednisone

43

‘F A C ’ chemotherapy 5-Fluorouracil, D oxorubicin, 
Cyclophospham ide

44
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‘M V ’ chem otherapy Mitom ycin  and Vinblastine 45

‘S ix -D rug  R eg im en ’ 5-Fluorouracil,  Methotrexate, 

Vincristine, C yc lophospham ide, 

Prednisone, and Prednisolone

46

‘V A T H ’ C hem otherapy Vinblastine, Doxorubicin, 

Thiotepa, and  F luoxym esterone

47

Table 1.2 Combination chemotherapies of breast cancer

1.3.1.2 Current treatment of breast cancer agents

As mentioned above, therapeutic methods for cancer encompass surgery, 

radiotherapy and chemotherapy, the latter using medicinal chemistry in a combined 

strategy to eliminate or at least halt the maligancy. The medicinal chemistry o f anti

cancer drugs incorporates several mechanisms and presented in (Table 1.3) below;

Therapeutic  class Examples M echanism  o f  action

A ntim etabolites

Inhibiting horm one action Interfere with the form ation  or 

uti lisation o f  natural 

m echanism s to  inhibit 

essential metabolic  routes

Regulation o f  steroidal horm one synthesis

Glucocort ico ids and inhibitors o f  their 

biosynthesis

D rug ac ting  via radical 
species

A nthracylines and their analogues C reate  iron-mediated  fi'ee 

oxygen  radicals that dam age  

the D N A  and cell 

membranes'**

M itoxantrone and related quinines

A ctinom ycin

Enediyne  antibiotics

D N A  alkyla ting  agents Aziridines Interfere with DNA 
replication by reac ting  with 

D N A  base pairs
Nitosureas

Triazenes

M ethylhydraz ines

A lkyla t ing  and  n o n 

a lkyla ting  com pounds  

interacting with the 

D N A  m inor g roove

M itom ycins As a potent D N A  crosslinker, 

a single crosslink  per  genom e 

show n to be effective in 
k illing bacteriaTetrahydro isoquino lone  alkaloids

D N A  intercalators and 

topo isom eras  inhibitor

M onofunctional and biofunctional 

in tercalating agents

Interfere with DNA 

replication by engag ing  the 

site be tw een the D NA  double  

helix

D rug targeting  tubulin 

and microtubulin

(T o  control cell 

d ivision)

docetaxel Drugs that inhibit m icro tubule  

polym erisation  at high 

concentration

Paclitaxel, epothilone M icrotuble-stabil is ing  agents:
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com pounds b ind ing  at the 

taxane site

V incristine , L aulim alide A n tivascu la r effects o f  

m icro tubu le-targeted  agents'*’

S ubstitu ted  th ienopyrim id inone M itotic K inesin inhib itors

D rugs th a t inh ib it 

signalling  pathw ay for 

tum our cell g row th  and

B roystatin D rugs target protein  kinases

S T 157I Inhibitors o f  ty rosine  k inases

pro liferation Z D I8 3 9 Inhibitors o f  E G F R s (H E R I)

(T argets a  cancer 

specific pa thw ay  in the 

cell)

T rastuzum ab Inhib ito rs o f  o th er recep to rs o f  

the E G FR  fam ily :H E R 2

B evacizum ab Inhibitors o f  T K s w ith  pro- 

ang iogen ic  activ ity : V EFG R  

and related  k inases

Perifosine Inhibitors o f  Serine-th reon ine  

k inases

R l 15777 Inhibitors o f  the R A S -R A F- 
M E K  signa lling  pathw ay and 

farnesyl transferase

17-AAG Inhibitors o f  heat shock 

pro te ins (H S P 90)

O ther app roaches to  
ta rgeted  therapy

B ortezom ib , D isulfiram Pro teasom e inhibitors

T halidom ide A ntiang iogen ic  agents 

unrelated  to  k inase 

signalling^®

D rugs tha t m odu la te  
resistance  to  

an titum our agen ts

S a v l8 6 6 , M sbA A T P -B ind ing  casse tte  efflux 

pum ps in an ticancer d rug  

res istance, d rugs w h ich  target 

A B C  efflux  pum ps such as P- 

g lycoprotein^''^^

Table 1.3 Summary of medicinal chemistry of anti-cancer agents

1.3.1.2.1 Classes o f chemotherapy agents for breast cancer

The group includes those conventional cytostatic drugs such as anthracyclines, 

taxanes, alkylating drugs, antimetabolites, vinca alkaloids. Alkylating agents are a 

class o f drugs that works directly on DNA to prevent the cancer cell from 

reproducing and works in all phases o f the cell cycle. Some examples o f alkylating 

agents include busulfan [1], cisplatin[2], carboplatin[3], and temozolomide[4]. 

Antimetabolites are a group that interfere with DNA and RNA growth. These agents 

work during the S phase and are commonly used to treat leukaemia, tumours o f the 

breast, ovary and the gastrointestinal tract as well as other cancers. Examples include
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5-Fluorouracil[5], capecitabine[6], and 6-mercaptopurine[7]. paclitaxel[8] and vinca 

alkaloids are mitotic inhibitors and natural products. They can stop mitosis or inhibit 

enzymes from making proteins needed for reproduction o f the cell. These work 

during the M phase o f the cell cycle. The clinical response o f those drugs above can 

be achieved in more than 80-90% cases. However, they also have some distinct 

features such as severe adverse effects, limited duration o f response, overlapping 

spectrum o f drug resistance, limited ability to predict response and non-response to a 

given cytostatic compound.

F igure 1.8 E xam ples o f  chem otherapy agents

1.3.1.2.2 Genuine targets (molecules essential for breast cancer development and 
maintenance)

The principle genuine targets available for breast cancer proliferation are 

estrogen/progesterone receptor proteins drugs, such as selective estrogen receptor 

modulator (SERMs) and selective estrogen receptor downregulators (SERDs), inhibit 

hormone action, in particular steroid hormones which may be the main determinants

O

Busulfan [1|
Carboplatin |31 Tem ozolom ide |4 |

Cisplatin 121

O

Fluorouracil [S] 6-M ercaptopurine jTj
O

Capecitabine |6j
Paclitaxel |8 |
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in the development and growth o f several types o f tumours. Hormonal manipulation 

had tended to be one o f the mainstays o f  cancer chemotherapy. Examples would be 

the compounds acting on estrogen (ER) or androgen receptors (AR) involved in the 

treatment o f breast and prostatic cancers, among others, while corticosteroids are 

used in myelomas and lymphomas because o f their role in the function o f lymphoid 

tissues. Examples o f such drugs will be discussed in the following sections.

Selective estrogen receptor modulators (SERMs)

Tamoxifen

Tamoxifen (Figure 1.9, [9|), (Z)-2-[4-( 1,2-diphenyl-l-butenyl)phenoxy]-N,N-

dimethylethanamine, was the first SERM approved for the treatments o f breast 

cancer, and was also the most widely used hormonal therapy for all stages o f breast 

cancer since 1977. In the same year, it was approved by the Food and Drug 

Administration for the treatment o f advanced breast cancer, and has recently been 

approved for the prevention o f  women with breast cancer in high-risk. It binds to the 

estrogen receptor and induces a conformational change, however, it also has an 

estrogenic effect in endometrial tissue and may bring a secondary cancer.'^"^

Tamoxifen is the first nonsteroid antiestrogen proven effective against breast cancer. 

It is now known a synthetic triphenylethylene agent and has varying estrogen agonist 

and antagonist p r o p e r t i e s . I t  binds to the estrogen receptor and thus induces a 

conformational change. In breast cancer, tamoxifen acts as an antagonist primarily. 

However, it also has an estrogenic effect in endometrial tissue and may cause a 

secondary cancer. Tamoxifen is beneficial in approximately 60% o f patients with ER 

positive tumours in c lin ic .S u b seq u en tly , most women respond to tamoxifen therapy 

will eventually become resistance to the drug, therefore, alternative SERMs are 

constantly being investigated.

Toremifene

Toremifene (Figure 1.9, [10]), is a nonsteroidal antiestrogen that blocks the effects o f 

estrogen in the breast tissue, stopping or slowing the growth o f  cancer cells. 

Toremifene has been used in postmenopausal women to treat metastatic breast cancer 

since it was licenced as the first antiestrogen which helps to oppose the action o f
55  ^8estrogen in the body. ’' Despite this positive result, toremifene is almost completely 

cross-resistance with tamoxifen, with similar estrogen agonist effects on the uterus
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and its efficacy on bone is less than tamoxifen so that it does not offer a significant 

advantage.

Raloxifene

Although tamoxifen is the most extensively used hormonal treatment for all stages o f 

hormone responsive breast cancer and has been approved for the prevention o f breast 

cancer in high-risk women, its use is limited by unwanted s id e -e ffe c ts .^ ^ 'A  major 

adverse effect o f  tamoxifen is uterine cancer. To date, the new agents are needed for 

use after tamoxifen. Our research group has published results on novel flexible 

antiestrogen. These compounds show antiproliferative potency against MCF-7 cells 

with lower associated cytotoxicity than tamoxifen, meanwhile maintaining good 

receptor binding affinity and were well tolerated by the ER.^'’

Raloxifene (Figure 1.9, [111), a 2,3-disubstitued benzothiophene containing 

compound, is a second generation o f Selective Estrogen Receptor Modulators 

(SERMs) that is a potent antiestrogen in the uterus and breast and has estrogenic 

actions on bone. It binds to the ER with higher affinity than tamoxifen or 4- 

hydroxytamoxifen. Raloxifene was used for the treatment o f osteoporosis in 

postmenopausal women in 1997. The docked structure o f  raloxifene in the ERa is 

shown in Figure 1.10.^^ On September 14, 2007, raloxifene was approved by U.S. 

FDA for reducing the risk o f malignant breast cancer in postmenopausal women with 

osteoporosis and in postmenopausal women in high-risk o f  breast cancer.^^

OH

Figure 1.9 Tamoxifen [9|, Toremifene |10| and Raloxifene |11]
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Figure 1.10 Docked structure of Raloxifene in ligand binding site of Estrogen Recepor 
alpha^^

Selective estrogen receptor downregulators (SERDs)

Faslodex (Fulvestrant)

Faslodex (Figure 1.12, |12 |), also known as Fulvestrant or ICI 182,780, is the first 

agent in the new class o f estrogen receptor down-regulator (SERD) to be evaluated in 

clinical t r i a l s . B e i n g  an estrogen receptor antagonist with no agonist effects, 

Faslodex works by down-regulating, as well as degrading the estrogen receptor.^’ In 

vivo studies o f  Faslodex have shown that this agent exerts a longer suppression o f 

tumour growth than tamoxifen and has antitumor activity in tamoxifen resistant 

tumours, a finding that is consistant with its mechanism o f a c t i o n . I t  is prescribed in 

clinics to help postmenopausal patients who are diagnosed o f hormone receptor 

positive metastatic breast cancer and have developed disease following anti-estrogen 

therapy.^*

Aromatase inhibitors

Aromatase inhibitors (Al) are a class o f  drugs applied in the treatment o f breast 

cancer and ovarian cancer in postmenopausal women. Aromatase is an enzyme that 

produces estrogen by converting testosterone to estradiol, or androstenedione to 

estrone (Figure 1.11). Owing to their blockade o f  the synthesis o f  estrogen, 

aromatase inhibitors can reduce the estrogen level and slow down the growth o f 

tumours which require estrogen to progress.^^
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estroneandrostenedione

Figure 1.11 Aromatase synthesis route for estrogen

Aromatase inhibitors are divided into two types: non-steroidal inhibitors such as 

anastrozole, letrozole, which inhibit the enzyme in a reversible mode; and irreversible 

steroidal inhibitors, which generate a stable irreversible bond with the aromatase 

enzyme complex, like exemestane.

Anastrozole

Anastrozole (Figure 1.12 |13 |) is a breast cancer chemotherapy agent used after 

tumorectomy and for metastases in pre and post-menopausal women. Anastrozole 

exerts its effective by competitively inhibiting the action aromatase, an enzyme 

which catalyse androgens into estrogen by aromatization. Since accumulation o f 

estrogens in the body could make breast cancer more malicious through hyperplasia 

and differentiation in the cancer cells at estrogen receptor sites, decrease o f the 

production o f estrogen in peripheral tissues may prevent the progress o f breast 

tumour development in postmenopausal women/*^

Letrozole

Letrozole (Figure 1.12, [14]), is another example o f the non-steroidal aromatase 

inhibitor used in breast cancer chemotherapy. It was approved by the FDA in 1997 

for the treatment o f primary or metastatic breast tumours which are either known to 

express hormone receptors or lack o f  information on their receptor status, in 

postmenopausal w o m e n .L e tro z o le  reduces the body’s estrogen level by inhibiting 

the catalysis o f  armoatase via competitive and reversible binding to the heme o f its 

cytochrome p450 unit which play an important role in estrogen synthesis. Letrozole 

acts specifically on the production o f estrogen without any effect o f decrease the
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corticosteroids level. As the main source o f estrogen is from the peripheral tissue in 

postmenopausal women and from ovaries in pre-menopausal women, letrozole is 

effective only in the former but not the latter.^®

Exemestane

Exemestane (Figure 1.12 [15]), is a steroidal aromatase inhibitor used in the adjuvant 

treatment o f estrogen receptor positive breast cancer in postmenopausal women. It 

has a similar structure to the substrate o f aromatase, and irreversibly and permanently 

binds to the active site o f the enzyme, thus preventing androgens from being
* 70  *converted mto estrogen in the peripheral tissues. Additionally, exemestane is 

superior over tamoxifen by being active in tamoxifen-resistant tumors. However, it is 

efficient only in postmenopausal women.

HO,

|12|
OH

CH;
CH- NC CNCN CN CH2

| I 3 | |I 4 | |15|

Figure 1.12 Structure of the pure antioestrogens fulvestrant |12| and the aromatase 
inhibitors anastrozole|13|, letrozole[14], exemestane|15]

HER2 (ERBB2) Antibodies 

Trastuzuinab

Trastuzumab (Figure 1.13), is the first molecular-targeted cancer therapy agent 

approved by FDA for the treatment o f  invasive breast cancer in 1998.^' It is a 

humanised monoclonal antibody that suppresses tumour growth through interfering 

with the Human Epidermal growth factor Receptor 2 (HER2 or ErbB-2).
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Figurel.l3  3D model of the Trastuzumab structure
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Figure 1.14 General mechanisms of resistance to trastuzumab^"

HER2 is a member o f the HER family which is a group o f transmembrane tyrosine
73kinase receptors that mediate cell growth, survival and other cellular responses. In 

breast cancer, HER2 is over-expressed and causes uncontrolled cell proliferation.^"^



When trastuzumab is introduced, its two antigen-specific sites selectively bind to the 

juxtam em brane portion o f the extracellular domain o f HER2, preventing the 

activation o f its intracellular tyrosine kinase, and as a consequence, results in 

disruption o f cancer cell growth signalling mediated by HER27^' Besides, several 

other possible modes o f  signalling decreasing activity o f trastuzumab have been 

suggested through studies in animal models, these include prevention o f HER2 

receptor dimerization, increased endocytotic destruction o f the receptor, inhibition o f 

shedding o f the extracellular domain, and immune activation (Figure 1.14)/^

Pertuzumab(2C4)

Pertuzumab is a monoclonal antibody and is the first o f its class o f agents known as a 

“HER dimerization inh ib itor’. It impedes HER2 from dimerization with other HER 

receptors by binding to it. which is suggested to slow down the tumour growth.^** 

More efficient increase o f  inhibition o f heterodimerization by pertuzumab has been 

demonstrated, and is believed to be due to its property o f binding further from the 

cell m em brane/^' ***

HER2 (ERBB2) Small molecule inhibitors 

CP-724,714

Small molecule HER2 inhibitors, such as CP-724,714 (Figure 1.15, |16]), is an 

alternative strategy to HER2 antibodies in chemotherapy for patients with HER2- 

positive breast cancer who do not respond to HER2 antibody therapy7^' Recent 

research has shown that CP-724,714 potently inhibited HER2 from 

autophosphorylation in intact cells, while a serious o f biological and biochemical 

studies revealed that it can induce block o f G1 phase o f the mitotic cycle in HER2 

over-expressing human breast cancers without adverse effects/^' This agent is 

currently undergoing phase 1 clinical trials.

TAK-165

TAK-165 (Figure 1.15, |17]), is a relatively new potent HER2 tyrosine kinase with
0 -5

low molecule weight. In previous studies, TAK-165 was confirmed to have effect 

on bladder cancer, prostate cancer and renal cell carcinoma both in vitro and in vivo. 

More recently, TAK-165 has been reported to inhibit HER2 phosphorylation and its 

down-stream Akt and MAPK in HER2 expressing breast cancer cell (BT474) in vitro.
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Compared with trastuzumab, TAK-165 has been shown to more significantly inhibit 

the progression o f tumours.*"^

CH;

O

H

HN

[17]1161

Figure 1.15 Structure o f CP-724,714[16| and T A K -165|17|

^  HERl (EGFR)

ZD 1839 (Iressa)

ZD 1839, also known as Iressa, (Figure 1.16 |18|), is the first selective inhibitor that 

binds to the tyrosine kinase domain o f the epidermal growth factor receptor EGFR. ' 

It is over-expressed in certain types o f human carcinomas such as breast and lung 

cancers. More specifically, ZD 1839 binds to the adenosine triphosphate (ATP) 

binding site o f the tyrosine kinase domain o f EGFR, inhibiting the receptor from 

activating the anti-apoptotic pathways, thereby eliminating tumour growth through 

the recovered apoptosis.*^ ZD1839 has been used in clinic for non-small cell lung 

cancer since 2003, and is currently going through the Phase II clinical trials.

OSI-774 (Tarceva)

OSl-774 or Tarceva (Figure 1.16, [19|) is a reversible and highly specific inhibitor o f 

EGFR tyrosine kinase. It reversibly binds to the ATP binding site o f the receptor. By 

inhibiting the ATP, the conformational change in intracellular structure is caused and 

the signalling is stopped which results in apoptosis and suppression o f  proliferation in
87tumor cells. Tarceva has been used in the treatment for various cancer forms, 

including non-small cell lung cancer, locally advanced pancreatic cancer and 

metastatic breast cancer.*^
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EKB-569

EKB-569 (Figure 1.16, [20|) is another potent, selective and irreversible inhibitor of 

EGFR with low molecular weight. Being developed as an anticancer agent, EKB-569

Figure 1.16 Structure of ZD1839 |18|, OSI-774 |19| and EKB-569 |20|

^  HER2 and HERl 

GW572016

GW 572016 (Figure 1.17, |21]), also named as Lapatinib, was developed by GSK as 

an anti-cancer agent for the treatment o f solid tumours, such as breast and lung 

cancer.*^' It was approved by FDA in 1997 for combination therapy with 

Capecitabine for advanced metastatic breast cancer. It is a dual inhibitor o f EGFR 

and HER2 tyrosine kinase, binding to the intracellular phosphorylation domain to 

prevent receptor autophosphorylation upon ligand binding and subsequent activation 

o f the receptor tyrosine kinase signal transduction.^'

HER Kinases 

CI-1033(canertinib)

CI-1033 (Figure 1.17, [22]) is an irreversible ErbB inhibitor targeting multiple ErbB
09receptors and extends inhibition o f  ErbB-mediated signalling. Most tyrosine kinase 

inhibitors compete with the ATP binding site to inhibit phosphorylation. In vitro 

studies o f  human cancer cell lines showed that CI-1033 have prompt, potent, 

sustained and highly selective inhibition o f  ErbB tyrosine kinase activity without

g o

is now under evaluation in phase II clinical trials for breast cancer.

120] C l
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inhibiting tyrosine kinase activity o f other types o f receptors.'^^' Phase II clinical 

trials were carried out.^^

HN
HN

|21|
HN

HN

HN'N

|22| |23|

Figure 1.17 Structure of GW572016 |211, CI-1033 |22| and ZD6474 |23|

^  VEGF 

Bevacizumab

As a humanized monoclonal antibody and the first angiogenesis inhibitor used in 

clinic, bevacizumab (trade name Avastin) was used for treatment o f cancer and eye 

disease when it was approved by FDA a few years ago. It blocks vascular endothelial 

growth factor A (VEGF), which is a chemical signal stimulating the growth o f new 

blood vessels, especially in cancer, and other d i s e a s e . T u m o u r  growth is therefore 

stopped due to prohibited formation o f new blood vessels. Clinical studies o f 

Bevacizumab are undergoing in non-metastatic breast cancer, ovarian cancer, and 

other carcinomas. However, it was suggested to be removed from use by FDA in 

December 2010,*^’ since this drug has not been shown to be safe and effective in 

breast cancer patients.

^  VEGFR2 

ZD6474

ZD6474 ( Figure 1.17, [23|) or Vandetanib, is a tyrosine kinase inhibitor currently 

underway o f clinical trials in phase II as a potential targeted treatment for non-small 

cell lung cancer and breast cancer.*̂ ** ZD6474 is an antagonist o f the vascular
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endothelial growth factor receptor (VEGFR) and the epidermal growth factor 

receptor (EGFR) inhibiting the RET-tyrosine kinase activity which is an important 

growth driver, eventually leading to the halting o f tumour growth.^^

Farnesyl transferase 

R 115777 (Zarnestra)

R 115777, or Zarnestra (Figure 1.18, [24]), is a selective inhibitor o f

famesyltransferase, which adds a 15-carbon farnesyl lipid to the carboxy-terminal 

cysteine o f a number o f cell-signalling p r o t e i n s . H o w e v e r ,  clinical trials on this 

farnesyl transferase inhibitor have failed to show any benefit for treatment in breast 

cancer while high toxicity adverse effects being observed.'*^'

SCH66336 (Sarasar)

SCH66336, also named as Sarasar (Figure 1.18, [25]), is a faresyl-OH-transferase 

inhibitor that prevents the enzyme from transferring a farnesyl group from farnesyl 

pyrophosphate to the pre-Ras protein. Since without the farnesyl group, Ras proteins 

can not attach to cell membrane to transfer signals from membrane receptors.'®^' 

However, clinical studies showed that Sarasar was found to have major side effect 

such as fatigue, diarrhea and nausea.'^"*

Br

NH

125]

NH

CHg

Figure 1.18 Chemical structure of R115777(24], SCH66336[25]

CDK kinases

Cyclin-dependent kinases (CDKs) are a family o f  protein kinases which play an 

essential role in regulating the cell cycle. They also play a part in regulating 

transcription, mRNA processing, and the differentiation o f nerve c e l l s . R e g u l a t i o n  

o f cell cycle by CDKs is controlled by a serious o f positive and negative upstream
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mechanisms as indicated in Figure 1.19. A CDK inhibitor interacts with a cyclin- 

CDK complex to block its kinase activity, normally during G l, or in response to 

signals from damaged DNA or from the environment.

( ‘hnMi»f»sMnr %rpitr«lu»n

Gl

I » A

c y c lin

C'clk o
rhromrvMimc du|>lfc«li«in

G 2

CriK wUh dup lka ird  rhrumuM»nir*«

Figure 1.19 CDKs are the regulators in eukaryotic ceils 

F la v o p ir id o l

Flavopiridol, also known as Alvocidib, (Figure 1.20, |26 |) was the first CDK 

inhibitor to be tested for clinical use since it was indentified as an anti-cancer agent in 

1992. It is a semisynthetic flavonoid derived from rohitukine (Figure 1.20, [27]), an 

alkaloid isolated from a plant in India. It competes for the ATP site o f the CDKs.'*^^ 

Flavopiridol was indicated in initial studies to have clear effects on cell cycle 

progression, induce differentiation and apoptosis, modulates transcription, and has
1 nsantiangiogenic properties. Phase 11 clinical trials on Flavopiridol for treatment o f 

breast cancer are underway.

UCN-01

The small molecule UCN-01 (Figurel.20, [28]), is a cyclin-dependent kinase (CDK) 

modulator demonstrated to have antiproliferative activity against several cancer 

models. It was also investigated with respect to isozyme-specific PKC inhibition, and 

exhibited anti-tumour activity in vitro and in v ivoV ^  The exact mechanism o f how 

UCN-01 promotes cell cycle arrest is still unclear, although it may inhibit several 

serine-threonine k inases.'"  Currently it being tested in Phase I clinical trials for

breast cancer. 1 1 2

31



1261 [27]
NHCHa

|28|

Figure 1.20 Structure o f Flavoporodol|26], Rohitukine|27] and UCN-01|28j

mTOR kinase

CCI-779 (Temsirolimus)

The mammahan target o f rapamycin (mTOR) is a serine/threonine protein kinase that 

regulates cell growth, cell motility, cell proliferation, cell survival, DNA transcription 

and protein synthesis."^' Being the catalytic subunit o f two molecular complexes,
114m TORCl and m T0R C 2, mTOR collects and interprets the input from upstream 

pathways, such as insulin (shown in Figure 1.21), growth factors and mitogens. In 

tumour cells, mTOR is activated by various mechanisms including growth factor 

surface receptor tyrosine kinases, oncogenes, and loss o f tumour suppressor genes, 

which play a key role in malignant cell transformation and progression."^ Regulation 

o f mTOR pathwayis disordered in certain human cancers.

G iu c o se

FO X OC la s s ►Ct s c i,
rsca

o
G E F '>

4EBP-1

f»«F4el r ^ l»epgKKP0CD4l

Figure 1.21 mTOR signalling pathway"^
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CCI-779 (Temsirolimus)

Temsirolimus (CCI-779) (Figurel.22 [29]) is an intravenous drug for the treatment

o f miscellaneous cancer. It specifically inhibits mTOR and interferes with the

production o f proteins that regulate tumour cell growth, survival and proliferation,

leading to cell cycle arrest in the G1 phase. Additionally, temsirolimus inhibits the

development o f tumour blood vessels by down-regulating the synthesis o f  VEGF."^

However temsirolimus carry many toxic side effects based on currently clinical trials
118in phase II for breast cancer.

RADOOl (Everolimus)

As a member o f derivatives o f  sirolimus which work similarly as mTOR inhibitors, 

RADOOl, also named Everolimus, (Figure 1.22 [30]) is currently used to prevent 

rejection o f  organ transplants. It has been investigated with other mTOR inhibitors 

for use in treatment o f a number o f cancers. In a similar fashion to other mTOR 

inhibitors, RADOOl is only active on the mTORCl protein and not on the m T0R C 2 

protein. It inhibits the mTORCl negative feedback loop while not interacting with 

the m T 0R C 2 positive feedback to AKT, leading to a hyper-activation o f the kinase 

AKT, which in turn extends survival in some cell t y p e s . P h a s e  III clinical trials of 

RADOOl were underway in breast cancer and lymphoma in October 2010.'^^

Figure 1.22 Structure of CCI-779|29|, EAD001|30|

Many other targets have been identified as novel agents for treatment o f breast cancer. 

These include the potent modulator o f protein kinase C (PKC) broystatin (Figuer

|29| [301
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1.23, [31]),'^' Bay 43-9006 (Figure 1.23, [32]), a novel signal transduction inhibitor 

that targets RAF pathway in tumour c e l l s ,C I - 1 0 4 0  (Figure 1.23,[33|), a potent, 

selective and non-competitive inhibitor o f M EK l and its a c t iv a t io n ,P e r i fo s in e  

(Figure 1.24,(341), an Akt inhibitor in human cancer,'^"' 17-allylamino-17- 

demtehoxygeldanamycin (17-AAG) (Figure 1.23, [35]), a potent heat-shock protein 

90 (Hsp90) inhibitor that can degrade polyglutamine-expanded mutant androgen 

receptor (AR),'^** Marimastat (BB-2516) (Figure 1.23, [36]), the first matrix
I 'y/L

metalloproteinase inhibitor to have entered clinical trials, ST 1571 (Figure 1.23, 

[37]), a tyrosine kinase inhibitor initially developed as a BCR/ABL inhibitor,
127selectively mhibiting platelet-derived growth factor receptors (PDGFRs) and c-kit, 

and suberoylailide hydroxamic acid (SAHA) (Figure 1.23, [38]), a potent inhibitor of 

histone deacetylases (HDACs) that causes growth arrest, differentiation and apoptosis

o f tum our cells 128

N. .N

a OH

^  -OH
H H

NHOH

J38] O

Figurel.23 Structure of some chemotherapy agents for breast cancer
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1.4 Pyrazoles as bioactive compounds

In this thesis a comprehensive series of novel heterocyclic compounds containing the 

1,4-dihydropyridine and pyrazole scaffold structures which display interesting 

antiproliferative properties are investigated. These structures were developed as part 

of an in silico high throughput screening programme in our research g r o u p . A s  an 

introduction to these heterocycles, the pharmacological activity associated with 1,4- 

dihydropyridines and pyrazole containing compounds is reviewed in the following 

section, with particular emphases on the associated cytotoxic properties.

1.4.1 Structure

Pyrazoles are heterocyclic compounds characterized by a five-membered aromatic 

ring structure consisting of three carbon atoms and two nitrogen atoms in contiguous 

positions. Similar to its structural isomer imidazole, pyrazole contains a pyrrole-like 

and a pyridine-like N-atom positioned in the 1- and 2-positions. (Figure 1.24) 

Structurally related compounds are pyrazolidine and pyrazoline.

Pyrazole Pyrazolidine Pyrazoline

Figurel.24 Chemical structure of Pyrazole related compounds

Pyrazole as a scaffold is a feature of a number of bioactive compounds, such as 

celecoxib (Figure 1.24,[40]), fomepizole (Figure 1.28, [49]), AM251 (Figure 1.27 

[47]).'^*  ̂ However, they were rarely found in nature until 1-pyrazolyl-alanine was
131firstly isolated from seeds of watermelons in 1959. Normally pyrazoles are 

produced synthetically through various ways. Pyrazole can be synthesized from 

acetylene and diazomethane in a classical method developed by Pechmann, H. in 

1898.'^^ Several synthetic routes are discussed below.

1.4.2 Methods for synthesis

There are a number o f synthetic routes which are very helpful for the formation of the 

heterocycle ring. The most popular synthetic methods are the Knorr pyrrole reaction,
133Vilsmeier-Haack reaction. These methods are summarized below:
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1.4.2.1General synthetic route for pyrazole-containing fused rings

Heller, S.T. et al'̂ "* has described the use o f 1,3-diketones that were synthesized in 

situ  from ketones and acid chloride and then converted into pyrazoles by the addition 

o f hydrazine. (Scheme 1.1) This method gives a fast and general synthetic route for 

pyrazole-containing fused rings.

1)2.1 eq. LiHMDS 
toluene / THF 
(5;2), 0 ”C, Imin

[!;. 2) leq. R"COCl 
R.T, Imin

34 eq. HjN-NHj.HjO

ETCH /THF /toluene /AcOH r 
( 10:7:5:5), reflux 5min

Scheme 1.1 General synthesis route for pyrazole-containing fused rings

1.4.2.2 Highly regioselective synthesis of l-Aryl-3,4,5-Substituted Pyrazoles

The synthesis o f 1-aryl-3,4,5-substituted pyrazoles based on the condensation o f 1,3- 

diketones with arylhydrazines is illustrated in scheme 1.2. This highly regioselective 

synthesis proceeds at room temperature in N,N-dimethylacetamide and obtains 

pyrazoles in good yields.

O.Scq. HCI \  
+  HjN Ar' (10 M in H ,0 )k r  R

R: Me. CFj, CF,H HCL
DMAc, R.T.. 24 h 

Ar
-95:5

Scheme 1.2 Highly regioselective synthesis of l-aryl-3,4,5-substituted Pyrazoles

1.4.2.3 Construction of pyrazole with palladium catalyzed four component 
coupling

Pyrazoles serves as biologically active molecules with wide application. Ahmed, 

M.S.S. et al'^^ synthesized five-membered heteroaromatics such as pyrazole via one- 

pot, four component coupling o f terminal alkynes, hydrazine, and aryl iodide at room 

temperature and an ambient pressure o f  carbon monoxide in the presence o f a 

palladium catalyst. (Scheme 1.3) Hydrazine and hydroxylamine were used as 

components not only for ring formation but also for activating agents for the 

carbonylation coupling reaction.



Scheme 1.3 Construction of pyrazole with palladium catalyzed four component 
coupling

1.4.2.4 One-Pot synthesis of N-Arylpyrazoles from Aryhalides
I  ^ 7It has been showed by Gerstenberger, B.S. et al that N-arylpyrazoles are an 

important structural class in pharmaceuticals and agrochemicals. These authors 

reported a quick and simple one-pot synthesis o f N-arylpyrazoles and diversely 

functionalized pyrazoles from arylnucleophiles, di-/^er?-butylazodicarboxlate, and 1,3- 

dicarbonyl or equivalent compounds as presented in (Scheme 1.4).

Boc

A r X

X: Br, I

I ) 1.05 eq. BuLi 
(2.5 M in Hexane) 
THF, -78"C, 5niin

2) 1.05 eq. 
Boc-N=N-Boc 
-78‘’C - ^ R . T .  30min

A r-

\
N

/
N

\
Boc

1.05 eq 

R

R'
Ar

4 M n C l in dioxanc 
-I /T H F ( 5 : I ) 8 0 “C, lOmin

R: H .M e 
R': Cl,  H

Scheme 1.4 One-Pot synthesis of N-arylpyrazoles from aryhalides

1.4.2.5 Base-meduated reaction o f hvdrazone and nitroolefins

Substituted pyrazoles are a particularly important class o f bioactive compounds in the 

pharmaceutical industry. Specially interesting in agents are 1,3,5-tri and 1,3,4,5- 

tetrasubstituted pyrazoles, which are contained in the core structures o f  currently used 

drugs such as Celecoxib. Two general protocols are developed for the regioselective 

synthesis o f 1,3,5-tri and 1,3,4,5-tetrasubstituted pyrazoles by the reaction of 

electron-deficient N-arylhydrazones with nitroolefins are outlined by Deng, X.H. et
138al Research on the stereochemistry o f the key pyrazolidine intermediate indicate a 

stepwise cycloaddition mechanism.

0 , N .
Ar

1) leq . tBuO K  
'R '  T H F ,-7 8 ”C, 25m in

2) 2eq. TFA, 2 h r

3) -78“C R .T ., 2 days R: H. a lkyl  
R' R': Ar, alkyl

Scheme 1.5 Base-meduated reaction of hydrazone and nitroolefins

1.4.2.6 N-monosubstituted hvdrazone with nitroolefins for pyrazole synthesis

In a further extension o f this work, a novel regioselective synthesis o f substituted 

pyrazoles from N-monosubstituted hydrazones and nitroolefins is described by Deng

et al. 139 (Scheme 1.6) This reaction is performed in a one-pot manner and achieved

37



good yields which is suitable for library synthesis in drug discovery efforts. 

Therefore, a key nitropyrazolidine [39] intermediate was characterized and the 

mechanism for the heterocycle synthesis was provided. (Scheme 1.7)

I eq . NO2

R  NHNH2 +

M eO H

R .T . Ih
H

R N R' under air 
R .T ., 2 4 h  R"

Scheme 1.6 N-monosubstituted hydrazone with nitroolefins for pyrazole synthesis

RiN H N H , + RjCHO

I
i I -

' N  ©\
H  H

1

|39i
S lo w

- |  HNO, 1

Fast

Scheme 1.7 Mechanism of pyrazole synthesis

1.4.2.7 Cu-catalyzed C-N coupling/Hvdroamidation

Nitrogen-containing heterocycles compounds occur as biologically active natural 

products which have some clinical uses.'"^® The strategies for the synthesis o f 

heterocycles which are based on metal-catalyzed reactions have been developed by 

Martin et al.'"^' They demonstrated a general, highly flexible and efficient Cu- 

catalyzed domino C-N coupling/hydroamidation reaction for the preparation o f 

pyrazoles and pyrroles. (Scheme 1.8) The proposed mechanism has shown the metal 

to play a dual role in facilitating amidation and hydroamidation reaction.
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] 2  e q .  5 m o l - %  C u l

M e H NNHBoc

I
NHBoc 1.5 eq. C siCO j 

TUF, 80“C, 6-16 h
R"

Boc

NBoc

10 eq. TFA

N H

R'

Scheme 1.8 Synthesis of heterocycles through a domino copper-catalyzed 
amidation/hydroamidation sequence

1.4.2.8 Selective route to substituted l-A cvl-4-iodo-lH -pyrazole

To date, pyrazole and derivatives have exhibited the wide variety o f  biological 

activities such as analgestic, anti-inflammatory, hypoglycaemic, antihypertensive, 

and antimicrobial activity in pharmaceutical a p p l i c a t i o n s . W a l d o  et a l.'“̂  ̂

reported that a number o f substituted l-acyl-5-hydroxy-4,5-dihydro-IH-pyrazoles 

have been synthesized as intermediate from the corresponding 2-alkyn-l-ones. In 

most cases, preparation o f the l-acyl-4-iodo-lH-pyrazoles proceeded in good yield 

by undergoing dehydration and iodination in the presence o f  ICI and Li2C0 3  under 

mild reaction conditions. (Scheme 1.9)

H3C,

3  cq .  ICI,  2 cq.  L i . C O
HO'

toluene, 80^C
C H 2 C I 2 , R .T .  0 . 7 5 - 1 2  h

R | :  Ar ,  A l k y l ,  v i n y l i c  
R t: Ar ,  A l k y l ,  v i n y l i c R ] i  A r  

R 2 : Ar ,  a lk y l

Scheme 1.9 Selective route to substituted l-Acyl-4-iodo-lH-pyrazole

1.4.2.9 Regiospecifie synthesis o f pvrazole-5-carbonylates from  
enaminodiketones

Rosa et al'"^  ̂ demonstrated a variety o f enaminodiketones used as precursors for the 

construction o f new heterocycle derivatives. Therefore, a regioselective method for 

the synthesis o f 4-substituted 1 H-pyrazole-5-carboxylates which were prepared from 

the cyclocondensation reaction o f unsymmetrical enaminodiketones with tert- 

butylhydrazine or carbonoxymethylhydrazine has been developed. However, the
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obtained compounds were a mixture o f two or three regioisomers A, B or C, which 

can be purified by chromatography. (Scheme 1.10)

■ O E t

R ’: /B uR: C X 3 A ry l, h e te ro a ry l

O E t

A

E tO

C O R

Scheme 1.10 Regiospecific synthesis of pyrazole-5-carbonylates from enaminodiketones

1.4.2.10 Synthesis of di- and trisubsituted pyrazoles via 13+21 cvcioaddition 
reaction

I 1 A ( \

Recently, Hari et al. ' reported that pyrazole can be synthesized by [3+2] 

cycloaddition reaction with ethyl propiolate or dimethyl 

acetylenedicarboxylate(DM AD). In this case, they described how TM SC(M gBr)N2 

would react with simple aldehydes and ketones to achieve the corresponding 2-diazo- 

2-trimethylsilyl ethanols. Afterwards a variety o f diazoalcohols reacted with DMAD 

to give the trisubstituted pyrazole in good yield in two steps.(S cheme 1.10)

I ) 1 .2  eq . B u L i 

(1 -6 M  in  c x a n c )  

3  T H F . -7 8 ° C ,  2 0  m in

2) 1.2 eq . MgBr^
(1 .4  M  in P h M e/E t2 [1:1] 
10 m in

BrMg SiMe-
R

I‘ gq- R

-7 8 “C , 1.5 h

OH

R'"
SiMe-j

N2

R : H , M e

2  eq .

TMSOOR'"
R ; H , M e 

P  R': A r, a lk y l 
R ": H , C O -,M eT H F  r e f lu x ,  2 4  h

OR"'

Scheme l.llS yn th esis of di- and trisubsituted pyrazoles via |3+2| cycloaddition reaction
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1.4.2.11 O xidative arom atization o f 1,3,5-Trisubstituted pyrazolines for  
corresponding pyrazoles

1,3,5-trisubstituted pyrazolines can be easily prepared from  phenylhydrazine and 

chalcone derivatives. N akam ichi et al.'^** exam ined the reaction o f  dihydro 

com pounds such as pyrazolines and dihydropyridines with oxidizing reagents, 

catalytic am ount o f  Pd/C in acetic acid to produce pyrazole and pyridine derivatives. 

(Schem e 1.12)

M ^ N  0 , ( 1  aim )
^  activated carbon (cat.)

HOAc
120"C, 2-2.5 h

HoN

Scheme 1.12 Oxidative aromatization of 1,3,5-Trisubstituted pyrazolines for 
corresponding pyrazoles

1.4.2.12 H eterocvcle form ation from  1,3-dinitroalkanes via N ef reaction

A liphatic nitro com pounds are useful interm ediates in organic synthesis, 1,3- 

d in itroalkanes has been reported by Escribano et a l.'^ ' as synthetic equivalents for 

1,3-dicarbonyl com pounds through N ef reaction under usual conditions(N aO H , 

conc.H 2S0 4 ). Subsequently, they can be converted into azole heterocycles (Schem e  

1.13). The pyrazole-form ing reaction m echanism  probably is processed by the 

nucleophilic attack o f  hydrazine on the electron-deficient C-1 o f  the n itronic acid, 

and then followed by dehydration and elim ination o f  the elem ents o f  hyponitrous acid 

(HNO). Eventually the pyrazole is obtained by intram olecular attack o f  the am ino 

group o f  the resulting hydrazone on C-3 and elim ination o f  H2O and H N O  again. 

(Schem e 1.14)

+

NOp NO, NEt NO2 NO2

R

\ .4

- R ' ^

Schem el.l3 Heterocycle formation from l^-dinitroalkanes via Nef reaction
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Scheme 1.14 Mechanism of pyrazole-forming reaction

1.4.3 Pyrazoles as biologically active compounds

Compounds containing the structure o f the pyrazole ring have been shown to possess 

a large variety o f  biochemical and pharmacological properties. Examples o f pyrazole 

derivatives are given below.

1.4.3.1 Non-steroidal anti-inflammatory drug (NSAID)

Celecoxib

Celecoxib (Figure 1.25, [40]) is a diaryl-substituted pyrazole, chemically described 

as 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1 H-pyrazol-1 -yl] benzenesulfonamide. 

It is a non-steroidal anti-inflammatory drug (NSAID) clinically used in relief o f pain 

and inflammation in osteoarthritis, rheumatoid arthritis and ankylosing spondylitis. 

Application o f celecoxib for the treatment o f acute pain, painful menstruation and 

menstrual symptoms was also reported.'^' Moreover patients with familial 

adenomatous polyposis benefit from celecoxib for its reduction o f numbers occurring 

in colon and rectum. Because o f  its over 7 times more selectivity for COX-2 

inhibition over COX-1, celecoxib was originally intended to relieve pain while in 

theory minimizing the gastrointestinal adverse drug reactions usually caused by 

conventional NASIDs which inhibit both COX-1 and C O X - 2 . R e l a t e d  drugs 

include Deracoxib [41] and Tepoxalin ]42].

42



o

Figurel.25 Structure of Celecoxib[40|, Deracoxib|41|,Tepoxalin[42]

1.4.3.2 GABA receptor antagonist 

Indiplon

Indiplon (Figure 1.26, |44]) is a nonbenzodiazepine primarily binding to the ai 

subunits o f the GABAa receptors in the brain and upon that, like most other 

nonenzodiazepine sedatives, enhancing the action o f the inhibitory neurotransmitter 

GABA. It is being developed as a hypnotic sedative in 2 formulations - an immediate 

release product for the treatment o f insomnia and a modified release version for sleep 

maintenance.''^^ Another related GABA targeting compound is Fipronil (Figure 1.26,

Figure 1.26 Structure of Fipronil|43|, Indiplon|44|

Ocinaplon

Ocinaplon (Figure 1.27, [45|) is an anxiolytic drug in the class o f drugs o f 

pyrazolopyrimidine. Pharmacologically similar to the benzodiazepine family o f 

drugs, it is distinguish by its relatively little sedative or amnestic effect but mainly 

anxiolytic properties where ocinaplon modulates GABAa receptors, although it is

|43|).
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more subtype-selective than most benzodiazepines.'^'^ Zaleplon (Figure 1.27, [46]) is

a nonbenzodiapine hypnotic/sedative from the pyrazolopyrimidine family mainly 

used for insomnia and controlling o f anxiety. Like ocinaplon, zaleplon has a similar 

pharmacological profile to benzodiazepines in the increase in slow wave deep sleep 

(SW DS) with rapid onset o f hypnotic action and acts as a full agonist for the 

benzodiazepine ai receptor which is located on the GAB A a ionophore receptor 

complex in the brain.

Figure 1.27 Structure of Ocinaplon|45|, Zaleplon |461

1.4.3.3 Cannabinoid receptor antagonist 

AM251

AM251 (Figure 1.28, |47 |) is a brain cannabinoid receptor (C B l) antagonist, in 

which a />-iodo group, in replacement o f the p-chloro group, is present as the phenyl 

substituent at C-5 o f  the pyrazole ring. Structurally close to rimonabant, AM251 is 

also in common with this lead compound in the role o f being biarylpyrazole 

cannabinoid receptor antagonists, whereas it exhibits about two-fold more selective 

for the C B l receptor when compared to rimonabant (Figure 1.28, |48]) in binding

N,

affinity.

Cl
[47] [48]

Figure 1.28 Structure of AM251|47|, Rimonabant|48|
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1.4.3.4 Fomepizole

Fomepizole (Figure 1.29, |49]) or 4-methylpyrazole competitively inhibits the 

catalysis o f alcohol dehydrogenase, a member o f oxidoreductases, the initial steps in 

the metabolism o f ethylene glycol and methanol to their toxic metabolites,'^^ 

therefore could be applied as an antidote alone or in combination with hemodialysis
1 S Sin confirmed or suspected methanol or ethylene glycol poisoning. ' Tebufenpyrad 

(Figure 1.29, [50]) is a pyrazole acaricide in the form o f a white crystalline solid 

commonly used in aqueous solution in commercial greenhouses as an insecticide. 

Practically innocuous to birds, it is nevertheless found to be very toxic to fish.'^^

CH
CH

NH CH

[50][49]

Figure 1.29 Structure o f Fom epizole|49], Tebufenpyrad|50|

1.4.4 Antiproliferative activity of pyrazoles

The uses o f biologically active pyrazoles range from insecticides to non-steroidal 

anti-inflammatory drugs (NSAlDs). Traditional NSAlDs such as aspirin, 

indomethacin and ibuprofen have been shown to inhibit the prostaglandins (PG) 

synthesis and thereby reduce tumor growth, metastasis and angiogenesis.'^** 

Prostaglandins were found to be proangiogenic by themselves and to up-regulate the 

expression o f vascular endothelial growth factor (VEGF) gene transcription in many 

cancer types. Meanwhile, the pyrazole derivative like celecoxib (Figure 1.25, [40]) 

have been found to exhibit potential antimigratory activity, inhibit 

neovascularization, decrease VEGF production and increase apoptosis o f  tum or cells. 

These actions are mediated through PEGi synthesis inhibition.

Celecoxib (Figure 1.25, |40 |) had been approved for the treatment o f  familial 

adenomatous polyposis and ongoing clinical trials are assessing its potential 

therapeutic role in both prevention and treatment o f  a diverse range o f  human 

cancers. So, a number o f  pyrazole analogues with a 1,3,4-substitution pattern such as 

celecoxib were evaluated for their anti-tumour and anti-angiogenic properties.'^'
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Furthermore, pyrimidinyl pyrazoles were reported to have antiproHferative and 

inhibitory activities on tubulin polymerization. Two major binding sites on tubulin 

have been identified and are named the colchicine and vincristine sites for tubulin 

polymerization inhibitors. The binding site o f pyrimidinyl pyrazole derivatives was 

found located at the colchicine site. The pattern o f tubulin polymerization inhibitory 

effect was different from that o f colchicine. These discoveries may suggest that 

pyrimidinyl pyrazole derivatives could become novel leading compounds for the 

development o f multi-drug resistant (MDR)-overcoming antitumour agents targeting 

tubulin.

1.5 1,4-Dihydropyridines

1,4-Dihydropyridine (DHP), such as nifedipine and amlodipine have been found to 

possess the ability o f  down-regulation o f  cross-membrane calcium ion Ca^^ flux by 

blocking calcium c h a n n e l s . A s  an intracellular messenger for regulation o f cellular 

activity, is importantly involved in early G l, and at the Gl /S  and G2/M 

transitions o f mammalian cell cycle, and therefore blockade o f calcium channel has a 

significant impact in many cellular processes including proliferation, metabolism and
164gene transcription.

P-glycoprotein is one o f the trans-membrane efflux pumps that transport 

chemotherapeutic drugs, such as vinca alkaloids, anthracycline derivatives and 

podophyllotoxins, out o f the cells, resulting in the intracellular drug concentrations 

being too low to reach therapeutic e f f e c t s . H o w e v e r ,  P-glycoprotein-mediated 

multidrug resistance (MDR) reversal effects have been demonstratedby 1,4- 

dihydropyridines such as nifedipine, in tumour cells, with some specific derivatives 

overcoming drug resistance to doxorubicin and paxclitaxel in multidrug resistant 

human cancer cell lines.

In this section the up-to-date developments in the design and synthesis o f  the MDR

active DHPs are reviewed, along with extensive insight into the significant SAR

studies. Antiproliferative activity o f  these MDR modulator molecules indicates

significant potential for their clinical application as MDR modulating drugs,

especially in breast cancer where the expression o f  MDR phenotype is critical in the
1 68development o f insensitivity to chemotherapeutic drugs.

46



1.5.1 Chemistry and general biological activity of 1,4- 
dihydropyridines (1,4-DHPs)

Dihydropyridine chemistry was initially developed by Arthur Rudolf Hantzsch et al.

model dihydropyridines, generally N-substituted dihydronicotinamides started in the 

1930’s as a result o f  the discovery that NADH, a hydrogen transferring coenzyme 

was a reduced nicotinamide derivative, whose fine structure was not recognized until 

the late 1950’s. The reduced nicotinamide adenine dinucleotide or the oxidised 

pyridinium form o f NADH was known as NAD. It was believed at an early stage that 

NADH was a 1,2-dihydronicotinamide derivative (Figure 1.30, [SIJ), giving rise to a 

confusion which was lately resolved by the unambiguous discovery that NADH was 

in fact the 1,4-dihydropyridine'™. The NAD/NADI I interconversion is shown in 

Figure 1.31.

and the generally known synthesis now bears his name'^^. The initial investigation o f

o

H

Figure 1.30 |51] 1,2-dihydronicotinam ide

A 0

O' O'

B o c

R R

NAD'̂ NADH
(Reduced)(Oxidized)

Figure 1.31 Structure o f the Rabbit L-Gulonate 3-Dehydrogenase (NADH Form) and 
the NAD/NADH interconversion



In theory there could be five dihydropyridine isom ers, as illustrated in Figure 1.32, 

but m ost o f  the better know n dihydropyridines have either the 1,2-dihydropyridine or 

the 1,4-dihydropyridine structure.'^ '

1,2 -d ih y d ro p v r id in c  1 ,4 -d i l iydropyr id inc

N N N

2 ,3 - d ih y d ro p y r id in c  2 ,5 -< lihyd ropyrid inc

3 ,4 -d ihyd i 'opy r id inc

Figure 1.32 Structure of dihydropyridine isomers

The 1,2-dihydropyridine, or the 1,4-dihydropyridine structure are thought to be m ore 

com m on than the other three isom eric forms. This is probably because o f  the 

involvem ent o f  the nitrogen lone pair in the 7t electron system , as well as the 

existence o f  the higher num ber o f  sp^-hybridised centres. The structure and X-Ray 

crystallographic structure o f  the well know n Ca^"  ̂ channel antagonist nefidipine 

determ ined in the present work (F igure 1.33, |52]) are given below.

O o e

[521

Figure 1.33 Structure and X-ray structure of Nifedipine (TCD)

Indeed other key geom etrical and chem ical aspects o f  this m olecule have been 

revealed in association to its pharm acological activity. These are:

>  The ortho-nitro  group provides steric bulk, helping to m aintain the required 

perpendicular property o f  the phenyl and DHP rings.
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> The oxidised pyridine form is not pharmacologically active

> The conformations o f the C3 and C6 esters of nifedipine are interesting 

whereby the C3 carbonyl is synplanar to the C2-C3 bond and the C6 ester 

carbonyl is antiplanar to the C5-C6 bond.

Known as Câ "̂  channel blockers, 1,4-DHPs in fact exert their effect through receptor 

sites in the L type potential-dependent channels, acting as either antagonists or 

agonists, by opening or blocking the channel. Nifedipine (Figure 1.33, [52]) has been 

followed by the second generation of 1,4-DHPs, such as Amlodipine (Figure 1.34, 

[53]), Isradipine (Figure 1.34, [54|), Nicaripine (Figure 1.34, [55[), Nimodipine 

(Figure 1.34, [56]), Nisoldipine (Figurel.34, [57[), Felodipine (Figure 1.34, [58[)'^  ̂

which are illustrated in Table 1.4 and Figure 1.34.

1531 1541

H
H3C N CH3 6

N
H

[55] [561

N
H H

(571 [58]

Figure 1.34 Chemical structure o f 1,4-dihydropyridine class compounds
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1,4-D H P  C alciu m  

C h annel B lockers
P rotein  

bind ing  %
D escription  o f  activ ity S tru cture

Am lodipine 93-97 Anti-hypertensive and treatment o f  an g in a '” |5 3 |

Isradipine >99

Usually prescribed for treatment o f  high 

blood pressure to prevent stroke and heart 

attack. A lso  reported used for treating 

Parkinson’s disease'^'’

|5 4 |

N icaripine
>95 U sed to treat vascular disorders such as 

chronic stable angina, hypertension, and 

raynaud’s phenomenon'^’
|5 5 |

N im odipine
>95 Previously indication for the treatment o f  

high blood pressure, current use is a 

com plication o f  subarachnoid hem orrhage'’^

|5 6 |

N isoldipine
>99 Treatment for high blood pressure, also treat 

patients with angina and congestive heart 

failure'^’

|5 7 |

N ifedipine
92-98 Main uses are as an anti-anginal and 

antihypertensive,another com m only uses is 

the small subset o f  pulmonary hepertension

|5 2 |

Feiodipine

>99 Control hypertension drug, how ever studies 

indicated in combination with grapefruit 
may cause toxic effects.

|5 8 |

Table 1.4 Second generation of 1,4-DHPs drugs

Owing to their channel blockade activity, 1,4-DHPs primarily work as

vasodilators, whereas other cardiovascular drugs such as verapamil and diltiazem, 

have both vasodilator and cardiodpressant properties. Ca^^ is one o f the most versatile 

and universal signalling agents in the human body. Ca^^ acts as intracellular 

messenger relaying information within cells to regulate their activity. Ca^^ triggers 

life at fertilisation and controls the development and differentiation o f  cells into 

specialised types. It mediates in the subsequent activity o f these cells and finally is

invariably involved in cell d e a t h . E v e r y  cell expresses a unique complement o f
2+components from a Ca signalling toolkit that enables it to generate intracellular 

Ca^^ signals o f  a particular amplitude, time and course o f  intracellulat action.'**^

1 R 1It is generally recognised that

Changes in Ca^^ levels are versatile and dynamic signalling events that 

control diverse cellular events over a wide range o f timescales
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Tumour cells are characterised by their acquisition o f different physiological 

traits that allow them to proliferate independently o f growth signals and learn 

how to avoid apoptosis signals

The Câ "̂  signalling toolkit which comprise the proteins in regulating 

signalling is often remodelled in tumours to sustain proliferation 

Ca^^ signalling proteins and organelles are emerging as additional cellular 

targets o f oncogenes and tumour suppressors

Câ "̂  signalling pathways remodelled in cancer provide novel opportunities for 

therapeutic action.

The calcium ion Ca^^ is a versatile and universal signalling agent acting as an 

intracellular messenger for regulation o f cellular activity. Increase in free cytosolic 

Câ "̂  influence the signalling mechanism which controls many cellular processes 

including proliferation, metabolism and gene transcription. Ca"^ plays a role 

throughout the mammalian cell cycle and is especially important early in G l, at the 

G l/S  and G2/M transitions.'*^

1.5.2 Antiproliferative and multidrug resistance reversing activity of
1.4-dihydihydropyridines

1.4-Dihydropyridine is an important scaffold with a wide pharmacological activity 

spectrumemcompassing antiatherosclerosis, antidiabetes, antitumor, antimutagenic, 

antioxidant activities, as well as their roles in vasodilation, bronchodilation,
183hepatoprotection and geroprotection. Primarily developed as cardiovascular agents, 

DHPs have been shown in recent investigations to possess the potential o f 

antiproliferative activity and MDR reversing effect in chemotherapy, a finding that 

directed research to the studies o f improvement o f the MDR reversing effect and 

notable reduction o f the calcium channel blocking activity o f these compounds.

Multidrug resistance (MDR) is one o f  the major problems in the chemotherapy o f 

cancer. It is believed that exportation o f cytotoxic agents mediated by p-plycoprotein 

(p-gp or M D R l) importantly contributes to multidrug resistance. Following the early 

introduction o f the calcium antagonist verapamil as a MDR inhibiting agent in 1981 

which down-regulates the outward transport o f  vincristine and adriamycin from 

tumour cells, a variety o f compounds have been developed to overcome MDR, 

including dihydropyridines and isoquinoline, and 1,4-dihydropyridine derivatives 

such as Nifedipine and Nicardipine (Figure 1.35, [59]).
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An example is amlodipine (Figure 1.35, |60 |), a long acting calcium channel blocker 

which reduces peripheral vascular resistance and blood pressure by directly dilating 

the vascular smooth muscle and is used for attenuation o f hypertension and angina. In 

the last decade, amlodipine was discovered to inhibit cell proliferation by suppressing 

the expression o f growth factors such as platelet-derived growth factor (PDGF), 

transforming growth factor Pi(TGF-Pi), and basic fibroblast growth factor (bFGF)

which are required in the initiation and progression o f mitosis 1 8 4 , 185 Ziesche et al.

reported in 2004 that amlodipine exerts its antiproliferative effect by activating the
186p21 W afl/C ip l gene within section 21 o f the short arm o f chromosome 6. Later 

Ito’s research g ro u p 'd e m o n s tra te d  that amlodipine down-regulates the proliferation 

o f  human coronary artery smooth muscle cell (hCASMC) via a PK D l- related 

pathway, which the research proposed might be potential targets in the therapy o f
1 8 7coronary artery disease.

NO2

H .C '

H

|59|

NH

CH

1601 1611

Figure 1.35 Structure o f N icardipine|59|, A m lodipine|60|, N IK -250|61|

Another example o f a 1,4-dihydropyridine is Lacidipine (Figure 1.36, [62|), a 

member o f the fourth generation dihydropyridines.'** Compared to other 1,4-DHPs, 

lacidipine has a high membrane partition coefficient, and also exhibits a longer life, 

which were suggested underlay an optimal pharmacokinetic basis for the application 

o f  lacidipine in the treatment o f hypertension, and an important potential indication 

as an antiproliferative agent in the treatment o f atherosclerosis.'*^^ To date, the fourth 

generation o f the highly lipophilic dihydropyridines have been subjected to 

comprehensive studies which have revealed their properties o f reduction in adverse 

effects and a broad therapeutic spectrum.'^*’ Particularly, when administrated in 

combination with daunomycin, lacidipine exhibited a great MDR reversal activity 

than verapamil in erythroleukemia cell line.'^'

However, due to their vasodilator activity, the early dihydropyridines have caused 

some side effects, giving rise to the third generation agents, such as NIK-250 (Figure
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1.35, |61 |). This compound was reported to successfully reverse MDR in vivo as well 

as in vitro via suppression o f the p-plycoprotein function.

In past decade, some new 1,4-DHP derivatives(Figure 1.36,|63]) containing alkyl 

esters have been found to potentially overcome the resistance to doxorubicin and 

vincristine in multidrug resistance human cancer cell lines, owing to the alkyl chains 

which were believed to be one o f the effective substituents to promote the MDR
• • 192  193reversmg activity. '

Figure 1.36 Overcome MDR agents Lacidipine[62|, and 1,4-DHP derivatives|63]

Many more novel 1,4-dihydropyridine compounds have been identified with MDR 

reversal properties for cytotoxic drugs, and minimum effects on calcium channel 

activity. The cytotoxicity and MDR reversal effects o f a series o f 3,5-dibenzoyl-1,4- 

dihydropyridines (F igure 1.37, 164|) has been reported where cell death was 

attributed to as non-apoptotic pathway.'^"* G1 cell cycle arrest by amlodipine has been 

suggested in human epidermoid carcinoma A431 c e l l s , w h i l e  a 1,4- 

dihydropyridine derivative AV-153 (Figure 1.37, |65 |)has been reported to be 

effective in reducing DNA strand breaks, and stimulates apoptosis in human 

peripheral blood lymphocytes following gentoxic s tre s s .1 ,4 -D ih y d ro p y rid in e s  

were recently also shown to modulate the activity o f NAD dependent sirtuin 

deacetylases.'^’

Figure 1.37 Structure of 3,5-dibenzoyl-l,4-dihydropyridine derivatives|64| and

HH

162] [631

[64] |65]

AV-153[65|
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1.6 Objectives of the thesis

The general objective o f  this research is to investigate the design, synthesis, structure- 

activity relationships and pharmacokinetics o f a comprehensive range o f 4-( 1,3- 

diaryl-lH -pyrazol-4-yl)-l,4-dihydropyridine products, related in structure to 

compound (Figure 1.38, [66]). This compound was identified from an in silico 

screening programme for ER ligands. These molecules will incorporate the structural 

features required for antiproliferative activity, while allowing design o f compounds 

with minimal Ca^^ channel effects. This approach will permit the development o f a 

novel cytotoxic drug which may also act as multi-drug resistance reversal agent. The 

cytotoxic mechanism o f action o f this compound will be determined as it is currently 

unclear.

Figure 1.38 Structure of derivatives of substituted pyrazole-l,4-dihydropyridine

The specific objectives of research project are:

Design and synthesis o f a library o f structurally focused library o f  compounds 

based on the recently discovered 4 -(l,3 -d iary l-lH-pyrazol-4-yl)-1,4- 

dihydropyridine product structure (Figure 1.38).The aryl rings at N-1 and C-3 

o f  the pyrazole structure will be modified to include a comprehensive panel o f 

heterocyclic rings and substutuents, together with an investigation o f N- 

substitution on the DHP ring.^^’̂*’̂  Related 4-( 1,3-diaryl-lH-pyrazol-4-yl)-1,4- 

dihydropyridine products without the DHP-methyl substituents will also be 

synthesized, together with similar piperazine-type compounds .

Biochemical evaluation o f  the synthesized compounds for cytotoxic effects 

against human breast cancer cell lines to select the most promising lead 

structure for further development

H3C H3C H

R

1̂  O ^ C H 3

66
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Determination o f the potential o f the compounds to activate or inhibit calcium 

transporters and produce a change in the nature o f cytosolic calcium increase 

in MCF-7 breast cancer cells stimulated with an agonist (ATP)

Cell cycle studies to determine the precise target o f these compounds, and 

their mechanism o f antiproliferative action in tumour cells. The effects o f 

compounds on the cell cycle o f HL-60 acute myeloid leukaemia cells will be 

determined by flow cytometry to identify the optimised compounds for 

induction o f apoptosis.

Investigation o f the ability o f the novel DHP derivatives to reverse the 

resistance o f paclitaxel and related drugs in HL-60-MDR cells over

expressing PgP.

Determination o f antioxidant effects o f 4 -(l,3 -d iary l-lH-pyrazol-4-yl)-1,4- 

dihydropyridine products

SAR studies on the most active compounds to identify the structural features 

for optimum activity, solubility, bioavailability and stability

The ability o f the compounds to reverse multi-drug resistance will be 

correlated with the overall cytotoxicity o f the drugs towards the selected 

tumor cell lines, and the optimised compounds will be selected for further 

development.
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Chapter 2

Synthesis of 4-( 1,3-diphenyl-IH- 
pyrazole-4-yl)-1,4-dihydropyridines as 

MDR reversal agents
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2.1 Introduction

More than a century ago, the synthesis o f the diallcyl l,4-dihydro-2,6-
1 Q 8dimethylpyridine-3,5-dicarboxylates (1,4-DHP) was described by Hantzsch. This 

scaffold structure has been a core component o f many vital drugs which are 

extensively used in treatment o f  angina and hypertension. Dihydropyridines can also 

function as both L-type calcium channel blockers and multi-drug resistance (MDR) 

reversal agents in recent years. The dihydropyridines derivatives have been shown to 

have the potential to overcome P-glycoprotein-mediated multidrug resistance in 

cultured cancer cells, with some specific derivatives overcoming drug resistance to 

doxorubicin and vincristine in multidrug resistant human cancer cell l i n e s . P -  

glycoprotein is an important efflux pump and causes resistance to various cytostatics 

classes o f compounds such as vinca alkaloids, anthracycline derivatives or 

podophyllotoxins.^°*^

1.4-Dihydropyridines such as nifedipine have been reported to show multidrug 

resistance reversal effects. However, they act pharmacologically as calcium 

antagonists like verapamil and so are not thought to be suitable for therapy in MDR 

cancer.^'^' Abadi et al have also demonstrated 1,3,4-trisubstituted pyrazole derivatives 

as being non-cytotoxic but o f apparent antiangiogenic profile, mainly through 

inhibiting the motility o f endothelial cells rather than its proliferation. Therefore, 

using molecular modelling our research group have identified a novel 1,4- 

dihydropyridines contained an aryl substituted pyrazole ring at the C-4 position, 

which suggested potential anti-proliferative activity in human cancer cells including
T A T

those displaying multi-drug resistance.

The scaffolds investigated in this study were mainly divided into two types, scaffold 1 

and scaffold 11. Both scaffold I and 11 are further subdivided into four and two 

categories, respectively. The classified categories are dependent on the various 

substituents and their position on the 1,4-dihydropyridine ring. In Scaffold lA, IB and 

IC, the 1,4-DHP ring has been substituented by ethyl ester, methyl ester and 

phenylmethanone groups at the C-3 and C-5 positions. While the fourth subdivision 

Scaffold ID obtained does not contain the two methyl groups directly attached to the

1.4-DHP ring, but possesses different substituents at the N-1 position. On the other 

hand, novel 1,3,4-trisubstituted pyrazole derivatives. Scaffold 11, possess apparent
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antitum or and antiangiogenic profile, reported by Abadi et al.^°^ Therefore two 

different scaffold II categories have been developed in our studies, and are discussed 

in chapter 3. Figure 2.1 show s 4-hydroxytam oxifen, the related 1,3,5-trisubstituted 

pyrazole 67 and the different types o f  scaffolds discussed in the present work.

OH

R2

Scaffold lA

HO

CH,
II J l  C .

HO
IB

Scaffold IB

R2

Scaffold TC

N-

Scaffold ID

P Scaffold IIA

IV
\  Scaffold IIB

Figure 2.1 Structure of scaffold I and II type agents for potential antiproliferative 
activity
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2.2 Synthetic route to 1,4-dihydropyridines analogues

I 'h e  general outline for the synthesis o f  1,4-dihydropyridine to be investigated as 

M DR agents is displayed in schem e2.1. The first step in the synthesis o f  the 1,4- 

dihydropyridines is the preparation o f  a selection o f  appropriately substituted 

phenylhydrazones.

Scheme reagents: (1) Mg(C104)2, 1,2-dichloroethane 25 °C 2 h. (II) phosphorous oxychloride, 
Dimethylformamide, reflux 5 h. (Ill) Ethyl acetoacetate/ Methyl acetoacetate, 33% NH4OH,  
ethanol, reflux 16 h. (IV) Benzoylacetone, 33% NH4OH, Methanol, reflux 36 h.

2.2.1 Synthesis of phenylhydrazone

A series o f  phenylhydrazones (68-85) w ere form ed by the condensation o f  the 

appropriately substituted acetophenone with phenylhydrazine or 4-m ethoxy 

phenylhydrazine at room  tem perature in ethanol. The reaction generally proceeds in 

high yields and is show n in Schem e 2.2. Initially nucleophilic attack occurs on the 

carbonyl carbon by a pathw ay sim ilar to that for the addition o f  H 2O to a carbonyl tc 

bond. The higher nucleophilicity  o f  the am ine m akes it unnecessary to em ploy either 

acid or base catalysis to start the reaction. The single pair o f  electrons on the nitrogen 

attacks the carbonyl carbon to form  a carbinolam ine interm ediate. Rapid 

deprotonation at the nitrogen and reprotonation at the oxygen lead to a neutral species.

Scheme 2.1 General reaction scheme for synthesis of 1,4-dihydropyridine analogues
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Protonation on the oxygen results in the loss o f a water molecule and the formation of 

the C=N bond. With simple aliphatic substituents on carbonyl or hydrazine 

components, these compounds are unstable and decompose or polymerise, however 

when there is an aryl group substituent on either the carbon or the nitrogen the 

compounds are s t a b l e . T h e  preparation o f  the Schiff base, also known as a 

phenylhydrazone can be progressively more difficult if an aldehyde instead o f a 

ketone used as starting material, longer reaction time and removel o f water is usually 

required.

H,C

NH
NH

H H^
N ^ I)

N =  C

CH
\  /

H K  OH 
N ^ i ;  I /

N - C  
H I 
® CHj

H H OH,

Scheme 2.2 Phenylhydrazone (Schiff base) formation

The preparation o f the phenylhydrazones (68-85) was carried out as indicated in the 

experimental general procedure. After formation they were isolated from the reaction 

by reduction o f  the reaction volume followed by cooling to room temperature, 

meanwhile the impurities were removed by recrystallisation from ethanol. They are 

solid powder products in high yields and initially indicated by 'H  NMR and infrared 

spectroscopy. It is possible for Schiff bases to be formed as the E or Z isomers; 

however in the majority o f cases the E isomer is exclusively formed as the aromatic 

substituents both are the large group.

Data for the IR spectra, melting point and yields for the phenylhydrazones (68-85) is 

presented in Table 2.1. All o f  the phenylydrazones display a characteristic absorption 

in the IR spectrum at approximately 1)1600-1640 cm '' indicated the presence o f a 

C=N bond.
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C om p oun d
Structure

M P (®C)
IR(»^n.axCm ')

Y ield  (% )
Ri R2 R3 R4 C =N

68 H O B z H H 146 1600.7 54.7

69 H Br H H 116 1600.4 52.3

70 H N H 2 H H 132 1598.5 31.9

71 H H H H 140 1611.6 40.3

72 H OH H H 110 1595.1 67.6

73 H O M e H H 138 1657.1 30.2

74 H Br H O M e 158 1587.4 76.8

75 F O M e H H 138 1619.6 97.3

76-^'' O M e O M e O M e H 96 1599.9 90.2

77 H 1 H H 104 1600.3 74.6

78 H O H O M e H 240 1603.1 36.6

79 O M e O M e H H 120 1602.6 94.3

80 Br O M e Br H 163 1603.3 58.8

81 H N O 2 H H 134 1602.8 42.6

82 N O 2 O M e H H 152 1595.2 87.0

83 C l O M e H H 110 1599.8 80.8

84 H O M e H O M e 98 1607.3 90.5

85 H O M e H
2,4-
N O 2

108 1615.3 85.7

Table 2.1 Melting points, IR and Yield for phenylhydrazones 68-85

A typical 'H  NMR spectrum for the phenylhydrazone (85) was obtained from 2,4- 

dinitro phenylhydrazine (86) and 4-methoxyacetophenone (87) is presented in Figure 

2,2. The IR spectrum revealed the C=N stretch at v l615.30 cm"'. The 'H-NM R 

spectrum shows two singlets at 5 2.47 and 5 3.91 that correspond to the methyl and 

methoxy groups. The H2 and He protons are equivalent and appear as a multiplet at 5 

7.01 as H2 and He are coupled to H3 and H 5 which integrated for 2 protons. A singlet 

at 5 7.29 corresponds to the NH-N from the imine. The signals at 5 8.14, 5 8.37 and 8  

9.19 integrated 1 proton each are represented for the He’, H5’ and H3’, respectively.
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[HU] 8

The carbon atoms for the methyl and methoxy groups appear at 5 13.56 and 5 55.46 

in the '^C NMR spectrum.

«  A  «  o  m Q  o) A  «  o> «A 0 0 A 6 t t C 0 W t f W < n « C 4 W W V > «  A « - O A »? ^ p p a ) o ^
A A o d c d o d c a o d c d o o a o d n i ^ r > r > r >  r>-r>-'r^«0W

SI I

1
IS'
j S j
q ' $

150 100 50 0 [ppm]

Figure 2.2 'H NMR and ‘̂ C NMR spectrum for compound 85
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2.2.2 Pyrazole formation by the Vilsmeier-Haack reaction

To form the required 1,4-dihydropyridines derivatives, the second step of the reaction 

is the synthesis of the pyrazole carbaldehydes by Vilsmeier-Haack reaction. The 

reaction is easily and frequently used in this study to afford the pyrazole products and 

facilitates the subsequent modification of the pyrazole at C-4.

2.2.2.1 Introduction of the Vilsmeier-Haack reaction

The Vilsmeier-Haack reaction was initially reported for the formylation o f carbonyl 

compounds and aromatic s u b s t r a t e s . I t  provides a widely used tool for the 

construction of many heterocyclic compounds such as indoles, quinolines, pyridines 

and pyrazole d e r i v a t i v e s . T h e  Vilsmeier-Haack reagent refers to the adduct which 

has important applications in the formylation of electron rich aromatic compounds. 

Normally the reagent is prepared in situ from acid chlorides, such as phosphoryl 

chloride or phosgene with N,N-disubstituted formamide, DMF or N- 

methylformanilide 88 .

2.2.2.2 The mechanism of Vilsmeier-Haack reaction

To date, the Vilsmeier-Haack reagent has been isolated and the structure and 

constitution has been determined. The Vilsmeier-Haack reaction has also been 

considered as a stepwise reaction. The initial step of the reaction is the formation of 

the adduct 89 via the attack of the carbonyl oxygen of the amide, leading to the 

isolation of chloromethylene iminium salt 90 subsequently. (Scheme 2.3) The 

conventional Vilsmeier-Haack reaction involves the reaction of the electron rich 

aromatic or heterocyclic compounds with the iminium salts obtained from 

formamides and acid chlorides. The following step is an iminoalkylation which is 

essentially an electrophilic substitution where the iminium salt o f the intermediate 89 

and 90 act as the electrophile. The reaction leads to the formation of an aldehyde on 

alkaline hydrolysis. The reaction of 1,3-diphenyl-lH-pyrazole 91 with the reagent 

prepared in situ from POCI3 and DMF is illustrated in Scheme2,3. The iminium 

salt 92 formed as a result of the iminoalkylation on hydrolysis provides the 1,3- 

diphenyl- 1 H-pyrazole-4-carbaldehyde.
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M e,N  Cl

+  Me,NH

- H '

-ci-

= \  -H "

Scheme 2.3 Mechanism of the Vilsmeier-Haack reaction 

2.2.2.3 Overview of Vilsmeier-Haack reaction

The Vilsmeier-Haack reaction is an important method for the synthesis o f various 

aromatic aldehydes and a,P-unsaturated aldehydes. Furthermore, the reactions o f 

carbonyl compounds or derivatives, such as aldehyde, ketone, dithioacetal, amide, 

lactam and carboxylic acid with Vilsmeier reagent are perhaps the most versatile and 

therefore widely used. The reagent is also employed in a variety o f cyclization and 

cycloaromatization reactions.

