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Abstract 

 

The thesis is introduced with a review of the genus Choisya. Here emphasis is placed on the 

botany, traditional uses, phytochemistry and ethnopharmacological studies. The main classes 

of compounds found in the genus are briefly described together with their associated 

pharmacological activities. 

The work described in this thesis centres the isolation of the major constituents of Choisya x 

dewitteana ‘Aztec Pearl’ and the evaluation of the antinociceptive activities of its extracts of 

the plant as well as on some of the isolated compounds. In addition, a HPTLC method was 

developed for the qualitative analysis of the flavonoids present in Choisya extracts while a 

HPLC method was developed and validated for both qualitative and quantitative analysis of 

the flavonoids and the major coumarin present in the genus Choisya. A new route to the 

synthesis of 4-arylcoumarin derivatives has been developed based on the structure of the 

major coumarin isolated in C. x dewitteana ‘Aztec Pearl’. The activity of these synthetic 

derivatives was evaluated in a tubulin polymerisation assay. 

Chapter two focus on the isolation of the major constituents of the leaves of C. x dewitteana 

‘Aztec Pearl’. A novel furoquinoline alkaloid, (E)-4-((4,8-dimethoxyfuro[2,3-b]quinolin-7-

yl)oxy)-2-methylbut-3-en-2-ol (2.09), three coumarins, puberulin (2.01), 6-methoxyl-7,8-

methylenedioxycoumarin (2.02) and sabandinin (2.03); one sesquiterpene, 7-isopropyl-4-

methyl-10-methylenecyclodec-5-ene-1,4-diol (2.04); eight alkaloids, 4-desmethoxychoisyine 

(2.05), anhydroevoxine (2.06), choisyine (2.07), evoxine (2.08), balfourolone (2.10), 

isobalfourodine (2.11) and balfourodinium methosalt (2.12)  and one flavonoid, rutin (2.13) 

were isolated and characterised. These compounds have been isolated for the first time in 

this species. Solvent extracts of the leaves of C. x dewitteana ‘Aztec Pearl’ as well as 

anhydroevoxine and choisyine were evaluated for their antinociceptive activity and showed 

considerable activity. 

Chapter three centres on the development of chromatographic methods for the detection 

and quantification of flavonoids in extracts of C. x dewitteana ‘Aztec Pearl’ and C. ternata.  

HPTLC and HPLC-UV methods were developed and validated for the identification and 



quantification of four flavonoids glycosides, rutin, nicotiflorin, isoquercetin, astragalin and 

one coumarin in methanolic extracts of leaves, stem and flowers of C. x dewitteana ‘Aztec 

Pearl’ and C. ternata. 

Chapter four focuses on devising a suitable synthesis of 4-arylcoumarin derivatives based on 

the structure of the major coumarin isolated in C. x dewitteana ‘Aztec Pearl’. This synthetic 

pathway chosen to be tunable so that a diverse range of potential tubulin binding agents 

could be synthesised through this route. Particular emphasis was placed on designing a 

synthetic route that would allow for considerable flexibility in the type of substituents that 

could be placed on the A-ring of these 4-arylcoumarins. Following completion of the 

synthesis, test compounds were evaluated for their ability to inhibit tubulin polymerisation. 

All three compounds tested showed comparable activity to combretastatin A-4, a compound 

that is undergoing late stage clinical development for the treatment of different tumour 

types. 

All experimental information relating to the methods used for the isolation and synthesis of 

all compounds that were the subject of this thesis is outlined in Chapter 5.  
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EtOAc  Ethyl acetate 



EtOH   Ethanol 

FTIR   Fourier Transform Infrared Spectroscopy 

GABA   γ-aminobutyric acid 

GC   Gas chromatography 

GC-MS  Gas chromatography-mass spectroscopy 

GTP   Guanosine triphosphate 

H2   Hydrogen 

H2O   Water 

HCl   Hydrochloric acid 

HMBC   Heteronuclear multiple bond correlation 

HPLC   High performance liquid chromatography 

HPTLC   High performance thin layer chromatography 

HRMS   High resolution mass spectroscopy 

HSP   Heat shock protein 

HSQC   Heteronuclear single quantum coherence 

Hz   Hertz 

IC50   Concentration required for 50% inhibition 

ICH  International Council for Harmonisation 

IR   Infrared 

LOD   Limit of detection 

LOP   Lipid peroxidation 

LOQ   Limit of quantification 



m   multiplet 

M  Molar 

MAPs   Microtubule associated proteins 

mCPBA  meta-Chloroperoxybenzoic acid 

MeOH   Methanol 

MES   2-(N-morpholino)ethanesulphonic acid 

mM   millimolar 

MP   Melting point 

N2   Nitrogen 

NaCl   Sodium chloride 

Na2CO3  Sodium carbonate 

NaHCO3  Sodium hydrogen carbonate 

NaOH   Sodium hydroxide 

NMR   Nuclear magnetic resonance 

Pd   Palladium 

Pd/C   Palladium on carbon 

Pd(PPh3)4  Tetrakis(triphenylphosphine)palladium(0) 

PPA   Polyphosphoric acid 

ppm   Parts per million 

Rf   Retention factor 

ROS   Reactive oxygen species 

RT   Room temperature 



s   singlet 

SAR   Structure activity relationship 

SnCl4   Tin (IV) chloride 

SST   System suitability test 

t   triplet 

TBA   Tubulin binding agent 

TBAF   Tetrabutylammonium fluoride 

TBDMSCl  tert-Butyldimethylsilyl chloride 

TBDMS  tert-Butyldimethylsilyl  

TBDPSCl  tert-Butyldiphenylsilyl chloride 

TBDPS   tert-Butyldiphenylsilyl 

TEA   Triethylamine 

TFA   Trifluoroacetic acid 

THF  Tetrahydrofuran 

TLC   Thin layer chromatography 

UV   Ultraviolet 
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1 Introduction 

 

1.1 Introduction 

Natural products obtained from plants, animals and microorganisms have been continuously 

used as an alternative to treat several human diseases for thousands of years1. Knowledge 

has been transferred from older generations and it has become a part of different cultures all 

over the world2. 

Natural products have provided efficient alternatives for a range of disorders including 

inflammatory, parasitic, neurological, cardiovascular, metabolic, oncological and pain-related 

diseases3, in addition to providing a rich source of molecules sought after as possible 

substitutes to the mainstream medicines. Only between 10 and 15% of species of plants have 

been exploited for therapeutic use. The main challenge to capture the specific targets 

efficiently will be the ability to analyse the crude extracts simultaneously and also screen 

active metabolites of natural products 1,3. 

Research is once again looking towards the use of total plant extracts, as opposed to isolated 

constituents, mainly because of the synergistic effects of the cocktail of plant metabolites and 

the multiple points of intervention in the treatment of specific conditions. For example, the 

preventative mechanisms of tumour inhibition by natural phytochemicals range from the 

inhibition of genotoxic effects, increased antioxidant and anti-inflammatory activity, 

inhibition of proteases and cell proliferation, protection of intercellular communications to 

modulation of apoptosis and signal transduction pathways4–11. 

Plants from the Rutaceae family are widely used in folk medicine. Different species are used 

as a tonic, a febrifuge, against inflammatory and microbial processes and treatment of 

malaria12–14. Literature review on the chemical constituents of different species of this family 

has shown the occurrence of mainly quinoline alkaloids, coumarin, flavonoids, and 

terpenes15,16. 
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1.2 Botany 

Rutaceae is one of the six families belonging to the Rutales order of flowering plants. Plants 

belonging to the family Rutaceae have been investigated morphologically, molecularly and 

biochemically17. Several plant extracts of this family have been reported to possess 

pharmacological activity and hence there is an interest in the isolation and characterisation 

of active principles present in those plants.  

The genus Choisya comprises about seven species of shrubs from the southwest of the United 

States and south west of Mexico and was named after the Swiss botanist J.D. Choisy (1788 -

1854). C. ternata Kunth is known as Mexican orange or Mexican orange blossom18 and is the 

most widely cultivated of specie of the genus Choisya. Its vernacular name refers to the 

appearance of the flowers, which resemble orange blossom19. It was first introduced into 

Britain from Mexico in 182520,21. In 1986, gold-leaved plants were introduced under the 

cultivar name ‘Sundance’. C. arizonica can be distinguished from C. ternata by its foliolate 

leaves. In 1982, C. ternata and C. dumosa var. arizonica were artificially crossed giving rise to 

C. x dewitteana ‘Aztec Pearl’22. The latter is an intermediate between the parents, it is less 

robust in stature than C. ternata and produces larger flowers. It is a dense, bushy shrub.  

 

1.3 Traditional uses 

The ethnobotanical use of this genus has been reported for C. ternata, which is classified as 

tonic, appetizer, and also having an antispasmodic and ‘stimulative properties’23. The first 

pharmacological use for C. ternata was in 1885. Boudoresques was the first to discover the 

medicinal effect of the aqueous extracts of leaves by experimenting on himself, finding them 

tonic and appetizing. Later in 1923, Standley reported that Mexican people employed infusion 

of their leaves due to their antispasmodic and ‘stimulative properties’23. C. ternata was later 

included in the Pharmacopeia of Mexico24. 
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1.4 Phytochemistry 

1.4.1 Secondary metabolites in Rutaceae 

Plants from the Rutaceae family possess great a diversity of secondary metabolites17. 

Literature review of this family has shown chemical compounds covering a wide range of 

skeletal patterns e.g., flavonoids, alkaloids, coumarins, terpenes and other secondary 

metabolites25–27. As a result of the variety of complex compounds there is a wide range of 

pharmacological activities associated with compounds from this family25,27–29. 

 

1.4.1.1 Flavonoids 

Flavonoids are bioactive compounds that occur naturally in plants and account for 

approximately two-thirds of overall polyphenol intake30. The chemical structure of flavonoids 

is a 15-carbon skeleton which consist of two phenyl rings named A and B linked via a 

heterocyclic ring named C (Figure 1.1). Modification to this basic structure, through different 

level of oxidation and substituents onto ring C, is responsible for the different classes of 

flavonoids. 

 

 

Figure 1.1 Flavonoid skeleton 

 

Flavonoids are polyphenolic compounds ubiquitous in nature. More than 4,000 flavonoids 

have been recognised, many of which occur in vegetables, fruits and beverages like tea, coffee 

and fruit drinks. Flavonoids occur as aglycones, glycosides and methylated derivatives31. Small 

amount of aglycones are frequently present and occasionally represent a considerably 

important proportion of the total flavonoid compounds in the plant. Flavonoids have gained 
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much attention because of their broad biological and pharmacological activities including 

antimicrobial, cytotoxic, anti-inflammatory as well as cancer preventing activities and 

principally the capacity to be powerful antioxidants which can protect the human body from 

free radicals and reactive oxygen species32,33. 

Investigation of the flavonoids potential health benefits is extensive33,34, and large-scale 

epidemiological studies have demonstrated inverse associations between intake of flavonoids 

(or flavonoid-rich foods) and disease incidence and mortality35–39. Flavonoids have been 

reported to exhibit a wide range of biological effects, including antibacterial40,41, antiviral32,40, 

anti-inflammatory42,43, antiallergic44, and vasodilatory actions45,46. In addition, flavonoids 

inhibit lipid peroxidation (LPO)47–49, platelet aggregation49–52 and the activity of enzyme 

systems including cyclo-oxygenase and lipoxygenase53,54. Flavonoids exert these effects as 

antioxidants and as free radical scavengers55–58. 

 

1.4.1.2 Furoquinoline alkaloids 

Furoquinoline alkaloids (Figure 1.2) are well known as natural compounds occurring widely in 

the Rutaceae59. A number of such derivatives of furoquinoline alkaloids have been examined 

and were found to be responsible for various physiological, pharmacological and biological 

effects. They are known to possess vasoconstrictive60, antiarrhythmic61,62, antidiuretic63, 

spasmolytic activities63,64 and they are supposed to have sedative65 and hypothermic 

effects59.  Quinoline scaffold plays an important role in anticancer drug development as their 

derivatives have shown excellent results. The anticancer potential of several of these 

derivatives have been demonstrated on various cancer cell lines66. The biological potential of 

quinoline derivatives has been reported previously67,68. 

 

Figure 1.2 Furoquinoline alkaloid skeleton 
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1.4.1.3 Coumarins 

Coumarins are distributed in different parts of plants and biosynthetically originate from the 

shikimic acid pathway (Figure 1.3). It is a broad class of compounds found in plants, fungi and 

bacteria69,70. Almost two hundred coumarins have been reported in the Rutaceae family26. 

Four coumarins have been isolated from C. ternata previously, meranzin hydrate71, 

xanthyletin, suberosine26 and 6-methoxy-7,8-methylenedioxycoumarin72. 

 

 

Figure 1.3 Coumarin skeleton 

 

Coumarins have been extensively reported in the literature for various pharmacological 

activities, including anti-inflammatory73,74, antibacterial75, lipoxygenase and cyclooxygenase 

inhibition, antimutagenic76, anticoagulant74,77, scavenging of reactive oxygen species (ROS)78, 

CNS stimulants79, antithrombotic80, vasodilatory81 and anticancer activity82–84. Biological 

investigations of coumarins revealed the engrossment of innumerable pathways by which 

coumarins act as anticancer agents. Coumarins target a number of pathways in cancer such 

as kinase inhibition85–87, cell cycle arrest88–90, angiogenesis inhibition91,92, heat shock protein 

(HSP) inhibition93–95, telomerase inhibition96, antimitotic activity97–100, carbonic anhydrase 

inhibition101,102, transporters inhibition103, aromatase inhibition104,105 and sulfatase 

inhibition106,107. 

 

1.4.1.4 Terpenes 

Terpenes are a diverse class of hydrocarbon which derives from isoprene units (five carbon 

atoms) (Figure 1.4) found in a variety of plants contributing to their scent. Terpenes are 

classified based on the number of isoprene units, namely monoterpenes (two isoprene units), 

sesquiterpenes (three isoprene units), diterpenes (four isoprene units), and so on.  
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Figure 1.4 Isoprene unit 

 

Terpenoids are also known as terpenes and comprise the largest group of know natural 

products with over 60,000 compounds identified from natural sources108. Terpenoid-based 

compounds have a diverse range of activities including, but not limited to, antimicrobial109,110, 

antinociceptive111,112, anti-inflammatory113, anticonvulsant114, antitumor115,116 and 

spasmolytic117 activities. 

Sesquiterpenes are a class of compounds that contains 15 carbons (Figure 1.5). They are 

widespread in nature, mainly in higher plants but also in invertebrates. They play an 

important role in human health, both as part of a balanced diet and as pharmaceutical agents, 

due to their potential for the treatment of cardiovascular disease and cancer118. 

 

 

Figure 1.5 Example of sesquiterpene - (+)-germacrene A 

 

Germacrenes are a relevant class of sesquiterpenes which occurs extensively in nature and 

are considered as significant intermediates in the biosynthesis of various sesquiterpenes. 

Structurally, the cyclodecadiene arrangement of germacrenes consists of two double bonds, 

two methyl group and an isopropyl group. Only a few germacrenes are readily available in 

their pure form119. This is due to instability associated with their isolation during the sample 

handling procedures from their natural sources. The isolation difficulties originate from the 
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sensitivity of their double bonds, which sometimes undergo closures that give other bicyclic 

sesquiterpenes in slightly acidic conditions and elevated temperatures according to Adio119. 

The main constituents of essential oils (or volatile oils) are terpenoids. Essential oils play an 

important role in plant-plant and plant-insect relationships120. Respaud24 analysed the 

essential oils of C. ternata by GC-MS and characterized eighteen components among the 

twenty components identified. The main constituents present in the essential oils of C. 

ternata were α-phellandrene (64-71%) and myrcene (11.5%). These monoterpenes had been 

previously described in the literature as the main constituents of essential oils in the Rutaceae 

family. Respaud studied the essential oils of C. ternata in two different times of the year, 

October (1994) and March (1995), and described March as having higher levels of α-

phellandrene. 

Radulovic121 identified 157 compounds by GC-MS, being 0.2% of hemiterpenoids, 83.8% of 

monoterpenoids, 13.6% of sesquiterpenoids, 0.2% of diterpenoids and 0.9% of other 

unclassified molecules. Radulovic showed sabinene as the major constituent of the essential 

oils (approximately 33%), followed by terpinen-4-ol (ca. 10%), myrcene (ca. 8%), β-

phellandrene (ca. 6%) and γ-terpinene (ca. 4%). Radulovic also detected two minor 

components of the essential oils methyl and isopropyl N-methyl anthranilates, which arouse 

interest as nitrogen volatile compounds are very difficult to detect and are frequently missed 

out in analysis. This compound was synthesised by Radulovic and its antinociceptive activity 

was tested in vivo together with the essential oils and the ethanol extract of C. ternata. The 

results demonstrated dose-related antinociceptive action in the ethanol extract and essential 

oil, as well as one of its minor alkaloid constituents from the leaves of C. ternata121. 