2.2.2.3.1 Reactions o f aromatic compounds

The preparation o f corresponding formylated products (97-100) by V ilsm eier-H aack 

reaction from aromatic compounds (93-96) substituted with electron donating 

substituents is widely reported. Heteroaromatic compounds also undergo



formylations at the electron rich positions when reacted with Vilsmeier-Haack 

reagents as reviewed by Loader, C.E. et. al. Therefore, the reaction o f thiophene 

(101), furan, pyrrole(102), selenophene and benzo derivatives (103-104) o f these 

heterocycles which participated in the Vilsmeier-Haack reaction and were formylated 

at the 2 or 5 position (105-108) is reported. Selected examples which illustrate the 

formylation reactions o f electron rich aromatic and heteroaromatic substrates are 

given in Scheme 2.4 and Scheme 2.5.

OH OH

99 96 100

Scheme 2.4 Selected examples illustrate the formation reaction of aromatic substrates

CHO

CH O

R - S & N H

CHO

CH 3  C H 3  108

Scheme 2.5 Formation reaction of heteroaromatic compounds with Vilsmeier-Haack 
reagents

2.2.2.3.2 Reactions o f carbonyl compounds

The Vilsmeier-Haack reagent prepared from N,N-disubstituted formamides and 

phosphorous oxychloride or oxalyl chloride lead to the formation o f iminium salts,

which provide the respective formylated products via alkaline hydrolysis, reported by
2 10Pellet et al. Scheme 2.6 shows the Vilsmeier-Haack reaction o f  enolizable ketones 

109 lead to the formation o f chlorovinyl iminium salts 110. Subsequently the P- 

chloro substituted enealdehydes 111 was obtained by base hydrolysis. The Vilsmeier 

reagent, under mild conditions, is able to convert an enolizable carbonyl compound to
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the corresponding chlorovinyl functionality, without undergoing subsequent imino- 

alkylation. The reaction o f  enolizable ketones (112-115) which has been converted to 

the respective (3-chloroacroleins (116-119) were first reported by Arnold and 

Z em lick a?" ’̂ '^ Therefore, the application in synthesis o f these useful multifunctional 

intermediates starting from carbonyl compounds is highly versatile.

POCI,

DMF

109

O
X

112

O

Cl

eOPOCl2
Ql_l Base / H2O

N '

C H O

116

Cl

1  —► ^  ĈHO
(HsOaC^^CHa (HsCjaC'

114 118 115 119

Scheme 2.6 Enolizable ketones converted to p-ch!oroacroleins with Vilsm eier reagent 

2,2 .2 .33  R ea ctio n s o f  A lk en es

The Vilsmeier reactions o f  simple alkenes with alkyl substituents are more complex 

due to subsequent imino alkylation and migration o f carbon-carbon double bonds,
9  I  ^discussed by Jutz et al. in 1967. Scheme 2.7 shows the reaction o f isobutene 120 

and 2-phenyl propene 121 preceded with multiple iminioalkylation by the iminium 

salt 122 and preceded with isolation o f the 2,7-naphthyridine 123 and pyridine 

derivatives 124 respectively. Meanwhile, Vilsmeier-Haack formylations o f  alkenes 

conjugated with aromatic systems are simple and straightforward. The reaction o f 

substituted styrenes 125 with the Vilsmeier reagent leads to the formation o f 

cinnamaldehyde derivatives 126 on hydrolysis o f the intermediate iminium salts 

(Scheme 2.7). In this case, the Vilsmeier reagent is used to eliminate the hydroxyl 

group and the subsequent iminolakylation leads to the formation o f the styryl 

methyleneiminium salts.
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125 126 

Scheme 2.7 Vilsmeier Haack formylation reaction of alkene derivatives

2.2.2.3.4 Cyclization and cycloaromatization reactions

Raju and Krishna Rao^'"' have reported cycloaromatization o f benzene 

tricarboxylaldehydes or dicarboxylaldehydes derivatives from 2,4-dienoic acids. For 

instance the reaction o f 2.4-hexadienoic acid 127 gave a mixture o f 2,4,6-chloro 

benzene tricarboxaldehyde 128 and 1,3,5-benzene tricarboxaldehyde 129. (Scheme 

2.8) The formation o f heterocycles under Vilsmeier-Haack reaction condition is due 

to intramolecular attack o f heteronucleophiles on the iminium salts. Thus phenyl 

hydrazones 130 and semicarbazones 131 could be converted to pyrazoles derivatives 

132 and 133 when treated with the Vilsmeier-Haack reagent. (Scheme 2.8)

Cl
CHO

OHC ■ CHO
POCIj 

OH D M F

CHOOHC127 129

OHC.

132
130

CHONH2

Scheme 2.8 Cyclization and cycloaromatization by Vilsmeier Haack reaction 

2.2.2.3.S Miscellaneous reactions

The malonaldehyde derivatives o f substituted benzoxazoles 136 or naphthoxzole 137 

can be prepared from a-hydroxy acetophenones 134 and 2-acetyl-1-naphthol 135 by



the Vilsmeier reaction o f oximes. The reactions proceeds via a Beckmann 

rearrangement followed by cyclization and double iminomethylation result in 

isolation o f various heterocycles such as pyrimidines 138, pyrazoles 139 and 

oxazoles 140. The conversion o f malonaldehydes 136 to the corresponding 

cyanoacetaldehyde 141 and further transformations to the aminopyrazoles 142 have 

also been reported. (Scheme 2.9)

Scheme 2.9 Miscellaneous Vilsmeier Haack reactions

2.2.2.4 General synthesis of pyrazole

In the present work, compounds 143-158 were prepared by reaction o f 

phenylhydrazones (68-85) with phosphorous oxychloride (POCI3) in the presence o f 

dimethylformamide (DMF) Table 2.2. The selection o f  substitutents was based on 

the requirement for potential estrogen receptor bonding substituents on the N-1 and 

C-3 phenyl ring. The pure products were obtained in good yields, generally no less 

than 70%, and recrystallized from ethanol. All the pyrazole carbaldehyde products 

were identified by Infra red (IR) spectroscopy and nuclear magnetic resonance 

spectroscopy (NMR). The characteristic carbonyl bond generally appears between u

CH3

134 CH3

CHOH CHOH

X = 0 ,  S 136 137

x= o, s
R= H, Ph.NHPh

138 X= O, S 
R= H, Ph

139 x=o, s 140

CHOH

x= o, s 142x= o, s
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1665 cm '' and x> 1690 cm"' in IR spectra. Table 2.2 gives melting point, IR data and 

isolated yields for the various substituted pyrazole carbaldehydes synthesised.

N
R2

C o m p o u n d
Structure

M P (" C )
IR(VmaxCm')

Yield (% )
Ri R2 R3 R4 c = o

143 H O B z H H 148-150 1669.3 69.2

-1

H Br H H 138 1670.4 87.5

145 H N H 2 H H 176-180 1675.2 90.8

146 H H H 11 142 1675.5 91.3

147-̂ -̂̂ H OH H H 216-220 1685.3 73.37

148 H O M e H H 138-140 1672.0 70.01

149 H Br H O M e 156-158 1667.5 19.71

150 F O M e H H 250 1674.5 90.1

151 O M e O M e O M e H 2 2 0 1688.5 58.60

152 H 1 H H 154 1671.6 90

153 O M e O M e H H 130 1669.2 60.85

154 Br O M e Br H 250 1663.1 81.90

155 H N O 2 H H 162-164 1685.1 90.2

156 N O , O M e H H 162 1687.6 97.5

157 Cl O M e H H 136 1668.2 89.3

158 H O M e H
2,4-
N O 2

102 1686.8 49.71

Table 2.2 M elting points, IR and Yield for pyrazole (143-158)

Compound 153 was identified initially from IR spectroscopy with the C = 0  

absorption observed at v  1669.2 cm ''. In Figure 2.3, the 'H NM R spectrum displayed 

a singlet at 5 10.08 which represents the aldehyde CH. The next singlet appears at 5 

8.55 corresponding to the proton at the C-5 position o f  pyrazole ring. The aromatic 

protons integrate for 8 protons and all appear in the region from 5 7.00-7.83. The two 

methoxy groups have similar chemical shift which appear as two singlets at 6 3.98 

and 5 4.00. In the DEPT 90 carbon spectrum (Figure 2.3) the carbonyl carbon is 

identified at 5 185.13. The signals at 5 139.02, 6 149.15, 5 150.11, 5 154.50 were 

found in the '^C NMR spectrum while missing in the DEPT 90 therefore corresponds
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15
0

to the quaternary aromatic carbon C ( l’), C(4), C(3), and C-3 of pyrazole ring,
1 ^

respectively. The two CH3 signals are identified at 656.01, 5 56.06 in the C NMR 

spectrum and correspond to the two methoxy groups.

I V

« - «0 Q r > M U > M O h - I O  o o v

o w w  l o o c ^ ' t n A ^ o  CMU)
^  a i COVi •n n

I V

h- ®mr)>t>V)

immULmmi

0 [ppm]
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250 200 150 100 50 0 [ppm]

Figure 2.3 'H ,'^C and DEPT NMR spectra for compound 153

2.2.3 General methods for 1,4-dihydropyridine synthesis

As outlined in chapter 1, the 1,4-dihydropyridines are well-known calcium channel 

blockers with antihypertensive properties and play an important role in a broad range 

o f other pharmacological activity. There are many synthetic routes available for the 

formation o f  the 1,4-dihydropyridine ring."‘̂ ‘̂ °̂ The choice o f route is based on the 

structural features desired in the final product. An obvious retrosynthesis is presented 

in Scheme 2.10 where the 1,4-dihydropyridine derivatives can be formed by 

condensation o f an aldehyde with two equivalents o f a P-ketoester in the present o f  

ammonia. This common method for the preparation o f  dihydropyridine is the 

Hantzsch reaction, the reason to choose it is because it is adaptable for use with 

structurally diverse P-ketoester (159), the readily available precursors (pyrazole 

carbaldehyde) (160) and its ease o f  use.
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NH

R2

O O

A A o p ,  +  NH3 +
Step III

O R 3

159

H,N
NH

R2
Step I

Scheme 2.10 Retrosynthesis of 1,4-dihydropyridine analogues

The reaction can be visualized as proceeding through a K noevenagel condensation 

product as a key interm ediate, the second key interm ediate is an ester enam ine, which 

is produced by condensation o f  the second equivalent o f  the P-ketoester with 

am m onia. Further condensation betw een these two fragm ents gives the 

d ihydropyridine derivative as illustrated in Schem e 2.11. '

0 0  R' o
j f  if -H .O

R -C H O  + ^

o  o
11 11 + N H 40H

R '^  OR"

OR"

-H .O  NH2 O
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OR"OR”

N H 3

NH4*

OR" OR'

I R OR”

OR” OR”

o . ' ^ O m n ^ R '

NIL

NH3

OR" R OR"

R' o  hn  R'

T a u to m e rism

OR" R OR”

- H ,0

OR" OR" OR" OR"

©  I 
H

NH,

Nil .*

NH4 R”0

NH,

OR"

R'

Scheme 2.11 M echanism for Hantzsch reaction to form 1,4-dihydropyridines 
derivatives

2.2.3.1 Efficient synthesis of 5,6-unsubstituted 1,4-dihydropyridines

A user-friendly, mild protocol that allowed the transformation o f the 6-alkoxy-2- 

methyl-l,4,5,6-tetrahydropyridines into the corresponding 1,4-dihydropyridines was 

reported by Maiti el al. more recently. This new method provides a very efficient 

synthesis o f  relevant 1,4-dihydropyridines from readily available, inexpensive acyclic 

starting materials and results in excellent yields. (Scheme 2.12)

o

(1) I eq R -N H 2  

C A N (5 m ol% ) M eCN  
r.t. 30m in

(2) 3 eq. EtOfI 
I I eq.

r.t. Ih

R' O

O
O  N 

R

AI2O3
(grade I activity 
5g/m m ol kctocstcr)

MeCN
R eflux  15-45 min

R' O

I I  I
'N  

R

R: a lky l,B n ,ally l,p ropargy l 
R ’: H, M e, Ar

Scheme 2.12 Synthesis o f 5,6-unsubstituted 1,4-dihydropyridines

2.2.3.2 A simple and convenient route to 1,4-dihydropyridines

Various modification o f the original procedure by Hantzsch have been explored to 

improve the yields and the reaction conditions since it considered as classical
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synthetic route 100 years ago. Sambri, et. al. demonstrated a new method for the 

synthesis o f various 1,2,3,4-tetrasubstituted 1,4-dihydropyridines from enamino or 

carbonylic derivatives promoted by M g(C104)2.̂ '̂* Metal perchlorates act as Lewis 

acid catalysts for the reaction and led to moderate yields. (Scheme 2.13)

R. i 2 e a  0 .1 eq.Mg(C104)2 9
O HN '  0 ,2 eq. MgS04 i f y

K o  CH^CU N
r.t. 24-70 h R’ R: M e, OR'"

Scheme 2.13 Convenient route to synthesis 1,4-dihydropyridines

2.2.3.3 One-pot synthesis of polyhydroquinoline derivatives via 
Hantzsch reaction

Over the past few years, much effort has gone into developing the one-pot 

condensation reaction to form 1,4-dihydropyridines, which obviously has many 

disadvantages such as long reaction time, harsh reaction conditions, the use o f  a large 

quantity o f volatile organic solvents and normally gives low yields. Wang et. al. 

presented a four-component Hantzsch reaction which can effectively be performed

with promotion by Yb(0Tf)3, which provided a simple and efficient method for the
• 22^  preparation o f polyhydroquinoline derivatives. " (Scheme 2.14)

o
O II 5 m ol%  Y b (O T f )3

^  EtOH, r.t. 2-8h

Scheme 2.14 One-pot synthesis of polyhydroquinoline derivatives

2.3 General synthesis of 1,4-dihydropyridines

In the present work, the final step in the synthesis o f the target MDR reversal agent 

1,4-DHP derivatives is to introduce the substituted 1,4-dihydropyridine to the C-4 

position o f  the pyrazole ring. In 1882 Hantzsch reported the first synthesis o f 1,4- 

DHP. The classical method for the synthesis o f 1,4-dihydropyridines is a one-pot 

condensation o f  an aldehyde with (3-ketoester (methyl acetoacetate & ethyl 

acetoacetate), and aqueous ammonia refluxing in ethanol. (Scheme 2.15) That 

multicomponent reaction usually affords the products in good yields and this 

experimental method remains the most widely used protocol to access to 1,4-DHP 

differently substituted in position C-1.
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2.3.1 DiethyI-4-(l,3-diphenyl-lH-pyrazol-4-yl)-2,6-dimethyl-l,4- 
dihydropyridine-3,5-dicarboxylate (scaffold I A)

Tw eenty one 4-( 1,3-d iary l-1 H -pyrazole-4-yl)-2 ,6-dim ethyl-1,4-dihydropyridine-3,5- 

dicarboxylic acid diethyl esters com pounds (161-181) were prepared by the H antzsch 

reaction o f  the l,3 -d iary l-lH -pyrazo le-4-carbaldehydes with ethyl acetoacetate or 

m ethyl acetoacetate in aqueous am m onia." (Schem e 2.15) This reaction has been 

previously used for the synthesis o f  m any 1,4-dihydropyridines with heterocyclic 

substitutes such as flavones or thiazole at C-4. Up to date, the substitution o f  the aryl 

ring at C-3 in com pounds (161-181) included halogens, nitro, am ino, alkyl, phenyl, 

m ethoxy and hydroxyl groups while additional pyrazole C-3 substitutes included the 

2-naphthyl, 2-thienyl and 3-pyridyl and biphenyl ring system  (Table2.3). The 2,6- 

d im ethyl-l,4-dihydropyridine-3 ,5-dicarboxylic  acid diethyl ester 182 was also 

synthesized as a control for the subsequent biochem ical experim ents and was 

obtained from  benzaldehyde, am m onia and ethyl acetoacetate in a sim ilar procedure. 

The 1,4-dihydropyridine products were identified from 'H  N M R and '^C N M R  

spectroscopy.

CHO

HOOC. ,COOH

CH3

NH4 0 H

o

H

O

182

-=\0 ’= \0

NH40H NH40H

183-188 161-181

Scheme 2.15 Synthesis of 1,4-dihydropyridines derivatives by Hantzsh reaction
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Com pound

S tructure

M P (“C)

IR ( D m a x  ) 

C=N, C = 0  

& C-O -ester

Yield (% )
R . R 2 R j R 4

161 H OBz H H 196

1600.3

1690.2

1209.1

7.7

162 H Br H H 160

1599.4

1677.7

1210.6

7.9

163 H NHj H H 124

1599.7

1677.7 

1212.2

9.3

164 H H H H 196

1599.7

1693.2

1211.0

7.8

165 H OH H H 270
1601.1

1208.1
18.7

166 H OMe H H 140

1600.1

1693.9

1212.6

15.3

167 H Br H OM e 192
1642.5

1207.8
48

168 F OMe H H 152

1599.9

1693.5

1210.6

3.1

169 OM e OMe OM e H 183

1600.4

1690.4 

1205.1

8.9

170 H CH3 H H 143

1603.2 

1682.0

1217.2

38.6

171 H 1 H H 172

1598.7

1676.1

1213.3

17

172 OM e OMe H H 186

1599.9

1693.5

1211.5

48.6

173 Br OMe Br H 168
1599.7

1649.8
13.8
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1214.3

174 H N O 2 H H 172

1596.6

1667.3

1210.5

25.5

175 N O , OIMe H H 152

1623.0

1687.7

1211.2

52.5

176 H F H H 134

1599

1693

1213

25.4

177 Cl O M e H H 172

1599.5

1652.9

1210.4

33.9

178 biphenyl H 144

1594

1688

1114

43.6

179 naphthalene H 165

1579

1682

1116

50.3

180 thienyl H 178

1600.5

1679.4

1204.2

16.3

181 pyridine H 121

1599

1679

1116

22.3

Table 2.3 Melting points, IR and Yield for type I A 1,4-dihydropyrdines (161-181)

C om pound 167 w as identified from  H N M R  spectroscopy (F igure 2.4). H-4 was 

clearly identified as a singlet at 5 5.27, while the two methyl groups are observed as a 

singlet at 5 2.27, the tw o ethyl ester m ethyl groups appear as a triplet at 8 1.09 (6H, 

J=7.12H z). The singlet at 5 3.84 integrated for three protons represent the m ethoxy 

group o f  the aryl ring at N-1 position. The arom atic protons all appear in the region 

from  5 6 .94 -5  7.81, w hile C-5 proton appear as a singlet at 5 7.65 in this region. The 

two diastereotopic m ethylene groups are observed as two distinct m ultiplet signals 

centred at 5 3.80 and 6 4.05, possibly due to the non-planar nature o f  the 1,4- 

dihydropyridine ring. In the HM BC experim ent, long range correlations were 

observed betw een the follow ing protons and carbons: pyrazole H-5 w ith pyrazole 

carbons 3,4 and dihydropyridine C-4; dihydropyridine H-4 w ith 1,4-dihydropyridine
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C-2, pyrazole carbons C-3, C-4, C-5 and carbonyl ester carbons; dihydropyridine C-3 

with dihydropyridine H-4, the dihydropyridine methyl protons at C-2 and pyrazole H- 

5. Observation o f an NOE at N-phenyl H-2 and dihydropyridine H-4 on irradiation o f 

pyrazole H-5 together with an NOE at pyrazole H-5, and at C-phenyl H-2 on 

irradiation o f dihydropyridine H-4 confirmed the structural assignment.

i iliiliiiliil

- J i _u I
a

(ppm]
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Figure 2.4 'H ,'^C and DEPT NMR spectrum for compound 167
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2.3.2 Sythesis of dim ethyl-4-(l,3-diphenyl-lH-pyrazol-4-yl)-2,6- 
dimethyl-l,4-dihydropyridine-3,5-dicarboxylates (scaffold I B)

Compounds (183-188) containing the benzyloxy, halogen, amino, phenyl, hydroxyl 

and methoxy functionality were successfully synthesised from their respective 

pyrazole carbaldehydes (143-148). The reaction o f appropriate methyl acetoacetate 

instead o f ethyl acetoacetae was applied with the same condition as in the previous 

reaction to favour the production o f the scaffold I B 1,4-dihydropyridines (Scheme 

2.15). Table 2.4 presents the isolated yield (by column chromatography on silica gel) 

and spectroscopic data obtained for products (183-188).

H

R

Compound
Structure

R
M P('’C)

•R(«maxCin ')
C=N, C = 0  & C -0-ester

Yield (% )

183
OBz

184
1578.5
1698.8
1215.3

23.6

184
Br

206
1601.0
1674.3
1216.2

16.8

185
NH 2

156
1599.4 
1685.2
1215.4

3.4

186 H 166
1599.7
1674.5
1216.3

4.6

187
OH

270
1530.3
1682.5
1216.5

15.3

188
OM e

100
1578.6
1696.0
1208.4

15.7

T a b le  2 .4  M e ltin g  p o in ts , IR  an d  Y ie ld  fo r  ty p e  I B 1 ,4 -d ih y d r o p y r id in e s  (: 8 3 -1 8 8 )

Compound 187 was identified initially from IR spectroscopy with the C = 0  and OH 

absorption at u l682.59 cm '' and u3338.56 cm ''. The 'H  NMR spectrum o f 187 

(Figure 2.5) displayed two singlets at 6 2.31 and 5 3.33 both integrate for six protons 

each and represent the methyl groups. The other singlet appears at 8 5.30
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corresponding to the proton at the C-4 1,4-dihydropyridine ring. The aromatic 

protons all appear in the region from 5 6.97-7.83. Where a double doublets at 5 6.97 

(J=2.36 Hz and 4.48 Hz) represent the protons at the H-3 and H-5 in the ring A. Two 

multiplets appear at 5 7.24 and 5 7.43 integrate for one and two protons respectively, 

which corresponding to ring B protons at H-4’ and H-3’, H-5’ position. The second 

and third double of doublets observed at 5 7.77 and 8 7.81 with coupling constant of 

3.92Hz, 4.68Hz and 2.36Hz, 4.48Hz. Therefore those signals identified as protons at 

the H-2’, H-6’ and H-2, H-6 in aromatic ring B and ring A, respectively. In addition, 

compared to type lA 1,4-DHPs, it was observed in the 600MHz 'H NMR spectrum of 

some of type lA compounds e.g. compound 161, additional broad quartet signals 

appearing at 8 4.11 (J=7.1Hz) and 4.20 (J=7.1Hz) which are thought to arise from the 

presence of a minor rotamer. These signals were approximately in a 1:7 ratio with the 

primary multiplet signals from the -C H 2 components if the ethoxy side chains of the 

1,4-dihydropyridine section of the molecule which are observed centred at 8 3.77 and 

8 4.03 respectively for compound 161. Obviously, these characteristic methylene 

group signals were disappeared in the 'H NMR spectra o f scaffold 1 B compounds.

H O

NH

187



L ± J

R* ocessng

Figure 2.5 'H NMR spectrum of representive Scaffold IB and scaffold lA 1,4-DHP 
compounds 187 & 161

2.3.3 3,5-Dibenzoyl-2,6-diinethyl-l,4-dihydro-4-phenylpyridine 
derivatives (scaffold I C)

Reported by Kawase et al. 3,5-dibenzoyl-2,6-dim ethyl-l,4-dihydro-4-phenylpyridine 

derivatives (BzDHPs) (189) were prepared by variation o f the Hantzch reaction. 

(Scheme 2.16) This series o f  BzDHP derivatives possesses the MDR-reversal 

activity which was dependent on the nature o f substituents and their positions on the
2274-phenyl ring o f BzDHPs. Therefore, six novel potential MDR-modulators were 

synthesised by refluxing the mixture o f excess aqueous ammonia, substituted 

pyrazole carbaldehyde and 2 equivalents o f benzoylacetone in methanol, which gave 

scaffold I C 1,4-DHPs (BzDHPs) (190-194) in low yields.(Table 2.5)
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o o

c
Scheme 2.16 BzDHPs derivatives synthesised by Hantzch reaction

Com pound
S tructure

IV1P("C)
IR( l>niaxCm ' ) Yield (% )

R C=N, C = 0

190 NH2 140
1597.89

1677.63
1.1

191 Br 180
1602.28

1655.40
8.8

192 H 116
1596.47

1656.40
15.8

193 OBz 116
1598.90

1653.30
7.5

194 OM e 220
1596.97

1655.79
11.5

Table 2.5 Melting points, IR and Yield for type IC 1,4-dihydropyridines (190-194)

The 'H  NM R spectrum o f 192 (Figure 2.6), shows two singlets at 8 2.00 and 5 5.34 

respectively, which correspond to the methyl groups and the proton at C-4 o f the 

dihydropyridine ring. The region from 5 6.98-7.65 indicated the aromatic protons and 

integrated for 21 protons derived from four different phenyl rings and pyrazole ring. 

The '^C NMR spectrum o f 192 also shows the signals at 5 18.33 and 8 33.77 which 

assigned to the methyl group and C-4 (CH) carbons, respectively. The carbonyl 

signal appears at 8 197.25. These assignments were confirmed in the DEPT spectrum.

MeOH
reflux

MeOH
reflux

83



20
- 1-

40
1

60
_ l __

00
4^

[-U 6]

I 150.5443 
139.5439 
139.1646 
138.9954

- 132.7516 
131.0049 
128.7248

- 128.0987 
127.9103 
127.7168 
127.3893 
127.0528

-  126.3258 
'  125.8506

125.6047 
118.4660

— -1 12 .4171

V i

[ppm
]

7.6477
7.6283
73490
7.4907
7.4729
7.4705
7.4456
7.4300
7.4271
7.4112
7.3907
7.3343
7.3153
7.2963
7.2876
7J2842
7.2673
7.2488
7.2304
7.1494
7.1447
7.1325
7.1216
7.1158
7.1117
7.0407
7.0210
7.0039
7.0007
6.9846



ii»3kl2S32 13 1 r>; n » t i _

................ ..........., - . - . 1

a ]k l2 5 3 2  14 1 D; rm c C  
S c a le  : 1 .00

-  _________L ................L- . .  ................. .

1

b ;)k12532 IS 1 D: n B c l  
S c a le  : 8 .0 0

____ ______ I_____
— T-----------p-----------1-----------1-----------1-----------1-----------1---------- 1---------- f---------- -̂----------,---------- 1---------- 1----------- -̂----------1-----------1---------- 1-----------1-----------1-----------1-----------1---------- 1-----------1----------- H

200 150 100 50 0 [ppm]

Figure 2.6 'H ,'^C and DEPT NMR spectra for compound 192

2.3.4 Determination of crystal structures by XRD

To determine the stereochemistry and potential for further molecule modelling 

studies, a number o f the 1,4-dihydropyridines products synthesised in section 2.5 

were examined by XRD analysis.
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Figure 2.7 Ortep representation o f the crystal structure o f compound 162 with 50%  
thermal ellipsoids

In order to obtain the high quality crystals for XRD, it is necessary to consider what 

are the best method and the solvent. After few attempts by different solvents 

including methanol, DCM and hexane, it was found ethanol is good to produce the 

crystal when the diluted (approx. 5 mg o f compound in 1 mL o f solvent) solution by 

very slow evaporation. The typical procedure involved the preparation o f a solution 

which placed it in a capped small test tube, with pinhole on the top to allow the slow 

evaporation o f  solvent. The whole procedure should occur in the dark over a period 

o f 1-2 months. Subsequently, only few compounds synthesised above yielded 

crystals for structure determination by XRD.

Nifedipine
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The data for crystals 162 and nifedipine were collected on a Rigaku Saturn 724 CCD 

Diffractometer. A suitable crystal from each compound was selected and mounted on 

a glass fiber tip and placed on the goniometer head in a 123K N2 gas stream. The 

data sets were collected using Crystalclear-SM 1.4.0 software and in each case, 1680 

diffraction images, o f 0.5° per image, were recorded. Data integrations, reductions 

and corrections for absorption and polarization effects were all performed using 

Crystalclear-SM 1.4.0 software. Space group determination, structure solution and 

refinement were obtained using Crystalstructure ver. 3.8 and Bruker Sheixtl Ver. 6.14 

software. The ORTEP structure for compound 162 and nifedipine are presented in 

Figure 2.7 and Figure 2.8 with the 50% ellipsoids shown, in which carbon atoms are 

displayed in white, oxygen atoms in red, nitrogen atoms in blue and bromine atom in 

brown.
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Figure 2.8 Ortep representation o f the crystal structure o f nifedipine with 50% thermal 
ellipsoids

2.3.5 Synthesis of 1,4-dihydropyridines by microwave irradiation

Although the application o f microwave heating to modify chemical reactions can be

traced back to the 1950s. the first article on the use o f microwave irradiation to carry

out organic chemical transformations by the groups o f Gedye was published in 
228 *1986. Smce then, the applications o f microwave irradiation in chemistry has 

become a fast moving and exciting technique in the multistep synthesis and medicinal

chemistry/drug discovery, and have additionally extended to related fields such as
• 228 polymer synthesis, nanotechnology, material sciences and biochemical processes. '

229

Microwave heating is the technology o f applying microwave irradiation to chemical 

reactions. As high frequency electric fields, microwaves will normally heat any 

material such as polar molecules in a solvent or conducting ions in a solid. The 

microwaves interact directly with the molecules that are present in the reaction time, 

led to an instantaneous localized superheating o f  anything that will react to either 

dipole rotation or to ionic conduction, which are the two fundamental mechanisms 

for transferring energy from microwave to the substance being heated.

Certainly, solvents also play a very important role in conventional organic synthesis 

as well as microwave chemistry. Polarity is very important in terms o f microwaves
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which directly interact with the molecules that are present in the reaction mixture. 

The more polar a reaction mixture is, the great its ability to couple with the 

microwave energy. Solvents are generally classified as three categories, low, medium 

and high absorbance level which is determined by their dielectric parameters. 

Although non-polar and low b.p. solvents (i.e. hexane, dichloromethane) are 

generally not used in microwave synthesis as they do not couple efficiently to 

microwave irradiation, its capability can be applied in microwave synthesis 

sometimes for which the reaction mixture are temperature sensitive. While not 

interacting with the irradiation, the non-polar solvent will decrease the thermal heat 

being produced from the polar reagent and ensure a constant reaction condition in 

microwave synthesis.

Microwave-assisted organic synthesis has shown some advantages compared to 

traditional heating, such as dramatically reduced reaction time, typically from days or 

hours to minutes or even seconds, increased product yields and reduction in 

unwanted side reactions to enhance product purity. The short reaction time provided 

by microwave synthesis is ideal for rapid reaction and optimization o f reaction 

conditions o f pharmaceutical development.^^' Many reaction parameters can 

therefore be evaluated. With fully optimised procedure, the corresponding products 

are produced in few hours, which is the time to take to run a single conventional 

reaction. Therefore, heating chemical reaction by microwave energy has been an 

incredibly popular topic in the scientific community.

2.3.5.1 Hantzsch reaction using microwave technology

The single-mode microwave reactor was used for the first time to accelerate the 

organic synthesis in 2000.^^^ In comparison with reactions performed in domestic 

ovens, this device was designed to produce ultra-fast, highly reproducible and 

verified methods organic synthesis by a software-based chemistry workflow platform. 

In a microwave reactor, there are four major instrument parameters that produce 

microwave instrumentation dedicated to organic synthesis; these are temperature, 

pressure, power control and reaction time which are monitored by software operation 

and sophisticated safety control in real time.

The first report on synthesis o f 1,4-dihydropyridines under microwave irradiation 

was published by Alajarin et al. in 1992. Since then, microwave irradiation has been
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successfully used to promote multicomponent Hantsch type reactions yielding 4- 

arylsubstituted-l,4-dihydropyridines.^^^ Many literature reports indicate that 

construction o f  1,4-DHPs in a microwave has been performed in different conditions, 

either in solution or dry media, to develop the incredibly short reaction time, higher 

yield and somehow unexpected results from the reaction. Since microwave chemistry 

has been investigated in our group for few years and the isolated yields for the DHPs 

initially synthesized above were low, the Hantzsch reaction for synthesis o f 

compound 164 was carried out using a single-mode microwave system (Biotage 

intiator. Figure 2.9)

Figure 2.9 Biotage microwave heating system

To some extent, the reaction conditions that would usually be used (i.e. concentration 

o f  reaction, solvent, reagent, temperature etc.) should be varied with significant 

improvement. So the temperature, reaction time and concentration have been chosen 

as factors which might affect the yield. To optimise the best combination conditions 

for this 1,4-DHP microwave assisted synthesis, methods o f orthogonal design (OD) 

using the properties o f the fractional factorial design were investigated. In statistics, 

fractional factorial designs are experimental designs which involve a carefully chosen 

fraction o f  the experimental runs o f a full factorial d e s i g n . W i t h  these studies, a 

three factor, three levels experiment (reaction temperature (120 °C, 130 °C, 140 °C), 

reaction time (10 min, 20 min, 30 min) and concentration o f reactants (ammonia, 

ethyl acetoacetate and pyrazole carbaldehyde (0.1 mmol, 0.15 mmol, 0.2 mmol)) was 

designed with the capability o f  sampling a small, but representative set o f  level 

combinations, to help us promote the most effective reaction condition under 

microwave irradiation with short time-consuming. Details o f specific reaction and the
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variable conditions were investigated and resultant yields obtained are presented in

Scheme 2.17 Microwave synthetic route for scaffold I A analogues

Using the conditions shown above, it was concluded that a significant reduction in 

the reaction time was possible under microwave conditions. (18 hours to 30 minutes) 

I'he yellow highlighted results are an average o f the isolated yields based on various 

levels from different factors, which indicated using the following combination o f 

conditions (temperature 140 °C, time: 30 min and reactant concentration 0.1 mmol/L) 

could be best combination for 1,4-DHP synthesis. For instance, the synthesis o f 

compound 164 was achieved with significant improvement in isolated yield from

Table 2.6.

microwave

ethanol

7.9% to 30%.
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A B C Test Combinations
Factor Result

No
1 2 3 No of levels Temp

“c
Time
min

Concentration
mmoI/L yield %

1 1 1 1 1 A ,B ,C , 1 2 0 1 0 0 . 1 24.43

2 1 2 2 2 A 1B2C2 1 2 0 2 0 0.15 7.27

3 1 3 3 3 A 1B 3 C 3 1 2 0 30 0 . 2 4.14

4 2 1 2 4 AjBiCj 130 1 0 0.15 10.16

5 2 2 3 5 A2B2C3 130 2 0 0 . 2 29.68

6 2 3 1 6 A2B3C1 130 30 0 . 1 23.96

7 3 1 3 7 A3B1C3 140 1 0 0 . 2 15.69

8 3 2 1 8 A3B2C1 140 2 0 0 . 1 2 0 . 8 6

9 3 3 2 9 A3B3C2 140 30 0.15 29.96

I 35.84% 50.28% 69.25%

II 63.8% 57.81% 47.35%

III 66.51% 58.06% 49.51%

K, 11.95% 16.76% 23.08%

K, 21.27% 19.27% 15.78%

K3 22.17% 19.35% 16.5%

T able 2 .6  O rthogonal design (O D ) determ ination  o f  the best condition  for m icrow ave  
irrad iation  synthesis

* R e su lts  in I, II, 111 c e lls  p re se n ted  th e  sum  o f  iso la ted  y ie ld  in a sp e c if ic  fac to r  level, 
( i.e  3 5 .8 4 %  equa l a to ta l o f  y ie ld s  from  te s t N o  1& 2& 3) an d  K ;,K 2 , K ^ a re  th e  a v e rag e  o f  
iso la te d  y ie ld  re la ted  to  th e  reac tio n  fac to r  (T em p , T im e , c o n c en tra tio n )
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2.4 DHP prodrugs synthesis

In the present work, novel derivatives o f  the DHP compounds was synthesised by 

introduction o f non-steroidal anti-inflammatory drugs (NSAIDs) and other 

established chemotherapy agent to the hydroxy (165) or amino (163) scaffold I A 

compounds. The study o f such a coupling reaction may be useful for improvement o f 

the combination chemotherapy treatment and production o f more lipophobic 

compounds comparing to their corresponding parent compounds in the future 

development o f these prodrugs.

2.4.1 Coupling with alkylating chemotherapy agent

The combination o f an antitumor drug with either radiotherapy and/or additional
235chemotherapy agents is generally necessary in cancer treatment. A method to 

increase the ER antagonist activity for the 1,4-DHP analogues by coupling o f  the 

hydroxy (165) and amino (163) to the conventional alkylating chemotherapy agent 

chlorambucil has been developed for this study. Consequently, using EDCI as 

coupling reagent, an ester or amide linkage gives 195 and 196 when chlorambucil 

was coupled to 165 or 163 respectively. (Scheme 2.18)

N H

4- H O '

R=OH 165 
R=NH. 163

Cl

Cl
Cls

N H

R =0 195 
R=NH 196

Cl

EDCI 1.4 eq. 
D M A P 0.1 eq.

D C M , N ,
24 hours

Scheme 2.18 Coupling of 165&163 with chlormahucil to form 195&196

The reaction was carried out in dry DCM using EDCI&DMAP. In scheme 2.19, 

carbodiimide EDCI activates the carboxylic acid in a similar way to DCC. While 

used as a catalyst, DMAP act as a stronger nucleophile than the alcohol in the 

reaction which can produce an amide type intermediate to react towards the alcohol.
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The reaction also occurs in this manner for compound 163 which containing the 

amino group. The yield and spectroscopic data o f  ester and amide conjugations are 

displayed in Table 2.7.

o
n

R2A ,R2' 'OH /  i
-N R2 P

N = C = N N =  C = N

\  O
I

N =  C - N

/
\

EDCI

N — ( /  N ^ - ^ O -  >— N
/  W o j  __/  \

®N =  C - N  

- ^ ^ H  H

DMAP

/
+

o
H N - C - N  

^  H

O \
^  Ri +  N k N

R ,  O / ^ //

NH
R,=

R , - O F

R,

i -

/ N -
/  \U i/ O.

^  /

Cl

Cl

Scheme 2.19 Mechanism for the coupling of chlorambucil to DHP ester by using 
EDCI/DMAP

Compound MP (^C) IR (Dniax cm ')
C = 0 , N-H

Yield (%)

195 152 1615 3335 85.9

196 186 1598 3312 29.6

Table 2.7 yield, melting point and infrared data for 195 & 196
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2.4.2 Coupling reactions for phenol products

Non-steroidal anti-inflammatory drugs (NSAIDs) are usually used for the 

symptomatic treatment o f inflammation in acute and chronic conditions, particularly 

for different types o f  arthritis. These drugs also have analgesic and antipyretic effect 

when they block the COX enzymes, inhibit thrombocyte aggregation and decrease
236prostaglandins throughout the body, reviewed by Yadav et al. However, NSAIDs 

shows many undesired side effects, most important are gastrointestinal irritation and 

ulceration, on long term use. Several strategies have been designed to overcome this 

drawback from parent drug, which involves development o f prodrugs by ester or 

amide conjugates with the free carboxylic group o f  NASIDs.

In this section, two pharmacologically active agents are coupled together so that 

potential mutual prodrugs may result in increased antiproliferation properties over the 

parent compound, and improve the solubility o f  our new scaffold 1,4-DHP during the 

prolonged administration. In this section, a simple procedure to couple several 

various categories o f  the NSAIDs, such as sulindac 197 (arylalkanoic acid), aspirin 

201 (salicylate acid), ibuprofen 199, ketoprofen 200 (arylpropionic acids), and 

indomethacin 198, with phenolic o f 1,4-DHPs to obtain corresponding ester 

derivatives was carried out. A similar reaction can be applied to the anti-tumor drug 

Combretastatin A-4 derivatives 203 and acetic acid 202, which also contain the free 

carboxylic group in the molecule for the coupling reaction.

The synthesis o f ester 1,4-DHP analogues (204-210) from appropriate NASIDs and 

CA-4 is presented in scheme 2.20. EDCI was used as the carboxylic acid activating 

agent and the typical procedure included dropwise addition o f a solution o f  the 

NASIDs to a refluxing solution o f phenol 1,4-DHP (165) in dry DCM. The melting 

point, yields and infrared data for these products are displayed in Table 2.8. The 

compounds 204-210 represent a novel type o f 1,4-DHP analogue containing NASIDs 

and CA-4 and should afford biochemical properties different from the 1,4-DHPs 

previously reported. Ongoing modelling and biochemical studies have shown that 

some o f these products have potent antiproliferative activity which is discussed in 

chapter 4.
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N
HO'

198

O

OH 202

HO

NH+

165

Dry DCM 
N2, 24 h

NHEDCI (1.4eq) 
DMAP (O.leq)

204-210

HO 'O
203

Scheme 2.20 Addition of NASIDs or acetic acid to phenol 1,4-DHP analogues
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Compound
Structure

MP (^C)
IR (Umax cm ') 

C=N, C = 0  
& C -0-ester

Yield (%)
R

204

H3C

Q {3
CH3

182
1600.7
1688.9
1209.1

32.6

205
\ 0
CH3

168
1599.9
1699.6
1213.5

14.2

206 CH3 192
1600.9
1694.0
1211.7

46.0

207

0

178
1599.2
1693.3
1211.4

30.26

208 9 ^ 0^ : 186
1604.4
1689.1
1208.0

21.4

209 Oil
1615.3
1690.6
1209.7

53.2

210

I 0

—
0 

0
 

/ 180
1612.3
1683.3
1210.3

16.2

Table 2.8 Mp, yield and spectroscopic data for conjugation analogues 204-210

The structural assignment o f 208 was characterized by IR and NM R spectroscopy. In 

Figure 2.10, it is clearly evident that the proton o f the two ethyl ester methyl groups 

are observed as a triplet centred around 5 1.23, integrated for 6 protons with coupling 

constant o f 7.12 Hz. The HSQC spectrum (Figure 2.11) indicates that these protons 

are attached to carbon signal at 5 14.46 as is expected for the CH3 group. The two 

methyl groups appear as a singlet at 5 2.12 which integrated for 6 protons. 

The singlet signal associated with the carbon signal at 5 21.01 which integrated for 3 

protons indicated that it is assigned to a methyl group attached to the carbonyl. The 

multiplet signals in the region 5 3.99 to 5 4.14 integrated for 4 protons represent the 

two diastereotopic methylene groups. H ” -4 was clearly identified as a singlet at 5 

5.20 which is also attached to carbon signal at 5 30.24. (Figure 2.10«&2.11). The
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aromatic protons appear as a series o f multiplet in the region 5 7.18 to 5 8.28 

integrating for a total 14 protons, and these signals are associated to the series o f 

carbons in the region 5 118.77 to 5 134.91 shown in the HSQC spectrum. Except for 

the singlet signal integrating for the single proton corresponding to a CH group at 6 

122.43 which is assigned to the CH group linked to the N - 1  position in the pyrazole 

ring, the assignments o f the rest o f aromatic proton signals were ambiguous. In the 

NOE and HSQC spectrum, the two double doublet signals were observed at 5 7.18 

and 5 7.62 integrating for 4 protons with coupling constant o f J=4.26, J=2.34. These 

two signals represent to H2, He and H3 , H5 interact with aromatic carbons at 5 121.11 

and 5 132.36. The two mutliplet signals in the region 8  7.22-7.24 and 5 7.70-7.74 

respectively integrating for a total o f  5 protons are shown to be assigned to H 4 ’, H2 ’, 

Hft’Ccorresponding to C4 ’, C 2 ', and Ce carbon appear at 6  124.01 and 5 118.77) and 

H3 ’” , H4 ” ’(corresponding to C3’”  and C 4 ” ' at 5 126.06, 5 134.91). The multiplet 

signal at 5 7.43-7.47 was assigned to the H3 ’, H 5 ’ and H5’”  with corresponding 

carbon appear at 5 126.32, 126.41 and 5 129.32. The multiplet signal at 5 8.27-8.30 

can be assigned to the H e '”  related to the carbon appear at 5 133.12. While the weak 

singlet signal at 5 5.71 has no corresponding carbon signal in the HSQC spectrum so 

that was assigned to the amine group.
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Figure 2.10 'H NMR, '̂ C NMR and DEPT spectrum of compound 208
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Figure 2.11 NO ESY and HSQC spectrum of compound 208
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2.5 Introduction of basic ether to the phenolic scaffold I A compound

Following SAR studies o f the products synthesised above for their antiproliferative 

activity in MCF-7 cells, it has been shown that addition o f the nucleophilic basic 

ether, such as 2-chloroethylpiperidine, 2-chlorothylmorpholine and 2- 

chloroethylpyrrolidine, etc., to the phenolic 4-( 1,3-diphenyl-lH-pyrazole-4-yl)-1,4- 

dihydropyridine scaffold may have positive effects for antiproliferative activity. 

Scheme 2.21 illustrates the reaction o f a series o f basic alkyl halides were introduced 

onto the compound 165, where anhydrous potassium carbonates is used as the base. 

Subsequently, the nucleophilic substitution reaction on proceeds on removal o f the 

phenolic proton, oxygen attacks the electrophilic carbon o f the alkyl chloride. The 

biochemical studies discussed in chapter 4 identified the piperidine ring as being the 

most potent for antiproliferative activity and thus this ring was chosen as the 

optimum basic side chain for further modification.

OH

C NH

165

XI

211-215

K ,C O ,

Acetone 5 h
C NH

216-220

211& 216: ^  212& 217: 213&218: 214&219; 215& 220: " n

Scheme 2.21 Addition of basic side chain to phenol 1,4-DHPs

Initially 4-(l,3-diphenyl-lH -pyrazole-4-yl)-l,4-dihydropyridine 165 substituted with 

a variety o f  basic side chains were synthesised(216-220). Table 2.9 presents the 

yields, spectroscopy data and melting points for these products. Compound 165 

reacted with 2-chloroethylmorpholine 213 to yield diethyl 2,6-dimethyl-4-(3-(4-(2- 

m orpholinoethoxy)phenyl)-1 -phenyl-1 H-pyrazol-4-y 1)-1,4-dihydropyridine-3,5- 

dicarboxylate218, while with 2-chloro-dimethylethanamine215 afforded diethyl 4-(3- 

(4-(2-(dim ethylam ino)ethoxy)phenyl)-l-phenyl-lH-pyrazol-4-yl)-2,6-dim ethyl-1,4- 

dihydropyridine-3,5-dicarboxylate 220 in a similar reaction.
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C om pound
Structure MPeo IR (D „ ,ax  cm ') C=N  

C = 0 & C -0 -e s te r
Yield (% )

R

216 178
1600.2
1692.2
1211.3

23.6

217 182
1600.3 
1693.7
1211.3

9.3

218 Oo 170
1621.0
1691.2

28.6

1600.2
219 k 168 1692.8 30.8

1211.3

1600.1
220 N

1 192 1693.6 16.2
1 1211.5

Table 2.9 Mp, yield and spectroscopic data for 165 conjugate with basic side chain 
products

The 'H  N M R  spectrum  o f  both products (F igure 2.12) revealed the distinctive 1,4- 

dihydropyridine signals appearing as m ultiplets in the region 83.98-4.03, 54.14-4.20 

(220) and 8  3 .73-3.81, 5 3.99-4.03 (218) integrating for 4 protons each and 

corresponding to the two diastereotopic m ethylene groups. W hile the basic dim ethyl 

side chain (220) and m orpholine side chain (218) were identified by the signals as 

two sets o f  m ultiplets in the region 5 1.23-1.31and 8  3.73-3.81 respectively, w hich 

integrate for a total o f  12 protons. These signals overlap w ith other 6  protons signals 

from the m ethyl groups corresponding to N -(C H 3 ) 2  (H 9 , Hio) and those signals 

integrated for 6  protons are also overlapping with signals from  m ethylene group 

assigned to C H 2 -N -C H 2 (H 9 , H 1 2), The arom atic protons o f  both com pounds were 

observed in the region 5 6.94-7.81 (218) and 5 7.20-8.09 (220) respectively and 

integrate for 10 protons each.The '^C N M R  and DEPT spectra o f  218 (Figure 2.13) 

were in agreem ent with the expected basic side chain products, in w hich the carbonyl 

carbon can clearly be seen at 8  167.24. The C H 2-O -CH 2 (Hio, H u) signal centred at 8  

2.58 as a m ultiplet integrating for 4 protons are associated w ith carbon signals from  

Cio, C ii at 8  65.33. The 135° D EPT spectrum  indicated that C7, Cg as negative signals 

at 8  57.17 and 6  66.39, which are assigned as two m utliplets centred at 8  4.13 and 8  

2.81 in the 'H  N M R  spectrum .
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Figure 2.12 'H  NMR spectra of compounds 218&220
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2.6 Further optimisation

All o f the compounds discussed in this chapter were designed for biochemical 

evaluation (detailed in Chapter 4). To optimise the structure o f synthesised 

compounds and to improve the biochemical activity, more investigations on 

modification synthesis o f  type I scaffold will be carried out. The investigation in the 

type I compounds represented the novel 4-( 1,3-diphenyl-lH-pyrazole-4-yl)-1,4- 

dihydropyridine scaffold, which vary in the aromatic substituents in the rings A and 

B and also contains the basic side chain component o f the ring A substituent. 

Therefore, they can be considered to be similar to heterocyclic analogues of 

tamoxifen. As outlined below, we were interested in developing a new series o f type I 

analogues containing the /^-biphenyl substituent in Ring A, which could alternatively 

increase lipophilicity and possibly improve bioavailability.

2.6.1 Modification of Suzuki reaction

To optimise the structure activity relationship o f type I scaffold, a classic and 

effective synthetic route to modify the Ring A to biaryls was carried out. The Suzuki 

cross-coupling reactions o f arylboronic acid derivatives with aryl halides in the 

presence o f  Pd(PPh 3 ) 4  and base to form biaryls is powerful method for the synthesis 

o f  conjugated biaryls, styrenes and olefins which was first reported in 1981 by Suzuki
238et al. The catalytic cycle shown in Scheme 2,22 illustrates the mechanism for the 

Suzuki reacfion. The mechanism can be divided into three key steps: (1) oxidafive 

addition, (2) transmetalation, and (3) reductive elimination.

Ar'-Ar
ArX

R eductive
E lim ination

O xidative
Addition

Ar'-Pd(IIVAr Ar-Pd(II)-X

B(0H)4

N aX

N aO H

OH

Ar'------ B— OH Transm etalation

Ar’B(OH)2 X=Br, I

NaO H
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Scheme 2.22 Mechanism of Suzuki cross-coupling reaction

According to the proposed mechanism o f Suzuki reaction shown in scheme 2.22, this 

cross-coupling reaction is catalyzed by Pd(0) species. After oxidative addition o f aryl 

halide, the same substrate in the reaction, Pd(0) is converted in to a Pd(II) species as 

an active i n t e r m e d i a t e A l t h o u g h  phosphine based palladium as catalyst works 

successfully for most Suzuki cross coupling, in some cases, various catalyzed 

Pd/ligand systems can be employed in organic solvents for this reaction, such as 

Pd(OAc)2, [(ri^-C3H5)-PdCl]2 and Pd/P(t-Bu)2Me.‘'"The Suzuki-Miyaura reaction can 

also be employed in several types o f coupling reaction such as alkyl-alkyl or alkyl- 

aryl cross-coupling as displayed below.(Scheme 2.23)

o
+

BFjK

231

+

233

EtO

B(0H)2

(H0)2B R

R : aryl, alkyl

2.5% Pd(OAc) 2  

5% Ru-Phos

K2 CO3  3 eq. 
toluene/H20 85°C 18-24 h

5 mol % Pd(OAc) 2  

0 . 1 eq. P(?Bu2 )Me

TsO

+

NHR

234

TsO

3 eq. KO/Bu 
t-amyl alcohol r.t. 24 h

5 mol% 
PdCl2(PPh3)2
2 M N aX O j 

THF

5 niol% 
PdCl2(PPh3)2
2 M NazCOj 

THF

NHR

Scheme 2.23 Suzuki coupling reaction of aryl/alkyl halides with appropriate boronic 
acids

A variety o f  ketone, ester and amide-containing potassium 

trifluoroboratohomoenolates 231 act as the effective coupling partners in the Suzuki- 

Miyaura reaction, which are readily prepared from the unsaturated carbonyl 

compounds.^'*^These new coupling reagents react with electrophiles aryl 

bromides/chlorides to give conjugation products 232. The novel method for Suzuki 

cross-coupling reaction has developed by K irchhoff et al. '̂*  ̂ A diverse set o f 

inactivated alkyl electrophile 233 that are catalyzed by palladium or nickel with
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boronic acids to afford the alkyl-alkyl product. Baxter et al. reported that aromatic 

trisubstituted a,p-unsaturated esters can readily prepared by the effective Suzuki- 

Miyaura coupling reaction. Both geometric enol tosylate 234, 235 derivative reacted 

with electronically diverse aryl boronic acids to obtain a wide variety o f expected

ester product. 244

NH

162

+
B(0H )2 P d (P P h 3)4, K 2C O 3

R ^
T H F , r e f lu x  8 h

NH

221-230

Scheme 2.24 Arylation of the Ring A by Suzuki reaction

In the present work, for newly synthesised type I analogues, Suzuki arylation o f the 

bromide compound 162 with the appropriate boronic acids was achieved to afford the 

products (221-230) as outlined in Scheme 2.24. The spectroscopic data, melting point, 

and isolated yields were given in Table 2.10.

Com pound
S tructu re

IV1P(” C)
I R(WmaxCm ')

C=N, C = 0 Yield (% )
R «&C-0-ester

221 H O — 182
1598.9
1679.0
1212.7

67.6

222

HO

178
1595.8
1677.4
1215.6

6.6

223 184
1599.0 
1651.5
1210.1

51.4

224 176
1599.8
1693.6
1211.6

21.6

225 180
1601.0
1693.7
1209.9

16.8

226 O "
F

0

196

1599.8
1694.0
1212.1 30.9
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227

F

184

1600.6
1693.7
1210.5 16.2

1599.9

228

O2 N

194
1692.3
1211.8

32 .4

229

NO2

164

1600.1
1681.9
1212.6

12.8

/
0

230 172
1599.8
1693.6 45.2

1211.6
—0

Table 2.10 Mp, yield and spectroscopic data for arylation products 221-230

Diethyl 4-(3-{4-brom ophenyl)-1-phenyl-1 H -pyrazol-4-yl)-2 ,6-dim ethyl-1,4-

dihydropyridine-3,5-dicarboxylate 162 was reacted w ith 4-hydroxyphenylboronic 

acid in com bination o f  Pd(PPh3)4 and aqueous N a2C 0 3  in TH F to afford the desired 

substituented diphenyl product 221. In the IR spectrum , the broad carbonyl 

absorption band at \)1679.06 cm '' and the absorption band corresponding to the 

hydroxyl group appeared at u 3302.3 cm'V From 'H  N M R  and '^C N M R spectrum  

(Figure 2.14) it was apparent that the signals arising from  the protons o f  additional 

phenyl ring were located in the arom atic proton area 5 6.59-7.86, w hich integrated for 

14 protons including the proton o f  CH in pyrazole ring. In com parison w ith the 

parent com pound 162, conjugated product 221 depicted the sim ilar assignm ent to 162. 

The m ethyl groups and m ethylene groups integrating for 6 protons and 4 protons as 

singlet and tw o m ultiplets centred at 5 2.20 and 5 3.87, 5 4.08 respectively.
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Figure 2.14 'H NMR and '^C NMR of Suzuki product 221
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2.6.2 Carboxylic acid modification of scaffold I A derivatives

Following the antiproliferative study on the previously synthesised scaffold I A 

compounds, the substituents on the Ring A were confirmed as the substitution pattern 

required for biochemical activity, (see chapter 4) Additional structure modification 

on Ring A was then carried out by esterification o f  phenolic analogues and the 

subsquent hydrolysis o f these ester products.

Diethyl 4-(3-(4-(2-ethoxy-2-oxoethoxy)phenyl)-1 -phenyl-1 H-pyrazol-4-yl)-2,6-

dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 238 and diethyl 4-(3-(4-(4-ethoxy-4- 

oxobutoxy)phenyl)-l-phenyl-lH-pyrazol-4-yl)-2,6-dim ethyl-1,4-dihydropyridine- 

3,5-dicarboxylate 239 were readily prepared by nucleophilic reaction from substrate 

compound 165 with ethyl bromoacetate 236 and ethyl-4-bromobutanoate 237 

respectively in the mild condition.(Scheme 2.25)

R

236: Br

237: CHjCHjBr

O 4.2 m mol K 2 CO 3

Acetone  
Reflux 8  h

NH

238:
O

239: j..
O

IM NaOH 
(HzO/MeOH)

R

O

Scheme 2.25 Formation of carboxylic acid derivatives



Com pound M P (“ C)
•R(DmaxCm') C=N, 

C = 0 & C -0 -este r Yield (% )

238 196

1600.01

1693.34

1210.20

32.5

239 202

1611.44

1670.23

1210.79

18.7

240 188

1600.08

1682.27

1214.21

22.8

241 194

1613.11

1695.30

1212.73

32.2

Table 2.11 Yield and spectroscopic data for compounds 238-241

It is seen from Table 2.11, the phenolic derivatives 23S&239 and their relevant 

hydrolysis products 240&241 were obtained in the moderate yields. The compounds 

239 and 241 were all identified using IR spectroscopy and NMR 

spectroscopy.(Figure 2.15) For compound 239, the two ethyl ester methyl groups 

were identified as a triplet at 51.08, while H 1 2 CH 3 signal integrating for 3 protons 

centred at 5 1.26 as a triplet with coupling constant o f 7.0Hz. CH 2  signals arising 

from Hg, H9  appear as multiplets at 8  2.12 and 5 2.52 respectively. The characteristic 

methylene groups attached to dihydropyridine ring was assigned as two multiplets 

centred around 5 3.80 and 8  4.14. The other two methylene groups Hy and Hu were 

observed as a multiplet in the region 8  4.00-4.06, integrating for four protons. The 

CH signal H4 ”  appear as a singlet at 8  5.25. All aromatic proton signals are located 

in the region 5 6.92-7.77 and integrate for a total o f 10 protons, in agreement with 

assignment from '^C NMR. Among them, two separate multiplet signals in the 

region 8  6.92-6.94 and 8  7.75-7.77 were assigned to the aromatic protons H 2 , He and 

H3 , H 5 , respectively. The CH signal from pyrazole ring was also identified as a 

singlet at 8  7.71.

Both o f  products 239 and 241 showed similar carbon spectra in '^C NMR. By 

comparison with 239, the DEPT spectrum o f 241 shows the absence o f  one CH2
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signal at 5 60.08 (Figure 2,16), which was expected to be lost after the hydrolysis 

reaction.

c4 oi <vj

239

8 6 24

n  w «n t o<- WNW>eMn o  <o m <n <r> « -«o m o « oo r*- o  nS  ̂ s s 8 I t
csi 6  o  a  o> go ob w  tf> o  r i  nto  «> m «  o n n n m n m * *  f  o

"  T '  I
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M r> N  r« 00
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\/ "

Figure 2.15 'H NMR and '^C NMR of phenolic derivatives 239

[ppmj
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Figure 2.16 DEPT 90 and DEPT 135 spectroscopy for compound 239&241
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2.7 Alternative synthesis route to 1,4-dihydropyridine derivatives

Many approaches to the synthesis o f heterocycHc 1,4-dihydropyridine derivatives

molecule is recognised for the calcium channel antagonist activity and this 

heterocyclic ring is also a common feature for various biological activities such as 

antitumor, anti-inflammatory activity, antihypertensive, antitubercular and

binding to N-type channel, which exhibit more pharmacological activities such as

To pursue our studies on these multifunctional molecules, a novel synthetic route to 

explore the 1,4-dihydropyridines scaffold for the design o f new' compounds with 

potential biochemical activity prodrug was developed. A panel o f 1,4- 

dihydropyridine-based derivatives has reported by Mai et al. as sirtuin modulator in

treatment o f cancer, metabolic, cardiovascular and neurodegenerative diseases. In the 

present work, the preparation o f 3,5-dicarbethoxy-4-phenyl-l,4-dihydropyridines 

242-246 was carried out in a one-pot reaction using three component, (benzaldehyde, 

ethyl propiolate and aliphatic/aromatic amine), employing a modification o f  literature 

procedure. The reaction mixture was heated at 80°C in glacial acetic acid and 

subsequently underwent alkaline hydrolysis in ethanol to afford the corresponding 

3,5-dicarboxy derivative 247.(Scheme 2.26) Isolated yields, melting points and IR 

data for compounds 242-247 are presented in Table 2.12.

with various substitutions have been reported in the past d e c a d e . T h e  DHP

antithrombotic a c t i v i t y . I t  not only binds to L-type channel, also shown action by

vasodilation, stress protective and anticonvulsant.

2009. NAD^-dependent sirtuin deacetylases was revealed as therapeutic targets for

R.

Ethanol, 80 "C

NH2 R2

I  5N K(\ 80 °C
5N KOH

242-246

O O

R2 247

Scheme 2.26 Novel synthetic route to obtain 1,4-dihydropyridine derivatives
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C om pound
S tructu re

MP
(°C)

IR
(^max ^nl )

c=o
Yield
(% )Ri R2

242 136 1693.8 71.0

243

0—

0—

172 1715.9 28.3

244

0-

0  —

128 1682.2 24.7

245 0
162 1672.9 1.5

246

U
168 1684.7 30.4

247 192 1686.4 83.2

Table 2.12 Mp, yield and IR data for compounds 242-247

The preparation o f  diethyl l-(4-m ethoxyphenyl)-4-(3 ,4 ,5-trim ethoxyphenyl)-l,4 - 

dihydropyridine-3 ,5-dicarboxylate 244, schem e 2.24 is by a sim ple one-pot reaction 

from  3,4 ,5-trim ethoxybenzaldehyde, ethyl propiolate, and 4-m ethoxyaniline. The 'H - 

N M R  spectrum  (F igure 2.17) show s the characteristic two ethyl ester m ethyl groups 

and m ethylene group signals centred at 5 1.25 and 5 4.16 as triplets w ith coupling 

constant o f  J=7.12 Hz and m ultiplets, integrating for three protons and four protons 

respectively. The presence o f  all other relevant signals from  the two substitutented 

aryl rings is indicated by the existence o f  four singlets and two m ultiplets. The four 

m ethoxy groups signals were observed as three singlets, w hereas overlapping w ith 

each other around 5 3.83, 3.84, 3.86 and corresponding to the carbon m ethoxy signals 

at 6  55.20, 5 55.53 and 5 60.33. The proton o f  H 4 integrates for 1 proton at 5 4.94 and 

corresponds to carbon signal C4 at 5 37.06. H 2 , H 6 and H i’, He’ appear as singlets at 5 

6.63 and 6  7.58, both integrating for tw o protons. The latter two m ultip lets signals 

integrating for tw o protons each and centre 5 6.98 and 6  7.22 w ith coupling constant 

o f  4.44 Hz, w hich were identified as H 2 ” , H e ”  and H 3 ” ,  H 5 ” . HRM S confirm s the
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Figure 2.18 'H and '^C NMR spectrum of compound 247

The hydrolysis product l-benzyl-4-(4-hydroxyphenyl)-l,4 -d ihydropyrid ine-3 ,5- 

d icarboxylic acid 247 w as prepared by alkaline hydrolysis o f  242. The characteristic 

ethyl ester 'H  N M R  signals disappeared. A part from  the C H 2 and H-4 signals which
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appear at 6 4.60 and 5 4.88 corresponding to '^C NMR signals at 5 57.95 and 8 36.44, 

all other relevant proton signals are observed in the region 8 7.15-7.43 integrating for 

a total o f 11 protons.

2.8 Summary

The purpose o f this study was to design and synthesise antiproliferative compounds, 

based on the lead 4-(l,3-diaryl-lH-pyrazol-4-yl)-l,4-dihydropyridine scaffold 

structure compound. The initial design of the target compounds was focused on the 

modification o f a number of key structural features, specifically the nature of the aryl 

ring substituent at C-3 of the pyrazole. Various functionalities were introduced, on 

the basis of previous SAR studies on 4-aryl-1,4-dihydropyridines as calcium channel 

blockers and P-glycoprotein modulators. The single crystal X-ray structure of 

compound 162 was determined, and in contrast to the single crystal X-ray structure of 

nifedipine, it was found to adopt the syn rather than a/7//periplanar conformation for 

the ester substituents on the 1,4-dihydropyridine ring. In this series o f scaffold 1 A 

compounds, the aryl-substituted pyrazole ring replaces the more usual aryl ring at the 

C- position of the 1,4-dihydropyridine ring system and the presence of this bulky 

substituent is required for the antiproliferative activity of these compounds and may 

also contribute to the required lack of calcium effects.
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Pd(O A c)2 , TEA

A cetonitrile , 120 ”C

V / X=Br: 144 
X=I: 152

NH

X=Br: 162 
X=I: 171

R

P d ( O A c ) 2, T E AR'

A c e to n itr i le ,  1 2 0  "C

NH

249

Scheme 2.27 Utilisation of Heck reaction to replace halide group with olefm derivatives 
unsuccessfully

In this chapter, the appropriate basic side chain ethers were incorporated into the 

molecule structure to investigate if  affinity for the ER could be improved and if this 

had a positive effect on antiproliferative activity. The cross-coupling Suzuki-Miyaura 

reaction was proved as an effective method, in our studies, for arylation o f  3-(4- 

brom ophenyl)-l-phenyl-7//-pyrazole-4-carbaldehyde with various boronic acids to 

produce a library o f  substituted biaryl pyrazole introduced at the C-1 position o f DHP 

ring. Attempted introduction o f an acrylate ester onto the bromo or iodo substituted 

pyrazolyl 1,4-dihydropyridine ring (162&171) to afford 249 was not successful. 

However, this reaction was successfully demonstrated for the ethyl-3-(4-(4-form yl-l- 

phenyl-lH-pyrazol-3-yl)phenyl)acrylate 248 which was isolated in moderate yield 

via Heck reaction.(Scheme 2.27)
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Chapter 3

Synthesis of 1,3,4-trisubstituted pyrazole 
(Scaffold II) derivatives as 

antiproliferative agents
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3.1 Introduction

The investigation o f  scaffold II type raloxifene 11 analogues is discussed in this 

chapter. This library o f compounds was subdivided into two different types 

dependent on whether the phenolic aryl ring or piperazine ring is located at the C-4 

position o f the pyrazole ring.

B

Figure 3.1 Structure o f different trisubstituted pyrazole (scaffold II) derivatives

In chapter 1 the pyrazole core structure has been reviewed, which plays an important 

role in many different classes o f bioactive compounds. Katznellenbogen’s group has 

designed and carried out research on the pyrazole ring as a scaffold for SERMs. It 

was discovered that the C-5 piperidinyl-ethoxy-substituted pyrazole 67 possess good 

affinity for ERa.^“̂  ̂ Raloxifene 11 is another SERM, which shows potent binding 

ability to the ER active site based on the position o f  the piperidine side chain and the
9 SOphenolic aryl ring around the core thiophene ring. Therefore a series o f similar 

compounds (scaffold II B) modified at the C-4 position o f the pyrazole ring was 

synthesised in an attempt to increase biological activity. The synthetic route is 

depicted in scheme 3.1. A variety o f methods available for the synthesis o f the 

pyrazole ring was outlined in section 1.4.2. In the initial synthesis, it was necessary 

to include a diverse range o f substituents on the aromatic ring A which was linked to 

the C-3 position o f the pyrazole. There are also a number o f synthetic routes to 

prepare the free phenolic group which subsequently can be conjugated with various 

basic side chains. The structural features desired in the final product determined 

which route was used and the results are detailed in section 3.3.

HO R.

S c a f fo ld  IIA
OH R.

OH

HO

122



3.2 Reductive amination reaction

T h e  su b ty p e  s c a ffo ld  II A  a n a lo g u e s  d e s ig n e d  fo r  a n tip r o life r a c tiv e  a c t iv ity  c o n ta in  a  

p ip e r iz in e  r in g  d ir e c t ly  lin k ed  to  th e  p y r a z o le  c o r e  stru ctu re at th e  C -4  p o s it io n . T h e  

r e d u c t iv e  a m in a tio n  r e a c tio n , a ls o  k n o w n  a s  B o r ch  r e a c tio n , is  th e  m o s t  c o m m o n  and

c h o o s e  th e  re d u c in g  a g e n t  fo r  s u c c e s s fu l r e a c tio n , s in c e  th e  r e d u c in g  re a g en t m a y  

r e d u c e  im in e s  (o r  im in iu m  io n s )  s e le c t iv e ly  o v e r  a ld e h y d e s  u n d er  th e  r e a c tio n

ro u te s  d if fe r  in  th e  n atu re o f  th e  r e d u c in g  a g en t. T h e  first m eth o d  is  c a ta ly t ic  

h y d r o g e n a tio n  w ith  p a lla d iu m , p la tin u m  or n ic k e l c a ta ly s ts . T h e  se c o n d  m eth o d  u se s  

h y d r id e  r e d u c in g  a g e n ts  su ch  as so d iu m  c y a n o b o r o h y d r id e  ( N a B H 3 C N ) or so d iu m  

b o r o h y d r id e  ( N a B H 4 ) fo r  th e  re d u ctio n  step.^^^

3.2.1 Mechanism of reductive amination (Borch) reaction

T h e  r e d u c t iv e  a m in a tio n  o f  th e  ca r b o n y l c o m p o u n d  o r  r e d u c tiv e  a lk y la t io n  o f  th e  

a m in e  are m o st e f f ic ie n t  an d  im p ortan t ap p ro a ch  to  s y n th e s is  o f  p r im ary , s e c o n d a r y ,  

or tertiary  a m in e s  fro m  th e  r e a c tio n  o f  a ld e h y d e s  or k e to n e s  w ith  a m m o n ia , p rim ary  

a m in e s , or s e c o n d a r y  a m in e s  in  th e  p r e se n c e  o f  r e d u c in g  a g e n t s . T h e  re a c tio n  

m e c h a n ism  d e p ic te d  in  sch em e 3 .2  d em o n stra ted  that th e  in it ia l step  o f  th e  r e a c tio n  is  

to  fo rm  th e  in te r m e d ia te  h y d r o x y la m in e  w h ic h  can  b e  c o n v e r te d  to  an  im in e  b y  

d eh y d r a tio n . In th e  a c id ic  to  n eu tral c o n d it io n , th e  im in e  is  p ro to n a ted  to  fo rm  an  

im in iu m  io n , w h ic h  c a n  p ro d u c e  th e  a lk y la te d  a m in e  p ro d u c t su b se q u e n tly .

im p o rta n t m e th o d  in  th e  s y n th e s is  o f  d iffe r e n t  k in d s  o f  a m i n e s . I t  is  v er y  cr it ic a l to

252
c o n d it io n s .  T h e  tw o  m o s t  c o m m o n ly  u se d  d ire c t  r e d u c t iv e  a m in a tio n  sy n th e t ic

+ NHjR
NaBH3CN/NaBH4

M ethanol R

148 250-258

Scheme 3.1 Reductive amination to obtain the Scaffold II B analogues
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hydroxyamine 
(addition product) -H2O

H.
N

alkylated amine

R i'^ R

I® immium ton 
CN

Scheme 3.2 M echanism o f action for reduction amination o f pyrazole

3.2.2 Reductive amination with piperazine derivatives

To investigate the effect on the biochemical activity o f  modification on ring C o f the

1,3,4-trisubstituted pyrazole derivatives to increase the antiproliferative property, 

scaffold II A products were synthesised as illustrated in Scheme 3.1 using the 

reductive amination (Borch) reaction o f 3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazole- 

4-carbaldehyde 148 and the appropriate substituted piperazine. All o f the reductive 

amination products 250-257 were synthesised and presented in Table 3.1 with their 

infra red data, melting point, and isolated yields. For comparison, 258 was obtained 

by sodium borohydride NaBH 4 reduction o f the pyrazole carbaldehyde 148.

Most products (250-257) contain the piperazine ring at the C-4 position o f 3-(4- 

m ethoxyphenyl)-l-phenyl-7//-pyrazole-4-carbaldehyde, thus the heterocyclic ring 

can be identified by 'H  NM R spectra. Figure 3.2 illustrates the 'H  NM R spectrum 

for compound 254, The four methylene group linked to the amine appear as two 

triplets centred at 5 2.72 (J=4.84 Hz) and 5 3.26(J=4.72 Hz), respectively. A singlet 

signal at 5 3.89 corresponding to the methoxy group was observed, while the other 

methylene group signal was observed at 5 3.61 as a singlet in the 'H  NM R spectrum. 

In agreement with the '^C NM R spectrum, the carbon signals at 5 48.8, 5 52.09, and 6 

52.39 displayed negative signals in the DEPT 135 sepctrum where the 5 CH 2 group 

containing the 2 overlapped carbon signals were observed. All the aromatic protons 

and CH at C-5 o f  the pyrazole ring were located in the region 5 6.90-7.99, integrating 

for a total o f  15 protons.



Compound

Structure

MP (^C)
I R  (Dmax cm ') 

C=N
Yield (%)

R

250 156 1600.0 23.2

251 0 b 138 1598.9 43.2

252
O n j 6 ^ °

124 1600.4 11.5

253 Oil 1600.1 36.2

254
u

148 1599.1 38.7

255 O nh
126 1599.8 13.6

256
O

162 1599.6 12.4

257 o 124 1600.1 8.72

258 O H 168 1599.8 69.8

Table 3.1 IR, melting points and yields for reductive products 250-258
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3.3 Synthetic route to novel scaffold II B

Route B

R oute A

259: R ,=0C H 3 260: R,=H 
261: R ,= O C H ,Q H s

148: R2=0CH3 
143: R2=0CH2C.H 148: R2=0CH3 

143: R ,= 0C H 2Q H

OMgBr OMgBr

Scheme 3.3 Synthetic route for scaffold II B analogues

Scheme reagents: (a) 2N HCI, r.t. 3 h (b) THF, reflux 15 min (c) THF, reflux 20min 
(d) 10% H2 SO4 (e) PCC, DCM, 2 h (f) CBr4 , Methanol, reflux 0.5-3 h 
(g) Acetone, basic side chain halides 211-215, reflux 5 h

As initial biochem ical investigation indicated com pound 250 (scaffold II A) to have 

good activity in both M CF-7 and HL-60 cancer cell lines (see chapter 4), it was 

decided to study the effect on activity o f  an additional piperazine ring at the C-4 

position o f  the pyrazole system. An alternative plan was to introduce m ore com plex
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aryl contains substituents at the C-4 position. The synthetic route chosen for the 

preparation is illustrated in Scheme 3.3. A variety o f Grignard reagents were thus 

reacted with 148 to give the secondary alcohol, and then to form the scaffold II B 

analogues by subsequent reaction with basic side chain halides. These products can 

be classified as pyrazole analogues o f raloxifene.

3.3.1 Grignard reaction

A study o f the synthesis 1,3,4-trisubstituted pyrazole derivatives with optimisation o f 

substituents attached to the phenyl ring at the C-4 position o f the pyrazole ring was 

carried out using the Grignard reaction. Formation o f the Grignard reagent, an 

organometallic species is achieved by reaction o f alkyl, benzyl, or aromatic halide 

w'ith magnesium in an anhydrous solvent (ie. diethyl ether or THF).^^^ The 

characteristic reaction with carbonyl compound is an efficient synthetic route to form 

new carbon-carbon bond.