 

1.4.2 Compounds previously isolated from genus Choisya 

Several quinoline alkaloids have been identified in previous phytochemical studies of C. 

ternata and have been characterized as skimmianine, choisyine, evoxine, kokusaginine, 

dictamine and lunacrine (Figure 1.6)23,122 . Quinoline alkaloids are derived from anthranilic 

acid. The biosynthetic pathway of furoquinolines has been studied in different species of the 

Rutaceae family123. 
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Figure 1.6 Quinoline alkaloids derived from anthranilic acid23,122 

 

Balfourodinium and platydesminium (dihydrofuroquinoline alkaloids) have been isolated 

from the leaves extracts of C. ternata122,124–126. Also, 7-isopentenyloxy-γ- fagarine, evodine, 

evodine acetate, platydesmine and meranzin hydrate (Figure 1.7) have been isolated from 

the leaves extract of C. ternata. In addition, eight new members of the furoquinoline family 

have been synthesised by Boyd et al71. 

 

 

Figure 1.7 Furoquinoline alkaloids isolated from the leaves of C. ternata71,122,124–126 
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Boyd et al71 reported that several alkaloids were isolated from leaves of C. ternata which later 

were identified as (±)-2-Methyl-1-[(4,6,7-trimethoxyfuro[2,3-b]quinolin-5-yl)methyl]allyl 

hydroperoxide, (E)-1,1-Dimethyl-3’-(4,6,7-trimethoxyfuro[2,3-b]quinolin-5-yl)-2-propenyl 

hydroperoxide, (±)-3’-Methyl-1-(4,6,7-trimethoxyfuro[2,3-b]quinolin-5-yl)-3’-buten-2’-ol, (-)-

(R)-Desmethoxychoisyine, 4,6-Dimethoxy-5-[(E)-3’-methoxy-3’-methyl-1’-bufenyl]furo[2,3-

b]quinoline, (E)-4’-(4,6-Dimethoxyfuro[[2,3-b]quinolin-5-yl)-2’-methyl-3’-buten-2’-ol, (-)-1-

[4,8-Dimethoxyfuro[2,3-b]quinolin-7-yl)oxy]methyl-2’-ethoxy-2’-methylpropyl acetate, (+)-

(2’R)-3-Chloro-1’-[4,8-dimethoxyfuro[2,3-b]quinolin-7-yl]oxy]-3’-methylbutan-2’ol 

(chlorodesoxyevoxine) (Figure 1.8). 

 

 

Figure 1.8 Alkaloids isolated from leaves of C. ternata71 
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Bohlmann and co-workers127 isolated two coumarins, xanthyletin and suberosine, from the 

roots of C. ternata. The coumarin xanthyletin was also isolated from the whole stems and 

branch extracts by Gray and Waterman26. Dreyer and co-workers128 identified two 

triterpenes; limonin and friedelin from the leaves extracts of C. ternata and reported that 

pentacyclic triterpenes are not common in this species23,129. Later, Tea et al.130 isolated two 

flavonoids, being both derived from kaempferol (astragalin and kaempferol-3-D-

rhamnoglucoside) from the leaves and petals of C. ternata23 (Figure 1.9). 

 

 

Figure 1.9 Different compounds isolated from roots, stems, branches, petals and leaves of C. 
ternata23,26,127–130 

 

In 1997, Respaud et al was the first to evaluate the essential oil composition of C. ternata and  

characterised eighteen components with α-phellandrene (64-71%) as the major 

component24. Later, in 2011, a depth evaluation of the essential oil composition from leaves 

of C. ternata led to the identification of a major compound, sabinene (35.1%) and a new minor 

compound ternanthranin with potential antinociceptive activity (Figure 1.10). Due to 

ternanthranin being a minor compound in the essential oil extract of C. ternata, its synthesis 
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was performed to allow pharmacological evaluation as well as unequivocal structure 

determination121. 

 

 

Figure 1.10 Compounds identified from the essential oils of C. ternata24,121 

 

1.5 Pharmacological Activity 

There is limited pharmacological data for the extracts of C. ternata. However, some 

compounds previously isolated from the extracts of C. ternata have been reported to show 

some pharmacological effects. Kokusaginine was tested for its ganglioplegic effects by 

Kovalenco in 1946 and showed relevant activity. According to Berezhinskaya, in 1970, the 

antispasmodic properties of the leaves of C. ternata were reported, probably due to evoxine, 

which has sedative, hypnotic and antispasmodic effects17. The salt balfourodinium was 

reported as presenting a slight spasmodic effect on isolated rat duodenum23. Balfourodinium 

and platydesminium salts were also reported to exhibit cytotoxic and antimicrobial 

activities125. Furthermore, in 1972, Polietsvev and co-workers reported that the  furoquinoline 

alkaloid, skimmianine, showed antidiuretic effect and acted as hypothermic agent23. The anti-

platelet activity of skimmianine has been reported by Chen and co-workers131. Their studies 

showed that skimmianine at 100 μg/ml (equivalent to 386 μM) inhibited collagen-induced 

platelet aggregation (around 66%) in washed rabbit platelets. Recent results by Wahab, in her 

Ph.D. in the School of Pharmacy and Pharmaceutical Sciences, Trinity College Dublin, showed 

that in fact this compound has very low antiplatelet activity in human blood132. 
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1.6 Antinociceptive activity 

The international association for the study of pain defines nociceptive pain as a pain that 

arises from actual or threatened damage to non-neural tissue and due to the activation of 

nociceptors. This term is designed to contrast with neuropathic pain. The term is used to 

describe pain occurring with a normally functioning somatosensory nervous system to 

contrast with the abnormal function seen in neuropathic pain133. The importance of pain 

resides in the fact that it is the major symptom of several different illnesses. It can also impair 

mobility causing a lower quality of life in the patients who are suffering from it134. There are 

several pharmacologically and biochemically described modulations of pain involving an array 

of different cell types and mediators135. Although there are protocols for the management of 

peripheral and central nervous system pain, the potential of side effects developing are of 

major concern such as gastric problems in the case of the non-steroidal anti-inflammatory 

drugs (NSAID) for the relief of peripheral pain. There is also the possibility of addiction in the 

case of the opiates for the relief of central nervous system pain136. 

The discovery of new compounds with antinociceptive activity is really important 

therapeutically for the treatment of pain, especially in the research field of medicinal plants 

and natural products. Ethnopharmacology plays an important role in the research of 

renowned species providing new chemical entities of utmost importance137. Previous studies 

by Boylan et al have shown that the extracts obtained from C. ternata, as well as the 

compounds present in its essential oil possessed antinociceptive activity121,138. Boylan’s 

research group has contributed to this field in many ways such as validating medicinal plants 

used popularly for the management of pain and discovering new antinociceptive molecules 

from medicinal plants121,138–143. 
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1.7 Analysis of Herbal Medicinal Preparations 

1.7.1 High Performance Thin Layer Chromatography (HPTLC) and High Performance Liquid 

Chromatography (HPLC) 

Chromatographic and spectral fingerprint plays a meaningful role in the quality assessments 

of herbal medicines144. HPTLC and HPLC are both used to obtain the fingerprint of herbal 

medicines. HPTLC analysis offers superior advantages over thin layer chromatography (TLC) 

as it includes more rapid separation and more sensitive detection, providing higher resolution 

chromatograms facilitating easier detection of compounds145. HPTLC has been used for 

routine analytical technique due to the easy detection of compounds, reduced analysis time 

and cost per sample. It has been used in the quality control of herbal medicines and there are 

various methods described in the European Pharmacopeia146. HPLC is the most widely used 

method for quality control of herbal medicines, the chromatographic fingerprint is obtained 

with hyphenated chromatography such as HPLC-UV and HPLC-MS, where the analysed peak 

can be established by use of spectral matching with UV and/or MS in addition to the 

information on the chromatographic retention times of chemical components144. 

 

1.8 Analytical validation of herbal medicinal preparations  

The use of herbal medicines has been used by humans for the prevention and treatment of 

diseases for thousands of years. Traditional use of herbal drugs generally preserves the 

original composition and integrity of the source plant, so that either the whole plant, or 

certain parts of the plant, is used for medicinal purposes147. Furthermore, many of the 

synthetic drugs used in modern medicine have been developed through the study of herbal 

medicine. Presently, herbal medicines are being actively investigated to discover novel 

chemical entities that could become future drugs. 

In 2015 the United States spent a total of $6.92 billion on herbal dietary supplements 

representing an increase of 7.5% from the previous year and the highest value recorded 

according to the American Botanical Council. This market has been growing for the last 12 

years, although there are concerns about the possibility of contamination, adulteration and 
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safety148. In general, the use of herbal medicines is still growing in popularity in the world149 

and so are the issues related to safety and adverse reactions are becoming more 

prominent150,151. 

Some of the issues with herbal medicine is that the active chemical constituents are not 

always well defined147, containing relatively complex mixtures of phytochemicals. At present, 

the standardization of medicinal plants remains insufficient and the lack of information can 

be easily understood for reasons of variability of the constituents present in a plant. The 

chemical constituents can vary from one sample to another, as to the quality and quantity of 

secondary bioactive metabolites, depending on their location, growth conditions, soil 

constituents, seasonal variation, climatic influence and date of collection152. 

Another issue that may occur is the interaction of the herbal drug with another plant or with 

microorganisms. The contamination of herbal products with heavy metals is also of concern 

as heavy metals can have significant toxicity. They may contaminate herbal products both 

during growth of the herb and during the production process of the herbal product152,153. 

Aluminium, arsenic, barium, cadmium, cobalt, chromium, copper, iron, lanthanum, lead, 

lithium, manganese, mercury, methyl mercury, molybdenum, nickel, selenium, strontium, 

vanadium, and zinc have been reported previously being present in high enough 

concentrations in various herbal supplements that consumption of the herbal product would 

expose the consumer to levels of the heavy metal greater than what is considered safe. Heavy 

metal contamination of herbal products has been reported when treated or untreated water 

is used to irrigate the plants, when they grow in areas adjacent to busy roads, and when grown 

on old landfills153–155. 

One factor to take into consideration is the polarity of the solvent during the extraction and 

the instability of the chemical composition of the preparation. Other factors such as light, 

heat and solvents can also be very challenging for standardization of herbal drugs. Factors 

that may influence the stability of plant material can be controlled when the nature of the 

chemical constituents is known, hindering comparison, include unknown composition or 

pharmaceutical form of the herbal preparation, lack of standardization in dosing and active 

components, inappropriate or improper dosing or labelling, contamination and herb–drug 

interactions156,157. Commonly it is believed that there are lower healthy risks associated with 



15 
 

herbal drugs, but reports on serious reactions indicate the need for development of an 

effective marker systems for the identification of the individual components150,158,159. 

Since the extraction procedure and the solvents that are used could modify the final results, 

it is also important to document and emphasise the method of extraction and the solvents 

used for the evaluated extracts156.  Having a good understanding on the nature of the plant 

matrix, the chemistry of bioactive compounds and scientific expertise are critical points to 

achieve good efficiencies of extraction of the bioactive metabolites, since this mostly depends 

on critical input parameters (such as the selection of the plant part, solvent, pressure, 

temperature, particle size, etc.)160. 

Manufacturing phytotherapies involves uniformly processing source plant materials so that 

the end-product contains a reference marker constituent at a verified concentration. Because 

plants contain multiple chemical constituents, the end-product is labelled as standardized to 

the marker constituent. The purpose of identifying a marker constituent is to generate an 

end-product that contains the desired concentration of the active constituent. In treatment, 

what matters most is delivering the active constituent at a therapeutically appropriate 

dose150,159. 

The pharmacovigilance of herbal medicines and natural products is becoming more pressing, 

and it continues to be important to monitor their safety. According to the WHO, the methods 

of pharmacovigilance, the science and activities related to the detection, assessment, 

understanding and prevention of adverse effects or any other drug-related problem were 

developed for monitoring the safety of pharmaceuticals, but can and should be used to 

monitor herbal products with a view to increasing their safety profile161. 

Standardization, stability and quality control for herbal drugs is feasible, however it is difficult 

to accomplish. Before any method can be carried out for conventional use it should be 

validated showing that it is suitable for its intended purpose. The biggest challenge for an 

analyst is to prove that the analytical method is adequate for a specific analysis and the 

method can be validated. Within the pharmaceutical field, laboratories do not use the same 

terminology while they should use similar definitions to describe validation criteria162. 

Further, the regulation of medicinal drugs is not uniform across countries. Herbal medicines 
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need to be standardized so that the bioactive constituents and their concentrations are 

known. Standards for herbal drugs are being developed worldwide but as yet there is no 

common consensus as to how these should be adopted163. 

The need for such periodical review of the literature in ethnopharmacology and herbal 

medicine is emphasized as one of the basic prerequisites for improving the quality of research 

in this area164. 

The European Medicines Agency publishes scientific guidelines that are harmonised between 

Europe, Japan and the United States by the International Council for Harmonisation of 

Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH). The ICH has 

established strict standards to ensure the quality, safety and efficacy of medicinal plants and 

phytotherapeutics. This body determines the parameters that must be followed when 

validating new analytical methods for quality control. In order to validate a method according 

to the ICH guidelines, the following validation parameters need to be evaluated: selectivity, 

linearity, detection (LOD) and quantification (LOQ) limits, precision, accuracy, and robustness. 

 

1.8.1 Example of medicinal herbs 

German chamomile (Matricaria recutita) is a commonly used herb for management of 

anxiety, depression, and insomnia. Although the specific mechanisms of action behind it is 

still unknown, chamomile flavonoids have demonstrated an ability to modulate several 

neurotransmitter pathways, including noradrenaline, dopamine, serotonin (5-

hydroxytryptamine), and γ-aminobutyric acid (GABA), all of which have been identified as 

targets for conventional pharmacologic therapies165. There are reports in the literature that 

the flavonoids present in chamomile play a role in the treatment of cold viruses and influenza. 

Numerous research findings show the flavonoids contribution to significant symptom relief in 

cold and influenza patients, making it a safe and cost-effective treatment166. 

There are no reports of coumarin used as an herbal medicine on its own or as a marker 

compound, however coumarins are present in various herbal medicines available in the 
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market. Some herbs that contain coumarin are chamomile, arnica flower, anise, celery, 

parsley and red clover167–169. 

 

1.8.2 Coumarins in Choisya species and their potential as starting materials for the 

creation of microtubule disrupting agents 

To date several coumarin-based compounds have been isolated from Choisya species that 

possess some of the structural features of known tubulin binding agents. These include, in 

particular, the methoxylated functionality on the aromatic ring portion of their structure.   For 

instance, several synthetic 4-phenylcoumarins, with methoxylated groups on their aromatic 

ring of the coumarin structure have displayed significant inhibition of tubulin polymerisation.  

A group of such compounds identified from C. x dewitteana ‘Aztec Pearl’, and consequently a 

significant component of the work described in this thesis revolved around the design of 

microtubule disrupting agents based on the coumarin skeleton. 

 

1.9 Tubulin Inhibitors 

1.9.1 Tubulin and microtubules 

Microtubules are the main component of the spindles apparatus required for the mitotic 

phase of the cell cycle. Microtubules also participate in other fundamental cellular functions 

such as determination of cell shape, axonal transport and regulation of motility. Microtubules 

are assembled from dimers of α- and β-tubulin. The α- and β-tubulin combine non-covalently 

to form heterodimers which align along their length to form protofilaments.  Alternating 

tubulin subunits combine in a helical arrangement to form a hollow tubular structure, along 

with microtubule associated proteins (MAPs) and GTP to form the microtubules99,170. 

To operate effectively, microtubules must be in a continuous dynamic state of polymerisation 

and depolymerisation. The rate of polymerisation depends on the particular phase of the cell 

cycle and is controlled by several factors, including MAPs. The process of association and 

dissociation of the heterodimers is continuous; the (+) end of the microtubule keeps being 

elongated and the depolymerisation occurs at the (-) end170,171.  Microtubules are involved in 
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several processes performed by the cells, a key component of the cytoskeleton together with 

the intermediate filaments and actin microfilaments; act in the movement of cellular 

organelles; participate in the process of intracellular transport of substances; participate in 

the process of maintaining the cellular structure and act in the displacement of chromosomes 

in the process of cell division (mitosis)172. 

 

1.9.2 Tubulin binding agents 

Several clinically approved drugs used in the treatment of cancer mediate their mechanism 

of action by interfering with microtubule dynamics. They either interfere with the 

polymerization step, eg. vinca alkaloids, or depolymerisation step, eg. taxanes.  

Compounds that interfere with microtubule dynamics are considered one of the most 

important categories of anticancer agents99,173. 

To date, three different tubulin binding sites have been identified and distinct compounds 

bind to each site disrupting tubulin polymerisation or depolymerisation. Drugs that bind to 

the taxane site are microtubule-stabilising agents. They bind to the interior of the microtubule 

and permanently inhibit depolymerisation, even under inductive conditions. The vinca 

binding site is located on the microtubule-bound tubulin, which prevents polymerisation into 

larger microtubules. The colchicine binding site is located between the α and the β monomers 

within the dimer (Figure 1.11). 
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Figure 1.11 Location of Vinca, Taxane and Colchicine binding sites – figure adapted from 
Santos174 

 

1.9.2.1 Microtubules stabilizers 

The taxane, paclitaxel (Figure 1.12), which was first isolated from Taxus brevifolia (Pacific Yew) 

in 1967, and docetaxel, a semi-synthetic analogue, are two of the most studied compounds 

in cancer chemotherapy175,176. A third taxane, cabazitaxel, is also in clinical use. Although they 

are among the most effective chemotherapeutic agent, taxanes are the most susceptible to 

various resistance mechanisms, including the reduction of mutational affinity in the β-tubulin 

structure, the increased expression of β-tubulin monomer subtypes for which affinity of these 

compounds are lower and their expulsion from the cell by the P-glycoprotein. Another limiting 

aspect is the low solubility of the compounds, which results in their formulation in 

cremophor®, a pharmaceutical formulation that can result in the patient undergoing an 

anaphylactic reaction177. In addition, these compounds are associated with serious adverse 

effects such as neutropenia, neurotoxicity, and heart disease178. All these factors have 

stimulated research for new drugs that act on similar mechanisms, but with more appropriate 

therapeutic properties99,179. 
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Figure 1.12 Structure of the taxanes 

 

Dictyostatin (Spongia sp) and discodermolide (Discoderma dissoluta) (Figure 1.13) are 

naturally occurring lactones, isolated in small amounts (less than 0.003% mass) from marine 

sponges. These natural products are highly potent microtubule stabilizing agents and 

demonstrate a mechanism of action similar to that of taxol. It is also known that they are able 

to compete with taxol for the binding site of β-tubulin, interacting reversibly with this binding 

site.99,179–181. 

 

Figure 1.13 Structures of Dictyostatin and Discodermolide 
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1.9.2.2 Inhibitors of the tubulin polymerisation 

Vinca alkaloids (Figure 1.14), act as inhibitors of tubulin polymerisation. These alkaloids also 

interact with β-tubulin, however, in a different binding site to the taxanes, located at the α/β 

tubulin interface. The vinca alkaloid act by binding to the vinca binding site on depolymerised 

microtubules and prevent them from polymerising. At higher concentration they can also 

destabilise polymerised microtubules and promote depolymerisation leading to mitotic arrest 

in the cell and ultimately cell death99,173,182. 

 

 

Figure 1.14 Structures of Vincristine, Vinblastine and Vindesine 

 

Besides the taxane and vinca alkaloids binding sites, there is also the colchicine. These include, 

colchicine, podophyllotoxin and combretastatin A-4. This site is located at the interface 

between the two tubulin subunits. Colchicine (Figure 1.15), which was first isolated from 

Colchicum autumnale, was the first inhibitor of tubulin polymerisation to be identified and 

played a central role in the elucidation of the physical properties and functions of the 

tubulin/microtubules dynamics. Despite their historical importance, colchicine and 

podophyllotoxin are not used clinically in the treatment of cancer because of their narrow 

therapeutic index. They have found use, however, in the treatment of gout (colchicine) and 

venereal warts (podophyllotoxin). 
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Figure 1.15 Structures of Podophyllotoxin and Colchicine 

 

In recent years, the identification of the combretastatins, a less toxic class of colchicine 

binding site inhibitors, has led to research into the design of compounds that target this site. 

Of particular interest is combretastatin A-4 (CA-4) (Figure 1.16) (isolated from Combretum 

caffrum). The phosphate pro-drug of this compound is currently in clinical development for 

the treatment of thyroid cancer97,183,184. Interestingly this also has antiangiogenic and 

antivascular activity at low concentrations and considerable work has been carried out on this 

compound as a vasculature targeting agent.   

 

 

Figure 1.16 Structure of Combretastatin A-4 

 

1.9.2.2.1 Coumarin analogues of Combretastatin A-4 

The synthesis of coumarins and their derivatives has attracted considerable attention in 

research and development to both organic and medicinal chemists. 4-heteroarylcoumarins 
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are the isostructural analogues of CA-497 which inhibit cell division by acting directly on 

mitotic phase which primarily includes prometaphase and metaphase. They mediate this 

effect by targeting microtubule dynamics97,185,186. 

Structure activity relationship (SAR) studies have suggested that coumarins shows higher 

inhibitory activity when compounds contained a C-ring at R5 (Figure 1.14) and the most active 

compounds consistently contained a hydroxyanisole unit with the hydroxy- and methoxy- 

groups occupying the meta and para positions respectively, similarly to the B-ring of 

Combretastatin A-429,187. The C-ring substituents play an integral role in the tubulin binding 

activity, with the electron rich substituents containing a free lone pair of electrons appearing 

to be essential for the observed tubulin binding activity of these compounds. With that in 

mind, it is relevant to consider that some coumarins previously isolated from C. ternata could 

be promising anticancer agents if their structure was modified with the addition of the C ring.  

 

 

Figure 1.17 Coumarin backbone 

 

1.10 Aims of the project 

The aims of this project were to: 

• Evaluate the anti-nociceptive activity of solvent extracts of the leaves of Choisya x 

dewitteana ‘Aztec Pearl’; 

• Isolate, purify and identify the chemical constituents of C. x dewitteana ‘Aztec Pearl’, 

with particular emphasis on coumarins, alkaloids and flavonoid-containing 

constituents; 

• Evaluate the anti-nociceptive activity of some of the alkaloids isolated from the leaves 

of C. x dewitteana ‘Aztec Pearl’; 
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• Develop chromatographic methods (HPTLC and HPLC) for the detection of flavonoids 

and quantification in extracts of C. x dewitteana ‘Aztec Pearl’ and C. ternata; 

• Synthesise and chemically modify the major coumarin present in C. x dewitteana 

‘Aztec Pearl’; 

• Investigate the effect, on tubulin binding activity, of the coumarin and its synthetic 

derivatives. 

  



25 
 

 

 

 

 

 

 

 

 

 

Chapter 2 – Isolation and Purification of the 

major metabolites present in Choisya x 

dewitteana ‘Aztec Pearl’ 

 

 

 

 

 

 

 

 



26 
 

2 Isolation and Purification of the major metabolites present in Choisya x dewitteana 

‘Aztec Pearl’ 

 

2.1 Introduction 

Several plant extracts of the Rutaceae family have been reported to possess pharmacological 

activity and hence there is an interest in the isolation and characterisation of active principles 

present in those plants. Previous studies of Choisya ternata showed its major secondary 

metabolites were alkaloids, coumarins, flavonoids and terpenoids. These secondary 

metabolite classes in particular are noted for their wide-ranging pharmacological properties. 

Indeed, many alkaloids are in clinical use for centuries while coumarins and flavonoids are 

noted in particular for their anti-oxidant, anti-inflammatory and anti-cancer activities. 

Previous studies by Boylan et al have shown that the ethanol extract obtained from C. ternata, 

as well as minor compounds present in its essential oil possess antinociceptive activity121,138.  

The work described in this chapter places emphasis on: 

• Isolation, using solvent extraction, flash column chromatography and or 

crystallization, of the major constituents of the leaves of Choisya x dewitteana ‘Aztec 

Pearl’, namely coumarins, sesquiterpenoids, alkaloids and flavonoids;  

• Characterisation of the isolated compounds by a range of spectroscopic techniques 

including NMR (1- and 2-D techniques), MS, MP, IR and in two cases, by X-ray 

crystallography; 

• Evaluation of the antinociceptive activity of the ethanol extract of C. x dewitteana 

‘Aztec Pearl’ as well as three of the isolated alkaloids (this work was completed in the 

laboratory of Dr Patricia Dias Fernandes, UFRJ, Brazil). 
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2.2 Material and Methods 

2.2.1 Plant Material 

Fresh leaves, stem and flowers of Choisya x dewitteana ‘Aztec Pearl’ were collected in Dublin, 

Ireland in September 2013 and a voucher specimen (ref. TCD Hodkinson & Ropero 01) was 

deposited in the Herbarium of Trinity College, Dublin. The sample was identified by Dr Trevor 

Hodkinson from the Department of Botany, Trinity College, Dublin. 

 

2.2.2 Phytochemical studies of Choisya x dewitteana ‘Aztec Pearl’ 

30 g of dried leaves of Choisya x dewitteana ‘Aztec Pearl’ were stirred at room temperature 

with 150 mL of DCM/MeOH 90:10 for 2 h. The extract was reduced to near dryness under 

reduced pressure using a rotary evaporator. The purification of the compounds was 

performed by column chromatography using silica gel 60 (230-400 mesh; Merck) through 

different gradients of the following organic solvents: hexane:EtOAc:MeOH and in some cases 

formic acid or diethylamine. Extracts of the stem of C. x dewitteana ‘Aztec Pearl’ were 

executed in the same fashion as the leaves for the isolation of the flavonoids. 

The chromatographic analysis by thin layer chromatography (TLC) was performed using silica 

gel 60 F254 pre-coated plates (230-400 Mesh ASTM, Merck) over aluminium, 20 x 20 cm plates 

on layer thickness 0.25 mm. The eluents were prepared in concentration v/v and the 

visualization of the compounds was achieved by ultraviolet light (254 nm and 365 nm), 

followed by spraying with p-anisaldehyde or Dragendorff’s reagent. The anisaldehyde spray 

shows the presence of terpenes and phenols, indicated by the formation of coloured spots 

after heating the TLC plate for a few minutes. The Dragendorff’s reagent shows the presence 

of alkaloids. 

The structural elucidation of the isolated compounds was performed by means of 

spectroscopic analysis (mass spectrum, 1H Nuclear Magnetic Resonance (400 or 600 MHz) and 

13C NMR (100 and 150 MHz). Deuterated chloroform (CDCl3) or deuterated dimethyl sulfoxide 

(DMSO-d6) were used as solvents. The NMR spectra were processed using BRUKER TOPSPIN 

3.5pl7 software. Chemical shifts are reported as δ (ppm) values and the coupling constants 
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are given in Hz. Both, 1- and 2-D dimensional techniques NMR spectra (H-H COSY, HMBC, 

HSQC) were also measured by BRUKER TOPSPIN 3.5pl7 NMR system using standard Bruker 

pulse sequences. 

 

2.2.3 Analysis of the extract of the leaves of C. x dewitteana ‘Aztec Pearl’ 

The leaves extract of C. x dewitteana ‘Aztec Pearl’ (6.30 g) was introduced to a 

chromatography column (14.0 x 8.0 cm) over silica gel and eluted with gradients of 

hexane:EtOAc:MeOH:formic acid to yield 484 fractions (100 mL each fraction). These fractions 

were analysed by TLC (thin layer chromatography) and the plates were visualized under UV 

light (254 nm and 365 nm). The plates were then sprayed with Dragendorff’s reagent and p-

anisaldehyde and after a meticulous analysis the fractions were grouped according to their 

similarity, allowing a total of 24 junctions as described in Table 2.1. The analysis of these 24 

junctions afforded the isolation and purification of thirteen compounds (Scheme 2.1). 

 

Table 2.1 Mobile phase and fractions combined of the column chromatography of the leaves 
extract of C. x dewitteana 'Aztec Pearl' 

Junction Mobile Phase Fractions combined 

1 

8:1 hexane:EtOAc 

(6400 mL) 

1-16 

2 17-34 

3 35-39 

4 40-44 

5 45-49 

6 50-54 

7 

6:1 hexane:EtOAc 

(2600 mL) 

55-57 

8 58-62 

9 63-73 

10 74-76 

11 77-81 
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12 39:11 hexane:EtOAc                    

(2400 mL) 

82-85 

13 86-106 

14 1:3 hexane:EtOAc                         

(2700 mL) 

107-112 

15 113-134 

16 EtOAc 

(13400 mL) 

135-184 

17 185-219 

18 220-269 

19 9:1 EtOAc:MeOH                           

(7300 mL) 

270-323 

20 324-343 

21 4:1 EtOAc:MeOH 

(9000 mL) 

344-381 

22 382-402 

23 403-434 

24 40:17:4 EtOAc:MeOH:formic acid 

(4600 mL) 

438-484 

 

2.2.4 Summary of main findings 

The junction 5 was purified by column chromatography (5.0 x 3.0 cm; hexane:EtOAc, 8:1) and 

showed an evident band under the UV light and a false positive reaction with Dragendorff’s 

reagent. Acid-base extraction was attempted several times in order to obtain the pure 

compound from junction 5 with no success. The characterization of the compound (2.01) was 

challenging as it was believed to be an alkaloid, nonetheless with the support of the MS and 

X-ray crystallography, compound (2.01) was identified as the coumarin, Puberulin. 

Junction 6 displayed two notable bands under the UV light. Compounds (2.02) and (2.03) 

were purified by flash column chromatography (4.0 x 3.0 cm; hexane:EtOAc, 7:1 and 6.5:1, 

respectively). Both compounds exhibit similar Rf and spectral data, their structures differ from 

the position of the methoxy in the phenyl ring of the coumarin backbone. The compounds 

were characterized by spectroscopic analysis as 6-methoxyl-7,8-methylenedioxycoumarin 

(2.02) and Sabandinin (2.03). 
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Junction 8 had a prominent band when the TLC plate was sprayed with p-anisaldehyde. The 

band referring to compound (2.04) was not visible under UV light however it showed a 

positive reaction when the plate was heated up after spraying with p-anisaldehyde. This spray 

reagent is used for the detection of phenols, sugars, steroids, and terpenes. Compound (2.04) 

was purified by flash column chromatography (4.0 x 3.0 cm; hexane:EtOAc, 6:1) and 

characterized by spectroscopic analysis and by comparison with literature data188, however 

the stereochemistry of the compound was not determined due to the low amount isolated 

from the extract. The crystallization of the compound was attempted with the purpose of 

getting crystals for the X-ray crystallography analysis, nonetheless the size of the crystals 

formed did not attain the parameters for the execution of the technique. 

Junctions 10, 11, 13, 15 and 16 showed a positive reaction when sprayed with Dragendorff’s 

reagent. Compounds (2.05), (2.06), (2.07), (2.08) and (2.09) were purified by flash column 

chromatography with different proportions of hexane:EtOAc as solvent system (4.0 x 3.0 cm 

each; 4:1; 4:1; 3:1; 3:1 and 2.5:1, respectively) and the data obtained by spectral analysis 

suggested a furoquinoline alkaloid base skeleton. Several furoquinoline alkaloids have been 

isolated from this genus previously71,189.  

Junction 17, 18 and 21 also showed a positive reaction when sprayed with Dragendorff’s 

reagent. These compounds were purified by flash column chromatography (4.0 x 3.0 cm; 

EtOAc:MeOH, 2:1; hexane:EtOAc:diethylamine, 1:4:0.1 and DCM:MeOH:formic acid, 100:5:1, 

respectively) and compounds (2.10), (2.11) and (2.12) were characterized. 
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Scheme 2.1 Analysis of the junctions obtained by flash column chromatography of the extract 
of the leaves of C. x dewitteana 'Aztec Pearl' 

 

In order to determine the chemical composition of the obtained junctions, they were analysed 

by TLC and purified for a number of times by flash column chromatography. The result of 

these purification steps provided twelve pure compounds. The isolated compounds were 

analysed by high resolution mass spectrometry (HRMS), IR, MP and 1- and 2-dimensional 

nuclear magnetic resonance techniques, which resulted in the complete characterization of 

the present compounds as described below. 
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2.3 Structural elucidation of the compounds isolated from the junctions 

2.3.1 Isolation of coumarins 

Puberulin (2.01), 6-methoxyl-7,8-methylenedioxycoumarin (2.02) and Sabandinin (2.03) 

(Figure 2.1) were isolated from the leaves of C. x dewitteana ‘Aztec Pearl’ extract. Compounds 

(2.01), (2.02) and (2.03) were isolated as white solid. Compound (2.01) and (2.03) were 

isolated for the first time from the leaves of C. x dewitteana ‘Aztec Pearl’ and the genus 

Choisya however both compounds have been previously isolated from plants in the Rutaceae 

family. Compound (2.02) was isolated for the first time from the leaves of C. x dewitteana 

‘Aztec Pearl’, however, it was previously isolated from C. ternata. The structures were 

elucidated based on their 1D and 2D NMR spectra data, MS, IR and MP. 

  

Figure 2.1 Coumarins (2.01), (2.02) and (2.03) isolated from C. x dewitteana ‘Aztec Pearl’ 

 

2.3.1.1 Puberulin (2.01) 

The compound isolated from the junction 5 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 291.0758, compatible with the molecular 

formula C16H18O5. This is the first report of compound (2.01) from the genus Choisya and the 

first time it was isolated from the extract of the leaves of C. x dewitteana ‘Aztec Pearl’. 