3.3.1.1 Mechanism of Grignard reaction

The general reaction mechanism for the Grignard reaction is depicted in Scheme 3.4. 

The reaction has been divided into two steps, the first part o f the reaction is the 

formation o f the Grignard reagent R-Mg-X. The secondary or tertiary alcohol then 

can be synthesised when the Grignard reagent is reacted with an aldehyde or
2^7ketone. ' As can be seen in Scheme 3.4, the Grignard reagent is a carbanion and acts 

as a nucleophile which adds to the carbonyl carbon to form an alkoxide, which is then 

protonated to afford the alcohol product in acidic condition.^'*’*

R X M g --------► R* '  • M g-X ------ ► R-M g-X Grignard Reagent

Scheme 3.4 Mechanism for the Grignard reaction

3.3.1.2 Introduction of additional phenyl ring to pyrazole derivatives

To obtain the scaffold II B analogues, preparation o f intermediate secondary alcohol 

derivatives is necessary in the synthetic route as discussed previously. The reaction 

o f a variety o f  substituted bromobenzenes (259-261,264) and magnesium ribbon in

F

R

00

MgX
©

©
H-OH2

F

R

OH +  H jO
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mild conditions could afford the Grignard reagent, which was then reacted with the 

aldehyde at C-4 position of pyrazole derivatives for preparation of the desired 

products 267-273. (Scheme 3.5) The biochemical result in the antiproliferative assay 

shown in chapter 4 for the 1,3,4-trisubstituted type pyrazole were encouraging and it 

was believed that could be important for ER antagonist activity if the substituted 

phenyl ring of the optimised scaffold II B can be conjugate with the anti-estrogen 

type basic side chain. Two synthetic routes are available to reach the final products 

which possess one or two basic side chains in the molecular structure. Initial attempts 

to form the free hydroxyl group at ring A or ring C by demethylation reaction was 

tried without success, (Detailed in Section 3.3.4). Meanwhile removal o f benzyloxy 

group from 270 to afford phenolic product was achieved in very low yield. Therefore, 

an alternative route was utilized which resulted in initial isolation of phenolic product 

273 from reaction of the protected /?-tetrahydropyranyloxy bromobenzene 266 and 3- 

(4-methoxyphenyl)-l-phenyl-lH-pyrazole-4-carbaldehyde 148.

Thus, the secondary alcohol 3-(4-methoxyphenyl)-l-phenyl-///-pyrazol-4-yl)(4- 

(tetrahydro-2H-pyran-2-yloxy)phenyl)methanol 273 was readily prepared when 

bromophenol 264 was reacted with 3,4-dihydro-2//-pyran 265 in acetic acid to afford 

the protected phenol 266, which was immediately employed in the Grignard reaction 

with pyrazole carbaldehyde 262. The yield, melting point and spectroscopic data for 

secondary alcohols 267-273 is presented in Table 3.2.

259: R ,=0C H 3  
260; R ,=H  
261: R,=OCH2CsH5 
266: R,=OCcHaO U 148: R2=0CH3 /  \

143: R 2= 0C H 2Q H 5'\ /

264 265 266

Scheme 3.5 Synthesis of secondary alcohols via Grignard reaction
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Compound
Structure

IV1P(°C)
IR (l^max cm ) 

C=N 
O-H

Yield (%)
Ri R2

267 H OCH 3 126
1601.0

3306.4
28.4

268 OCH 3

* ^ 0

162
1601.3

3360.2
23.3

269 H 146
1595.0

3366.3
42.6

270
‘" 0

182
1597.8

3273.4
2 1 . 2

271 OCH 3

" ’0

168
1611.1

3337.1
49.6

272 OCH 3 0 C H 3 182
1599.8

3400.0
51.1

273 OCH 3

' t )

186
1600.4

3420.1
17.2

Table 3.2 IR data, melting points and yields for intermediate o f scaffold II B 267-273

In the IR spectrum o f 273, the secondary imine and hydroxyl group absorption appear 

at 1600.45 cm '' and 3420.18 cm '' respectively. The 'H and '^C NM R spectra for 273 

are presented in Figure 3.3. The methoxy group appears as a singlet at 5 3.83 

integrating for 3 protons. The CH proton attached at C-5 position o f the pyrazole 

appears as a singlet at 6  5.42 integrating for 1 proton. The 13 protons in the aromatic 

area appear from 5 6.79 to 5 7.86. The protons at C7” , Cg” , C9” , Cio”  and C n ”  are 

non-equivalent and coupled with each other integrating for a total o f  9 protons. They 

appear as broad mutliplets centered on 8  5.66, 5 2.07, 5 1.88, 5 1.69 and 5 3.96, 

respectively. The presence o f  CH 2 groups carbon corresponding to C 9 ” , Cio” , Cg”  

and C n ”  were confirmed by the DEPT 135 which give 4 negative signal at 5 18.45, 5 

24.76, 6  29.96 and 5 61.73 respectively. HRMS also confirms the proposed product 

revealing M^+1 ion at 457.2125 which related to the mass o f  273 (457.2127, 

C 2 8 H 2 9 N 2 O 4 )
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Figure 3.3 'H NMR, '̂ C NMR and DEPT spectra for compound 273

3.3.2 Oxidation of secondary alcohol

To synthesise the required scaffold II B type compound containing the basic side 

chain linked to phenyl ring and to investigate the effect on antiproliferative activity 

when the a carbonyl group is introduced to C-4 position o f  pyrazole, the secondary 

alcohols (267, 268, 271, 273) were oxidised to the corresponding ketones 274-277. 

Several reagents are available for this oxidation reaction, such as PCC, PDC and 

chromium(VI) reagent. PCC, an air-stable solid reported by Corey et al is a popular 

oxidizing reagent. It was employed in this reaction to achieve the ketone derivative 

products by treatment o f  the appropriate secondary alcohol in DCM. Pyridium 

chlorochromate (PCC) is useful tool for the oxidation o f  primary alcohols to 

aldehydes and secondary alcohols to k e t o n e s . T h e  reaction solution becomes 

briefly hom ogeneous on addition o f  PCC to the reaction. However, isolation o f  

product from the PCC residue was difficult, and the residue is then removed by 

filtration.
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o
O-Cr-CI

M "
H O (P C C )

Ri

267, 268, 271, 273 

Scheme 3.6 Oxidation of secondary alcohol

274-277

Com pound
Structure

MPC^^C)
IR(i)„a, cm ') 

C=N,
c=o

Yield (% )
Ri R2

274 H 176
1599.7

1693.3
34.2

275 0 CH 3 H 174
1597.3

1695.3
18.8

276

^0
O C H 3 170

1598.1

1696.2
26.3

277 0 CH 3 'x:) 162
1599.8

1693.3
54.1

Table 3.3 IR data, melting points and yields for oxidation of secondary alcohols 266-269

A s can be clearly seen  from the IR spectrum for 275 , the carbonyl and secondary  

im ine signals appear at 1695.3 cm"' and 1597.3 cm'' corresponding to the new ly  

formed ketone and C =N  group o f  the pyrazole ring. High resolution m ass 

spectrom etry identified the product with corresponding M^+1 ion at 355.1451 and 

related to the m ass o f  2 75  (355 .1447 , C 2 3 H 19N 2 O 2).

3.3.3 Hydrolysis of (3-(4-methoxyphenyl)-l-phenyl-lH-pyrazol-4- 
yI)(4-(tetrahydro-2H-pyran-2-yloxy)phenyl)methanone

It w as essential to protect the precursor o f  the scaffold  II B analogues containing a 

hydroxy functionality in this step before taking part in the planned conjugation  

reaction with basic side chain alkyl halides. For that reason, reaction o f  carbaldehyde

com pound with core structure pyrazole ring and /?-tetrahydropyranyl brom obenzene
261by Grignard reaction g ives the secondary alcohol intermediate 273. Subsequently,
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compound 277 containing the protecting group tetrahydropyranyl ether was prepared 

by oxidation o f  273.

I +  R-OH -------------

O OH 280 O O ^ 279

Scheme 3.7 Deprotection of tetrahydropyranyl ether for free hydroxyl group

The tetrahydropyranyl ether is an important protecting group for the protection o f 

alcohols and phenols, providing stability in the strong basic reaction conditions, 

hydrides, alkylation reagent, acylating reagents and organometallics in organic 

synthesis.^^^ Reaction o f the alcohol with dihydropyran 265 forms a 

tetrahydropyranyl ether 279, protecting the alcohol from a variety o f reactions. The 

hydroxyl group can be restored readily by acidic hydrolysis with formation o f 

phenol/alcohol and 5-hydroxypentanal 280. (Scheme 3.7)

O

277

CBr,
 ►

Methanol

OH
281

Scheme 3.8 Synthetic route to obtain free hydroxyl group

The compound 281, an orange yellow solid, was obtained as the hydrolysis o f 277 in 

mild reaction condition with tetrabromomethane (CBr4) and it was achieved good 

yield (85.9%). (Scheme 3.8) From the IR spectra the hydrolysis o f  the ether to the 

hydroxyl group was apparent from the appearance o f a broad absorption at 

approximately 3417.90 cm '' and the presence o f the C=N at 1599.25 cm ''. On 

examination o f the 'H  NM R spectrum (Figure 3.4) the loss o f the tetrahydro-2//- 

pyran group was evidence by the absence o f  the characteristic signals in the region 5
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1.69 to 5 3.96. The m ethoxy proton is still present w ith a singlet at 8  3.82 integrating 

for 3 protons and corresponds to carbon signal at 5 54.83 in the '^C N M R  spectrum . 

All o f  the arom atic proton signals are located in the region 5 6.82 to 5 7.83 

integrating for a total o f  13 protons. The carbon signal at 6  209.23 in the '^C N M R  

spectrum  clearly confirm es the carbonyl group in the m olecule structure. The M^+1 

ion at 369.1255 can also confirm  the expected com pound has been form ed w hich 

related to the m ass o f  281 (C 2 3H 17N 2O 3 , 369.1239) by HRM S.
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Figure 3.4 'H NMR, ‘̂ C NMR and DEPT spectra for compound 281
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3.3.4 Synthesis of scaffold II B product containing phenolic ring at 
C-4 and C-3 positions

The introduction o f various basic side chain substituents to ER ligand scaffolds such 

as tamoxifen led to the significant improvement in antiproliferative activity as it 

facilitates binding to the ER successfully. Thus it was desirable to investigate 

formation of the corresponding pyrazole analogues containing basic side chains to 

evaluate their biological activity. In scheme 3.9, addition of various basic side chain 

alkyl halides onto the free hydroxyl group of compound 281 produced a first library 

of scaffold II B type derivatives (282-286). The melting point, isolated yield and 

spectroscopic data is presented in Table 3.4.

Scheme 3.9 Addition o f basic ether for scaffold II B derivatives 282-286

Investigation o f further optimisation for this molecular structure was carried out. We 

were interested in biochemical evaluation of a novel pyrazole product containing two 

substituted phenolic rings such as 288. However, initial attempts to isolate 287 

directly from 282 and 286 by demethylation were not successful. (Scheme 3.10) 

Several different reagent such as boron tribromide (BBra) and ethanethiol were 

employed in order to remove the methyl ether group without success.^^"  ̂Therefore, an 

alternative method of synthesis of 288 was developed from 276 which contains a 

benzyl protected phenol group at the C-3 position of pyrazole ring. This protected 

compound was then treated with hydrogen and the palladium/carbon catalyst 

deprotected to the free phenol at the C-3 position 287. The reaction resulted in very 

poor yield and thus an alternative protecting group, (e.g. silyl ether protecting group) 

is necessary for future work.

OH

+  R

211-215

Cl
Acetone

K2CO3

O

282-286
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Scheme 3.10 Synthetic route for phenolic derivatives at C-3 position of pyrazole

Compound
Structure

M P (‘’C)
IR (Uniax )

Yield (%)
R C=N, C =0

282 0 178 1599.2, 1712.3 12.4

283 184 1600.4, 1700.9 23.2

284 190 1600.7, 1711.4 32.1

285
k

168 1601.2, 1711.6 9.2

286 192 1600.2, 1712.5 13.4

Table 3.4 Melting point, yield and spectroscopic data for basic ether products 282-286

From the examination of 'H NMR spectrum of expected Type II B product 286

(Figure 3.5), the singlet signal at 52.36 is assigned the methyl group of the H9” , Hio” 

integrating for 6 protons, while the methoxy group appears as a singlet at 5 3.83 

integrating 3 protons. The Hg” and H?” split with each other with the same coupling 

constant J=5.52 Hz and therefore appear as two triplets signal centred on 6 2.76 and 5 

4.13 ppm respectively, and both integrating for 2 protons. A total of 13 aromatic 

protons can be clearly seen as series of multiplets in the aromatic region from 5 6.88
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to 5 7.88. One singlet signal appears at 5 8.26 which was assigned to CH proton o f 

pyrazole which integrated for a single proton. The successful synthesis o f 286 was 

also identified by HRMS shows [M+Hj^ ion at 442.2141 (C2 7H28N 3O3 ).

The DEPT 135 spectra o f products 283 with 286 were compared, the negative carbon 

signals at 5 21.43, 6  22.19 and 5 36.14 corresponding to CH2 group o f piperidine ring 

observed for 283 but not present for compound 286. (Figure 3.6) The remaining two 

negative signals at 5 57.66 and 6 65.77 were assigned to Cg”  and C 7”  respectively. 

The carbonyl carbon appears at 5 188.52 and methoxy carbon shows at 5 54.82 in '^C 

NM R spectrum o f 278; likewise the assignment o f 275, which confirmed these 

compounds have a similar molecular structure.
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Figure 3.6 DEPT NMR spectrum of compounds 283&2S6

3.4 Summary

In conclusion, two series o f novel antiproliferative agents designed to containg the 

pyrazole ring scaffold (type II) were synthesised. These products are prepared by 

reaction o f  relevant pyrazole carbaldehyde with appropriately substituted 

bromobenzene or piperazine utilizing the Grignard reaction and reduction amination 

respectively. The optimised structure design was based on introduction o f the basic 

side chain to C-3 or C-4 position o f the pyrazole ring system. The biochemical 

evaluation for the novel scaffold II analogues is presented in chapter 4.
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Chapter 4

Biochemical analysis, stability 
investigation and molecular modelling 

study of novel antiproliferative pyrazole 
& dihydropyridine compounds
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4.1 Introduction

According to the 2008 World Cancer Report, cancer will soon replace heart disease 

as the leading cause o f deaths worldwide by 2010. This devastating disease will make 

both poor and rich countries experience the impact o f higher cancer incidence and 

death rates more sharply than the past 30 years o f the 20th century. It is estimated 

that this will double again by 2020 and nearly triple between 2020 and 2030. Reports 

forecast that 2.4 million people will be diagnosed with some form o f cancer in 2010 

and 7.6 million people will die. By 2030, 27million people will be diagnosed with a 

cancer, resulting in 17 million deaths annually. These statistics show the disease 

burden is immense, and it is considerable challenges for our current health care 

systems to find novel and power treatment for this malignant diseases^^^.

Breast cancer is the second leading cuase o f cancer death in women and the most 

common cancer among women. Breast cancers are classified as estrogen receptor 

(ER) positive and estrogen receptor (ER) negative. 70-80% o f all primary breast 

tumours are ER positive. MCF-7 cells are human carcinoma cells which are used 

extensively as a model for ER positive breast cancer in vitro tests. The MDA-MB- 

231 cell line is a model o f malignant human breast cancer(ER negative). The 

dihydropridine and pyrazole SERM analogues discussed in Chapter 2 and 3 were 

initially evalated for their antiproliferation and cytotoxic effects in MCF-7 and MDA- 

MB-231 cells. Subsequently we examined whether these novel DHP derivatives can 

reverse the resistance o f paclitaxel over-expressing P-GP and MDR effects evaluated 

in HL-60-MDR cells.

Dihydropyridines (DHPs) are investigated for antiproliferative activity as a number 

o f  clinically used. Ca^"^channel-blocking drugs are derivatives o f various DHPs. 

Despite this, these DHPs are significantly potent inhibitors o f p-glycoprotein (Pgp), 

which are the main cause o f  the efflux o f drugs and toxins from tumour cells. 

Dihydropyridine derivatives have been shown to have the potential to overcome P- 

glycoprotein (Pgp)-mediated multidrug resistance to doxorubicin and vincristine in 

cultured human cancer cells. The efflux o f cytotoxic drugs is recognised as an 

important mechanism o f multidrug resistance (MDR) which is a severe limitation to 

the successful treatment o f many cancers such as metastatic breast cancer, as the 

active drugs are transported out o f the cells by the trans-membrane efflux pumps so
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that intracellular drug levels are too low to reach effective therapeutic effects. P- 

glycoprotein is a 170kDa plasma membrane transporter protein which is encoded by 

the human MDR-1 gene.^^^'^^^ It was the first o f the ABC drug transporters identified 

and characterised in drug selected tumour cell lines, P-glycoprotein acts as an ATP- 

dependent efflux pump which decreases the intracellular accumulation o f  the drug 

resulting in resistance to various classes o f chemotherapeutic drugs such as the vinca 

alkaloids, vincristine and vinblastine, the anthracyclines daunorubicin and 

doxorubicin and the related podophyllotoxin-based chemotherapeutic agent etoposide 

and taxol.^^^

Many different classes o f compounds have been identified as multidrug resistance 

modifiers such as the calcium channel antagonists, protein kinase C inhibitors, and
269 270immunosupressants such as cyclosporine and others ' . The mechanism o f action

o f P-glycoprotein modulators has been identified as direct binding to P-glycoprotein, 

and reducing ATP activity, to inhibiting protein kinase C(PKC) phosphorylation o f P- 

glycoprotein. 1,4-Dihydropyridines such as nifedipine, nicardipine and amlodipine 

have been extensively investigated for their MDR effects, (See chapter 1). However, 

because o f their pharmacological properties as calcium channel antagonists (active on 

L-type calcium channels), they are not suitable for therapy in MDR cancer.

Many novel 4-aryl-1,4-dihydropyridine compounds have been investigated with 

MDR reversal properties for cytotoxic drugs, and minimum effects on calcium 

channel activity. The cytotoxicity and MDR reversal effects o f a series o f  3,5- 

dibenzoyl-l,4-dihydropyridines has been reported where cell death was attributed to
"yf-c 971

as non-apoptotic pathway. G1 cell cycle arrest by amlodipme has been
'111 .suggested in human epidermoid carcinoma A431 cells, while a 1,4- 

dihydropyridine derivative AV-153 has been reported to be effective in reducing 

DNA strand breaks, and stimulates apoptosis in human peripheral blood lymphocytes 

following gentoxic stress. 1,4-Dihydropyridines were recently shown to modulate 

the activity o f NAD dependent sirtuin deacetylases.^^"^ In our efforts to identify novel 

scaffold structures with intrinsic cancer cell growth inhibitory effects, we have 

identified a 4 -(l,3 -d iary l-lH -pyrazol-4-yl)-1,4-dihydropyridine scaffold structure 

using in silico screening techniques for estrogen receptor antagonists, indicating 

potential anti-proliferative activity for this pharmacophore in human estrogen
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receptor positive MCF-7 breast cancer cells. The hepatoprotective properties o f a
275series o f related 4-pyrazolyl-l,4-dihydropyridines had been previously reported .

We now report the synthesis o f a series o f novel 4-( 1,3-diaryl-lH-pyrazol-4-yl)-1,4- 

dihydropyridines and the initial evaluation o f their anti-proliferative properties on 

MCF-7 and MDA breast cancer cell lines and also in a comprehensive NCI 60 cell 

line screen. The compounds were also examined for their potential to activate or 

inhibit calcium transporters and produce a change in the nature o f  cytosolic calcium 

increase in MCF-7 breast cancer cells stimulated with an agonist (ATP). The NCI 60 

screen also highlighted significant potential in leukemia cells, amongst others. The 

effects o f compounds on the cell cycle o f HL-60 acute myeloid leukemia cells were 

determined by flow cytometry. Finally, we examined whether these novel DHP 

derivatives can reverse the resistance o f paclitaxel in HL-60-M DR cells over

expressing Pgp.

4.2 Materials and suppliers 

4.2.1 Materials

The full name and addresses o f the suppliers are given at the end o f  the list.

Ma t e r i a l s  S u p p l i e r

A c t i v a t e d  c h a r c o a l  S i g m a

Alamar blue Biosource

DMSO Sigma

D u l b e c c o ’ s M o d i f i e d  E a g l e ’ s M e d i u m  G i b c o

E a g le ’s Mi n i mu m E ssen tia l M edium  S igm a/G ibco

C alf serum Gibco

Foetal bovine serum  Sigm a

L-glutamine Gibco

4-Hydrotam oxifen Sigma

Hl-60 cells E.C.A.C.C.

Hl-60 parental Cells E.C.A.C.C.

MCF-7 Cells E.C.A.C.C.

MDA-MB-231 E.C.A.C.C.

MTT Sigma

LDH assay kit Promega
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N on-essential am ino acids 

Penicillin/streptom ycin 

Phosphate Buffer Saline(PBS)

Sigma 

Sigma 

Oxoid Ltd.

Paclitaxel

Prism GraphPad 4.0 

RPMl 1640 Medium 

Trypsin-EDTA

Sigma

Graphpad software, Inc.

Biosciences

Sigma 

Sigma 

Tebu-bio Ltd.

Tamoxifen OHT 

Tubulin polymerization kit

All sterile tissue culture flasks, pipettes, pipette tips, plates and tubes were from 

Greiner Bio-One Ltd. And all compounds from this thesis used in these tests are 

described in chapter 2 and 3.

4.2.2 Postal and e-mail addresses of suppliers/distributors

Biosciences; 3 Charlemont Terrace, Crofton Road, Dub Laoghaire, Co. Dublin, 

Ireland. orders@ bioscicencs.ie

E.C.A.C.C; Health protection Agency, Salisbury Sp4 OJG, 

U.K.eiorders@europe.sial.com

GraphPad Software, Inc; 2236 Avenida de la Playa. California 92037, U.S.A. 

sales@ graphpad.com

Greiner Bio-One Ltd.; Brunei Way, Stroudwater Bussiness Park, Stonehouse, 

Gloucestershire GLIO 3SX, U.K. orders@ cruinn.ie

Invitrogen Ltd.; 3 Fountain Drive, inchinnan Bussiness park. Paisley PA4 9RF, U.K. 

orders@ biosciences.ie

Oxoid Ireland Ltd.; Blackthorn Road, Sandyford Industrial, Estate, Foxrock, Dublin 

18, Ireland.orders@ fanninhealthcare.com

Promega U.K.; Delta House, Southampton Science Park, Southampton S O I6 7NS, 

U.K. info@ medical-supply.ie

Sigma-AIdrich Ltd.; Airton Road, Tallaght. Dublin24, 

IreIand.eiorders@europe.sial.com

Tebu-bio Ltd.; Unit 7, Flag Business Exchange, Vicarage Farm Road, Peterborough,

C am bsD E l 5TX.
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4.3 Cell culture

4.3.1 Cell lines

The MCF-7 cells(Figure4.1) are human breast cancer cell line, isolated from a 69- 

year-old Caucasian woman in 1970. MCF-7 is the acronym o f Michigan Cancer
276  •Foundation-7. The MCF-7 human breast tissue adenocarcinoma cell line was used 

to screen all o f the compounds. Both our group and various other groups used the 

MCF-7 cell line extensively as model for estrogen receptor positive breast cancer.

§

Figure 4.1 MCf-7 human breast cancer cells reproduced from ATCC(American type 
culture collection) website

The MDA-MB 231 Cells (Figure4.2) are human breast cancer cell line, cloned from 

a 51 -year-old Caucasian woman.

L ow  O a n s ity Seal* Bar • lOOijm

Figure 4.2 MDA-MB 231 human breast cancer cells reproduced from ATCC website.

The HL-60 cell line was originally obtained by leukopheresis from a 36-year-old 

Caucasian female with promyelocytic leukaemia. About 10% o f these peripheral 

blood lymphocytes can spontaneously differentiate."’’
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Figure 4.3 HL-60 human promyelocytic leukaemia cells^’*

4.3.2 Growth and maintenance of cell lines

The M C F-7 and M D A -M B  231 cell lines were grown as a m onolayer culture at 37  

°C, under a hum idified  atm osphere o f  5% C 02/95%  O2. The ce lls  were m aintained in 

E agles M inim um  Essential M edium (EM EM ) supplem ented with 10% (v/v) Foetal 

B ovine Serum (FBS), 2 mM  L-glutam ine, 100 |J.g/mL penicillin /streptom ycin and 

l% (v /v ) non-essential am ino acids (com plete m edium ), and in D u lb ecco ’s M odified  

E agle’s M edium (D M E M ) supplem ented with 10% (v/v) Foetal B ovine Serum (FBS),

2 mM  L-glutam ine and 100 |ig /m L  penicillin /streptom ycin (com plete m edium ), 

respectively. H L -60 C ells were growth in RPM l 1640 (G lutam ax) m edium  

supplem ented w ith 20% (v/v) PBS and 50 |ag/mL pencillin/streptom ycin. Stock  

cultures w ere grow n in T 75cm  flasks in 20  mL o f  com plete m edium  and were 

passaged at least tw ice w eek ly  depending on their levels o f  confluency. W hen  

required for sub-culturing, growth m edium  w as heated to 37 °C, rem oval o f  the cells  

from the surface o f  the flask w as achieved by incubation with 3 ml o f  trypsin( 1 OX) 

for 3-5 m inutes depending on the adherency o f  the cells. Prior to the use o f  trypsin, 

the ce lls  w ere w ashed by 10 mL o f  serum free EM EM /D M EM  to prevent 

denaturation o f  the trypsin occurring. The 10 mL o f  com plete m edium  w as added and 

the ce lls  w ere transferred to a sterile 20 mL tube and centrifuged at 1250xg  for 5 m in  

after trypsinisation. The supernatant w as discarded and the pellet w as resuspended in

3 mL o f  com plete m edium . C ells w ere then counted using a haem ocytom eter and 

seeded at the optim ised density o f  2x10^ cells/m L  for H L-60 ce lls  and 1.5x10^ 

ce lls /75  cm^ for M CF-7 and M D A -M B  231 cells.

148



4.3.3 Use of a haemocytometer

A haem ocytom eter is a modified microscope slide containing an accurately sub

divided grid that enables the counting o f cells in suspension. Each grid (o f which 

there are two) consists o f nine primary or large squares, each measuring an area o f  1 

mm . Each o f  these primary squares contains 25 medium squares, each measuring an 

area o f  0.04 mm^. When a particular seeding density o f cells was required, a clean 

cover slip was placed on the haemocytometer; 10|iL o f the cell suspension as then 

pipetted into the groove at the end o f  the plane. The cell suspension was then drawn 

across the grid by capillary action. The number o f cells within the four outer primary 

squares was counted; those cells that touched the lower or right hand side o f  the grid 

were not counted. As each medium square is 0.04 mm^, the total volume per primary
4  • • 1square is 1x10' mL. This indicated that the total cell concentration in the origmai

A

suspension (cells/mL) is the average cell count per primary square multiplied by 10 . 

At least two primary squares were counted and average was calculated. The 

concentration o f  original cells suspension was obtained by calculation.

4.3.4 Cell storage and cryopreservation

All cells were first sub-cultured as previously described (Section 4.3.2), the 

supernatant was discarded and the pellet was dissolved in ImL o f freezing medium 

(10%(v/v) DMSO, 30% FBs in RPMI medium) and transferred to sterile labelled 

cryotubes. In an effort to minimise damage caused during cryopreservation, 

cryotubes were incubated on ice for 15 minutes and subsequently placed in a freezer 

at -80 “C overnight. Samples could then be stored in liquid nitrogen at -180 °C 

indefinitely. When an aliquot o f cells was required, the cells were quickly removed 

from the liquid nitrogen and thawed at 37 °C for 2 min. Just before the samples had 

fully thawed, their contents were gently pipetted into a sterile 20 mL tube to prevent 

damage to the cells that can be very fragile after cryopreservation. The cells were 

then centrifuged at 500xg for 5 min. The supernatant was discarded and the pellet 

was resuspended in 1 mL o f medium. This solution was then added to a small flask 

containing a further 6 mL o f medium. Following 48 hours, cells were confluent 

enough to be passaged as previously described (Section 4.3.2). All cells had been 

sub-cultured at least once and analysed by flow cytometry to ensure background 

levels o f apoptotic cells were sufficiently low before any assay were carried out.
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4.4 Preparation of stock solution

Most o f compounds in this thesis were solubility free in ethanol, so 10 mM stock 

solution were made up in 100%(v/v) ethanol(for in vitro experiments) and maintained 

at -20 “C. Working stock solutions were then made up in ethanol by serial dilutions of 

the primary stock solution.

Paclitaxel was initially made up as a 10 mM stock solution in 100%(v/v) DMSO and 

subsequently aliquoted out into 10 |j,L samples to prevent repeated freeze-thawed, 

aliquots were kept for up to 6 months at -20 °C. Immediately before any experiments, 

paclitaxel was diluted to 100 |iL in RPMI medium, the required volume of which was 

added to cells.

4.5 Methods for biochemical analysis 

4.5.1 Antiproliferation studies

The antiproliferative effects of the designed compounds were evaluated using the 

method firstly described by Mosmann.^’  ̂ The MTT [3-(4,5-diniethylthiazol-2-yl)- 

2,5-diphenyltetrazolium bromide] assay was first performed to assess the 

antiproliferative effect o f compounds nearly 30 years ago. The assay is based on the 

cleavage of MTT by mitochondrial dehydrogenase enzymes present within the MCF- 

7 cells. The cleavage of MTT results in the formation of formazan crystals and makes 

an obvious colour change from the pale yellow MTT to the purple/blue formazan 

which can be read at 595 nm on a plate reader. The proliferating cells will take up the 

MTT and cleave it to formazan which are impermeable to cell membranes, thus 

resulting in their accumulation within surviving cells. The number of proliferating 

cells in the well is directly proportional to the level of the formazan product created. 

In contrast to the cytotoxic assay, the antiproliferative assay requires the use o f the 

cells present in the wells.

MCF-7 and MDA-MB-231 cells were pelleted and counted as previously described 

in Section 4.3.2 and 4.3.3. Complete medium was added to give a density o f 2.5x1 O'* 

cells/mL. The cells were placed in 96-well plates at 200 |j,l per well. The outside 

wells were not used, therefore two compounds could be tested per plate over seven 

concentrations and with a control, vehicle and blank for each compound. The cells 

were left at 37 °C under a humidified atmosphere of 95% O2 , 5% CO2 for 24 h. A
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stock solution o f  10 mM  o f  the selected com pounds was m ade up in ethanol and 

serial dilutions were carried out to obtain solutions o f  5 m M , 1 m M , 0.5 m M , 0.1 m M , 

10 |iM , l|aM  and 100 nM  and stored at -20 °C until further required. The cells were 

treated w ith a 2 |iL  o f  vehicle ( 1%  (v/v) ethanol) or a range o f  concentrations o f  the 

synthesised com pounds 2|o,L, therefore resulting in a final concentration ranging from 

50 |iM  to 1 nM  o f  the selected com pound in the well. The treated plates w ere placed 

again in the incubator for 72 h. Follow ing the incubation period, 20 |il o f  lysis 

solution was added to the 'b lan k ’ w ells and left for 1 h to insure 100% cytotoxicity  

prior to the M TT was added into. M eanw hile, 50 |iL  was then transferred from  each 

well to a new 96-well non-sterile plate for further use in the LDH assay.

Subsequently, the cell m edium  was rem oved from  the plate and the plate was gently 

w ashed with phosphate buffered saline (PBS) solution to rem ove any rem aining 

m edium  and inverted to rem ove all PBS solution. The plates were dried and 50 o f  

M TT solution (1 m g/m L) was added to each well. Then the added M TT solution was 

taking good care to ensure that was not exposed to light as it can cause inadvertent 

cleavage o f  the M TT. The cells were incubated in the dark for 2-3 h at 37 °C when 

the cells will take up and cleave the M TT (F igure 4.4). Dark blue crystals w ere 

form ed and com pletely dissolved in 200 (iL o f  dim ethyl sulfoxife (D M SO ). The 

absorbance was m onitored at a w avelength o f  595 nm in a Dynatech M R5000 plate 

reader and cell viability presented as a percent o f  control. In the antiproliferative 

assay, the control w ells provide values for 0% while the vehicle w ells provide values 

for 100% proliferation. IC 50 values were calculated by the program  G raphpad Prism  

4.0 for each com pound.

Figure 4.4 Ezymatic cleavage of MTT by dehydrogenase enzymes in the mitochondria 
of metabolically active cells

Dehydrogenase
Enzvmes
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4.5.2 Lactate dehydrogenase (LDH) assay

The cytotoxic evaluation was determined using the Cyto Tox 96 Non-radioactive 

cytotoxicity assay which is commercial kit available from Promega. The assay 

quantitatively measures lactate dehydrogenase (LDH) a stable cytosolic enzyme that 

is released upon cell lysis. The release o f  LDH in culture supernatant is measured in 

coupled enzymatic assay which leads to the convension o f a tetrazolium salt (INT) 

into a red formazan product (Figure 4,5). The assay involves an initial step o f 

treating the control well with a suitable lysis solution such as 10% Triton in PBS to 

induce complete cell lysis which give a value represent 100% cell death. The wells 

that were treated with only vehicle represent 0% cytoxicity.

iMCF-7 and MDA-MB-231 cells were seeded in 96-well plates and incubated for 24 

hours and then treated with synthesized compounds as described in section 4.3.2. 

After 72 h, 20 |il o f  lysis solution (lOx) was added to the 'b lank’ wells. The plates 

were left in the incubator at 37 °C for minimum o f 1 hour to ensure 100% cell death. 

40 |iL  o f  cell medium was removed from each well and transferred into a fresh 96- 

well plate for LDH assay. 40 fiL o f the prepared substrate mix from the LDH assay 

kit was added into each well and the plate was then covered with tinfoil to prevent 

from light and placed at room temperature for 30 min. Afterward, 40 |iL  o f  stop 

solution was added to each well before recorded the absorbance at a wavelength o f 

490 nm using a Dynatech MR5000 plate reader. The cleavage o f  the tetrazolium salt 

is noticeable from the appearance o f red coloured crystals in the well. The percentage 

o f  cell death was calculated at 10 fiM.

NAD^- LDH

NO.

C l-

Pyruvate
+

NADH + NAD"

Figure 4.5 Enzymatic conversion of tetrazolium salt to formazan for the detection of 
LDH released from dead cells
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4.5.3 Alamar blue viability assay

A lam ar blue is a proven cell viability indicator that uses the natural reducing pow er 

o f  living cells to convert resazurin to the fluorescent m olecule, resorufm . The non- 

fluorescent indicator dye nam ed resazurin as the active ingredient o f  alam ar blue will 

convert to bright red and fluorescent resorufm  via the reduction reactions o f  

m etabolically  active cells (Figure 4,6). The am ount o f  fluorescence produced is 

proportional to the num ber o f  living cells.

H L-60 cells were seeded at the relevant density in 200 (iL m edium  in a 96-weIl plate. 

C ells were treated and incubated as required. A lam ar blue (20 |aL) was then added to 

each well and incubated at 37 "C in the dark for betw een 3 or 4 hours (depending on 

the cell type). Plates w ere then recorded on a fluorescence plate reader (SpectraM ax 

G em ini, M olecular Devices) with excitem ent and em ission w avelengths o f  544 nm 

and 590 nm respectively. Experim ents were perform ed in triplicate. A sam ple 

contain ing only reagent and m edium  (w ithout any cells) w as used as a blank. V ehicle 

sam ples were set as 100% viability from w hich any decrease in viability was 

calculated.

©N

Figure 4.6 Alamar blue mechanism as an indicator

4.5.4 Flow cytometry

The HL-60 cells were seeded at the relevant density in 5 m L o f  m edium  (18x10^ 

cells/m L, 900,000 cells per flask). A fter 24 hours, the range o f  concentrations o f  

selected com pound (10 nM -10 |iM  1% v/v) and corresponding vehicle (50 |iL  o f  

ethanol, 1% v/v) were treated. The cells were rem oved from  the bottom  o f  flask and 

the m edium  was transferred to a 20 mL tube after the required treatm ent tim e 24, 48 

or 72 hours. They w ere centrifuged at 650xg for 10 min. The supernatant was 

rem oved and the cells w ere resuspended in 100 |aL ice-cold phosphate buffer saline 

(PBS). Subsequently 2 m L o f  ice-cold 70%  (v/v) ethanol was slow ly added to the 

tube to fix the sam ples as it was gently vortexed. The cells were kept at -20 °C until 

required (At least one hour, can be left overnight). A fter the fixation 5 |iL  o f  PBS
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was added to the samples. The cells were harvested by centrifugation at 650xg for 10 

min. The ethanol was carefully removed and the pellet resuspended in 400 o f PBS 

and transferred to FACS microtubes. A 25 |aL aliquot o f RNase A (1 mg/mL) and 75 

|iL o f  propidium iodide (PI) 1 mg/mL, a DNA binding fluorescent dye, was added to 

each tube. The sample were wrapped in aluminium foil and incubated for at least 30 

min at 37 “C.

The samples were read at 488 nm using FACscalibur flow cytometer from Becton 

Dickinson. The FACS data for 10,000 cells was analysed using the M acintosh-based 

application Cell quest and the data was stored as frequency histograms.

4.5.5 ECIS

Electric Cell-substrate Impedance Sensing (ESIC) is a non-invasive method to 

electronically monitor the behaviour o f  cells grown in relevant tissue culture in real 

time, including migration, proliferation, signal transduction, attachment and 

spreading, barrier function and metastasis potential.

A

Tissue culture medium 
(dectrolyte)

Small Au electrode Lirge Au counter electrode

•  •  •  .

AC signal

Lock-in amplifier

C om puter

B

nssiu m n a i miuuM

eomiwt Hiosooi
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Figure 4.7 (A) A schematic diagrams of the ECIS measurement system Current flows 
without cells (B) and with cells (C) on the surface of the electrode

grown on the surface o f small gold-film electrodes that are microfabricated on the 

bottom of a tissue culture dish. Due to the insulating properties o f their membranes, 

while attaching and spreading on the electrodes, cells act as dielectric particles 

causing the current to pass around the cells and subsequently increasing the measured 

impedance until a confluent or continuous layer o f cells is formed. When monitoring 

cell proliferation, culture arrays are inoculated with a low cell density providing room 

for the dividing cell population. As the cell number increases, the amount o f 

electrode area covered with the spread cells grows accordingly, causing the electrode 

impedance to rise. These impedance changes can be related to the relative cell 

proliferation rates or, more accurately, the rate at which the substrate becomes 

occupied with spread cells.

In the present study, the estrogen receptor positive human breast cancer cell line 

MCF-7 was used for determination o f  the antiproliferative activity o f  a variety o f the 

synthesized compounds described in this chapter. The 8W10E sensing array (Applied 

Biophysics, Tory, NY) was chosen which consists o f 8 wells, each containing 10 

circular 250 |o,m diameter active electrodes connected in parallel on a common gold 

pad (Figure. 4.8).

981Figure 4.7 shows the working principle o f an ECIS system. Technically, cells are
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m
Figure 4.8 8W10E ECIS sensing array

Briefly, 8W 10E arrays were first precoated with 400 |^L o f complete growth media 

and allowed to incubate for 2 hours while MCF-7 cells were being trypsinised, 

pelleted and counted. The 400 jiL o f  media was then gently removed from each well 

and 400 ia,L o f  cell suspension was added. There were a total o f 1x10^ MCF-7 cells 

per 600 |iL well volume. After inoculation, arrays were returned to CO 2 incubator 

and incubated for approximately 20 h to allow cells to spread and attach to the 

substrate. Following the incubation, 2 jxL o f each synthetic DHP compound at ImM 

concentration was added in duplicate to 400|o.L media, resulting in a final 

concentration o f 5 |iM in each well. The arrays were then returned to the CO 2 

incubator and connected to the ECIS 1600 instrument (Applied Biophysics, Tory, 

NY). Impedance values were collected every 1 min for a total run time o f 48 h.

4.5.6 Antioxidant assay (DPPH assay)

Several methods to determine free radical scavenging have been reported. DPPH 

assay is most popular and was run to measure the relative antioxidant capacity o f the 

tested compounds by 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Figure 4.9). Trolox, 

also named 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (as standard) 

and sample were dissolved in methanol at different concentrations, and DPPH 

methanol solution in 2.5 mg/L prepared daily. DPPH solution 2.4 mL was added to 

0.1 mL standard solution in a cuvette located in Cary 300 spectrophotometer and 

immediately the absorbance was read at 515 nm at different time intervals until a 

plateau is reached.

Antioxidant activities were monitored using DPPH. 2.4 mL o f 0.2 mM solution o f 

DPPH in methanol is added to 0.1 mL o f 1.2 mM solution o f sample in DMSO in a 

2.5 ml spectrophotometer cell. The maximum volume o f DMSO used in the 

experiments was less than 4% compared to methanol. Kinetic traces were obtained at
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515 nm using a Cary 300 scan spectrophotometer. Observed rate constants (Kohs) 

were expressed from first-order fitting o f the corresponding kinetic traces.

Figure 4.9 DPPH radical scavenging assay (AH: antioxidant compound)

4.6 Results and discussion

4.6.1 Biological evaluation of novel 4-(l,3-diaryl-lH-pyrazole-4-yl)- 
1,4-dihydropyridines

4.6.1.1 Antiproliferative and cytotoxic effects of selected dimethyl- 
2,6-dimethyl-4-(l-phenyl-l H-py razol-4-yl)-l,4-dihydropyridine-3,5- 
dicarboxylate compounds (Type I) in MCF-7 cell line

The antiproliferative and cytotoxic effects o f type 1 1,4-dihydropyridines were 

evaluated using MCF-7 (ER positive) breast cancer cells. Table 4.1 shows the 

structure o f a series o f compounds that were initially synthesised via Hantzsch 

reaction o f  1,3-diaryl-lH-pyrazole-4-carbaldehydes with methyl acetoacetate. The 

effect on activity depending on the substitutent at C-3 o f the aryl ring and at C-4 o f  

the pyrazole ring was examined. The results for this library are presented in Table

NH
AH +

NO2
DPPH (purple) DPPH:H (colourless)

4.1.

\ o
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MCF-7
C om pound

No.
Cytotoxicity %  

cell death at 
lOuM

ClogPA ntiproliferative 
activity IC 5 0  (^M )

16.32(±5.56) 5.084186

. 0 C H 3

13.11(±1.08) 5.058188

8.7(±1.32) 6.826183 0.84(±0.89)

3.46(±0.28) 19.72(±4.66) 5.965184

,0 H

13.1 (±0.57) 3.79(±2.79) 3.508187

NH2

2.1 (±0.65) 8.10(±1.28) 3.753185

:48±0.03

Table 4.1 Antiproliferative and cytotoxic effects of initial type I DHPsin MCF-7 cells.
IC50 values: the concentration required to inhibit 50% of M C F - 7  cells growth. Results 
represent the mean±S.E for at least two independent experiments performed in triplicate

Abadi et al have reported a num ber o f  1,3,4-trisubstituted pyrazole derivatives which 

are non-cytotoxic but w ith an apparent antiangiogenic profile, m ain ly  through 

inhibiting the m otility  o f  endothelial cells rather than its proliferation. In the 

present w ork, the 2 ,6-dim ethyl-l,4 -d ihydropyrid ine-3 ,5-d icarboxylic  acid diethyl 

ester was found to  be inactive, w ith IC5o>10''M (H ighlighted in blue), indicating a 

requirem ent for the heterocyclic pyrazole substituent at C-4 o f  the 1,4-
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dihydropyridine ring for antiproliferative activity o f  these com pounds as displayed in 

T able 4.1. For this reason a novel class o f  com pounds was designed and synthesised 

to study the effect on antiproliferative activity o f  substitution patterns in the aryl ring 

at C-3 including phenyl, halogens, am ino, m ethoxy and hydroxyl groups.

The IC 50 values o f  the initial library o f  com pounds biochem ically evaluated are 

reported above and com pared to that o f  tam oxifen (IC50 = 4.48 |aM, highlighted in 

red). M ost o f  the com pounds have values sim ilar or less than the values obtained for 

tam oxifen. M ore im pressively, com pound 183 (highlighted in yellow ) represented an 

IC50 vaules o f  840 nM  which presents a 6 fold increase in potency and still retaining 

reasonable cell cytotoxicity at 10 |j,M o f  8.7%. Com pound 183 contains the 

benzyloxy group at the pa rap o sitio n  on the phenyl ring at the C-3 position o f  the 

pyrazole ring. Figure 4.10 show  a representative antiproliferative and cytotoxicity  

dose response curves for com pound 183.

Compound 183

■MCF7 LDH 8.7% @10 ^M 
. MCF7 MTT IC5 0  840 nM

Log [Concentration]

Figure 4.10 Compound 183 inliibited proliferation and induced cytotoxicity of MCF-7 
ceils.
MCF-7 cells were seeded at a density o f  2.5x104 cells/mL in 96-well plates and allowed 
adhere to the surface o f  the 75 cm2 culture flask wells for 24 h.The cells were treated with 
compound 1 nM-50 |iM  (final concentration) and incubated for 72 h. Determination o f  cell 
proliferation was carried out using MTT assay described in section 4.5.1 and the cytotoxicity 
was evaluated using the LDH assay as described in section 4.5.2
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4.6.1.2 Antiproliferative and cytotoxic effects o f diethyl 2,6-dimethyl- 
4-(l-phenyl-lH-pyrazol-4-yI)-l,4-dihydropyridine-3,5-dicarboxylates 
(Type II) in MCF-7 cell line

Tw enty 4 -(l,3 -d ia ry l-l H -pyrazole-4-y l)-2 ,6-d im ethyl-1,4-dihydropyridine-3,5-

dicarboxylic acid diethyl esters were prepared by H antzsch reaction o f  the 1,3- 

diaryl-1 H -pyrazole-4-carbaldehydes w ith ethyl acetoacetate in aqueous am m onia as 

discussed in chapter 2. The different effects on cell viability related to the substitution 

o f  the aryl ring at C 3 in com pounds 161-181 including alkyl, phenyl, am ino, nitro, 

halogens, m ethoxy and hydroxyl groups w hile additional pyrazole C-3 substituents 

included the 2-naphthyl, 2-thienyl and 3-pyridyl and biphenyl ring system s w ere also 

assessed. The results obtained are illustrated in Table 4 .2 .

C om pou nd

No. Ri R i

M C F-7

A n tip ro liferative  
activ ity  ICjo (n M )

C yto tox ic ity  %  
cell death  at 

10 1̂V1
C logP

164 X) H 5.2(± 1 .74) 10.6(± 4 .17) 6.142

166

^ y O C H ,

H 8.0(± 1 .08) 5 .0 (± 3 .63) 6 .116

161 H 3.9(± 0 .67) 7 .8 (± 3 .08 ) 7 .884

162 J 0 r “' H 6.8(± 2 .74) 6 .22 (± 4 .50 ) 7 .023

165 Xr°" H 7.9(± 4 .72) 7 .7 (± 1 .88) 5 .568
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163 XT" H 6.4(±5.52) 12.5(±8.69) 5.003

167 XT' O CH 3 2.95(±0.052) 9.21 (±1.75) 7.186

168 xxr H 47.26 1.28 6.166

177 XjC' H 1.01 14.23 6.706

169

o 
o

---
\

H 10.8(±4.23) 8.9(±1.70) 5.822

172

\
—

o 
o

H 8.9(±0.25) 7.5(±8.56) 5.450

174 H 6.3(±1.64) 6.8(±4.55) 5.924

171 .a ' H 6.2(±0.31) 1.55(±0.55) 7.283

175 xx; H 6.7(±3.98) 6.9(±3.02) 5.852

166 .c r H 5.0(±3.04) 5.9(±1.72) 6.641

181
f ^ N

H 5.9(±1.17) 13.3(±0.6) 4.744

178 H 2.6(±5.39) 9.2(±3.62) 8.030

179 H 4.7(±1.34) 10.1 (±3.05) 7.316

180 x> H 7.5(±3.49) 9.2(±1.18) 6.257
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6.3035.7(±0.62) 6.6(±2.97)176

|3 i

|3 .9 j 2.017

Table 4.2 Antiproliferative and cytotoxic effects o f initial type II 1,4-DHPs in MCF-7 
cells.
IC50 values: the concentration required to inhibit 50% of MCF-7 cells growth. The values 
represent the mean±S.E for independent experiments determined at least twice

The IC50 values o f  com pounds 161-181 in (ER-positive) M CF-7 hum an breast cancer 

cell line using the M TT assay are displayed in Table 4.2. The IC50 value obtained for 

the calcium  channel antagonist n ifedipine in cell viability studies in M C F-7 cells was 

determ inded to be 51.61 |iM  w ith a cytotoxicity o f  13.93% at 10 |iM  and positive 

control drug tam oxifen gives IC50 value o f  4 .48±0.038 )iM and cytotoxicity 13.4% 

(both h ighlighted in red). The results show  that m any o f  the com pounds evaluated 

have IC50 values in the low to m id m icrom olar range, and are better or sim ilar than 

the value obtained for tam oxifen in this assay. The m ost potent com pounds in the 

series w ere the 4-benzoxyl product 161, the 4-m ethoxy-3-chlorophenyl com pound 

177 and the biphenyl substituted com pound 178 displaying good activity w ith IC50 = 

3.9 |j,M, 1.01 |iM  and 2.6 |iM  respectively. Com pound 167 contains the brom ophenyl 

substituent at C-3 o f  the pyrazole and contains the m ethoxy group at the para position 

on the phenyl ring at N-1 position  also displayed low m icrom olar activity (IC50 = 

2 .96 |j,M) less than  tam oxifen (IC50 =4.48 |iM ) which is encouraging for the tem plate 

chosen for further such analogue synthesis. The dose response curve for 

antiproliferative and cytotoxic effects for com pound 167 is illustrated in Figure 4.11.

162



Compound 167

A

0

Log [Concentration]

MCF7 LDH 29.72% @ 10 
MCF7 MTT IC5 0  2.06 ^M

NH

Figure 4.11 Compound 167 inhibited proliferation and induced cytotoxicity of MCF-7  
cells.

MCF-7 cells were seeded at a density o f 2.5x10^ cells/mL in 96 well plates and allowed 
adhere to the surface o f the 75 cm^ culture flask wells for 24 h. The cells were treated with 
compound 1 nM-50 |jM (final concentration) and incubated for 72 h. Determination o f cell 
proliferation was carried out using MTT assay described in section 4.5.1 and the cytotoxicity 
was evaluated using the LDH assay as described in section 4.5.2.
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4.6.1.3 Antiproliferative and cytotoxic effects of 3,5-dibenzoyl-1,4- 
dihydropyridines (Type III) in MCF-7 cell line

C om pou nd

No. R

IMCF-7

C logPA n tip ro lifera tive  
activ ity  IC 50 (fiM )

C ytotoxicity  % 
cell death at 

lOnivi

ii hO l 9 ^ ir io j 1 .7 6 ]

194 18.74(± 2 .06) 4 .93(± 0 .95) 7.741

193 53 .84 (± 3 .68 ) 11.65(±1.25) 9 .509

m XT' I K 4 .0 5 ] fS.7M6a

190 XT" 17.98(± 7 .24) 1 .62(±1.32) 6 .436

|4 8 ± 0 ^ 0 3 | |3liFamoxifenl *811

Table 4.3 Antiproliferative and cytotoxic effects of Type III 1,4-DHP derivatives in 
MCF-7 cells.
IC5 0 : the concentration required to inhibit 50% o f M CF-7 growth. The results represent the 
mean± S.E for three experiments performed in triplicate.

M ultid rug  re sis tan ce  (M D R ) o f  can ce r ce lls  has o ften  been  co rre la ted  w ith  the 

o v erex p ressio n  o f  P -g ly co p ro te in  (P gp). T h erefo re , it is essen tia l to  d ev e lo p  

m olecu les th a t can  in h ib it Pgp ac tiv ity . F o r th is  reason , the d ih y d ro p y rid in es (D H P s)
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as the possible resistance modifiers have been studied extensively for possible MDR 

reversal activity effects. In this section, five o f Type III compounds (190-194) were 

prepared by the Hantzch reaction and showed significant variation in their cytotoxic 

activity against MCF-7 cell line and MDA-MB-231 cell line (discussed in further 

section 4.6.6), As shown in Table 4.3, the benzoyl DHP derivatives were first 

formed and displayed low to mid micromolar activity. Compound 192(IC5o=2.92 |j.M) 

and compound 191(IC5o= 9.04 |iM ) showed the most potent cytotoxic activity o f this 

series o f compounds against MCF-7 cells while still maintaining reasonable cell 

death at 10 fiM o f 12.55% and 15.7%, respectively.(Figure 4.12)

Compound 191

MCF-7LDH 15.7% @ 10^M 

MCF-7 IVTTT ICcn 9.04 uM
125-

0, 100- 
(A

i  75-
Q.
(/) C A
0 ) o O *  
CL
^  25- NH

-25-1 Log [Concentration]

Figure 4.12 Compound 191 inhibited proliferation and induced cytotoxicity of M CF-7  
cells.

MCF-7 cells were seeded at a density o f  2.5x10'^ cells/mL in 96 well plates and allowed 
adhere to the surface o f  the 75 cm^ culture flask wells for 24 h. The cells were treated with 
compound 1 nM-50 )xM (final concentration) and incubated for 72 h. Determination o f  cell 
proliferation was carried out using MTT assay described in section 4.5.1 and the cytotoxicity 
was evaluated using the LDH assay as described in section 4.5.2.
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4.6.2 Antiproliferative and cytotoxic effects of ester and amide 
containing analogues diethyl 2,6-dimethyl-4-(l-phenyl-1 H-pyrazoI-4- 
yl)-l,4-dihydropyridine-3,5-dicarboxylate (Type IV) in MCF-7 cell 
line

N —N

R

H

Compound

No.
R

MCF-7

ClogPAntiproliferative 
activity IC50 (jiM)

Cytotoxicity % cell 
death at lOuM

195 1024.5(±7.5) 7.86{±1.02) 9.667

196 4.098(±2.18) 14.74(±3.00) 8.914

216 >1000 1.08(±0.21) 6.890

217 4.69(±0.37) 24.89(±1.13) 7.450

218

o

0

>1000 7.41 (±2.84) 6.236

219
k

3.38(±2.04) 11.86(±5.54) 7.273

220
1

4.75(±3.08) 5.51 (±2.05) 6.215

210

1

0

^O H

4.72(±4.31) 18.52(±1.24) 8.743
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240
0

0.40(±0.22) 80.5(±0.47) 5.405

f fA l X0

0
 

0
 

\ 
/

P 0 3 l m i 3 l l

Table 4.4 Antiproliferative and cytotoxicity effect of NASID and basic side chain 
analogues

C l-

ci-

OH

OH

N -N

O = / 0

N

H

195

N -N

HN

196
— o

N -N\
OO = / o

HO

H210

The synthesis o f  a number o f analogues containing non-steroidal anti-inflammatory 

drugs (NSAID) or basic side chain ethers on the C-3 phenyl ring was carried out via 

ester or amide type coupling reactions summarised in the chapter 2 (Figure 4.13). 

Table 4.4 presents the antiproliferative effects o f  these analogues in MCF-7 cell line. 

The results showed that the many o f compounds (196, 217, 219, 220& 210) have low 

mircomolar IC50 values (3.38 -  4.75 ^M ) in MCF-7 cells and no significant 

cytotoxicity. The cytotoxic effects o f most analogues displayed above are lower than 

that o f tamoxifen (approx. 13.4%) with the exception o f  compound 217 and 240 

(highlighted in yellow) with percentage death o f 80.5% and 24.9% in MCF-7 cell line. 

The high level cytotoxicity might be the cause o f dramatically good proliferative
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effect in M C F - 7 .  In agreem ent with this reason com pound 240 resulted in I C 50 values 

in the nam om olar region for antiproliferative effects for the first time.

1

215

219

N -N
O

H220

Figure 4.13 Illustration of various non-steroidal anti-inflammatory drugs (NASID) or 
stilbenoid prodrug and their corresponding coupling to 1,4-DHPs via ester and amide 
linkage.

For m ost ester com pounds, a sim ilar I C 50  value to the parent com pound hydroxyl 

DHP 165 w as observed o f  approx. 4 |iM , how ever there were significant increases in 

cell death to 7.4-24.9%  from  7.7%  for com pound 165. On its own the I C 50 value for 

chloram bucil in the M CF-7 cell line has been reported as being 97 In contrast

to the ester com pound 195 (IC 5o>l m M ), the am ide com pound 196 is m ore potent in
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MCF-7 (IC 50 = 4.1 nM). It is difficult to rationalise this result as the ester compound 

195 may be likely to be hydrolysed during the experiment.

The activity o f  the hydroxy 1,4-DHP coupled with CA-4 (e.g. compound 210) is in 

general agreement with the previous results with low micromolar activity (IC 5o= 4.7 

|iM ). The result for the MTT and LDH assay for 210 are presented in Figure 4.14. 

Compound 210 is significantly less active than CA-4 with an increase in cell death at 

10 |jM  o f 18.5% compared to 5.5% for CA-4 (Highlighted in red). It still can be 

regard as a promising lead compound to establish a more detailed SAR and further 

evaluation for coupled ester products.

Compound 210 *  MCF-7 MTT IC50=4.72^M
MCF-7 LDH 18.52% @ 10 îM

100-
HO.

<D 75-
(A

O 50'
Q.

n r -o> 25'

- I  Ai. ̂  JC
0 -9 -8 -7 -6 H
Log [concentration]-25-

NH

-50-1

Figure 4.14 Compound 210 inhibited proliferation and induced cytotoxicity of MCF-7 
cells.

MCF-7 cells were seeded at a density of 2.5x104 cells/mL in 96 well plates and allowed 
adhere to the surface of the 75 cm^ culture flask wells for 24 h. The cells were treated with 
compound 1 nM-50 |iM (final concentration) and incubated for 72 h. Determination of cell 
proliferation was carried out using MTT assay described in section 4.5.1 and the cytotoxicity 
was evaluated using the LDH assay as described in section 4.5.2.

169



4.6.3 Antiproliferative and cytotoxic effects of synthesised 
compounds via Suzuki reaction (Type V) in MCF-7 cell line

C o m p o u n d

No.

R M C F -7

ClogPA n t i p r o l i f e r a t i v e  

a c t i v i t y  IC 5 0  ( m^M)

C y t o t o x i c i t y  %  c e l l  

d e a t h  a t  lO i i iM

IS XT" |.28(±0.0065| »7.65r±4.02i tm
222 XX. 2.56(±1.45) 8.74(±3.38) 7.363

229
NO2

149.16(±8.44)
36.12(±1.00) 7.773

223 24.74(±9.24) 22.89(±8.04) 9.204

225 x/- 5.54(±2.61) 19.91(±3.00) 6.454

224 X r‘ 4.51(±2.02) 20.82(±0.54) 7.949

228
x x „ „ .

10.68(±6.04) 27.51 (±3.92) 7.773

227

F

9.83(±1.14) 22.52(±8.43) 6.597

226
F H

8.78(±3.30) 23.18(±1.26) 6.597
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290

0 ^

1

|.21C±0.48^ i9.5U±7.94^ m i
165 OH 7.9(±4.72) 7.7(±16.88) 5.568

Table 4.5 Antiproliferative ef ects of boronic acid coup ed DHPs in MCF-7 cells.
ICso values: the concentration required to inhibit 50% of cell growth. The results are 
representative of an experiment performed at least twice. Compound highlighted in red 
shows better activity relative to parent compound (highlighted in yellow)

Further SAR studies and examine the effect on antiproliferative activity with a 

variety o f structural modifications such as introduction o f additional aryl ring to the 

phenyl ring at C-3 position o f pyrazole were carried out. These changes were made at 

the para  position o f C-3 phenyl ring and afforded products with a wide variety o f 

nitro, halogens, methoxy and hydroxyl groups being introduced on the substituted 

phenyl ring. The position o f substituents was also examined at para, ortho and meta 

positions to establish a more clear SAR for the products. These structural variations 

and the assessed biological activity in MCF-7 cells are indicated in Table 4.5.

The results shown in Table 4.5 demonstrated the most potent compounds in MCF-7 

cell line are compounds 221 and 230 with IC50 values o f 1.28 |aM and 1.21 |aM 

respectively. However, the presence o f the substituent at the para  position appears to 

be optimum with a slight decrease in activity if it is placed in the meta position. The 

para  position substituted hydroxy compound 221 has a lower IC50 value 1.28 fiM 

compared to the meta position substituted hydroxyl compound 222 IC50 value 2.56 

|iM. Moreover, a significant decrease in activity was noted if  the substituent is in the 

ortho position, e.g.compound 228 {meta substituted, IC50 = 10.68 |iM ) compared to 

compound 229 {ortho substituted, IC50 = 149.16 |^M). Interestingly disubstituted 

compound yielded less antiproliferative activity in MCF-7 cells, for instance the 

formyl substituted DHP (compound 225) (IC50 = 5.54 |iM ) showed nearly 2 fold 

increase in activity compared to fluoro and formyl disubsituted compound 227 and 

compound 226 with IC50 value o f 9.83 (iM and 8.78 |iM , respectively. The 

trisubstituted compound 230 demonstrated good activity (IC50 =1 . 2 1  |^M) and is 

similarly substituented to CA-4, (Figure 4.15«&4.16) the reason could be due to it 

also showing high level cytotoxic effects with 29.51% cell death at 10 |^M.
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■221 MTT 
■221 LDH 
■222 MTT
222 LDH

100
O H

•OH

S- 50

NHNH

-25 Log[Concentration] 221 222

Figure 4.15 A ntiproliferation and cytotoxicity effect of compound 221, 222 in MCF-7 
cells

Compound 230

100 '

<u 75' 
(0

I  50'
(0
0)

^  25

O '

- 2 5 '

MCF-7 MTT LC5 0  1.21nM 

-n»-LDH 29.51% @ 10|xM

Log [Concentration]
-4 -3 NH

Figure 4.16 A ntiproliferation and cytotoxicity effect of compound 230 in M CF-7 cells
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4.6.4 Antiproliferative and cytotoxic effects of pyrazole ketone 
derivatives (Type VI) in MCF-7 cell line

R

Compound

No.
R

MCF-7

ClogPAntiproliferative 
activity I C 5 0  (m̂ M)

Cytotoxicity % 
cell death at 

lO^M

284

00

22.05(±1.89) 8.63(±3.81) 5.723

286
1

11.64(±1.46) 18.81 (±3.32) 5.703

Table 4.6 Antiproliferative effects o f ketone derivatives in MCF-7 cells

IC50 values: the concentration required to inhibit 50% o f  cell growth. The results are 
representative o f  an experiment performed at least twice. Data are present as the mean±S.E  
from at least three independent experiments

The results obtained for the pyrazole ketone derivatives are demonstrated in Table 

4.6. 276&27S (IC 50 =22 .05  pM and IC 50 =11.64 pM) and give moderately active 

compounds in MCF-7 cells with antiproliferative values in the same micromolar 

range as those basic side chain substituted DHPs derivatives Type IV. The higher 

cLogP value o f compounds displayed above compared to parent pyrazole compound 

148 might be a reason for the relative lack o f antiproliferative activity. The cLogP 

value o f  the compound, indicating the logarithm o f its partition coefficient between 

n-octanol and water log (Coctanoi / Crater), is a well established measure o f the 

com pound’s hydrophilicity.^**^ Molecules with higher clogP value are more

hydrophobic, and with a low clogP are hydrophilic. Hydrophilicity influences
286solubility, transport and absorption processes in pharmacokinetic phase.
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4.6.5 Antiproliferative and cytotoxic effects of C-4 heterocyclic 
modification (Type VII) in MCF-7 cell line

Compound

No.

MCF-7

ClogPAntiproliferative 
activity IC50 

(HM)

Cytotoxicity % ceil 
death at lO^M

250

O /

0.10(±0.032) 4.90(±2.54) 4.157

Table 4.7Antiproliferative effects of heterocycle modified analogues in MCF-7 cells

IC 50 values: the concentration required to inhibit 50%  o f  cell grow th. The results are 
representative o f  an experim ent perform ed at least tw ice. Data are present as the m ean±S.E  
from at least three independent experim ents

Table 4.7 showed the results of antiproliferative effects of heterocycle derivative 

obtained by reductive amination of pyrazole carbaldehyde. Compound 250 contains 

the piperazine ring and shows the submicromolar IC 50 value both in MCF-7 cells and 

HL-60 cells (discussed in Section 4.7) with ICsoof 100 nM (Figure 4.17) and 24.2 

nM, respectively. While it also mainaining the incredible low cell death at 10 |iM of 

4.9%. It could be a lead compound to warrant further evaluation.

Com pound 250

MCF-7 MIT IC=n 100 nM
100-

LDH 4.9% @ 10 laM(U
(/)

i  75-
Q.
(0
^  50-

25-

Log [Concentration]

Figure 4.17 Antiproliferation and cytotoxicity effect of compound 250 in MCF-7 cells
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4.6.6 Antiproliferative and cytotoxic effects of Type I 1,4-DHPs & 
Type IV side chain coupled analogues in MDA-MB-231 cell line

NH

Compoun
d

No.
Ri

R2

MDA-MB-231

Antiproliferativ 
e activity ICso 

(mM)

Cytotoxicity 
% cell death 

at lO^M

164 J 3 OCH 2 CH
3

13.5 6.2(±0.32)

165

Io

OCH 2 CH
3

42.0 3.71(±2.80)

175

/ 
o 

o 
z

OCH 2 CH
3

118.0 21.04(±10.5)

174
OCH 2 CH

3
21.0 7.3(±2.40)

171
. a '

OCH 2 CH
3

11.3 9.87(±5.0)

192 .0 CfiHs 1907 2.80

ram oxifei

7
-z m

Table 4.8 Antiproliferation and cytotoxicity effects of activity of analogues in MBA- 
MB-231 cells. '’nd= not determined
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The most active compounds in the MCF-7 antiproHferative and cytotoxic studies 

from Type IV were subsequently investigated against MDA-MB-231 human breast 

cancer cells. (Table 4.8) The results illustrated that most o f compounds show 

moderate micromolar activity with ICso value in the range (11.3-21.0 |iM ) similar to 

tamoxifen, which demonstrated much less antiproliferative effects in ER negative cell 

lines (approx. 20 fiM) than in MCF-7 cells. Compounds 175 and 192 displayed a 

large decrease in activity in MDA-MB-231 cells o f 10-fold and 100-fold, respectively.

\ ---/o

^ 0 ^

P
- N

/  0

H

Compound

No. R

MDA-MB-231

Antiproliferative 
activity IC50 (nM )

Cytotoxicity % cell 
death at 10^M

195 >1000 3.03

217 " ■ ^ 0 4.79 27.75

219
k

4.95 3.47

220 1 3.68(±0.64) 11.78(±9.34)

Table 4.9 Antiproliferation and cytotoxicity effects of most potent analogues in MDA-
MB-231 cells.

A selection o f the ester and ether products (Type IV) was also evaluated in MDA- 

MB-231 cells. (Table 4.9) O f the four compounds tested, compound 217, 219&220 

proved to have good activity both in MCF-7 cells and MDA-MB-231 cells with low 

IC50 value and reasonable cell death at lO^iM. Impressively, compound 195 with 

chlormabucil side ester substituent was inactive in both cell lines. The results for 

these compounds testing in MDA cell line suggest that an alternative mechanism of
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antiproliferative may be in place. It is essential to carry out further investigation to 

determine the action o f  these compounds.

Compound 220

MDA-MB-231 MTT IC5o=3.68nM 

LDH 11.78% @ 10 nM
100-

S- 50-

25-

NH
-25 J Log [Concentration]

Figure 4.18 Antiproliferation and cytotoxicity effect o f compound 214 in MDA-MB-231
cells

M D A -M B-231 cells w ere seeded at a density  o f  2.5x10^ cells/inL  in 96 well plates and 
allow ed adhere to  the surface o f  the 75 c m 'c u ltu re  flask w ells for 24 h. The ceils w ere treated 
w ith com pound 1 nM -50 |iM  (final concentration) and incubated for 72 h. D eterm ination  o f  
cell p roliferation  w as carried out using M TT assay described in section 4.5.1 and the 
cyto toxicity  w as evaluated using the LDH assay as described in section 4.5.2.
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4.6.7 Preliminary screening of selected synthesized compounds in 
MCF-7 cell line

Thirty-nine o f the prepared compounds were initially screened for potential 

antiproliferative activity at concentration 5 |iM  in ethanol in MCF-7 cell line.(Table 

4.10) Test compounds are added to 25,000 cells/mL o f MCF-7 cell line at a single 

concentration (5 x l0 ‘̂  M) and the culture incubated for 72 hours. Results for each test 

agent are displayed as the percent o f growth o f  the treated MCF-7 cells when 

compared to the untreated control cells. By comparison with the positive control 

tamoxifen, (IC5o= 4.48 |^M in human MCF-7 cells), any compound that killed the 

approximately 80% or more o f  the cells are considered active and subsequently 

evaluated for IC50 value in the ER expressing MCF-7 human breast cancer cell line or 

ER-negative MDA-MB-231 human breast cancer cell line over 7-log dose range. The 

library o f compounds evaluated in this preliminary screening is illustrated in Table

As shown in Table 4.10 below, tamoxifen (5 |iM ) induced 83.62% cell death in 

MCF-7 cells. Fifteen compounds were identified for subsequent evaluation at the 

same concentration o f 5 |^M. These compounds are as follows and percentage cell 

death shown in brackets: 222 (96.12%), 229 (91.26%), 223 (76.15%), 225 (97.69%), 

224 (80.10%), 228 (70.27%), 226 (97.09%), 227 (96.72%), 230 (73.79%), 240 

(93.93%), 210 (96.12%), 284 (83.13%), 286 (88.35%), 250 (82.16%). These 

compounds gave percentage inhibition values that were higher than or similar to 

tamoxifen (83.62% at 5 |iM ) and were thus selected for further testing, e.g. cell 

proliferation determination and cytotoxicity evaluation using MTT (Described in 

section 4.5.1) and LDH assays (Described in section 4.5.2), respectively. Results are 

displayed in the previous section above.

4.10.

R

A B C
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No Scaffold R % cell death@ 
5^iM

Tamoxifen

/
-z 83.62

222 A

Xo 96.12

229 A ,9
N 02

91.26

223 A 76.15

225 A x /- 97.69

224 A XX"' 80.10

228 A Xi„ 70.27

No Scaffold R ”/o cell death@ 
5^M

207 A
1 0

0
39.93

209 A -V
0

57.77

210 A

1

0 96.12

283 B x O - ^ N ^ 19.30

284 B

0

0 83.13

286 B
1

88.35

250 C r f 82.16
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226 97.09

227 96.72

230 73.78

238 54.49

239 41.87

204 11.04

241 7.71
OH

180

49.94251

NH
255 27.55

253 27.55

254 33.37

OH
258

242 Novel 1,4-DHP 37.38

OH

246 Novel 1,4-DHP 63.23



240 A
0

93.93 245 Novel 1,4-DHP

1

a 6 65.05

205 A 20.63 244 Novel 1,4-DHP

/ o 
0 o=C

0 o=(
' 0

7.16

208 A O 0 ^  
0

30.83 243 Novel 1,4-DHP

0 No=C 0

0=< 0 
0 '

47.94

206 A '”/cu . 43.45 247 Novel 1,4-DHP

oX

21.60

Table 4.10 Prelim inary screening of selected synthesized compounds in MCF-7 cell line
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4.7 Alamar Blue viability assay in HL-60 cell line 

4.7.1 Effects o f compounds 170 and 176 on the cell cycle of HL-60 
cells

The effects o f  selected compounds 170 and 176 on the cell cycle were determined by 

flow cytometric analysis propidium iodide (PI) stained cells. The flow cytometry 

assay described in previous Section 4.5.4, The PI fluorescence was measured on a 

linear scale using a FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, 

USA). The fluorescent dye, PI intercalates with the DNA and hence, the amount o f 

fluorescence measured per cell is proportional to the DNA content and thus indicated 

the stage o f the cell cycle. Cells were treated with solvent control [1% ethanol (v/v)] 

or varying concentrations o f  compound [10-50|iM] for 24 hour. As shown in Figure 

4.19, at 20|iM  both compound induced a significant increase in the percentage o f 

cells in the G1 phase o f the cell cycle. At higher concentrations the majority o f cells 

were in the sub-G l DNA fraction (apoptotic population).

NH NH

170 176

0 10 20 30 40 50 0 10 20 30 40 50
Cone tiM]
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Figure 4.19 Effects o f  C om pound 170 and 176 on the cell cycle and ceil death  in H I.-60  
cells.

H L-60 cells in the log phase o f  grow th w ere exposed to solvent control [1%  ethanol (v/v)] or 
varying concen trations o f  com pound [10-50 ^M ] for 24 h. C ells w ere then fixed, stained w ith 
PI and analysed by flow  cytom etry . Cell cycle analysis w as perform ed on histogram s o f  
gated counts per DNA area (FL 2-A ). The num ber o f  cells w ith <2N (p re -G l) , 2N (G O G I), 
4N (G 2M ) DNA con ten t w as determ ined using the Cell Q uest softw are. A, percentage o f  
apoptotic  cells are indicated as determ ined by quantification o f  the p re -G l peak,. B, 
percentage o f  cells in G1 phase o f  the cell cycle is indicated. V alues represent the m ean ± 
SEM  for at least three separate experim ents. The absence o f  error bars indicates that the 
errors w ere sm aller than the size o f  the sym bol. *, P < 0.05; **, P < 0.001 as determ ined by 
one w ay A nova fo llow ed by the by the Bonferroni m ultiple com parison test, com paring all 
colum ns.

4.7.2 Effect of compounds 170 and 176 on the reversal o f paclitaxel 
resistance in HL-60 MDR cells

The effect of 1,4-dihydropyridine compounds 170 and 176 (containing the pyrazole

heterocycle at C-4 o f thel,4-dihydropyridine ring) on the reversal o f paclitaxel

resistance in HL-60 MDR cells was next examined. Other heterocycles have been

investigated at the C-4 position of 1,4-dihydropyridines for optimisation of P-

glycoprotein resistance activity including imidazoles, thiazoles,^*^ pyrazolo[l,5- 
288ajpyridines. Tasaka et al suggest that the introduction of alkyl groups at the 4- 

position of 1,4-dihydropyridines was effective for both overcoming multidrug 

resistance and reducing the calcium antagonistic activity. '

Paclitaxel, verapamil, nifedipine and compounds 170 and 176 were initially evaluated 

for antiproliferative effects in HL-60 parental and HL-60-MDR leukaemia cells.
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(F igure 4.20). IC 50 values and calculated resistance factors are detailed in Table 4,11. 