Puberulin (2.01) crystallized as colourless platelets with MP 90-92 °C. Like most other 

coumarins, it exhibited a blue fluorescence under UV light (365 nm). It also gave a positive 

orange spot on TLC with Dragendorff's reagent. This false positive reaction with an essentially 

alkaloidal reagent, has been reported for non-nitrogenous compounds possessing ketone, 

aldehyde or lactone functions190. 



33 
 

The NMR spectral data of compound (2.01) facilitated the structure elucidation of the 

compound. Referring to the 1H NMR spectrum (Figure 2.2), eighteen protons signals are 

evident, with three being aromatic. A total carbon count of sixteen carbons is provided by the 

13C NMR spectrum (Figure 2.3). Further analysis of the DEPT-135 spectrum shows the 

presence of a combined total of eight –CH and –CH3 carbons, with four of them -CH according 

to DEPT-90 spectrum and one –CH2 carbon and so by difference there are seven quaternary 

carbons. 

The 1H NMR spectroscopic data of (2.01) clearly shows the presence of aromatic, methoxyl 

and methyl protons. Two singlets at 3.91 and 4.06 ppm, integrating for three protons each, 

are characteristic of methoxyl groups. The presence of two methyl groups that appeared as 

singlets at 1.73 and 1.79 ppm correspond to the methyl groups of the oxy-prenyl unit of the 

molecule.  The doublet at 4.66 ppm (J = 7.3 Hz) corresponds to the CH2 of the oxy-prenyl unit 

and it correlates to the triplet at 5.57 ppm (J = 7.3 Hz) which is the CH of the oxy-prenyl unit, 

these correlations could be confirmed by the H-H COSY spectrum (Figure 2.4). The doublets 

at 6.35 ppm (J = 9.4 Hz) and 7.62 ppm (J = 9.4 Hz) could be assigned to the H3 and H4 protons 

of the coumarin backbone, respectively, according to the H-H COSY spectrum. The singlet at 

6.68 ppm corresponds to the H5 of the ring A of the coumarin backbone. 

In the 13C NMR spectrum (Figure 2.3), the peaks at 56.3 and 61.7 ppm correspond to the two 

methoxy groups present in the molecule, C9 and C10. The two carbons at 17.9 and 25.8 ppm 

comprise the gem-dimethyl carbons C14 and C15, the only methylene signal at 70.3 ppm 

corresponds to C11 and two carbons at 120.0 and 139.3 ppm belong to the oxy-prenyl moiety, 

C12 and C13, respectively. The carbon at 160.6 ppm corresponds to the carbonyl C2 and the 

remaining aromatic carbons correlate with the signals of the coumarin backbone. DEPT-135 

and DEPT-90 spectra (Figure 2.3) show the presence of one methylene carbon of the prenyl 

group supported with the signal at 4.53 ppm that appeared as doublet (J = 7.3 Hz) at 70.3 

ppm. Also, four methine carbons at 103.6, 114.4, 120.0 and 143.5 ppm were observed in the 

DEPT spectra, three of these methine carbons belong to the coumarin backbone. A 

quaternary carbon at 145.0 ppm found in a downfield area suggests that it is attached to an 

O atom, C7, which relates to the prenyl group. 
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HSQC spectrum of compound (2.01) (Figure 2.5) assigned the protonated carbons δH 1.73 / 

δC 17.9, δH 1.79 / δC 25.8, δH 3.91 / δC 56.3, δH 4.06 / δC 61.7, δH 4.66 / δC 70.3, δH 5.57 / δC 

120.0, δH 6.35 / δC 115.1, δH 6.68 / δC 103.6, δH 7.62 / δC 143.5. 

The assignation of all proton and carbon NMR signals was made possible only by use of 2D-

NMR as well as by comparison with literature data. The H-H COSY spectrum (Figure 2.4) shows 

a correlation between the olefinic proton resonances at 4.66 with 5.57 ppm and between 

both methyl groups at 1.73 and 1.79 ppm with 4.66 and 5.57 ppm. The aromatic region shows 

a correlation between the protons at 6.35 and 7.62 ppm. 

The quaternary carbons were assigned using HMBC spectrum (Figure 2.6) as well as 

comparison with literature data191. The complete NMR spectral data is summarized in Table 

2.2. 

 

 

Figure 2.2 1H NMR spectrum of (2.01) 
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Figure 2.3 13C NMR spectrum of (2.01) 

 

 

Figure 2.4 H-H COSY spectrum of (2.01) 
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Figure 2.5 HSQC spectrum of (2.01) 

 

Figure 2.6 HMBC spectrum of (2.01) 
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Compound (2.01) was crystalized in MeOH and its structure was confirmed by X-ray (Figure 

2.7). 

 

Figure 2.7 X-ray crystallography of (2.01) 

 

Compound (2.01) has been previously isolated from the aerial parts of Pteronia ciliata192, 

Agathosma puberula193, Leucanthemum species194, Pterocaulon balansae and P. lanatum195, 

Pterocaulon redolens196, Zanthoxylum schinifolium197, Artemisia caruifolia198 and from the 

roots of Otanthus maritimus199.  The cytotoxicity of compound (2.01) was evaluated on the 

growth of HL-60 cells and the cell viability was assessed using the MTT assay. It showed 

moderate cytotoxic activity, with IC50 values ranging from 19.80 to 79.18 μM28. 

 

2.3.1.2 6-methoxyl-7,8-methylenedioxycoumarin (2.02) 

The compound isolated from the junction 6 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 221.0633, compatible with the molecular 

formula C11H8O5. This is the first report of compound (2.02) isolated from the extract of leaves 

of C. x dewitteana ‘Aztec Pearl’. 
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The NMR spectral data of 6-methoxyl-7,8-methylenedioxycoumarin facilitated the structure 

elucidation of the compound. Referring to the 1H NMR spectrum (Figure 2.8), eight protons 

signals are evident, including three aromatics. A total carbon count of eleven carbons is 

provided by the 13C NMR spectrum (Figure 2.9). Further analysis of the DEPT-135 spectrum 

shows the presence of a combined total of four –CH and –CH3 carbons, one –CH2 carbons and 

so by difference there are six quaternary carbons. 

In the 1H NMR spectrum, the methoxy protons H9 resonate at 3.91 ppm (s, 3H) as a sharp 

singlet. Its corresponding carbon, C9 (-CH3, 56.8 ppm), already identified by difference 

between the DEPT-135 and DEPT-90 spectra (Figure 2.9) was corroborated by the HSQC COSY 

spectrum (Figure 2.11). The most downfield signal at 7.54 ppm (d, 1H, J = 9.8 Hz, H4) shows a 

cross peak in the H-H COSY spectrum (Figure 2.10) to a signal at 6.24 ppm (d, 1H, J = 9.8 Hz, 

H3), these protons correspond to the positions (H4) and (H3) of the α-pyran ring system of 

the coumarin backbone, respectively. H4 at 7.54 ppm and its corresponding carbon, C4 (143.6 

ppm), couples to H3 at 6.24 ppm and the HSQC COSY spectrum enabled identification of C3 

(114.4 ppm). These protons only couple to each other and not to any other protons, 

confirming their isolation as H3 and H4. By default, H5 is identified as the only remaining 

unassigned aromatic proton at 6.56 ppm (s, 1H). The H-H COSY spectrum enabled 

identification of C5 (105.1 ppm). The H10 protons, assigned at 6.15 ppm (s, 2H) were 

identified as the methylenedioxy protons. The corresponding carbon, C10 (103.5 ppm) was 

located by inspection of the HSQC COSY spectrum (Figure 2.11). The remaining six unassigned 

carbons are quaternary. Inspection of the 13C NMR spectrum shows that the most downfield 

of these carbons is at 159.7 ppm, which must be C2, deshielded due to the carbonyl group. 

The other quaternary carbons were assigned using HMBC spectrum (Figure 2.12).  

The HSQC spectrum of (2.02) clearly assigned the protonated carbons; δH 3.91 / δC 56.8, δH 

6.14 / δC 103.5, δH 6.24 / δC 114.3, δH 6.56 / δC 105.1 and δH 7.54 / δC 143.6. The complete 

NMR spectral data is summarized in the Table 2.2. 
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Figure 2.8 1H NMR spectrum of (2.02) 
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Figure 2.9 13C NMR spectrum of (2.02) 

 

Figure 2.10 H-H COSY spectrum of (2.02) 
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Figure 2.11 HSQC spectrum of (2.02) 

 

Figure 2.12 HMBC spectrum of (2.02) 
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Compound (2.02) was first isolated from Artemisia dracunculoides200, since then it has been 

reported in several species of the genus Artemisia201–207. It was isolated from the roots of 

Melochia tomentosa and Angelica glauca Edgew202,208, from aerial parts of Vestia lycioides,   

Santolina rosmarinifolia and Haplophyllum obtusifolium209–211, from the heartwood and the 

roots of Guazuma tomentosa212,213, from the bark of Tilia amurensis214, from the leaves of 

Choisya ternata72 and from the fruits of Cressa cretica Linn215. 

From the literature, the cytotoxicity of (2.02) was evaluated for antiproliferative activity using 

the MTT assay against the human cancer cell lines, MCF-7, BHY, Miapaca-2, Colo-205 and A-

549, and a normal mouse embryonic fibroblast cell line NIH-3T3 at 24, 48 and 72 h following 

treatment with (2.02). It exhibited cytotoxic activity in a dose-dependent manner at different 

time intervals with a maximum effect at 72 h.  The IC50 values were 44.32±1.1 µM; 43.54±0.9 

µM; 72.11±0.4 µM; 71.09±1.3 µM and 76.45±1.3 µM, respectively207. Compound (2.02) was 

also found to have gastroprotective activity greater than the standard drug rebamipide and 

showed low acute oral toxicity in adult male and female mice, and caused minimal effects on 

drug-metabolizing enzymes216. 

 

2.3.1.3 Sabandinin (2.03) 

The compound isolated from the junction 6, was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ and [M + Na]+ with m/z values of 221.0430 and 243.0248, 

respectively, compatible with the molecular formula C11H8O5/Na. This is the first report of 

compound (2.03) from the genus Choisya and consequently the first time it was isolated from 

the extract of the leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum (Figure 2.13) of (2.03) shows the presence of a methoxyl group, a 

singlet that integrates for three protons at 3.96 ppm, and a methylenedioxy group, a singlet 

that integrates for two protons at 6.20 ppm. A pair of doublets with ortho coupling at 6.30 

ppm (J = 9.5 Hz, H3) and 7.60 ppm (J = 9.5 Hz, H4), confirmed by the H-H COSY spectrum 

(Figure 2.15), correspond to the protons at positions H3 and H4 of coumarin backbone, 

respectively. The singlet at 6.62 ppm corresponds to the proton H6. 
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The 13C NMR spectrum (Figure 2.14) of (2.03) shows nine peaks characteristics of a coumarin 

backbone, one peak at 56.8 ppm corresponds to the methoxyl carbon and one peak at 103.6 

ppm identified as the carbon of the methylenedioxy group. These were confirmed by the 

DEPT-135 spectrum.  

The HSQC spectrum (Figure 2.16) of (2.03) cleanly assigned the protonated carbons; δH 3.96 

/ δC 56.8, δH 6.20 / δC 103.6, δH 6.30 / δC 114.3, δH 6.62 / δC 105.1 and δH 7.60 / δC 143.6. The 

complete NMR spectral data is summarized in the Table 2.2. 

The quaternary carbons were assigned using the HMBC spectrum (Figure 2.17) and by 

comparison with literature data217. 

 

 

 

Figure 2.13 1H NMR spectrum of (2.03) 
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Figure 2.14 13C NMR spectrum of (2.03) 

 

Figure 2.15 H-H COSY spectrum of (2.03) 
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Figure 2.16 HSQC spectrum of (2.03) 

 

Figure 2.17 HMBC spectrum of (2.03) 
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Compound (2.03) has been first isolated from the roots of Ruta pinnata218, it has also been 

reported from the fruits of the same species219 and from different parts of Ruta oerojasme220. 

Coumpound (2.03) has also been isolated from the aerial parts of Helietta parvifolia221, 

Artemisia sacrorum222, Pterocaulon genus223 and Ajania przewalskii224. 

 

Table 2.2 NMR Spectroscopic Data (400 MHz, CDCl3) for (2.01), (2.02) and (2.03) 

 

 (2.01) (2.02) (2.03) 

position δH, (J in Hz) δC, type δH, (J in Hz) δC, type δH, (J in Hz) δC, type 

2  160.6, C  159.7, C  159.8, C 

3 6.35, d (9.4) 115.1, CH 6.24, d (9.8) 114.4, CH 6.30, d (9.5) 114.3, CH 

4 7.62, d (9.4) 143.5, CH 7.54, d (9.8) 143.5, CH 7.60, d (9.5) 143.6, CH 

4a  114.4, C  133.9, C  134.0, C 

5 6.68, s 103.6, CH 6.56, s 105.1, CH  141.1, C 

6  150.7, C  141.0, C 6.62, s 105.1, CH 

7  145.0, C  139.8, C  139.9, C 

8  141.8, C  135.0, C  135.1, C 

8a  143.0, C  114.3, C  141.1, C 

9 3.91, s 56.3, CH3 3.91, s 56.8, CH3 3.96, s 56.8, CH3 

10 4.06, s 61.7, CH3 6.14, s 103.5, CH2 6.20, s 103.6, CH2 

11 4.66, d (7.3) 70.3, CH2     

12 5.57, t (2 x 7.3) 120.0, CH     

13  139.3, C     

14 1.73, s 17.9, CH3     

15 1.79, s 25.8, CH3     
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2.3.2 Isolation of a sesquiterpenoid 

2.3.2.1 7-isopropyl-4-methyl-10-methylenecyclodec-5-ene-1,4-diol (2.04) 

The compound isolated from the junction 8 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M-H2O+H]+ with a m/z value of 221.0824 and in combination with NMR 

data the molecular formula C15H26O2 was determined (molecular weight 238.3710). This is the 

first report of compound (2.04) (Figure 2.18) from the genus Choisya and consequently the 

first time it was isolated from the extract of the leaves of C. x dewitteana ‘Aztec Pearl’. 

Interpretation of 1D and 2D NMR spectra led to the assignment of all proton and carbon 

resonances (Table 2.2). The 1H- and 13C-NMR spectra (Figure 2.19 and 2.20) of (2.04) revealed 

the presence of a terminal double bond (4.71 and 4.96 ppm, s, 2H; 109.9 and 150.3 ppm), a 

methyl group geminal to a hydroxy group (1.11 ppm, s, 3H) two alcohol groups (70.7 and 77.4 

ppm) and one isopropyl group (0.82 ppm, d, J = 6.5 Hz; 0.86 ppm, d, J = 6.5 Hz and 1.44 ppm, 

dd, J = 2 x 6.5 Hz; 20.5, 20.5 and 32.0 ppm, respectively). The proton spectrum also showed 

the presence of a trans double bond (5.15 ppm, dd, J = 14.5 and 15.1 Hz and 5.04 ppm, d, J = 

14.5 Hz, respectively H5 and H6). Considering the unsaturation, the compound (2.04) should 

have one ring in the structure, then a 10-membered skeleton ring was confirmed. 

The correlations between the aliphatic carbons and attached protons were observed in the 

HSQC spectrum (Figure 2.21), assigning the protonated carbons δH 3.74 / δC 77.4, δH a 1.28, b 

1.77/ δC 24.3, δH a 1.18, b 1.63 / δC 38.3, δH 5.15 / δC 138.9, δH 5.04 / δC 138.9, δH 1.83 / δC 

48.1, δH a 1.77, b 2.04 / δC 27.8, δH a 1.43, b 1.84 / δC 27.8, δH a 4.71 b 4.96 / δC 109.9, δH 1.11 

/ δC 29.4, δH 1.44 / δC 32.0, δH 0.87 / δC 20.5 and δH 0.82 / δC 20.5. 

Selective-1D COSY was performed with the purpose of helping with the structural elucidation 

of (2.04) and a series of protons were irradiated selectively. The spectrum shows the 

correlation between the proton selected and the neighbouring protons, within short and large 

range. The proton at δH 3.74 ppm (J = 9.0 Hz, H1) correlated to the protons H2a, H2b, H3a, 

H3b (J = 2 x 9.0 Hz) and the OH (Figure 2.22). Irradiation of the proton at δH 5.15 ppm (dd, J = 

14.5 and 15.1 Hz, H6) showed correlations with the protons H5 (d, J = 14.5 Hz) and H7 (Figure 

2.23). The irradiation of the proton at δH 1.43 ppm (H9a) showed correlations with protons 

H9b, H8a, H8b (dd, J = 16.1 and 14.5 Hz), H11a and H11b (Figure 2.24). The proton at δH 0.82 

ppm (J = 6.5 Hz, H15) proton was irradiated and showed correlations with protons H14, H13 
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(dd, J = 2 x 6.5 Hz), H8a, H8b, H7, H6 and H5 (Figure 2.25). The correlations described in Table 

2.2 were verified by the H-H COSY spectrum of (2.04) (Figure 2.26). 