The resistance factor (RF) w as calculated by dividing the IC 50 o f  the resistant cell 

line/ICso o f  the parental cell line. H L -60-M D R  cells are >2,000 fold m ore resistant to 

paclitaxel as com pared w ith parental HL-60 cells. As single agents the novel DHP 

display no resistance. M oreover, pre-treatm ent o f  HL-60 M D R cells w ith a non-toxic 

concentration o f  DH Ps 170 and 176 [10 |iM ] reduced the IC 50 for paclitaxel to a 

clinically  achievable concentration [<1 |aM] in HL-60- M D R cells. The M DR- 

reversal properties o f  com pounds 170 and 176 were com parable w ith the well 

characterised M D R  reversal antagonist, verapam il and superior to the DHP, 

nifedipine. We next sought to determ ine w hether the observed augm entation o f  

paclitaxel induced cell death by representative DH Ps, com pounds 170 and 176 were 

synergistic. The C alcusyn program  was used perfonn  a m edian dose analysis o f  the 

com pound 170 and paclitaxel com bination. As shown in Figure 4.21, both 

com pounds 170 and 176 in com bination with 1 or 10 |iM  paclitaxel was considered 

to be synergistic.

Cell line C om pound IC50 [^M | RF

H L-60 parental V erapam il >10

N ifedipine >10

Paclitaxel 0.011

170 15.78

176 10.0

H L -60-M D R V erapam il >10 >1

(PG P) N ifedipine >10 >1

Paclitaxel >10 892

170 16.33 1.03

176 24.3 2.4

Table 4.11 Evaluation of DHPs and verapamil in HL-60 MDR cells.

Cells were exposed to multiple concentrations of the indicated compound for 72 h. Cell 
viability was assessed using the Alamar blue assay and respective IC50 values were 
calculated. The resistance factor (RF) was calculated by dividing the IC50 o f the resistant cell 
line/IC50 o f the parental cell line.
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HL-60-Parental;ICgo 29.8nM 

HL-60-MDR; IC8o >10mM
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100 - HL-60-MDR;IC5o 24.3^M 
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>
«o

0.01 0.1 1 10 100
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100i k -.>
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-170; IC5 0 : 77.4 nM 

-176; IC5 0 : 67.5 nM 
-Verapamil; IC5 0 : >404 nM 
Nifedipine; IC5 0 : >10 |iM 

-Paclitaxel; IC5 Q: >10 |iM

C oncentration . [^M]

Figure 4.20 Effect o f compound 170 and 176, nifedipine and a well known MDR  
modulator, verapam il on re-sensitising HL60-M DR cells to paclitaxel.

A: HL60-parental and HL60-MDR cells were treated with paciltaxel [0.l-10|aM ] or B, C, D: 
compound 170, 176 and nefidipine [0.1-50|iM ] for 72 hours. E: HL60-M DR cells were 
treated with a dose o f  paclitaxel alone or pre-treated with the indicated DHPs or the DHPs 
m odulator verapamil at 10|jM for 1 hour prior to the addition o f  paclitaxel. Cell viability was 
assessed by the AlamarBlue assay. Results represent the mean±SEM  for three independent 
experiments, carried out in triplicate. **; P  < 0.01, denotes a significant difference between 
cells treated with paclitaxel alone and cells pre-treated with Verapamil prior to paclitaxel for 
the dose indicated. ***; P < 0.001, denotes a significant difference between cells treated with 
paclitaxel alone to those pre-treated with verapamil and compounds 170 and 176 prior to 
paclitaxel at doses indicated. Results are based on a two-way ANOVA  test followed by the 
Bonferroni multiple comparisons test, comparing all columns.
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Figure 4.21 DHP compounds 170 and 176 synergisticaily enhanced paclitaxei induced 
cell death HL-60 MDR cells overexpressing P-glycoprotein

HL60-M D R  cells were treated with a dose o f  paclitaxei alone [0.1-10 |iM] or pre-treated 
with 10 juiM o f  com pound 170 for 1 h prior to the addition o f  paclitaxei. Cell viability was 
assessed by the A lam arBlue assay. Results were then analysed using the software program 
CalcuSyn. Com bination index (Cl) values for varying concentrations o f  Paclitaxei and 10 
nM  com pound 170 were generated. A Cl value <1 indicates synergism while Cl value >1 
represents antagonism.

4.7.3 Effect of DHPs on the reversal of paclitaxei resistance in HL-60 
MDR cells

Selected compounds from the various structural synthesised type (1-VII) were next 

examined. HL60 parental and resistant cells were treated for 72 h with a range of 

concentrations o f the indicated drugs. (Table 4,12) Cell viability was then assessed 

by AlamarBlue assay and IC50 values determined using Prism GraphPad 4.0. Results 

are representative o f two independent experiments, each carried out in triplicate.
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Cell line Compound ICso l̂ iM] RF

HL-60 parental

HL-60-M DR (PGP)

Paclitaxel 0.011
221 1.04
229 3.02
223 69.67
224 >10
227 >10
230 8.73
203 3.94
284 >10
242 >10
246 8.27
244 >10
250 0.131
251 7.50
254 >10
Verapamil >10 >1
Paclitaxel >10 892
221 2.64 2.54
229 3.97 1.31
223 1971 28.29
224 6.34 <1
227 >10 >1
230 9.8 1.12
210 4.82 1.22
284 >10 >1
242 >10 >1
246 >10 >1
244 >10 >1
250 0.057 <1
251 10.2 >1
254 >10 >1

Table 4.12 Evaluation of DHPs and other heterocyclicanalogues in HL-60 MDR cells

R esults represent the m ean±S.E .M  for at least tw o independent experim ents perform ed in 
triplicate.

HL60, HL60-MDR1 cells were treated for 72 h with a range o f concentrations of 

paclitaxel, verapamil, nefidipine and selected synthesised compounds and cell 

proliferation measured by AlamarBlue assay (Table 4.12). In HL60 parental strain, 

the IC50 value for paclitaxel was as low as 11 nM, but in HL60-MDR1 cells even 

concentration as high as 10 |^M failed to reduce cell proliferation, indicating a 

resistance factor o f 892 between the parental and the p-glycoprotein-expressing 

HL60-MDR1 cells. Results showed that pre-treatment o f HL-60 MDR cells with a
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non-toxic concentration [10 nM-10 |iM] o f selected compounds (221, 224, 227, 230, 

284, 244, 251, 254, 250) reduced the IC50 for paclitaxel to a clinically achievable 

concentration [<1 |^M] in HL-60- MDR cells.(Figure 4,22, 4.23). The most exciting 

results was that compound 250 showed potent effects with nanomolar range IC50 

values in both MCF-7 and HL-60 cell lines, and also displayed excellent reversal 

activity o f paclitaxel resistance in HL-60 MDR cells, which could decrease the IC50 

value for paclitaxel to 36.82 nM in HL-60-MDR cells with only 10 nM concentration 

o f drug used. (Figure 4.24)

Figure 4.22 Effect of DHPs analogues on re-sensitising HL60-MDR cells to paclitaxel

Figure 4.23 Effect of selected heterocyclic modification derivatives and novel DHPs on 
re-sensitising HL60-MDR cells to paclitaxel prior to treat with 10^M

Paclitaxel; IC50 >10
221 pretreated  1|iM; ICjq: 57.18 nM

—•—224 pretreated  lO^M; ICjg: 75.68 nM 
- • —227 pretreated  IOhMiICsq: 160.9 nM 
- • - 2 3 0  pretreated  lOuM; IC50: 76.54 nM

0 -1—
0.005 0.05 0.5 5

C oncentration. [^M]

H L-60-M DR -B -Paclitaxel; IC5 0 : >10 nM
^ 2 8 4 ;  IC5 0 : 107.8 nM

244; IC5 0 : 31.27 nM 

251; IC5 0 : 276.8 nM 
254; IC5 0 : 44.95 nM

0 -1-
0.01 0.1 1 

Concentration. [n,M]
10
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- B -  Paclitaxel; IC5 0  : >10nM

.0
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V n

2500.005 500.05 0.5 5
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Figure 4.24 Effect of reductive amination product 250 on re-sensitising HL60-MDR 
cells to paclitaxel prior to treat with lOnM

A frequent problem  in cancer chem otherapy is the developm ent o f  m ulti-drug 

resistance (M D R) which renders tum ours unresponsive to a diverse array o f  

com pounds. There are m any m echanism s by which a cell can be acquire M DR, 

however, one o f  the m ost predom inant causes is due to over-expression o f  num bers 

o f  the A TP-binding cassette (ABC) transporter fam ily. As described in beginning o f 

this chapter, m ulti-drug resistance p ro te in -1 (M D R-1), also known as P-glycoprotein 

or A B C B l, is one o f  three m ain ABC transporters specifically associated with 

MDR.̂ ^̂ '

The potent effects o f  selected DHP and related pyrazole com pounds synthesised in 

this thesis have been dem onstrated in H L60-M D R cells for their M D R reversal 

activity. These results showed that pre-treatm ent over a range o f  concentration [10 

nM -10 |iM ] o f  a  num ber o f  selected com pounds can reduce the IC50 o f  paclitaxel to 

nanom olar range in H L60-M D R cells. It is indicated that these analogues are 

potential lead com pounds for the further synthesis and evaluation studiesas M DR 

reversal agents to overcom e drug resistance in tum our cells w ith P-glycoprotein over

expression.

4.8 Screening and antiproliferative activity of novel DHPs by 
Electric Cell-substrate Impedance Sensing

The antiproliferation activity o f  12 novel D H Psand related com pounds (176, 192, 218, 

241, 254, 282, 226, 220, 221, 224, 227, 207) w ere exam ined at the concentration o f  

S^iM were evaluated using ECIS m ethod (Section 4.5.5), by com parison o f  the
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growth rate o f MCF-7 cells in the presence o f these compounds with that o f 

tamoxifen (IC50 = 4.48 |iM ). Growth rate was represented by the linear slope o f each 

corresponding impedance data curve (Figure. 4.25).
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2411400
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I  1000o TamoxifenQ>
O
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800 176
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2071200
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Figure 4.25 ECIS real-time impedance response to MCF-7 cells during culturing at 
5uM of A: compounds 282, 241, 254, 192, 176, 218 and B: compound 226, 207, 220, 221, 
227, 224.

Impedance curves from every two duplicate wells are grouped. The impedance value shows 
the effect of proliferation. Greater impedance correlates with greater coverage of the 
electrodes.
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The initial data can be evaluated in the following way. The raw data have been 

normalized by subtracting the value o f  impedance at 2.5 hours after the start o f the 

experiment. The normalized data from each well is exported to Excel, subsequently 

the time that the impedance reach 250 ohms and when it first reaches 1000 ohms 

plotted together. This gives the absolute growth rate and normalised growth rate, 

respectively (Table 4.13) The graphs shown in (Figure 4.26) demonstrated the 

calculated linear slope o f each curve (Absolute rate) and this slope divided by the 

slope o f vehicle ethanol (Normalised rate) to compare directly.

Compound Well No. Abs. Rate Norm. Rate

Tamoxifen
A1 23.29 0.80
B1 17.12 0.59

226
A2 38.25 1.32
A5 27.54 0.95

220
A3 18.92 0.65
A6 27.95 0.96

221
A4 20.05 0.69
A8 12.87 0.44

224
85 14.46 0.70
B7 4.711 0.22

227
B2 16.00 0.77
86 16.72 0.80

207
84 21.21 1.02
88 20.82 1.00

Table 4.13 Absolute growth rate and normalized growth rate for selected compounds in
MCF-7 cells line

As the growth rates could be varied from different wells, a quick ANOVA test 

between the two sides o f  wells has been carried out. So each experiment from each 

side was normalized to the ethanol control on that side, which gave the following 

results (Table 4.14) and statistically they are different. Several factors affect the 

reproducibility between electrodes, which might include human error, initial seeding 

variability and electrodes already collected small amounts o f minute particles that 

effect the impedance o f the electrodes randomly.
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Figure 4.26 Absolute growth rate and normalized growth rate for selected compounds 
in MCF-7 cells line

Anova: single Factor
Groups Count Sum Average Variance F P-value F crit

A 8 197.74 24.71 59.46 6.168 0.02627 4.6001

B 8 131.72 16.46 28.85
Table 4.14 ANOVA test between A side and B side of test array
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>°

Concentration: 5 ^M

Figure 4.27 Normalised growth rates of MCF-7 cells in the presence of DHP compounds 
over culturing. Error bar indicates median and range of value.

The following calculation has been carried out by dividing the run time o f 48 hours 

with the increase o f impedance over this period o f time. Slopes were normalised to 

the tamoxifen control to illustrate the efficacy o f each compound (Figure. 4.27). 

Preliminary estimation can be made that at the concentration o f 5 |iM , 176, 218, 220, 

221, 224, 227 significantly inhibited proliferation o f MCF-7 cells, resulting in a 

further inhibition o f approximate 114%, 192%, 150%), 134%, 132% and 146%) 

respectively when compared with tamoxifen. 226 and 207 exhibited equivalent 

inhibition to tamoxifen. 192, 241, 254 and 282 respectively were shown to be 

approximately 15%, 84%o, 70%o and 89%  less potent than tamoxifen in supressing the 

growth o f MCF-7 cells. Finally, the conculsion was drawn that ESIC can be as a 

novel and intuitive method to monitor the cell growth during the whole culturing 

period and give even more details to verify the antiproliferative activity which was 

obtained from the other assay. It was found clearly that most potent compounds are 

218, 221, 227 etc, which in good agreement with previous results obtained in our in- 

house MTT assay. IC50 value o f these compounds in MCF-7 cell lines are 1.28 |iM , 

4.51 |iM  and 1.21 |iM respectively, with greater activity compared to Tamoxifen 

(IC 5 o= 4 . 4 8  |iM).
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4.9 The effect of selected 4-(l,3-diaryl-lH-pyrazol-4-yl)-l,4- 
dihydropyridine compounds on ATP induced calcium responses in 
MCF-7 cells

1,4-D ihydropyridines represent the m ost extensively investigated structural class o f  

m ultidrug resistance m odulators. How ever, these com pounds exhibit toxic 

cardiovascular effects at doses required for P-glycoprotein reversal, due to their 

calcium  channel blocking activities. Previous investigations have show n that the 

calcium  channel blocking effects o f  1,4-dihydropyridines is independent o f  their P- 

glycoprotein  inhibitory activity. Ca^^ plays a role throughout the m am m alian cell 

cycle and is especially  im portant early in G l ,  at the G l/S  and G2/M  transitions and
• 292the role o f  altered Ca signalling in the developm ent o f  breast cancer is unclear. 

C hanges in Ca^^ expression levels have been detected as a cell passes through G l, 

G 2/M  and mitosis.^^^

The com pounds 170, 163, 178, 179 and 176 w ere first exam ined for their potential to 

produce a d irect change in cytosolic free calcium  in M CF-7 breast cancer cells, 

(F igure 4.28). At 10 |aM concentration o f  the com pounds did not produce a rapid 

change in calcium  com pared with the positive control 10 |aM ATP.

—  Control DMSO (0.05% )

2.5 n

C om p oun d i70(1  OmM)

C om pound 163(1 OpM)2.0 -

C om pound 178(1 OpM)

C om p oun d i79(1  OpM)
1.5-

C om p oun d iT 6(i OmM)

1.0 -

Compounds Added

0 100 200 300

T ir re

Figure 4.28 Relative (Ca^ l̂c vT MCF-7 cells in the presence of compounds 170, 163, 
178, 179 and 176. At the time indicated, ATP (10 filVI) or compounds (10 ^M) were 
added. Traces display mean response over baseline (relative [Ca^^lcvr) from 4 
individual wells
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Figure 4.29 Relative [Ca^ ]̂cvT ATP (0.6^M, lOfiM) dose response curve in MCF-7 cells 
pre-treated with compound 170, 163, 178, 179 and 176 for 15 min.Traces display mean 
response over baseline (relative [Ca2+]cvT)^SD from 12 individual wells from 3 
independent experiments

The com pounds 170, 163, 178, 179 and 176 were then exam ined for their effect the 

nature o f  cytosolic calcium  increases in M CF-7 breast cancer cells elicited by the 

agonist (ATP). Preincubation (15 m in) with 10 ),iM o f  the com pounds did not 

produce a change in increases in cytosolic free calcium  by the purinergic G -protein 

coupled receptor activator ATP. No change in peak response for sub-m axim al ATP 

was observed, (Figure 4.29). There was also no change in the nature (e.g. rate o f  

recovery) o f  the increase at m axim al and sub-m axim al concentrations o f  A TP as 

show n in Figure 4. 30. These results indicate that the antiproliferative effects o f  the 

4-( 1,3 -d iary l-lH -pyrazo l-4 -y l)-l,4 -d ihydropyrid ines exam ined are calcium  

independent in M CF-7 cells, as they display negligible calcium  effects in M CF-7 

breast cancer cells. A previous study had reported that the 1,4-dihydropyridine 

calcium  channel antagonist am lodipine inhibited the H T-39 hum an breast cancer cell 

proliferation and low ered intracellular calcium  levels.
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Figure 4.30 Relative [Ca^*]cvT<n M CF-7 cells pre-treated with compounds 170, 163, 178, 
179 and 176 for 15 minute.

Maximal (10 |jM ) (A) or sub-maximal (0.6 |jM ) (B) ATP was added at the time indicated. 
Traces display mean response over baseline (relative [C a 2 + ]c Y i)  from 12 individual wells 
from 3 independent experiments.
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4.10 The NCI 60 cell line panel

To develop the anti-cancer drugs is a very expensive and time-consuming process. 

The Development Therapeutics Program (DTP) o f United States (U.S.) National 

Cancer Institute (NCI) provides a good opportunity to optimise this process by 

providing in vitro and in vivo screening services. As a new anticancer drug screening 

program using a disease oriented panel o f cultured human tumor cell lines for the 

initial stages o f screening, the DTP anticancer drug discovery program has been run 

by the National Cancer Institute (NCI) since 1990. Up to 3,000 compounds are 

screened per year for potential anticancer activity. The panel consisted o f 60 cell lines, 

including lung, brain, colon, ovarian, breast, prostate, kidney, melanoma, and 

leukaemia cancers. Synthetic compounds or natural product showing selective growth 

inhibition or cell killing o f particular tumor cell lines can be used in pattern 

recognition algorithms in this unique screen. It is possible to suggest mechanism o f 

action for the test compound and to select compounds most likely to interact with a 

specific molecular target by COMPARE program. This is a two-stage process 

screening, starting from the online submission o f the compound structure along with 

any relevant information. The compound is then evaluated before a sample o f the 

compound is shipped to NCI. Usually 10-15 mg o f test compound is requested. The 

tested pure compounds are evaluated against the 60 cell lines at a single dose o f 10 

Thus only compounds which show significant growth inhibition are screened 

at five concentrations in the full panel o f 60 cell lines for the next stage o f  testing.

NCI60 DTP human tumor cell line screening panel are inoculated into 96 well plates. 

For a typical screening experiment, 100|^L suspension o f cancer cells at various 

densities ranging from 5,000-40,000 cells/well is used to seed the plates depending 

on the type o f cell. The plates are incubated at 37°C for 24 hours prior to addition o f 

test samples. The experimental compound is dissolved in DMSO to 400 times the 

final test concentration and diluted to twice the final working concentration with 

complete medium. Following addition o f 100 |iL o f a series o f drug dilutions to 

appropriate wells give a final concentration between 100 |o.M and 10 nM. (Tz) 

represent a measurement o f fixed cell population at the time o f drug addition. The 

plate is incubated for a further 48 hours prior to the cells are fixed in situ, washed 

with water and air dried. Subsequently sulforhodamine B (SRB) solution at 0.4% 

(w/v) in 1 % acetic acid was added to each well, and incubated for 10 minutes before
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the excess SRB is removed by 1% acetic acid and then plated are dried. The bound 

SRB was solubilised with lOmM trizma base prior to being read on plate reader at 

515 nm to find the absorbance and the control growth (C), growth in the presence of 

the test compound (Ti). The GI50 (Growth inhibition o f 50%) is calculated from [(Ti- 

Tz)/(Z-Tz)]xlOO = 50%. The drug concentration resulting in total growth inhibition 

(TGI) is calculated from Ti = Tz. The TGI is a parameter indicating the cytostatic 

effects o f  the compound. The LC50 (concentration o f drug resulting in a 50% 

reduction in the measured protein) is calculated from [(Ti-Tz)ZTz] x 100 = -50%. 

Therefore the LC50 measure the cytotoxic effects o f the compounds. Where GI50 can 

not be accurately evaluated, the result is reported as being less than/greater than the 

upper/lower limit for the test compound. In the case the lower limit for GI50 is 10 nM, 

which means that compounds that may be more potent than this will be reported only 

as being lower than 10 nM. If the average GI50 value o f a compound has exceeded 

these limits an approximation o f the GI50 is used. A compound which is significantly 

more potent than 10 nM is subjected to a second round o f  testing at a lower dose.

4.10.1 Five dose screening test in NCI 60 cell line

Compounds 170 , 179, 176, 221 , 222 , 227 , 229 and 240 were chosen for specific 

analysis and further development (screening in the National Cancer Institute (NCI) 

60-cell line panel, determination o f reversal o f resistance in HL-60 MDR cells and 

investigation o f calcium effects in MCF-7 cells) based on the analysis o f their drug

like properties from a Tier-1 profiling screen (including experimentally determined 

solubility and chemical stability together with predictions o f permeability, metabolic 

stability, Pgp substrate status, blood-brain barrier partition, plasma protein binding 

and human intestinal absorpfion properties which indicated the suitability o f  these 

compounds for further development). As an example compound 176 satisfies 

Lipinski’s ‘rule o f five’ for drug-like properties e.g. molecular weight (490) is less 

than 500, the number o f oxygen/nitrogen atoms is less than 10, the number o f 

hydrogen bond donors is less than 5 and the cLogP value o f 3.72 (<5), implying that 

this is a moderately lipophilic-hydrophobic drugs and is a suitable candidates for 

further investigation.

Compounds 170, 179, 176 , 221 , 222 , 227 , 229 and 240 were evaluated in the 

National Cancer Institute (NCI)/Division o f Cancer Treatment and Diagnosis
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907(DCTD)/Developmental Therapeutics Program (DTP), in which the activity o f 

each compound was determined using approximately 60 different cancer cell lines o f 

diverse tumor origins. These studies were performed at the NCI as part o f  their drug- 

screening program. Compounds 170, 179, 176, 221, 222, 227, 229 and 240 were 

tested for inhibition o f  growth (GI50) and for cytotoxicity (LC50) in the NCI panel o f 

59 cell lines and showed broad-spectrum antiproliferative activity against tumour cell 

lines derived from leukaemia, breast cancer, non-small cell lung cancer, colon cancer, 

CNS cancer, melanoma, ovarian cancer, renal cancer and prostate cancer, as 

described previously. 1,4-Dihydropyridines 170, 179 and 176 showed low 

micromolar GI50 values in all cell lines (The GI50 value is the concentration o f drug 

required for 50% inhibition o f cellular growth). In MCF-7 cells, 170, 179 and 176 

were found to have a GI50 value o f 3.48 |iM , 2.55 |iM and 3.51 |j,M respectively, 

comparable to the values o f 5.0 fj,M, 4.7 |iM  and 5.7 )j,M respectively obtained in our 

in-house assay. The mean GI50 value for compounds 170, 179 and 176 across all cell 

lines is 3.39 ^iM, 3.47 |j.M and 3.31 |j,M respectively. The mean LC50 (a measure o f 

cytotoxicity) for 170, 179 and 176 across the range o f cell lines is 85.1 |xM, 64.6 jj,M 

and 75.9 [.iM respectively. These results confirm the basic structural requirements o f 

the 4-( 1,3-diaryl-1 H-pyrazol-4-yl)-2,6-dimethyl-1,4-dihydropyridine-3,5-

dicarboxylic acid diethyl esters for optimum antiproliferative activity.(Table 4.15)

The type V compounds 221, 222, 227, 229 and 240 were also subjected to this 

analysis. In the standard agent database 240 was the top ranked with an R value o f 

0.765 based on GI50 mean graph. Compounds 223, 224, 225, 226, 228, 230, 238, 239, 

204, 241, 161, 181, 163 have also been screened in the in Vitro Cell Line Screening 

Project by NCI. (Appendix I)
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NCI Ref. 
N u m b er

S750277 S750282 S750281

C om pound

A  ^

{  NH —\  NH

CH3 ,

A  P

^ l T - (  NH

o '  (

Cell line

Glso
(mM)

176

Glso
(HM)

179

Glso

(HM)

170

Cell line

Glso

(HM)

176

Glso

(mM)

179

Glso
(HM)

170

Leukemia

CCRF-CEM 3.55 e-06 3.75 e-06 6.70 e-06 IMOLT-4 2.13 e-06 2.11 e-06 3.26 e-06

HL-60(TB) 2.77 e-06 2.22  e-06 2.83 e-06 RPIVI1-8226 2.51 e-06 2.14 e-06 3.66 e-06

K-562 3.77 e-06 3.26 e-06 3 .44 e-06 SR 1.56 e-06 1.31 e-06 2.11 e-06

NSCLC

A549/ATCC 3.79 e-06 3.46 e-06 3.09 e-06 NCI-H23 3.33 e-06 3.26 e-06 4.11 e-06

EKVX 2.46 e-06 2.26 e-06 2.97 e-06 NCI-H332M 3.93 e-06 3.96 e-06 3.84 e-06

HOP-62 3.45 e-06 4.71 e-06 4.44 e-06 NCI-H460 3.07 e-06 3.34 e-06 2.18 e-06

HOP-92 1.48 e-06 1.51 e-06 1.97 e-06 NCI-H552 7.39 e-06 1.59 e-05 3.67 e-06

NC1-H226 5.32 e-06 5.38 e-06 5.90 e-06

Colon

COLO 205 1,86 e-06 1.55 e-06 1.68 e-06 HCT-15 4.07 e-06 4.54 e-06 2.57 e-06

HCT-2998 2.45 e-06 2.14 e-06 4.68 e-06 K1VI12 1.98 e-06 2.04 e-06 2.14 e-06

HCT-116 2.18 e-06 2.57 e-06 2.56 e-06 SW-620 2.10 e-06 2.92 e-06 2.80 e-06

HT-29 3.91 e-06 3.49 e-06 3.44 e-06

CNS

SF-268 3.35 e-06 4.28 e-06 6.11 e-06 SNB-19 1.31 e-06 3.30 e-05 1.76 e-06

SF-295 nd nd 3.66 e-06 SNB-75 1.97 e-06 2.78 e-06 1.68 e-06

SF-539 2.84 e-06 3.46 e-06 1.98 e-06 U251 3.21 e-06 3.22 e-06 2.82 e-06

Melanoma
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LOX IMVI 2.94 e-06 2.36e-06 1.51 e-06 SK-M EL-28 3.79 e-06 5.97 e-06 5.18 e-06

M H 2.42 e-06 3.28 e-06 3.74 e-06 SK-MEL-5 3.76 e-06 4.14 e-06 1.85 e-06

MDA-MB-

435
2.85 e-06 2.83 e-06 3.79 e-06 UACC-257 4.37 e-06 3.35 e-06 4.26 e-06

SK-MEL-2 3.14 e-06 4.31 e-06 2.12 e-06 UACC-62 6.69 e-06 1.43 e-05 1.04 e-05

Ovarian cancer

IGROVl 1.39 e-06 1.50 e-06 2.39 e-06 OVCAR-8 5.36 e-06 9.33e-06 4.15 e-06

OVCAR-3 1.69 e-06 2.13 e-06 2,18 e-06 SK-OV-3 1.26 e-05 3.27 e-06 4.67 e-06

OVCAR-4 5.19 e-06 7.37 e-06 3,46 e-06
NCI/ADR-

RES
3.61 e-06 1.08 e-05 8.64 e-06

OVCAR-5 1.13 e-06 3.85 e-06 8,75 e-06

Rena!cancer

786-0 3.14 e-06 3.41 e-06 2,35 e-06 RXF 393 2.61 e-06 2.07 e-06 2.20 e-06

A498 3.30 e-06 2.45 e-06 2,27 e-06 SN12C 3.38 e-06 4.17 e-06 3.63 e-06

ACHN 2.47 e-06 2.43 e-06 2,44 e-06 TK-10 4.83 e-06 2.92 e-06 3.86 e-06

CAKI-1 1.28 e-06 1.47 e-06 2.61 e-06 UO-31 2.26 e-06 2.34 e-06 2.21 e-06

Prostate cancer

PC-3 2.19 e-06 1.58 e-06 2.32 e-06 DU-145 4.08 e-06 5.27 e-06 7.87 e-06

Breast cancer

MCF-7 3.48 e-06 3.51 e-06 2.55 e-06 BT-549 7.35 e-06 4.53 e-06 5.53 e-06

M DA-M B-

231/ATCC
3.97 e-06 3.84 e-06 3.57e-06 T-47D 3.06 e-06 3.42 e-06 3.48 e-06

HS 578T 1.91 e-06 2.04 e-06 3.40 e-06
MDA-MB-

468
9.71 e-06 1.66 e-05 4.04e-06

Table 4.15 Summary of NCI 60 cell line screening results for compound 170, 176 and
179

GIsoand LC 50 are the concentrations required to inhibit the growth and !<.ill 50% o f  the cells 
in the assay respectively. TGI is the concentration required to completely inhibit the growth 

o f  all cells
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4.10.2 COMPARE analysis for selected compounds

To date, hundreds o f thousands o f synthetic and natural products have been screened 

by the NIH DTP. Pauli et al. developed the COMPARE algorithm,^^* which creates a 

characteristic fingerprint pattern for each compound by comparison o f  data obtained 

from the test compounds to others in the database. Experimental application o f  the 

COM PARE program creates a list o f compounds to rank the similarity o f  the mean 

graph pattern o f a specified seed compound to the patterns o f all the other compounds 

in the NCI screening project database. Pearson correlation factor is then used to rank 

such compounds. Compounds with ranking scores may possess a similar mode o f 

action to the test compound. The database o f NCI compounds consists o f a number o f 

subgroups. The three main groups are synthetic and natural products with a known 

structure, crude natural product extracts and standard agents. The current standard 

agent database is comprised o f around 171 entries o f standard chemotherapy agents 

o f  clinical importance, while the synthetic and natural products database 

with >40,000 and >20,000 compounds and growing.

Matrix COMPARE analysis^^* o f five dose data for 1,4-dihydropyridines 170, 179 

and 176 was used to compare the differential antiproliferative activity o f 170, 179 

and 176 to compounds with known mechanisms o f action in the NCI Standard Agent 

D a t a b a s e . A l l  three measures o f activity (GI50, TGI and LC50) were used and the 

analysis showed correlations to vincristine, paclitaxel, maytansine and rhizoxin 

(tubulin targeting agents) and tamoxifen (ER antagonist) (Appendix I), however 

there is no evidence that the COMPARE algorithm distinguishes between different 

tubulin-based mechanisms o f  action^°°.
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4.11 Stability studies for dihydropyridine derivatives

Stability is a critical part o f the drug development process and an essential factor of 

quality, safety and efficacy o f a drug product. Insufficient stability o f a drug product 

can result in changes in physical as well as chemical characteristics.^^' The chemical 

stability evaluation o f a drug is o f great important in drug development since the drug 

becomes less effective as it undergoes degradation, while the drug decomposition 

may yield toxic by products that are harmful to the patient.

Since the 1,4-dihydropyridines ring is the core structure o f a number o f clinical 

products in current use, the degradation o f  the 1,4-DHPs ring has been extensively 

studied. Some 1,4-dihydropyridines are well known to be unstable,^*^^ 'especially  

nifedipine (52) which degraded through p h o to d e c o m p o s it io n .T h e  degradation 

route is shown in Figure 4.31. There are two chemical components identified for 

nifedipine decomposition, one is dehydronifedipine (DNIF) and another is the 

nitrosopyridine photodegradation product o f nifedipine (NDNIF). (Figure 4.31) 

Shamsipur et al. have assessed that the kinetics o f nifedipine degradation consisted o f 

two separate regions. The first one was confirmed to show zero order kinetics at the 

beginning o f  the reaction and was linear with time, while the second regions 

indicated a first-order kinetic pathway when the reaction proceded more than 50%.^°^ 

The stability study presented here will focus on evaluating the pH dependent 

hydrolysis o f the dihydropyridines analogues and some related ester 

com pounds.(Figure 4.32)
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Figure 4.31 Degradation route of nifedipine |52] and chemical structure of nifedipine 
and degradation compounds (A) nitro- analogue of dehydronifedipine (DNIF) and (B) 
nitroso-analogue of dehydronifedipine (NDNIF) and chromatogram of nifedipine and 
its photodegradation products DNIF and NDNIF

Figure 4.32 Proposed hydrolysis o f 1,4-DHPs compounds containing hydroxyl or ester 
group under acidic/basic conditions

4.11.1 Stability studies for 1,4-DHP analogues and related products

The stability studies on 1,4-dihydropyridines were carried out by Dr Bassem Yassin 

and Mr Donal Conaill as part o f  their research in the School o f Pharmacy Trinity 

College D u b l i n . T w o  1,4-DHPs OH, NH2 and nine conjugate DHP ester products 

195, 196, 204, 205, 206, 207, 208, 209, 210 (Figure 4.33) were examined by HPLC 

to assess their stability over a range o f pH conditions from 4.0 to 9.0 in buffered 

solution, together with stability study in 0.1 M HCl and NaOH solutions and also in 

human blood plasma.
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Figure 4.33 structure o f com pounds tested for stability

The HPLC m ethod is described in the experim ental section, with details on the 

preparation o f  the buffers and blood plasm a. The separation was run on a spherisorb 

colum n along with isocratic m obile phase consisting o f  80:20 acetonitrile:w ater. To 

optim ise the peak shape o f  initial chrom atogram , 0.1%  v/v trifluoroacetic acid was 

added which resulted in sym m etry peak in good agreem ent w ith the BP specifications. 

(Sym m etry factor o f  the peak lies in 0.8-1.5. A ppendix III BP 2008). Com pounds 

were placed in various buffers at 37 °C then im m ediately injected. Subsequently 

these sam ples were left at 37 °C  and then sam pled at 15 min, 1 h, 4 h. 12 h and finally 

after 1 day.

V arious decom position pathw ays for type IV 1,4-DHPs are possible. The m ajor 

pathw ay is the acid and base catalysed hydrolysis o f  any 1,4-DHPs containing ester 

or am ide groups. The stability o f  com pounds showing the percentage o f  com pound
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remaining and the degree o f  degradation over time can be clearly seen in the graphs 

displayed below (Figure 4.34-4.39), The results obtained showed the majority o f 

type IV 1,4-DHP ester compounds to be completely stable over the 24 hours except 

ester and amide 1,4-DHP coupling with chlorambucil e.g, compound 195 and 196. 

Both o f these compounds appear to undergo degradation o f  approximately 40% in the 

first half hour o f contact with acidic medium at pH4.0 (Figure 4.34), The degradation 

o f the analytes 195 and 196 resulted in a half life o f nearly 5 hours.

Stability studies at pH 4.0
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Figure 4.34 Stability studies o f 1,4-DHP analogue at pH 4.0

At neutral pH 7.4 all the tested compounds were almost complete stable and resulted 

in more than 80% remaining throught the 24 hour period. However the two 

chlormabucil conjugate compounds 195 and 196 again displayed less stability with 

70% and 60% present after 24 hours, respectively. This indicates that the two 

conjugate compounds containing chlormabucil are less stable compounds at both 

acidic and neutral pH. The ibuprofen analogue 206 also showed slight degradation at 

pH7.4.(Figure 4.35)
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Stability studies at pH 7.4
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Figure 4.35 Stability studies of 1,4-DHP analogue at pH 7.4

At pH 9.0, there is an initial loss o f the analyte o f approximately 10-20% for each 

compound when placed in basic buffer, after which time no further degradation is 

observed up to 24 hours in the study.(Figure 4.36) The reason that test analogues 

were obviously more stable at the physiological and basic pH than acidic condition is 

unclear since to some extent hydrolysis in alkline pH over the long time period 

should be obseved.

Stability studies at pH 9.0
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Figure 4.36 Stability studies of 1,4-DHP analogue at pH 9.0
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Stability studies in HCl solution
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Figure 4.37 Stability studies of 1,4-DHP analogue in O.IM HCl MeOH solution

Stability studies in NaOH solution
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Figure 4.38 Stability studies of 1,4-DHP analogue in O.IM NaOH MeOH solution

Stability studies on the degradation o f conjugate ester 1,4-DHPs also carried out in 

forced degradation conditions (O.IM HCl and O.IM NaOH methanol solution). As 

obviously seen from F igure 4.37, the majority o f  these analogues completely 

degraded within 15 minutes when placed in the acidic condition. Compounds 208, 

210 were observed to degradate at initial time, but more than 60% remained 

throughout the timescale o f the studies. In basic condition, the selected test 

compounds degraded at a much slower rate than observed in acidic pH. There is an 

initial loss in the first 2.5 hours for most o f compounds before the degradation curve 

reached a plateau.(Figure 4.38) The results demonstrated that degradation o f 

conjugate ester compounds can occur at different pH, but the rate o f degradation 

could be varied.
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Stability studies in blood plasm a(Figure 4.39) showed the degradation o f 1,4-DHPs 

analogue is likely to be linear throughout the experiment resulting in a half life o f 

approximately 24 hours. However these compounds showed slight degradation once 

in contact with blood plasma medium at To hour. The most stable compound is CA-4 

analogue 210 which is demonstrated to be present at nearly 100% throughout the 24 

hours period.

Stability studies in blood plasma

0 5 10 15 20 25 30

T im e hour — 209

Figure 4.39 Stability studies o f 1,4-DHP analogue in human blood plasma

In a separate study, the pH stability study o f selected 4-( 1,3-diaryl-1 H-pyrazol-4-yl)- 

2,6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylic acid diethyl esters 163 and 165 by 

HPLC was also carried out. which indicated the compounds are moderately stable at 

acidic (pH4), physiological (pH7.4) or basic conditions (pH9). (Figure 4.41-4.43) 

For examplefor compound 165, the percentage remaining after 6 hours 

wasdetermined to be 98%, 97% and 75% at pH4, 7.4 and 9 respectively. The selected 

compounds showed an average half life more than 12 hours at all pH condition, 

indicating that 1,4-DHPs may be stable at the physiological pH in vivo. (Table 4.16) 

Plasma studies carried out determined that the percentage remaining after 18 hours 

for compound 165 was 85%. For nifedipine, the percentage remaining under the same 

conditions in plasma was determined to be 57%.
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Time

(min)

Compound 165 % remaining
Compound 163 % 

remaining

pH4.0 pH7.4 pH9.0 pH4.0 pH7.4 pH9.0

0 0.99 0.99 0.98 0.99 0.99 0.99

15 0.99 0.98 0.96 0.99 0.99 0.99

60 0.99 0.97 0.98 0.99 0.99 0.97

240 0.98 0.97 0.75 0.83 0.99 0.81

720 0.98 0.96 0.42 0.4 0.94 0.55

1440 0.97 0.96 0.4 0.15 0.24 0.31

T 1/2 (min)

97%
remaining

after 24 
hour

96%
remaining

after 24 
hour

996.9 784.9 1152.4 976.6

Table 4.16 Percentages remaining in 24 hours and calculated half life for 1,4-DHPs 
analogues 163 and 165

CH
CH

OH

NH

HO'

Figure 4.40 Proposed hydrolysis & degradation products of conjugated ester compound

210



Degradation curve at pH4.0
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Figure 4.41 Decomposition study of compound 163, 165 at pH4.0

Degradation curve at pH7.4
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Figure 4.42 Decomposition study of compound 163, 165 at pH7.4

Degradation curve at pH9.0
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Figure 4.43 Decomposition study of compound 163, 165 at pH9.0

Figure 4.40 and 4.44 show the various products that can form when suHndac 

conjugate compound 204 is exposed to different pH conditions. The proposed



products are D2, D3, D4, D5, which were indentified by HPLC. In conclusion, the 

stability o f a series o f  1,4-DHP compounds and conjugated ester compounds over a 

range o f  pH conditions has been assessed. A further study o f the metabolism o f the 

conjugate esters o f 1,4-DHPs in vivo is required, which would provide more detailed 

information o f  possible metabolites and their potential biochemical activity.
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Figure 4.44 HPLC chromatogram of conjugated ester 1,4-DHP 204 and its predicted 
degradation and hydrolysis products in various conditions

4.12 Antioxidant activity

The antioxidant activity o f  selected DHP products was determined. Oxidation is one 

o f the most important processes o f the drug degradation because it may affect drug
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safety, composition, activity and shelf Hfe. Antioxidants may protect drug quaUty by 

preventing oxidative deterioration o f lipid in vivo?^^ Determination o f antioxidant 

activity is based on the measurement o f free radical scavenging o f the antioxidant 

compounds using DPPH radical. The effect o f each antioxidant on DPPH radical was 

estimated according to the procedure described in section 4.5.6.

Absorbances at 515 nm were measured at different time intervals on a Cary 300 UV- 

Vis spectrophotometer until the reaction reached a plateau. The DPPH concentration 

in the reaction medium was calculated as follows:

[DPPH]rem =  [DPPH]To/ATo x [DPPH]T

The percentage o f remaining DPPH (%DPPHrem) was obtained as follows:

%DPPH rem =  [DPPH]T/[DPPH]Tq

The percentage o f remaining DPPH against the sample and standard concentrations 

was then plotted to obtain the amount o f antioxidant necessary to decrease the initial 

DPPH concentration by 50%. The results obtained for compound 162, 165 and 

nifedipine were displayed in Table 4.17

Cone. T ro lox  m g /L A tg At DPPH re m %DPPH re m ECsomg/L

50.000 0.079 0.009 0.285 11.392 25.508
25.000 0.080 0.036 1.119 44.750
12.500 0.083 0.061 1.825 73.012
6.250 0.086 0.073 2.116 84.651
165 

Cone. m g /L A to A t DPPH re m %DPPH re m EC50m g/L

1170.000 0.061 0.044 1.947 77.897 3140.000
2240.000 0.061 0.032 1.435 57.398
3510.000 0.066 0.026 1.176 47.059

162 
Cone. m g /L > 0 A t DPPH re m %DPPH re m ECsomg/L

1320.000 0.063 0.050 1.992 79.683 4083.000
2640.000 0.054 0.035 1.401 56.032
3960.000 0.053 0.027 1.278 51.132
N ifed ip in e  

Cone. m g /L > 0 A t DPPH re m %DPPH re m ECsomg/L

1248.000 0.056 0.051 2.2768 91.071 11780.000
823.000 0.055 0.052 2.3636 94.545
416.000 0.057 0.054 2.3684 94.737

Table 4.17 Standard concentration needed to decrease by 50% the initial DPPH 
concentration (EC50) for compounds 162 and 165

Nifedipine will convert photochemically into 2,6-dimethyl-4-(2-nitrosophenyl)-3,5- 

pyridinedicarboxylic acid dimethyl-ester (NTP) under daylight conditions. Others
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studies found that nifedipine had lower antioxidant potency than NTP. A decade ago, 

Diaz-Araya,G. et al. reported that nitro-substituted 1,4-dihydropyridines, such as 

nicardipine and nisoldipine exhibited the more potent antioxidant activities than non- 

nitro-substituted l,4-dihydropyridines,such as amolodipine and isradipine.^®^ 

Therefore, the antioxidant properties o f selected 1,4-dihydropyridine derivatives 

synthesised in this study and nifedipine were assessed using the DPPH assay.

As a stable nitrogen radical, the scavenging o f  the DPPH can be measured by its 

decay at 515 nm. This assay is normally used to quantify antioxidant capacity and is 

useful for comparisons within structural f a m i l i e s . ^ A s  shown is Figure 4.45, trolox 

is used as a standard for the antioxidant capacity compared to two potential 

antioxidant agents 162 and 165, which contain bromo and hydroxyl substituents on 

the phenyl ring o f 1,4-dihydropyridine analogues. The steeper the slope, the lower the 

EC50 and the higher the antiradical power. The result showed that the antioxidant 

effects o f trolox (EC5o=25.5 mg/L) was significantly greater than these two tested 

1,4-dihydropyridipines derivatives and nifedipine, whose concentration needed to 

decrease by 50% the initial DPPH concentration (EC 50) are 4.08 g/L, 3.14 g/L 

and >10 g/L, respectively. It was indicated that two selected 1,4-DHPs are weak 

antioxidant agent, while still have greater effect than nifedipine. Thereby these 

analogues which are substituted 1,4-dihydropyridine compounds can be regarded as 

potential antiradical agents and show wide antioxidant properties.
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j_2 Trolox

1.0
0 500 1 000 1 500

Time (sec)

Figure 4.45 Time plot of relative absorbance (515 nm) showing decay of DPPH radical 
in the presence of selected 1,4-dihydropyridines derivatives

162 1 2mH 

165 1.2mH
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General Discussion and Conclusion
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This purpose o f the work presented in this thesis was to design and synthesize a 

series o f novel 1,4-dihydropyridine containing analogues o f aryl-substituted 

pyrazoles and to determine their antiproliferative activity against the human MCF-7 

breast cancer cells by MTT cell viability assay. The initial design o f the target 

compounds was focused on the modification o f lead 4-( 1,3-diaryl-1 H-pyrazole-4-yl)- 

1,4-dihydropyridine scaffold structure, specifically the nature o f the aryl ring 

substituent at C-3 o f the pyrazole ring system. (Chapter 2) Various functionalities 

were introduced, on the basis o f previous SAR studies on 4-aryl-1,4-dihydropyridines 

as calcium channel blockers and p-glycoprotein modulators. In these novel 

compounds, the aryl-substituted pyrazole ring replaces the more usual aryl ring at the 

C-position o f  the 1,4-dihydropyridine ring and the presence o f this bulky substituent 

o f these compounds is required for the antiproliferative activity and may contribute to 

the complete lack o f  calium effects observed in MCF-7 cells.

Initial biological study o f  the lead 1,4-dihydropyridine analogues results in the 

identification o f the 4-methoxy-3-chloroaryl substituted compound 177 as the most 

potent member o f the series o f scaffold lA analogues in MCF-7 cells line (lC 5o=1 .0 1  

|.iM), while most these analogues possessed low mircomolar activity in this breast 

cancer line. For comparison, the IC50 value obtained for the calcium channel 

antagonist nifedipine in cell viability studies in MCF-7 cells was determined to be 

51.61 |iM  and the 2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylic acid diethyl 

ester was found to be inactive, with IC50 >100mM, which confirmed the requirement 

for the heterocyclic pyrazole substituent at C-4 o f the 1,4-dihydropyridine ring for 

antiproliferative activity is necessary. The biphenyl substituted compound 178 and 4- 

bromophenyl-4’-methoxyphenyl compound 167 also displaying good activity with 

ICso= 2.6 |aM and 2.9fiM respectively. Further modification on dihydropyridine ring 

to optimise the molecule structure was carried out. Two series o f  scaffold IB and 

scaffold IC derivatives with dicarboxylic acid dimethyl ester or phenylmethanone 

substituents on C-3 and C-5 o f the dihydropyridine ring were prepared and evaluation 

o f  their antiproliferactive activity against MCF-7 cells and indicated no improvement 

in potency.

To establish the more detailed SAR and explore the further effect on antiproliferative 

activity, the lead scaffold lA 4-hydroxylphenyl compound 165 and 4-bromophenyl 

compound 162 were replaced with a wide variety o f phenolic and coupling products.
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such as basic side chain ether, NASIDs ester and substituted biphenyl. Larger 

substituents at this position led to moderate increase in activity compared to the 

parent substituted DHP compounds. For instance, piperidine side chain 217 (IC5o= 

4.69 |iM ), 4-hydroxyl biphenyl 221 (IC5o=1.28 |J.M), 3,4,5-trimethoxyl biphenyl 230 

( IC 5 o =  1.21 |aM) and phenoxyacetic acid 240 ( I C 5o = 0.40  |iM). These phenolic and 

substituted biphenyl products have higher cLogP value o f 6.22-9.67 compared to 5.57 

for parent compound 165. The increase in hydrophobicity may contribute to its lack 

o f  improvement in antitumour activity. The initial molecular structural design in this 

potential inhibitory antitimour agent does not result in significant improvement for 

antiproliferative activity against human breast cancer cells line. Future work should 

focues on the molecular docking study and evaluation o f binding affinity to identify a 

more potent compound and possible molecular target o f  these analogues. Flowever, 

investigation on effect o f some scaffold lA compounds on the reversal o f  paclitaxel 

resistance in HL-60 MDR cells suggest that these analogues can be developed as 

potential MDR reversal agents. Pretreatment o f resistance to paclitaxel HL-60 MDR 

cells with a non-toxic concentration (10 |iM ) o f DHPs 170 and 176 led to >100 fold 

reduction in IC50 value for paclitaxel and increase in potency o f this drug.

Moreover, a second library o f a similar raloxifene scaffold compounds was designed 

and synthesised. These analogues prepared from reductive amination o f biphenyl 

substituted pyrazole carbaldehyde and with extended side chains patterns in place o f 

1,4-dihydropyridine at the C-4 position o f the pyrazole ring which resulted in 

increase in activity. The activity o f phenolic derivatives 284 with morpholine side 

chain and 286 with dimethyl side chain fall in the high micromolar range. (IC50 value 

o f  22.05 and 11.64). The most potent compound 250 was found in scaffold IIA 

analogues. It possesses the highest activity not only in MCF-7 human breast cancer 

cells, but in HL-60 Leukemia cells (IC50 =0.10 |o.M and 0.13 (iM). Meanwhile it 

displayed greater reversing effect with only 10 nM concentration o f  drug used in HL- 

60 MDR cell compared with the well characterised MDR reversal Câ "̂  antagonist 

verapamil. However, the other substituents amination products in this scaffold IIA do 

not show the similar activity. To extend this library o f compounds and discover the 

mechanism o f action may be the next step for research investigation. More 

investigation on the role o f  pyrazoles containing the basic side chain substituted at C-
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3 position, or design of the possible novel scaffold II B analogues containing 2 basic 

side chains, which may be of interest for biochemical activity, will be carried out.

The initial stability studies revealed that most of 1,4-dihydropyridines and their 

related derivatives such as conjugated ester products were subject to hydrolysis at 

acidic (pH4.0), with ti/2 of approximately 4-5 hours, but remained stable at neutral 

pH (pH7.4) and at alkaline pH (pH9.0). The major metabolites of these compounds 

are expected to be formed by hydrolysis and/or by oxidation of the 1,4- 

dihydropyridine ring. The metabolite compounds should be evaluated for their own 

biological activity.

In conclusion, these novel 4-( 1,3-diaryl-lH-pyrazole-4-yl)-l,4-dihydropyridines and 

their derivatives were synthesised and evaluated for their antiproliferative activity 

and/or multidrug resistance reversing activity against breast cancer cells or leukemia 

cells. The results obtained demostrated that compounds 240 and 250 displayed potent 

antiproliferative activity in MCF-7 cell. The results of the study indicated that these 

analogues are potentially useful scaffolds for the further development o f antitumour 

agents and are valueable lead compounds for further synthesis and evaluation studies 

of new dihydropyridines or pyrazoles as MDR reversal agents to overcome drug 

resistance in tumour cells with P-glycoprotein overexpression. Comprehensive 

molecular modeling study of these compounds to identify the possible binding site(s) 

with P-glycoprotein and tubulin will be carried out.
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Experimental Data
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6.1 Materials & Methods

Chemicals were purchased from Sigma Aldrich and Lancaster Synthesis with a 

minimum assay o f 98% unless otherwise stated. Solvents were either purchased dry 

or purified by distillation in accordance with literature methods.

'H  and '^C NM R spectra were collected on a Brucker DPX 400 spectrometer, and 

analysed with Bruker W IN-NMR software. 'H at 400.13 MHz and '^C at 

100.61MHz. Experiments were run in deuterated chloroform (CDCI3) with 

tetramethylsilane (TMS) as the internal standard, unless other wise stated. The 

spectra were analysed with Bruker W IN-NMR, MestREC and Bruker TopSpin. 

Coupling constants were reported in Hertz (Hz). Abbreviations used in the assigning 

o f the spectra include s = singlet, br s = broad singlet, d = doublet, t = triplet, q = 

quartet, qn = quintet and m = multiplet.

The crystal structure o f compounds was determined by X-ray diffraction on a Bruker 

SMART APEX (2001) diffractometer using MoKa radiation from a fine focus sealed 

source and a graphite monochromator. The structure solution was found using 

SHELXS-97 and the structure refinement was carried out using SHELXL-97.

IR spectra were obtained on a Perkin Elmer Spectrum 100 FTIR spectrometer using 

either potassium bromide (KBr) disks or thin film on sodium chloride plates (NaCl).

High resolution mass spectrometry (HRMS) was carried out using a M icromass LCT 

electrospray mass spectrometer.

Melting points were determined on a Gallenkamp melting point apparatus using a 

mercury 300°C thermometer and are uncorrected.

Thin layer chromatography was carried out using Merck F-254 plates visualised with 

UV at 254 nm. Separation by flash chromatography was carried out using Merck 

Kiese gel 60 silica with a particle size o f  0.040 mm to 0.063 mm. Alternatively flash 

chromatography using a Biotage SPl separation system was carried out using 

12+M and 40+M silica cartridges and detection at 280 nm. A typical separation 

employed a gradient elution with hexane/ethylacetate over the course o f  15 column 

volumes with fractions o f  12 mL collected from the 12+M columns and 24 mL from 

the 40+M columns.
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Compound purity was determined by HPLC using a Waters HPLC system fitted with 

a Spherisorb column (2-5 |j,m particle size, 4.5x250 mm) supplied by Alltech 

Associates Incorporated. A mobile phase o f 80/20 acetonitrile/water with 0.1% (v/v) 

TFA added to prevent peak tailing was used throughout. The mobile phase was only 

prepared from HPLC grade solvents and degassed by sonication prior to use. Flow 

rate was maintained at 1 mL per minute with a pressure o f approximately 1300 psi on 

a Waters 1525 binary pump equipped with an in line degasser. Where samples were 

run over a protracted period o f time, the mobile phase was recycled back to the 

reservoir without any detriment to separation. Elution was detected at 280 nm with a 

Waters 2487 dual wavelength detector. Multiple injections were carried out using a 

Waters 717 autosampler. All samples were filtered via a syringe filter (Pall, 0.45 

|iM ) prior to injection. The system was flushed with 2-propanol before shutting 

down for protracted periods o f time.

Nomenclature was determined using Chemdraw 2004.
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6.2 General procedure for preparation of phenylhydrazones

100 mmol o f acetophenone (ca. 12 g) and 100 mmol o f phenylhydrazine ca. 10 ml

hours. Magnesium perchlorate (1.231 g) was added as a catalyst. The mixture was 

stirred until reaction was complete, as monitored with TLC. The completed reaction 

was dried with anhydrous Na2S0 4  and extracted with methanol. The liquor was 

reduced by rotary evaporation. The crude product was then recrystaillised from 

minimum ethanol and vacuum filtered. The dried product was washed with hexane 

and dried again. Products were stored in a freezer as the phenylhydrazones tend to 

decompose at room temperature.

6.2.1 Synthesis of (E)-l-(l-(4-(benzyloxy)phenyl)ethylidene)-2-phenylhydrazine

This product was obtained from 4-benzyloxyacetophenone (22.6 g, 100 mmol), 

phenyl hydrazine (10.81 g, 100 mmol).

Yield: 54.76%, white solid 

MP: 146 °C

'H NMR 400.13M H z CDCb : 82.17(s,3H,CH3), 55.10(s,2H,CH2), 

56.84-6.88(t,lH ,A r-H(4’)), 66.98(d,2H,J=9.0 Hz,Ar-H(3,5)),

5 7.14-7.45(m,10H,Ar-H(2’,3’,5’,6’,2” ,3” ,4” ,5” ,6” ),NH),

67.76(d,2H,J=9.04 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 611.80(CH3), 569.60(0-CH2), 8112.82(Ar-C(2’,6’)), 

8114.08-114.28(Ar-C(3,5)), 5119.68-128.78(A r-C (2,6 ,3 \4’,5’,2” ,3” ,4” ,5” ,6” )), 

8130.17(A r-C(l)),5135.71(A r-C(l” )) ,5  136.35(A r-C(l’)), 5 144.84(N=C-CH3),

o

were mixed in 100 ml 1, 2-dichloroethane at room temperature (20-25 C) for two

4

(

N

v / W \  R

J  2

5 '

68
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8158.68(Ar-C(4)

IR (KBr): C=N absorbance at 1600.77 cm”'

6.2.2 Synthesis o f (E)-l-(l-(4-brom ophenyl)ethylidene)-2-phenylhydrazine 69

This product was obtained from 4-bromoacetophenone (19.9 g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 52.34%, yellow solid 

MP: 116°C

'H NMR 400.13M Hz CDCI3: 5 2.24(CH3), 66.90-6.94(t,lH ,Ar-H(4’)),

67.19-7.22(m,2H,Ar-C(3’,5’), 57.29-7.34(m,3H,Ar-H(2’,6’),NH), 

57.52(dd,2H,J=8.56 Hz,Ar-H(3,5)), 57.69(dd,2H,J=8.56 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 511.2 UCH3), 5112.79(Ar-C(2’,6’)), 

5121.51(Ar-C(4)), 5126.53-130.95(Ar-C(2,3,5,6,3’,5’)), 5 137.54(Ar-C(l)), 

5139.44(A r-C(r)),6144.47(N =C-CH3)

IR (KBr): C=N absorbance at 1600.46 cm*'

6.2.3 Synthesis of (E)-4-(l-(2-phenyIhydrazono)ethyl)aniIine 70

This product was obtained from 4-aminoacetophenone (13.5 g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 31.91%, red brown solid 

MP: 132 °C

'H NMR 400.13M Hz CDClj : 52.21(s,3H,CH3), 56.71(d,2H,J=8.52 Hz,Ar-H(3,5)), 

56.87(m ,lH ,A r-H (4’)),57.18-7.31(m ,4H ,A-H(2’,3’,5’,6’)),

56.64(dd,2H,J=8.56 Hz, Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 511.40(CH3), 5112.62(Ar-C(2’,6’)), 

5114.38(Ar-C(3,5)), 5119.24-128.75(Ar-C(3’,4’,5’)), 5 141.50(A r-C (l’)),

5145.20(N=C-CH3), 5146.03(Ar-C(4))

IR (KBr): C=N absorbance at 1598.51 cm"'

6.2.4 Synthesis o f (E)-l-phenyl-2-(l-phenylethylidene)hydrazine 71

This product was obtained from acetophenone (12.0 g, 100 mmol), phenyl hydrazine 

(10.81 g, 100 mmol).

Yield: 40.35%, brown solid 

MP: 140 °C

'H NMR 400.13M Hz CDCI3: 5 2.28(s,3H,CH3), 56.92-6.96(m ,lH ,A r-H (4’)),
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57.23-7.25(m,2H,Ar-H(3’,5’)), 67.32-7.37(m,4H,Ar-H(3,5,r,6’)), 

57.42-7.46(m,lH,Ar-H(4)), 57.85(dd,2H,J=7.52 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 811.43(CH3), 8112.78(Ar-C(2’,6’)),

8119.74-128.84(Ar-C(2,3,4,5,6,3’,4’,5’)X 8138.71(Ar-C(l)),8140.67(Ar-C(l’)), 

8144.78(N=C-CH3)

IR (KBr): C=N absorbance at 1611.65 cm''

6.2.5 Synthesis of (E)-4-(l-(2-phenylhydrazono)ethyl)phenol 72

This product was obtained from 4-hydroxyacetophenone (13.6 g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 67.65%, orange solid 

MP: 110°C

'H NMR 400.13MHz CDCI3 : 82.25(s,3H,CH3), 83.61(s,OH),

86.74-6.78(m,lH,Ar-H(4’)), 86.86(dd,2H,J=6.52 Hz.Ar-H(3,5)),

87.23-7.24(m,2H,Ar-H(3’,5’)), 87.72(d,2H,J=8.52 Hz,Ar-H(2’,6')), 

88.55(d,2H,J=8.04 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 811.10(CH3), 8112.36(Ar-C(2’,6’)), 

8114.52(Ar-C(3.5)), 81 18.33-130.78(Ar-C(2,6,3’,4’,5’), 8140.58(Ar-C(l’)),

8146.1 5(N=C-CH3), 8156.93(Ar-C(4))

IR (KBr) C=N absorbance at 1595.19 c m '', OH absorbance at 3460.82 cm''

6.2.6 Synthesis of (E)-l-(l-(4-methoxyphenyl)ethylidene)-2-phenylhydrazine 73

This product was obtained from 4-methoxyacetophenone (15.0 g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 30.26%, white solid 

MP: 138 T

'H NMR 400.13MHz CDCI3 : 82.25(s,3H,-CH3), 8 3.87(s,3H,0-CH3), 

86.88-6.92(m,lH,Ar-H(4’)), 86.69-6.96(m,2H,Ar-H(3,5)),

87.20(d,2H,J=8.04 Hz,Ar-C(2’,6’)), 87.29-7.33(m,2H,Ar-H(3’,5’)),

8 7.78(dd,2H,J=9.0 Hz,Ar-H(2,6))

'^CNMR 100.61MHz CDCI3 : 811.5 1(CH3), 854.90(0-CH3), 8112.69(Ar-C(2’,6’)), 

8113.26(Ar-C(3,5)), 8119.50-131.40(Ar-C(2,6,3’,4’,5’)), 8141.05(Ar-C(l’)), 

8144.96(N=C-CH3) , 8159.20(Ar-C(4))

IR (KBr): C=N absorbance at 1657.10 cm''
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6.2.7 Synthesis o f (E)-l-(l-(4-brom ophenyl)ethylidene)-2-(4- 
methoxyphenyl)hydrazine 74

This product was obtained from 4-bromoacetophenone (19.9 g, 100 mmol), 4- 

methoxyphenyl hydrazine (13.8 g, 100 mmol).

Yield: 76.8%, brown solid 

MP: 158 °C

'H NMR 400.13M Hz CDCI3 : 8 2.61(s,3H,CH3), 83.83(s,3H,0-CH3), 

87.03(dd,2H,J=8.76 Hz,Ar-H(3’,5’)), 8 7.50-7.54(m,2H,Ar-H(2’,6’)), 

87.62-7.64(m,2H,Ar-H(3,5)), 87.83-7.86(m.2H,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 5 26.1 KCH3), 8 55.22(0 -CH3),

8113.42-113.87(Ar-C(2’,3’,5’,6 ’)), 8 120.20(Ar-C(4)), 8124.41-129.40(Ar-C(2,3,5,6), 

8 135.34(A r-C(l’)),8138.41(A r-C (l)), 8159.06(N=C-CH3), 8 162.18(Ar-C(Ar-C(4’)) 

IR (KBr); C=N absorbance at 1587.49 cm ''

6.2.8 Synthesis o f (E)-l-(l-(3-fluoro-4-m ethoxyphenyl)ethylidene)-2- 
phenylhydrazine 75

This product was obtained from 3-fluoro-4-methoxy acetophenone (16.8 g, 100 

mmol), phenyl hydrazine (10.81 g, 100 mmol).

Yield: 97.36%, light yellow solid 

MP: 138 °C

'H NMR 400.13M Hz CDCI3 : 82.22(s,3H,CH3), 3.94(s,3H,0 -CH3), 

6.90-6.93(m ,lH ,A r-H (4’)), 6.95-6.99(m,2H,Ar-H(3’,5’)), 7.19(d,2H,J=7.52 Hz, 

A r-H(2’,6’)), 7.30-7.34(m,lH,Ar-H(5)), 7.46(d,lH ,J=8.52 Hz,Ar-H(6)), 

7.66(dd,lH ,J=2.04,l 1.04 Hz,Ar-H(2))

'^C NMR 100.61MHz CDCI3: 811.2 UCH3), 55.84(0-CH3),

112.28,112.81(Ar-C(2’,6’)),119.76(Ar-C(2)), 120.78, 120.81, 128.84, 

132.16(Ar-C(5,6,3’,4’,5’)), 139.28(Ar-C(l)), 144.68(N=C-CH3), 147.14(A r-C(l’)), 

150.70(Ar-C(4)), 153.13(Ar-C(3))

IR (KBr): C=N absorbance at 1619.61 cm ''

6.2.9 Synthesis o f (E)-l-phenyl-2-(l-(3,4,5- 
trimethoxyphenyl)ethylidene)hydrazine 76

This product was obtained from 3,4,5-trimethoxyacetophenone (21.0 g, 100 mmol), 

phenyl hydrazine (10.81 g, 100 mmol).

Yield: 90.2%, white solid
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MP: 96 °C

'H NMR 400.13MHz CDCI3 : 52.26(s,3H,CH3), 3.90,3.96(ds,9H,0-CH3),

6.89-6.93(m,lH,Ar-H(4’)), 7.06(s,2H,Ar-H(2,6)), 7.19(d,2H,J=8.04 Hz,Ar-H(2’,6’)),

7.28-7.36(m,3H,Ar-H(3’,5’),NH)

'^C NMR 100.61MHz CDCI3 : 511.75(CH3), 55.78, 58.03, 60.51(0-CH3), 

102.53(Ar-C(2,6)), 112.70(Ar-C(2’,6’)), 119.77(Ar-C(4’)), 128.84(Ar-C(3’,5’)), 

134.50(Ar-C(l)), 137.91(Ar-C(l’)), 140.42(Ar-C(4)), 144.68(N=C-CH3), 

152.64(Ar-C(3,5))

IR (KBr): C=N absorbance at 1599.92 cm''

6.2.10 Synthesis of (E)-l-(l-(4-iodophenyI)ethylidene)-2-phenylhydrazine 77

This product was obtained from 4-iodoacetophenone (24.6g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 74.66%, orange solid 

MP: 104°C

'H NMR 400.13MHz CDCI3 : 82.23(s,3H.CH3), 6.91-6.95(m,l H,Ar-H(4’)), 

7.20(d,2H,J=7.52 Hz,Ar-H(2',6^)), 7.21-7.34(m,2H,Ar-H(3’,5^)), 

7.56(dd.2H,J=2.0,8.52 Hz,Ar-H(2,6)), 7.72(m,2H,Ar-H(3,5))

'^C NMR 100.61MHz CDCI3 : 511.22(CH3), 93.27(Ar-C(4)), 112.83(Ar-C(2’,6’)), 

120.04, 126.82, 128.86(Ar-C(2,6,3’,4’,5’)), 136.93(Ar-C(3,5)), 

138.03(Ar-C(l)),139.90(Ar-C(l’)), 144.40(N=C-CH3)

IR (KBr): C=N absorbance at 1600.39 cm''

6.2.11 Synthesis of (E)-2-methoxy-4-(l-(2-phenylhydrazono)ethyl)phenol 78

This product was obtained from 3-methoxy 4-hydroxyacetophenone (16.6 g, 100 

mmol), phenyl hydrazine (10.81 g, 100 mmol).

Yield: 36.60%, light yellow solid 

MP: 240 °C

'H NMR 400.13MHz CDCI3 : 6 2.26(s,3H,CH3), 4.00(s,3H,0-CH3), 5.82(s,OH),

6.89-6.93(m,lH,Ar-H(4’)), 6.95(d,lH,J=8.56 Hz,Ar-H(2)),

7.22(d,lH,J=2.0 Hz,Ar-H(5)), 7.18-7.20(m,2H,Ar-H(2’,6’)),

7.29-7.34(m,2H,Ar-H(3’,5’)), 7.56(d,lH,J=2.0 Hz.Ar-H(6))

'^C NMR 100.61MHz CDCI3 : 5 11.73(CH3), 55.56(0-CH3),

107.42,112.73,113.42,118.87, 119.64(2,5,6,2’,6’), 128.82(Ar-C(3’,5’)),
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130.92(Ar-C(l)), 144.89(N=C-CH3), 145.85(Ar-C(3)), 146.17(Ar-C(4))

IR (KBr): C=N absorbance at 1603.16 cm '’

6.2.12 Synthesis of (E)-l-(l-(3,4-dimethoxyphenyi)ethylidene)-2- 
phenylhydrazine 79

This product was obtained from 3, 4-dimethoxyacetophenone (18.0 g, 100 mmol), 

phenyl hydrazine (10.81 g, 100 mmol).

Yield: 94.39%, white solid 

MP: 120 °C

'H NMR 400.13MHz CDCI3 : 52.28(s,3H,CH3), 3.94,3.99(ds,6H,0-CH3), 

6.88-6.92(m,2H,Ar-H(5,4’)), 7.17(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 

7.25(dd,lH,J=2.0,8.56 Hz,Ar-H(6)), 7.28-7.3l(m,2H,Ar-H(3’,5’)),

7.58(d,lH,J=1.52 Hz,Ar-H(2))

'^CNMR 100.61MHz CDCI3: 51 1.80(CH3), 55.5 UO-CH3), 108.04, 109.48, 110.04, 

112.78(Ar-C(2,5,2’,6’)), 118.32, 119.74, 122.88, 128.82(Ar-C(6,3’,4’,5’)), 

131.08(Ar-C(l’)), 144.78(N=C-CH3), 148.51(Ar-C(3)), 149.28(Ar-C(4))

IR (KBr): C=N absorbance at 1602.64 cm''

6.2.13 Synthesis of (E)-2,6-dibromo-4-(l-(2-pheny!hydrazono)ethyl)pheno! 80

This product was obtained from 3,5-dibromo 4-hydroxyacetophenone (29.4 g, 100 

mmol), phenyl hydrazine (10.81g, 100 mmol).

Yield: 58.82%, red solid 

MP: 163 °C

'H NMR 400.13MHz CDCI3: 8 2.19(s,3H,CH3), 6.92-6.95(m,lH,Ar-H(4’)), 

7.18(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 7.29(s,NH), 7.31-7.35(m,2H,Ar-H(3’,5’)), 

7.90(s,2H,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3 : 5 11.23(CH3), 109.48(Ar-C(3,5)),

112.81(Ar-C(2’,6’)), 120.14, 128.56, 128.89(Ar-C(2,6,3’,4’,5’)), 133.64(Ar-C(l)), 

137.58(Ar-C(l’)), 144.28(N=C-CH3), 148.49(Ar-C(4))

IR (KBr): C=N absorbance at 1603.36 cm''

6.2.14 Synthesis of (E)-l-(l-(4-nitrophenyl)ethylidene)-2-phenylhydrazine 81

This product was obtained from 4-nitroacetophenone (16.5 g, 100 mmol), phenyl 

hydrazine (10.81 g, 100 mmol).

Yield: 42.66%, deep red solid
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MP: 134°C

'H NMR 400.13MHz CDCI3: 5 2.30(s,3H,CH3), 6.96-6.70(m,lH,Ar-H(4’)), 

7.25(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 7.33-7.37(m,2H,Ar-H(3’,5’)),

7.95(d,2H,J=9.0 Hz,Ar-H(2,6)), 8.24(d,2H,J=9.04 Hz,Ar-H(3,5))

'^C NMR 100.61MHz CDCI3 : 811.04(CH3), 113.04(Ar-C(2’,6’)), 120.75, 123.28, 

125.28, 128.98(Ar-C(2,3,5,6,3’,4’,5’)), 137.47(Ar-C(l’)), 143.77(Ar-C(l)), 

144.65(N=C-CH3), 146.38(Ar-C(4))

IR (KBr): C=N absorbance at 1602.85 cm"'

6.2.15 Synthesis of (E)-l-(l-(4-methoxy-3-nitrophenyl)ethylidene)-2- 
phenylhydrazine 82

This product was obtained from 3-nitro 4-methoxyacetophenone (19.5 g, 100 mmol), 

phenyl hydrazine (10.81 g, 100 mmol).

Yield: 87.05%, orange solid 

MP: 152 "C

'H NMR 400.13MHz CDCI3 : 8 2.24(s,3H,CH3), 4.00(s,3H,0-CH3), 

6.91-6.95(m,lH,Ar-H(4’)), 7.1 l(d,lH,J=8.52 Hz.Ar-H(5)),

7.19(d,2H,J=7.52 Hz,Ar-H(2',6')), 7.29(s,NH), 7.30-7.34(m,2H,Ar-H(3’,5’)), 

8.05(dd,lH,J=2.48,9.0 Hz,Ar-H(6)), 8.23(d,lH,J=2.0 Hz,Ar-H(2))

'^C NMR 100.61MHz CDCI3 : 811.15(CH3), 56.21(0 -CH3), 112.79, 

112.93(Ar-C(5,2’,6’)), 120.13, 122.04, 128.89(Ar-C(2,3’,4’,5’)), 130.45(Ar-C(6)), 

131.45(Ar-C(l)), 137.96(Ar-C(l’)), 139.02(Ar-C(3)), 144.29(N=C-CH3), 

152.05(Ar-C(4))

IR (KBr): C=N absorbance at 1595.24 cm''

6.2.16 Synthesis of (E)-l-(l-(3-chloro-4-methoxyphenyl)ethylidene)-2- 
phenylhydrazine 83

This product was obtained from 3-chloro 4-methoxyacetophenone (18.5 g, 100 

mmol), phenyl hydrazine (10.81 g, 100 mmol).

Yield: 80.80%, yellow solid 

MP: 110°C

'H NMR 400.13MHz CDCI3 : 8 2.24(s,3H,CH3), 3.95(s,3H,0-CH3), 

6.90(d,lH,J=9.0 Hz,Ar-H(5)), 6.92-6.96(m,lH,Ar-H(4’)),

7.18(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 7.30-7.34(m,2H,Ar-H(3’,5’)), 

7.66(dd,lH,J=2.52,9.04 Hz,Ar-H(6)), 7.87(d,lH,J=2.0 Hz,Ar-H(2))
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'^C NM R 100.61MHz CDCI3 : 5 11.56(CH3), 55.81 (O-CH3), 110.81, 111.20, 

112.83(Ar-C(5,2’,6’)), 119.91 (A r-C(4’)), 122.1 l(A r C(3)), 124.59, 127.05, 127.90, 

128.37, 128.85(Ar-C(2,6,3’,4’,5 ')), 130.20(Ar-C(l)), 144.58(N=C-CH3), 

154.53(Ar-C(4))

IR (KBr): C=N absorbance at 1599.83 cm ''

6.2.17 Synthesis o f (E)-l-(4-m ethoxyphenyl)-2-(l-(4- 
methoxyphenyl)ethylidene)hydrazine 84

This product was obtained from 4-methoxyacetophenone (15.0 g, 100 mmol), 4- 

methoxyphenyl hydrazine (13.8 g, 100 mmol).

Yield: 90.52%, yellow solid 

MP: 98 °C

'H NM R 400.13M Hz CDCI3 : 5 2 .5 9 (s,3 H,CH3), 3.84,3.89(ds,6H,0-CH3), 

6.88(d,2H,J=9.04 Hz,Ar-H(3,5)), 6.94(d,2H,J=8.56 Hz,Ar-H(3’,5’)), 

7.78(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 7.97(d,2H,J=8.52 Hz,Ar-(2,6))

'^C NMR 100.61MHz CDCI3 : 5 11.98(CH3), 54.92,55.24(0-CH3),

113.23,113.33,114.20(Ar-C(3,5,2’,3 \5 ’,6’)), 126.71(Ar-C(2,6)), 128.89(A r-C(l)),

130.17(Ar-C( r » ,  159.54(Ar-C(4))

IR (KBr): C=N absorbance at 1607.30 cm ''

6.2.18 Synthesis o f (E)-l-(2,4-dinitrophenyl)-2-(l-(4- 
methoxyphenyl)ethylidene)hydrazine 85

This product was obtained from 4-methoxyacetophenone (15.0 g, 100 mmol), 2,4- 

dinitrophenyl)hydrazine (19.8 g, 1 0 0  mmol).