The HMBC correlations (Figure 2.27) are provided in Table 2.3 for each proton. 

The structure was assigned by comparison of IR, NMR, MP and ESI-HRMS data with those 

found in the literature188. 

 

Figure 2.18 Sesquiterpenoid isolated from C. x dewitteana ‘Aztec Pearl’ 

 

 

Figure 2.19 1H NMR spectrum of (2.04) 
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Figure 2.20 13C NMR spectrum of (2.04) 

 

Figure 2.21 HSQC spectrum of (2.04) 
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Figure 2.22 1D-COSY spectrum of proton H1 of compound (2.04) 

 

 

Figure 2.23 1D-COSY spectrum of proton H6 of compound (2.04) 
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Figure 2.24 1D-COSY spectrum of proton H9a of compound (2.04) 

 

 

Figure 2.25 1D-COSY spectrum of proton H15 of compound (2.04) 
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Figure 2.26  H-H COSY of (2.04) 

 

 

Figure 2.27 HMBC spectrum of (2.04) 
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Table 2.3 NMR Spectroscopic Data (600 MHz, DMSO-d6) for (2.04) 

 (2.04) 

position δH, (J in Hz) δC, type 1H-1H COSY HMBC 

1 3.74, d (9.0) 77.4, CH 1.77, 4.33 109.9 

2 a 1.28, s 

b 1.77 

24.3, CH2  38.3, 70.7, 77.4, 

150.3 

3 a 1.18 

b 1.63, t (2 x 9.0) 

38.3, CH2 1.63, 1.77 

1.18, 1.28 

29.4, 70.7, 77.4, 

138.9 

4 - 70.7, C   

5 5.15, dd (14.5, 15.1) 138.9, CH 1.85, 5.04 70.7, 47.9, 138.9 

6 5.04, d (14.5) 138.9, CH 5.15 47.9, 70.7 

7 1.83 48.1, CH 1.44, 2.04, 5.15  

8  a 1.77 

b 2.04, dd (16.1, 14.5) 

27.8, CH2 1.33, 2.04 

1.77, 1.85 

150.3 

9 a 1.43 

b 1.84 

27.8, CH2 1.77, 1.84 

1.33, 2.04 

77.4 

10 - 150.3, C   

11 a 4.71, s 

b 4.96, s 

109.9, CH2 4.96 

4.71 

27.8, 77.4, 150.3 

12 1.11, s 29.4, CH3  38.3, 70.7, 138.9 

13 1.44, dd (2 x 6.5) 32.0, CH 0.82, 0.87, 1.83 20.5, 27.8, 47.9 

14 0.87, d (6.5) 20.5, CH3 1.44 32.0, 47.9 

15 0.82, d (6.5) 20.5, CH3 1.44 32.0, 47.9 

 

Compound (2.04) has been previously isolated from the aerial parts of Senecio 

adenophyllus225, Santolina rosmarinifolia226, Renealmia cincinnata227, Chloranthus spicatus228, 

Renealmia thyrsoidea229, Erigeron sumatrensis230 and from the oil of Pinus densiflora231. 

There are reports in the literature that in vitro anti-malarial assays were performed and (2.04) 

exhibited noteworthy anti-plasmodial activity against Plasmodium falciparum strains229.  
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2.3.3 Isolation of alkaloids 

Earlier phytochemical studies of C. ternata reported the presence of several quinoline and 

furoquinoline alkaloids71. In this present study, C. x dewitteana ‘Aztec Pearl’ yielded eight 

alkaloids, with one novel furoquinoline alkaloid, (E)-4-((4,8-dimethoxyfuro[2,3-b]quinolin-7-

yl)oxy)-2-methylbut-3-en-2-ol (2.09) isolated for the first time. Its identity was confirmed by 

1D and 2D NMR data, ESI-HRMS and IR. The other seven known alkaloids, 4-

desmethoxychoisyine (2.05), anhydroevoxine (2.06), choisyine (2.07), evoxine (2.08), 

balfourolone (2.10), isobalfourodine (2.11) and balfourodinium methosalt (2.12) (Figure 2.28) 

were identified by comparison of their physical and spectroscopic data with those reported 

in the literature. The latter compounds have been previously isolated from C. ternata 

however it is their first report for the species C. x dewitteana ‘Aztec Pearl’. 

 

Figure 2.28 Alkaloids isolated from the leaves of C. x dewitteana ‘Aztec Pearl’ 
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The 1H and 13C NMR spectra of (2.05), (2.06), (2.07), (2.08) and (2.09) suggested a 

furoquinoline alkaloid base skeleton232 (Figure 2.29). 

 

 

Figure 2.29 Furoquinoline alkaloid base skeleton 

 

2.3.3.1 4-desmethoxychoisyine (2.05) 

The compound isolated from the junction 10 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with an a m/z value of 300.1331, compatible with the 

molecular formula C17H17NO4. This is the first report of compound (2.05) isolated from the 

extract of leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum of (2.05) (Figure 2.30) showed two ortho-coupled aromatic protons at 

8.02 and 7.33 ppm (d, 1H each, J = 9.0 Hz) which corresponded to H7 and H8 while a pair of 

α- and β- doublets 7.65 and 7.10 ppm (d, 1H each, J = 2.6 Hz; H2 and H3, respectively) were 

assigned to two furan protons. The 1H NMR spectrum also showed a singlet at 4.46 ppm (s, 

3H, H10), characteristic of a methoxy group of 4-methoxyfuroquinoline alkaloids. The 1H NMR 

spectrum displayed two methyl singlets resonating at 1.32 and 1.43 ppm (s, 3H each, H15 and 

H14, respectively) and one AB system at 4.76 ppm (t, 1H, J = 2 x 9.5 Hz, H12) and 3.68 ppm 

(dq, 2H, 2 x 16.7 and 2 x 9.5 Hz, H11) could be assigned to three protons of an α-substituted 

dihydrofuran. 

The 13C NMR spectrum suggested a furoquinoline base skeleton232. The 13C NMR spectrum in 

combination with the DEPT-135 spectrum (Figure 2.31), showed seventeen peaks, being eight 

quaternary carbons at 72.0, 104.4, 116.8, 118.6, 143.6, 155.7, 156.5 and 162.4 ppm, three 

methyl carbons at 24.2, 26.1 and 59.3 ppm, one methylene carbon at 33.4 ppm and five 

methine carbons at 90.0, 104.9, 116.9, 126.6 and 143.9 ppm. 
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The correlations between the aliphatic carbons and attached protons were observed in the 

HSQC spectrum (Figure 2.32), assigning the protonated carbons; δH 1.32 / δC 24.2, δH 1.43 / 

δC 26.1, δH 3.68 / δC 33.4, δH 4.46 / δC 59.3, δH 4.76 / δC 90.0, δH 7.10 / δC 104.9, δH 7.33 / δC 

116.0, δH 7.65 / δC 143.9 and δH 8.02 / δC 126.6. 

The quaternary carbons were assigned using the HMBC spectrum (Figure 2.33). The NMR 

spectroscopic data of (2.05) is described beside compound (2.07), due to its similarity, in Table 

2.4. 

 

 

 

Figure 2.30 1H NMR spectrum of (2.05) 
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Figure 2.31 13C NMR spectrum of (2.05) 

 

Figure 2.32 HSQC spectrum of (2.05) 
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Figure 2.33 HMBC spectrum of (2.05) 

 

Compound (2.05) has been isolated previously from the leaves of Choisya ternata16 and it is 

the only report of this compound in the literature. 

 

2.3.3.2 Anhydroevoxine (2.06) 

The compound isolated from the junction 11 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 330.2441, compatible with the molecular 

formula C18H19NO5. This is the first report of compound (2.06) isolated from the extract of 

leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum of (2.06) (Figure 2.34) displayed two ortho-coupled aromatic protons 

at 7.96 and 7.22 ppm (d, 1H each, J = 9.0 Hz) which corresponded to H5 and H6 while a pair 

of α- and β- doublets 7.57 and 7.02 ppm (d, 1H each, J = 2.4 Hz; H2 and H3, respectively) were 
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assigned to two furan protons. The 1H NMR spectrum also showed signals at 4.41 and 4.11 

ppm (s, 3H each, H10 and H11, respectively) which correspond to the methoxy groups of the 

furoquinoline alkaloid backbone at position C4 and C8, respectively. The 1H NMR spectrum 

displayed two methyl groups 1.37 and 1.34 ppm (s, 3H each, H15 and H16, respectively), an 

epoxy-methine proton at 3.22 ppm (t, 1H, J = 2 x 5.5 Hz, H13) and 4.31 ppm (dq, 2H, J = 2 x 

11.0 and 2 x 5.5 Hz, H12) which were attributed to the epoxy-prenyl group. 

The 13C NMR spectrum suggested a furoquinoline base skeleton232, showed eighteen signals 

(Figure 2.35), resolved by DEPT-90 and DEPT-135 spectra, as four methyl carbons at 61.7, 

59.0, 24.6 and 19.0 ppm, one methylene carbon at 69.4 ppm, five methine carbons at 143.1, 

118.1, 114.8, 104.6 and 61.6 ppm and eight quaternary carbons at 164.3, 157.1, 151.1, 143.2, 

141.6, 155.5, 102.3 and 58.3 ppm. The quaternary carbons were assigned using HMBC 

spectrum. 

Compound (2.06) was confirmed by X-ray crystallography (Figure 2.36). The NMR 

spectroscopic data of (2.06) is described beside compound (2.08), due to its similarity, in 

Table 2.5. 
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Figure 2.34 1H NMR spectrum of (2.06) 

 



61 
 

 

Figure 2.35 13C NMR, DEPT-90 and DEPT-135 spectra of (2.06) 

 

 

Figure 2.36 X-ray crystallography of (2.06) 

 

Compound (2.06) was first reported in the literature from the aerial parts of Evodia 

xanthoxyloides233. It has also been isolated from three species of Haplophyllum, H. 
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ferganicum, H.  perforatum and H. sieversii234–236; from the leaves of Choisya ternata71, from 

the aerial parts of Vepris glomerata237, Teclea nobilis238 and Peltostigma guatemalense239. 

The biological activity of (2.06) described in the literature is limited to its antioxidant 

activity237. 

 

2.3.3.3 Choisyine (2.07) 

The compound isolated from the junction 13 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 330.1881, compatible with the molecular 

formula C18H19NO5. This is the first report of compound (2.07) isolated from the extract of 

leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum (Figure 2.37) of (2.07) suggests the presence of two methyl groups that 

appeared as singlets at 1.27 and 1.41 ppm (s, 3H each, H15 and H16, respectively). Two 

singlets integrated as three protons at 3.95 and 4.33 ppm (s, 3H each, H10 and H11, 

respectively) characteristics of methoxyl groups on positions C4 and C7 of the quinoline 

backbone. The presence of a pair of doublets at 7.51 ppm (J = 2.8 Hz) and 6.97 ppm (J = 2.8 

Hz) correspond to the two methine carbons of the furan ring on positions H2 and H3, 

respectively. The peak at 3.65 ppm (dq, 2H, J = 2 x 17.0 and 2 x 9.5 Hz, H12) corresponds to 

the methylene carbon of the five-membered ring, those are neighbouring a methine carbon 

of that resonate at 4.75 ppm (t, 2 x 9.5 Hz, H13). The last singlet at 7.18 ppm (s, 1H, H8) is 

assigned for C8 as this is the only one free position left. 

The 13C NMR spectrum (Figure 2.38), in addition to the eleven carbon signals of the 

furoquinoline skeleton and two methoxyl carbons at 55.7 and 58.8 ppm, there are three 

carbon signals at 24.1, 26.1 and 71.9 ppm that correspond to a hydroxyl-isopropyl group. The 

resonance at 71.9 ppm in the aliphatic region is found to be slightly deshielded corroborating 

to its condition as being attached to a more electronegative atom, -O.  The remaining carbons 

at 33.7 and 90.5 ppm correspond to C12 and C13 of the furan ring and the latter signal is 

found to be more downfield because of the effects of its position next to the oxygen. Based 

on the DEPT-90 and DEPT-135 spectra, the presence of the methylene carbon of the aliphatic 
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ring is found at 33.7 ppm (C12). Besides this, the spectrum clearly shows the methyl and 

methoxy groups, together with four methine carbons. 

The H-H COSY spectrum (Figure 2.39) shows coupling between the protons resonating at 7.51 

ppm (H2) and 6.97 ppm (H3) of the aromatic furan ring, and between the methylene proton 

at 3.65 ppm (H12) and the methine proton at 4.75 ppm (H13) of the aliphatic furan ring. 

All carbons were assigned using either the HSQC or HMBC spectra. The NMR spectroscopic 

data of (2.07) is given in Table 2.4. 

 

 

 

Figure 2.37 1H spectrum NMR of (2.07) 
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Figure 2.38 13C NMR, DEPT-90 and DEPT-135 spectra of (2.07) 

 

Figure 2.39 H-H COSY spectrum of (2.07) 
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Compound (2.07) was first isolated from the leaves of C. ternata15. It has not been reported 

in any other genus of the Plant Kingdom. The antimicrobial activity of (2.07) was tested 

against a range of Gram-positive and Gram-negative bacteria, including a hospital isolate of 

methicillin resistant Staphylococcus aureus (MRSA) however the compound was not active 

against any of the microorganisms240. 

 

Table 2.4 NMR Spectroscopic Data (400 MHz, CDCl3) for (2.05) and (2.07) 

 (2.05) (2.07) 

position δH, (J in Hz) δC, type δH, (J in Hz) δC, type 

1     

2 7.65, d (2.6) 143.9, CH 7.51, d (2.8) 142.5, CH 

3 7.10, d (2.6) 104.9, CH 6.97, d (2.8) 104.6, CH 

3a  104.4, C  102.7, C 

4  155.7, C  156.5, C 

4a  116.9, C  118.7, C 

5  118.6, C  111.4, C 

6  156.5, C  148.3, C 

7 8.02, d (9.0) 126.6, CH  146.5, C 

8 7.33, d (9.0) 116.0, CH 7.18, s 106.4, CH 

8a  143.6, C  143.9, C 

9a  162.4, C  162.7, C 

10 4.46, s 59.3, CH3 3.95, s 55.7, CH3 

11 3.68, dq (2 x 16.7; 2 x 9.5) 33.4, CH2 4.33, s 58.8, CH3 

12 4.76, t (2 x 9.5) 90.0, CH 3.65, dq (2 x 17.0; 2 x 9.5) 33.7, CH2 

13  72.0, C 4.75, t (2 x 9.5) 90.5, CH 

14 1.43, s 26.1, CH3  71.9, C 

15 1.32, s 24.2, CH3 1.27, s 24.1, CH3 

16   1.41, s 26.1, CH3 
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2.3.3.4 Evoxine (2.08) 

The compound isolated from junction 15 was analysed by HRMS and showed a positive mode 

ESI-MS analysis [M + H]+ for this fraction with a m/z value of 348.2053, compatible with the 

molecular formula C18H21NO6. This is the first report of compound (2.08) isolated from the 

extract of leaves of C. x dewitteana ‘Aztec Pearl’. 

1H NMR spectrum (Figure 2.40) of (2.08) showed the presence of two methoxy groups. The 

presence of four doublets in the aromatic region provided confirmation of the furan protons 

at 7.64 and 7.10 ppm (J = 3.1 Hz), corresponds to H2 and H3, respectively and two ortho 

aromatic protons at 8.04 and 7.24 ppm (J = 9.3 Hz each), H5 and H6, respectively. The singlets 

at 4.17 and 4.48 ppm (s, 3H each, H11 and H10, respectively) correspond to the methoxy 

groups positioned at C8 and C4, respectively. The peaks at 4.23 ppm (dd, 1H, J= 2.5 and 6.5 

Hz, H12a) and 4.45 ppm (dd, 1H, J = 2.5 Hz and overlaid by 4.48 ppm, H12b) are the methylene 

protons neighbouring a methine proton that resonates at 3.80 ppm (t, 1H, 2 x 2.5 Hz, H13). 

The peaks at 1.32 and 1.36 ppm (s, 3H each, H15 and 16, respectively) are correspondent to 

the methyl groups of the side chain. 

The 13C NMR spectrum (Figure 2.41) of (2.08) showed the eleven carbon signals of the 

furoquinoline skeleton. In addition to those carbons, there were an extra seven carbons. Two 

of these carbons at 59.1 and 62.1 ppm correspond to the methoxy groups and the other five 

carbons are correspondent to the side chain of the evoxine structure. The DEPT-135 spectrum 

showed one CH2 which is adjacent to the oxygen of the side chain. 

The H-H COSY spectrum of the aromatic region (Figure 2.42) of (2.08) confirmed the 

correlations between the furan protons at 7.64 and 7.10 ppm, which corresponds to H2 and 

H3 and the aromatic protons H5 and H6 at 8.04 and 7.24 ppm, respectively. 

The HSQC spectrum (Figure 2.43) allowed further assignment of the protonated carbons. The 

two methyl signals, 1.32 and 1.36 ppm are attached to carbons at 25.4 ppm (C15) and 26.8 

ppm (C16), respectively, while the two methoxyl protons; 4.17 and 4.48 ppm showed 

correlations with carbons at 62.1 ppm (C11) and 59.1 ppm (C10), respectively. The methine 

protons at 3.80, 7.10, 7.24, 7.64 and 8.04 ppm correlate to the carbons at 75.4 ppm (C13), 
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104.7 ppm (C3), 114.4 ppm (C6), 143.3 ppm (C2) and 118.7 ppm (C5), respectively. The 

methylene protons at 4.23 and 4.45 ppm are attached to 72.6 ppm (C12). 

The quaternary carbons were assigned using the HMBC spectrum. The NMR spectroscopic 

data of (2.08) is described in Table 2.5. 

 

 

 

Figure 2.40 1H NMR spectrum of (2.08) 
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Figure 2.41 13C NMR and DEPT-135 spectra of (2.08) 

 

 

Figure 2.42 H-H COSY of aromatic region of (2.08) 
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Figure 2.43 HSQC spectrum of (2.08) 

 

Compound (2.08) was first isolated from the leaves of Evodia xanthoxyloides241, it has also 

been isolated from the leaves of Monnieria trifolia242, Choisya ternata71,  Peltostigma 

guatemalense239, Evodia alata243, Orixa japonica244, Teclea boibiniana245, Skimmia laureola246,  

from the aerial parts of Vepris glomerata237, from the barks of Teclea gerrardii247, Skimmia 

reevesiana248, Dutaillyea baudouinii249. Compound (2.08) has been isolated from several parts 

and species of the genus Haplophyllum, as H. perforatum235,250, H. ramosissimum251, H. 

suaveolens252, H. pedicellatum, H. obtusifolium, H. bucharicum253, H. latifolium254, H. 

tuberculatum255, H. alberti256, H. ferganicum234, H. glabrinum257, H. acutifolium258, H. 

ramosissimum259 and H. griffithianum260. 

The antispasmodic, sedative and hypnotic properties of the leaves of C. ternata are reported, 

probably due to (2.08) according to Berezhinskaya17. Doses higher than 200 mg/kg 

potentiates other hypnotics effects261. Compound (2.08) has been reported in the literature 

for counteracting the CO2-induced immune suppression262. It also suppresses conditioned 
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avoidance and orientation reflexes, prevents the aggressive response to electric stimulation, 

has a hypothermic effect and shows antidiuretic properties263. Compound (2.08) showed no 

antibacterial activity264. 

 

Table 2.5 NMR Spectroscopic Data (400 MHz, CDCl3) for (2.06) and (2.08) 

 (2.06) (2.08) 

position δH, (J in Hz) δC, type δH, (J in Hz) δC, type 

1     

2 7.57, d (2.4) 143.1, CH 7.64, d (3.1) 143.3, CH 

3 7.02, d (2.4) 102.3, CH 7.10, d (3.1) 104.7, CH 

3a  104.6, C  102.5, C 

4  157.1, C  157.5, C 

4a  141.6, C  115.6, C 

5 7.96, d (9.0) 118.1, CH 8.04, d (9.3) 118.7, CH 

6 7.22, d (9.0) 114.8, CH 7.24, d (9.3) 114.4, CH 

7  155.5, C  151.3, C 

8  151.1, C  141.1, C 

8a  143.2, C  143.0, C 

9a  164.3, C  164.2, C 

10 4.41, s 59.0, CH3 4.48, s 59.1, CH3 

11 4.11, s 61.6, CH3 4.17, s 62.1, CH3 

12 
4.29, dq (2 x 11.0; 2 x 5.5) 69.3, CH2 

4.23, dd (2.5; 6.5) 

4.45, dd (2.5, overlaid) 

72.6, CH2 

13 3.22, t (2 x 5.5) 61.6, CH 3.80, dd (2 x 2.5) 75.4, CH 

14  58.3, C  71.7, C 

15 1.37, s 24.7, CH3 1.32, s 25.4, CH3 

16 1.34, s 19.0, CH3 1.36, s 26.8, CH3 
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2.3.3.5 NEW COMPOUND - (E)-4-((4,8-dimethoxyfuro[2,3-b]quinolin-7-yl)oxy)-2-

methylbut-3-en-2-ol (2.09) 

The compound isolated from the junction 16 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 330.1335 and [M + Na]+ m/z value of 

352.1153, compatible with the molecular formula C18H19NO5. This is the first report of 

compound (2.09) isolated from the extract of leaves of C. x dewitteana ‘Aztec Pearl’. 

The NMR spectral data of compound (2.09) facilitated the structure elucidation of the 

compound. Referring to the 1H NMR spectrum (Figure 2.44), nineteen protons signals are 

evident. A total carbon count of seventeen carbons is provided by the 13C NMR spectrum 

(Figure 2.45). 

The 1H NMR spectrum of (2.09) clearly shows the presence of aromatic, methoxyl, methyl 

protons and a double bond. Two singlets H10 and H11, at 3.82 and 4.26 ppm, integrating for 

three protons each, are characteristic of methoxyl groups, they show correlation to the 

carbons, C10 and C11, at 57.7 and 60.0 ppm, respectively in the HSQC spectrum (Figure 2.46) 

and they show long range correlation to 153.4 ppm (C8) and 156.6 ppm (C4) in the HMBC 

spectrum (Figure 2.47). The presence of two methyl groups, H15 and H16, that appeared as 

an overlapping singlet at 1.34 ppm, integrates for six protons, correlate to the carbon C15 and 

C16, at 30.6 ppm and correspond to the side chain of the molecule. There is a correlation 

between the peaks at 1.34 ppm (H15) and at 4.57 ppm (OH) in the 1D-COSY spectrum (Figure 

2.49). The peak at 4.57 ppm does not correlate to any carbon in the HSQC spectrum, so it is 

assigned as the proton of the alcohol group of the side chain. The peak at 4.57 ppm shows 

correlation to the carbons at 30.6 ppm (C15 and C16) and 70.0 ppm (C14) in the HMBC 

spectrum of the aromatic region (Figure 2.48). The quaternary carbon, C14, at 70.0 ppm is 

attached to the two methyl groups (C15 and C16), and the alcohol and it shows long range 

correlation to the proton at 5.81 and 6.88 ppm (H13 and H12). These two protons at 5.81 and 

6.88 ppm show a trans correlation (J = 17.0 Hz) and are attached to the carbons at 141.6 ppm 

(C13) and 121.3 ppm (C12), respectively. The presence of four doublets in the aromatic region 

provided confirmation of the furan protons at 8.00 and 7.38 ppm (J = 3.0), which corresponds 

to H2 and H3, respectively. Their corresponding carbons resonate at 145.0 ppm (C2) and 105.9 

ppm (C3). This correlation can be observed in the 1D COSY spectrum (Figure 2.50). The proton 
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at 7.38 ppm also shows a correlation to protons of the methoxyl C10 (Figure 2.51).  The 

remaining aromatic protons are assigned at 7.61 and 7.79 ppm (J = 9.0 Hz). From the HSQC 

spectrum C5 and C6 resonate at 119.2 ppm and 128.1 ppm, respectively. The HMBC 

correlations are shown in Figure 2.52 and Table 2.6. 

The NMR spectroscopic data and correlations of (2.09) is described in Table 2.6. 

 

 

 

Figure 2.44 1H NMR spectrum of (2.09) 
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Figure 2.45 13C NMR spectrum of (2.09) 

 

Figure 2.46 HSQC spectrum of (2.09) 
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Figure 2.47 HMBC spectrum of (2.09) 

 

 

Figure 2.48 HMBC spectrum of the aromatic region of (2.09) 
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Figure 2.49 1D-COSY spectrum of proton H15/H16 of compound (2.09) 

 

 

Figure 2.50 1D-COSY spectrum of proton H2 of compound (2.09) 
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Figure 2.51 1D-COSY spectrum of proton H10 of compound (2.09) 

 

 

Figure 2.52 HMBC correlations of (2.09) 

 

 

 

 

 

 



77 
 

 

Table 2.6 NMR Spectroscopic Data (400 MHz, DMSO-d6) for (2.09) 

 (2.09) 

position δH, (J in Hz) δC, type 1H COSY HMBC 

1     

2 8.00, d (3.0) 145.0, CH 7.38 106.2, 162.5 

3 7.38, d (3.0) 105.9, CH  106.2, 145.0, 162.5 

3a  106.2, C   

4  158.6, C   

4a  122.1, C   

5 7.61, d (9.0) 119.2, CH  122.1, 142.3 

6 7.79, d (9.0) 128.1, CH  118.7, 153.4 

7  118.7, C   

8  153.4, C   

8a  142.3, C   

9a  162.5, C   

10 4.26, s 60.0, CH3 7.38 158.6 

11 3.83, s 57.7, CH3  153.4 

12 6.88, d (17.0) 121.3, CH  70.0, 153.4 

13 5.81, d (17.0) 141.6, CH  70.0, 121.3 

14  70.0, C   

15 1.34, s 30.6, CH3 4.57 30.6, 70.0, 141.6 

16 1.34, s 30.6, CH3 4.57 30.6, 70.0, 141.6 

 

2.3.3.6 Balfourolone (2.10) 

The compound isolated from the junction 17 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 322.2027, compatible with the molecular 

formula C17H23NO5. This is the first report of compound (2.10) isolated from the extract of 

leaves of C. x dewitteana ‘Aztec Pearl’. 
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The structure of (2.10) was confirmed by comparison of the 1H NMR spectrum (Figure 2.53) 

with the literature data265. The amount of compound isolated from the leaves extract of C. x 

dewitteana ‘Aztec Pearl’ was not enough to perform 13C NMR. In the 1H NMR spectrum, the 

double doublet at 3.60 ppm (dd, 1H, J = 10.3 and 2.1 Hz, H13), couples to the double doublets 

at 3.12 ppm (dd, 1H, J = 13.7 and 2.1 Hz, H12a) and 2.72 ppm, (dd, 1H, J = 13.7 and 10.3 Hz, 

H12b), confirming the presence of the side chain. H12a and H12b also couple with each other. 

The aromatic region of the 1H NMR shows three aromatic protons, two doublets at 7.10 ppm 

(d, 1H, J = 7.7 Hz, H7) and 7.47 ppm (d, 1H, J = 7.7 Hz, H5) and one triplet at 7.23 ppm (t, 1H, 

J = 2 x 7.7 Hz, H6), they are all coupling between themselves, corroborating with the proposed 

compound. These couplings were confirmed by H-H COSY spectrum (Figure 2.54). The NMR 

spectroscopic data of (2.10) is described beside compounds (2.11) and (2.12), due to their 

similarity, in Table 2.7. 

 

 

Figure 2.53 1H NMR spectrum of (2.10) 
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Figure 2.54 1H-1H COSY spectrum of (2.10) 

 

Compound (2.10) was isolated from the aerial parts of Balfourodendron riedelianum266. It has 

also been reported from Lunasia Amara267.  

 

2.3.3.7 Isobalfourodine (2.11) 

The compound isolated from the junction 18 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H]+ with a m/z value of 290.1609, compatible with the molecular 

formula C16H19NO4. This is the first report of compound (2.11) isolated from the extract of 

leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum (Figure 2.55) of (2.11) suggests the presence of two methyl groups that 

appeared as singlets at 1.39 and 1.50 ppm (s, 3H each, H11 and H12). Two singlets integrated 

as three protons at 3.79 and 3.88 ppm (s, 3H each) correspond to the methoxyl group (H9) 
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and a methyl bounded to the nitrogen (H10). The presence of a pair of triplets at 7.03 ppm (t, 

1H, J =6.7 Hz) and 7.95 ppm (t, 1H, J = 2 x 8.7 Hz) and a multiplet at 7.19 ppm correspond to 

the methine protons of the aromatic region (H8, H6 and H7, respectively). A multiplet at 2.84 

ppm (m, 2H, H4) integrating for two protons corroborates with a doublet at 3.81 ppm (d, 1H, 

H3) overlaid by 3.79 ppm. These protons correspond to H3 and H4 of the third ring of this 

alkaloid. 

The 13C NMR spectrum (Figure 2.56), showed 16 signals and the DEPT-135 spectrum showed 

eight methine/methyl groups and one methylene group at 25.9 ppm. The quaternary carbon 

at 176.6 ppm corresponds to the carbonyl of C5. 

The NMR spectroscopic data of (2.11) is described in Table 2.7. 

 

 

 

Figure 2.55 1H NMR spectrum of (2.11) 
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Figure 2.56 13C NMR spectrum of (2.11) 

 

Compound (2.11) was previously isolated from the aerial parts of Balfourodendron 

riedelianum266. It has also been isolated from the genus Lunasia268 and from Orixa japonica269. 

 

2.3.3.8 Balfourodinium methosalt (2.12) 

The compound isolated from the junction 21 was analysed by HRMS and showed a positive 

mode ESI-MS analysis [M + H] with a m/z value of 304.2017, compatible with the molecular 

formula C17H22NO4
+. This is the first report of compound (2.12) isolated from the extract of 

leaves of C. x dewitteana ‘Aztec Pearl’. 

The 1H NMR spectrum (Figure 2.57) of compound (2.12) showed three protons in the aromatic 

region, three singlets, integrating for three protons each between 3.90 and 4.70 ppm. These 

protons correspond to the two methoxyl groups and to a methyl group bond to the nitrogen. 
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The multiplet at 3.82 ppm and the peak at 5.17 ppm correlate to the protons of the furan ring. 

The two singlets at 1.35 and 1.44 ppm correspond to the two methyl groups of the side chain 

of the furan ring. The broad peak at 8.48 ppm correlates to the OH group. 

The NMR spectroscopic data of (2.12) is described in Table 2.7. 

 

 

Figure 2.57 1H NMR spectrum of (2.12) 

 

Compound (2.12) was firstly isolated from the leaves of Choiysa ternata270 and from the 

flowers of Choisya ternata189. It has also been isolated from the bark of Lunasia amara271. 
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Table 2.7 NMR Spectroscopic Data (400 MHz, CDCl3) for (2.10), (2.11) and (2.12) 

 (2.10) (2.11) (2.12) 

position δH, (J in Hz) δH, (J in Hz) δC, type δH, (J in Hz) 

2   82.4, C  

3  3.81, d 68.2, CH  

4  2.84, m 25.9, CH2  

4a   96.9, C  

5 7.47, d (7.7)  176.6, C 7.49, t (2 x 

7.3) 

5a   131.1, C  

6 7.23, t (2 x 7.7) 7.95, t (2 x 8.7) 118.3, CH 7.79, d (7.3) 

7 7.10, d (7.7) 7.19, m 123.0, CH 7.31, d (7.3) 

8  7.05, t (2 x 6.7) 113.7, CH  

9 4.01, s  149.8, C 4.00, s 

9a   126.3, C  

10 3.95, s   4.34, s 

10a   156.4, C  

11 3.94, s 3.79, s 56.4, CH3 4.59, s 

12 2.72, dd (13.7; 10.3) 

3.12, dd (13.7; 2.1) 

3.88, s 36.5, CH3 5.17, br 

13 3.60, dd (10.3; 2.1) 1.50, s 22.2, CH3 3.82, m 

14  1.39, s 25.0, CH3  

15 1.34, s   1.35, s 

16 1.34, s   1.44, s 

 

2.3.4 Isolation of flavonoids 

A HPTLC profile of the extracts were developed in order to check the presence of flavonoids 

in the different parts of C. x dewitteana ‘Aztec Pearl’. It was established that the stem extract 

had a simpler fingerprint when compared with the leaves extract. Due to the complexity of 

the leaves extracts of C. x dewitteana ‘Aztec Pearl’ rutin was isolated from the stem extract 



84 
 

(EtOAc:formic acid:H2O, 8:1:1). The flavonoid rutin (Figure 2.58) was isolated from extracts of 

the stem of C. x dewitteana ‘Aztec Pearl’. Rutin (2.13) was present in the leaves, stem and 

flowers of C. x dewitteana ‘Aztec Pearl’ as determined by HPTLC and HPLC by comparison with 

a reference standard (See Chapter 3). 