Yield: 85.76%, dark red solid 

MP: 108 °C

'H NMR 400.13M Hz CDCI3: 6 2 .4 7 (s,3 H,CH3), 3.91(s,3H,0-CH3), 

7.00(d,2H,J=9.0 Hz,Ar-H(3,5)), 7.29(s,NH), 7.86(dd,2H,J=2.28,9.04 Hz,Ar-H(2,6)), 

8.14(dd.lH ,J=0.76,2.76 Hz,Ar-H(6 ’)), 8.37(d,lH ,A r-H (5’)). 9.19(s,lH ,A r-H(3'))

'^C NMR 100.61MHz CDCI3 : 613.56(CH3), 55.46(0-CH3), 114.08(Ar-C(3,5)), 

116.70(Ar-C(6’)), 123.63(Ar-C(3’)), 128.07(Ar-C(2,6)), 129.74(Ar-C(l)), 

130.06(Ar-C(5’)), 137.95(Ar-C(2’)), 140.57(Ar-C(4’)), 144.99(N=C-CH3), 

152.17(A r-C(l’)), 161.35(Ar-C(4))

EIMS (HR): C 15H 15N4O5 calculated [M ^H ]331.1042, observed [M^+H] 331.1058. 

IR (K Br): C=N absorbance at 1615.30 cm ''
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6.3 General procedure for preparation of pyrazole carbaldehydes

Dimethylformamide (2.58 g, 35.3 mmol) and phosphorous oxychloride (5.4 g, 35.3 

mmol) were previously cooled separately to 0 °C before being stirred at this 

temperature. A solution o f phenylhydrazone (c. 3 g, 14.26 mmol.) in DMF (3 mL) 

was added drop-wise to the reaction mixture which was then warmed to room 

temperature and then heated at 70-80 °C for 3-5 h. After cooling to room temperature 

the mixture was basified with a cool saturated K 2 CO 3 solution. The solution was 

filtered and washed with water and the product recrystallized from ethanol. The final 

product was filtered, washed with hexane and dried.

4

5

6

I

3 '

4 ' 5 '

6.3.1 Synthesis of 3-(4-(benzyloxy)phenyl)-l-phenyl-7f/-pyrazole-4-carbaldehyde 
143

The product was obtained from 7-(l-(4-(benzyloxy)phenyl)ethylidene)-2- 

phenylhydrazine(3.96 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride (5.4 g, 35.3 mmol).

Yield: 69.2%, light brown solid 

MP: 148-150 °C

'H NMR (400.13M Hz, CDCI3): 5 5.17 (s, 2H, Ar-CHa-O),

7.13(dd,2H,J=2.0,8.52 Hz,Ar-H(3,5)), 

7.29-7.56(m,8H,Ar-H(3’,4’,5’,2” ,3” ,4” ,5’\ 6 ” )),

7.80-7.82(m,4H,Ar-H(2,6,2’,6’)), 8.55(s,lH ,N-CH=C), 10.06(s,lH ,C H =0)

'^C NMR (100.61M Hz, CDCI3: 6  69.64(0-CH2), 114.70, 116.80, 

119.31(Ar-C(3,5,2’,6’)), 121.84(Ar-C(l)), 123.55(N-CH=C), 119.31,
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121.84(Ar-C(2’,6’)), 123.55(Ar-C(l)), 127.07, 127.51, 127.66, 128.22, 129.25, 

129.86, 130.8, 131.96(Ar-C(2,6,3’,4’,5’,2” ,3” ,4” ,5” ,6” )), 136.21(Ar-C(l ” )), 

138.54(A r-C (l’)), 154.47 (N=CH-), 159.30(Ar-C(4)), 184.95(C=0).

EIMS (HR): C2 3H 18N 2O 2 calculated [M^+Na] 377.1266, 

observed [M’̂ +Na] 377.1277.

IR (KBr) C = 0  absorbance at 1669.36cm''

6.3.2 Synthesis o f 3-(4-brom ophenyl)-l-phenyl-///-pyrazole-4-carbaldehyde 144

The product was obtained from 1 -(1 -(4-bromophenyl)ethylidene)-2- 

phenylhydrazine(3.92g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 87.5%, yellow solid 

MP: 138 "C

'H NMR 400.13M Hz CDCI3 : 8  7.44(m ,lH ,A r-H (4’)),

7.54(d,2H,J=8.0 Hz,Ar-H(2’,6’)), 7.66(d,2H,J=8.56 Hz, Ar-H(3,5)), 

7.78-7.82(m,4H,Ar-H(2,6,3’,5’)), 8.56(s,lH ,N-CH=C), 10.06(s,lH ,C H =0)

'^C NMR 100.61MHz CDCI3 : 5119.31(Ar-C(2’,6’), 122.04(Ar-C(4’)), 

127.70,129.31, 129.84,(Ar-C(2,6,3’,4 \5 ’)), 130.00(N-CH=C), 131.45, 

131.57(Ar-C(3,5)), 138.44(A r-C(l’)), 148.68(N=C-C), 184.02(C=0)

IR (KBr): C = 0  absorbance at 1670.40.cm ''

6.3.3 Synthesis o f 3-(4-am ino-phenyl)-l-phenyl-///-pyrazole-4-carbaIdehyde 
145

The product was obtained from 4-[l-(phenyl-hydrazono)-ethyl]-phenylam ine (3.75 g, 

14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and phosphorous oxychloride 

(5.4 g, 35.3 m mol).

Yield: 90.8%, dark brown solid 

MP: 176-180 °C

'H NMR (400.13M Hz, CDCla ): 57.1 l(d,2H,J=8.56 Hz,Ar-H(3,5)), 

7.39-7.43(m ,lH ,A r-H (4’)), 7.53(d,2H,J=8.0 Hz,(Ar-H(3’,5’)),

7.75(dd, 2H,J=2.0, 8.52 Hz,Ar-H(2,6)), 7.82(dd, 2H, J=2.0, 8.0 Hz Ar-H(2’,6’)), 

8.55(N-CH=C), 10.09(CH=0).

'^C NMR (100.61MHz,CDCl3): 5 1 19.28(Ar-C(3,5)), 121.05,121.94(Ar-C(2’,6’)), 

124.82(Ar-C(4’)), 127.36(Ar-C(2,4)), 129.20,129.30(Ar-C(3’,5’)), 130.24(N-CH=C), 

138.66(A r-C(l’)), 152.76(N=C), 153.10(Ar-C(4)), 185.19(C=0)
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EIMS (HR): C ,6H ,4N 3 0  calculated [M+H]^ 264.1137, observed [M+H]^ 264.1142. 

IR (KBr): C = 0  absorbance at 1675.25cm''

6.3.4 Synthesis of l,3-diphenyl-///-pyrazoie-4-carbaldehyde 146

The product was obtained from (E)-l-phenyl-2-(l-phenylethylidene)hydrazine(3.54 

g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and phosphorous 

oxychloride (5.4 g, 35.3 mmol)

Yield: 91.3%, yellow solid 

MP: 142 °C

'H NMR 400.13M Hz CDCb: 87.32-7.35(m,lH,Ar-H(4)),

7.41-7.48(m,5H,Ar-H(3,5,3’,4’,5’)), 7.73-7.77(m,4H,Ar-H(2,6,2’,6’)),

8.49(s, 1 H,N-CH=C), 10.00(s, 1 H ,CH =0)

'^C NMR 100.61MHz CDCI3 : 8119.33(Ar-C(2’,6’), 122.06(Ar-C(4’)), 127.55, 

128.35, 128.53, 128.87, 129.26(Ar-H(2,3,4,5,6,3’,5’)), 130.48(N-CH=C), 

138.57(A r-C(l’)), 154.40(N=C-C), 184.83(C=0)

EIMS (HR): CiftH^NaO calculated [M"+H]249.1028, observed [M ^ H ] 249.1022. 

IR (KBr): C = 0  absorbance at 1675.54.cm"'

6.3.5 Synthesis of 3-(4-hydroxypheny!)-l-phenyl-///-pyrazo!e-4-carbaldehyde 
147

The product was obtained from 4-(l-(2-phenylhydrazono)ethyl)phenol (3.23 g, 14.26 

mmol), dimethylformamide (2.58 g, 35.3 mmol) and phosphorous oxychloride (5.4 g, 

35.3 mmol).

Yield: 73.37%, brown solid 

MP: 216-220 °C

'H NMR 400.13M Hz CDCI3 : 56.99(d,2H,J=8.56 Hz,Ar-H(3,5)),

7.42-7.46(m ,lH ,A r-H (4’)), 7.57-7.61(m,2H,Ar-H(3’,5’)),

7.90(d,2H,J=8.52 Hz,Ar-H(2,6)), 8.02(d,2H ,J-8.04 Hz,Ar-H(2’,6’)),

9.02(s, 1 H,N-CH=C), 10.06(s, 1 H ,C H =0)

'^C NMR 100.61M Hz CDCla: 51 14.75(Ar-C(3,5), 118.79(Ar-C(2’,6’)), 

122.62(Ar-C(4’)), 127.04, 129.15, 129.84(Ar-C(2,6,3’,5’)), 133.13(N-CH=C), 

138.80(A r-C(l’)), 152.92(N=C-C), 158.04(Ar-C(4)), 183.60(C=0)

EIMS (HR): Ci6H,2N202K calculated [M+K]^ 303.0536, 

observed [M+K]^ 303.0527.

IR (KBr): C = 0  absorbance at 1685.38 cm"'
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6.3.6 Synthesis o f 3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazole-4-carbaldehyde 
148

The product was obtained from 1 -(1 -(4-methoxyphenyl)ethyhdene)-2- 

phenylhydrazine(3.43 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 70.01%, white solid 

MP: 138-140 °C

'H NM R 400.13M Hz CDCb: 53.90(s,3H,0-CH3), 7.05(d,2H,J=9.04 Hz,Ar-H(3,5)), 

7 .41(m ,lH ,A r-H (4’)), 7.51-7.55(m,2H,Ar-H(3’,5’)),

7.80-7.83(m,2H,Ar-H(2,6,2’,6’)), 8.55(s,lH ,N-CH=C), 10.06(s,lH ,CH =0)

'^C NM R 100.61MHz CDCI3: 8113.75(Ar-C(3,5), 119.26(Ar-C(2’,6’)), 

121.89(Ar-C(l)), 123.38(Ar-C(4’)), 127.44, 129.23, 129.82(Ar-C(2,6,3',5’)), 

130.74(N-CH=C), 138.59(A r-C(l’)), 154.08(N=C-C), 160.09(Ar-C(4)), 184.77(C=0) 

IR (K Br): C = 0  absorbance at 1672.02 cm ''

6.3.7 Synthesis of 3-(4-brom ophenyl)-l-(4-niethoxyphenyl)-7//-pyrazole-4- 
carbaldehyde 149

The product was obtained from 1 -(1 -(4-bromophenyl)ethylidene)-2-(4- 

methoxyphenyl)hydrazine(4.55g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 

mmol) and phosphorous oxychloride (5.4 g, 35.3 mmol)

Yield: 19.71%, brow^n solid 

MP: 156-158 “C

'H NMR 400.13M Hz CDCI3: 8 3 .88(s,3H,0 -CH3), 7.01-7.04(m,2H,Ar-H(3’,5’)), 

7.63-7.65(m,2H,Ar-H(3,5)), 7.68-7.70(m,2H,Ar-H(2’,6’)),

7.75-7.78(m,2H,Ar-H(2,6)), 8.45(s, 1 H,N-CH=C), 10.03(s, 1 H ,CH =0)

'^C NMR 100.61MHz CDCI3: 855.66(0-CH3), 114.77(Ar-C(3’,5’), 121.89(Ar-C(l)), 

122.20(Ar-C(4)), 123.64(Ar-C(2,6)), 130.44(N-CH=C), 131.80,

131.88(Ar-C(3,5)), 132.45(Ar-C( 1’)), 159.41 (Ar-C(4’)), 184.48(C=0)

IR (KBr): C = 0 absorbance at 1667.59 cm ''

6.3.8 Synthesis of 3-(3-fluoro-4-m ethoxyphenyl)-l-phenyl-7//-pyrazole-4- 
carbaldehyde 150

The product was obtained from l-(l-(3-fluoro-4-m ethoxyphenyl)ethylidene)-2- 

phenylhydrazine (3.68 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride (5.4 g, 35.3 mmol).
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Yield: 90.1%, yellow solid 

MP: 250 °C

'H NMR 400.13M Hz CDCI3: 53.99(s,3H,0-CH3), 7.08-7.13(m,lH,Ar-H(5)),

7.41-7.45(m ,lH ,A r-H(4’)), 7.53-7.57(m,2H,Ar-H(3’,5’)), 7.66-7.73(m,2H,Ar-H(2,6)), 

7.81(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 8.55(s,lH ,N-CH=C), 10.08(s,lH ,CH =0)

'^C NMR 100.61MHz CDCI3: 555.85(0-CH3), 112.77(Ar-C(5)), 116.02(Ar-C(2)), 

119.25(Ar-C(2’,6’)), 121.94(A r-C(l)), 124.66, 127.60, 129.28(Ar-C(6,3’,4’,5’)), 

131.54(N-CH=C), 138.46(A r-C(l’)), 150.64(Ar-C(4)), 152.60(Ar-C(3)), 

153.08(N=C-C), 184.12(C=0)

IR (KBr): C = 0  absorbance at 1674.51 cm ''

6.3.9 Synthesis of l-phenyl-3-(3,4,5-trim ethoxyphenyi)-///-pyrazole-4- 
carbaldehyde 151

The product was obtained from 1-phenyl-2-(l-(3,4,5-

trimethoxyphenyl)ethylidene)hydrazine(4.28 g, 14.26 mmol), dimethylformamide 

(2.58 g, 35.3 mmol) and phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 58.60%, white solid 

MP: 220 °C

'H NMR 400.13M Hz CDCI3: 63.95,3.98(ts,9H,0-CH3), 7.16(s,2H,Ar-H(2,6)),

7.41-7.45(m ,lH ,A r-H (4')), 7.54-7.58(m,2H,Ar-H(3’,5’)),

7.82(d,lH ,J=2.24 Hz,Ar-H(2’,6^)), 8.57(s,lH ,N-CH=C), 10.10(s,lH ,C H =0)

'^C NMR 100.61MHz CDCI3: 556.31,61.00(0-CH3), 106.16(Ar-C(2,6)), 

119.82(Ar-C(2’,6’)), 122.50(Ar-C(l)), 126.73(Ar-C(4)),

128.10, 129.75(Ar-C(3’,4’,5’)), 131.88(N-CH=C), 138.94(A r-C(D ),

153.47(N=C-C), 154.49(Ar-C(3,5)), 184.96(C=0)

EIMS (HR): C ,9H ,8N2 0 4  calculated [M^+H]339.1267, observed [M ^ H ] 339.1246. 

IR (NaCl/KBr): C = 0  absorbance at 1688.51 cm ''

6.3.10 Synthesis o f 3-(4-iodo-phenyl)-l-phenyl-///-pyrazole-4-carbaldehyde 152

The product was obtained from N-[l-(4-iodo-phenyl)-ethylidene]-N '-phenyl- 

hydrazine (5.35 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride (5.4 g, 35.3 mmol).

Yield: 90%, light brown solid 

MP: 154°C

'H NM R 400.13M Hz CDCI3: 5 7.41-7.45(m ,lH ,A r-H(4’)),
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7.54(d,2H,J=8.0 Hz,Ar-H(3’,5 ')), 7.65(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 

7.79-7.87(m,4H.Ar-H(2,3,5,6)), 8.56(N-CH=C), 10.06(CH=0).

'^C NMR (100.61M Hz,C D C b): 6 95.14(Ar-C(4)), 119.30(Ar-C(2’,6’)), 

122.02(Ar-C(4’)), 127.69(Ar-C(l)), 129.30, 130.12, 130.40, 131.55(Ar-C(2,6,3’,5’)), 

137.41(Ar-C(3,5)), 138.43(A r-C(l’)), 152.91(N=C), 184.05(CH=0).

EIMS (HR): C 1 6H 1 2IN 2 O calculated [M+H]^ 374.9994, observed [M+H]^ 375.0002. 

IR (KBr): C = 0  absorbance at 1671.65cm''

6.3.11 Synthesis o f 3-(3,4-dim ethoxy-phenyl)-l-phenyl-7//-pyrazole-4- 
carbaldehyde 153

The product was obtained from N-[l-(3,4-dimethoxy-phenyl)-ethylidene]-N '-phenyl- 

hydrazine (4.40g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride (5.4 g, 35.3 mmol)

Yield: 60.85%, white solid 

MP: 130°C

'H NMR 400.13M Hz C D C b: 63.98-4.00(ds,6H,CH3),

7.01(d,lH ,J=8.28 Hz,Ar-H(5)), 7.29(s,l H,Ar-H(2)),

7.41-7.56(m ,4H ,A r-H (6,3\4 ',5 ',)), 7.81-7.83(m ,2H ,A r-H (2\6')),

8.55(s, 1 H,N-CH=C), 10.08(s, 1 H ,CH=0).

'^C NMR 100.61MHz C D C b: 556.01,56.06(0-CH3), 110.64(Ar-C(2)),

111.14,111.78(Ar-C(2,5,)), 119.78(Ar-C(6)), 121.88, 122.44(Ar-C(2’,6’)), 

127.96(Ar-C(2’,5’)), 129.7(Ar-C(4')), 131.57(N-CH=C), 139.02(A r-C(l’)), 

149.15(Ar-C(4)), 150.1 l(Ar-C(3)), 154.50(N=C-C), 185.13(C=0).

EIMS (HR): C i8 H ,7N 2 0 3  calculated [M+H]" 309.1239, observed [M+H]^ 309.1248. 

IR (KBr): C = 0  absorbance at 1669.24.cm"'

6.3.12 Synthesis o f 3-(3,5-dibrom o-4-hydroxyphenyl)-l-phenyl-7//-pyrazole-4- 
carbaldehyde 154

The product was obtained from 2,6-dibromo-4-( 1 -(2-

phenylhydrazono)ethyl)phenol(5.48 g, 14.26 mmol), dimethylformamide (2.58 g, 

35.3 mmol) and phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 81.90%, brown solid 

MP: 250 °C

'H NMR 400.13M Hz C D C b: 54.91(s,OH), 7.40-7.44(m ,lH ,A r-H (4’)), 

7.54-7.58(m ,2H,A r-H (3',5’)), 7.89-7.92(m ,2H,Ar-H(2',6’)), 7.99(s,2H,Ar-H(2,6)),
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8.89(s, 1 H,N-CH=C), 9.98(s, 1 H ,CH =0)

'^C NM R 100.61MHz CDCb: 6114.74(Ar-C(3,5)), 119.27(Ar-C(2’,6’)), 

121.72(Ar-C(l)), 127.37, 129.33(Ar-C(3’,4’,5’)), 133.08(Ar-C(2,6)), 

131.63(N-CH=C), 139.08(A r-C (l’)), 153.25(N=C-C), 162.43(Ar-C(4)), 185.05(C=0) 

IR (KBr): C = 0 absorbance at 1663.12 cm '', OH absorbance at 3139.76 cm ''

6.3.13 Synthesis o f 3-(4-nitrophenyI)-l-phenyl-7//-pyrazole-4-carbaldehyde 155

The product was obtained from l-(l-(4-nitrophenyl)ethylidene)-2- 

phenylhydrazine(3.64 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 90.2%, red solid 

MP: 162-164 °C

'H NM R 400.13M Hz CDCI3: 57.45-7.49(m ,lH ,A r-H (4')), 

7.56-7.60(m,2H,Ar-H(3’,5’)), 7.83(d,2H,J=8.04 H z,A r-H (2',6’)),

8.19(d,2H,J=8.56 Hz,Ar-H(2,6)), 8.37(d,2H.J=8.52 Hz,Ar-H(3,5)),

8.61 (s, 1 H,N-CH=C), 10.11 (s, 1 H ,CH =0)

'^C NMR 100.61MHz CDCI3: 5119.34(Ar-C(2’,6’)), 122.50(A r-C(l)), 

123.38(Ar-C(3,5)), 128.03, 129.26, 129.41(Ar-C(2,6,3’,4’,5’)), 133.15(N-CH=C), 

138.24(A r-C(l’)), 147.71(Ar-C(4)), 150.88(N=C-C), 183.17(C=0)

EIMS (HR): CiftHnNsOs calculated [M+H]^ 294.0800, observed [M+H]^ 294.0844. 

IR (KBr): C = 0  absorbance at 1685.15 cm ''

6.3.14 Synthesis o f 3-(4-m ethoxy-3-nitrophenyl)-l-phenyl-///-pyrazole-4- 
carbaldehyde 156

The product was obtained from l-(l-(4-m ethoxy-3-nitrophenyl)ethylidene)-2- 

phenylhydrazine(4.07 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride (5.4 g, 35.3 mmol).

Yield: 97.5%, brown solid 

MP: 162 °C

'H NMR 400.13M Hz CDCI3: 64.06(s,3H,0-CH3), 7.22(d,lH ,J=8.8 Hz,Ar-H(5)), 

7.29(s,lH ,A r-H(2)), 7.42-7.46(m ,lH ,A r-H (4’)), 7.54-7.58(m,2H,Ar-H(3’,5’)), 

7.81(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 8.24(dd, H,J=2.24,8.76 Hz,Ar-H(6)),

8.56(s, 1 H,N-CH=C), 10.07(s,l H ,C H =0)
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'^C NMR 100.61MHz CDCI3: 856.73(0-CH3), 113.49(Ar-C(5)), 

119.69(Ar-C(2’,6’)),122.47(Ar-C(l)), 126.05, 128.25, 129.81(Ar-C(2,3’,4’,5’)), 

133.67(N-CH=C), 134.54(Ar-C(6)), 138.75(Ar-C(3)), 139.66(Ar-C(l’)), 

151.10(N=C-C), 153.51(Ar-C(4)), 183.68(C=0)

IR (KBr): C =0 absorbance at 1687.60 cm''

6.3.15 Synthesis of 3-(3-chloro-4-methoxyphenyl)-l-phenyl-///-pyrazole-4- 
carbaldehyde 157

The product was obtained froml-(l-(3-chloro-4-methoxyphenyl)ethylidene)-2- 

phenylhydrazine(3.92 g, 14.26 mmol), dimethylformamide (2.58 g, 35.3 mmol) and 

phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 89.3%, yellow solid 

MP: 136 °C

'H NMR 400.13MHz CDCI3: 64.00(s,3H,0-CH3), 7.07(d,l H,J=8.52 Hz,Ar-H(5)), 

7.29(s,lH,Ar-H(2)), 7.41-7.45(m,lH,Ar-H(4’)),7.53-7.57(m,2H,Ar-H(3’,5’)),

7.81 (dd,2H,J=l.28,9.28 Hz,Ar-H(2’,6')), 7.97(d,2H,J=2.0 Hz,Ar-H(6)),

8.55(s, 1 H,N-CH=C), 10.07(s, 1 H,CH=0)

'^C NMR 100.61MHz CDCI3: 856.29(0-CH3), 111.94(Ar-C(5)), 

119.74(Ar-C(2’,6’)), 122.40(Ar-C(l)), 124.75(Ar-C(3)), 128.06, 128.56, 129.74, 

130.55(Ar-C(2,6,3’,4’,5’)), 131.98(N-CH=C), 138.94(Ar-C(l’)), 152.91 (N=C-C), 

155.89(Ar-C(4)), 184.55(C=0)

IR (KBr): C =0 absorbance at 1668.29 cm''

6.3.16 Synthesis of l-(2,4-dinitrophenyl)-3-(4-methoxyphenyi)-///-pyrazole-4- 
carbaldehyde 158

The product was obtained froml-(2,4-dinitrophenyl)-2-(l-(4- 

methoxyphenyl)ethylidene)hydrazine(4.71g, 14.26 mmol), dimethylformamide (2.58 

g, 35.3 mmol) and phosphorous oxychloride(5.4 g, 35.3 mmol).

Yield: 49.71%, dark brown solid 

MP: 102 °C

'H NMR 400.13MHz CDCI3: 83.90(s,3H,0-CH3), 7.03(d,2H,J=8.76 Hz,Ar-H(3,5)), 

7.72(dd,2H,J=2.24,9.0 Hz, Ar-H(2,6)), 8.45(s,lH,N-CH=C), 8.45(s,l H,Ar-H(3’)), 

8.60(dd,lH,J=2.52,8.8 Hz,Ar-H(5’)), 8.80(d,lH,J=2.52 Hz.Ar-H(6’)), 

10.09(s,lH,CH=0)

'^C NMR 100.61MHz CDCI3: 855.43(0-CH3), 114.08, 1 14.37(Ar-C(3,5)),
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121.38(Ar-C(3’)), 122.48(Ar-C(l)), 126.29, 127.79, 130.34, 134.65(Ar-C(2,6,5’,6’). 

131.23(N-CH=C), 136.52(A r-C(l’)), 143.72(Ar-C(2’)), 146.56(Ar-C(4’)), 

155.96(N=C-C), 161.08(Ar-C(4)), 184.59(C=0)

EIMS (HR): C,7H,2N406 calculated [M+Na]^ 391.0655, 

observed [M+Na]"^ 391.0665.

IR (KBr): C = 0  absorbance at 1686.87 cm ''

6.4 General procedure for synthesis of pyrazole 1,4-dihydropyridines

The pyrazole carbaldehyde product from last step (0.074 g, 0.3 mmol), 

ethylacetoacetate ( 0.195 g , 1.5 mmol) (or methylacetoacetate) and 33% NH4OH 

(0.159 g, 1.5 mmol) were refluxed in 40 mL ethanol (80 ”C) for approximately 16 h. 

The mixture was stirred until reaction was almost complete as monitored by TLC. 

The completed reaction was diluted and quenched with ice-water.The aqueous layer 

was further extracted with CHCI3 (3x20 mL). The organic layers was dried with 

anhydrous Na2S0 4 , filtered using the funnel with cotton wool; then followed solvent 

reduction by rotary evaporation and recrystallisation from a minimum volume o f 

ethanol, and washed with hexane. The product was finally purified using column 

chromatography (Biotage SPl instrument) to obtain yields o f 13%-46%.

5 ' "  4 ’"

5

NH

3 '

5

NH
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6.4.1 Synthesis o f 2,6-dim ethyl-4-[3-(4-phenoxy-phenyI)-l-phenyi-/i/-pyrazol- 
4-yl|-l,4-dihydro-pyndine-3,5-dicarboxylic acid diethyl ester 161

This product was obtained from 3-benzyloxy-1-phenyl-lH-pyrazole-4-carbaldehyde

(0.106 g, 0.3 mmol), ethylacetoacetate (0.195 g, 1.5 mmol) and 33% NH 4 0 H(0 . 1 5 9

g, 1.5 mmol).

Yield: 7.79%, white solid

MP: 196°C

'H NMR (400.13M Hz, CDCI3  ): 61 ,07(t, 6 H, J=7.52 Hz,CH 2 -CH3 ),

2.15 (s, 6 H, -CH3), 3.79-3.84 (m, 2H, CH2 -CH3 ), 3.97-4.02 (m, 2 H,CH2 -CH 3 ),

5.14 (s, IH, C-H(4” )), 5.21(s,lH , O-CHj-Ar), 7.00(d,2H,J=9.0 Hz,Ar-H(3,5)),

7.18-7.22(m ,2H,Ar-H(3” ’,5” ’)), 7.29-7.31 (m ,lH ,A r-H (4” ’)), 

7.36-7.46(m,5H,Ar-H(2,6,4’,2’ ’̂,6” ’)), 7.64-7.68(m,4H,Ar-H(2%3’,5’,6’)), 

7.69(s,lH ,N-CH=C)

'^C NMR(100.61MHz.CDCl3): 5 13.88 (-CH2CH3 ), 19.07 (-CH 3 ), 29.35 (-CH (4” )), 

59.25(-CH2CH3), 69.39(0-CH2), 103.70(-C(3” ,5” )), 114.04(Ar-C(3,5)), 

118.24(Ar-C(2’,6’)), 125.37, 126.39, 126.96, 127.30, 127.50, 127.87, 128.16, 

128.75(ArC(2,6,3’,4’,5’,2” ’,3” ’,4’” ,5” ’,6’ ’̂)), 129.83(Ar-C(l), 136.83(A r-C (l’” )), 

142.75(C (2 '\6^’)), 150.78(N=C-), 157.63(Ar-C(4)), 167.12(C=0).

EIMS (HR): C 3 5H36N 3O 5 calculated [M+H]" 578.2655, observed [M+H]^ 578.2664. 

IR (NaCl/KBr): C=N absorbance 1600.36 cm"', C = 0  absorbance at 1690.27 cm"', 

C-O-ester absorbance at 1209.18 cm"'.

6.4.2 Synthesis o f 4-[3-(4-brom o-phenyl)-l-phenyl-///-pyrazol-4-yl]-2,6- 
dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 162

This product was obtained from 3-(4-brom o-phenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde (0.098 g, 0.3 mmol), ethylacetoacetate(0.195 g, 1.5 mmol) and 33%>

NH 4 0 H(0 . 1 5 9  g, 1.5 mmol).

Yield: 7.9%, dark yellow solid

MP: 158-160 “C

'H NMR (400.13M Hz CDCI3 ): 5 1.10(t, 6H,J=7.04 Hz, CH2 -CH3 ),

2.29 (s, 6 H, -CH3 ), 3.77-3.86 (m, 2H, CH2 -CH3 ), 4.03-4.06(m, 2H, CH2 -CH 3 ),

5.29 (s, IH, C-H (4” )), 5.58(s, N-H), 7.25-7.29(m ,lH ,A r-H(4’)), 

7.41-7.45(m,2H,Ar-H(3’,5’)), 7.58(d,2H,J=8.52 Hz,Ar-H(3,5)),

7.68(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 7.76(s,lH ,N-CH=C),
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7.83(d,2H,J=8.52 Hz,Ar-H(2,6))

'^C NMR (100.61MHz, CDCI3): 5 13.86 (-CH2CH3 ), 19.17 (-CH3),

29.18 (-CH(4” )), 59.37 (-CH2 CH3), 104.08 (-C(3” ,5” )), 118.41(Ar-C(2’,6’)X 

121.13(Ar-C(4)), 125.74, 126.95, 128.42, 128.83, 130.08, 

130.57(Ar-C(2,3,5,6,3’,4’,5’)), 133.37 (Ar-C(l)), 139.50(Ar-C(l’)), 

142.87(C(2” ,6” )), 149.31(C(3” ,5” )), 167.01(C=0).

EIMS (HR): C2 8H2 9BrN3 0 4  calculated [M+H]^: 550.1341, 

observed [M+H]^: 550.1328

IR (NaCl/KBr): C=N absorbance 1599.45 cm '', C =0 absorbance at 1677.71 cm '', 

C-O-ester absorbance at 1210.65 cm ''.

6.4.3 Synthesis of 4-[3-(4-amino-phenyl)-l-phenyl-//f-pyrazol-4-yl]-2,6- 
dimethyl-l,4-dihydro-pyridine-3,5-dicarboxyiic acid diethyl ester 163

This product was obtained from 3-(4-amino-phenyl)-l-phenyl-///-pyrazole-4-

carbaldehyde (0.079 g, 0.3 mmol), ethylacetoacetate (0.195 g, 1.5 mmol) and 33%

NH4 0 H(0 .1 5 9 g, 1.5 mmol).

Yield: 9.3%, orange solid

MP; 120-124 °C

'H NMR (400.13MHz, CDCI3 ): 6  1.08 (t.6H,J=7.04 Hz,-CH2CH3), 2.3 l(s,6 H,CH3). 

3.80-3.91 (m,2 H,CH2 CH3), 4.05-4.17(m.2H,CH2CH3), 5.30(s,lH,-CH(4” )), 

5.67(s,lH,N-H), 7.17(d,2H,J=8.52 Hz,Ar-H(3,5),

7.25(d,2H,J=10.52 Hz,Ar-H(2’,6’)), 7.41-7.46(m,2H,Ar-H(3’,5’)),

7.56(d,2H,J=8.52 Hz,Ar-H(2,6)), 7.77-7.79(m,lH,Ar-H(4’))

NMR (100.61MHz,CDCl3): 5 13.85 (-CH2CH3), 19.08-19.25 (-CH3),

29.42 (-CH(4” )), 5 9 .3 5 (CH2 CH3)), 103.47,104.28 (-C(3” ,5” )), 117.83(Ar-C(3,5)), 

118.37, 118.40(Ar-C(2’,6’)), 125.60, 126.64, 128.82, 129.44, 

129.78(Ar-C(2,6,3’,4’,5’)), 142.80(Ar-C(l’)), 143.14(-C(2” ,6” )), 158.73(N=C), 

161.57(Ar-C(4)), 167.14(C=0).

EIMS (HR): C2 8H31N4 O4 calculated [M+H]^ 487.2345, observed [M+H]^ 487.2906. 

IR (NaCI/KBr): C=N absorbance 1599.75 cm '', C=0 absorbance at 1677.71 cm '', 

C-O-ester absorbance at 1212.28 cm ''.
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6.4.4 Synthesis o f  4 -(l,3 -d iph en yI-7 //-pyrazol-4-y l)-2 ,6-d im eth yl-l,4 -d ihydro- 
pyrid ine-3,5-d icarboxylic acid diethyl ester 164

This product was obtained from  l,3 -d iphenyl-lH -pyrazole-4-carbaldehyde (0.074 g, 

0.3 m m ol), ethylacetoacetate(0.195 g, 1.5 m m ol)and 33%  N H 4 OH (0.159 g, 1.5 

m m ol).

Yield: 7.86% , light yellow  solid 

MP: 196°C

'H N M R (400.13M H z CDCI3): 81.10(t, 6 H, J=7.52 H z,C H 2 -CH 3 ),

2.25 (s, 6 H, -C H 3 ), 3.76-3.84 (m, 2H, CH 2 -CH 3 ), 4.00-4.08(m , 2 H ,CH 2 -C H 3 ),

5.32 (s, 1H -C H (4” )), 5.51 (s, N -H ), 7.23-7.27 (m, 1H, A r-H (4’)),

7 .34-7.38(m , IH , A r-H (4)), 7 .41-7.45(m ,4H ,A r-H (3,5,3’,5 ’)),

7 .70(d.2H ,J=8.04 H z,A r-C (2’,6’)), 7 .77(s,lH ,N -C H = C ),

7.86(d,2H , J=7.04 Hz,A r-C(2,6)).

‘^C N M R .(100.61M H z CDCI3): 8  13.87 (-CH 2 CH 3), 19.09 (-C H 3), 29.22 (-C H (4” )), 

59.26(-CH2CH3), 103.89(-C (3” ,5 ” )), 118.35(A r-C (2’,6’)), 126.62(A r-C (4’)),

127.00 (A r-C (4)), 127.44(N-CH=C)), 128.15 (Ar-C (3,5)), 128.51(Ar-C(2,6)),

128.77 (C-C=C), 134.40(A r-C (l)), 142.90(-C (2” ,6” ), 150.79(N =C-), 167 .11(C=0). 

EIM S (HR): C 2 8H 30N 3 O 4 calculated [M+H]^ 472.2236, observed [M+H]^ 472.2253. 

IR (N aC l/K Br): C=N absorbance 1599.76 c m '', C = 0  absorbance at 1693.27 cm '', 

C -O -ester absorbance at 1211.06 cm"'.

6.4.5 Synthesis o f 4-[3-(4-hydroxy-phenyl)-l-ph en yl-7 //-pyrazol-4-y l]-2 ,6-  
dim ethyl-l,4-d ihydro-pyrid ine-3 ,5-d icarboxyIic acid diethyl ester 165

This product was obtained from  3-(4 -hydroxy-pheny l)-l-pheny l-///-py razo le-4 -

carbaldehyde (0.079 g, 0.3 m m ol), ethylacetoacetate (0.195 g, 1.5 m m ol) and 33%

N H 4 0 H (0 . 1 5 9 g, 1.5 m m ol).

Yield: 18.7%, white solid

MP: 270 °C

'H N M R  (400.13M H z, CDCI3): 8  1.04 (t, 6H ,J=7.04 Hz, CH2-CH3),

2.30 (s, 6 H, -CH3), 3.71-3.79 (m, 2H, CH2-CH3), 3.94-4.02 (m, 2H, CH2-CH3), 

4 .80(s, 0 -H ), 5.34 (s, IH , -C H (4” )), 6.94 (d, 2H ,J=8.52 Hz, Ar-H (3,5),

7.21-7.25 (m, IH , A r-H (4’), 7 .41-7.46(m ,2H ,A r-H (3’,5 ')),

7.78(d,2H ,J=8.04 H z,A r-H (2’,6 ’)), 7.87(d,2H ,J=8.52 H z,A r-H (2,6))

‘^C N M R  (100.61M H z, CDCI3): 813.36 (-CH2CH3), 17.51(-C H 3), 58.41 (-CH2CH3),
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103.20(C(3” ,5” )), 114.13(Ar-C(3,5)), 117.40(C=CH), 117.75(Ar-C(2’,6’)), 

125.00(N-CH=C), 126.17, 126.54, 128.78, 129.34, 129.42(Ar-C(l ,2,6,3’.4’,5’)), 

139.75(Ar-C(l’)), 144.05(C(2” ,6” )), 149.50(N=C), 156.60(Ar-C(4)), 166.72(C=0). 

EIMS (HR): C2 8 H3 0N 3 O5 calculated [M+H]" 488.2185, observed [M+H]^ 488.2176. 

IR (NaCl/KBr): C=N absorbance 1601.14 cm '', OH absorbance at 3335.13 cm '', 

C-O-ester absorbance at 1208.12 cm"'.

6.4.6 Synthesis of 4-[3-(4-methoxy-phenyi)-l-phenyI-///-pyrazoi-4-yl|-2,6- 
dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 166

This product was obtained from 3-(4-methoxy-phenyl)-1-phenyl-1 H-pyrazole-4-

carbaldehyde (0.083 g, 0.3 mmol),ethylacetoacetate (0.195 g, 1.5 mmol) and 33%

NH4OH (0.159 g, 1.5 mmol).

Yield: 15.3%, light yellow solid

MP: 136-140 °C

'H NMR (400,13MHz CDCI3): 6  1.10 (t, 6H,J=7.04 Hz, CH2 -CH3 ),

2.25 (s, 6 H, C-CH3 ), 3.79-3.85 (m, 2H, CH2 -CH3 ), 3.87(s,3H, O-CH3),

4.01-4.09 (m, 2H, CH2 -CH3 ), 5.27 (s, IH, CH (4'’)), 5.60(s, N-H),

6.98(d, 2H,J=9.04 Hz,Ar-H(3,5)), 7.22-7.26 (m,lH,Ar-H(4’)),

7.40-7.44 (m, 2H, Ar-H(3’,5’), 7.68(d. 2H,J=7.52 Hz,Ar-H(2’,6’)), 

7.75(s,lH,N-CH=C), 7.79-7.82 (d,2H.J=9.04 Hz,Ar-H(2,6))

'^C NMR (100.61MHz CDCI3): 513.76,13.87(-CH2CH3), 19.09(-CH3),

29.24 (CH (4” )), 5 4 .9 4 (0 -CH3 ), 59.28,59.98 (-CH2 CH3 ), 104.01 (C(3” ,5” )), 

112.90(Ar-C(3,5)), 118.27 (Ar-C(2’,6’)), 125.40(N-CH=C), 126.56, 127.05, 128.04, 

129.66(Ar-C(2,6,3’,4’,5’)), 139.64 (A r-C (l’)), 142.83(C(2” ,6” )). 150.51 (N=C), 

158.73(Ar-C(4)), 167.16(C=0).

EIMS (HR): C2 9 H3 2 N 3 O5 calculated [M +H]^ 502.2342, observed [M+H]^ 502.2325 

IR (NaCl/KBr): C=N absorbance 1600.12 cm’', C =0 absorbance at 1693.98 cm '', 

C-O-ester absorbance at 1212.67 cm ''.

6.4.7 Synthesis of diethyl 4-(3-(4-bromophenyl)-l-(4-methoxyphenyl)-///- 
pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 167

This product was obtained from 3-(4-bromophenyl)-l-(4-methoxyphenyl)-lH-

pyrazole-4-carbaIdehyde(0.107 g, 0.3 mmol), ethylacetoacetate (0.195 g,1.5 mmol)

and 33% NH 4 0 H(0 . 1 5 9  g, 1.5 mmol).

Yield: 48%, light yellow solid
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MP: 192°C

'H NMR (400.13MHz, CDCI3 ): 6 1.09(t. 6H, J=7.0 Hz, CH2-CH3),

2.27(s, 6 H, -CH3), 3.76-3.83 (m, 2H, CH2-CH3),

3.84(s,3H,0-CH3), 4.01-4.09(m,2H,CH2-CH3), 5.27 (s, IH, -CH(4” )), 5.55(s,NH), 

6.94(dd,2H,J=2.24,9.0 Hz,Ar-H(3’,5’)), 7.55-7.58(m,4H,Ar-H(3,5,2’,6’)), 

7.65(N-CH=C), 7.8l(dd,2H ,J=l.76,8.52 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3: 5 14.30(-CH2CH3), I9 .6 U-CH3), 29.59(-CH(4” )), 

55.56(0-CH3), 59.80(-CH2CH3), 104.63(-C(3” ,5” )), 114.35(Ar-C(2’,6’)), 

120.56(Ar-(3’,5’)), 121.44(Ar-C(4)), 127.49, 128.39, 130.53, 131.00(Ar-C(2,3,5,6)), 

126.63(N-CH=C), 133.95(Ar-C(l’)), 143.24(C(2” ,6” )), 149.25(N=C-C), 

158.05(Ar-C(4’)), 167.49(C=0).

EIM S (HR): C29H3iN305Br calculated [M+H]^ 580.1447, observed [M+H]^ 

580.1459

IR (NaCI/KBr): C =0 absorbance at 1642.51 cm '',

C-O-ester absorbance at 1207.81 cm ''.

6.4.8 Synthesis of diethyl 4-(3-(3-fluoro-4-methoxyphenyl)-l-phenyl-7//- 
pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 168

This product was obtained from 3-(3-fluoro-4-methoxyphenyl)-l-phenyl-IH-

pyrazole-4-carbaldehyde (0.089 g, 0.3 mmol), ethylacetoacetate, (0.195 g, 1.5 mmol)

and 33% NH4 0 H(0 .159 g, 1.5 mmol).

Yield: 3.10%, dark yellow solid

MP: 152°C

'H NMR (400.13MHz, CDCI3 ): 5 1.10 (t, 6H,J=7.24 Hz, CH2-CH3),

2.28 (s, 6 H, -CH3), 3.81-3.89 (m, 2H, CH2-CH3), 3 .9 5 (s,3H,0 -CH3),

4.03-4.1 l(m, 2 H,CH2-CH3), 5.28 (s, IH, -CH(4” )), 5.84(s, N-H),

7.03-7.07(m,lH,Ar-H(5)), 7.23-7.27(m,l H,Ar-H(4’)), 7.40-7.44 (m, 2H,Ar-H(3’,5’)), 

7.67-7.69(m,2H,Ar-H(2’,6’)), 7.73-7.76(m,2H,Ar-H(2,6))

'^C NMR 100.61MHz CDCI3: 5 14.28 (-CH2CH3), 19.49 (-CH3), 29.65 (-CH(4” )), 

56.44(0-CH3)), 5 9 .79 (-CH2CH3), 104.46 (-C(3” ,5” )), 113.02(Ar-C(5)), 

116.59(Ar-C(2)), 118.81(Ar-C(2’,6’)), 128.83(Ar-C(l)), 124.74, 126.10, 127.72, 

129.26(Ar-C(6,3’,4’,5’)), 143.51(C(2” .6” )), 147.16(Ar-C(l’)), 149.57(N=C-), 

150.82(Ar-C(4)), 153.24(Ar-C(3)), 167.57(C=0).

EIM S (HR): C29H3oN305NaF calculated [M+Na]" 542.2067,
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observed [M+Na]^ 542.2070

IR (NaCl/KBr): C=N absorbance 1599.96 cm '', C = 0  absorbance at 1693.58 cm"', 

C-O-ester absorbance at 1210.60 cm ''.

6.4.9 Synthesis of 2,6-dim ethyI-4-[l-phenyl-3-(3,4,5-trim ethoxy-phenyl)-7//- 
pyrazoi-4-yl]-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 169

This product was obtained from l-phenyl-3-(3,4,5-trim ethoxy-phenyl)-lH-pyrazole-

4-carbaldehyde (0.102 g, 0.3 mmol), ethylacetoacetate (0.195 g, 1.5 mmol) and 33%

NH 4 0 H(0 .1 5 9 g, 1.5 mmol).

Yield: 8.97%, brown solid

MP: 183 °C

'H NM R (400.13MHz,CDCl3): 51.12 (t, 6H,J=7.04 Hz, CH2 -CH3 ),

2.23 (s, 6 H, C-CH 3 ), 3.88-3.98 (m, 2H, CH2 -CH 3 ), 3.90(s,3H,0-CH3), 

3.96(ds,6H,0-CH3), 4.04-4.12 (m, 2H, CH 2 CH 3 )), 5.32 (s, IH, CH(4” )),

5.55(s, N-H), 7.1 l(s,2H,Ar-H(2,6), 7.24-7.28(m ,lH ,A r-H (4’)), 

7.42-7.46(m,2H,Ar-H(3’,5’)), 7.71(d, 2H,J=7.52 Hz, A r-H (2 ',6’)), 

7.78(s,lH ,N -CH=C)

'^C NMR (100.61M Hz,CDCI3): 814.37(-CH2CH3), 19.52(-CH3), 30.01 (-C(4’')), 

56.31-60.86(0-CH3), 59.74 (O-CH 2CH 3 ), 104.03(C(3” ,5” )), 106.60(Ar-C(2,6)), 

118.79 (Ar-C(2’,6’)), 126.05, 126.94, 129.27(Ar-C(3’,4’,5’)), 137.48 (A r-C (l)),

140.01 (Ar-C(4)), 143.23 (C(2” ,6” )), 151.45(C=N),

152.84 (Ar-C(3,5)),167.63(C=0).

EIMS (HR): C3 1 H36N 3 O 7 calculated [M+H]^ 562.2553, observed [M+H]^ 562.2549. 

IR (NaCl/KBr): C=N absorbance 1600.44 cm '', C = 0  absorbance at 1690.49 cm '', 

C-O-ester absorbance at 1205.13 cm ''.

6.4.10 Synthesis o f 4-(l,3-D iphenyl-lH -pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropyridine-3,5-dicarboxylic acid diethyl ester 170

This product was obtained from 1,3-diphenyl-lH-pyrazole-4-carbaldehyde (0.14 g, 

0.3 mmol), ethyl acetoacetate (0.195 g, 1.5 mmol) and NH4OH (33 % ,0 .159  g, 1.5 

mmol).

Yield: 7.9%, light yellow solid 

MP: 196°C

'H NMR (400.13MHz,CDCl3): 5 1.08 (t, 6 H, J=7.04 Hz, CH2-CH3),

2.25 (s, 6 H, -CH 3), 3.80 (m, 2H, CH 2 -CH 3 ), 4.04 (m, 2 H,CH 2 -CH 3 ),
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5.31 (s, IH, -CH(4” )), 5.60 (s, IH, N-H). 12A-121  (m, IH, Ar-H(4’)),

7.34-7.38 (m, IH, Ar-H(4)), 7.76 (s, IH, N-CH=C),

7.41-7.45 (m, 4H, Ar-H (3,5,3’,5’)), 7.70 (d, 2H, J=8.04 Hz, A r-C(2’,6’)),

7.86 (d, 2H, J=7.04 Hz, Ar-C(2,6)).

'^C NMR (100.61MHz,CDCla): 613.87 (-CH 2 CH 3 ), 19.09 (-CH 3 ), 29.22 (-C (4” )), 

59.26 (-CH 2 CH 3 ), 103.89 (-C(3” ,5” )), 118.35 (Ar-C(2’,6’)), 126.62(Ar-C(4’)), 

127.00 (Ar-C(4)), 127.44 (N-CH=C)), 128.15 (Ar-C (3,5)), 128.51 (Ar-C(2,6)), 

128.77 (C-C=C), 134.40 (A r-C (l)), 142.90 (-C(2” ,6” ), 150.79 (N=C-), 167.11(C=0). 

EIMS (HR): C29H32N3O4 calculated [M+H]^ 472.2236, observed [M+H]^ 472.2253. 

IR (NaCl/KBr): C = 0 absorbance at 1668.49 cm '', C-O-ester absorbance at 1109.13 

cm ''.

6.4.11 Synthesis o f 4-|3-(4-iodo-phenyl)-l-phenyl-7//-pyrazol-4-yl]-2,6- 
dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 171

This product was obtained from 3-(4-iodo-phenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde (0.112 g, 0.3 mmol), ethylacetoacetate (0.195 g, 1.5 mmol) and 33%

NH4OH (0.159 g, 1.5 mmol).

Yield: 17%, yellow solid

MP: 168-172 °C

'H NMR (400.13M Hz C D C ij): 5 1.10 (t, 6 H, J=7.24 Hz, CH2-CH3),

2.27 (s, 6 H, -CH3 ), 3.76-3.84 (m, 2H, CH2 -CH 3 ), 4.01-4.09 (m, 2H, CH 2 -CH 3 ),

5.28 (s, IH, -CH(4” )), 5.76(s, N-H), 7.24-7.28 (m, IH, Ar-H(4’)),

7.41-.7.45 (m, 2H, A r-H(3’,5’)), 7.67-7.72 (m, 4H, Ar-H(3,5,2’,6’)),

7.75 (s, 1H,N-CH=C), 7.79(d, 2H,J=8.28 Hz, Ar-(2,6))

'^C NMR (100.61M Hz. CDCI3): 5 14.35 (-CH 2 CH 3 ), 19.57 (-CH 3 ),

29.59 (-CH(4” )), 59.85(-CH2CH3), 93.19(Ar-C(4)), 104.48 (-C(3” ,5” )), 

118.90(Ar-C(2’,6’)), 126.25, 127.49, 128.98, 129.30, 130.76(Ar-C(2,6,3’,4’,5’)), 

134.41(Ar-C(l)), 137.05(Ar-C(3,5)), 139.95(A r-C (r)), 143.50(C(2” ,6” )), 

149.78(N=C-), 167.52(C=0).

EIMS (HR): C 2 8 H2 9 IN3 O4 calculated [M +H]^ 598.1203, observed [M+H]"^

598.1202.

IR (NaCl/KBr): C=N absorbance 1598.71 cm '', C = 0  absorbance at 1676.13 cm '', 

C-O-ester absorbance at 1213.39 cm ''.
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6.4.12 Synthesis of 4-(3-(3,4-dim ethoxy-phenyl)-l-phenyl-///-pyrazol-4-yl|-2,6- 
dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 172

This product was obtained from 3-(3,4-dimethoxy-phenyl)-l -phenyl-1 H-pyrazole-4-

carbaldehyde (0.092 g, 0.3 mmol), ethylacetoacetate, (0.195 g, 1.5 mmol) and 33%

NH4 0 H(0 .1 5 9 g, 1.5 mmol).

Yield: 48.67%, white solid

MP: 186 °C

'H NMR 400.13MHz: 8 1.10 (t, 6H,J=7.04 Hz, CH2-CH3), 2.24 (s, 6H, C-CH3), 

3.94, 3.98(ds,6H,0-CH3), 3.83-3.88 (m, 2H, CH2-CH3),

4.01-4.09 (m. 2H, CH2-CH3 ), 5.31 (s, IH, CH(4” )), 5.70(s, N-H),

6.95(d,lH ,J=8.8 Hz,Ar-H(5)), 7.22-7.26 (m, IH, Ar-H(4’)), 

7.39-7.46(m,4H,Ar-H(2,6,3’,5’)), 7.69 (d, 2H,J=8.52 Hz, Ar-H(2’,6’)), 

7.75(s,lH ,N-CH=C)

'^C NMR (100.61M Hz,CDCI3): 5 14.32(-CH2CH3), 19.48(C-CH3), 29.85(-C(4” )), 

56.06-56. 10(0 -CH3), 59 .74(0 -CH2-CH3), 104.31(-C(3” ,5")), 110.83(Ar-C(2)), 

112.66(Ar-C(5)), 121.63, 125.94, 127.07, 127.70, 128.60, 

129.23(Ar-C(6,2’,3’,4’,5’,6’)), 140.05 (Ar-C (1’)), 148.54,148.63(Ar-C(3,4)), 

151.10(N=C), 167.67(C=0)

EIMS (HR): C30H34N3O6 calculated [M+H]^ 532.2448, observed [M+H]^ 532.2454. 

IR (NaCl/KBr): C=N absorbance 1599.97 cm '', C = 0  absorbance at 1693,57cm'', 

C-O-ester absorbance at 1211.52 cm ''.

6.4.13 Synthesis of diethyl 4-(3-(3,5-dibrom o-4-hydroxyphenyl)-l-phenyl-///- 
pyrazol-4-yl)-2,6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 173

This product was obtained from 3-(3,5-dibrom o-4-hydroxyphenyl)-l-phenyl-lH -

pyrazole-4-carbaldehyde (0.127 g, 0.3 mmol), ethylacetoacetate(0.195 g,1.5 mmol)

and 33% NH4 0 H(0 . 159 g, 1.5 mmol).

Yield: 13.85%, white solid

MP: 168 "C

'H NMR (400.13M Hz, CDCI3 ): 51.00(t, 6H, J=7.04 Hz, CH2-CH3),

2.27 (s, 6H, -CH3), 3.74-3.76 (m, 2H, CH2-CH3), 3.92-3.97(m, 2H,CH2-CH3), 

4.68(s,OH), 5.09 (s, IH ,-C H (4 ” )), 7.29-7.31(m ,lH ,A r-H(4’)), 

7.45-7.49(m,2H,Ar-H(3’,5’)), 7.79-7.84(m,2H,Ar-H(2’,6’)),

8.01-8.08(m,2H,Ar-H(2,6))
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'^C NMR 100.61MHz CDCI3 : 8  14.60 (-CH 2 CH 3), 18.84 (-CH 3 ), 29.34 (-CH(4” )), 

59.78(-CH2CH3), 102.52(-C(3” ,5” )), 112.07(Ar-C(3,5)), 118.70(A r-C (2\6’)), 

126.63(N-CH=C), 128.44, 129.26, 129.89(Ar-C(3’,4’,5’)), 130.29(Ar-C(l)), 132.03, 

132.56(Ar-C(2,6)), 139.68(A r-C(l’)), 145.90(C(2” ,6” )), 147.14(Ar-C(l)), 

148.59(N=C-C), 150.69(Ar-C(4)), 167.34(C=0).

EIMS (HR): C2 8 H2 7N 3 0 5 NaBr2 calculated [M+Na]^ 666.0215, 

observed [M+Na]^ 666.0230

IR (NaCi/KBr): C=N absorbance 1599.75 cm"', C = 0  absorbance at 1649.81 cm"', 

C-O-ester absorbance at 1214.35 cm ''.

6.4.14 Synthesis o f 2,6-dim ethyl-4-|3-(4-nitro-phenyl)-l-phenyI-lH-pyrazol-4- 
yl]-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 174

This product was obtained from 3-(4-nitro-phenyl)-l-phenyl-lH -pyrazole-4-

carbaldehyde (0.088 g, 0.3 mmol), ethylacetoacetate (0.195 g, 1.5 mmol) and 33%

NH 4 0 H(0 . 1 5 9  g, 1.5 mmol).

Yield: 25.5%, red solid

MP: 172°C

'H NM R (400.13M Hz CDCI3  ): 81.05 (t. 6H,J=7.04 Hz. CH 2 -CH 3).

2.32 is, 6 H, -CH3 ), 3.78-3.83 (m, 2H, CH 2 -CH 3 ), 3.98-4.04 (m, 2H, CH2 -CH 3 ),

5.33 (s, IH, -CH(4” )), 6.08(s, N-H), 7.27-7.31 (m, IH, Ar-H(4’),

7 A 3 - . 7 A 7  (m, 2H ,A r-H (3\5’)), 7.70 (d, 2H,J=7.8 Hz, Ar-H(2,6)),

7.82 (s, 1H,N-CH=), 8.28-8.34(m, 4H, Ar-(3,5,2’,6’)).

'^C NMR (100.61M Hz, CDCI3 ): 814.34 (-CH2CH3), 19.61 (-CH3), 29.72 (-CH(4 ” )), 

59.89(-CH2CH3), 104.55 (-C(3” ,5” )), 119.04,119.15(ArC(2’,6’)), 123.33, 124.06, 

126.69, 128.15, 128.79, 129.39, 130.17(Ar-C(2,3,5,6,3’,4’,5’)), 139.76(Ar-C(l)), 

141.78(A r-C(l’)), 143.79(C(2” ,6” )), 146.92(Ar-C(4)), 148.15(N=C), 167.44(C=0). 

EIMS (HR): C2 8 H2 8 N4 0 6 Na calculated [M+Na]^ 539.1907, 

observed [M+Na]^ 539.1901.

IR (NaCi/KBr): C=N absorbance 1596.67 cm '', C = 0  absorbance at 1667.36 cm '', 

C-O-ester absorbance at 1210.53 cm’'.

6.4.15 Synthesis o f 4-[3-(4-m ethoxy-3-nitro-phenyl)-l-phenyl-///-pyrazol-4-yl|- 
2,6-dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 175

This product was obtained from 3-(4-m ethoxy-3-nitro-phenyl)-l-phenyl-IH-

pyrazole-4-carbaldehyde (0.097 g, 0.3 mmol), ethylacetoacetate, (0.195 g, 1.5 mmol)
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a n d 3 3 % N H 4 0 H (0.159 g, 1.5 mmol).

Yield: 52.5%, dark yellow solid 

MP: 152°C

'H NMR (400.13M Hz, CDCI3 ): 8 1.17(t, 6 H J-7 .0  Hz, CH2-CH3),

2.25 (s, 6 H, -C H ^, 3.85-3.89 (m, 2H, CH2-CH3), 3.98-4.05 (m, 2 H,CH2-CH3), 

4.03(s,3H,0-CH3), 5.27 (s, IH, -CH (4” )), 6.37(s, N-H), 

7.17-7.24(m,2H,Ar-H(5,4’)), 7.38-.7.41 (m, 2H, Ar-H(3’,5’)).

7.67 (d, 2H ,J-8 .04 Hz, Ar-H(2’,6’)), 7.81(s,lH ,N-CH=C),

8.25 (d, 2H,J=8.04 Hz, Ar-H(6 )), 8.5 l(s, IH, Ar-(2))

'^C NM R 100.61MHz CDCI3 : SM .SU-CHjCHj), 19.34 (-CH3), 29.77 (-CH(4” )), 

56.68(0-CH3)), 5 9 .7 9 (-CH2CH3), 104.11 (-C(3’',5 ” )), 113.12(Ar-C(5)), 

118.81(A r-C (2\6’)), 125.61, 126.37, 127.85, 129.41(Ar-C(2,3’,4’,5’)), 

134.58(Ar-C(6)), 139.37,139.79(Ar-C(3,l’)), 144.02(C(2” ,6” )), 148.02(N=C-), 

152.19 (Ar-C(4)), 167.57(C=0).

EIMS (HR): C29H3oN40vNa calculated [M+Na]^ 569.2012, 

observed [M+Na]" 569.2032.

IR (NaCl/KBr): C=N absorbance 1623.04 cm '', C = 0  absorbance at 1687.76 cm '', 

C-O-ester absorbance at 1211.24 cm ''.

6.4.16 Synthesis o f 4-|3-(4-fluorphenyI)-l-phenyl-1 H-pyrazol-4-ylj-2,6 -dimethyl- 
l,4-dihydropyridine-3,5-dicarboxylic acid diethyl ester 176

This product was obtained from 3-(4-fluorophenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde (0.147 g, 0.3 mmol), ethyl acetoacetate, (0.195 g, 1.5 mmol and 33%

NH4OH (0.159 g, 1.5 mmol).

Yield: 25.4%, brown solid

MP: 132-134 °C

'H NMR (400.13M Hz, CDCI3): 61.08 (t, 6 H, J=7.52 Hz, CH2-CH3),

2.24 (s, 6 H, - C t y ,  3.77-3.85 (m, 2H, CH2-CH3), 3.99-4.07 (m, 2H, CH2-CH3),

5.26 (s, IH, -CH (4” )), 5.59 (s, IH, N-H), 7.12 (d, 2H, J=8.52 Hz, Ar-H(3,5)), 

7.22-7.25 (m, IH , Ar-H(4’)), 7.38-.7.42 (m, 2H, Ar-H(3’,5’)), 7.66 (d, 2H, J=8.56 

Hz, A r-H(2’,6’)), 7.73 (s, IH, N-CH=C), 7.86 (d, 2H, J-8 .52  Hz, Ar-(2,6)).

'^C NM R 100.61MHz CDCI3: 614.27 (-CH2CH3), 19.52 (-CH3), 29.63 (-CH(4” )), 

5 9 .7 3 (-CH2CH3), 104.37 (-C(3” ,5” )), 114.60, 114.81(Ar-C(3,5)),

118.77 (A r-C(2’,6 ’)), 126.05 (A r-C(4’)), 127.18, 128.60, 129.21, 130.63,
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130.90 (A r-C (l,2 ,6 ,3’,5’)), 139.93 (A rC (l’)), 143.29 (C(2” ,6” )), 150.10 (N=C), 

163.72 (Ar-C(4)), 167.47(C=0).

EIMS (HR): C2 8 H2 9 FN 3O4  calculated [M+H]" 490.2142, observed [M+H]^ 490.2152 

IR (NaCl/KBr): C = 0  absorbance at 1693.92 cm '', C-O-ester absorbance at 1113.03 

cm ''.

6.4.17 Synthesis o f diethyl diethyl 4-(3-(3-chloro-4-m ethoxyphenyl)-l-phenyl- 
///-pyrazol-4-yl)-2,6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 177

This product was obtained from 3-(3-chloro-4-methoxyphenyl)-l-phenyl-1 H-

pyrazole-4-carbaldehyde(0.094 g, 0.3 mmol), ethylacetoacetate(0.195 g, 1.5 mmol)

a n d 3 3 % N H 4 0 H(0 . 1 5 9 g, 1.5 mmol).

Yield: 33.95%, light yellow solid

MP: 172°C

'H NMR (400.13M Hz, CDCI3 ): 8 1.1 l(t, 6 H, J=7.04 Hz, CH2-CH3),

2.24 (s, 6 H, -CH3 ), 3.83-3.91 (m, 2H, CH 2 -CH 3 ), 3 .9 5 (s,3 H,0 -CH 3 ),

4.03-4.1 l(m , 2 H,CH2 -CH 3 ), 5.28 (s, IH, -CH(4” )), 5.88(s, N-H),

7.02(d,lH .J=8.56 Hz,Ar-H(5)), 7.23-7.26(m ,lH ,A r-H (4’)),

7.40-7.44 (m, 2H ,A r-H (3 ',5 ')), 7.68(d,2H,J=8.28 H z,A r-H (2',6 ')), 7.76(N-CH=C), 

7.79(d,lH ,J=8.56 Hz,Ar-H(6 )), 7.95(s,lH ,Ar-H(2))

'^C NMR 100.61MHz CDCI3 : 814.34 (-CH 2 CH 3 ), 19.45 (-CH 3), 29.77 (-CH(4” )), 

56.30(0-CH3)), 59.78(-CH2CH3), 104.17 (-C(3” ,5’’)), 111.60(Ar-C(5)), 

118.80(Ar-C(2’,6’)), 121.74(Ar-C(3)), 126.14, 127.40, 128.34, 129.28, 

130.61(Ar-C(2,6,3’,4’,5’)), 139.96(A r-C(l’)), 143.62(C(2” ,6” )), 154.45(Ar-C(4)), 

167.56(C=0).

EIMS (HR): C2 9 H3 1 N 3 O 5 CI calculated [M+H]^ 536.1952, 

observed [M+H]^ 536.1942

IR (NaCl/KBr): C=N absorbance 1599.52 cm '', C = 0  absorbance at 1652.92 cm '', 

C-O-ester absorbance at 1210.43 cm ''.

6.4.18 Synthesis o f 4-(3-Biphenyl-4-yl-l-phenyl-lH -pyrazol-4-yl)-2,6-dim ethyl-
1.4-dihydropyridine-3,5-dicarboxylic acid diethyl ester 178

This product was obtained from 3-biphenyl-4-yl-l-phenyl-lH-pyrazole-4- 

carbaldehyde (0.164 g, 0.3 mmol), ethyl acetoacetate, (0.195 g, 1.5 mmol and 33 % 

NH4OH (0.159 g, 1.5 mmol).

Yield: 43.6%, yellow solid

249



MP: 144 °C

'H NMR (400.13M Hz. CDCI3 ): 5 1.07 (t, 6 H, J=7.04 Hz, CHj-CHj),

2.26 (s, 6 H, -CH3 ), 3.75-3.83 (m, 2H, CH2 -CH 3 ), 4.00-4.08 (m, 2H, CH2 -CH 3 ),

5.34 (s, IH , C-H (4” )), 5.47 (s, IH, N-H), 7.35-7.49 (m, 6 H, A r-H(2’” ,3’” ,4” ’,5” ’, 

6 ’” ,4’)), 7.64-7.71 (m, 6 H, Ar-H(3, 5,2’,3’,5’,6 ’)), 7.76 (s, IH , N-CH=C),

7.96 (d. 2H, J=8.56 Hz, Ar-H(2,6)).

'^C NMR (100.61M Hz. CDCI3 ): 514.24 (-CH2CH3), 19.54 (-CH3), 30.09 (-CH(4” )), 

56.69(-CH2CH3), 104.48 (-C(3” ,5” )), 118.73(Ar-C(2’,6’)), 125.93, 126.56, 126.95, 

127.10, 127.17, 128.76, 129.22 (Ar-C(2,3,5,6,3’,4’,5’,2” ’,3’” ,4” ’,5’” ,6’” )),

133.88 (A r-C (l)), 140.01, 140.11 (A r-C (4 ,l” ’)), 143.21(-C(2” ,6” )), 150.62(N=C), 

167.47(C=0).

EIMS (HR): C3 4H3 4N 3 O4 calculated [M+H]" 548.2549, 

observed [M+H]^ 548.2537.

IR (N aC l/K B r): C = 0  absorbance at 1688.47 cm"', C-O-ester absorbance at 1114.23 

cm"'.

6.4.19 Synthesis o f 2,6-Dim ethyl-4-(3-naphthalen-2-yl-l-phenyi-lH -pyrazol-4- 
yl)-l,4-dihydr-pyridine-3,5-dicarboxylic acid diethyl ester 179

This product was obtained from 3-naphthalen-2-yl-1-phenyl-1 H-pyrazole-4-

carbaldehyde (0.156 g, 0.3 mmol), ethyl acetoacetate (0.195 g, 1.5 mmol and 33 %

NH4OH (0.159 g, 1.5 mmol).

Yield: 50.3%, yellow solid

MP: 165 °C

'H NM R (400.13M Hz. CDCI3  ): 51.01 (t, 6 H, J=7.04 Hz, CH 2 -CH 3 ),

2.19 (s, 6 H, -CH3 ), 3.71-3.80 (m, 2H, CH2 -CH 3 ), 3.96-4.04 (m, 2H, CH2 -CH 3 ),

5.36 (s, IH , -H (4” )), 5.38 (s, IH , N-H), 7.25-.7.28 (m, IH , A r-H(4’)),

7.42-7.46 (m, 2H, A r-H(3’,5’)), 7.48-7.52 (m, 2H, Ar-H(5,6)),

7.74(d. 2H, J=7.52 Hz, Ar-H(2’,6’)), 7.82 (s,lH , N-CH=C),

7.87-8.00 (m, 4H, Ar-H(4,7,9,10), 8.33 (s, IH, Ar-H(2)).

'^C NMR 100.61MHz. CDCI3 : 513.79 (-CH 2CH 3 ), 19.03 (-CH 3 ), 29.44 (-CH (4” )), 

59.22 (-CH 2 CH 3 ), 103.72 (-C(3” ,5” )), 118.39(Ar-C(2’,6’)), 125.33, 125.43, 125.59, 

126.74, 126.93, 127.14, 127.36, 127.71, 128.48, 128.81 (Ar-C (2, 4, 5, 6 , 7, 9, 10, 3 ’, 

4 ’, 5 ’ )), 131.89, 132.36, 132.89 (Ar-C( 1,3,4)), 139.64(A r-C(l’)),

142.94 (-C (2” ,6” )), 150.80(N=C-), 167.11(C=0).
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EIM S (H R ): C 2 6 H 2 8N 3 O 4 S calculated [M +H]" 478.1801, 

observed [M +H J' 478.1798.

IR (N aC l/K B r): C = 0  absorbance at 1682.47 c m '', C -O -ester absorbance at 

1116.46 cm -'.

6.4.20 Synthesis o f 2 ,6-d im eth yl-4 -(l-p h en yl-3 -th iop h en -2-y l-///-p yrazo l-4 -yI)-
1 .4-d ihydro-pyridine-3,5-dicarboxylic acid diethyl ester 180

This product was obtained from  l-pheny l-3 -th iophen-2-y l-lH -pyrazo le-4- 

carbaldehyde (0.076 g, 0.3 m m ol), ethylacetoacetate, (0.195 g, 1.5 m m ol) and 33%  

N H 4 OH (0.159 g, 1.5 m m ol).

Yield: 16.3%, brow n solid 

MP: 178 °C

'H N M R  (400.13M H z. CDCI3 ): 5 1.06(t, 6 H, J=7.04 H z,C H 2 -C H 3 ),

2.34 (s, 6 H, -CH 3 ), 3.86-3.94 (m, 2 H ,C H 2 -CH 3 ), 4.02-4.10 (m, 2 H ,CH 2 -C H 3 ),

5.34 (s, IH , -C H (4 '’)), 5.62(s, N -H ), 7.13-7.15 (m, IH , CH =CH -S),

7.13-7 .15(m, 1 H ,A r-H (4’)), 7.41 -7 .45(m ,2H .A r-H (3’,5 '),

7.70(d,2H ,J=7.52 H z .A r-H (2 \6 ')) , 7 .77(s,l H ,N -CH =C),

7 .80 (d ,lH ,J= 4 .52  H z,S-CH =CH )

'^C N M R  100.61M H z. CDCI3 : 514.25 (-C H 2C H 3 ), 19.65 (-C H 3 ), 29.76 (-C H (4” )), 

59.85(-CH2CH3), 104.91 (-C (3’\ 5 ” )), 118.91 (A r-C (2’,6^)), 124.90(N -CH =C), 

126.19, 126.38, 127.10, 127.82, 129.24, 129.47(thiophene,C (3,4,5), A r - C ( 3 \4 \5 ’)), 

135.96(N=C), 139 .77 (A r-C (l’)), 143.19 (-C (2” ,6 ” )), 145.04(C=C-S), 167 .52(C = 0) 

EIM S (HR): C 2 6 H 2 8 N 3 O 4 S calculated [M+H]^ 478.1801, 

observed [M+H]^ 478.1798.

IR (N aC l/K Br): C=N absorbance 1600.59 cm"', C = 0  absorbance at 1679.47 c m '', 

C -O -ester absorbance at 1204.26 c m ''.

6.4.21 Synthesis o f  2 ,6-D im ethyl-4-(l-p henyI-3-pyrid in -4-y l-lH -pyrazol-4-y l)-
1 .4-dihydropyridine-3,5-dicarboxylic acid diethyl ester 181

This product was obtained from l-phenyl-3 -pyrid in -4-y l-lH -pyrazo le-4- 

carbaldehyde (0.142 g, 0.3 m m ol), ethyl acetoacetate (0.195 g, 1.5 m m ol) and 33 % 

NH 4 OH (0 .1 5 9 g , 1.5 m m ol).

Yield: 22.3% , brown solid 

MP: 118-121 °C

'H NM R  (400.13M H z CDCI3): 51.04 (t, 6 H, J=7.04 Hz, C H 2 -CH 3 ),

251



2.31 (s, 6 H, -CH3 ), 3.74-3.82 (m, 2H, CH 2 -CH 3 ), 3.97-4.05 (m, 2H, CH2 -CH3),

5.34 (s, IH, -H (4” )), 5.86 (s, N-H), 7.26-7.28 (m, IH, Ar-H(4’).

7.41-7.45 (m, 2H, A r-H (3’,5’)), 7.68 (d, 2H,J=7.52 Hz, Ar-H(2’,6’)),

7.78 (s, IH, N-CH=C), 7.97(d, 2H, J=5.52 Hz, H-(2,6)),

8 .6 8 (d, 2H, J=5.0 Hz, Ar-H(3,5)).

'^C NMR (100.61M Hz CDCI3): 813.86 (-CH 2CH3 ), 19.20 (-CH 3 ),

29.54 (-CH (4” )), 59.82 (-CH 2CH3 ), 104.63 (-C(3” ,5” )), 119.00 (Ar-C(2’,6’)), 

122.82 (N-CH=C), 126.13, 128.89, 129.52 (A r-C(3’,4’,5’)), 139.36 (A r-C (l’)), 

143.51(-C(2” ,6” )), 147.81(-C(1)), 149.52 (-C(3,5)), 167.35(C=0)

EIMS (HR): C2 7H29N 4 O4 calculated [M+H]" 473.2189; observed [M+H]" 473.2212. 

IR (NaCl/KBr): C = 0  absorbance at 1679.32 cm '', C-O-ester absorbance at 

1116.38 cm ''.

6.4.22 Synthesis o f dimethyl 4-(l,3-diphenyl-///-pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropy ridine-3,5-dicarboxylate 183

This product was obtained from 3-(4-(benzyloxy)phenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(0.106 g, 0.3 mmol), methylacetoacetate(0.195 g,1.5 mmol)and 33% 

NH4OH (0.159 g,1.5 mmol).

Yield: 23.6%, white solid 

MP: 184‘’C

'H NMR (400.13M Hz CDCI3): 52.24 (s, 6 H, -CH 3), 3.36(s, 6 H, OCH 3 ),

5.17(s, 2H, O-CH 2 ), 5.25(s, IH, -CH(4^’)), 5.88(s, N-H),

7.08 (d, 2H,J=9.04 Hz, Ar-H(3,5)), 7.21-7.25(m ,lH ,A r-H (4” ’)), 

7.31-7.35(m ,lH ,A r-H (4’)), 7.39-7.43(m,4H,Ar-H(3’,5’.3” ’,5” ’)), 

7.48(d,2H,Ar-H(2” ’,6” ’)), 7.67(d,2H,J=8.04,Ar-H(3’,5’)), 7.70(s,lH ,N-CH=C), 

7.78(d,2H, J=9.04,Ar-C(2,6)).

'^C NMR (100.61M Hz CDCI3): 518.79 (-CH 3), 29.05(-C (4” )), 50.26(0-CH3), 

69.43(0-CH2), 103.64(-C(3” ,5” )), 114.22(Ar-C(3,5)), 118.37(Ar-C(2’,6’)),

125.52, 126.66, 127.51, 128.14, 128.37, 128.77, 129.44(Ar-C(2,6,3’,4’,5’,2’” , 

3” ’,4’” ,5” ’,6” ’)), 136.70(A r-C(l’” )), 139.60(A r-C(l’)), 143.33(-C(2” ,6” ), 

150.36(N=C-C), 157.66(Ar-C(4)), 167.52(C=0).

EIMS (HR): C3 3H3 2N 3O 5 calculated [M+H]^ 550.2342, observed [M+H]^ 550.2328 

IR (NaCI/KBr): C==N absorbance 1578.52 cm '', C = 0  absorbance at 1698.82 cm '', 

C-O-ester absorbance at 1215.38 cm ''.
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6.4.23 Synthesis o f dimethyl 4-(3-(4-brom ophenyl)-l-phenyl-///-pyrazol-4-yl)-
2.6-dim ethyi-l,4-dihydropyridine-3,5-dicarboxylate 184

This product was obtained from 3-(4-bromophenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(0.098 g, 0.3 mmol), methylacetoacetate(0.195 g,1.5 mmol)and 33% 

NH 4 OH (0.159 g,1.5m m ol).

Yield: 16.80%, yellow solid 

MP: 202-206 °C

'H NM R (400.13M Hz CDCI3 ): 52.27 (s, 6 H, -CH 3 ), 3.36(s, 6 H, OCH 3 ),

5.24(s, IH, -CH(4” )), 6.19(s,lH ,N H), 7.22-7.26(m ,lH ,Ar-H(4’)), 

7.39-7.43(m,2H,Ar-H(3’,5’)), 7.60(d,2H,J=8.56 Hz,Ar-H(3,5)),

7.65(d,2H,J=8.52 Hz,Ar-H(2’,6’)), 7.70(s,lH ,N-CH=C),

7.83(d,2H ,J-8.56 Hz,Ar-H(2,6))

'^C NMR (100.61M Hz CDCI3 ): 618.79 (-CH 3 ), 28.97(-C(4” )), 50.27(0-CH3), 

103.62(-C(3” ,5” )), 118.50(Ar-C(2',6’)), 121.05(Ar-C(4)), 125.86, 127.12, 128.83, 

129.80, 130.74(Ar-C(2,3,5,6,3’,4’,5’)), 133.43(Ar-C(l)), 139.44(A r-C (r)), 

143.58(-C(2^’,6’'), 149.15(N=C-C), 167.42(C=0).

ElM S (HR): C2 6 H2 5N 3 0 4 Br calculated [M+H]" 522.1028, 

observed [M+H]^ 522.1024

IR (NaCl/KBr): C=N absorbance 1601.01 cm '', C = 0  absorbance at 1674.31 cm"', 

C-O-ester absorbance at 1216.28 cm"'

6.4.24 Synthesis of dimethyl 4-(3-(4-am inophenyl)-l-phenyl-7//-pyrazol-4-yl)-
2.6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 185

This product was obtained from 3-(4-aminophenyl)-l-phenyl-lH -pyrazole-4- 

carbaldehyde(0.079 g, 0.3 mmol), methylacetoacetate(0.195 g,1.5 mmol)and 33%> 

NH 4 OH (0.159 g , l .5 mmol).

Yield: 3.40%), yellow solid 

MP: 154-156 °C

'H NMR (400.13M Hz CDCI3 ): 5 2.26 (s, 6 H, -CH 3 ), 3.38(s,6H,OCH3),

5.25(s, IH, -CH(4” )), 6.13(s,NH2), 7.20(d, 2H,J=8.04 Hz, Ar-H(3,5)), 

7.25-7.29(m,2H,Ar-H(4’)), 7.40-7.44(m,2H,Ar-H(3’,5’)),

7.67(d,2H,J=7.56 Hz,Ar-H(2’,6’)), 7.73(s,lH ,N-CH=C),

7.79(d,2H,J=8.04 Hz,Ar-H(2,6))

'^C NMR (100.61M Hz CDCI3 ): 518.86 (-CH 3 ), 29.04(-C(4” )), 50.32(0-CH3),
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103.74(-C(3” ,5” )), 118.55(Ar-C(3,5)), 119.50(Ar-C(2’,6’)), 125.82, 126.89, 127.10, 

128.70, 129.03(Ar-C(2,6,3’,4’,5’)), 139.47(Ar-C(l’)), 143.66(-C(2” ,6” ), 

150.13(N=C-C), 161.92(Ar-C(4)), 167.46(C=0).

EIMS (HR): C26H26N4O4 calculated [M+H]^ 459.1594, observed [M+H]^

IR (NaCl/KBr): C=N absorbance 1599.44 cm"', C=0 absorbance at 1685.20 cm '', 

C-O-ester absorbance at 1215.44 cm''

6.4.25 Synthesis of dimethyl 4-(l,3-diphenyl-7//-pyrazol-4-yl)-2,6 -dimethyl-1,4- 
dihydropyridine-3,5-dicarboxylate 186

This product was obtained from 1,3-Diphenyl-lH-pyrazole-4-carbaldehyde(0.074 g, 

0.3 mmol), methylacetoacetate(0.195 g, 1.5 mmol)and 3 3 % N H 4 0 H (0.159 g, 1.5 

mmol).

Yield: 4.63%, yellow solid 

MP: 166°C

'H NMR (400.13MHz CDCI3): 52.30 (s, 6H, -CH3), 3.38(s,6H,OCH3),

5.30(s, IH, -CH(4” )), 5.66(s, N-H), 7.24-7.29 (m, 2H, Ar-H(4,4')), 

7.38-7.47(m,4H,Ar-H(3,5,3’,5’)), 7.70(d,2H.J=8.04 Hz,Ar-H(2’,6^)), 

7.72(s,lH,N-CH=C), 7.88(d,2H, J=7.52 Hz,Ar-C(2,6)).

'^C NMR (100.61MHz CDCI3): 518.98 (-CH3), 28.99(-C (4” )), 50.22(0-CH3), 

103.86(-C(3” ,5” )), 118.45(Ar-C(2\6’)), 123.53(CH=C-C), 125.60, 126.75, 126.96, 

127.62, 127.62, 128.22, 128.41, 128.77(Ar-C(2,3,4,5,6,3’,4’,5’)), 134.46(Ar-C(l)), 

139.60(Ar-C(r)), 143.18(-C(2” ,6” ), 167.42(C=0).

EIMS (HR): C26H26N3O4 calculated [M+H]^ 444.1923, observed [M+H]^ 444.1916 

IR (NaCI/KBr): C=N absorbance 1599.74 cm '', C =0 absorbance at 1674.57 cm '', 

C-O-ester absorbance at 1216.36 cm ''.

6.4.26 Synthesis of dimethyl 4-(3-(4-hydroxyphenyl)-l-phenyl-7//-pyrazol-4-yl)- 
2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 187

This product was obtained from 3-(4-hydroxyphenyl)-1-phenyl-1 H-pyrazole-4-

carbaldehyde(0.079 g, 0.3 mmol), methylacetoacetate(0.195 g,1.5 mmol) and 33%

NH4OH (0.159 g ,l .5 mmol).

Yield: 15.32%, white solid

MP: 270 °C

'H NMR (400.13MHz CDCI3): 52.31 (s, 6H, -CH3), 3.33(s,6H,OCH3),

5.30(s, IH, -CH(4” )), 6.97 (d, 2H,J=9.04 Hz, Ar-H(3,5)),
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7.22-7.26(m,lH,Ar-H(4’)), 7.41-7.45(m,2H,Ar-H(3’,5’)),

7.77(d,2H,J=3.92 Hz, 4.68 Hz, Ar-H(2’,6’)), 7.70(s,lH,N-CH=C), 

7.79-7.83(m,2H,Ar-C(2,6)), 8.05(s,l H,N-CH=C)

'^C NMR(100.61MHz CDCI3): 617.34 (-CH3), 49.23(0-CH3), 102.87(-C(3” ,5” )), 

114.19(Ar-C(3,5)), 117.44(Ar-C(2’,6’)), 125.02, 126.52, 128.76, 

129.29(Ar-C(2,6,3’,4’,5’)). 139.75(Ar-C(l’)), 144.27(-C(2” ,6” ), 150.03(N=C-C), 

156.48(Ar-C(4)), 167.00(C=0).

EIMS (HR): C26H26N3O5 calculated [M+H]^ 460.1872, observed [M+H]^ 460.1871 

IR (NaCI/KBr): C=N absorbance 1530.38 cm '', C =0 absorbance at 1682.59 cm '', 

C-O-ester absorbance at 1216.59 cm '', 0-H  absorbance at 3338.65

6.4.27 Synthesis of dimethyl 4-(3-(4-methoxyphenyl)-l-phenyl-///-pyrazol-4- 
yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 188

This product was obtained from 3-(4-methoxyphenyl)-1-phenyl-1 H-pyrazole-4-

carbaldehyde(0.083 g, 0.3 mmol), methylacetoacetate(0.195 g,1.5 mmol) and 33%

NH4OH (0.159 g, 1.5 mmol).

Yield: 15.71%, white solid

MP: 98-100 °C

'H NMR (400.13MHz CDCI3): 62.31 (s, 6 H, -CH3), 3 .3 9 (s,6 H,OCH3),

3.89(s, 3H, O-CH3), 5.27(s, IH, -CH(4” )), 5.64(s, N-H),

7.02 (d, 2H,J=9.04Hz, Ar-H(3,5)), 7.22-7.26(m,lH,Ar-H(4’)), 

7.40-7.44(m,2H,Ar-H(3’,5’)), 7.69(d,2H,J=7.56 Hz,Ar-H(2\6’)), 

7.70(s,lH,N-CH=C), 7.82(d, 2H,J=8.56 Hz,Ar-C(2,6)).

'^C NMR(100.61MHz CDCI3): 519.01 (-CH3), 29.05(-C(4” )), 50.29(0-CH3), 

64.93(0-CH3), 103.96(-C(3” ,5” )), 113.01(Ar-C(3,5)), 118.34(Ar-C(2’,6’)), 

127.12(Ar-C(l)), 125.46, 126.65, 128.12, 128.74, 129.38(Ar-C(2,6,3’,4’,5’)), 

143.05(-C(2” ,6” ), 150.29(N=C-C), 158.69(Ar-C(4)), 167.44(C=0).

EIMS (HR): C27H27N3 0 sNa calculated [M+Na]^ 496.1848, 

observed [M+Na]^ 496.1841

IR  (NaCl/KBr): C=N absorbance 1578.60 cm '', C=0 absorbance at 1696.00 cm '', 

C-O-ester absorbance at 1208.44 cm ''.
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6.4.28 Synthesis o f (4-(3-(4-am inophenyl)-l-phenyl-7//-pyrazoI-4-yl)-2,6- 
dimethyl-l,4-dihydropyridine-3,5-diyl)bis(phenylm ethanone) 190

This product was obtained from 3-(4-aminophenyl)-1-phenyl-1 H-pyrazole-4-

carbaldehyde(0.079 g, 0.3 mmol), Benzoylacetone (0.267 g, 1.5 mmol) and 33%

NH4 0 H(0 . 1 5 9 g, 1.5 mmol).

Yield: 1.07%, yellow solid

MP: 130-140 °C

'H NM R (400.13M Hz, CDCia ): 8  2.07(s, 6 H,CH3 ), 5.35 (s, IH, -CH(4” )), 

5.87(s,NH), 6.65(d,2H,J=8.04 Hz,Ar-H(3,5)), 6.97-7.01 (m,2H,Ar-H(4’)), 

7.18-7.67(m,16H,Ar-H)

'^C NM R 100.61MHz CDCb: 5 18.20(-CH3), 31.12(-CH(4” )), 112.12(-C(3” ,5’')), 

117.55(Ar-C(3,5)), 118.48(Ar-C(2’,6’)), 126.41, 127.58, 127.78, 128.04, 128.30, 

128.49, 128.67, 128.78, 129.23, 129.28, 130.99, 131.03, 

133.27(Ar-C(2,6,3’,4’,5’,2” ’,3” ’,4” ',5 ’” , 6 ’" ,  2” ” , 3’” ', 4 ’” ', 5” ” ,6” ” ), 

139.20,139.93(A r-C (r,r” , l ” ” )), 140.14(Ar-C(4)), 149.97(N=C-C), 197.18(C=0). 

EIMS (HR): C36H31N4O2 calculated [M+H]" 551.2447, observed [M+H]" 551.2452 

IR (NaCl/KBr): C=N absorbance 1597.89 cm"', C=0 absorbance at 1677.63 cm"'

6.4.29 Synthesis o f (4-(3-(4-brom ophenyl)-l-phenyl-7//-pyrazol-4-yl)-2,6- 
dim ethyl-l,4-dihydropyridine-3,5-diyl)bis(phenylm ethanone) 191

This product was obtained from 3-(4-brom ophenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde(0.098 g, 0.3 mmol), Benzoylacetone (0.267 g, 1.5 mmol) and 33%

NH4 0 H(0 . 1 5 9 g, 1.5 mmol).

Yield: 8.83%, brown solid

MP: 180 °C

'H NM R (400.13M Hz, CDCI3 ): 8  2.06(s, 6 H,CHj), 5.28 (s, IH, -CH(4” )),

6.03 (s,NH), 6.76(d,2H,J=8.56 Hz,Ar-H(3,5)), 7.03-7.05(d,2H,J=8.52 Hz,Ar-H(2,6)), 

7.24-7.28(m,2H,Ar-H(4” ’,4” ” )), 7.32-7.36(m,4H,Ar-H(3” ’,5’” ,3” ” ,5” ” )), 

7.40-7.44(m,2H,Ar-H(3’,5’)), 7.47-7.48(m,5H,Ar-H(4’,2” ’,6” ’,2” ” ,6” ” )), 

7.62-7.64(m,2H,Ar-H(2’,6’))

'^C NM R 100.61MHz CDCI3 : 818.25(-CH3), 33.57(-CH(4” )), 112.43(-C(3” ,5” )), 

118.58(Ar-C(2’,6’)), 119.08(C=CH-N), 121.46(Ar-C(4)), 125.88, 126.28, 126.75, 

127.64, 128.02, 128.65, 128.80, 129.09, 129.48, 129.97, 130.57, 131.08, 131.46, 

131.67(Ar-C(2,3,5,6,3’,4’,5’,2” ’,3 '” ,4’” ,5’” ,6” ’,2” ” ,3” ” ,4” ” ,5” ” ,6” ” )),
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138.68(Ar-C(l)), 139.43, 139.48(A r-C (r,l” ’, r ’” )), 148.88(N=C-C), 197.28(C=0). 

EIMS (HR): C36H2gN302NaBr calculated [M+Na]" 636.1263, 

observed [M+Na]^ 636.1274

IR (NaCI/KBr): C=N absorbance 1602.28 cm"', C = 0  absorbance at 1655.40 cm’'.

6.4.30 Synthesis o f (4-(l,3-diphenyl-7//-pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropyridine-3,5-diyl)bis(phenylmethanone) 192

This product was obtained from l,3-diphenyl-7//-pyrazole-4-carbaldehyde (0.074 g, 

0.3 mmol), Benzoylacetone (0.267 g, 1.5 mmol) and 33% NH4 0 H(0.159  g, 1.5 

mmol).

Yield: 15.83%, yellow solid 

MP: 110-116 °C

'H NMR (400.13M Hz, CDCI3 ): 5 2.00(s, 6H,CH3), 5.34 (s, IH, -CH(4” )), 

6.09(s,NH), 6.98-7.01(m,4H,Ar-H(3,5,2’,6’)), 7.11-7.12(m ,lH ,Ar-H(4)), 

7.22-7.26(m ,lH ,A r-H (4’)), 7.28-7.32(m,4H,Ar-H(3’,5 \4 ” ’,4” ” ), 

7.38-7.43(m,4H,Ar-H(3’” ,5’” ,3” ” ,5” ” )), 

7.45-7.47(m,4H,Ar-H(2” \ 6 ’” ,2” ” ,6’” ^)), 7.54(s,lH ,N-CH=C),

7.65(d,2H,J=7.52 Hz,Ar-H(2,6))

'^C NMR 100.61MHz CDClj: 818.33(-CH3), 33.77(-CH(4” )), 112.31(-C(3” ,5” )),

118.49(Ar-C(2’,6’)), 125.64, 125.98, 126.40, 127.07, 127.40, 127.70, 127.91, 128.08, 

128.74, 131.00(Ar-C(2,3,4,5,6,3’,4’,5’,2’” ,3’” ,4’” ,5’” ,6’” ,2” ” ,3 '” ’,4’ ”̂ ,5” ” , 

6 ” ' ’)), 132.72(Ar-C(l)), 139.04, 1 3 9 .4 9 (A r-C (r ,r” , l ” ” )), 150.51(N=C-C), 

197.34(C=0).

EIMS (HR): C36H30N 3O2 calculated [M+H]^ 536.2338, observed [M+H]^ 536.2341 

IR (NaCl/KBr): C=N absorbance 1596.47 cm ', C = 0  absorbance at 1656.40 cm”'

6.4.31 Synthesis of (4-(3-(4-(benzyloxy)phenyl)-l-phenyl-//f-pyrazol-4-yl)-2,6- 
dimethyl-l,4-dihydropyridine-3,5-diyI)bis(phenylmethanone) 193

This product was obtained from 3-(4-(benzyloxy)phenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde (0.106 g, 0.3 mmol), Benzoylacetone (0.267 g,1.5 mmol) and 33%

NH4 0 H(0.159  g, 1.5 mmol).

Yield: 7.48%, yellow solid

M P: 110-116 ”C

'H NMR (400.13M Hz, CDCI3 ): 8 1.98(s, 6H,CH3), 5.03(s,2H,0-CH2),

5.31(s, IH, -C H (4")), 5.90(s,NH), 6.61(d,2H,J=8.04 Hz,Ar-H(3,5)),
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6.90(d,2H ,J-8.0 Hz,Ar-H(2,6)),

7.23-7.53(m,18H,Ar-H(3’, 4 ’, 5’, 2 ” ’, 3 ’” , 4 ’” , 5” ’, 6” ’, 2 ” ” , 3” ” . 4 ” ” , 5” ” , 

6” ” , 2 ’” ” , 3 ’” ” , 4 ” ’” ,5” ’” ,6” ” ’)), 7.62(d,2H,J=7.52 Hz,Ar-H(2’,6’))

'^C NMR 100.61MHz CDCI3: 518.26(-CH3), 33.74(-CH(4” )), 69.30(0-CH2), 

112.35(-C(3” ,5” )), 113.87(Ar-C(3,5)), 118.40(Ar-C(2’,6^)), 125.52, 125.87, 126.20, 

127.08, 127.55, 127.73, 127.89, 128.18, 128.73, 129.29,

130.97(Ar-C(2,6,3’,4’,5’,2’” ,3’” ,4’” ,5’” , 6 ' ” , 2 ” ” , 3” ” . 4 ” ” , 5” ” . 6” ” . 2” ” ’,

3 . . . . . ,  6 ’” ” )), 136.74(A r-C(l’” ” )), 138.99, 139.40,

1 3 9 .5 6 (A r-C (r,l’” , l ” ” )), 150.25(N=C-C), 157.74(Ar-C(4)), 197.30(C=0).

EIM S (HR): C43H36N303Na calculated [M+H]^ 642.2757,

observed [M+H]^ 642.2777.

IR (NaCl/KBr): C=N absorbance 1598.90 cm ’'

6.4.32 Synthesis o f (4-(3-(4-m ethoxyphenyi)-l-phenyl-///-pyrazol-4-yl)-2,6- 
dim ethyl-l,4-dihydropyridine-3,5-diyl)bis(phenylm ethanone) 194

This product was obtained from 3-(4-methoxyphenyl)-l-phenyl-lH-pyrazole-4-

carbaldehyde(0.083 g, 0.3 mmol), Benzoylacetone (0.267 g, 1.5 mmol) and 33%

NH4 0 H(0 .1 5 9 g, 1.5 mmol).

Yield: 11.47%, white solid

MP: 220 °C

'H NMR (400.13M Hz, CDCI3 ): 82.00(s, 6H,CH3), 5.34 (s, IH, -CH(4” )), 

5.76(s,NH), 6.98-7.02(m,4H,Ar-H(3,5,2,6)), 7.11 -7.12(m, 1 H,Ar-H(4)),

7.23-7.27(m ,lH ,A r-H (4’)), 7.28-7.33(m,4H,Ar-H(3’,5’,4’” ,4” ” ), 

7.39-7.45(m,4H,Ar-H(3” ’,5” ’,3” ” ,5” ” )),

7.47-7.49(m,4H,Ar-H(2” ’,6” ’,2” ” ,6” ” )), 7.55(N-CH=C),

7.64(d,2H,J=7.52 Hz,Ar-H(2’,6’))

'^C NM R (100.61M Hz CDCI3): 5 18.34(-CH3), 33.77(-CH(4” )), 

112.42(-C(3” ,5” )), 118.47(Ar-C(2’,6’)), 125.61, 125.86, 126.33, 127.06, 127.39, 

127.72, 127.92, 128.10, 128.73, 131.01(Ar-C(2, 3, 5, 6, 3 ’, 4 ’, 5 ’, 2 ” ’, 3” ’, 4 ’” , 5” ’,

6 ... ,  2 ” ” , 3” ” , 4 ” ” , 5” ” , 6 ” ” )),

132.76(Ar-C(l)), 1 3 9 .0 0 ,1 3 9 .1 7 (A r-C (r,r” , l ” ” )), 150.55(N=C-C), 197.25(C=0). 

EIMS (HR): C37H3iN303Na calculated [M+Na]^ 588.2263, 

observed [M+Na]^ 588.2261

IR (NaCl/KBr): C=N absorbance 1596.97 cm '', C = 0  absorbance at 1655.79 cm ''
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6.5 General procedure for synthesis of ester and amide derivatives

EDCI (0.28 mmol, 58.4 mg) and DMAP (0.02 mmol, 2.6 mg) were added to a round 

bottom flask as a catalyst. Nitrogen was introduced for 5 minutes to allow these 

components to combine in DCM. (0.2 mmol, 100 mg) o f the 4-[3-(4-hydroxyphenyl)- 

l-phenyl-lH-pyrazol-4-yl]-2,6-dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid 

diethyl ester dissolved in 10 mL dried DCM was then added to the flask. Along with 

(0.2 mmol) non-steroidal anti-inflammatory’s(NSAIDs) drug or acetic acid was also 

added into the reaction mixture in the flask and the mixture left at room temperature 

overnight. When the reaction was deemed to be complete, 50 mL o f DCM poured 

into flask and the product were extracted, then washed with water and saturated 

NaHCOa 25 mL each. The organic layer was separated and dried with NaS04  before 

the solvent was removed by a rotary evaporator. The product was finally purified 

using column chromatography (Biotage SPl instrument) to obtain yields o f 13%-

6,5.1 Synthesis o f diethyl 4-(3-(4-(4-(4-(bis(2-chloroethyl)amino)phenyi) 
butanoyloxy)phenyl)-l-phenyl-///-pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropyridine-3,5-dicarboxylate 195

This product was obtained from 4-[3-(4-Hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4- 

yl]-2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (100 mg, 

0.2 mmol), dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 

mmol), 4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and chloroambucil (66.2 

mg,0.2 mmol).

Yield: 95.95%, light yellow solid 

MP: 152 °C

25%

259



'H NMR (400.13M Hz, CDCI3): 51.14(t 6H,J=7.04 Hz, CH2 -CH3 ),

2.06-2.10(m,2H,CH2), 2.16(s, 6 H, -CH3 ), 2.62-2.7 l(m ,4 H,CH2 ), 

3.63-3.67(m,4H,CH2Cl), 3.71-3.75(m, 2H, CH2 -CH 3), 3.75-3.78(m,4H,N-CH2), 

3.94-4.02(m, 2H, CH 2 -CH 3 ), 5.18(s, IH, -CH(4” )), 6.67(d, 2H,J=8.76 Hz. Ar- 

H(3,5), 7.07(d,2H,J=8.8 Hz,Ar-H(3’” ,5’” )), 7.14(d,2H,Ar-H(2’” ,6’” )), 

7.25-7.27(m ,lH ,A r-H (4’)), 7.41-7.45(m,2H,Ar-H(3’,5’)),

7.65(d,2H,J=8.8 Hz,Ar-H(2’,6’)), 7.69(d,2H,J=8.76 Hz,Ar-H(2,6)), 

7.78(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 513.56 (-CH 2CH 3 ), 19.39(-CH3), 26.74(-CH2), 

29.84(-CH(4” )), 33.67(-CH2), 33.85(-CH2), 40.51(-CH2), 53.60(-CH2),

59.10 (-CH 2CH3 ), 102.86(C(3” ,5 '’)), 112.21(Ar-C(3” ’,5” ')), 118.86(Ar-C(2’,6 ')), 

121.21(Ar-C(3,5), 128.36(Ar-C(l)), 126.08,126.50,129.28,129.78,130.21, 

130.71(ArC(2,6,3’,4’,5’,2” ’,6” ’)), 132.85(Ar-C(l ” ^)), 140.41(A r-C(l’)), 144.33, 

144.44(Ar-C(4,4’” )), 150.30(N=C), 168.01(C=0), 173.34(C=0).

ElM S (HR): C4 2 H4 6N4 0 6 NaCl2 calculated [M+Na]^ 795.2692, observed [M+Na]^ 

795.2684.

IR (NaCl/KBr): C=N absorbance 1615.33 cm"', C-O-ester absorbance at 1209.78 

cm ''

6.5.2 Synthesis o f diethyl 4-(3-(4-(4-(4-(bis(2-chloroethyl)ainino)phenyl) 
butanam ido)phenyl)-l-phenyl-//f-pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropyridine-3,5-dicarboxylate 196

This product was obtained from diethyl 4-(3-(4-aminophenyl)-l-phenyl-1 H-pyrazol- 

4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate (100 mg, 0.2 mmol), 

dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 mmol), 4- 

dimethylaminopyridine (2 . 6  mg, 0 . 0 2  mmol) and chloroambucil (6 6 . 2  m g,0 . 2  mmol). 

Yield: 29.6%, yellow solid 

MP: 186 °C

'H NMR (400.13M Hz, CDCI3): 5 1.08(t, 6 H, J=7.04 Hz, CH 2 -CH3 ), 

1.28(t,2H,J=7.52 Hz,CH 2), 2.06(t,2H,J=7.52 Hz,CH2), 2.19(t,2H,J=7.52 Hz,CH 2 ), 

2.27(s,6H,CH3), 3.81-3.85(m,4H,CH2Cl), 3.87-3.92(m,2H,CH2-CH3), 

4.01-4.08(m,4H, CH 2 -CH 3 .N -CH 2 ), 4.1 l-4.16(m , 2H, N-CH 2), 5.27(s, IH, -CH(4” )), 

7.17(d, 2H,J=8.04 Hz, A r-H(3” ’,5 ’” ), 7.23-7.27(m ,3H ,A r-H (4\2” ’,6’” )), 

7.40-7.44(m,2H,Ar-H(3’,5’)), 7.52(d,2H,J=8.56 Hz,Ar-H(2,6)),
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7.68(d,2H,J=8.04 Hz,Ar-H(2’,6’)), 7.74(d,2H,J=8.56 Hz,Ar-H(3,5)), 

7.78(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 5 13.75,13.86 (-CH2CH3), 18.93,19.09(-CH3), 

20.64(-CH2), 29.19, 29.46(-CH2), 47.22(-CH2), 59.30, 59.35(-CH2Cl), 

60.02(-CH2CH3), 103.15, 103.99(C(3” ,5’^)), 117.80(Ar-C(3” ’,5” ’)), 

118.44(Ar-C(3,5)), 119.65(Ar-C(2’,6’)), 128.21(Ar-C(l)), 125.68, 125.76, 126.72, 

129.38, 129.77, 131.13, 131.68(ArC(2,6,3’,4’,5’,2” ’,6” ’)), 135 .71(A r-C (r” )), 

139.54(A r-C(l’)), 143.47(Ar-C(4” ’)), 150.57(N=C), 159.08(C(2” .6” )),

167.27(C=0)

EIMS (HR): C42H47N 5 0 5 NaCl2 calculated [M+Na]^ 794.2852, 

observed [M+Na]^ 794.2844.

IR (N aC l/K B r): C=N absorbance 1598.96 cm '', C = 0  absorbance at 1671.23 cm '', 

C-O-ester absorbance at 1211.73 cm ''.

6.5.3 Synthesis of (Z)-diethyl 4-(3-(4-(2-(5-fluoro-2-methyl-l-(4-(inethylsulfinyl) 
benzylidene)-lH -inden-3-yl)acetoxy)phenyl)-l-phenyl-///-pyrazol-4-yl)-2,6- 
dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 204

This product was obtained from diethyl 4-(3-(4-am inophenyl)-l-phenyl-1 H-pyrazol- 

4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate (100 mg, 0.2 mmol), 

dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 mmol), 

4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and Sulindac (71.3 mg,0.2 mmol). 

Yield: 32.55%, yellow solid 

MP: 182 °C

'H NMR (400.13M Hz, CDCI3): 51.12(t,6H,J=7.32 Hz,CH2-CHi), 2 . 1 0 (s,6 H,CH3), 

2.29(s,3H,CH3), 2 .9 3 (s,3 H,CH3), 3.84(s,2H,CH2), 3.87-3.94(m,2H,CH2-CH3), 

3.98-4.04(m,4H, CH2-CH3), 5.18(s, IH, -CH(4” )), 6.22(s,lH ,Ar-CH=C), 

6.98(d,lH ,J=8.8 Hz,Ar-H(3’” )), 7.07(d,2H,J=8.32 Hz,Ar-H(3,5)), 

7.18-7.24(m,3H,Ar-H(4’,5’” ,6’” )), 7.37-7.41(m,2H,Ar-H(3’,5’)), 

7.65-7.73(m,8H,Ar-H(2,6,2’,6’,2” ” ,3” ” ,5” ” ,6” ” )), 7.77(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 6 10.26(-CH3), 13.73,13.97(-CH2CH3), 

18.79(-CH3), 29.45(-CH(4” )), 36.07(-CH2), 43.38(-CH3), 59.15, 59.95(-CH2CH3), 

102.29(C(3” ,5” )), 105.40(Ar-C(3’” )), 110.39, 110.62(Ar-C(5’” ,6’” )), 

118.38(Ar-C(2’,6’)), 120.45, 123.31, 125.69, 126.46, 128.16, 128.28, 129.08, 129.10, 

130.34(Ar-C(2,3,5,6,3’,4’,5’, l ’” ,6 '’',2 ’” ’.3’” ’,5” ” ,6” ” )), 132.28(C=C-CH3),
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138.34(A r-C(l” ” )), 139.31(A r-C (l’)), 141.03(C=CH), 144.97(Ar-C(4” ” )), 

144.05(C(2” ,6” )), 146.05(Ar-C(2” ’), 149.84(Ar-C(4)), 150.58(N=C),

162.1 l(A r-C (4” ’)), 167.27(C=0), 169.35(C=0).

EIMS (HR): C48H45N 3O 7FS calculated [M+H]^ 826.2962, 

observed [M+H]^ 826.2980.

IR (N aC l/K B r): C=N absorbance 1600.74 cm’', C = 0  absorbance at 1688.91 cm '', 

C-O-ester absorbance at 1209.15 cm ''.

6.5.4 Synthesis o f diethyl 4-(3-(4-(2-(l-(4-chlorobenzoyl)-4-m ethoxy-2-niethyl- 
lH -indol-3-yl)acetoxy)phenyl)-l-phenyl-7//-pyrazol-4-yl)-2,6-dim ethyl-l,4- 
dihydropyridine-3,5-dicarboxy!ate 205

This product was obtained from diethyl 4-(3-(4-aminophenyl)-l-phenyl-1 H-pyrazol- 

4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate (100 mg, 0.2 mmol), 

dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 mmol), 

4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and indomethacin (71.6 mg,0.2 

mmol).

Yield: 14.2%, yellow solid 

MP: 168 °C

'H NMR (400.13M Hz, CDCb): 51.20(t,6H,J=7.04 Hz,CH2-CH3), 2.07(s,3H,CH3), 

2.51(s,3H,CH3), 3.87(s,3H,OCH3), 3.98(s,2H,COCH2), 3 .9 7 -4 .0 2 (m,2 H,CH2-CH3), 

4.05-4.08(m,4H, CH2-CH3), 5.17(s, IH, -CH(4” )), 6.72-6.75(m ,lH ,A r-H(4” ’)), 

6.92(d,lH ,J=9.04 Hz,Ar-H(6” ’)),7.04-7.08(m,3H,Ar-H(3,5,5” ’)),

6.98(d,lH ,J=8.8 Hz,Ar-H(3’” )), 7.07(d,2H,J=8.32 Hz,Ar-H(3,5)),

7.29-7.3l(m ,lH ,A r-H (4’)), 7.44-7.48(m,2H,Ar-H(3’,5’)),

7.52(d,2H,J=8.56 Hz,Ar-H(3” ” ,5” ” )), 7.58(d,2H,J=8.0 Hz,Ar-H(2’,6’)),

7.71 -7.73(m ,4H,Ar-H(2,6,2’ ”  ’,6 ”  ” )), 7.82(s, 1 H,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 613.04, 13.99(-CH2CH3), 19.01(-CH3), 

29.79(-CH(4” )), 30.11(-CH2), 55.30(-OCH3), 5 9 .2 2 (-CH2CH3), 100.78(Ar-C(4” ’)), 

101 .84(C=C-CH3), 111.31(Ar-C(6” ’)), 114.65(Ar-C(2” ’)), 118.69(Ar-C(2’,6’)), 

120.50, 126.08, 126.55, 128.75, 128.95, 129.97, 130.42, 

130.78(Ar-C(2,3,5,6,3’,4’,5’,5” ’,2” ” ,3” ” ,5” ” ,6” ” )), 138.87(A r-C(l” ’)), 

139.00(A r-C(l’)), 143.88(C(2” ,6” )), 150.08(N=C), 155.69(Ar-C(3” ’)), 

167.07(C=0), 170.32(C=0).

EIMS (HR): C47H44N4O8CI calculated [M+H]^ 827.2848,
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observed [M+H]^ 827.2877.

IR (NaCi/KBr): C=N absorbance 1599.94 cm '', C = 0  absorbance at 1688.63 cm '', 

C-O-ester absorbance at 1213.52 cm ''.

6.5.5 Synthesis o f diethyl 4-(3-(4-(2-(4-isobutylphenyl)propanoyloxy)phenyl)-l- 
phenyl-7//-pyrazol-4-yl)-2,6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate 
206

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-lH -pyrazol-4-yl]- 

2,6 -dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (100 mg, 0.2 

mmol), dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 

mmol), 4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and Ibuprofen (41.2 mg,0.2 

mmol).

Yield: 45.95%, white solid 

MP: 192°C

'H NMR (400.13M Hz, CDCI3): 5 0.94(d,6H,J=6.52 Hz,CH 3),

1.19(t,6H,J=7.0 Hz,CH2-CH3), 1.65(d,3H,J=7.0 Hz,CHCH3 ), 

1.88-1.92(m,lH,CH3CHCH3), 2.10(s, 6 H, -CH3 ), 2.51(d,2H,J=7.52 Hz,-CH 2), 

3.97-4.06(m,5H,CH2-CH3, CHCH 3), 5.17(s, IH, -C H (4 '’)), 5.89(s,NH), 

6.97(d,2H,J=8.04 Hz,Ar-H(3’' ’,5” ’)), 7.20(d,2H,J=8.0 Hz,Ar-H(3,5)), 

7.22-7.26(m,lH,Ar-H(4^)), 7.33(d,2H,J=8.04 Hz,Ar-H(2^” ,6” ’)), 

7.40-7.44(m,2H,Ar-H(3’,5’)), 7.55(d,2H,J=8.52 Hz,Ar-H(2’,6 ')),

7.69(d,2H,J=8.04 Hz,Ar-H(2,6)), 7.80(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 814.00(-CH2CH3), 18.14(-CHCH3), 

18.87,18.92(-CH3), 21 .96(-CH3CH), 29.83(-CH3CHCH3), 29.76(-CH(4” )), 

44.60(-CH2), 44.8 1(-CH), 59.1 3(-CH2CH3), 101.91(C(3” ,5” )),

118.23(Ar-C(2’,6’)), 120.42(Ar-C(3,5)), 125.52(N-CH=C), 127.73(Ar-C(l)), 126.70, 

127.73, 128.84, 129.19, 130.61(Ar-C(2,6,3’,4’,5’,2” ’,3’” ,5’” ,6” ’)), 

132.39(A r-C(l” ’)), 139.57(A r-C(l’)), 140.06(Ar-C(4” ’)), 144.06(-C(2” ,6” )), 

150.07(N=C), 151.44(Ar-C(4)), 167.24(C=0), 174.35(C=0).

EIMS (HR): C4 iH45N 3 0 6 Na calculated [M+Na]^ 698.3206, 

observed [M+Na]^ 698.3211.

IR (NaCI/KBr): C=N absorbance 1600.92 cm '', C = 0  absorbance at 1694.01 cm '', 

C-O-ester absorbance at 1211.74 cm ''.
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6.5.6 Synthesis of diethyl 4-(3-(4-(2-(4-benzoylphenyl)propanoyloxy)phenyl)-l- 
phenyl-///-pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylatc 
207

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]- 

2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (100 mg, 0.2 

mmol), dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 

mmol), 4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and Ketoprofen (50.8 mg,0.2 

mmol).

Yield: 30.26%, white solid 

MP: 178°C

'H NMR (400.13MHz, CDCI3): 5I.19(t,6H,J=7.28 Hz,CH2 -CH3 ),

1.71(d,3H,J=7.04 HZ.-CH3 CH), 2.10(s, 6 H,-CH3 ), 

3.99-4.14(m,5H,-CH2-CH3,-CHCH3), 5.18(s, IH, -CH(4” )), 5.77(s,NH),

6.99(d, 2H,J=8.52 Hz,Ar-H(3,5)), 7.23-7.27(m,lH,Ar-H(4^)), 

7.41-7.45(m,2H,Ar-H(3’,5’)), 7.50-7.54(m,2H,Ar-H(2” ’,6” ')), 

7.56-7.62(m,4H,Ar-H(2,6,3” ” ,5” ” )), 7.64-7.70(m,3H,Ar-H(2’,6’,4” ” )), 

7.76-7.80(m,2H,Ar-H(3’” ,5’” )), 7.85(d,2H,J=7.0 Hz,Ar-H(2'” \ 6 ” ” )), 

7.90(s,lH,N-CH=C).

'^C NMR (100.61MHz, CDCI3): 5 13.56(-CHCH3), 14.22,14.35(-CH2CH3), 18.50, 

18.64(-CH3), 30.13(CH(4” )), 45.52(-CH), 59.63, 60.44(-CH2CH3), 102.51, 

102.56(C(3” ,5” )), 118.74,119.1 l(Ar-C(2’,6 ’)), 120.76(Ar-C(3,5)), 126.03, 128.20, 

128.41, 128.84, 128.92, 129.18, 129.23, 129.30, 129.39, 130.10, 

131.10(Ar-C(2,6,3’,4’,5’,2” ’,3’” ,5’” ,6’” ,2” ” ,3” ” ,5” ” ,6” ” )), 

132.70(Ar-C(4” ” )), 137.39(Ar-C(4” ’)), 138.22(Ar-C(l” ” )), 140.01, 

1 4 0 .2 7 (A r-C (r,r” )), 144.30, 144.33(-C(2” ,6” )), 150.33(N=C), 151.76(Ar-C(4)), 

167.68(C=0), 174.01(C=0), 196.51(C=0).

EIMS (HR): C4 4 H4 iN3 0 7 Na calculated [M+Na]^ 746.2842, 

observed [M+Na]^ 746.2840.

IR (NaCl/KBr): C=N absorbance 1599.21 cm '', C =0 absorbance at 1693.36 cm '', 

C-O-ester absorbance at 1211.49 cm ''.

6.5.7 Synthesis of diethyl 4-(3-(4-(2-acetoxybenzoyloxy)phenyl)-l-phenyl-///- 
pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 208

This product was obtained from 4-[3-(4-Hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4- 

yl]-2,6 -dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (100 mg,
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0.2 m m ol), d im ethylam inopropyl-3-ethylcarboliim ide hydrochloride (58.4 m g, 0.24 

m m ol), 4-dim ethylam inopyridine (2.6 mg, 0.02 m m ol) and acetylsalicylic acid (36.0 

m g,0.2 m m ol).

Yield: 21.4% , white solid 

MP: 186°C

'H N M R  (400.13M H z, CDCI3 ): 81.23(t, 6H ,J=7.04 H z,C H 2-CH 3),

2.12(s, 6H, -CH3), 2 .33(s,3H , C O C H 3), 3.99-4.06(m,2H,CH2-CH3),

4 .0 7 -4 .14(m,2H,CH2-CH3), 5.20(s, IH , -C H (4” )), 5.71(s,N H),

7.18(d, 2H ,J=8.52 H z,A r-H (3,5)), 7 .22-7 .24(m ,lH ,A r-H (4” ’)), 

7 .25 -7 .27 (m ,lH ,A r-H (4’)), 7 .43-7 .47(m ,3H ,A r-H (3’,5 ’,5 ” ’)),

7 .62(d,2H ,J=8.52 H z,A r-H (2,6)), 7 .70-7 .74(m ,3H ,A r-H (2’,6 ’,3 ’” )), 

7 .83(s,lH ,N -C H = C ), 8 .2 8 (d d ,lH ,J= l.84,9.52 H z,A r-H (6 ’” ))

'^C N M R  (100.61M H z, CDCI3 ): 514.46(-CH2CH3), 19.43(-CH3), 21 .OUCOCH3), 

30 .24(-C H (4” )), 59.63(-CH2CH3), 102.44(C(3” ,5^’)), 118.76(A r-C (2’,6 ’)),

121.1 l(A r-C (3 ,5)), 122.43(N-CH=C), 124.01(A r-C (4’)), 126.06, 126.32, 126.40, 

128.09, 129.32, 131.43, 132.35(A r-C (2,6,3’,4 ',5 ’,3 ’” ,5” ’)), 133.12(A r-C (6” ’)), 

134.91(A r-C (4” ’)), 139 .98 (A r-C (l')), 144.34(-C (2” ,6 '’)), 150.26(N=C), 151.07, 

151.92(A r-C (4,2’” )), 164 .58(C = 0), 167 .65(C =0), 169.66(C =0).

EIM S (HR): C37H36N3O8 calculated [M +H]" 650.2502, observed [M+H]^ 650.2513. 

IR (N aC l/K B r): C=N absorbance 1604.40 c m '', C = 0  absorbance at 1689.10 c m '', 

C -O -ester absorbance at 1208.08 cm ''.

6.5.8 Synthesis o f  diethyl 4 -(3 -(4 -acetoxyp h en y l)-l-p h en y l-///-p yrazo l-4 -y l)-2 ,6 -  
dim ethy 1-1,4-dihydropyridine-3,5-dicarboxylate 209

This product was obtained from  4-[3-(4 -hydroxy-phenyl)-l-pheny l-lH -pyrazo l-4 -y l]- 

2 ,6-d im ethyl-l,4-dihydro-pyrid ine-3 ,5-dicarboxylic  acid diethyl ester (100 mg, 0.2 

m m ol), dim ethylam inopropyl-3-ethylcarboliim ide hydrochloride (58.4 mg, 0.24 

m m ol), 4-dim ethylam inopyridine (2.6 mg, 0.02 m m ol) and acetic acid (12.0 m g,0.2 

m m ol).

Yield: 53.2% , w hite liquid 

MP: Oil

'H N M R  (400.13M H z, CDCI3): 51.12(t, 6H ,J=7.0 H z,C H 2-CH 3), 2.07(s, 6H, -CH 3), 

2 .29(s,3H , C O C H 3), 3 .86-3 .94(m ,2H,CH2-CH3), 3.97-4.05(m ,2H,CH2-CH3),

5.22(s, IH , -C H (4” )), 6.36(s,N H ), 7.05(d, 2H ,J=8.0 H z,A r-H (3 ,5)),7 .17-7 .21(m ,lH ,
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Ar-H(4’)), 7.35-7.39(m,2H,Ar-H(3’,5’)),7.64(d,2H,J=8.52 Hz,Ar-H (2,6)), 

7.72(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 7.76(s,lH,N-CH=C).

'^C NMR (100.61MHz, CDCI3): S13.91(-CH2CH3), 18.64(-CH3), 20.63(COCH3), 

5 9 .2 0 (-CH2 CH3 ), 102.13(C(3” ,5” )), 118.30(Ar-C(2’,6’)), 120.60(Ar-C(3,5)), 

125.60(N-CH=C), 126.30, 128.00, 128.81, 130.30(Ar-C(2,6,3’,4’,5’)),139.45(Ar- 

C ( l’)), 144.26(-C(2” ,6” )), 149.82(N=C), 150.91(Ar-C(4)), 166.34(C=0), 

170.19(C=0).

EIMS (HR): C3 0 H3 2 N3 O 6  calculated [M+H]^ 530.2291, observed [M+H]^ 530.2302. 

IR (NaCl/KBr): C=N absorbance 1615.33 cm '', C =0 absorbance at 1690.66 cm '', 

C-O-ester absorbance at 1209.78 cm''.

6.5.9 Synthesis of (E)-diethyl 4-(3-(4-(3-(3-hydroxy-4-methoxyphenyl)-2-(3,4,5- 
triinethoxyphenyl)acryloyloxy)phenyl)-l-phenyl-lH-pyrazoI-4-yl)-2,6-diinethyl- 
l,4-dihydropyridine-3,5-dicarboxylate 210

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]- 

2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (100 mg, 0.2 

mmol), dimethylaminopropyl-3-ethylcarboliimide hydrochloride (58.4 mg, 0.24 

mmol), 4-dimethylaminopyridine (2.6 mg, 0.02 mmol) and Combretastatin A-4 

corboxylic acid (63.3 mg,0.2 mmol).

Yield: 16.2%, yellow solid 

MP: 180 °C

'H NMR (400.13MHz, CDCI3): 51.10(t, 6 H, J=7.0 Hz, CH2 -CH3 ), 2.20(s, 6 H,-CH3 ), 

3.3 l(s, 3H, OCH3 ), 3.80-3.88(m, 2H, CH2 -CH3 ), 3.98-4.05(m, 2H, CH2 -CH3 ),

4.90(s, 9 H,0 CH3 ), 5.22(s, IH, -OH), 6.87(d, 2H,J=8.76 Hz,Ar-H(3,5)), 7.25- 

7.29(m,lH,Ar-H(4’)),7.42-7.46(m,2H,Ar-H(3’,5’)), 7.59(d,2H,J=8.76 Hz,Ar-H(2,6)), 

7.65(d,2H,J=7.6 Hz,Ar-H(2’,6’)), 7.85(s,lH,N-CH=C).

'^C NMR (100.61MHz, CDCI3): 6  11.05,11.33(-CH2CH3), 17.45(-CH3), 

27.65(-CH(4” )), 57.31(-CH2CH3), 100.45(C(3” ,5” )), 112.36(Ar-C(5” ” )), 

116.74(Ar-C(2’,6’)), 123.38(Ar-C(l’” )), 124.05(Ar-C(3,5)), 126.91(Ar-C(l ” ” )), 

125.61,127.13,128.09(Ar-C(2,6,3’,4’,5’)), 132.85(Ar-C(l ” ’)), 137.75(Ar-C(4” ’)), 

143.26(Ar-C(4)), 149.64(N=C), 155.17(Ar-C(3” ’,5” ’)), 166.34(C=0).

EIMS (HR): C4 7 H4 8 N3 O 11 calculated [M+H]"  ̂830.3289,observed [M+H]^ 830.3271. 

IR (NaCl/KBr): C=N absorbance 1612.33 cm '', C =0 absorbance at 1683.36 cm '', 

C-O-ester absorbance at 1210.32 cm''.
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6.6 General procedure for synthesis of basic side chain derivatives

The appropriate phenol 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-2,6- 

dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester(10 mmol, 1 equiv.) 

was dissolved in 100 mL o f dry acetone and placed in a round bottom flask. 

Anhydrous potassium carbonate (0.16 mol, 22 g, 16 equiv.) was added. They are 

stirred gently for 10 min under a nitrogen atmosphere and the corresponding basic 

side chain was then added (40 mmol,4 equiv.). The reaction was refluxed until 

complete on thin layer chromatography. On completion the solution was filtered and 

the solvent was removed by rotary evaporator. Residue was purified by column 

chromatography in silica gel.

6.6.1 Synthesis o f diethyl 2,6-dim ethyl-4-(l-phenyl-3-(4-(2-(pyrrolidin-l- 
yl)ethoxy) phenyl)-/i/-pyrazol-4-yl)-l,4-dihydropyridine-3,5-dicarboxylate 216

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2,6-dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (487.6 mg, 1

mmol), potassium carbonate (16 mmol, 2.2 g) and 1-(2-chloroethyl)pyrrolidine (4

mmol,680.3 mg).

Yield: 23.6%, white solid

MP: 178°C

'H NMR (400.13M Hz, CDCia): 51.14(t,6H,J=7.04 Hz,CH 2 -CH 3 ), 1.76-1.82(m,4H,- 

CH2), 2.26(s, 6H, -CH3), 2.56-2.62(m,4H,CH2), 2.91(t,2H,J=5.04 Hz,CH 2 -N), 

3.75-3.80(m,2H,CH2-CH3), 3.97-4.01 (m,2H,CH2-CH3), 4.15(t,2H,J=5.52 

Hz,CH 2 CH 2 -N), 5.17(s, 1H, -CH(4” )), 6.94(d,2H,J=9.04 Hz,Ar-H(3,5)), 7.19- 

7.23(m ,lH ,A r-H (4')), 7.37-7.41(m,2H,Ar-H(3’,5’)),7.48(d,2H,J=9.04 Hz, Ar-H(2,6)),

R
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7.65(d,2H,J=8.52 H z,A r-H (2 ',6’)), 7.79(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3 ): 6  13.88(-CH2CH3), 18.39(-CH3), 23.01, 

23.13(-CH2) , 29.12(-CH (4” )), 54.28, 54.64(-CH2), 57.74(-N-CH2), 58.80, 

58.93(-CH2CH3), 63.47(-CH2CH2-N), 102.02(C(3” ,5” )), 113.29(Ar-C(3,5)), 

118.22(Ar-C(2’,6’)), 125.37, 128.38, 128.80, 129.56, 130.42(Ar-C(2,6,3’,4’,5’)), 

139.66(A r-C (r)), 145.22(C(2” ,6” )), 156.08(Ar-C(4)), 167.31(C=0).

EIMS (HR): C 3 4 H 4 1 N 4 O 5  calculated [M+H]" 585.3077, observed [M+H]^ 585.3083. 

IR (NaCI/KBr): C=N absorbance 1600.23 cm"', C = 0  absorbance at 1692.28 cm '', 

C-O-ester absorbance at 1211.34 cm ''.

6.6.2 Synthesis of diethyl 2,6-dim ethyl-4-(l-phenyl-3-(4-(2-(piperidin-l- 
yl)ethoxy)phenyl)-///-pyrazol-4-yl)-l,4-dihydropyridine-3,5-dicarboxylate 217

This product was obtained from 4-[3-(4-H ydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-

yl]-2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (487.6 mg,

1 mmol), potassium carbonate (16 mmol, 2.2 g) and l-(2-chloroethyl)piperidine (4

mm ol,736.4 mg).

Yield: 9.28%, white solid

MP: 182°C

'H NMR (400.13M Hz, CDCI3 ): 5 1.08(t,6H.J=7.04 Hz,CH 2 -CH 3 ), 

1.22-1.26(m,2H,-CH2), 1.62-1.64(m,4H,-CH2), 2.18(s, 6 H, -CH 3 ), 

2.52-2.58(m,4H,CH2), 2.81(t.2H,J=6.04 Hz,CH 2 -N), 3.79-3.83(m,2H,CH2-CH3), 

3.99-4.04(m,2H,CH2-CH3), 4.17(t,2H,J=5.52 Hz,CH 2 CH 2 -N), 5.24(s, IH, -CH (4” )), 

6.94(d,2H,J=8.52 Hz,Ar-H(3,5)), 7.18-7.22(m, IH, Ar-H(4’)), 

7.36-7.40(m,2H,Ar-H(3’,5’)), 7.64(d,2H,J=8.52 Hz,Ar-H(2,6)), 7.71(s,lH ,N -CH=C), 

7.74(d,2H ,J=8.52H z,A r-H (2’,6’)).

'^C NMR (100.61M Hz, CDCI3 ): 613.73,13.8 8 (-CH 2 CH 3 ), 18.76(-CH3), 

23.56(-CH2), 25.22(-CH2), 29.21(-CH(4” )), 54.59(-CH2), 57.40(-N-CH2), 59.18, 

59.98(-CH2CH3), 65.33(-CH2CH2-N), 103.42(C(3” ,5” )), 113.59(Ar-C(3,5)), 

118.24(Ar-C(2’,6’)), 127.10(Ar-C(l)), 126.56, 128.24, 128.75, 

129.69(Ar-C(2,6,3’,4 ’,5’)), 139.58(A r-C (l’)), 143.45(C(2” ,6” )), 150.61(N=C), 

157.86(Ar-C(4)), 167.29(C=0).

EIMS (HR): C 3 5 H 4 3 N 4 O 5  calculated [M+H]^ 599.3233, observed [M+H]^ 599.3207. 

IR (NaCI/KBr): C=N absorbance 1600.34 cm '', C = 0  absorbance at 1693.74 cm '', 

C-O-ester absorbance at 1211.32 cm ''.
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6.6.3 Synthesis o f diethyl 2 ,6-d im ethyl-4-(3-(4-(2-m orpholinoethoxy)phenyl)-l- 
p h en yl-///-p yrazo l-4 -y l)-l,4 -d ih yd rop yrid in e-3 ,5 -d icarb oxylate  218

This product was obtained from  4 -[3 -(4 -hydroxy-phenyl)-l-pheny l-lH -pyrazol-4-yl]-

2 .6-dim ethyl-l,4 -d ihydro-pyrid ine-3 ,5-d icarboxylic  acid diethyl ester (487.6 mg, 1 

m m ol), potassium  carbonate (16 m m ol, 2.2 g) and 4-(2-chloroethyl)m orpholine (4 

m m ol,744.3 mg).

Yield: 28.65% , w hite solid 

IMP: 170°C

'H N M R  (400.13M H z, CDCI3): 51.06(t,6H ,J-7 .04  H z,C H 2 -CH 3 ),

2 .19(s, 6 H, -CH 3 ), 2.49(t,4H ,J=4.0 H z,-CH 2 ), 2 .81(t,2H ,J=5.52 H z,C H 2 -N), 

3 .75(t,4H ,J=4.52 H z,-C H 2 ), 3 .78 -3 .8 l(m ,2H,CH2-CH3), 3.97-4.05(m ,2H,CH2-CH3), 

4 .15(t,2H ,J=5.52 H z,C H 2 C H 2 -N), 5.26(s, IH , -C H (4” )), 6.95(d, 2H ,J=9.04 Hz, Ar- 

H(3,5)), 7.18-7.22(m , IH , A r-H (4’)),7 .36-7.40(m ,2H ,A r-H (3’,5 ’)), 7.64(d,2H ,J=9.04 

H z,A r-H (2,6)), 7 .71(s,lH ,N -C H = C ), 7.80(d,2H ,J=8.52 H z,A r-H (2’,6 ’)).

'^C N M R  (100.61M H z, CDCI3): 5 13.73,13.87(-CH2CH3), 18.81(-CH3), 

29 .14(-C H (4” )), 53.64(-CH2), 57.17(-CH2-N), 59.21(-CH2CH3), 65.33(-CH2CH2-N), 

6 6 .3 9 (-C H 2 ), 103.70(C (3’',5 ” )), 113.66(Ar-C(3,5)), 118.27(A r-C (2’,6 ’)), 

125.46(N -CH =C ), 127.23(A r-C (l)), 126.68(A r-C (4’)), 128.31, 128.76, 

129.62(A r-C (2,6,3’,5 ’)), 1 3 9 .5 7 (A r-C (r)), 143.26(C(2^’,6” )), 150.33(N=C), 

157.82(A r-C(4)), 167.25(C =0).

E lM S  (HR): C 3 4 H4 1 N 4 O 6 calculated [M +H]" 601.3026, observed [M+H]^ 601.3011. 

IR (NaCI/KBr): C=N absorbance 1621.09 cm ''

6.6.4 Synthesis o f  diethyl 4 -(3 -(4 -(2 -(d ieth y lam in o)eth oxy)p h en y l)-l-p h en y l-///-  
pyrazol-4-yl)-2 ,6-d im ethyl-l,4-d ihydropyrid ine-3 ,5-d icarboxylate 219

This product was obtained from  4 -[3 -(4 -hydroxy-phenyl)-l-pheny l-1 H -pyrazol-4-yl]-

2 .6-d im ethyl-l,4-dihydro-pyrid ine-3 ,5-dicarboxylic  acid diethyl ester (487.6 mg, 1 

m m ol), potassium  carbonate (16 m m ol, 2.2 g) and 2-chloro-N ,N -diethylethanam ine 

(4 m m ol,688.4 mg).

Yield: 30.8% , white solid 

MP: 168 °C

'H  N M R  (400.13M H z, CDCI3): 61.23-1.31(m ,12H,CH2-CH3), 2.41(s, 6 H, -CH3), 

2 .92(q,4H ,J=7.0,7.04 H z,-C H 3 CH 2 -N), 3.16(t,2H ,J=5.04 H z,C H 2 ), 3.96-4.04(m ,2H , 

CH2-CH3), 4 .15 -4 .2 l(m ,2H,CH2-CH3), 4 .34(t,2H ,J=5.52 Hz,-CH2CH2-N), 5.45(s,
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IH, -CH(4” )),7.21(d,2H,J=9.04 Hz,Ar-H(3,5)), 7.38-7.42(m,lH,Ar-H(4’)),

7.56-7.60 (m,2H,Ar-H(3’,5’)), 7.85(d,2H,J=9.04 Hz,Ar-H(2,6)), 7.99(d,2H,J=8.52 

Hz,Ar-H(2’,6’)), 8.09(s,lH,N-CH=C)

'^C NMR (100.61MHz, CDCI3): 6  8 .7 7 (-CH2CH3), 1 2 .4 5 (-CH2CH3), 16.44(-CH3), 

28.56(-CH(4” )), 50.08(-CH2), 58.26(-CH2CH2-N), 59.08(-CH2CH3), 64.05(-CH2), 

101.67(C(3” ,5” )), 112.66(Ar-C(3,5)), 117.49(Ar-C(2’,6’)), 126.23(Ar-C(l)), 126.52, 

128.09, 128.25, 129.02(Ar-C(2,6,3’,4’,5’)), 138.76(Ar-C(l’)), 144.18(C(2” ,6” )), 

149.93(N=C), 157.40(Ar-C(4)), 167.14(C=0).

EIMS (HR): C34H43N4O5 calculated [M+H]" 587.3233, observed [M+H]^ 587.3208. 

IR (NaCl/KBr): C=N absorbance 1600.25 cm '', C =0 absorbance at 1692.88 cm '', 

C-O-ester absorbance at 1211.34 cm''.

6.6.5 Synthesis of diethyl 4-(3-(4-(2-(dimethylamino)ethoxy)phenyl)-l-phenyl- 
lH-pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 220

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (487.6 mg, 1

mmol), potassium carbonate (16 mmol, 2.2 g) and 2-chloro-N,N-dimethylethanamine

(4 mmol,576.2 mg).

Yield: 16.2%, white solid

MP: 192°C

'H NMR (400.13MHz, CDCI3): 81.14(t,6HJ=7.04 Hz,CH2-CH3), 2.22(s, 6 H, -CH3), 

2 .5 5 (s,6 H,N-CH3), 2.97(t,2H.J=5.52 Hz,N-CH2), 3 .8 6 -3 .9 4 (m,2 H,CH2-CH3), 4.01- 

4.09(m,2H,CH2-CH3), 4.28(t,2H,J=5.0 Hz,-CH2CH2-N), 5.25(s, IH, -CH(4” )), 

6.97(d,2H,J=8.52 Hz,Ar-H(3,5)), 7.22-7.26(m,lH,Ar-H(4’)), 

7.40-7.44(m,2H,Ar-H(3’,5’)),7.66-7.70(m,4H,Ar-H(2,6,2’,6’)),7.76(s,lH,N-CH=C). 

'^C NMR (100.61MHz, CDCI3): 813.92(-CH2CH3), 18.94(-CH3), 29.49(-CH(4” )), 

45.25(-NCH3), 57.67(-CH2-N), 59.17(-CH2CH3), 64.92(-CH2CH2-N), 

103.04(C(3” ,5” )), 113.49(Ar-C(3,5)), 118.23(Ar-C(2’,6’)), 127.48(Ar-C(l)), 126.30, 

128.77, 130.02(Ar-C(2,6,3’,4’,5’)), 139.64(Ar-C(l’)), 143.42(C(2” ,6” )), 

151.10(N=C), 157.56(Ar-C(4)), 167.26(C=0).

EIMS (HR): C32H39N4O5 calculated [M+H]" 559.2920, observed [M+H]^ 559.2947. 

IR (NaCl/KBr); C=N absorbance 1600.10 cm '', C =0 absorbance at 1693.62 cm '', 

C-O-ester absorbance at 1211.51 cm ''.
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6.7 General procedure for synthesis of phenolic derivatives-I

A suspension o f  4 -[3 -(4 -hydroxy-pheny l)-l-pheny l-1 H -pyrazol-4-yl]-2,6-dim ethyl- 

l,4 -d ihydro-pyrid ine-3 ,5-dicarboxylic  acid diethyl ester (0.49 g, 1 m m ol), potassium  

carbonate (0.74 g, 5.3 m m ol) and a catalytic am ount o f  potassium  iodide in acetone 

(20 m L) was stirred under N itrogen for 15 min. Ethyl brom obutyrate (0.23 mL, 0.31 

g, 1.58 m m ol) or ethyl brom oacetate w as added and the suspension refluxed for 8  h. 

The solution was cooled, filtered and the solvent rem oved under reduced pressure. 

The product w as finally purified using colum n chrom atography (B iotage SPl 

instrum ent) to obtain yields o f  13% -25% .

6.7.1 Synthesis o f diethyl 4-(3-(4-(2-ethoxy-2-oxoethoxy)phenyl)-l-phenyl-1  H- 
pyrazol-4-yl)-2 ,6-d im ethyl-l,4-d ihydropyrid ine-3 ,5-d icarboxylate 238

This product was obtained from  diethyl 4 -(3 -(4 -am inophenyl)-l-pheny l-1 H-pyrazol-

4-yl)-2 ,6-d im ethyl-l,4 -d ihydropyrid ine-3 ,5-d icarboxylate 165(0.49 g ,l m mol),

potassium  carbonate(0.74 g,5.3 m m ol), and ethyl brom oacetate (263.9 m g,1.58 m m ol)

Yield: 32.5% , yellow  solid

MP: 196°C

'H  NM R  (400.13M H z, CDCI3): 5 1.12(t. 6H ,J=6.84 Hz, C H 2 -CH 3 ),

1.32(t,3H ,J=6.88 Hz, CH 2 -CH 3 ), 2.14(s,6H ,CH3), 3.83-3.91 (m, 2H, CH 2 -CH 3 ), 

3.99-4.07(m ,2H , CH 2 -C H 3 ), 4 .24-4.29(m ,2H , CH 2 -CH 3 ), 4.70(s,2H ,-CH2),

5.22(s, IH , -C H (4” )), 6.94(d, 2H ,J=8.32 Hz,A r-H(3,5), 7 .19-7 .22(m ,lH ,A r-H (4’)), 

7 .37-7 .41(m ,2H ,A r-H (3’,5 ’)), 7 .65-7 .68(m ,4H ,A r-H (2,6 ,2’,6 ’)), 7 .74(s,lH ,N -C H =C ). 

'^C NM R  (100.61M H z, CDCI3): 8  13.73(-CH2CH3), 13.92(-CH2CH3), 18.78(-CH3), 

29 .40(-C H (4” )), 59.18 (-C H 2 C H 3 ), 61.01(-CH2CH3), 64.56(-CH2-CO),
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102.91(C(3” ,5” )), 113.45(Ar-C(3,5)), 118.23(Ar-C(2’,6’)), 125.46(N-CH=C), 

126.33(Ar-C(4’)), 127.94(Ar-C(l)), 127.94, 128.09, 128.78, 130.09(ArC(2,6,3’,5’)), 

139.58(Ar-C(l’)), 143.56(C(2” ,6” )), 150.92(N=C), 156.83(Ar-C(4)), 167.27(C=0), 

168.82(C=0).

EIMS (HR): C32H36N3O7 calculated [M+H]^ 574.2553, observed [M+H]^ 574.2549. 

IR (NaCl/KBr): C=N absorbance 1600.01 cm '', C=Oabsorbance at 1693.34 cm '', 

C-O-ester absorbance at 1210.20 cm ''.

6.7.2 Synthesis of diethyl 4-(3-(4-(4-ethoxy-4-oxobutoxy)phenyl)-l-phenyl-///- 
pyrazol-4-yl)-2,6-dimethyI-l,4-dihydropyridine-3,5-dicarboxylate 239

This product was obtained from 4-[3-(4-hydroxy-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester 165 (0.49 g, 1

mmol), potassium carbonate (0.74 g, 5.3 mmol), and ethyl bromobutyrate (0.31 g,

1.58 mmol).

Yield: 18.7%, white solid 

MP: 202 °C

'H NMR (400.13MHz, CDCI3 ): 5 1.08(t,6H,J=6.6 Hz,CH2-CH3),

1.26(t,6H,J=7.32 Hz, CH2-CHj),2.10-2.14(m,2H,-CH2CH2CH2), 2.16(s, 6 H, -CH3), 

2.52(t,2H,J=6.6 Hz,CH2-C0 ), 3.78-3.83(m, 2H, CH2-CH3),

4.00-4.06(m, 2H, CH2-CH3, CH2), 4.12-4.17(m,2H, CH2 -CH3 ) , 5.25(s, IH, -CH(4” )), 

6.93(d,2H,J=8.04 Hz,Ar-H(3,5), 7.17-7.21(m,lH,Ar-H(4’)), 

7.35-7.39(m,2H,Ar-H(3’,5’)), 7.64(d,2H,J=8.08 Hz,Ar-H(2,6)), 7.71(s,lH,N-CH=C), 

7.76(d,2H,J=7.32Hz,Ar-H(2’,6’)).

'^C NMR (100.61MHz, CDCI3 ): 6  13.78(-CH2CH3), 13.88(-CH2CH3), 18.64(-CH3), 

24.1 1(-CH2), 29.20(-CH(4” )), 30.49(-CH2), 59.19(-CH2CH3), 60.08(-CH2), 

6 6 .3 4 (-CH2), 103.35(C(3” ,5” )), 113.56(Ar-C(3,5)), 118.26(Ar-C(2’,6’)), 

127.01(Ar-C(l)), 126.62, 128.35, 128.77, 129.67(Ar-C(2,6,3’,4’,5’)), 

139.57(Ar-C(l’)), 143.57(C(2” ,6” )), 150.59(N=C), 157.86(Ar-C(4)), 167.33(C=0), 

172.97(C=0).

EIMS (HR): C3 4 H4 0N 3 O7 calculated [M+H]^ 602.2866, observed [M+H]^ 602.2859. 

IR (NaCI/KBr): C=N absorbance 1611.44 cm '', C =0 absorbance at 1670.23 cm '', 

C-O-ester absorbance at 1210.79 cm ''.
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6.8 General procedure for synthesis o f phenolic derivatives -II

A solution o f  diethyl 4-(3-(4-(2-ethoxy-2-oxoethoxy)phenyl)-l-phenyl-1 H-pyrazol-4- 

yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate was refluxed in IM  sodium 

hydroxide in water/methanol for 1 h. The solution was cooled, acidified and the 

aqueous layer extracted with DCM (2x30 mL). The combined organic layers were 

washed with brine, dried over sodium sulphate and the solvent removed under 

reduced pressure. The pure product was purified by Biotage SPl instrument with 

eluent solvent system (ethylacetate/hexane) to obtain yields o f 12%-30%.

NH

6.8.1 Synthesis o f 2-(4-(4-(3,5-bis(ethoxycarbonyl)-2,6-diinethyl-l,4- 
dihydropyridin-4-yl)-l-phenyl-7//-pyrazol-3-yl)phenoxy)acetic acid 240

I'his product was obtained from diethyl 4-(3-(4-(2-ethoxy-2-oxoethoxy)phenyl)-l-

phenyl-lH-pyrazol-4-yl)-2,6-dim ethyl-l,4-dihydropyridine-3,5-dicarboxylate (0.272

g,0.5 mmol).

Yield: 22.76%, brown solid 

MP: 188°C

'H NMR (400.13M Hz, CDCI3): 5 1.10(t, 6H,J=6.84 Hz, CH 2 -CH 3 ), 2.13(s,6H,CH3),

3.84-3.91(m, 2H, CH2-CH3), 4.01-4.09(m,2H, CH2-CH3), 4.71(s,2H,-CH2),

5.21(s, IH, -CH (4” )), 6.96(d, 2H,J=8.04 Hz,Ar-H(3,5), 7.18-7.21(m ,lH ,A r-H (4’)), 

7.39-7.43(m,2H,Ar-H(3’,5’)), 7.63(d,2H,J=8.04 Hz,Ar-H(2,6)),

7.69(d,2H,J=8.32 Hz.Ar-H(2’,6 ')), 7.74(s,lH ,N-CH=C).

'^C NMR (100.61M Hz, CDCI3): 6 13.67(-CH2CH3), 18.64(-CH3), 29.39(-CH(4” )), 

59 .23 (-CH2CH3), 64 .48 (-CH2-CO), 103 .01(C (3 '\5” )), 113.65(Ar-C(3,5)),
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118.33(Ar-C(2’,6’)), 125.87(N-CH=C), 127.45(Ar-C(l)), 126.33, 128.31, 128.48, 

129.89(ArC(2,6,3’,5’)), 139.66(Ar-C(r)), 143.38(C(2” ,6” )), 150.67(N=C), 

157.21(Ar-C(4)), 167.38(C=0), 168.98(C=0).

EIMS (HR): C3oH3 iN3 0 7 Na calculated [M+Na]" 568.2060, 

observed [M+Na]^ 568.2056.

IR (NaCI/KBr): C=N absorbance 1600.08 cm '', C=Oabsorbance at 1682.27 cm’', 

C-O-ester absorbance at 1214.21 cm''.

6.8.2 Synthesis of 4-(4-(4-(3,5-bis(ethoxycarbonyl)-2,6-dimethyl-1,4- 
dihydropyridin-4-yl)-l-phenyl-///-pyrazol-3-yI)phenoxy)butanoic acid 241

This product was obtained from diethyl 4-(3-(4-(4-ethoxy-4-oxobutoxy)phenyl)-l-

phenyl-1 H-pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate (0.302

g,0.5 mmol).

Yield: 32.2%, white solid 

MP: 194 °C

'H NMR (400.13MHz, CDCI3): 5 1.10(t.6H,J=6.84 Hz,CH2-CH3),

2.17(s, 6 H, -CH3 ), 2.13-2.22(m,2H,-CH2CH2CH2), 2.56(t,2H,J=6.6 HZ.CH2-CO), 

3.84-3.86(m, 2H, CH2 -CH3), 4.00-4.06(m, 4H, CH2 -CH3, CH2 ),

5.26(s, IH, -CH(4” )), 6.94(d,2H,J=8.32 Hz,Ar-H(3,5), 7.19-7.23(m,lH,Ar-H(4’)), 

7.37-7.41 (m ,2H,Ar-H(3\5’)), 7.65(d,2H,J=8.32 Hz,Ar-H(2,6)), 7.70(s,l H,N-CH=C), 

7.74(d,2H,J=9.28 Hz,Ar-H(2\6’)).

'^C NMR (100.61MHz, CDCI3): 5 13.87, 14.73(-CH2CH3), 18.61, 18.78(-CH3), 

23.97(-CH2), 29.23(-CH(4” )), 30.19(-CH2), 59.34, 59.47(-CH2CH3), 66.25(-CH2), 

103.33, 103.43(C(3” ,5” )), 113.59, 114.27(Ar-C(3,5)), 118.46, 118.52(Ar-C(2’,6’)), 

126.92(Ar-C(l)), 125.62(N-CH=C), 126.82, 128.18, 128.37, 129.58, 

129.75(Ar-C(2,6,3’,4’,5’)), 139.50(Ar-C(l’)), 143.79(C(2” ,6” )), 150.70(N=C),

157.91 (Ar-C(4)), 167.43, 167.75(C=0), 177.54(C=0).

EIMS (HR): C32H36N3O7 calculated [M+H]^ 574.2553, observed [M+H]^ 574.2535. 

IR (NaCl/KBr): C=N absorbance 1613.11 cm '', C=0 absorbance at 1695.30 cm '', 

C-O-ester absorbance at 1212.73 cm''.
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6.9 General procedure for Suzuki Reaction

Pd(PPh3)4 (0.035 m m ol) was added to a solution o f  the appropriate pyrazole 1,4- 

d ihydropyridines (1.16 m m ol), phenylboronic acid(1.74 m m ol), and 2M  N a2C 03  

(5.80 m m ol) in TH F 20 m L and heated to reflux for 5-6 h. A fter cooling the m ixture 

w as portioned betw een w ater and ethyl acetate (40 m L each), filtered to rem ove the 

black, insoluble residues o f  the palladium -catalyst and finally the aqueous layer 

extracted w ith ethyl acetate (3x40 mL). The com bined organic layers were w ashed 

w ith w ater and 27%  brine (40 m L each), dried over M gS0 4  and the solvent rem oved 

in cacuo. The product was finally either purified using colum n chrom atography 

(B iotage SP l instrum ent) or recrystallized with m ethanol to obtain yields o f  13%- 

46% .

4 .,.

NH

3 '

6.9.1 Synthesis o f diethyl 4-(3 -(4 '-hydroxyb iphenyl-4 -y l)-l-phenyl-7 //-pyrazo l-  
4-yl)-2 ,6-d im ethyl-l,4-d ihydropyrid ine-3 ,5-d icarboxylate 221

This product was obtained from  4-[3-(4-brom o-phenyl)-l-phenyl-1  H -pyrazol-4-yl]-

2 ,6-d im ethyl-l,4-dihydro-pyrid ine-3 ,5-dicarboxylic  acid diethyl ester (550.5 mg, 1.0

m m ol), 4-hydroxyphenylboronic acid (206.8 m g, 1.5 m m ol) and Pd(PPh3)4 (40.4 m g,

0.035 m m ol), 2M N a2C 0 3 , 3 ml.