 

Figure 2.58 Flavonoid isolated from C. x dewitteana ‘Aztec Pearl’ 

 

2.3.4.1 Rutin (2.13) 

Compound (2.13) which was present in the junction 22 of the leaves extracts was analysed by 

HRMS and showed a positive mode ESI-MS analysis [M + H]+ with a m/z value of 611.1463, 

compatible with the molecular formula C27H30O16. This is the first report of compound (2.13) 

isolated from the extract of leaves of C. x dewitteana ‘Aztec Pearl’ and from the genus 

Choisya. 

The 1H NMR and the 13C NMR spectra (Figure 2.59 and 2.60) of compound (2.13) compares 

with the data found in the literature272 and is described in Table 2.8. 
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Figure 2.59 1H NMR spectrum of (2.13) 

 

Figure 2.60 13C NMR spectrum of (2.13) 
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Table 2.8 NMR Spectroscopic Data (400 MH, DMSO-d6) for (2.13) compared with literature 
data 

 (2.13) Literature data272 

 δH, (J in Hz) δC, type δH, (J in Hz) δC 

2  157.1, C  158.5 

3  133.7, C  135.7 

4  177.8, C=O  179.4 

4a  161.7, C  163.0 

5  99.1, C  100.0 

6 6.21 (d, J =3.0) 164.5, CH 6.21 166.1 

7  156.9, C  159.4 

8 6.43 (d, J = 3.0) 94.0, CH 6.37 95.0 

8a  104.4, C  105.7 

1’  122.0, C  123.7 

2’ 7.56 (d, J = 3.0) 116.7, CH 7.67 117.6 

3’  145.2, C  145.9 

4’  148.9, C  149.9 

5’ 6.85 (d, J = 9.0) 115.5, CH 6.88 116.0 

6’ 7.54 (d, J = 9.0) 121.6, CH 7.63 123.6 

1’’ 5.35 101.6, CH 5.11 104.7 

2’’ 3.22 74.5, CH 3.47 75.8 

3’’ 3.22 76.9, CH 3.41 78.0 

4’’ 3.06 71.0, CH 3.26 71.1 

5’’ 3.22 76.3, CH 3.32 77.5 

6’’ 3.22 

3.70 
68.7, CH2 

3.39 

3.80 
68.6 

1’’’ 4.39 101.2, CH 4.52 102.5 

2’’’ 3.22 72.3, CH 3.63 72.3 

3’’’ 3.40 70.8, CH 3.54 72.4 
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4’’’ 3.06 70.4, CH 3.28 73.9 

5’’’ 3.22 67.5, CH 3.45 69.8 

6’’’ 0.99 (d, J = 7.0) 18.2, CH3 1.12 18.0 

 

 

2.4 Central antinociceptive activity – Hot plate 

Mice were treated according to the method described by Sahley and Berntson273 and adapted 

by Matheus et al140. The hot plate assay is one of the most commonly used tests for 

determining the analgesic efficacy of experimental drugs in rodents.  Mice placed on a hot 

plate, ranging in temperature from 55 to 70 °C, are observed for reaction time to emit 

nociceptive responses. A hot plate consisting of an enclosed insulated container with a copper 

surface was used. The surface was heated to a temperature of 55 ± 0.5 °C. The animals (n = 

5) were placed onto the heated surface. The plate was wiped to remove urine and faeces 

after every use. Reaction time was recorded when the animals licked one of their paws, 

jumped or showed an unexpected reaction at several intervals of 30 minutes after oral 

administration of 10, 30 and 100 mg/kg of C. x dewitteana ‘Aztec Pearl’ extract, 10 mg/kg of 

the isolated compounds (anhydroevoxine (2.06) and choisyine (2.07)) or reference drug 

(morphine 5 mg/kg). Baseline was considered as the mean reaction time obtained at 30 and 

60 min before administration of the extracts, compounds or morphine and was defined as 

normal reaction of animal to the temperature. Increase in baseline (%) was calculated using 

the equation below. This assay was performed at the Federal University of Rio de Janeiro, 

UFRJ, Rio de Janeiro, Brazil, under the supervision of Dr. Patricia Dias Fernandes. 

Increase in baseline (%) = [(reaction time x 100) / baseline] – 100 

Antinociception was quantified as area under curve (AUC) of responses from 30 to 180 min 

after oral drug administration. The area under the curve was calculated using GraphPad Prism 

(GraphPad Software Incorporated, USA). 
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2.4.1 Results and Discussion 

Based on previous results by Boylan group72,121,138, it was decided to evaluate the non-volatile 

chemical composition and the possible central antinociceptive effect for C. x dewitteana 

‘Aztec Pearl’ leaves, using the central model of pain (the hot plate). Figure 2.61 shows the 

effects of the ethanol extract of C. x dewitteana ‘Aztec Pearl’ in the hot plate model. Pre-

treatment with the extract promoted a dose dependent increase in the antinociceptive 

response. The initial values for the action of this extract, 30 minutes after its administration 

were much higher than the ones observed for the morphine treated animals. This effect was 

maximum at 120 minutes following the administration of 100 mg/kg of the extract. After this, 

almost no reduction in activity was observed for up to 180 minutes. Similar pattern was also 

observed for the 30 mg/kg dose examined of this extract. 

At 30 mg/kg the maximum activity was also observed at 120 minutes and the decrease was 

observed reaching values similar to those in the morphine-treated group at 180 minutes. The 

treated group at 10 mg/kg showed a slight increase in the baseline, always smaller than the 

one observed for the morphine treated group. The exception being the value reached at 150 

minutes, which was similar to the one seen for morphine. The 30 and 100 mg/kg doses  

significantly cause an increase in the antinociceptive activity when compared with the vehicle 

group and this effect was higher than that observed for morphine. The analgesic effect of 

morphine was observed 60 min after administration and reached a plateau between 90 and 

150 minutes. The vehicle did not show antinociceptive response in the hot plate test. 
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Figure 2.61 Effects of oral administration of the ethanol extract on the hot plate model  

Control groups were composed either the vehicle or morphine (5 mg/kg, p.o.). Results are presented as mean ± 
S.D. (n = 6±10) of increase in baseline or area under the curve. Statistical significance was calculated using 
ANOVA with Bonferroni's test where *< 0.005 when comparing the morphine, EECA-treated mice with the 
vehicle-treated group and #< 0.005 when comparing morphine treated with EECA-treated mice. Where no error 
bars are shown, is the result of values being too small to be visible in the graphic. 

 

Isolated alkaloids compounds, anhydroevoxine (2.06) and choisyine (2.07) were tested in the 

hot plate model. For these isolated compounds doses of 10 mg/kg were used. The isolated 

compounds behaved in a similar way to the ethanol extract providing a higher effect than 

morphine. Anhydroevoxine significantly increased the reaction time in the mice. The 

maximum effect for this substance was achieved at 120 minutes, with a decrease below the 

morphine levels at 150 minutes and an increase back to a higher value again at 180 minutes 

(Figure 2.62). Choisyine also significantly increased the reaction time of the mice. The 

maximum effect for this substance was achieved at 150 minutes, with a slight decay at 180 

minutes. 



90 
 

Isolated Substances

30 60 90 120 150 180

0

50

100

150

200
Anhydroevoxine (4)

Choisyine (5)

Morphine

Vehicle

*

* *

*

*

Time

In
c
re

a
s
e
 i
n

 b
a
s
e
li
n

e
 (

%
)

Isolated Substances

0

5000

10000

15000
Vehicle

Morphine

#

*#

*

Anhydroevoxine (2.06)

Choisyine (2.07)

A
U

C

 

Figure 2.62 The effects of (2.06) and (2.07) in the hot plate model and AUC  

Animals were pre-treated by oral administration with 10 mg/kg dose of the isolated substances. Control groups 
were administered vehicle (black) or morphine (5 mg/kg, p.o., gray). The results are presented as the mean ± 
S.D. (n = 6–10) of the increase in baseline. *p < 0.05 compared to the vehicle-treated group. Area under the 
curve (AUC) of the isolated substances from C. x dewitteana ‘Aztec Pearl’. The results are presented as area 
under the curve. *p < 0.05 compared to the isolated substances-treated group; #p < 0.05 compared to the 
vehicle-treated group. 

 

This study was continued by Carvalho. Different doses of the isolated alkaloids compounds 

were tested under the supervision of Dr Patricia Fernandes and the completed study was 

published in 2016274.  
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2.5 Conclusions 

The current study of Choisya x dewitteana ‘Aztec Pearl’ provided valuable, useful and reliable 

information on this plant pharmacognostic evaluation with chemical and pharmacological 

basis for further and more intensive studies. 

A new furoquinoline alkaloid, (E)-4-((4,8-dimethoxyfuro[2,3-b]quinolin-7-yl)oxy)-2-

methylbut-3-en-2-ol (2.09), was isolated, purified and characterized, together with three 

coumarins, Puberulin (2.01), 6-methoxyl-7,8-methylenedioxycoumarin (2.02) and Sabandinin 

(2.03); one sesquiterpene, 7-isopropyl-4-methyl-10-methylenecyclodec-5-ene-1,4-diol 

(2.04); seven alkaloids, 4-desmethoxychoisyine (2.05), anhydroevoxine (2.06), choisyine 

(2.07), evoxine (2.08), balfourolone (2.10), isobalfourodine (2.11) and balfourodinium 

methosalt (2.12)  and one flavonoid, rutin (2.13) from the leaves of C. x dewitteana ‘Aztec 

Pearl’. These compounds have been isolated for the first time in this species. It is the first time 

that compounds (2.01), (2.03), (2.04) and (2.13) have been reported from the genus Choisya. 

The isolated compounds were analysed by mass spectrometry, infrared spectroscopy and 

mono- and bi-dimensional nuclear magnetic resonance techniques and melting point which 

resulted in the complete characterization and comparison with previously reported 

spectroscopic data. The structure of puberulin (2.01) and anhydroevoxine (2.06) were further 

confirmed by X-ray data analysis. 

The ethanol extract of the leaves of Choisya x dewitteana ‘Aztec Pearl’, anhydroevoxine and 

choiysine were evaluated for their antinociceptive activity using a murine model. The results 

point to an antinociceptive activity for the ethanol extracts of leaves of Choisya x dewitteana 

‘Aztec Pearl’. Anhydroevoxine (2.06) and choisyine (2.07) also showed higher antinociceptive 

activity at 10 mg/kg than the one observed for morphine (5 mg/kg). This can open a window 

for further investigations of this type of alkaloids and other constituents and other extracts 

obtained from plants of this genus in relation to this very important pharmacological activity. 
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Chapter 3 – Extraction, identification, and 

quantification of flavonoids from leaves, stem 

and flowers of Choisya x dewitteana ‘Aztec Pearl’ 

and Choisya ternata using HPLC-UV and HPTLC 
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3 Extraction, identification, and quantification of flavonoids from leaves, 

stem and flowers of Choisya x dewitteana ‘Aztec Pearl’ and Choisya 

ternata using HPLC-UV and HPTLC 

 

3.1 Introduction 

Choisya x dewitteana ‘Aztec Pearl’, a hybrid of Choisya ternata, belongs to the Rutaceae 

family. They are cultivated as an ornamental shrub and C. ternata has been cultivated in 

Britain since 182520,21. The ethnobotanical use of this genus has been reported for C. ternata, 

which is classified as a tonic, an appetizer, and also having an antispasmodic and ‘stimulative 

properties’23. The first pharmacological use for C. ternata was in 1885. Boudoresques was the 

first to discover the medicinal effect of the aqueous extracts of leaves by experimenting on 

himself, finding it to be both a tonic and appetizing. Later in 1923 Standley reported that 

Mexican people employed infusion of their leaves due to their antispasmodic and ‘stimulative 

properties’23. C. ternata was later included in the Pharmacopeia of Mexico24. 

Flavonoids are a class of naturally occurring plant secondary metabolites which has been 

receiving attention in the literature for its biological and physiological 

relevance42,44,49,51,275,276. Flavonoids are referred to as flavonoid glycosides when there are 

one or more sugars groups attached to its structure and aglycones when there is no sugar 

group present31. Tea et al.130 (1975) isolated flavonoids (astragalin and kaempferol-3-D-

rhamnoglucoside) from the leaves and petals of C. ternata23. 

To date, there is no single method that is regarded as standard for extracting bioactive 

compounds from medicinal plants160. However, it is imperative that the best method of 

extraction is determined and validated for each plant material to be determined277,278. 

After the isolation of puberulin (2.01) and rutin (2.13) in the previous chapter, the work 

described in this chapter will revolve around the development of chromatographic methods 

for their detection and quantification in extracts of C. x dewitteana ‘Aztec Pearl’ and C. 

ternata.   

HPTLC and HPLC-UV methods were developed and validated for identification and 

quantification of four flavonoids glycosides, rutin (2.13), nicotiflorin (3.04), isoquercetin 

(3.01), astragalin (3.02) and one coumarin (2.01) (Figure 3.1) in methanolic extracts of leaves, 
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stem and flowers of C. x dewitteana ‘Aztec Pearl’ and C. ternata. These compounds were 

selected in particular because of their diverse range of biological activity ranging from 

anticancer to neuroprotective effects35,41,44,50. 

 

 

Figure 3.1 Compounds identified and quantified in this chapter, except for chlorogenic acid 
(3.03) 

 

According to the literature review regarding the C. x dewitteana ‘Aztec Pearl’ and C. 

ternata130, these flavonoids (Figure 3.1) have not been quantified previously. Compounds 

(3.04) and (3.02) have been previously isolated from C. ternata, however they have not been 

quantified. The flavonoids present in this study are reported for the first time for C. x 

dewitteana ‘Aztec Pearl’ and compounds (2.13) and (3.01) are reported for the first time in C. 

ternata. 
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3.2 Experimental 

3.2.1 Chemicals 

All solvents used in the experiment were of analytical reagent grade. Diphenylboric acid 

aminoethyl ester, formic acid, methanol, acetonitrile and polyethylene glycol 400 were 

obtained from Sigma-Aldrich (Arklow, Ireland); and deionised water was (18 MΩ) was 

prepared using a Millipore Milli-Q purification system. 

Chlorogenic acid (3.03), rutin (2.13), isoquercitrin (3.01), astragalin (3.02) and nicotiflorin 

(3.04) were purchased from Extrasynthese (Genay, France). Puberulin was isolated from 

leaves of C. x dewitteana ‘Aztec Pearl’. Detection of these compounds in the test extracts was 

carried out by comparison of their Rf values on HPTLC and retention times using HPLC. 

Chlorogenic acid (3.03) was used as an intensity marker. 

 

3.2.2 Plant materials 

Fresh leaves, stems and flowers of C. x dewitteana ‘Aztec Pearl’ and C. ternata were collected 

in Dublin, Ireland in May 2017. The samples were dried in a 50 °C oven for 1 h and left at room 

temperature for 72 h. The dried material was manually separated into flower, leaves and stem 

and ground into a fine powder for analysis using a coffee grinder. 

 

3.2.3 Extraction of the plant material 

1.0000 g of the plant material was extracted twice by agitation with 10 mL of methanol for 15 

min. The sample was centrifuged and the supernatant were combined into a volumetric flask 

of 20 mL. All samples were filtered using 0.22 μm syringe filters from Sigma-Aldrich (Arklow, 

Ireland). For the analysis of rutin and kaempferol-3-O-rutinoside in the flower extract of C. x 

dewitteana ‘Aztec Pearl’, 0.2000 g of the plant material was used for the extraction and it was 

performed in the same fashion as the other samples. 
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3.2.4 Preparation of standard solutions 

3.2.4.1 Standard solutions for HPTLC analysis 

Stock solutions of isoquercetin (3.01) (10 mg/mL), rutin (2.13) (10 mg/mL), astragalin (3.02) 

(10 mg/mL), nicotiflorin (3.04) (10 mg/mL) and chlorogenic acid (3.03) (10 mg/mL) were 

separately prepared in methanol and were used for the preparation of three reference 

solutions A, B and C. 

Reference solution A was prepared by diluting the stock solutions of (2.13) and (3.04) to give 

the equivalent of 3 mg of each compound in 10 mL of methanol. 

Reference solution B was prepared in a similar manner to give 3 mg of (3.01), 3 mg of (2.13), 

3 mg of (3.02), 3 mg of (3.04) and 3 mg of (3.03) in 10 mL of methanol. 

Reference solution C was prepared by diluting the equivalent of 2.5 mL of reference solution 

B to 10 mL of methanol. 

 

3.2.4.2 Standard solutions for HPLC analysis and Calibration Curve 

HPLC grade methanol was used as the extraction solvent for all samples and standards as to 

afford parity between samples and standard solutions for accurate results. Stock standard 

solutions of 1 mg/mL were prepared. The stock solutions were diluted to afford 0.001, 0.010, 

0.050, 0.075, 0.100, 0.125 and 0.250 mg/mL solutions. These seven standard solutions were 

injected in triplicate to generate a seven-point calibration curve for the five standard 

compounds separately. Peak areas of the target compounds were within the linear range of 

the curve. Slope, intercept, and the other statistics of calibration lines were calculated with 

linear regression using Microsoft Excel 2016. 