Yield: 67.67% , brow n solid

MP: 182 °C
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'H NMR (400.13M Hz CDCij): 8  1.12(t, 6 H, J=7.28 Hz,CH 2 -CH3),

2.21 (s, 6 H, -CHj), 3.85-3.89(m, 2H, CH2 -CH 3 ), 4.06-4.10(m,2H,CH2-CH3),

5.36 (s, IH -CH(4” )), 6.05(s, 0 -H ), 6.82 (d, 2H,J=8.56 Hz, A r-H(3” ’,5 '” )), 

7.23-7.27(m ,lH ,A r-H (4’)), 7.38-7.44(m,4H,Ar-H(3’,5 '.2 ” ',6 ’” )),

7.52(d,2H,J=8.28 Hz,Ar-H(3,5)), 7.68(d,2H,J=7.52 Hz,Ar-C(2’,6 ')), 

7.80(s,lH ,N -CH=C), 7.85(d,2H, J=8.28 Hz,Ar-C(2,6)).

'^C NM R (100.61M Hz CDCij): 5 14.32 (-CH 2CH 3 ), 19.42 (-CH 3), 29.78 (-C (4” )), 

60.06(-CH2CH3), 103.92(-C(3” ,5’^)), 115.96, 116.14(Ar-C(3’” ,5” ’)), 

119.20(Ar-C(2’,6’)), 126.06, 126.38, 127.60, 127.97, 128.74, 

129.38(Ar-C(2,3,5,6,3’,4’,5’,2’” ,6’” )), 132.58, 132.64(A r-C(l,l ” ’)), 

139.88(A r-C(l’)), 140.20(Ar-C(4)), 144.12(-C(2” ,6” ), 151.40(N=C-), 

156.13(Ar-C(4’” )), 168.10(C=0).

EIMS (HR): C3 4 H34N 3O 5 calculated [M+H]" 564.2498, observed [M+H]" 564.2487. 

IR (NaCl/KBr): C=N absorbance 1598.96 cm ', C = 0  absorbance at 1679.06 cm"', 

C-O-ester absorbance at 1212.79 cm’', OH absorbance at 3337.54 cm ’’.

6.9.2 Synthesis o f diethyl 4-(3-(3'-hydroxybiphenyl-4-yl)-l-phenyl-7//-pyrazol- 
4-yl)-2,6-dim ethyl-l ,4-dihydropyridine-3,5-dicarboxylate 222

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2,6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0

mmol), 3-hydroxyphenylboronic acid (206.8 mg, 1.5 mmol) and Pd(PPh3 )4  (40.4 mg,

0.035 mmol), 2M N a2C0 3 , 3 ml.

Yield: 6.62%, yellow solid

MP: 178 °C

'H NMR (400.13M Hz CDCI3): 5 0.95(t, 6 H, J=7.04 Hz,CH 2 -CH3 ),

2.28 (s, 6 H, -CH 3 ), 3.64-3.68(m, 2H, CH2 -CH3 ), 3.90-3.94(m,2H,CH2-CH3),

5.26 (s, IH -CH(4” )), 6.82 (d, 1H,J=8.0 Hz,Ar-H(4’” )),

7.13-7.17(m,2H,Ar-H(4’,6’” )), 7.26-7.32(m,2H,Ar-H(2’” ,5” ’)), 

7.46-7.50(m,2H,Ar-H(3’,5 ’)), 7.72(d,2H,J=8.28 Hz,Ar-H(3,5)),

7.85(d,2H,J=7.76 Hz,Ar-C(2’,6’)), 8.03(d,2H, J=8.28 Hz,Ar-C(2,6)), 

8 .07(s,lH ,N -C H -C )

'^C NMR (100.61M Hz CDCI3): 5 14.56 (-CH2CH3), 18.75 (-CH3), 29.38 (-C (4” )), 

59.34(-CH2CH3), 102.81(-C(3” ,5” )), 113.82, 114.90(Ar-C(2” ',4 ” ’)), 117.89, 

118.54(Ar-C(2’,6’,6” ’)), 126.43, 126.65, 128.08, 129.12, 129.89, 130.44,
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130.55(Ar-C(2,3,5,6,3’,4’,5’,5” ’)), 134.10(Ar-C(l)), 139.88(Ar-C(r)X 

142.04(Ar-C(4)), 145.68(Ar-C(l” ’)), 149.70(N=C-C), 158.34(Ar-C(3’” )), 

167.52(C=0).

EIMS (HR): C3 4H34N3 O5 calculated [M+H]^ 564.2498, observed [M+H]^ 564.2493. 

IR (NaCl/KBr): C=N absorbance 1595.82 cm’', C =0 absorbance at 1677.41 cm '', 

C-O-ester absorbance at 1215.60 cm"', OH absorbance at 3343.90 cm''.

6.9.3 Synthesis of diethyl 2,6-dimethyl-4-(3-(4-(naphthalen-2-yl)phenyl)-l- 
phenyI-7//-pyrazol-4-yl)-l,4-dihydropyridine-3,5-dicarboxylate 223

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-lH-pyrazol-4-yl]-

2,6 -dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0

mmol), naphthalen-2-ylboronic acid (258.0 mg, 1.5 mmol) and Pd(PPh3 )4  (40.4 mg,

0.035 mmol), 2M NaiCOs, 3 ml.

Yield: 51.43%, brown solid

IMP: 184°C

'H NMR (400.13MHz CDCI3): 5 1.12(t, 6 H, J=7.0 HZ.CH2-CH3),

2.28 (s, 6 H, -CH3 ), 3.83-3.87(m, 2H, CH2 -CH3 ), 4.06-4.13(m,2H,CH2-CH3),

5.43 (s, IH -CH(4")), 6.01(s,N-H), 7.24-7.29 (m, lH,Ar-H(4’)), 

7.42-7.46(m,2H,Ar-H(3’,5’)), 7.51-7.58(m,2H,Ar-H(5’” ,6” ’)),

7.74(d,2H.J=7.8 Hz,Ar-H(2’,6’)), 7.82(s,lH,Ar-H(2’” )), 

7.84-7.87(m,3H,Ar-H(3,5,10’” )), 7.92(d,lH,J=7.52 Hz,Ar-H(9’” )), 

7.96-7.99(m,2H,Ar-C(4’” ,7” ')), 8.10(d, 2H,J=8.28 Hz,Ar-C(2,6))

'^C NMR (100.61MHz CDCI3): 5 14.23 (-CH2CH3), 19.45 (-CH3),

29.70 (-C (4” )), 59.81(-CH2CH3), 104.47(-C(3” ,5” )), 118.88(Ar-C(2’,6’)), 125.48, 

125.54, 125.98, 126.11, 126.39, 126.94,127.38,127.70,128.24,128.54,129.21, 129.28, 

129.39(Ar C(2,3,5,6,3’,4’,5’,2” ’,4” ’,5” ’, 6” ’.7” \ 9 ” ’,10” ’)), 

132.67,133.76(Ar-C(3” ’,8” ’)), 134.07(A r-C(r” )), 138.42(Ar-C(l’)), 

140.10(Ar-C(4)), 143.70(-C(2” ,6” )), 150.63(N=C-C), 167.71(C=0).

EIMS (HR): C3 8 H36N 3O4 calculated [M+H]^ 598.2706, observed [M+H]^ 598.2700. 

IR (NaCl/KBr): C=N absorbance 1599.05 cm"', C =0 absorbance at 1651.51 cm '', 

C-O-ester absorbance at 1210.13 cm ''.
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6.9.4 Synthesis of diethyl 4-(3-(4'-methoxybiphenyl-4-yl)-l-phenyl-7//-pyrazoi- 
4-yI)-2,6-dimethyl-l,4-dihydropyridine-3,5-dicarboxylate 224

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2.6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0 

mmol), 4-methoxyphenylboronic acid (226.4 mg, 1.5 mmol) and Pd(PPh3 )4  (40.4 mg, 

0.035 mmol), 2M Na2C0 3 . 3 ml.

Yield: 21.64%, white solid 

MP: 176 "C

'H NMR (400.13MHz CDCI3): 6  1.10(t, 6 H, J=7.04 Hz,CH2-CH3 ),

2.28 (s, 6 H, -CH3), 3.80-3.86(m, 2H, CH2 -CH3 ), 4.04-4.10(m,2H,CH2-CH3),

5.37 (s, IH -CH(4” )), 5.57(s, N-H), 7.04(d, 2H,J=9.04 Hz, Ar-H(3” \ 5 ” ')), 

7.24-7.29(m,lH,Ar-H(4')), 7,42-7.46(m,2H,Ar-H(3’,5’)), 

7.60-7.66(m,4H,Ar-C(2’,6’,2’” ,6” ’)), 7.72(d,2H,J=8.52 Hz,Ar-H(3,5)), 

7.79(s,lH,N-CH=C), 7.96(d,2H, J=8.28 Hz,Ar-C(2,6)).

'^C NMR (100.61MHz CDCI3): 814.34 (-CH2CH3), 19.59 (-CH3 ), 29.69 (-C (4” )), 

55.42(0-CH3), 59.78(-CH2CH3), 104.56(-C(3” ,5” )), 114.30(Ar-C(3’” ,5’” )), 

118.82(Ar-C(2’,6’)), 126.00, 126.19, 127.18, 128.03, 128.86, 129.25, 

129.29(Ar-C(2,3,5,6,3’,4’,5’,2’” ,6’” )), 133.33, 133.73(A r-C (l,r” )), 

139.80(Ar-C(l’)), 140.11 (Ar-C(4)), 143.35(-C(2” ,6” ), 150.83(N=C-), 

159.18(Ar-C(4” ’)), 168.61(C=0).

EIMS (HR): C3 5 H3sN3 0 5 Na calculated [M+Na]^ 600.2474, observed [M+Na]" 

600.2489

IR (NaCl/KBr): C=N absorbance 1599.88 cm '', C=0 absorbance at 1693.66 cm '', 

C-O-ester absorbance at 1211.60 cm ''.

6.9.5 Synthesis of diethyl 4-(3-(4'-forniylbiphenyl-4-yl)-l-phenyl-7//-pyrazol-4- 
yl)-2,6-dimethyl-l ,4-dihydropyridine-3,5-dicarboxylate 225

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-lH-pyrazol-4-yl]-

2.6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0 

mmol), 4-formylphenylboronic acid (224.9 mg, 1.5 mmol) and Pd(PPh3 )4  (40.4 mg, 

0.035 mmol), 2M Na2C0 3 , 3 ml.

Yield: 16.85%, white solid 

MP: 180°C

'H NMR (400.13MHz CDCI3): 8  1.08(t, 6 H, J=7.52 Hz,CH2-CH3 ),
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2.32 (s, 6 H, -CH 3 ), 3.78-3.83(m, 2H, CH 2 -CH 3 ), 4.04-4.08(m,2H,CH2-CH3),

5.38 (s, IH  -CH(4” )), 5.61(s, N-H), 7.43-7.47(m, IH, Ar-H(4’)), 

7.67-7.76(m,6H,Ar-H(2’,3’,5’,6’,2’” ,6’‘’)), 7.79(s,lH ,N-CH=C),

7.84(d,2H,J=8.04 Hz,Ar-H(3,5)), 8.01(d,2H,J=8.52 Hz,Ar-H(3” ’,5” ’)),

8.09(d,2H, J=8.04 Hz,Ar-C(2,6)), 10.10(s,lH ,CH =0).

'^C NMR (100.61M Hz CDCI3): 5 14.32 (-CH2CH3), 19.68 (-CH3), 29.65 (-CH(4” )), 

59.78(-CH2CH3), 104.65(-C(3'’,5 ’\)), 119.01,119.23(Ar-C(2’,6 ’)), 126.25, 126.94, 

127.52, 128.52, 128.63, 129.30,129.49,130.39,132.06, 

132.16(Ar-C(2,3,5,6,3’,4’,5’,2’” ,3’” ,5’” ,6’” )), 135.13(Ar-C(l)),

138.64(Ar-C(4’” )), 139.93(A r-C(l’)), 143.49(-C(2” ,6” ), 147.15(A r-C(l’” )), 

150.04(N=C-), 167.54(C=0), 191.96(CH=0),

EIMS (HR): C3 5 H3 3 N3 0 5 Na calculated [M+Na] ' 598.2318, 

observed [M+Na]^ 598.2338

IR (NaCl/KBr): C=N absorbance 1601.02 cm '', C = 0  absorbance at 1693.73 cm '', 

C-O-ester absorbance at 1209.96 cm ''.

6.9.6 Synthesis of diethyl 4-(3-(2'-fluoro-3'-form ylbiphenyl-4-yl)-l-phenyl-7//- 
pyrazol-4-yl)-2,6-dim ethy\-l,4-dihydropyridine-3,5-dicarboxylate 226

This product was obtained from 4-[3-(4-Brom o-phenyl)-l-phenyl-lH-pyrazol-4-yl]-

2,6-dim ethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0

mmol), 2-fluoro-3-fonnylphenylboronic acid (251.9 mg, 1.5 mmol) and Pd(PPh3 ) 4

(40.4 mg, 0.035 m mol), 2M Na2 C 0 3 , 3 ml.

Yield: 30.9%, yellow solid

MP: 196“C

'H NMR (400.13M Hz CDCI3): 5 1.09(t, 6 H, J=7.04 Hz,CH 2 -CH 3 ),

2.27 (s, 6 H, -CH 3 ), 3.78-3.84(m, 2H, CH2 -CH 3 ), 4.02-4.07(m,2H,CH2-CH3),

5.28 (s, IH, -CH (4” )), 5.89(s, N-H), 7.24-7.28(m, IH, Ar-H(4’)), 

7.38-7.44(m,2H,Ar-H(3’,5’)), 7.58(d,2H,J=8.52 Hz,Ar-H(3,5)), 

7.63-7.68(m,3H,Ar-H(2’,6’,4’” )), 7.75(s,lH ,N-CH=C),

7.84(d,2H,J=8.0 Hz,Ar-H(2,6)), 8.06(d,lH ,J=8.04 Hz,Ar-H(6” ’)),10.48(s,lH ,C H =0). 

'^C NMR (100.61M Hz CDCI3): 5 13.86 (-CH2CH3), 19.10 (-CH3), 29.14 (-CH(4” )), 

5 9 .3 5 (-CH 2 CH 3 ), 103.95(-C(3” ,5” )), 119.01, 119.23(Ar-C(2’.6^)).

121.14(Ar-C(3” ’)), 125.76, 126.93, 127.00, 128.22, 128.54, 128.69, 128.82, 130.06, 

130.58(Ar-C(2,3,5,6,3’,4’,5’.4” ’,5” \ 6 ’” )). 131,5 4 (A r-C (r” )), 133.36(Ar-C(4)),
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139.48(Ar-C(l’)), 143.20(-C(2” ,6” ), 149.26(N=C-), 167.08(C=0)

EIMS (HR): C3 5 H3 3 N 3 O 5 F calculated [M+H]" 594.2404, observed [M+H] ’ 594.2407 

IR (NaCl/KBr): C=N absorbance 1599.87 cm"', C =0 absorbance at 1694.09 cm '', 

C-O-ester absorbance at 1212.18 cm ''.

6.9.7 Synthesis of diethyl 4-(3-(2'-fluoro-4'-formylbiphenyl-4-yl)-l-phenyl-///- 
pyrazol-4-yl)-2,6-dimethyl-l,4-dihydropyridine-3,5-diearboxylate 227

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-lH-pyrazol-4-yl]-

2.6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0 

mmol), 2-fluoro-4-formylphenylboronic acid (251.9 mg, 1.5 mmol) and Pd(PPh3 ) 4  

(40.4 mg, 0.035 mmol), 2M Na2 C 0 3 , 3 ml.

Yield: 16.2%, yellow solid 

MP: 184°C

'H NMR (400.13MHz CDCI3 ): 5 1.10(t, 6 H, J=7.04 Hz,CH2 -CH3 ),

2.29 (s, 6 H, -CH3 ), 3.80-3.85(m, 2 H, CH2 -CH3 ), 4.03-4.09(m,2H,CH2-CH3),

5.37 (s, IH, -CH(4” )), 5.75(s, N-H), 7.25-7.29(m,lH,Ar-H(4’)), 

7.42-7.46(m,2H,Ar-H(3’,5’)), 7.67-7.73(m,6H,Ar-H(3,5,2’,6 ',5’ ’̂,6” ’)), 

7.76(d,lH,J=5.52 Hz.Ar-H(3"’)), 7.80(s,lH,N-CH=C),

8.06(d,2H,J=8.28 Hz,Ar-H(2,6)), 10.05(s,lH,CH=0).

'^C NMR (100.61MHz CDCI3 ): 5 14.32 (-CH 2 CH3 ), 19.58 (-CH3 ), 29.69 (-CH(4” )), 

5 9 .7 9 (-CH2 CH3 ), 104.46(-C(3” ,5” )), 116.21(Ar-C(3’” ), 118.88(Ar-C(2\6’)), 

126.21, 127.40, 128.70, 129.16, 129.28, 130.55, 131.04, 

131.39(Ar-C(2,3,5,6,3’,4’,5’,5” ’,6’” )), 133.50(Ar-C(l)), 135.39, 135.47, 

135.52(A r-C(4,r” ,2” ’)), 137.03(Ar-C(4” ’)), 140.00(Ar-C(l’)), 143.56(-C(2” ,6” ), 

150.26(N=C-), 167.57(C=0), 190.70(CH=0).

EIMS (HR): C 3 5 H3 3 N3 O 5 F calculated [M+H]^ 594.2404, observed [M+H]^ 594.2396 

IR (NaCl/KBr): C=N absorbance 1600.64 cm '', C =0 absorbance at 1693.79 cm '', 

C-O-ester absorbance at 1210.55 cm''.

6.9.8 Synthesis of diethyl 2,6-dimethyi-4-(3-(3'-nitrobiphenyl-4-yl)-l-phenyl- 
///-pyrazoi-4-yl)-l,4-dihydropyridine-3,5-dicarboxylate 228

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-1 H-pyrazol-4-yl]-

2.6-dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0 

mmol), 3-nitrophenylboronic acid (250.4 mg, 1.5 mmol) and Pd(PPh3 ) 4  (40.4 mg, 

0.035 mmol), 2M Na2 C0 3 , 3 ml.
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Yield: 32.4%, brown solid 

MP: 194°C

'H NMR (400.13MHz CDCI3): 8  1.09(t, 6 H, J=7.04 Hz,CH2-CH3),

2.32 (s, 6 H, -CH3), 3.80-3.86(m, 2H, CH2 -CH3), 4.03-4.09(m,2H,CH2-CH3),

5.38 (s, IH, -CH(4” )), 5.67(s, N-H), 7.27-7.3l(m,2H,Ar-H(4’,6’” )), 

7.44-7.48(m,2H,Ar-H(3’,5’)), 7.64-7.69(m,lH,Ar-H(5” ’)), 

7.72-7.76(m,4H,Ar-H(3,5,2’,6’)), 7.80(s, 1 H,N-CH=C), 7.99-8.01 (m, 1 H,Ar-H(4” ’)), 

8.13(d,2H,J=8.56 Hz,Ar-H(2,6)), 8.23-8.25(m,lH,Ar-H(2’” )).

'^C NMR.(100.61MHz CDCia): 5 14.32 (-CH2CH3 ), 19.68 (-CH3), 29.69 (-CH(4” )), 

59.82(-CH2CH3), 104.68(-C(3” ,5” )), 119.06(Ar-C(2’,6’)), 121.70, 

122.02(Ar-C(2” ’,4” ’)), 126.36, 126.70, 127.72, 129.21, 129.31, 129.64, 129.82, 

131.05(Ar-C(2,3,5,6,3’,4’,5’,5” ’)), 132.90(Ar-C(l)), 135.04(Ar-C(6” ’)), 

137.63(Ar-C(l’” )), 139.81(Ar-C(l’)), 142.76(Ar-C(4)), 143.41(-C(2” ,6” ), 

148.84(Ar-C(3” ’)), 149.85(N=C-), 167.49(C=0)

EIMS (HR): C3 4 H33N4 O6 calculated [M+H]^ 593.2400, observed [M+H]" 593.2396 

IR (NaCI/KBr): C=N absorbance 1599.97 cm '', C =0 absorbance at 1692.32 cm"', 

C-O-ester absorbance at 1211.85 cm"'.

6.9.9 Synthesis of diethyl 2,6-dimethyl-4-(3-(2'-nitrobiphenyl-4-yl)-l-phenyl- 
/f/-pyrazol-4-yl)-l,4-dihydropyridine-3,5-dicarboxylate 229

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-lH-pyrazol-4-yl]-

2,6 -dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0

mmol), 3-nitrophenylboronic acid (250.4 mg, 1.5 mmol) and Pd(PPh3 )4  (40.4 mg,

0.035 mmol), 2M Na2 C0 3 , 3 ml.

Yield: 12.8%, white solid

MP: 164°C

'H NMR (400.13MHz CDCI3): 5 1.10(t, 6 H, J=7.28 Hz,CH2 -CH3 ),

2.27 (s, 6 H, -CH3), 3.79-3.86(m, 2H, CH2 -CH3), 4.01-4.08(m,2H,CH2-CH3),

5.29(s, IH, -CH(4” )), 5.73(s,N-H), 7.26-7.29(m,lH,Ar-H(4’)), 

7.41-7.45(m,2H,Ar-H(3’,5’)), 7.58(d,2H,J=8.52 Hz,Ar-H(3,5)),

7.68(d,2H,.I=7.52 Hz,Ar-H(2’,6’)), 7.76(s,lH,N-CH=C),

7.83(d,2H,J=8.52 Hz,Ar-H(2,6))

'^C NMR (100.61MHz CDCI3): 514.32 (-CH2CH3), 19.55(-CH3), 29.65(-CH(4” )). 

59.82(-CH2CH3), 104.48(-C(3” ,5’')), 118.88(Ar-C(2’,6’)). 121.60(Ar-C(2” ’)),
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126.22, 127.44, 128.94, 129.28, 130.56,

131.03(Ar-C(2,3,5,6,3’,4’,5’,3’” ,4” ’,5’” ,6’” )), 133.84(Ar-C(4)), 139.97(Ar-C(r)), 

143.45(-C(2” ,6” ), 149.78(N=C-), 167.51(C=0)

EIMS (HR): C3 4H33N4O6 calculated [M+H]" 593.2400, observed [M+H]" 593.2402 

IR (NaCl/KBr): C=N absorbance 1600.09 cm '', C =0 absorbance at 1681.97 cm"', 

C-O-ester absorbance at 1212.61 cm"'.

6.9.10 Synthesis of diethyl 2,6-dimethyl-4-(l-phenyl-3-(3',4',5'- 
trimethoxybiphenyl-4-yl)-///-pyrazoI-4-yl)-l,4-dihydropyridine-3,5- 
dicarboxylate 230

This product was obtained from 4-[3-(4-bromo-phenyl)-l-phenyl-1 H-pyrazol-4-yl]- 

2,6 -dimethyl-l,4-dihydro-pyridine-3,5-dicarboxylic acid diethyl ester (550.5 mg, 1.0 

mmol), 3,4,5-trimethoxy phenylboronic acid (318.0 mg, 1.5 mmol) and Pd(PPh3 )4  

(40.4 mg, 0.035 mmol),2M Na2C0 3  3ml.

Yield: 45.2%, white solid 

MP: 172°C

'H NMR (400.13MHz CDCI3 ): 6  1.08(t, 6 H, J=7.04 Hz,CH2 -CHi),

2.28 (s, 6 H, -CH3), 3.75-3.83(m, 2H, CH^-CHj), 3 .9 3 .3 .9 7 (ds,9 H,0 -CH3 ), 

4.01-4.09(m,2H,CH2-CH3), 5.37 (s, 1 H ,-C H (4” )), 6.07(s, N-H), 

6.86(s,2H,Ar-H(2’” ,6” ’)), 7.23-7.27(m, lH,Ar-H(4’)), 7.40-7.44(m,2H,Ar-H(3’,5’)), 

7.66(d.2H,J=8.0 Hz,Ar-C(2’,6’)), 7.70(d,2H,J=8.04 Hz,Ar-H(3,5)), 

7.78(s,lH,N-CH=C), 8.04(d,2H,J=8.04 Hz,Ar-C(2,6)).

'^C NMR (100,61MHz CDCI3): 6  13.89 (-CH2CH3), 18.98 (-CH3), 29.12 (-CH(4” )), 

55.78(0-CH3), 59.29(-C H 2C H 3), 60.54(0-CH3), 103.72, 104.56(-C(3” ,5” )), 

118.42(Ar-C(2’,6’)), 125.68, 126.11, 127.00, 128.74, 128.80(Ar-C(2,3,5,6,3’,4’,5’)), 

131.52(Ar-C(l)), 133.47(Ar-C(l” ’)), 137.08(0-CH3), 139.54(Ar-C(l’)), 

139.74(Ar-C(4)), 143.26(-C(2” ,6” ), 149.91(N=C-), 153.06(0-CH3), 167.72(C=0). 

EIMS (HR): C 3 7H 40N 3 O 7 calculated [M+H]^ 638.2866, observed [M+H]^ 638.2858 

IR (NaCl/KBr): C=N absorbance 1599.88 cm '', C=0 absorbance at 1693.66 cm '', 

C-O-ester absorbance at 1211.60 cm ''.
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6.10 General procedure for synthesis of novel 1,4-dihydropyridines 
and related derivatives

Ethyl propiolate (20 mmol, 2 eqiv.), benzaldehyde (10 mmol, leqiv.) and aniline (10 

mmol, leqiv.), in glacial acetic acid (0.5 mL) were heated at 80 °C for 30min. After 

cooling, the mixture was poured into water (20 mL), and stirred for 1 h. The solid 

product was filtered and washed with diethyl ether (3x30 mL) to give pure compound, 

which was recrystallized from cyclohexane or purified by column chromatography 

(Biotage SPl instrument) to obtain yields o f  1.5-70.99%.

6.10.1 Synthesis of diethyl l-benzyl-4-phenyl-l,4-dihydropyridine-3,5- 
dicarboxylate 242

This product was obtained from benzaldehyde(2.12 g, 2.0 mL, 20 mmol), ethyl 

propiolate (3.92 g, 4.1 mL,40 mmol) and benzylamine(2.14 g, 2.18 mL, 20 mmol). 

Yield: 70.99%, yellow solid 

MP: 136 °C

'H NMR (400.13M Hz CDCb): 8  1.19(t, 6 H, J=7.04 Hz,CH 2 -CH 3 ),

4.06-4.10(m,2H,CH2-CH3), 4.61 (s, 2H, CH2 ), 4.93(s, CH (4” ), 

7.16-7.18(m ,lH ,Ar-H), 7.24(m,2H,Ar-H), 7.29-7.32(m,7H,Ar-H,CH(2” ,6” )), 

7.38-7.46(m,3H,Ar-H)

'^C NMR (100.61M Hz CDCb): 5 13.75 (-CH2 CH3 ), 36.93 (-CH (4” )), 

57.85(N-CH2), 59.64(-CH2CH3), 108.64(-C(3” ,5” )), 125.94, 126.78, 127.47, 127.85, 

127.94, 128.71(Ar-C(2,3,4,5,6,2’,3’,4’,5’,6’)), 135.74(A r-C(l’)), 137.19(Ar-C(l)), 

146.10(CH(2^’,6” ), 166.53(C=0).

EIMS (HR): C2 4H26NO 4 calculated [M+HJ^ 392.1862, observed [M+HJ^ 392.1858. 

IR (NaCI/KBr): C = 0  absorbance at 1693.89 cm ''.

R.
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6.10.2 Synthesis o f diethyl 4-(4-hydroxyphenyl)-l-(3,4,5-trim ethoxyphenyl)-l,4- 
dihydropyridine-3,5-dicarboxyiate 243

This product was obtained from 4-hydroxybenzaldehyde (2.44 g, 20 mmol), ethyl 

propiolate (3.92 g, 4.1 mL, 40 m mol) and 3,4,5-trimethoxyaniline (3.66 g, 20 mmol). 

Yield: 28.33%, yellow solid 

MP: 172°C

'H NMR (400.13M Hz CDCI3): 5 1.16(t, 6 H, J=7.04 Hz,CH2-CH3), 

4 .0 0 (s ,12H,0 -CH3), 4.21-4.25(m, 4 H,CH2-CH3), 6.74-6.76(m,4H,Ar-H), 

7.36-7.42(m,4H,Ar-H,CH(3” ,5” )

'^C NMR (100.61M Hz CDCI3): 5 13.40 (-CH2CH3), 55.84, 60.89(0-CH3), 

61.11(-CH2CH3), 102.85(Ar-C(2’,6’)), 115.12(-C(3” ,5” )), 116.56, 

129.55(Ar-C(2,3,5,6)), 131.58(Ar-C(4’)), 140.46(-C(2” ,6’^)), 145.50, 

146 .10(A r-C (l,l’), 156.69(Ar-C(4)), 157.34, 157.62(Ar-C(3’,5’)), 168.09(C=0). 

EIMS (HR): C26H30N O 8 calculated [M+H]" 484.1971, observed [M+H]" 484.1966. 

IR (NaCl/KBr): C = 0  absorbance at 1715.90 cm ''.

6.10.3 Synthesis o f diethyl l-(4-m ethoxyphenyl)-4-(3,4,5-trim ethoxyphenyl)-l,4- 
dihydropyridine-3,5-dicarboxyiate 244

This product was obtained from 3,4,5-trimethoxybenzaldehyde (3.92 g, 20 mmol), 

ethyl propiolate (3.92 g, 4.1 ml,40 mmol) and 4-methoxyaniline (2.18 g, 20 mmol). 

Yield: 24.75%, yellow solid 

MP: 128 °C

'H NMR (400.13M Hz CDCI3): 5 1.25(t, 6H, J=7.04 Hz,CH2-C]:b), 3.83,3.84, 

3.86(ts,12H ,0-CH 3), 4.11-4.2l(m , 4 H,CH2-CH3), 4.94(s,l H,CH(4” )), 

6.63(s,2H,Ar-H(2,6)), 6.97-7.00(m,2H,Ar-H(2’,6’),7.21-7.24(m,2H,Ar-H(3’,5 ’)), 

7.58(s,2H,CH(3” ,5” ))

'^C NMR (100.61M Hz CDCI3): 6 13.87 (-CH2CH3), 37.07(CH(4” )), 55.21, 55.54, 

60.34(0-CH3), 59 .82(-CH2CH3), 104.77(Ar-C(2,6)), 109.66(-C(3” ,5” )), 

114.60(Ar-C(3’,5’)), 122.40(Ar-C(2’,6’)), 135.85(-C(2” ,6” )), 136.24(Ar-C(l)), 

141.47(Ar-C(4)), 152.36(Ar-C(3,5)), 157.81(Ar-C(4’)), 166.45(C=0).

EIMS (HR): C27H3iNOgNa calculated [M+Na]^ 520.1947, 

observed [M+Na]"^ 520.1955.

IR (NaCi/KBr): C = 0  absorbance at 1682.23 cm ''.
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6.10.4 Synthesis o f diethyl 4 -(l,3 -d ip h en y l-7 //-p y ra zo i-4 -y l)-l-p h en y l-l,4 -  
dihydropyrid ine-3 ,5-d icarboxylate 245

This product w as obtained from  1,3-d ipheny l-1 H -pyrazole-4-carbaldehyde (4.96 g,

20 m m ol), ethyl propiolate (3.92 g, 4.1 m L,40 m m ol) and aniline (1.86 g, 20 m mol). 

Yield: 1.5%, light yellow  solid 

M P: 162 “C

'H N M R  (400.13M H z CDCI3 ): 5 1.27(t, 6 H, J=7.0 H z,C H 2-CH 3),

3 .72-3.77(m , 2 H ,C H 2-C H 3), 4.18-4.22(m ,2H , C H 2-CH 3), 7.29(s,3H ,A r-H ), 

7 .41-7.55(m ,7H ,A r-H ,N -C H =C ), 7 .56(s,2H ,-C H (2” ,6” )), 7.82-7.87(m ,6H ,A r-H ),

'^C N M R  (100.61M H z CDCI3): 6 13.65(-CH2CH3), 59.96(-CH2CH3), 

119.79(A r-C (2’” ,6” ’)), 122.54(-C (3” ,5^’)), 128.00, 128.80, 129.00, 129.33, 

129.71(A r-C (2,3 ,4 ,5 ,6 ,3’,4 ’,5 ’,3 ’” ,5 ’” )), 130,97(-C (2” ,6” )), 13L 35(A r-C (l)), 

139 .04 (A r-C (l” ’), 154.85(N=C), 185.27(C =0).

EIM S (HR): C 32H 30N 3O 4 calculated [M +H]" 520.2236, observed [M+H]^ 520.2230. 

IR (N aC l/K B r): C=N absorbance at 1599.04, C=0 absorbance at 1672.90 c m '',

6.10.5 Synthesis o f  diethyl 4 -(3 -(4 -h yd roxyp h en y l)-l-p h en y l-///-p yrazo l-4 -y l)-l-  
phenyl-1 ,4-dihydropyridine-3,5-dicarboxylate 246

This product was obtained from  3 -(4 -hydroxyphenyl)-l-pheny l-1 H -pyrazole-4- 

carbaldehyde (5.28 g, 20 m m ol), ethyl propiolate (3.92 g, 4.1 m L,40 m m ol) and 

aniline ( 1 .8 6 g, 2 0  m m ol).

Yield: 30.39% , yellow  solid 

M P: 168 °C

'H N M R  (400.13M H z CDCI3 ): 6  1.48(t, 6 H, J=7.0 H z,C H 2-CH 3),

3 .58-3.65(m , 2 H ,CH 2 -CH 3), 4.15-4.26(m ,2H , C H 2-CH 3), 6.92-6.94(m ,4H ,A r-H ), 

7 .24-7.32(m ,2H ,A r-H ), 7.44(t,2H ,J=7.56 H z,A r-H (3’,5 ’)),

7.58(t,3H ,J=7.52 H z,A r-H (2,6),N -C H =C ), 7.77-7.80(m ,2H ,A r-H ), 

7.91-7.94(m ,2H ,A r-H )

'^C N M R  (100.61M H z CDCI3 ): 5 13.40(-CH2CH3), 26.58(-CH2CH3), 114.74, 

114.96(A r-C (2” ’,6 ’” )), 119.38(Ar-C(3,5)), 122.53(-C (3” ,5 ” )), 127.53, 129.19, 

129.35, 130.10(A r-C (2,6,3’,4 ’,5 ’,3” ’,4 ” ’,5 ’” )), 158.56(A r-C (4)), 185.20(C =0). 

EIM S (HR): C32H30N3O5 calculated [M+H]^ 536.2185, observed [M+H]^ 536.2196. 

IR (N aC l/K B r): C=N absorbance at 1596.36, C = 0  absorbance at 1684.70 cm"'
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6.11 Synthesis o f diethyl l-benzyl-4-(4-hydroxyphenyl)-l,4- 
dihydropyridine-3,5-dicarboxylic acid 247

A m ixture o f  1,4-DHP (1 m m ol) and 5N K 0H (5  m m ol) in E thanol(10 mL) was 

stirred at 80 °C overnight. Afterw ard, the solvent was evaporated, the residue was 

eluted w ith w ater(30 mL) and the resulting solution acidified with 2N HCl. The 

obtained precipitate was filtered,w ashed with w ater(3x30 m L) and dried to afford 

pure com pound, w hich was recrystaillized from  ACN or m ethanol.

This product was obtained from diethyl l-benzyl-4-phenyl-l,4 -d ihydropyrid ine-3 ,5- 

dicarboxylate, (0.78 g, 2m m ol).

Yield: 83.2% , yellow  solid 

MP: 192 °C

'H N M R  (400.13M H z CDCI3): 84.60 (s, 2H, C H 2 ), 4.88(s, C H (4” ),

7.14-7.17(m, 1 H ,A r-H ), 7 .20-7.24(m ,2H ,A r-H ), 7 .26-7.30(m ,7H ,A r-H ,C H (3” ,5 ’')), 

7.36-7.43(m ,2H ,A r-H )

'^C N M R  (100.61M Hz CDCI3): 8 36.45 (-C H (4” )), 57.96(N-CH2),

107.16, 109.73(-C (3” ,5 ” )), 126.05, 126.81, 126.84, 127.54, 127.76, 128.03, 128.75, 

128.78, 128.80,(A r-C (2,3,4,5,6,2’,3 ’,4 ',5 ’,6 ’)),1 3 5 .4 3 (A r-C (r)), 145.64(CH (2” ,6” ), 

171.08(C =0).

EIM S (HR): C 2 oHi7N 0 4 N a calculated [M+Na]^ 358.1055, 

observed [M +Na]^ 358.1056.

IR (NaCI/KBr): C = 0  absorbance at 1686.40 cm ''
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6.12 General procedure for preparation of Grignard reaction series 
derivatives

M agnesium  turning (0.6 g) was placed in an oven-dried 100 mL tw o-neck flask. Dry 

TH F (10 m L) and a reflex condenser was fitted. B rom obenzene (4 g, 2.7 mL) from  

the stock bottle w as collected and added 1 m L o f  brom obenzene dow n the condenser 

to the reaction flask. If  there was no sign o f  reaction after a short tim e, gently 

w arm ing the flask was tried. Once the reaction is under way, no further heating was 

necessary for som e tim e as the reaction is exotherm ic. A further 10 m L o f  THF was 

added dow n the condenser, follow ed by the rem ainder o f  the brom obenzene when the 

reaction no longer boils w ithout supplem entary heating, it was refluxed in an oil bath 

for about 15 min. There should be little unreacted m agnesium  left in the flask. To the 

solution o f  phenylm agnesium  brom ide, a solution o f  aldehyde (1.8 g) in TH F(10 m L) 

was added. The m ixture was refluxed for 20 min. A fter cooling, the reaction m ixture 

w as poured into dilute sulphuric acid (10% , 25 mL) to hydrolyse. U sing a m ixture o f  

ether and dilute acid to bring any solid rem aining back into solution, ether layer was 

separated and w ash w ith NaCl (2x20 mL). The solution was dry w ith M gS0 4  and 

recrystallized from  ethanol.

6.12.1 Synthesis of (3-(4-methoxyphenyl)-l-phenyl-7//-pyrazol-4- 
yl)(phenyl)methanol 267

This product was obtained from 3-(4-m ethoxyphenyl)-1-phenyl-lH -pyrazole-4- 

carbaldehyde(l .8 g, 6.5 m m ol). M agnesium  (0.6 g, 25 m m ol) and brom obenzene (4.0

Br

OM gBr H3O

R.
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g, 25.6 mmol)

Yield: 28.35%, white solid 

MP: 126°C

'H NMR 400.13M Hz CDCI3 : 5 3 .8 8 (s,3 H,0 -CH 3), 6.01(s,lH ,CH),

6.99(d,2H,J=8.52 Hz, Ar-H(3,5)), 7.28-7.50(m,8H,Ar-H(3’,4’,5’,2” ,3” ,4” ,5” ,6” )), 

7.69(d,2H ,J-8.52 Hz,Ar-H(2,6)), 7.67(s,lH ,N-CH=C),

7.80(d,2H ,J-8.52 Hz,Ar-H(2’,6’)

'^C NMR 100.61MHz CDCI3 : 854.69(0-CH3), 72.42(-CH), 113.23, 

113.28(Ar-C(3,5), 118.42, 118.52(Ar-C(2’,6’)), 124.02(N-CH=C), 125.09(ArC(l)), 

126.51, 127.00, 127.31, 127.92, 127.97, 128.11, 128.87, 128.90, 129.06, 

129.17(Ar-C(2,6,3’,4’,5’,2” ,3” ,4” ,5” ,6” )), 139.46(A r-C(l’)), 142.84(Ar-C(l ” )), 

151.43(N=C-C), 159.20(Ar-C(4))

EIMS (HR): C2 3H21N 2O2 calculated [M+H]" 357.1603, observed [M+H]" 357.1589. 

IR (NaCl/KBr): C=N absorbance 1601.00 cm '', OH absorbance at 3306.49 cm ''.

6.12.2 Synthesis of (3-(4-(benzyloxy)phenyl)-l-phenyl-///-pyrazol-4-yl)(4- 
methoxyphenyl)niethanol 268

This product was obtained from 3-(4-(benzyloxy)phenyl)-l-phenyl-1 H-pyrazole-4- 

carbaldehyde (2.30 g, 6.5 mmol). Magnesium (0.6 g, 25 mmol) and l-brom o-4- 

methoxybenzene(4.79 g, 25.6 mmol)

Yield: 23.3%, white solid 

MP: 162°C

'H NMR 400.13M Hz CDCI3 : 53.85(s,3H,0-CH3), 5.16(s,2H,CH2), 5.63(s,lH ,-CH ), 

6.81 -6.96(m,3H,Ar-H), 7.7.08-7.10(m, 1 H,Ar-H), 7.21 -7.29(m,2H,Ar-H), 

7.35-7.52(m,6H,Ar-H),7.63-7.78(m,3H,Ar-H).

'^C NM R 100.61MHz CDCI3 : 654.86(0-CH3), 69.37(CH2), 71.72(-CH), 113.45,

113.48(Ar-C(3” ,5” ),l 14.37, 114.49(Ar-C(3,5)),l 18.42, 118.48(Ar-C(2’,6’)), 

124.31(N-CH=C), 125.82(Ar-C(l)), 126.88, 127.05, 127.28, 127.56, 127.77, 128.13, 

128.16, 128.52, 129.03, 129.18(Ar-C(2,6,3’,4’,5’,2” ’,3’” ,4” ’,5” ’,6” ’)), 

132.39(A r-C(l” ’), 133.03,133.19(Ar-C(2” ,6” ), 136.46(Ar-C(l’” ), 

139.45(A r-C(l” ), 151.16(N=C-C), 158.09(Ar-C(4)), 158.64(Ar-C(4” ))

EIMS (HR): C3 0H27N 2 O3 calculated [M+H]" 463.2022, observed [M+H]" 463.2030. 

IR (NaCl/KBr): C=N absorbance 1601.33 cm"', OH absorbance at 3360.26 cm ''.
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6.12.3 Synthesis o f (3-(4-(benzyloxy)phenyl)-l-phenyl-///-pyrazol-4- 
yl)(phenyl)methanol 269

This product was obtained from 3-(4-(benzyloxy)phenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde (2.30 g, 6.5 mmol), Magnesium (0.6 g, 25 mmol) and 

bromobenzene(4.0 g, 25.6 mmol).

Yield: 42.65%, white solid 

MP: 146 °C

'H NMR 400.13M Hz CDCI3 : 52.21(s,OH), 5.15(s,2H,CH2), 5.71(s,lH ,-CH), 

7.08(d,2H,J=9.0 Hz,Ar-H(3,5)),

7.27-7.50(m,19H,Ar-H(3’,4’,5’,2” ,3” ,4” ,5” ,6” ,2’” ,3” ’,4’” ,5” ’,6’” )), 

7.67(s,lH ,N-CH=C), 7.69(d,2H,J=8.52 Hz,Ar-H(2,6)), 

7.80(d,2H ,J=8.52H z,A r-H (2’,6')).

'•*C NMR 100.61MHz CDCI3 : 569.44(CH2), 72.50(-CH), 114.37, 114.49(Ar- 

C(3,5)),l 18.44, 118.51(Ar-C(2’,6’)), 124.08(N-CH=C), 125.38(Ar-C(l)), 125.93, 

126.53, 127.02, 127.05, 127.29, 127.44, 127.52, 127.58, 127.94, 128.01, 128.10, 

128.15, 128.89, 128.92, 129.08(Ar-C(2,6,3’,4’,5’,2” ,3” ,4’\ 5 ” ,6” ,2’” ,3’” ,4” ’,5’” , 

6 ” ^)), 132.39(A r-C (l'” ), 133.03, 133.19(Ar-C(2” ,6’ )̂, 136.49(A r-C(l’' ’), 

139.44(A r-C(l’)), 141.1 l(A r-C (l” )), 151.42(N=C-C), 158.14(Ar-C(4))

EIMS (HR): C2 9 H2 5 N 2 O2 calculated [M+H]^ 433.1916, observed [M+H]^ 433.1924. 

IR (NaCl/KBr): C=N absorbance 1595.04 cm '', OH absorbance at 3366.32 cm"'.

6.12.4 Synthesis o f (4-(benzyloxy)phenyl)(3-(4-(benzyloxy)phenyl)-l-phenyl-///- 
pyrazol-4-yl)methanoI 270

This product was obtained from 3-(4-(benzyloxy)phenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(2.30 g, 6.5 mmol). Magnesium (0.6 g, 25 mmol) and l-(benzyloxy)-4- 

bromobenzene(6.74 g, 25.6 mmol)

Yield: 21.23%, white solid 

MP: 182 °C

'H NMR 400.13M Hz CDCI3: 52.09(s,OH), 4 .6 6 (s,2 H,CH 2 ), 5.1 l(s ,2 H,CH 2 ), 

7.07(d,4H,J=8.52 Hz,Ar-H(3,5)), 7.29(t,2H,J=7.52 Hz,Ar-H(4’” ,4” ” )),7.36- 

7.50(m,16H,Ar-H(3’, 4 ’, 5 ’, 2 ” , 6 ” , 2 ” ’, 3” ’, 4 ” ’, 5” ’, 6 ” ’, 2 ” ” , 3” ” , 4 ” ” , 5” ” , 

6 ” ” )), 7.70(d,2H,J=8.52 Hz,Ar-H(2,6)), 7.82(d,2H,J=8.56 Hz,Ar-H(2’,6’)), 

7.88(s,lH ,N-CH=C),

'^C NMR 100.61MHz CDCI3 : 869.56(CH2), 114.58(Ar-C(3,5,3” ,5” )),
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118.41(Ar-C(2’,6’)), 120.10(N-CH=C), 125.33(Ar-C(l)), 125.89, 127.12, 127.33, 

128.20, 128.64, 129.00(Ar-C(2,6,3’,4’,5’,2” ’,3” ’,4” ’,5’” ,6’” ,2” ” ,3” ” ,4” ” ,5” ” , 

6” ” )),136.46(A r-C (l” M ” ” )),139.41(Ar-C(r)),150.85(N =C-C),158.36(A r-C(4,4’^)) 

EIMS (HR): C2 9H25N 2O 2 calculated [M+H]^ 433.1916, observed [M+H]^ 433.1924. 

IR (NaCl/KBr): C=N absorbance 1597.83 cm"', OH absorbance at 3273.40 cm”'

6.12.5 Synthesis o f (4-(benzyloxy)phenyI)(3-(4-m ethoxyphenyl)-1-phenyl-///- 
pyrazol-4-yl)M ethanol 271

This product was obtained from 3-(4-m ethoxyphenyl)-l-phenyl-1 H-pyrazole-4- 

carbaldehyde(l . 8  g, 6.5 mmol). Magnesium (0.6 g, 25 mmol) and l-(benzyloxy)-4- 

bromobenzene (6.74 g, 25.6 mmol)

Yield: 49.55%, yellow solid 

MP: 168 °C

'H NMR 400.13M Hz CD CI3 : 5 3 .7 9 (s,3 H,0 -CH 3 ), 5.60(s,2H,CH2), 6.01(s,lH ,CH ), 

6.88(d,2H,J=8.56 Hz, Ar-H(3” ,5” )), 6.91(d,2H,J=8.52 Hz,Ar-H(3,5)), 

7.22(d„2H,J=8.56 Hz,Ar-H(2” ,6” )),7.29-7.47(m,10H,Ar-H(2,6,3’,4’,5’,2 '” ,3’' ’,4 ’” , 

5” ’,6 ’” )), 7.68(s,lH ,N-CH=C), 7.70(d,2H,J=8.52 Hz,Ar-H(2’,6^)

'^C NMR 100.61MHz CD CI3 : 8  5 4 .7 5 (0 -CH 3 ), 69.62(CH2), 72.03(-CH), 113.22, 

113.54(Ar-C(3” ,5” ), 114.16, 114.22(Ar-C(3,5)), 1 18.39, 118.48(Ar-C(2’,6 ')), 

125.13(N-CH=C), 125.21(Ar-C(l)), 126.81, 127.07, 127.10, 127.98, 128.11, 128.15, 

128.44, 128.85, 128.90, 129.02, 129.12, 129.16(Ar-C(2,6,3’,4’,5’,2” ,6’',2 ’” ,3” ’, 

4 ” ’,5’” ,6’” )), 133.48(A r-C (l” )), 136 .51(A r-C (r” ), 139.47(Ar-C(l’)), 

151.23(N=C-C), 158.93(Ar-C(4” )), 159.16(Ar-C(4))

EIMS (HR): C3 0 H2 7N 2O3 calculated [M+H]^ 463.2022, observed [M+H]^ 463.2022. 

IR (NaCl/KBr): C=N absorbance 1611.13 cm"’, OH absorbance at 3337.13 cm"'.

6.12.6 Synthesis o f (4-m ethoxyphenyl)(3-(4-m ethoxyphenyl)-l-phenyl-///- 
pyrazol-4-yl)methanol 272

This product was obtained from 3-(4-m ethoxyphenyl)-l-phenyl-1 H-pyrazole-4- 

carbaldehyde(1.8 g, 6.5 mmol). Magnesium (0.6 g, 25 mmol) and l-brom o-4- 

methoxybenzene (4.79 g, 25.6 mmol)

Yield: 51.06%, white solid 

MP: 182°C

'H NM R 400.13M Hz CDCI3 : 63.83(s,3H,0-CH3), 3 .8 6 (s,3 H,0 -CH 3),

5.94(s,lH ,CH ), 6.01(s,lH ,CH ), 6.91(d,2H,J=8.56 Hz, Ar-H(3’\ 5 ” )),
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6.97(d,2H,J=8.52 Hz,Ar-H(3,5)), 7.23(d,2H,J=8.52 Hz,Ar-H(2,6)), 

7.37(d,2H ,J=8.56Hz,A r-H (2” ,6” )), 7.42-7.46(m,3H,Ar-H(3’,4’,5’)), 

7.69(s,lH ,N-CH=C), 7.76(d,2H,J=8.56 Hz,Ar-H(2’,6’).

'^C NMR 100.61MHz CDCI3 : 554.69(0-CH3), 5 4 .8 6 (0 -CH3), 72.05(-CH), 113.22, 

113.25(Ar-C(3” ,5” ), 113.34, 113.41(Ar-C(3,5)), 118.40, 118.44(Ar-C(2’,6’)), 

124.32(N-CH=C), 125.20(Ar-C(l)), 126.85, 127.28, 127.36, 128.46, 128.91, 129.01, 

129.12(Ar-C(2,6,3’,4’,5’,2” ,6” )). 133.21(Ar-C(l ” ), 139.47(A r-C (r)), 

151.25(N=C-C), 158.93(Ar-C(4” )), 159.13(Ar-C(4))

EIMS (HR): C24H23N2O3 calculated [M+H]" 387.1709, observed [M+H]" 387.1702. 

IR (NaCl/KBr): C=N absorbance 1599.88 cm"', OH absorbance at 3400.08 cm ''.

6.12.7 Synthesis o f (3-(4-m ethoxyphenyl)-l-phenyl-7//-pyrazol-4-yl)(4- 
(tetrahydro-2H-pyran-2-yloxy)phenyl)methanol 273

This product was obtained from 3-(4-methoxyphenyl)-1-phenyl-lH-pyrazole-4- 

carbaldehyde(1.8 g, 6.5 mmol). Magnesium (0.6 g, 25 mmol) and p- 

Tetrahydropyranyloxy bromobenzene(6.58 g, 25.6 mmol)

Yield: 17.23%, orange solid 

MP: 186°C

'H NMR 400.13M Hz CDCb: 61.69, 1.88, 2.07(m,6H,-CH2-), 3.69(s,3H,0-CH3), 

3.72-3.80(m,2H,-CH2-), 5 .66(s,lH ,0-C H -), 6.82(dd,2H,J=8.52 Hz, A r-H(3” ,5” )), 

7.04(d,2H,J=8.56 Hz,Ar-H(3,5)), 7.26(d,2H,J=8.52 Hz,Ar-H(2’\ 6 ” )), 

7.34(d.2H,J=8.56 Hz,Ar-H(2,6)), 7.39-7.46(m,3H,Ar-H(3’,4’,5^)), 

7.66(s,lH ,N -CH=C), 7.70(d,2H,J=8.56 H z,A r-H(2',6').

'^C NMR 100.61MHz CDCI3 : 618.46, 24.77, 29.97(CH2), 54.82(0-CH3), 

61.74(CH2), 72.10(-CH), 113.29, 113.49(Ar-C(3” ,5” ), 1 15.80, 1 15.88(Ar-C(3,5)), 

118.42, 118.45(Ar-C(2’,6’)), 124.46(N-CH=C), 125.21(Ar-C(l)), 126.98, 128.37, 

128.44, 129.19, 129.25, 134.09, 134.22(Ar-C(2,6,3’,4’,5’,2” ,6” )), 133.44(Ar-C(l ” ), 

139.47(A r-C(l’)), 151.39(N=C-C), 158.97(Ar-C(4” )), 159.09(Ar-C(4))

EIMS (HR): C2 8H29N2O4 calculated [M+H]^ 457.2127, observed [M+H]^ 457.2125. 

IR (NaCl/KBr): C=N absorbance 1600.45 cm"', OH absorbance at 3420.18 cm"'.
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6.13 General procedure for oxidation of alcohol form derivatives

Pyridinium chlorochromate (PCC) (10 mmol, 2.114 g) was suspended in 15 mL of 

anhydrous DCM. The corresponding alcohol (Grignard product) (15 mmol, 1.5 eqiv.) 

was dissolved in 20 mL o f DCM and then added at the suspension. The solution 

became briefly homogenous before depositing the black insoluble reduced reagent, 

and was stirred for 2 h. The reaction mixture was then diluted with 5 volumes of 

anhydrous ether. The solvent was decanted and the black residue was further washed 

with ether until the entire product was recovered. The solvent was then removed in 

vacuo.

6.13.1 Synthesis o f (3-(4-(benzyloxy)phenyl)-l-phenyl-///-pyrazol-4yl)(phenyl) 
m ethanone 274

This product was obtained from (3-(4-(benzyloxy)phenyl)-1-phenyl-1 H-pyrazol-4- 

yl)(phenyl)methanol (1.5 mmol, 649.0 mg), and Pyridinium chlorochromate(PCC) 

(1.0 mmol, 211.4 mg)

Yield: 34.2%, white solid 

MP: 176°C

'H NM R 400.13M Hz CDCI3: 5 5.12(s,2H,-CH2), 6.99(d,2H,J=6.52 Hz,Ar-H(3,5)), 

7.29-7.52(m,12H,Ar-H(2,6,2’,3’,4’,5’,6’,2’” ,3” ’,4” ’,5” ’,6” ’)), 

7.74-7.88(m,5H,Ar-H(2” ,3” ,4” ,5” ,6” )), 8.28(s,lH ,N-CH=C).

'^C NM R 100.61MHz CDCI3: §69.50(CH2), 114.1 l(Ar-C(3,5)), 

119.08(Ar-C(2’,6’).120.41(N-CH=C), 124.38(Ar-C(l)), 127.04, 127.53, 127.94, 

128.15, 129.02, 129.16, 129.80(Ar-H(2,6,3’,4 \5 ’,2” ,3” ,5” ,6” ,2” ’,3’” ,4” ’, 

5” ’,6” ’)), 132.00(Ar-C(4” )), 132.13(Ar-C(l ” )), 136.44(Ar-C(l’” )), 

138.79(A r-C (l’)), 189.65(C=0)

EIMS (HR): C29H22N202Na calculated [M+Na]^ 453.1579,

PCC, DCM
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observed [M+Na]^ 453.1573.

IR (NaCl/KBr): C=N absorbance 1599.76 cm '', C =0 absorbance at 1693.27 cm"'

6.13.2 Synthesis of (3-(4-methoxyphenyl)-l-phenyl-///-pyrazol-4- 
yl)(phenyl)methanone 275

This product was obtained from (3-(4-methoxyphenyl)-l-phenyl-lH-pyrazol-4- 

yl)(phenyl)methanol (1.5 mmol, 534.6 mg), and Pyridinium chlorochromate (PCC) 

(1.0 mmol, 211.4 mg)

Yield: 18.8%, light yellow solid 

MP: 174"C

'H NMR 400.13MHz CDCI3: 5 3.84(s,3H,-OCH3), 6.92(d,2H,J=8.76 Hz,Ar-H(3,5)), 

7.35-7.39(m,lH,Ar-H(4’)), 7.43-7.47(m,2H,Ar-H(3’,5’)), 

7.49-7.53(m,2H,Ar-H(3” ,5” )), 7.54-7.58(m,lH,Ar-H(4” )),

7.77(d,2H,J=8.76 Hz,Ar-H(2,6)), 7.79-7.8l(m,2H,Ar-H(2’,6’)), 

7.87-7.89(m,2H,Ar-H(2” ,6” )).

'^C NMR 100.61MHz CDCI3: 855.30(0-CH3), 113.65(Ar-C(3,5)), 

119.51(Ar-C(2’,6’), 120.87(N-CH=C),124.67(Ar-C(l)), 127.42, 128.42, 129.48, 

129.62, 130.28(Ar-H(2,6,3',4',5',2” ,3 " ,5 '’,6” )), 132.45(Ar-C(4")), 

132.58(Ar-C(l” )), 139.1 l(A r-C (r)), 153.77(N=C-C), 160.03(Ar-C(4)), 190.05(C=0) 

EIMS (HR): C23H,9N202 calculated [M+H]^ 355.1447, observed [M+H]" 355.1451. 

IR (NaCl/KBr): C=N absorbance 1597.26 cm '', C =0 absorbance at 1695.34 cm''

6.13.3 Synthesis of (3-(4-(benzyloxy)phenyl)-l-phenyl-///-pyrazol-4-yl)(4- 
methoxyphenyl)methanone 276

This product was obtained from (3-(4-(benzyloxy)phenyl)-l-phenyl-lH-pyrazol-4- 

yl)(4-methoxyphenyl)methanol (1.5 mmol, 693.8 mg), and Pyridinium 

chlorochromate (PCC) (1.0 mmol, 211.4 mg)

Yield: 26.3%, white solid 

MP: 170°C

'H NMR 400.13MHz CDCI3: 5 3.88(s,3H,-OCH3), 5.10(s,2H,-CH2), 

6.93(d,2H,J=8.76 Hz,Ar-H(3,5)), 6.99(d,2H,J=8.56 Hz,Ar-H(3” ,5” )), 

7.29-7.47(m,7H,Ar-H(2,6,3’,5’,3’” ,4” ',5 ’” )), 7.50-7.54(m,lH,Ar-H(4’)), 

7.75(d,2H,J=9.0 Hz,Ar-H(2’" ,6 ’” )), 7.81(d,2H,J=8.0 Hz,Ar-H(2’,6’)), 

7.90(d,2H.J=8.56 Hz,Ar-H(2’\ 6 ” )), 8.26(s,lH,N-CH=C)

'^C NMR 100.61MHz CDCI3: 555.07(0-CH3), 69.50(CH2), 113.18(Ar-C(3,5)),
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114.16(Ar-C(3” ,5” )), 118.97(Ar-C(2’,6’), 120.61 (N -C H =Q , 124.54(Ar-C(l)), 

126.84, 127.06, 127.54, 128.16, 129.15, 129.66(Ar-H(2,6,3',4’,5’,2” ’,3’” ,4” ’,

5 ’” ,6 ’” )), 131.11, 131.21(Ar-C(2” ,6” )), 136 .45(A r-C (r” )), 138.89(Ar-C(l’)). 

152.86(N=C-C), 158.65(Ar-C(4)), 162.89(Ar-C(4” )), 188.50(C=0)

EIMS (HR): C 3oH2 4 N 2 0 3 Na calculated [M+Na]^ 483.1685, 

observed [M+Na]"^ 483.1671.

IR (NaCl/KBr): C=N absorbance 1598.12 cm"', C = 0  absorbance at 1696.23 cm ''.

6.13.4 Synthesis of (3-(4-m ethoxyphenyl)-l-phenyl-7//-pyrazol-4-yl)(4- 
(tetrahydro-2H-pyran-2-yloxy)phenyl)methanone 277

This product was obtained from (3-(4-methoxyphenyl)-l-phenyl-1 H-pyrazol-4-yl)(4- 

(tetrahydro-2H-pyran-2-yloxy)phenyl)methanol(l .5 mmol, 684.8 mg), and 

Pyridinium chlorochromate (PCC) (1.0 mmol, 211.4 mg).

Yield: 54.12%, white solid 

MP: 162"C

'H NMR 400.13M Hz CDCI3 : 5 1.46,1.57(m,2H,CH2),1.66,1.72(m,2H,CH2), 

1.91,2.03(m,2H,CH2), 3,64,3.67(m,2H,CH2), 3.84(s,3H,0-CH3),

6.91(d,2H,J=8.52 H z,A r-H (3 '\5^’)), 7.08(d,2H,J=8.56 Hz,Ar-H(3,5)), 

7.36-7.39(m ,lH ,A r-H(4')), 7.50-7.54(m,2H,Ar-H(3’,5^)), 

7.73(d,2H,J=8.56,Ar-H(2,6)), 7.80(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 7.88(d,2H,J=8.52 

Hz,Ar-H(2” ,6” ), 8.26(s, 1 H,N-CH=C)

'^C NMR 100.61MHz CDCI3 : 555.07(0-CH3), 69.50(CH2), 113.18(Ar-C(3,5)),

114.16(Ar-C(3” ,5” )), 118.97(Ar-C(2’,6’),120.61(N-CH=C),124.54(Ar-C(l)), 

126.84,127.06, 127.54, 128.16,129.15, 129.66(Ar-H(2,6,3’,4’,5’,2’” .3” ’,4” ’, 

5” ’,6’” )), 131.1 l,131.21(A r-C(2” ,6” )), 136 .45(A r-C (r” )), 138.89(A r-C(l’)). 

152.86(N=C-C), 158.65(Ar-C(4)), 162.89(Ar-C(4” )), 188.50(C=0)

IR (NaCl/KBr): C=N absorbance 1599.76 cm '', C = 0  absorbance at 1693.27 cm ''.
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6.14 General procedure for preparation of p-Tetrahydropyranyloxy 
bromobenzene

To a solution o f  brom ophenol (57.8 m m ol, 10 g) in 3,4-dihydro-2H -pyran(15 mL, 

13.83 g, 164.4 m m ol) were added 2 drops o f  2N HCl. A fter stirring at room 

tem perature for 3 h, the solution was diluted w ith diethyl ether (100 m L) w ashed with 

2N N aO H , w ater and brine (75 mL each) and dried over M gS0 4 . A fter evaporation o f  

the solvent, the rem aining oil was recrystallized from  m ethanol at 4 °C.

Br

Br

OH

6.14.1 Synthesis o f 2-(4-brom ophenoxy)tetrahydro-2//-pyran 266

This product was obtained from brom ophenol (57.8 m m ol, 10 g) and 3,4-dihydro- 

2H -pyran(15 mL, 13.83 g, 164.4 mmol).

Yield: 55.74% , white solid 

MP: 102°C

'H N M R  400.13M H z CDCI3 : 5 1.61-1.72(m,4H,-CH2), 1.86-1.89(m,2H,-CH2), 

1.99-2.03(m ,2H,-CH2), 3.60-3.64(m ,2H,-CH 2), 5 .3 9 (s,lH ,0 -C H -),

6 .96(d,2H ,J=9.04 Hz, A r-H (2,6)), 7.39(d,2H ,J=9.04 Hz,A r-H (2,6)).

'^C N M R  100.61M H z CDCI3: 5 18.18(CH2),24.67(CH2),29.79(CH2), 61.56(CH2),

96.01 (0 -C H -), 113.38(A r-C (4)), 117.83(A r-C (2,6)),l 31 .75,131.97(A r-C(3,5)), 

156.69(A r-C (l)).

E IM S (HR): C i , H , 4N 2Br calculated [M+H]^ 257.0177, observed [M+H]^ 257.0182. 

IR (N aC l/K B r): C -0  absorbance 1078.45 cm ''
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6.15 General procedure for preparation of Hydrolyzing 
Tetrahydropyranyl ether

A Solution o f tetrahydropyranyl ether (1.0 mmol) and tetrabromomethane CBr4(0.05 

mmol) in anhydrous methanol (5 mL/ROTHP 1 mmol) is refluxed at 65 "C for 0.5-3 

h. The solution was cooled to room temperature and poured into an aqueous NaHCOs 

solution (5%, 10 mL) and then extracted with diethyl ether (3x10 mL). The organic 

layer was washed with brine (10 mL), dried over MgS0 4 , filtered and the solvent was 

removed under reduced pressure. The curde product was purified by column 

chromatography over silica gel on the SPl system.

6.15.1 Synthesis o f (4-hydroxyphenyl)(3-(4-m ethoxyphenyl)-l-phenyl-7//- 
pyrazol-4-yl)methanone 281

This product was obtained from (3-(4-m ethoxyphenyl)-l-phenyl-1 H-pyrazol-4-yl)(4- 

(tetrahydro-2H-pyran-2-yloxy)phenyl)methanone (1.0 mmol, 553.7 mg), and CBr4 

(0.05 mmol, 16.6 mg).

Yield: 85.97%, orange yellow solid 

MP: 160°C

'^C NMR 100.61MHz CDCI3 : 5 54.83(0-CH3), 113.22(Ar-C(3,5)),

114.79(Ar-C(3” ,5” )), 119.04(Ar-C(2’,6’), 120.54(N-CH=C),124.20(Ar-C(l)),

138.86(A r-C(l’)), 159.43, 159.74(Ar-C(4,4” )), 209.23(C=0)

EIMS (HR): C23H,7N203 calculated [M+H]^ 369.1239, observed [M+H]" 369.1255. 

IR (NaCl/KBr): C=N absorbance 1599.25 cm"', 0 -H  absorbance 3417.90 cm ''

\ o

CBr4/MeOH

reflux 3 h

OH

'H NMR 400.13M Hz CDCij: 53.82(s,3H,-OCH3), 6.83(d,2H,J=9.04 Hz,Ar-H(3,5)), 

6.90(d,2H,J=7.04 Hz,Ar-H(3” .5” )), 7.27-7.29(m,2H,Ar-H(3’,5’)), 

7.35-7.39(m ,lH ,A r-H (4’)), 7.49-7.53(m,2H.Ar-H(2’,6’)),7.69(d,2H,J=9.04 Hz,Ar- 

H(2,6)), 7.80(d,2H,J=7.0 Hz,Ar-H(2” ,6” )), 8.26(s,lH ,N-CH=C).
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6.16 General procedure for preparation of product with basic side 
chain ether

The phenolic starting material (1 mmol, 1.0 eqiv.) was dissolved in 30 mL dry 

acetone and placed in a two-neck round bottomed flask. Anhydrous potassium 

carbonate (16 mmol, 16.0 eqiv) was added in, then the reaction mixture was stirred 

gently for 10 min under N 2 and the corresponding basic side chain halide was added 

(4 mmol, 4.0 eqiv.). Subsquently, the reaction mixture was refluxed until the reaction 

was complete on TLC. The reaction mixture was filtered and solvent was removed 

under reduce pressure.

6.16.1 Synthesis of (3-(4-m ethoxyphenyl)-l-phenyl-7/f-pyrazol-4-yl)(4-(2- 
(pyrrolidin-l-yl)ethoxy)phenyl)m ethanone 282

This product was obtained from (4-hydroxyphenyl)(3-(4-methoxyphenyl)-l-phenyl- 

lH-pyrazol-4-yl)methanone (1.0 mmol, 370.4 mg), and l-(2-chloroethyl)pyrrolidine 

(4.0 mmol, 534.4 mg).

Yield: 12.43%, white solid 

MP: 178 °C

'H NM R 400.13M Hz CDCI3: 5 1.59-1.68(m,4H,-CH2), 2.43-2.56(m,4H,-CH2), 

2.92(t,2H,J=5.04 Hz,-0-CH2CH2), 3.74(s,3H,-OCH3),

4.12(t,2H,J=5.52 Hz,OCH 2 CH 2), 6.81(d,2H,J=8.8 Hz,Ar-H(3” ,5” )), 

7.01(d,2H,J=8.52 Hz,Ar-H(3,5)), 7.26-7.29(m ,lH ,A r-H (4’)), 7.38-7.42(m,2H,Ar- 

H (3’,5’)), 7.63(d,2H,J=8.52 Hz,Ar-H(2,6)), 7.71-7.81(m,4H,Ar-H(2’,6’.2” ,6” )), 

8.20(s,lH ,N-CH=C).

'^C NMR 100.61MHz CDCI3: 521.1 H-CH 2 ), 54.82(0-CH3), 57.90-(OCH2CH2), 

58.25(-CH2), 66.51(-0CH2CH2), 113.74, 113.87(Ar-C(3,5)), 115.41(Ar-C(3” ,5” )). 

118.88(Ar-C(2’.6’), 120.39(N-CH=C), 124.22(Ar-C(l)), 126.82, 129.10,

R
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129.57,129.61(Ar-H(2,6,3 \ 4 ’,5’)), 131.32(N-CH=C), 131.60, 131.66(Ar-C(2” ,6” )), 

138.64(A r-C (r)), 152.79(N=C-C), 159.38(Ar-C(4)), 162.03(Ar-C(4” )), 

188.19(C=0).

EIMS (HR): C29H30N3O3 calculated [M+H]" 468.2287, observed [M+H]^ 468.2273. 

IR (NaCl/KBr): C=N absorbance 1599.25 cm '', C = 0  absorbance 1712.32 cm ''.

6.16.2 Synthesis o f (3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazol-4-yI)(4-(2- 
(piperidin-l-yl)ethoxy)phenyi)m ethanone 283

This product was obtained from (4-hydroxyphenyl)(3-(4-methoxyphenyl)-l-phenyl- 

lH-pyrazol-4-yl)methanone (1.0 mmol, 370.4 mg), and l-(2-chloroethyl)piperidine 

(4.0 mmol, 590.4 mg).

Yield: 23.2%, white solid 

MP: 184°C

'H NMR 400.13M Hz CDCI3: 5 1.38-2.29(m,6H,-CH2), 2.60-2.98(m,4H,-CH2), 

3.32(t,2H,J=6.04 Hz,-CH2), 3.83(s,3H,-OCH3), 4.08(t,2H,J=6.56 Hz,-CH2), 

6.89(d,2H,J=8.56 Hz,Ar-H(3’\ 5 ” )), 6.93(d,2H,J=8.52 Hz,Ar-H(3,5)), 

7.35-7.39(m ,lH ,A r-H (4')), 7.49-7.53(m,2H,Ar-H(3’,5 ')),

7.70(d,2H,J=8.52 Hz,Ar-H(2,6)), 7.78-7.82(m ,4H,Ar-H(2',6’,2 '’,6” )), 

8.27(s,lH ,N-CH=C).

'^C NMR 100.61MHz CDCI3: 5 2 1 .4 4 (CH2), 2 2 .2 0 (CH2), 36.15(CH2), 5 3 .5 3 (CH2), 

54.84(0-CH3), 57.83(CH2), 113.20(Ar-C(3,5)), 114.90(Ar-C(3” ,5” )), 

119.01(Ar-C(2’,6’), 120.58(N-CH=C), 124.27(Ar-C(l)), 126.83, 129.13, 129.62, 

130.65(Ar-H(2,6,3’,4’,5’)), 131.22, 131.72(Ar-C(2” ,6” )), 138.88(A r-C (r)), 159.40, 

160.32(Ar-C(4,4” )).

EIMS (HR): C 30H32N3O3 calculated [M+H]^ 482.2444, observed [M+H]^ 482.2459. 

IR (NaCi/KBr): C=N absorbance 1600.43 cm '', C = 0  absorbance 1700.90 cm ''.

6.16.3 Synthesis o f (3-(4-methoxyphenyI)-l-phenyl-7//-pyrazoI-4-yl)(4-(2- 
morpholinoethoxy) phenyl)methanone 284

This product was obtained from (4-hydroxyphenyl)(3-(4-methoxyphenyl)-l-phenyl- 

1 H-pyrazol-4-yl)methanone (1.0 mmol, 370.4 mg), and 4-(2-chloroethyl)morpholine 

(4.0 mmol, 598.4 mg).

Yield: 32.1%, white solid 

MP: 190 °C

'H NMR 400.13M Hz CDCI3: 62.62(t,4H,J=4.0 Hz,CH2), 2.85(t,2H,J=5.52 Hz,CH2),
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3.77(t,4H,J=4.0 Hz,CH2), 3.83(s,3H,-OCH3), 4.19(t,2H,J=5.52 Hz,CH2 ), 

6.89(d,2H,J=8.52 Hz,Ar-H(3” ,5” )), 6.91(d,2H,J=9.04 Hz,Ar-H(3,5)),

7 .3 5 -7 .3 9 (0 1 ,1  H,Ar-H(4’)), 7.49-7.53(m,2H,Ar-H(3’,5’)),

7.70(d,2H,J=9.04 Hz,Ar-H(2,6)), 7.80(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 

7.86(d,2H,J=8.52 Hz,Ar-H(2” ,6” )), 8.25(s,lH,N-CH=C).

'^C NMR 100.61MHz CDCI3 : 5 53.61 (CH2), 54.83(0-CH3), 56.96(CH2), 

57.99(CH2), 65.48(CH2), 66.36(CH2), 113.20, 113.70(Ar-C(3,5)), 

114.83(Ar-C(3” ,5” )), 119.00(Ar-C(2',6’), 120.57(N-CH=C), 124.24(Ar-C(l)), 

126.86, 129.14, 129.62(Ar-H(2,6,3’,4’,5’)), 131.21(N-CH=C), 131.49, 

131.75(Ar-C(2” ,6” )), 138.87(Ar-C(l’)), 152.90(N=C-C), 159.42, 

161.93(Ar-C(4,4” )), 188.55(C=0).

EIMS (HR): C2 9H30N3O4 calculated [M+H]^ 484.2236, observed [M+H]" 484.2227. 

IR (NaCl/KBr): C=N absorbance 1600.68 cm"', C =0 absorbance 1711.36 cm ''.

6.16.4 Synthesis of (4-(2-(diethylamino)ethoxy)phenyl)(3-(4-methoxyphenyl)-l- 
phenyl-7//-pyrazol-4-yl)methanone 285

This product was obtained from (4-hydroxyphenyl)(3-(4-methoxyphenyl)-l-phenyl- 

1 H-pyrazol-4-yl)methanone (1.0 mmol, 370.4 mg), and 2-chloro-diethylethanamine 

(4.0 mmol, 540.3 mg).

Yield: 9.24%, white solid 

MP: 168 °C

'H NMR 400.13MHz CDCI3 : 51.36(t,6H,J=4.0 Hz,CH2), 2.72(t,2H,J=5.52 Hz,CH2 ), 

3.31(t,4H,J=4.0 Hz,CH2 ), 3.83(s,3H,-OCH3), 4.13(t,2H,J=5.52 Hz,CH2 ), 

6.89(d,2H,J=9.04 Hz,Ar-H(3” ,5” )), 6.92(d,2H,J=8.52 Hz,Ar-H(3,5)),

7.35-7.39(m,lH,Ar-H(4’)), 7.49-7.53(m,2H,Ar-H(3’,5’)),

7.72(d.2H,J=8.52 Hz,Ar-H(2,6)), 7.79(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 

7.87(d,2H,J=9.04 Hz,Ar-H(2” ,6” )), 8.25(s,lH,N-CH=C).

'^C NMR 100.61MHz CDCI3: 5 15.43(CH3), 51.34(CH2), 54.82(0-CH3), 

57.46(CH2), 66.18(CH2), 113.29(Ar-C(3,5)), 114.1 l(Ar-C(3” ,5” )), 

118.99(Ar-C(2’,6’), 120.58(N-CH=C), 124.23(Ar-C(l)), 126.76, 129.03, 129.26, 

129.65(Ar-H(2,6,3’,4’,5’)), 131.10(N-CH=C), 131.26, 131.54(Ar-C(2” ,6” )), 

138.76(Ar-C(r)), 152.87(N=C-C), 159.41,161.91(Ar-C(4,4” )), 188.52(C=0).

EIMS (HR): C2 9 H32N3O3 calculated [M+H]" 470.2444, observed [M+H]^ 470.2447. 

IR (NaCI/KBr): C=N absorbance 1601.23 cm’’, C =0 absorbance 1711.56 cm ''.
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6.16.5 Synthesis o f (4-(2-(dimethylamino)ethoxy)phenyl)(3-(4-niethoxyphenyl)- 
l-phenyl-i/^-pyrazoI-4-yi)m ethanone 286

This product was obtained from (4-hydroxyphenyl)(3-(4-methoxyphenyl)-l-phenyl- 

1 H-pyrazol-4-yl)methanone (1.0 mmol, 370.4 mg), and 2-chloro-dimethylethanamine 

(4.0 mmol, 430.3 mg).

Yield: 13.4%, white solid 

MP: 192°C

'H NMR 400.13M Hz CDCI3 : 52.36(s,6H,CH3), 2.76(t,2H,J=5.52 Hz,CH2), 

3.83(s,3H,-OCH3), 4.13(t,2H.J=5.52 Hz,CH2), 6.89(d,2H,J=9.04 Hz,Ar-H(3” ,5” )), 

6.92(d,2H,J=8.52 Hz,Ar-H(3,5)), 7.35-7.38(m ,lH ,A r-H (4’)), 

7.49-7.53(m,2H,Ar-H(3’,5’)), 7.70(d,2H,J=8.52 Hz.Ar-H(2,6)),

7.80(d,2H,J=7.52 H z,A r-H (2',6’)), 7.86(d,2H,J=9.04 H z,A r-H (2",6” )), 

8.26(s,lH ,N-CH=C).

'^C NMR 100.61MHz CDCI3 : 5 4 5 .4 9 (CH3), 54.82(0-CH3), 5 7 .6 6 (CH2), 

65.78(CH2), 113.19(Ar-C(3,5)), 113.71(Ar-C(3’',5 ” )), 118.98(Ar-C(2’,6’), 

120.60(N-CH=C),124.26(Ar-C(l)), 126.82, 129.13, 129.61, 

129.70(Ar-H(2,6,3’,4 \5 ’)), 131.08(N-CH=C), 131.16, 131.44(Ar-C(2” ,6” )), 

138.89(A r-C(l’)), 152.87(N=C-C), 159.41, 162.16(Ar-C(4,4” )), 188.53(C=0).

EIMS (HR): C27H28N 3O3 calculated [M+H]" 442.2131, observed [M+H]" 442.2141. 

IR (NaCl/KBr): C=N absorbance 1600.19 cm '’, C = 0  absorbance 1712.46 cm ''.

6.17 General procedure for reductive amination

To a stirred solution o f  pyrazole carbaldehyde (11.45 mmol) in dry methanol (50 mL) 

was added piperazine (80 mmol) and sodium cyanoborohydride (15.92 mmol) and 

the reaction was stirred at 20 °C for 72 h. The pH o f the reaction was occasionally 

adjusted to pH5-6 by the addition o f 4M methanolic HCl, as determined by damp 

universal pH paper. Excess hydride was decomposed by the addition o f 10% aqueous 

HCl (150 mL) and resulting aqueous phase washed with DCM (3x50 mL). The 

aqueous phase was basified with 15% aqueous NaOH solution and extracted with 

DCM (3x50 mL). The organic phases were combined, dried over anhydrous Na2S0 4  

and the solvent was removed in vacuo leaving the product as an oil.

300



4

\
4 "

5 "

R

4 ' 5 '

6.17.1 Synthesis of l-((3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazol-4-yl)m ethyl)- 
4-methylpiperazine 250

This product was obtained from 3-(4-methoxyphenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(3.186 g, 11.45 mmol), sodium cyanoborohydride( 1.00 g, 15.92 mmol) 

and 1 -methyl piperazine (8 . 0 1  g, 80 mmol)

Yield: 23.2%, white solid 

MP: 1 5 6 T

'H NMR (400.13M Hz CDClj): 52.34(s,3H,CH3), 2.52(bs,8H,CH2), 3 .5 3 (s,2 H,CH 2 ), 

3.87(s,3H,0-CH3), 6.99(d, 2H,J=8.52 Hz,Ar-H(3,5)), 7.27(m, IH, A r-H(4’)), 

7.45(m ,2H.Ar-H(3’,5’)), 7.76(d,2H,J=7.52 Hz,Ar-C(2’,6’)),

7.90(d,2H, J=8.52 Hz,Ar-C(2,6)), 8.00(N-CH=C).

'^C NMR (100.61M Hz CDCI3): 5 45.36(CH3), 52.02 (-CH 2 ), 54.63(-CH2-),

54.84 (O-CH 3 ), 57.62(-CH2-), 113.37(Ar-C(3,5)), 118.25(Ar-C(2’,6’)), 

125.58(N-CH=C), 125.63(Ar-C(l)), 127.77, 128.93, 129.17(Ar-C(2,6,3’,4’,5’)), 

139.56(A r-C (l’)), 151.94(N=C), 158.96(Ar-C(4)).

EIMS (HR): C 2 2 H2 7 N4 O calculated [M+H]^ 363.2185, observed [M+H]^ 363.2186. 

IR (NaCl/KBr): C=N absorbance 1600.00 cm ''.

6.17.2 Synthesis o f l-benzyl-4-((3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazol-4- 
yl)methyl)piperazine 251

This product was obtained from 3-(4-methoxyphenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(280.6 mg, 1 mmol), sodium cyanoborohydride (99.6 mg, 1.5 mmol) 

and 1-Benzyl piperazine(1.23 g,7 mmol).
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Yield: 43.2%, white soHd 

MP: 138 °C

'H NMR (400.13MHz CDCI3 ): 82.89(bs,8H,CH2), 3 .7 3 (s,2 H,CH2 ), 

3 .8 6 (s,3 H,0 -CH3 ), 4 .0 2 (s,2 H,CH2 ), 6.99(d, 2H,J=8.52 Hz,Ar-H(3,5)),

7.27-7.34(m, 6 H, Ar-H(4’,2” ,3” ,4” ,5” ,6” )), 7.43-7.47(m,2H,Ar-H(3’,5’)), 

7.58(d.2H,J=8.52 Hz,Ar-H(2,6)),7.77(d,2H,J=8.04 Hz,Ar-H(2’,6’))

'^C NMR.(100.61MHz CDCI3 ): 5 49.98 (-CH2 -), 50.36(-CH2), 54.92(0-CH3), 

61.15(-CH2), 113.87(Ar-C(3,5)), 118.63(Ar-C(2’,6’)), 124.35(N-CH=C),126.35, 

128.02, 128.31, 129.02, 129.20, 129.49(Ar-C(2,6,3’,4’,5’,2” ,3” ,4” ,5” ,6” )), 

139.04(Ar-C(l’)), 152.48(N=C), 159.38(Ar-C(4)).

EIMS (HR): C2 8 H3 1 N4 O calculated [M+H]^ 439.2498, observed [M+H]^ 439.2505. 

IR (NaCl/KBr): C=N absorbance 1598.89 cm ''.

6.17.3 Synthesis of l-(benzo|d][l,3|dioxol-5-ylmethyl)-4-((3-(4-methoxyphenyl)- 
1 -phenyl-///-pyrazol-4-yl)methyl)piperazine 252

This product was obtained from 3-(4-methoxyphenyl)-1-phenyl-lH-pyrazole-4- 

carbaldehyde(421.4 mg, 1.5 mmol), sodium cyanoborohydride(137 mg, 2 mmol) and 

1-piperonyl piperazine (2.209 g, 10 mmol).

Yield: 11.5%, yellow solid 

MP: 124°C

'H NMR (400.13MHz CDCI3 ): 52.53-2.66(m,8H,CH2), 3.46(s,2H,CH2), 

3.56(s,2H,CH3), 3 .8 8 (s,3 H,0 -CH3 ), 5 .9 7 (s,2 H,0 -CH2 -0 ),

6.76(m, 2H, Ar-H(5” ,6” )), 6.88(s,lH,Ar-H(2” )), 7.00(dd,2H,J=9.04 Hz,Ar-H(3,5)),

7.27-7.31 (m,lH,Ar-H(4’)), 7.45-7.49(m,2H,Ar-H(3’,5’)),

7.76(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 7.86(dd,2H,J=9.04 Hz,Ar-H(2,6)), 

7.95(s,lH,N-CH-C).

'^C NMR (100.61MHz CDCI3 ): 5 52.34,52.65,52.91(-CH2-), 55.32(0-CH3), 

62.72(-CH2), 100.91(0-CH2-0), 107.88(Ar-C(5” )), 109.65(Ar-C(2” )), 

113.85(Ar-C(3,5)), 118.76(Ar-C(2’,6’)), 122.43(Ar-C(6” )), 126.01, 126.12, 128.26, 

129.39, 129.69(Ar-C(2,6,3’,4’,5’)), 140.02(Ar-C(l’)), 146.64, 147.62(Ar-C(3” ,4” )), 

152.49(N=C), 159.43(Ar-C(4)).

EIMS (HR): C2 9 H3 1 N4 O3 calculated [M+H]^ 483.2396, observed [M+H]^ 483.2397. 

IR (NaCI/KBr): C=N absorbance 1600.43 cm’'.
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6.17.4 Synthesis o f l-ailyI-4-((3-(4-m ethoxyphenyl)-l-phenyl-7//-pyrazol-4- 
yi)m ethyl)piperazine 253

This product was obtained from 3-(4-methoxyphenyl)-l-phenyl-lH -pyrazole-4- 

carbaldehyde(429.7 mg, 1.5 mmol), sodium cyanoborohydride (133.4 mg, 2 mmol) 

and 1-allylpiperazine (757.2 mg, 0.83 mL, 6  mmol).

Yield: 36.2%, yellow Oil 

MP: Oil

'H NM R (400.13M Hz CDCI3 ): 6  2 .5 3 (m ,8 H,CH 2 ), 3 .0 2 (m,2 H,CH 2 ), 

3.42(s,2H,CH2), 3.85(s,3H,0-CH3), 4.69(s,lH,CH=CH2),

5.16(t,lH ,J=1.76 Hz,CH=CH 2 ), 5.84-5.90(m,lH,CH=CH2),

6.98(d, 2H,J=8.76 Hz,Ar-H(3,5)), 7.25-7.29(m ,lH ,A r-H(4’)), 

7.42-7.46(m,2H,Ar-H(3’,5’)), 7.70(d,2H,J=8.28 Hz,Ar-H(2’,6’)),

7.74(dd,2H,J=9.04 Hz,Ar-H(2,6)), 7.93(s,lH ,N-CH=C).

'^C NM R (100.61M Hz CDCI3 ): 5 52.27, 52.48, 52.99(-CH2-), 55.29(0-CH3), 

5 5 .6 6 (-CH 2 ), 61.69(-CH2), 113.84, 114.04(Ar-C(3,5)), 117.13(CH2=CH), 118.80, 

118.84(Ar-C(2’,6’)), 125.61, 126.18, 126.27, 129.07, 129.41(A r-C(2,6,3\4’,5’)), 

134.49(CH=CH2), 139.96(A r-C(l’)), 152.52(N=C), 159.43(Ar-C(4)).

EIMS (HR): C 2 4 H 2 9 N 4 O calculated [M+H]^ 389.2341, 

observed [M+H]^ 389.2346.

IR (NaCl/KBr): C=N absorbance 1600.09 cm ''.

6.17.5 Synthesis o f l-((3-(4-m ethoxyphenyl)-l-phenyI-///-pyrazol-4-yl)m ethyl)- 
4-phenylpiperazine 254

This product was obtained from 3-(4-methoxyphenyl)-l-phenyl-1 H-pyrazole-4- 

carbaldehyde(427.9 mg, 1.5 mmol),sodium cyanoborohydride (129.4 mg, 2 mmol) 

and 1-phenylpiperazine (1.62 g, 1.5 mL, 10 mmol).

Yield: 38.7%, white solid 

MP: 148 °C

'H NM R (400.13M Hz CDCI3 ): 52.71-2.74(m,4H,CH2), 3.25-3.38(m,4H,CH2), 

3.61(s,2H,CH2), 3.89(s,3H,0-CH3), 6.88-6.92(m ,lH ,A r-H (4” )),

6.97(d,2H,J=8.04 Hz,Ar-H(2” ,6” )), 7.03(d,2H,J=8.52 Hz,Ar-H(3,5)), 

7.29-7.33(m,3H,Ar-H(4’,3” ,5 '’)), 7.48-7.52(m,2H,Ar-H(3’,5’)).

7.80(d,2H,J=7.52 Hz,Ar-H(2’,6’)), 7.95(d,2H,J=8.52 Hz,Ar-H(2,6)), 

7.98(s,lH ,N-CH=C).
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'^C NM R.(100.61M Hz CDCI3): 5 48.80(-CH2-), 52.09(CH2), 52.40(-CH2-), 

54.88(-CH2), 113.42(Ar-C(3,5)), 115.65(Ar-C(2” ,6” )), 116.78(CH=C), 

118.29(Ar-C(2’,6’)), 125.60, 125.69, 127.80, 128.69, 128.99, 

129.24(Ar-C(2,6,3’,4’,5’,3” ,4” ,5” )), 139.60(A r-C (r)), 150.90(A r-C (l’')), 

152.03(N=C), 159.02(Ar-C(4)).

ElM S (HR): C27H29N4O calculated [M+H]^ 425.2341, observed [M+H]^ 425.2329. 

IR (NaCl/KBr): C=N absorbance 1599.14 cm ''.

6.17.6 Synthesis o f l-((3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazol-4- 
yl)methyl)piperazine 255

This product was obtained from 3-(4-m ethoxyphenyl)-l-phenyl-lH-pyrazole-4- 

carbaldehyde(569.8 mg, 2 mmol), sodium cyanoborohydride (107.3 mg, 1.5 mmol) 

and piperazine (620.3 mg,7 mmol).

Yield: 13.6%, yellow solid 

MP: \ 26°C

'H NMR (400.13M Hz CDCI3): 51.80(s,lH ,N H), 3.88(s,3H,0 -CH3), 

4.78(s,2H,-CH2), 7.01(d, 2H,J=8.56 Hz,Ar-H(3,5)), 7.29-7.33(m ,lH ,A r-H(4’)), 

7.48(m,2H,Ar-H(3’,5’)), 7.76(d,2H,J=8.04 H z,A r-H (2',6 ')),

7.83(d,2H.J=8.56 Hz,Ar-H(2,6)), 8.01(s,lH ,N-CH=C).

'^C NMR (100.61M Hz CDCI3): 5 54.88(-CH2), 55.63(0-CH3), 113.64(Ar-C(3,5)), 

118.45(Ar-C(2’,6’)), 119.93(CH=C), 125.09, 125.89, 127.24, 128.60, 

128.99(Ar-C(2,6,3’,4’,5’)), 139.49(A r-C(l’)), 150.97(N=C), 159.18(Ar-C(4)).

EIMS (HR): C21H25N4O calculated [M+H]^ 349.2028, observed [M+H]^ 349.2029. 

IR (NaCl/KBr): C=N absorbance 1599.78 cm"'.

6.17.7 Synthesis o f l-((3-(4-m ethoxyphenyl)-l-phenyl-///-pyrazoI-4- 
yl)methyi)piperidine 256

This product was obtained from 3-(4-m ethoxyphenyl)-l-phenyl-1 H-pyrazole-4- 

carbaldehyde(553.7 mg, 2 mmol), sodium cyanoborohydride (188.5 mg, 3 mmol) and 

piperidine (1.27 g, 15 mmol).

Yield: 12.4%, white solid 

MP: 162°C

'H NMR (400.13M Hz CDCI3): 81.59-1.65(m,6H,-CH2-) 2 .47(m,4H,-CH2-), 

3 .49(s,2H,CH2), 3.88(s,3H,0 -CH3), 7.00(d, 2H,J=8.52 Hz,Ar-H(3,5)), 

7.26-7.30(m ,lH ,A r-H (4’)), 7.45-7.49(m,2H,Ar-H(3’,5’)),
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7.70(d,2H ,J=8.56 H z,A r-H (2’,6 ’)), 7.89(d,2H ,J=8.52 Hz,A r-H (2,6)), 

7 .98(s,lH ,N -C H = C ).

'^C N M R  (100.61M H z CDCis): 524.02, 25.57(-CH2-), 52.82(-CH2), 54.85(0-C H 3), 

5 5 .5 7 (-C H 2 -), 113.32, 113.63(Ar-C(3,5)), 117.49(CH=C), 118.25, 

118.43(A r-C (2’,6 ’)), 120.01(N-CH=C), 125.51, 125.86, 127.60, 128.60, 

128.98(A r-C (2,6,3’,4 ’,5 ’)), 139 .66 (A r-C (l’)), 151.94(N=C), 159.16(Ar-C(4)).

EIM S (HR): C 2 2 H 2 6 N 3 O calculated [M+H]^ 348.2076, observed [M+H]^ 348.2068. 

IR (N aC l/K Br): C=N absorbance 1599.65 cm ''.

6.17.8 Synthesis o f  3 -(4 -m ethoxyphenyl)-l-p henyl-4-(pyrrolid in -l-y lm eth yl)-  
///-p y r a z o le  257

This product was obtained from  3-(4-m ethoxyphenyl)-l-phenyl-lH -pyrazole-4- 

carbaldehyde (551.5 m g, 2 m m ol),sodium  cyanoborohydride(191.3 m g, 3 m m ol)and 

pyrrolidine(1.07 g,15m  mol)

Yield: 8.72% , yellow  solid 

MP: 124 “C

'H NM R (400.13M H z C D C b): 5 2 .5 3 (m ,8 H,CH 2 ), 3 .0 2 (m ,2 H ,C H 2 ), 

3.42(s,2H ,CH2), 3 .85(s,3H ,0-C H 3), 4 .69(s,lH ,C H =C H 2),

5 .16(t,lH ,J= 1 .76  H z,C H =C H 2 ), 5 .84-5.90(m ,lH ,C H =C H 2),

6.98(d, 2H ,J=8.76 H z,A r-H (3,5)), 7 .25-7 .29(m ,lH ,A r-H (4’)), 

7 .42-7 .46(m ,2H ,A r-H (3’,5 ’)), 7.70(d,2H ,J=8.28 H z,A r-H (2’,6 ’)),

7.74(dd,2H ,J=9.04 H z,A r-H (2,6)), 7 .93(s,lH ,N -C H =C ).

'^C N M R  (100.61M H z CDCI3): 5 52.27, 52.48, 52.99(-CH2-), 55.29(0-C H 3), 

5 5 .6 6 (-C H 2 ), 61.69(-CH2), 113.84, 114.04(Ar-C(3,5)), 117.13(CH2=CH), 118.80, 

118.84(A r-C (2’,6 ’)), 125.61, 126.18, 126.27, 129.07, 129.41(A r-C (2,6,3’.4 ’.5 ’)), 

152.52(N=C)

EIM S (HR): C 2 4 H 2 9 N 4 O calculated [M+H]^ 389.2341, observed [M+H]^ 389.2346. 

IR (N aC l/K Br): C=N absorbance 1600.09 cm ''.
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6.18 General procedure for sodium borohydride reduction of 
carbaldehyde

In a 100 mL tw o-neck round bottom ed flask, (278.31 mg, 1 m m ol) o f  pyrazole 

carbaldehyde w as dissolved in 5 m L o f  95%  ethanol and the solution was cooled to 

produce a fine suspension. Then 50 m g o f  sodium  borohydride (large excess) was 

added. The m ixture was w arm ed up, and after a few m inutes, 5 m L o f  w ater was 

added, heated to the boiling point, filter and dilute with m ore w ater (10 mL). Set the 

solution aside to crystallize.

6.18.1 Synthesis o f  (3 -(4 -m eth oxyphenyl)-l-phenyl-///-pyrazoI-4-y l)m ethanol 
258

This product was obtained from  3-(4-m ethoxyphenyl)-l-phenyl-1  H-pyrazole-4- 

carbaldehyde(277.6 m g, 1 m m ol), sodium  Borohydride (50 mg, Im m ol)

Yield: 69.8% , white solid 

MP: 164-168 °C

'H N M R (400.13M H z CDCI3): 5 1.89(s,OH), 3 .88(s,3H ,0-C H 3), 4.76(s,2H ,CH2), 

7.01(d, 2H ,J=9.04 H z,A r-H (3,5)), 7 .29-7.32(m ,l H ,A r-H (4’)), 

7 .45 -7 .49 (m ,2H ,A r-H (3 \5 ’)), 7 .74(d,2H ,J=8.04 H z ,A r-H (2 \6 ’)),

7.82(dd.2H ,J=9.04 H z,A r-H (2,6)), 7 .98(s,lH ,N -C H = C ).

'^C NM R (100.61M H z CDCI3): 5 54.88(-CH2), 55.58(0-C H 3), 113.64(Ar-C(3,5)), 

118.46(A r-C (2’,6 ’)), 119.97(CH=C), 125.05(A r-C (l)), 125.91, 127.28, 128.61, 

128.99(A r-C (2,6,3’,4 ’,5 ’)), 139 .45 (A r-C (l’)), 150.94(N=C), 159.18(Ar-C(4)).

EIM S (HR): N d

IR (N aC l/K Br): C=N absorbance 1599.83 cm ''.
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6.19 XRD Studies

A saturated solution o f  the test com pound 162 was prepared in ethanol. This solution  

w as transferred to a 5mL test tube and an equal quantity o f  ethanol w as added leading  

to a 50%  saturated solution. The tube w as then stoppered and a needle used to punch 

a small hole in the stopper to a llow  for the s lo w  evaporation o f  the solvent. The tubes 

were placed in the dark at room  temperature until they had evaporated to dryness 

(approxim ately 6 m onths). The crystals thus obtained were checked under the 

m icroscope for defects before being mounted for X R D  analysis.

The crystal structure o f  com pounds w as determ ined by X -ray diffraction on a Bruker 

SM A R T  A PE X  (2001) diffractom eter using M oK a radiation from a fine focus sealed  

source and a graphite m onochrom ator. The structure solution w as found using  

SH E L X S-97 and the structure refinem ent w as carried out using SH E L X L -97.

The crystal structure data is presented in A ppendix 1.

6.20 Biochemical Testing

Cell Medium

Com plete growth m edium  for the M C F-7 cell line w as prepared as fo llow s: 10% 

foetal ca lf  serum, 1% L-glutam ine, 1% non-essential am ino acids, 1% penicillin  

streptom ycin and 87% M EM E.

Cell Growth

C ells from the M C F-7 cell line were obtained as pellets in a m ixture o f  10% D M SO  

and 90%  cell m edium , frozen in liquid nitrogen. The pellet w as warmed to room  

temperature in a water bath at 37°C, then im m ediately added to a centrifuge vial 

containing com plete grow th m edium  (final volum e o f  lOmL). The vial was spun at 

1250 rpm for 5 m inutes. Supernatant liquid w as poured o f f  and pellet resuspended in 

com plete growth m edium  (9m L), then transferred to a 25 cm^ tissue culture flask  

fitted w ith a filter screw  cap. The plate w as incubated at 3 7 ”C in a humid atm osphere 

with 5% C O 2 . O nce ce lls  reached 80%  confluencey (3 -5  days) they w ere transferred 

to a larger 75 cm flask w ith com plete growth m edium  (14m L).
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Plate Seeding

Upon reaching 80% confluence, the cell medium was poured off and the biofilm 

remaining in the flask was rinsed with medium (1 OmL), and this rinse was discarded. 

Trypsin (2-3mL depending on confluency o f cells) was added and the flask returned 

to the incubator for 3 minutes. Upon removal from the incubator, the biofilm was 

seen to have dissolved. Complete growth medium (1 OmL) was added to the flask and 

this suspension was then centrifuged at 1250 rpm for 5 minutes. The supernatant 

liquid was poured o ff and the remaining pellet was resuspended in complete growth 

medium (Im L, 2mL, 3mL depending on size o f  pellet).

The density o f cells present in the suspension prepared above was determined by 

counting a \2[iL sample with a haemocytometer under a microscope. A serial 

dilution was carried out to produce a suspension with a density o f 2.5x10'*cells/mL. 

Sterile 96 well plates were seeded with this suspension (200^iL per well) with the 

wells around the outside o f the plate remaining empty. Plates were then incubated 

for 24 hours prior to dosing.

Dosing

A lOmM solution o f the compound to be tested was prepared in 60% DMSO/40% 

ethanol. The combination o f  DMSO and ethanol was used because o f  the cytotoxic 

effects o f DMSO. From this stock solution, a serial dilution was carried out 

producing solutions o f 5mM, ImM , 0.5mM, 0.1 mM, 10|iM, 1|^M, and lOOnM. The 

plate was dosed as illustrated in Figure 5.1. Two compounds were tested per plate -  

one in the top three rows and one in the bottom three rows. Each well was dosed 

with 2|iL o f test compound which represented a 1 in 100 dilution factor. The 

columns marked “C” and “B” were for the control and blank used in the assays. The 

column marked “V” was the vehicle i.e. dosed with 2|iL  o f the solvent used to 

dissolve the test compound. The plates were then incubated for a further 72 hours 

before the assays were carried out.
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Figure 6.1 Dosing regime for 96-well plates seeded with lVICF-7 cells 

Assays

The cytotoxity and antiproHferative effects o f each compound were determined by 

the LDH and MTT assay respectively. Cell lysis solution (30|.iL) was added to each 

control well in the plates. This served as the 100% cell death control, with the blank 

well serving as the 0% cell death controls. From each well 30[j,L o f the medium was 

withdrawn and transferred to a non-sterile 96 well plate along with 30|xL o f LDH 

solution. These plates were wrapped in tinfoil and left at room temperature for 20 

minutes. Stop solution (30|j,L per well) was added to each plate after 20 minutes, the 

plate placed in a plate reader and read at 490nm.

The remaining medium in the sterile plates was poured o ff and the plate washed 

twice with phosphate buffered saline before being dried. MTT solution (50|o,L per 

well) was added to each plate. The plates were wrapped immediately in tinfoil and 

placed in the incubator for a further 2 hours. After incubation, DMSO (200)xL per 

well) was added to each plate and any purple crystals fully dissolved up before the 

plate was placed in a plate reader and read at 595nm.
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Data manipulation

The crude data obtained from the plate reader was analysed using GraphPad Prism 

4.0 software.

6.21 Stability Studies

System

Stability studies were carried out using a Waters HPLC system fitted with a 

Spherisorb column (2-5jj.m particle size, 4.5x250mm) supplied by Alltech Associates 

Incorporated. A mobile phase o f 60/40 acetonitrile/water with 0.1% (v/v) TFA added 

to prevent peak tailing was used throughout. The mobile phase was only prepared 

from HPLC grade solvents and degassed by sonication prior to use. Flow rate was 

maintained at ImL per minute with a pressure o f approximately 1300 psi on a Waters 

1525 binary pump equipped with an in line degasser. Where samples were run over 

a protracted period o f time, the mobile phase was recycled back to the reservoir 

without any detriment to separation. Elution was detected at 280nm with a Waters 

2487 dual wavelength detector. Multiple injections were carried out using a Waters 

717 autosampler. All samples were filtered via a syringe filter (Pall, 0.45|iM ) prior to 

injection. The system was flushed with 2-propanol before shutting down for 

protracted periods o f  time.

Buffers

Phosphate buffers at the desired pH (4.0, 7.4, 9.0) were prepared in accordance with 

the BP monograph (A139). The only deviation was a reduction by a factor o f four in 

the volume o f  buffer prepared at any one time. Buffers were freshly prepared just 

prior to use. pH meter used for pH determinations was calibrated once per day prior 

to use as per the manufacturers specifications.

Stock Solutions

Stock solutions were prepared by dissolving approx. 11 mg o f compound in 25mL 

acetonitrile by sonication for 20 min before filtering through a syringe filter resulting 

in an appromiately 1.1 mM solution. Minimum purity o f stock solution was 98% by 

peak area in all cases. Stock solution was able to be stored at -20°C without affecting 

purity as determined by HPLC.
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System Performance

A linear calibration curve was obtained by preparing serial dilutions of the stock 

solution and injecting in triplicate. A data point in the middle of this calibration was 

selected and injected six times as a measure of reproducibility.

Blood Plasma

Whole blood (50mL) was withdrawn from a healthy 25 year old male with 5mL 2% 

sodium citrate. Plasma was obtained by centrifuging at 5000 rpm for 10 min and 

drawing off the supernatant layer of plasma to obtain approx. 20mL of plasma from 

each 50mL of whole blood. The plasma was aliquoted (ImL) into 1.5mL epfendorfs 

and stored at -20°C until needed. Assays using plasma were carried out within 6 

weeks of obtaining the plasma. All waste that came into contact with the plasma was 

disposed o f in accordance with School of Pharmacy, TCD, guidelines for biohazard 

waste.

pH Stability Studies

The appropriate phosphate buffer was prepared as described above and warmed to 

37"C in a water bath for at least 30 min prior to use. The stock solution was removed 

from the fridge and allowed to warm to room temperature. To was determined by 

taking the stock solution (50|aL) and mixing by vortex with acetonitrile (900iaL). 

Three separate injections (10|j,L) of this solution were made and the average peak 

area taken as Tq. I he test solution was prepared by mixing the stock solution 

(500|j.L) in the prewarmed buffer (9000[j.L) by vortex. This dilution results in a final 

concentration of 58|xM of the analyte in the buffer. The moment of contact of the 

stock solution with the buffer was recorded. The test solution was maintained at 

37"C by immersion in a water bath. Samples were withdrawn from the test solution 

at predetermined intervals as follows. The test solution was thoroughly mixed by 

vortexing before 1.2mL of sample was withdrawn by syringe, filtered, and injected 

(IO1J.L) onto the system.

Blood Plasma Studies

pH 7.4 phosphate buffer was prepared as described above and warmed to 37°C in a 

water bath for at least 30 min prior to use. The blood plasma was removed from the 

freezer and quickly warmed to 37°C in the water bath. The plasma (2.5mL) was 

added to prewarmed buffer (lOmL) and mixed together by vortex and placed back in

311



the water bath to insure the mixture had equihbrated to 37°C. To this mixture, stock  

solution (1 .4m L) w as added and m ixed w ell by vortex resulting in a final 

concentration o f  1 12|o.M. The m om ent o f  contact o f  the stock solution w ith the buffer 

w as recorded. The test solution w as maintained at 37°C by im m ersion in a water 

bath. Sam ples w ere withdrawn from the test solution at predetermined intervals as 

fo llow s. The test solution w as thoroughly m ixed by vortexing before 1000 |o,L o f  

sam ple w as withdrawn and added to 1000|^L o f  2% (wVv) Z nSo4, and the resulting 

mixture w as centrifuged at 40 0 0  rpm for 5 m in, before the supernatant w as filtered  

and injected (10|xL) onto the system . To w as determined by adding the stock solution  

(700 [j,L) to acetonitrile (6 .25m L ) and m ixing w ell by vortex before filtering and 

injecting onto the system . Three separate injections (10 |iL ) o f  this solution were 

made and the average peak area w as taken as To. For d isposed o f  biohazard waste  

need to be in accordance with School o f  Pharmacy, TCD guidelines.
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Appendix I

NC I60 cell line screen results for the testing o f  com pounds

C om pound code NCI code Structure

161 S750277
O-NO W 0

H

176 S750281
oW o

H

179 S750282 oW 0

H

221 S757150
L y— \  / —\

H

222 S757151

H

229 S757152

C l

H

227 S757158

H

240 S757164
— CZ^°\_

H

Table A1 Selected compounds for five dose screening test in NCI 60 cell line
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National Canoer institute Developmental Therapeutics Program 
Dose Response Curves

NSC: D - 757151/1

Repor Date: July 14,2011

SSPL OXOS I EXP ID; 1105NS53

Test Date: May 23.2011
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National Canccr Institute D»vek>pfnental Therapeutics Program 
Dose Response Curves

NSC. D - 757162/ I

Repon Date: July 14,2011
SSPL OXQS I EXP. ID: 1105NS63~
Test Date May 23.2011
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National Canocf In&titute Developfnenut Therapeutics Program 
Do«e Re&ponse C urves

NSC: D -767168/ I
Repon Date July 14.2011

I EXP ID: 1105NS53
Te«D3tt May 23.2011
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Dose Response Curves
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C h n n ita l Fom iula: C iy H jjN jO ^
F.xaci Mass: 485’ 23 I5  

M olecular W eighi: 4K5.5741 
rrvz: 485.2315 (100.0% ). 4H6.234K <31.4%), 4R7.2382 (4.7%), 4«6.22K5 (1.1%) 

Elernenial Analysis: C. 71.7.V H . 6.4.1; N . 8.65; O. 13.18

Developmental Therapeutics Program NSC: D -750280/1 Cone: 1 OOE-5 Molar Test Date: May 04. 2009

One Dose Mean Graph Experiment ID: 09050S13 Report Date: Dec 08, 2010

Panei/Cell Line Growth Percent Mean Growth Percent • Growth Percent

Leukemia
CCRF-CEM 784 2  ■
HL-60(TB) 86.75
K-562 78.36 ■
MOLT-4 55.23 ■
RPMI-8226 50.83 ■
SR 55.33 ■

Non-Smail Cell Lung Cancer
.A549/ATCC 62.94 ■
EKVX 40,07 ■
HOP-62 86.03 *
NCI-H226 88.93
NCI-H23 71 21 I
NCI-H322M 76.35 ■
NCI-H460 52.16 ■
NCI-H522 6878

Coion Cancer
COLO 205 69.35
HCC-2998 63 81 ■
HCT-116 42 26 ■
HCT-15 74,67 ■
HT29 55 24 ■
KM12 59.35 ■
SW-620 84,89

CNS Cancer
SF-268 6548 ■
SF-295 7443  ■
SF-539 61.87 ■
SNB-19 80.36 —
SNB-75 6684  ■
U251 71.26 I

Meta noma
LO XIMVI 66.72 i
MALME-3M 8714
M14 75.25 ^
MDA-MB-435 81 49 = =
SK-MEL'2 98,33  ^
SK-MEL-28 100.48 m m w ~ i
SK-MEL-5 74,64 =
UACC-257 82,64 ■==
UACC-62 93,84

Ovarian Cancer
IGR0V1 70,42 I
OVCAR-3 70,28 '
OVCAR-4 75,58 ■
OVCAR-5 68,24
OVCAR-8 74,37 ■
NCl/ADR-RES 62,93 ■
SK-OV-3 83,94 ■ ■

Renal Cancer
786-0 65,50
-ACHN 7071
CAKI-1 36,67
RXF 393 59 91
SN12C 72,87
TK-10 110 46
UO-31 48 11

Prostate Cancer
PC-3 29.20 ■
DU-145 92,69 ■—

Breast Cancer
MCF7 5031
MDA-MB-231/ATCC 57.83
HS 578T 46.69
BT-549 85,79
T-47D 32.42
MDA-MB-468 74.58

Mean 69,33
Delta 40,13 ■
Range 81.26

150 100 50 0 -50 -100 -150



C'hemical Formula: l%7n 2«N4()4 
Exaci Mass: 472 2111 

Molecular Weight 472 5356 
mJ2 472.2111 nOO.0%). 473.2144 (29.2%). 474 2178 (4.1 »o), 473.2081 (1.5%) 

Ekm cnul .\nalysis: C. 68.63; H. 5 97; N. 11 86; ( ), 13.54

Developmental Therapeutics Program 

One Dose Mean Graph

NSC: D-750279/1 Cone: 1 OOE-5 Molar

Experiment 10: 09060S13

Test Date: May 04.2009

Report Date: Dec 08, 2010
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HCT-116 
HCT-15 
HT29 
KM12 
SW-620 

CNS Cancer 
SF-268 
SF-295 
SF-539 
SNB-19 
SNB-75 
U251 

Melanoma 
LOX IMV'I 
MALME-3M 
M14
MDA-MB-435 
SK-MEL-2 
SK-MEL-28 
SK-MEL-5 
UACC-257 
UACC-62 

Ovarian Cancer 
IGR0V1 
OVCAR-3 
OVCAR-4 
OVCAR-5 
OVCAR-8 
NCl^ADR-RES 
SK-OV-3 

Renal Cancer 
786-0 
ACHN 
CAKI-1 
RXF 393 
SN12C 
TK-10 
UO-31 

Prostate Cancer 
PC-3 
DU-145 

Breast Cancer 
MCF7
MDA-MB-231/ATCC 
HS 578T 
BT-549 
T-47D
MDA-MB-468

Mean
Delta
Range

Growth Percent

77.86
78.19 

111.70
70.80
72.78
80.74

82.93 
62.92 
80 71 

101.18
83.78
98.14
38.82
76.07

92.08 
91.22 
74.88 
96 19
78.02
89.02
95.78

79.14
80.04 
80.32
84.59
69.17
98.17

93.08 
75.68 
99.45 
94 07
93.63 

112,56
86.83
94.18
78.50

62.87
79.02 
73 61 
85.66 
86.12
79.74
90.59

86.26
87.80
64.56 
91.34
90.50 

105.39
73.47

52.49
97.39

90.86
77.63 
69 01
87.18
79.20 
60 91

84.05
31.56 
60.07

Mean Growth Percent • Growth Percent

150 100 50 -50 •100 -150
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Chcmiual Formula; CigHjuN40^
Fxaci Mass. 486*2267 

Molecular Weighi- 486 5622 
m/7: 486.2267 (IOO.O%J, 487.2301 (30.3%). 488.2334 (4.4%). 487.2237 ( 1.5 *.) 

tlcmcnuil Analysis: C. 69 12. H. 6.21, N, I I  .5 1, O, 13 .15

Developmental Therapeutics Program NSC; D-750278/1 Cone; 1 OOE-5 Molar Test Date; May 04.2009

One Dose Mean Graph Experim ent ID: 09050S13 Report Date: Dec 08. 2010

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent

CCRF-CEM 94.02
HL-60(TB) 66 71
K-562 92.69
MOLT-4 60 71
RPM1-8226 58.82
SR 111 72

Non-Small Cell Lung Cancer
A549/ATCC 95.67
E K V X 76 22
HOP-62 8647
HOP-92 38 44
NCI-H226 94.84
NCI-H23 86.02
NCI-H322M 108,72
NCI-H460 89 00
NCI-H522 81.36

Colon Cancer
COLO 205 58.97
HCC-2998 81 12
HCT-116 77.60
HCT-15 95 92
HT29 88 03
KM12 9886
SW-620 111.04

CNS Cancer
SF-268 89 39
SF-296 96.00
SF-539 81.24
SNB-19 72.76
SNB-75 65 36
U251 86 66

Melanoma
LO XIMVI 84 31
MALME-3M 72.38
M14 94.16
MDA-MB-435 100.37
SK-MEL-2 99.60
SK-MEL-28 105 86
SK-MEL-5 69.96
UACC-257 95.17
UACC-62 81.19

Ovarian Cancer
IGR0V1 74.99
OVCAR-3 88.26
OVCAR-4 72.87
OVCAR-5 87.57
OVCAR-a 84 49
NCl/ADR-RES 76.30
SK-OV-3 83 24

Renal Cancer
786-0 78,87
,ACHN 85,12
CAKI-1 80,53
RXF 393 9848
SN12C 89,98
TK-10 121,25
UO-31 70,49

Prostate Cancer
PC-3 55.75
DU-145 9461

Breast Cancer
MCF7 65,46
MDA-MB-231/ATCC 66,76
HS 578T 83.37
BT-549 7711
T-47D 57,02
MDA-MB-468 71 42

Mean 83.24
Delta 44.80
Range 82 81

150 100 SO -50 -100 -150
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diethyl ^.6-^lln1ethyl-4-(3^4^naphlhalcn•2•yl)phc^lyl^- 
l-phcnyl-l//-pyra/fil-4*yl)-l ,4-<lihydri>pyndinc 

•3.5*«licdrboxyUtc

Clicitiical Koinmla: CjgMjjNjO^
Mokculix Wcighl: 597.7022 

F.lemenidl Analy»ifc, ( '. 76 36. H. 5-*W; N. 7.03; (). 10.71

Developmental Therapeutics Program NSC: D-757153/1 Cone: 1 OOE-5 Molar Test Date: .Apr i l .  2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date: May 10. 2011

Panel/Ceil Line Growth Percent

Leukemia
CCRF-CEM 46.72
HL-60(TB) 96.47
K-562 47.00
MOLT-4 50,59
RPMI-8226 64.82

Non-Small Cell Lung Cancer
^549/ATCC 78.70
EK\'X 61.62
HOP-62 97.95
HOP-92 50 01
NChH226 106.47
NCI-H23 87.99
NCI-H322M 80.79
NC1-H46C 41.07
NCI-H522 66.76

Colon Cancer
COLO 205 97.76
HCC-2998 75.58
HCT-116 67.48
HCT-15 92.40
HT29 67 31
KM12 52,33
SW-620 86.14

CNS Cancer
SF-268 72.50
SF-295 93 61
SF-539 98.90
SNB-19 109.96
SNB-75 62.82
U251 76.30

Melanoma
LOXIMVI 51.38
M.ALME-3M 136 61
M14 91.86
MDA-MB-435 91.93
SK-MEL-28 109.72
SK-MEL-6 104.33
UACC-257 94.68
UACC-62 109.26

Ovarian Cancer
IGR0V1 76.58
OVCAR-3 92.25
OVCAR-4 104.88
OVCAR-5 89.58
OVCAR-a 87.57
NCl/ADR-RES 74.54
SK-OV-3 95.07

R ^ a l Cancer
786-0 79.66
A498 95.57
ACHN 87.34
CAKI-1 72.38
RXF 393 98.63
SN12C 91.96
TK-10 80 21
UO-31 52.83

Prostate Cancer
PC-3 32.84
DU-145 91.77

Breast Cancer
MCF7 80,33
MDA-MB-231/ATCC 88,05
HS 578T 77 33
BT-549 94,73
T-47D 78,06
MDA-MB-468 93 81

Mean 81,65
Delta 48 81
Range 103,77

Mean Growth Percent - Growth Percent

150 100 50 -50 -100 -150
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diethyl 4-(3*<4’-l ormy]biphcnyl-4-yl)-1 -phenyl-1 W-pyra^ol-4'yl)- 
2.6^ime(hyl-1.4-UihyilropyniJinc'^.5-UicdrtH'xyl»te

Motcculu Weit{lH. S75.6S.')6 
Klemenial ^nalysls: C. 73.03; H. 5.78;N, 7.30; O. 13-S

Developmental Therapeutics Program NSC: D-757154/1 Cone; 100E‘ 5 Molar Test Date; Apr 11. 2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date; May 10. 2011

Panel/Cell Line Growth Percent

Leukemia
CCRF-CEM 24 47
HL-60(TB) 73.34
K-562 30.13
MOLT-4 46.74
RPMI-8226 36.79

Non-Small Cell Lung Cancer
A549/ATCC 8348
EKVX 64.83
HOP-62 92 64
HOP-92 63.55
NCI-H226 89.97
NCI-H23 75 79
NCI-H322M 88.53
NCI-H460 60.73
NCI-H522 5311

Colon Cancer
COLO 205 96.28
HCC-2998 79.82
HCT-116 54 41
HOT-15 77 31
HT2S 83.04
KM12 58.96
SW-62C 79 54

CNS Cancer
SF-268 75.59
SF-295 71 46
SF-539 7244
SNB-19 81 91
SNB-75 36 10
U251 62,00

Melanoma
LOXIMVI 62 72
M.ALME-3M 77 72
M14 63.40
MDA-MB-435 28 11
SK-MEL-28 88.06
SK-MEL-5 87 88
UACC-257 71.46
UACC-62 88.55

Ovarian Cancer
IGR0V1 70.62
OVCAR-3 77.18
OVCAR-4 71 68
OVCAR-5 109.83
OVCAR-fi 76.98
NCl/ADR-RES 56.55
SK-OV-3 95,26

Renal Cancer
786-0 68.43
A498 88.19
ACHN 81,20
CAKI-1 74.24
RXF 393 64.87
SN12C 86.54
TK-10 65.64
UO-31 35.23

Prostate Cancer
PC-3 34.88
DU-145 88.14

Breast Cancer
MCF7 62 81
MDA-MB-231/ATCC 94.08
HS 578T 74,35
0T-549 88,53
T-47D 67 48
MDA-MB-468 85,60

Mean 70.68
Delta 46 21
Range 85.36

Mean Growth Percent - Growth Percent

150 100 50 ■50 -100 -150
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dicihyl 4-( ̂ -(4'-mcihf)xyhiphcnyM.yl)-1 -phenyl-1 //-p>Ti?ol-4-ylK2,(>- 
' «limcihyI-l.4*Uihy<lropynilin<.‘*3.5-JicjrboxyUte

Chcmical ^o^mula• C \5H,jN,0s 
Molecular Weight 577 6695 

Klcmenul Analyns- C, 72 77; H. 6.1 1. N. 7 27. (). H  85

Developmental Therapeutics Program NSC: D-757155/1 Cone; 1 OOE-5 Molar Test Date: Apr 11, 2011

One Dose Mean Graph Experiment ID; 11040S33 Report Date: May 10. 2011

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent

Leukemia
CCRF-CEM 62.00 “
HL-60(TB) 103.20 — —
K-562 69.08 *
MOLT-4 64 11
RPMi-8226 64 11

Non-Small Cell Lung Cancer
A549/ATCC 61.40 ■
EK\'X 51,24 -
HOP-62 90.12 ^
HOP-92 89.03
NCI-H226 103 01
NCI-H23 82.08 -
NCI-H322M 76 41 '
NCI-H460 70 51 ■
NCI-H522 51 46 ■

Colon Cancer
COLO 205 94 99
HCC-2998 65.88 ■
HCT-116 51 99 ■
HCT-15 70 11 ■
HT29 58.54 ■
KM12 63.97 -
SW-620 91 71 —■

CNS Cancer
SF-268 76 01
SF-295 90.39
SF-539 88.30 ™
SNB-19 88.54 ■ ■
SNB-75 21.28 ■
U251 71.44 ■

Metanonta
LOXIMVI 52.43 -
MALME-3M 10411 *
M14 74.59
MDA-MB-435 83.13 -«
SK-MEL-28 98 81
SK-MEL-5 91.98 ™
U ACC-257 80.37 -
UACC-62 91.69 «

Ovarian Cancer
IGR0V1 51,58 ■
OVCAR-3 92,72
OVCAR-4 78.26 ■
OVCAR-5 82 81 ■
OVCAR-8 77,62 ■
NCl/ADR-RES 69.89 ■
SK-OV-3 99,94

Renal Cancer
786-0 68.99
A498 96,64
ACHN 73.97
CAKI-1 67.06
RXF 393 78 59
SN12C 68.20
TK-10 76.09
UO-31 36.77

Prostate Cancer
PC-3 47.95 ■
DU-145 99.81

Breast Cancer
MCF7 65 01
MDA-MB-231/ATCC 57.06
HS 578T 76.18
BT-549 86.69
T-47D 53.82
MDA-MB-468 6911

Mean 74.53
Delta 53,25 ■
Range 82,83 ^m m m m

150 100 50 0 -50 >100 -150
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diethyl 2.6-dim cthyl-4-{3-(3'-nicrobiphenyl-4-yl)-l-phcnyl-l//- 
p y ra z o l^y lV I .4-dihydropyndinc-3.5-dicarhi)xylate 

('hemical Formula C)4n32N'40^
Molecular W eight: 592.6411 

Eltmicnlal Analysis C. 68 91. H. 5 44, N. 9 45; (). 16.20

Developmental Therapeutics Program NSC; D-757156M Cone: 1 OOE-5 Molar Test Date: Apr 11.2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date: May 10, 2011

Pan«i/Cell Line Growth Percent

Leukemta
CCRF-CEW 65.55
HL-60aB) 101.52
K-562 56.64
MOLT-4 44 21
RPMI-8226 58.03

Non-Sma)l Cell Lung Cancer
,^549/ATCC 60,85
EKVX 50.99
HOP-62 89.52
HOP-92 57.27
NCI-H226 85.68
NCI-H23 77 51
NCI-H322M 66,14
NCI-H460 78 75
NCI-H522 56 62

Colon Cancer
COLO 205 85 19
HCC-2998 77 45
HCT-116 64.93
HCT-15 84 01
HT29 74.52
KM12 7326
SW-62C 94 47

CNS Cancer
SF-268 82.16
SF-295 94.57
SF-539 83.03
SNB-19 94.17
SNB-75 24 90
U251 69.14

Melanoma
LOX IMVI 62.18
MALME-3M 78,32
M14 90.27
MDA-MB-435 84.56
SK-MEL-2 59,57
SK-MEL-28 100.37
SK-MEL-5 87.26
UACC-257 80.06
UACC-62 92 49

Ovarian Cancer
IGR0V1 51.87
OVCAR-3 85.24
OVCAR-4 76.60
OVCAR-5 89.23
OVCAR-8 79.39
NCI/ADR-RES 7501
SK-OV-3 90.65

Renal Cancer
786-0 68.95
,A498 73.52
ACHN 74.59
CAKI-1 53.47
RXF 393 62.60
SN12C 79.47
TK-10 62.63
UO-31 28.70

Prostate Cancer
PC-3 45.34
DU-145 91.72

Breast Cancer
MCF7 77.17
MDA-MB-231/ATCC 76.13
HS 578T 70,54
BT-549 80 21
T-47D 63.66
MDA-MB-468 61.10

Mean 72.95
Delta 48.05
Range 76.62

Mean Growth Percent - Growth Percent

150 100 50 -50 -100 -150
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o

dicihyl •H342’-nuori>3'-t'ormylbiphcnyl»4-yl)-1-phenyl-l H- 
pyrn2i)l-4-yl>-2.(>-(limcihyl-l ,4-dihytlrupyriJinc-3.5-dicarbuxylatc 

Chcmical Komiula
Molecular Weight; S93.644I 

h'Icmeoul \nalysis. C, 70.81; H, 5.43; K, 3.20. N. 7.08; O, 13.4X

Developmental Therapeutics Program 

One Dose Mean Graph

NSC: D-757167 /1 Cone: 1 OOE-5 Molar

Experiment ID: 11040S33

Test Date: Apr 11. 2011

Report Date: May 10. 2011

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent

CCRF-CEM 40.07
HL-60(TB) 27.97
K-562 12.42
MOLT-4 4.43
RPMI-8226 47 71

Non-Small Cell Lung Cancer
A549/ATCC 6521
EKVX 47.96
HOP-62 89.09
HOP-92 30.74
NCI-H226 85.37
NCI-H23 84.36
NCI-H322M 68.84
NCI-H460 38.58
NCI-H522 84.82

Cdon Cancer
COLO 205 98.17
HCC-2998 86.96
HCT-116 41.43
HCT-15 89.38
HT29 80.92
KM12 40.57
SW-620 52.76

CNS Cancer
SF-268 49.66
SF-295 84.08
SF-539 73.74
SNB-19 85.25
SNB-75 50.98
U251 63.65

Melanoma
LOXIMVI 47.88
MALME-3M 94.94
M14 78.04
MDA-MB-435 64 11
SK-MEL-2 73.10
SK-MEL-28 108.69
SK-MEL-5 87.30
UACC-257 75.42
UACC-62 92.73

Ovarian Cancer
IGR0V1 52.12
OVCAR-3 47.76
OVCAR-4 84.50
OVCAR-5 94 71
OVCAR-a 74 61
NCl/ADR-RES 65.90
SK-OV-3 91.33

Renai Cancer
786-0 65.60
A498 65.71
ACHN 80.97
CAKI-1 49.55
RXF 393 70.67
SN12C 83 31
TK-10 73.66
UO-31 17.59

Prostate Cancer
PC-3 24.09
DU-145 68.93

Breast Cancer
MCF7 78.88
MDA-MB-231/ATCC 74.85
HS 578T 53 41
BT-549 84,28
T-47D 57.74
MOA-MB-468 74.30

Mean 65.79
Delta 61.36
Range 104,26

150 100 50 -50 -100 -150
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dieihyl 2.f>-«Jimeihyl-l-(l-phenyI-H3'.4‘.V-uiraeihi>xybiphcnyl*4- 
yl>-l//-pyraziil-4-yJ>.].-4-(lihydropyridinc*)..^*<licdrboxyljte

Molctulaj Wcighi. 6^7.7215 
FIcmcnUl Analysis. C, 69 68, H. 6.16, N, f..59, O, 17.56

Developmental Therapeutics Program 

One Dose Mean Graph

NSC; D-757159M Cone: 1 OOE-5 Molar

ExperimentID: 11040S33

Test Date: Apr 11.2011

Report Date: May 10. 2011

Panel/Cell Line Growth Percent

Leukemia
CCRF-CEM 58.32
HL-60(TB) 92.67
K-562 64 91
MOLT 4 42.17
RPMI-8226 45 39

Non-Small Cell Lung Cancer
.A549yATCC 54 69
EK\0( 40 22
HOP-62 87.68
NCI-H226 80.56
NCI-H23 74 71
NCI-H322M 75 56
NCI-H460 6003
NCI-H522 59 95

Colon Cancer
COLO 205 81.29
HCC-2998 73.66
HCT-116 41 23
HCT-15 75 10
HT29 60.93
KM12 71.39
SW-620 87 06

CNS Cancer
SF-268 7904
SF-295 70 55
SF-539 68.01
SNB-19 86.73
SNB-75 18.66
U251 66.17

Melanoma
LOX IMVI 60 05
MALME-3M 85.28
M14 86.99
MDA-MB-435 68.85
SK-MEL-2 76.12
SK-MEL-28 93.19
SK-MEL-5 67.87
UACC-257 63 01
UACC-62 87 11

Ovarian Cancer
IGR0V1 62.02
OVCAR-3 72.84
OVCAR-4 65.79
OVCAR-5 91.12
OVCAR-8 76.87
NCl/ADR-RES 69 56
SK-OV-3 84.97

Renal Cancer
786-0 66.26
A498 64 72
•ACHN 64.40
CAKI-1 46.97
RXF 393 60.65
SN12C 75.94
TK-10 79.54
UO-31 16.73

Prostate Cancer
PC-3 34.48
DU-145 90 79

Breast Cancer
MCF7 89 47
MDA-MB-231/ATCC 87.78
HS 578T 63.59
BT-549 71 69
T-47D 61 28
MDA-MB-468 66.99

Mean 68.44
Delta 51 71
Range 76,46

Mean Growth Percent - Growth Percent

150 100 50 -50 -100 -150
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Ulcihyl 4-(3-<4-(2-cih0xy-2-05i0tfihuxy)phenyl)-l-phcny]-l //-pyrizol* 
4-yl)-2,6-dioiclliyl-1,4-dil>ydropyridinc-3.5-ilicarboxylatc 

Chemical Formula C ,^HnN iO '
Molccular Weight 573 6362 

FIcmcnuI Analysis: C, 67.00, H, 6.15, K . 7.33, O. 19.52

Developmental Therapeutics Program NSC; D-767160/1 Cone: 1 OOE*5 Molar Test Date: Apr 11. 2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date: May 10.2011

Panel/Cell Line Growth Percent

Leukemia
CCRF-CEM 90.15
HL-60(TB> 80.63
K-562 56.38
MOLT-4 57.13
RPMI-8226 88.95

Non-Small Ceil Lung Cancer
A549/ATCC 95 91
EK\^X 100.16
HOP-62 85.72
HOP-92 73.82
NCI-H226 95.20
NCI-H23 97.96
NCI-H322M 103.35
NCI-H460 91.19
NCI-H522 82.93

Colon Cancer
COLO 205 105.80
HCC-2998 92.19
HCT-116 84,49
HCT-15 97.52
HT29 96.29
KM12 113.83
SW-620 9341

CNS Cancer
SF-268 103.27
SF-295 93.78
SF-539 91.74
SNB-19 96.00
SNB-75 85.40
U251 98.82

Melanoma
LOX IMVI 94.30
MALME-3M 100.04
M14 96.19
MDA-MB-435 85.26
SK-MEL-2 112 91
SK-MEL-28 100.23
SK-MEL-5 94.52
UACC-257 93.86
UACC-62 95.36

Ovarian Cancer
IGR0V1 89.47
OVCAR-3 109.52
OVCAR-4 96.54
OVCAR-5 107.53
OVCAR-8 83.58
NCl/ADR-RES 103.14
SK-OV-3 90.68

Renat Cancer
786-0 99.12
A498 92.97
ACHN 96.52
CAKI-1 103.16
RXF 393 103 01
SN12C 93 31
TK-10 111.06
UO-31 78.50

Prostate Cancer
PC-3 79 71
DU-145 107,55

Breast Cancer
MCF7 84.83
MDA-MB-231/ATCC 107.36
HS 578T 85.38
BT-549 92.82
T-47D 86.69
MDA-MB-468 89.62

Mean 93,51
Delta 37.13
Range 57.45

Mean Growth Percent - Growth Percent

150 100 50 -50 -100 -150
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Developmental Therapeutics Program NSC: D-757161 /1 Cone: 1 OOE-5 Molar Test Date: A p r i l ,  2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date: May IQ, 2011

Panel/Cell Line Growth Percent Mean Growth Percent - Growth Percent

Leukemia
CCRF-CEM 66.78 ■
HL*60<TB) 98 21 ■
K-562 7531 ■
MOLT-4 49.61 =
RPMI-8226 72 16 ■

Non-Small Cell Lung Cancer
A549/ATCC 81 41 ■
EKVX 86,26 i
HOP-62 85.59 ■
HOP-92 66.86 ■
NCI-H226 81 18 ■
NCI-H23 97.94 ■
NCI-H322M 102,87 ™
NC1-H460 87.07 i
NChH522 78.24 ■

Colon Cancer
COLO 205 88.93
HCC-2998 92.70 ■
HCT-116 94 80 ■
HCT-15 99.44 "
HT29 94,79 ■
KM12 99 01 "
SW-620 92.83 ■

CNS Cancer
SF-268 94 61 ■
SF-295 88.97
SF-539 103.69 ™
SNB-19 9101 '
SNB-75 71.92 ■
U251 74 72 ■

Melanoma
LOXIMVI 86.80
M.AJ.ME-3M 114.92 ■-------- ^
M14 101 71
MDA-MB-435 98.29 ^
SK-MEL-28 110 91 — ~
SK-MEL-5 93.07 =
UACC-257 87.38 ■
UACC-62 99.14

Ovarian Cancer
IGR0V1 92.68 ■
OVCAR-3 92.87 ■
OVCAR^ 92.63 ■
OVCAR-5 105.25
OVCAR-8 92.71 ■
NCl/ADR-RES 92,69 ■
SK-OV-3 92.34 ■

Renal Cancer
786-0 91.05
A498 70.78
ACHN 98.16
CAKI-1 80.18
RXF393 104,40
SN12C 99.60
TK-10 80 85
UO-31 69,32

Prostate Cancer
PC-3 61.12 ■
DU-145 103.96 ™

Breast Cancer
MCF7 88.23
MDA-MB-23VATCC 94.17
HS578T 103.71
BT-549 94.90
T-47D 81.84
MDA-MB-468 8544

Mean 89.28
Delta 39.67 ■
Range 65.31

150 100 50 0 -50 -100 -150
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Developmental Therapeutics Program 

One Dose Mean Graph

NSC: D-767162M Cone: 1 OOE-5 Molar

Experiment ID: 11040S33

Test Date: Apr 11.2011

Report Date: May 10. 2011

Paneiycell Line

Leukemia
CCRF-CEM
HL-60<TB)
K-562 
MOLT-4 
RPMI-8226 

Non-Small Cell Lung Cancer 
A549/ATCC 
EKVX 
HOP-62 
HOP-92 
NCI-H226 
NCI-H23 
NCI-H322M 
NCI-H46C 
NCI-H522 

Colon Cancer 
COLO 205 
HCC-2998 
HCT-116 
HCT-15 
HT29 
KM12 
SW-620 

CNS Cancer 
SF-268 
SF-296 
SF-539 
SNB-19 
SNB-75 
U251 

Meonoma 
LOX IMVI 
MALME-3M 
M14
MDA-MB-435 
SK-MEL-28 
SK-MEL-6 
UACC-257 
UACC-62 

Ovarian Cancer 
IGR0V1 
OVCAR-3 
OVCAR-4 
OVCAR-5 
OVCAR-8 
NCl/ADR-RES 
SK-OV-3 

Renal Cancer 
786-0 
A498 
ACHN 
CAKI-1 
RXF 393 
SN12C 
TK-10 
UO-31 

Prostate Cancer 
PC-3 
DU-145 

Breast Cancer 
MCF7
MDA-MB-231/ATCC 
HS 578T 
BT-549 
T-47D
MDA-MB-468

Mean
Delta
Range

Growth Percent

85.29 
105.17
85.27
80.95
74.62

82.50
74.59
93.13 
82 31 
76.39
96.33 

104.44
93.18
75.72

97.64
99.94
91.63 
98.62
92.53
97.75
97.34

101.07
86.27
84.14 

105.57
83.49
84.27

93.66 
84.99
99.72
98.96
99.75
94.67 
86 11 
97.57

95.88
104,26
93.15

115.08
92.95 
91.10
90.59

91,52
88.14
96.60
83.76
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4-(4-(<H3.5-bis(clhoxytarbonyl>-2,fr-dimethyl-l ,4-0ihyUrt>pynJin-4-yl>- 
i -phmyl-1 //-pyrazol*3>) l)phcnuxy')buldnuic Jcid

Molccular Wcighr 573 6362 
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Developmental Therapeutics Program NSC: D-757163M Cone: 1 OOE-5 Molar Test Date: Apr 11.2011

One Dose Mean Graph Experiment ID: 11040S33 Report Date: May 10. 2011

Panel/Cell Line Growth Percent Mean Growth Percent • Growth

Leukemia
CCRF-CEM 89.07 ■
HL-60(TB) 112.49
K-562 100.88 1

MOLT-4 94.38 1

RPMI-8226 86,12 IB

Non-Small Cell Lung Cancer
A549/ATCC 84.58
EK\'X 96.73
H0P-€2 95.27
HOP-92 82.46
NCI-H226 89.22 m
NCI-H23 98.85
NCI-H322M 107 24
NCI-H460 108.15
NCI-H522 74 37

Colon Cancer
COLO 205 112 97
HCC-2998 100 40 1

HCT-116 93.45 1
HCT-15 99 54 1

HT29 104 79 ■
KM12 103.86 ■
SW-620 99.20

CNS Cancer
SF-268 108.56
SF-295 90 44 ■
SF-539 101 51 ■
SNB-19 97.30
SNB-75 87.11 ■ ■

U251 91 16 ■
Melanoma

LOXIMVI 101.29 ■,1

MALME-3M 93.64
M14 98.53
MDA-MB-435 101.59 j

SK-MEL-28 103 88 -a

SK-MEL-5 99.44
UACC-257 86.58
UACC-62 96.70

O v a r ii Cancer
IGR0V1 99.90 1

OVCAR-3 109.02
OVCAR-4 96 61
OVCAR-5 108.26 i H

OVCAR-8 95 79
NCt/ADR-RES 102.78 ■

SK-OV-3 95.44
Renal Cancer

786-0 99 85
A498 82.57
ACHN 10289 '

CAKI-1 94.09 >

RXF 393 104 71
SN12C 96.39
TK-10 103.40
UO-31 75.50

Prostate Cancer
PC-3 92.28 ■
DU-145 110,45 ^ ■ 1

Breast Cancer
MCF7 85.62
MDA-MB-231/.ATCC 118.96
HS 578T 96.17
BT-549 99.85
T-47D 82 91
MDA-MB-468 99.18

Mean 97.32
Delta 22.95
Range 44 59

150 100 50 0 -50 -100 -150
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Appendix II

Compare anylysis

Table A2 Standard COM PARE Analysis o f dihydropyridine 161"

Rank C om pound r

1

B ased on G I50 m ean graph 

T am oxifen 0.485

2 N itrogen m ustard 0.476

3 R hizoxin 0.446

4 A clacinom ycin 0.370

5 R ifam ycin 0.367

1

B ased on TGI m ean graph 

A saley 0.463

2 T am oxifen 0.453

3 A ctinom ycin  D 0.390

4 CCN U 0.383

5 C aracem ide 0.364

1

Based on LC 50 m ean graph 

A -T G D R 0.608

2 B -TG D R 0.511

3 B reqinar 0.479

4 Rhixon 0.457

5 V inblastine sulphate 0.424

"T h e  target set w as the standard agent database and the target set endpoints w ere selected to 
be equal to  the seed end points. S tandard C O M PA R E  analysis w as perform ed. C orrelation 
values (r) are Pearson correlation coefficients.
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Table A3 Standard COMPARE Analysis of dihydropyridine 179“

Rank C om pound r

1

Based on G I50 m ean graph 

Rhizoxin 0.497

2 T am oxifen 0.459

3 Spirogerm anium 0.397

4 H ycanthone 0.385

5 Batrycyclin 0.375

1

Based on TGI m ean graph 

T am oxifen 0.529

2 5-Fluorouracil 0.458

3 A saley 0.444

4 CH IP 0.440

5 A phodicolin  glycinate 0.426

1

Based on L C 50 m ean graph 

C hrom om ycin 0.758

2 D eoxythioguanosine 0.709

3 T hioguanine 0.691

4 Bactobolin 0.689

5 L -A sparaginase 0.644

"T h e  target set w as the standard agent database and the target set endpoin ts w ere selected to 
be equal to the seed end points. S tandard C O M PA R E  analysis w as perform ed. C orrelation  

values (r) are Pearson correlation  coefficients.
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Table A4 Standard COMPARE Analysis of dihydropyridine 176"

Rank C om pound r

1

B ased  on G I50 m ean graph 

T am oxifen 0 .5 0 4

2 N itrogen  mustard 0 .3 9 0

3 C aracem ide 0.351

4 R hizoxin 0 .315

5 A civ ic in 0 .3 1 4

1

B ased on TGI m ean graph 

T am oxifen 0 .4 8 0

2 5-Fluorouracil 0 .464

3 N itrogen  mustard 0 .458

4 T h iogu anin e 0 .447

5 A ctin om ycin 0 .427

1

B ased  on LC50 m ean graph 

B -T G D R 0 .586

2 T hioguanine 0 .5 7 7

3 L -A sparaginase 0 .575

4 Paclitaxel 0 .5 6 6

5 M orph olin o-A D R 0.548

"T he target set w as the standard agent database and the target set endpoints w ere se lected  to  

be equal to  the seed  end points. Standard C O M PA R E  an alysis w as perform ed. Correlation  

va lu es (r) are Pearson correlation coeffic ien ts.
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Table A5 Standard COM PARE Analysis o f dihydropyridine 218“

R ank C o m p o u n d r Cell  lines

1

B a sed  on G I 50 m ean  g raph  

M a y tan s in e 0 .542 41

2 R ifa m y cin  SV 0 .484 57

3 A n g u id in e  (h iC onc :  10“’M ) 0 .482 59

4 A n g u id in e  (h iC onc ;  1 O ^M) 0 .474 56

5 T am o x ife n 0 .467 60

1

B ased  on  TG I m e an  g raph  

D ich lo roa lly l  law sone 0 .529 46

2 A c tin o m y c in  D (h iC onc ; 10‘̂ ^M) QAl'i 59

3 B actobo lin 0 .458 52

4 A c t in o m y c in  D (h iC onc : 0 .455 51

5 A c t in o m y c in  D (h iC onc : 1 0" 'M ) 0.451 56

1

B ased  on  L C 50 m ean  g raph  

A m o n a f id e 0.691 56

2 B actobo lin  (h iC onc : 10"'M) 0.691 53

3 A n g u id in e 0.683 57

4 H o m o h a r r in g to n in e 0 .657 56

5 B ac tob lin  (h iC onc :  10'^ *M) 0 .639 56

“ T h e  ta rge t  set w a s  the  s tandard  ag e n t  da tab a se  and  the  ta rge t  se t e n d p o in ts  w e re  se lec ted  to  

be  equa l  to  the  seed  end  points .  S tanda rd  C O M P A R E  an a ly s is  w a s  p er fo rm ed .  C orre la t ion  

v a lues  ( r )  a re  P earson  co rre la t ion  coe ff ic ien ts .  A u g u id in e ,  ac t in o m y c in  D and  bac tobo lin  

ou t l ine  at d if fe ren t  c o n c en tra t io n s  as they  h ave  been  te s ted  by th e  N C I  at m ult ip le  

con c en tra t io n  ranges.

339



Table A6 Standard COMPARE Analysis of dihydropyridine 219“

Rank C om pound r Cell lines

1

Based on G I 5 0  m ean graph 

M aytansine 0.486 41

2 Thioguanine 0.454 54

3 A saley 0.424 49

4 T rim ethyltrim ethylo lm elam ine 0.421 56

5 Tam oxifen 0.403 57

1

Based on TGI m ean graph 

A ctinom ycin D (hiConc:10"*^M ) 0.497 60

2 V incristine sulfate 0.49 59

3 A ctinom ycin D (hiC onc: 10“̂ M) 0.483 57

4 B actobolin 0.481 53

5 A ctinom ycin D (hiConc:10"^^M ) 0.464 52

1

Based on LC 5 0  m ean graph 

T halicarpine 0.591 57

2 5-azacytid ine 0.547 56

3 CH IP 0.54 58

4 M ethyl-C C N U 0.538 57

5 Pancratiastatin 0.537 56

“ The target set w as the standard agent database and the target set endpoints w ere selected to 
be equal to  the seed end points. S tandard  C O M PA R E  analysis w as perform ed. C orrelation  
values (r) are Pearson correlation  coefficients. A ctinom ycin D outlines at d ifferent 
concentrations as it has been tested  by the N C I at m ultiple concentration  ranges.
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Table A7 Standard COM PARE Analysis o f dihydropyridine 226“

Rank C om pound r Cell lines

1

Based on G I50 m ean graph 

H ycanthone (hiConc: 10'^M) 0.487 54

2 Em ofoiin sodium 0.445 57

3 8 C I-cyc-A M P 0.421 58

4 D -tetrandrine 0.409 58

5 H ycanthone (hiConc: 10""M) 0.389 45

1

Based on TGI m ean graph 

H e p su lfa m 0.487 57

2 D ichloroallyl lawsone 0.462 47

3 M aytansine 0.459 47

4 R ifam ycin SV 0.443 57

5 A m onatlde 0.41 1 58

1

B ased on LC 50 m ean graph 

M itram ycin 0.655 46

2 L -asparaginase 0.636 56

3 B-TG D R 0.618 56

4 Bactobolin 0.617 52

5 R ifam ycin SV 0.576 55

"T h e  target set w as the standard agent database and the target set endpoin ts w ere selected to 
be equal to the seed end points. S tandard C O M PA R E  analysis w as perform ed. C orrelation  
values (r) are Pearson correlation coefficients. H ycanthone outline at d ifferen t concentrations 
as it has been tested  by the N CI at m ultip le concentration ranges.
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Table A8 Standard COMPARE Analysis of dihydropyridine 224“

Rank C om pound r C ell lines

1

B ased on GI50 mean graph 

T am oxifen 0 .5 5 6 60

2 R hizoxin 0 .5 3 9 47

3 R ifam yxin  SV 0.408 57

4 C aracem ide 0 .395 58

5 M aytansine 0 .387 41

1

B ased on TGI m ean graph 

T hioguanine 0 .509 60

2 M itram ycin 0 .458 47

3 R ifam ycin  SV 0.456 5 7

4 B -T G D R 0.455 58

5 M acbecin  11 0 .417 57

1

B ased on LC50 m ean graph 

D ihydro-5-azacytid in e 0 .7 0 9 58

2 D idem nin  B 0 .697 55

3 B -T G D R 0.67 58

4 C yanom orp holino-A D R 0 .6 6 6 47

5 O xanthrazole 0 .664 55

“T he target set w as the standard agent database and the target set endpoints w ere se lected  to 
be equal to the seed  end points. Standard C O M PA R E  an alysis w as perform ed. Correlation  
valu es (r) are Pearson correlation coeffic ien ts.
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Table A9 Standard COMPARE Analysis of dihydropyridine 237“

Rank C om pound r Cell lines

1

Based on G I50 m ean graph 

F lavoneacetic  acid 0.765 57

2 Piperazine a lkylator 0.514 56

3 P e n ta m e th y lm e la m in e 0.488 58

4 L -buthionine sulfoxim ine 0.47 57

5 Spirohydantoin  m ustard 0.419 47

1

B ased on TGI m ean graph 

Pentam ethylm elam ine 0.574 58

2 Spirohydantoin  m ustard 0.523 47

3 F lavoneacetic acid 0.479 57

4 Tetrocarcin  A sodium  salt 0.42 57

5 N itrogen m ustard 0.399 58

1

B ased on LC 50 m ean graph 

“0 ,P ’-D D D ’' 0.841 58

2 Em ofoiin sodium 0.783 57

3 H ycanthone 0.691 53

4 Tam oxifen 0.69 60

5 R apam ycin 0.681 60

“ The target set w as the standard agent database and the target set endpoin ts w ere selected to 
be equal to the seed end points. S tandard C O M PA R E  analysis w as perform ed. C orrelation  
values (r) are Pearson correlation coefficients.
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Appendix III

Determination of crystal structures by XRD

Crystal Data for 162: C n 2H n2B»’4N i2 0 i6, Mw 2201.78 (4 molecules). Monoclinic, 

space group P2(l)/c; a = 9.923(6), h = 18.930(9), c = 14.542(6)A°, p = 112.14(3)°; U 

= 2530(2)(A)^; Z =  \ \ D^ = 1.445 Mg m'^; m = 1.166 m m ''; Range for data collection 

= 1.12-25.00; Reflections collected 28,265 , unique reflections 4452 [7?jnt = 0.0332]; 

data/restraints/parameters 4452/0/329; Goodness-of-fit on Fj 1.067; R indices (all 

data) = R\ = 0.0332, w /?2 = 0.0726; Final R indices [/ >2.v(/)] = R\ = 0.0304, w /?2 = 

0.0726. CCDC deposition No. 787943.

Crystal Data for nifedipine: C68H72N8O24, (4 molecules). Mwl 384.34, 

Monoclinic, Space group P2(l)/c; a = 10.621(3), b = 10.419(3), c=14.794(4)A°, p = 

94.768(3)°; U =  1631.4(8)(A)^; Z =  l ; Z ) c =  1.410Mg m '^  w = 0.11 m m ''; Range for 

data collection = 1.12-25.00; Reflections collected 12798 , unique reflections 

2789[/?int = 0.0571]; Data/restraints/parameters 2789/0/230; Goodness-of-fit on F2 

1.065; R indices (all data) = /?1 = 0.0491, wi?2 “  0.1245; Final R indices [/ >2.v(/)] = 

/?, = 0.0457, w ^ 2  = 0.1240. CCDC deposition No. 787942.
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