 

3.2.5 HPTLC method 

20 x 10 cm normal phase Si 60 F254 HPTLC plates (Merck, Darmstadt, Germany) were used for 

the chromatographic analysis. The HPTLC plates were checked before analysis under UV light 

at 254 nm to ensure suitability. 8 μL of each sample extract solution was applied as an 8 mm 

band using a 100 μL HPTLC syringe (Hamilton, Bonaduz, GR, Swizerland) with a semi-

automated sample applicator (Linomat 5, Camag, Muttenz, Switzerland). The samples were 
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applied 8 mm from the lower edge of the plate, 10 mm from each side and a distance of 12.1 

mm between each sample lane. The development distance was 70 mm from the lower edge 

of the plate. 

 

3.2.6 Preparation of visualisation reagents 

Two solutions were prepared for the detection of flavonoids in the samples. A 5 g/L solution 

of diphenylboric acid aminoethyl ester in ethyl acetate (natural products reagent - NP) and a 

50 g/L solution of macrogol 400 in methylene chloride (polyethylene glycol reagent - PEG) 

were prepared. 

 

3.2.7 HPTLC plate development and visualisation 

The mobile phase used for the plate development was ethyl acetate, formic acid, water 

(8:1:1). The HPTLC plates were developed in a 20 x 20 cm twin trough chamber (Camag) that 

was saturated prior to plate development by placing a single sheet of filter paper against the 

chamber and adding sufficient mobile phase. A coverlid was placed on the chamber during 

development of the HPTLC plate. 

After development, the plate was dried in a current of air at room temperature for 5 minutes. 

The plate was subsequently heated for 5 minutes at 100-105 °C in an oven. The warm plates 

were then dipped into two immersion tanks, firstly into the tank containing the solution of 

diphenylboric acid aminoethyl ester in ethyl acetate and allowed to dry before being 

immersed in the tank containing the solution of macrogol 400 in methylene chloride. 

Visualisation of the plate was undertaken by TLC Visualiser (Camag) at 366 nm. winCATS 

software was used to process images of the developed plates (version 1.4.8). The image 

capturing parameters were permanent to ensure high quality images and reproducibility. 
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3.2.8 HPLC method 

HPLC instrument Waters 1525 binary pump, Waters 2487 dual λ absorbance detector, Waters 

717 plus auto sampler, Empower software and external Croco-cil oven were used for the HPLC 

injections. A gradient elution was performed on a Waters C18 column (250 x 4.6 mm, 5 µm). 

With the purpose of optimizing the chromatographic conditions, different mobile phases with 

varying gradient elution and time were tested in order to reach baseline separated peaks of 

the target analytes. A: 1% (v/v) formic acid in water and B: 1% (v/v) formic acid in ACN; with 

a gradient of % B: initial 6%; 14 min, 16.5%; 16 min, 17%; 18 min, 17.5%; 20 min, 17.5%; 22 

min, 18.5%; 24 min, 18.5%; 27 min, 20%; 46 min, 100%, 48 min, 6%, 50 min, 6% (run time 50 

min). Flow rate was 0.8 mL/min, injection 10 µL, column temperature 60 °C, sample was at 

room temperature and detection wavelength at 330 nm. 

 

3.2.9 Method Validation 

The method developed was validated in accordance with the International Committee of 

Harmonization (ICH guidelines) regulation for the validation of analytical methods and 

parameters including linearity, purity of the separated band, precision, replication, limit of 

detection (LOD) and limit of quantification (LOQ) were studied. 

 

3.3 Results and Discussion 

HPLTC and HPLC chromatographic methods were developed for the detection of four 

flavonoids glycosides, rutin (2.13), nicotiflorin (3.04), isoquercetin (3.01), astragalin (3.02) 

and one coumarin, puberulin (2.01) by both HPTLC and HPLC. The HPLC method was used to 

quantify the amount of each of these components in extracts of C. x dewitteana ‘Aztec Pearl’ 

and C. ternata. Currently there are no such methods for the analysis of these compounds in 

C. x dewitteana ‘Aztec Pearl’ and C. ternata. In the case of C. x dewitteana ‘Aztec Pearl’ it is 

the first reported identification of the presence of these compounds in the plant. The 

methods developed can in principle be adapted to several other plants that contain 

coumarins and flavonoid glycoside such as Matricaria recutita for example. 
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3.3.1 Qualitative assessment 

HPTLC analysis offers superior advantages over thin layer chromatography (TLC) by providing 

higher resolution between compounds of similar chemical and physical properties thus 

facilitating their easier detection145. The evaluation of the resulting HPTLCs was done 

qualitatively. The current study was based on the European Pharmacopoeia monograph on 

flavonoid drugs279. C. x dewitteana ‘Aztec Pearl’ and C. ternata contain a complex mixture of 

compounds and in this study only the flavonoids and one coumarin were analysed however 

there is need for a more detailed fingerprint of the species for alkaloids and coumarins. 

 

3.3.2 Optimisation of HPTLC conditions 

The mobile phase (ethyl acetate:formic acid/water 8:1:1) was found to give optimal 

separation of the flavonoid glycoside constituents in the two species analysed. Twin trough 

chambers were used for separation and the tank was saturated prior to development to 

ensure consistency. Natural products (NP) reagent and polyethylene glycol (PEG) improved 

spectral intensity and were used as the visualisation reagents. 

The choice of the reference compounds for the system suitability test was influenced by the 

proximity of the analyte compounds to each other on the developed HPTLC chromatogram. 

An investigative HPTLC test was set up to determine the Rf values for (3.03), (2.13) and (3.04) 

and to compare the Rf values of these to that in the test extract solution of C. x dewitteana 

‘Aztec Pearl’. Testing was achieved by applying an equal volume of the marker compounds in 

methanol into an Eppendorf tube. The same procedure was carried out for the extract 

solution of C. x dewitteana ‘Aztec Pearl’. Equal volumes of the extracts and reference 

solutions were applied onto the HPTLC plate. Rf values in reference and test solutions were 

then compared. Compounds (2.13) and (3.04) were deemed satisfactory marker compounds 

as the zone of the chromatograms obtained with the test solutions corresponded to the zones 

of the chromatograms obtained for both reference solutions. Also, these compounds are the 

major flavonoids constituents of the extracts analysed. Results from the test solutions were 

also used to determine optimal application volume. The intensity of the 4 µL bands applied 

on the plate were very weak after development, however, the intensity of the 16 µL bands 

applied on the plate were overly concentrated after development, causing the bands to streak 
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off the plate. Bands appeared of greater spectral intensity at 8 µL compared to 4 or 16 µL. It 

was decided to apply 8 μL of each solution as bands of 8 mm in length onto the HPTLC plate. 

The chromatograms were analysed under 366 nm UV light. The resulting HPTLC 

chromatograms were able to identify and separate the selected standards and allowed for 

comparisons between constituents present in the different plant parts (leaves, stem and 

flowers) and also between species (Figure 3.2 and 3.3). Significant variability is seen in the 

intensity of the bands in the developed plates. All samples showed the orange band at Rf 0.27 

indicative of (2.13). Compound (3.04) (Rf 0.31) was seen mainly in the flowers samples and in 

a very small quantity in the leaves and stem of both species. The band corresponding to (3.03) 

(Rf 0.40) was seen in all samples but in higher amounts in the leaves of C. x dewitteana ‘Aztec 

Pearl’. The other two flavonoids, (3.01) and (3.02) at Rf 0.50 and 0.58, respectively, are seen 

mainly in the flowers extracts of both species. Overall the developed HPTLC offers significant 

advantages for the qualitative analysis of the flavonoid glycosides in the extracts of different 

species of Choisya over normal TLC. It uses less solvent, it is simple and quick to develop, thus 

allowing for the analysis of multiple samples in a short length of time 145,146. 

 

 

Figure 3.2 Developed HPTLC plate confirming the presence of all the constituents of C. x 
dewitteana ‘Aztec Pearl’ in the sample solutions at 366 nm. Derivatisation agent: NP/PEG 
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Figure 3.3 Developed HPTLC plate confirming the presence of all the constituents of C. ternata 
in the sample solutions at 366 nm. Derivatisation agent: NP/PEG 

 

3.3.3 HPLC analysis of C. x dewitteana ‘Aztec Pearl’ and C. ternata.  

Several solvent systems, different pH and column temperatures were tested for the 

optimisation of the chromatographic separation and detection of the flavonoids and 

coumarin analysed. 

There are several methods for identification of flavonoids in the literature32,49,275,280–282 and 

different UV wavelengths are used. In this study, the HPLC method was modified from 

Ferreres et al.283 for better separation of the peaks. The wavelength of 330 nm was chosen as 

not only the flavonoids provided high absorbance at this wavelenght but also the coumarin in 

this study. 

In order to obtain good resolution, increased peak separation and to minimize peak tailing, a 

series of experiments using different solvent systems and running parameters were 

performed. Initially, methanol and acetonitrile were tested as solvents as the organic 

components. Acetonitrile provided better peak shape and less signal-to-noise ratio when 

compared with methanol. 
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The method from the literature283 needed adjustment as it afforded good peak resolution for 

the standards but not so for the analytes in the test solutions. The gradient conditions were 

adjusted and the run time was increased. Both changes afforded an improvement in peak 

separation. 

The next step was to optimise the pH of the mobile phases to improve peak separation, 

resolution, sensitivity and retention time. The leaves extract of C. x dewitteana ‘Aztec Pearl’ 

were run in three different pH systems, namely A, B and C, being A - 0.1% formic acid in both 

mobile phases; B - 1.0% formic acid in the aqueous phase and 0.1% formic acid in the organic 

phase and C - 1.0% formic acid in both mobile phases. System A provided poor peak 

separation and resolution when compared with systems B and C (Figure 3.4). System B and C 

showed a similar separation, however system C presented better peak shape and separation 

when compared with system A and B. System C was selected. It also meant the volume of 

formic acid was constant in the column during the entire run time. 
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Figure 3.4 Optimising the pH of the mobile phases using systems A, B and C as described 

 

One of the issues encountered was that the retention time of the analysed compounds were 

not reproducible. In this respect, temperature is a variable that can alter retention time, 

changing not only the viscosity of the eluent but the kinetics of the retention mechanism. The 

runs were initially performed at room temperature (Figure 3.5) and there was often a large 

temperature variation in the lab probably resulting in retention time variability. With this in 
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mind, different column temperatures were tested in order to achieve reproducibility of the 

retention time of the samples. In addition to “room temperature”, samples were also run at 

40 °C (Figure 3.6) and 60 °C (Figure 3.7). As shown in the resulting chromatograms Figures 3.5, 

3.6 and 3.7, significant effects on the separation and retention time occurred by the change 

of the temperature. The run at 60 °C showed peaks with better resolution and shape in 

comparison with the runs at 40 °C and room temperature.  

 

 

Figure 3.5 Chromatogram of the flowers extract of C. x dewitteana ‘Aztec Pearl’ at room 
temperature (λ = 330 nm) 

 

 

Figure 3.6 Chromatogram of the flowers extract of C. x dewitteana ‘Aztec Pearl’ at 40 °C (λ = 
330 nm) 
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Figure 3.7 Chromatogram of the flowers extract of C. x dewitteana ‘Aztec Pearl’ at 60 °C (λ = 
330 nm) 

 

3.3.4 Method Validation 

Criteria addressed for validation were precision, accuracy, linearity and specificity. 

Experiments were carried out on five replicates per sample.  

 

3.3.4.1 Linearity, LOD, LOQ and Precision 

The optimised chromatographic conditions was used for the acquisition of the calibration 

curves. The standards were analysed separately, in triplicate, at seven different 

concentrations. Regression equations, R2 values and recovery were calculated in the 

standards obtained from these analyses and are described in Table 3.1. Relative standard 

deviations for three injections per standard (for set of five standard solutions) were less than 

1.29%. The limit of detection (LOD) and limit of quantification (LOQ) were calculated from the 

residual standard deviation of the regression (σ) line and the slope (S) as follows: LOD = 

3.3σ/S; LOQ = 10σ/S. Results for precision are expressed as percentage of relative standard 

deviation (%RSD) in Table 3.1. 
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Table 3.1 Calibration curve parameters, limit of detection (LOD), limit of quantification (LOQ) 
for the standards 

 
Regression equation R2 value LOD LOQ 

Accuracy 
(recovery) 

RSD% 

(2.13) y = 8001.9x + 16842 0.9987 3.17 9.61 101.38±2.69 0.69 

(3.01) y = 20603x + 97645 0.9946 6.54 19.82 105.19±9.41 0.35 

(3.04) y = 19377x + 80608 0.9958 5.74 17.40 102.81±3.48 1.29 

(3.02) y = 26037x + 62852 0.9980 3.93 11.90 102.17±2.22 0.50 

(2.01) y = 18755x + 42823 0.9867 10.32 31.27 104.15±14.71 0.52 

 

3.3.4.2 Accuracy 

Percent recovery of the optimized HPLC method was determined through injecting two 

known concentrations (1mg/mL and 0.1mg/mL) of each individual flavonoid standard under 

investigation. This experiment resulted in the recovery percentage within the acceptable 

range of 95% to 105% according to the ICH guidelines for validation of analytical methods. 

 

3.3.4.3 Specificity 

The specificity of the method was determined by injecting individual samples, wherein no 

interference was observed for any of the components. The chromatograms were checked for 

the appearance of any extra peaks. The purity of the chromatographic peaks was found to be 

satisfactory. Peaks were assigned based on the retention time using HPLC-UV (Figures 3.8 – 

3.12) and are summarized in Table 3.2. Peaks identity were confirmed by HPTLC and LC-MS. 

 

Table 3.2 Retention time of the compounds using HPLC-UV (λ = 330nm) 

Compound Retention time (min) 

Rutin (2.13) 22.9 

Isoquercetin (3.01) 24.1 

Nicotiflorin (3.04) 27.9 

Astragalin (3.02) 29.2 

Puberulin (2.01) 42.0 
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Figure 3.8 HPLC chromatogram of rutin (2.13) (100 µg/mL λ = 330 nm) 

 

 

Figure 3.9 HPLC chromatogram of isoquercetin (3.01) (100 µg/mL λ = 330 nm) 
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Figure 3.10 HPLC chromatogram of nicotiflorin (3.04) (100 µg/mL λ = 330 nm) 

 

 

Figure 3.11 HPLC chromatogram of astragalin (3.02) (100 µg/mL λ = 330 nm) 
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Figure 3.12 HPLC chromatogram of Puberulin (2.01) (100 µg/mL λ = 330 nm) 

 

3.3.5 Analysis of the plant samples 

In the flower extract of C. x dewitteana ‘Aztec Pearl’, compounds (2.13) and (3.04) were 

present in higher concentrations than the linear range, therefore these samples were 

prepared with a lower weight of the ground plant material (0.2000 g) in order to be within 

the linear range. Reproducibility of the method were tested by analysing each extract five 

times. 

The leaves extract of C. x dewitteana ‘Aztec Pearl’ (Figure 3.13) showed a similar fingerprint 

when compared with the leaves extract of C. ternata (Figure 3.14). For the leaves of C. x 

dewitteana ‘Aztec Pearl’, Rutin (2.13) was found to be the major constituent (248.49±0.49 

µg/g) and the coumarin Puberulin (2.01) was the second major constituent (109.93±0.68). 

The leaves of C. ternata presented a very similar profile when compared to the leaves of C. x 

dewitteana ‘Aztec Pearl’, (2.13) was also the major constituent (211.93±1.22) and the 

coumarin (2.01) was the second major constituent (209.93±0.68 µg/g). Both species 

presented a low quantity of (3.04), although C. ternata possess nearly double the quantity 

(47.55±0.42 µg/g) than C. x dewitteana ‘Aztec Pearl’ (26.11±1.22 µg/g). 

The unidentified peaks of the chromatograms of the leaves presented an analogous 

qualitative profile with minor disparities possibly due to quantification of the extracts. 
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Figure 3.13 HPLC chromatogram of the leaves extract of C. x dewitteana ‘Aztec Pearl’ 

 

 

Figure 3.14 HPLC chromatogram of the leaves extract of C. ternata 

 

The chromatograms (Figure 3.15 and 3.16) of the stem extract of both species appeared to 

have poor secondary metabolite constituents, even in the HPTLC analysis, when compared to 

the other parts of the plants. The stem extract of both species showed a small amount of 

(3.04), under the limit of quantification. The stem extract of C. x dewitteana ‘Aztec Pearl’ 

demonstrated to have a higher amount for (2.13) and (2.01), 61.46±0.35 µg/g and 73.76±0.18 

µg/g when compared with the stem extract of C. ternata 21.80±0.30 µg/g and 54.57±0.50 

µg/g, respectively. The chromatogram of the stem extract of C. x dewitteana ‘Aztec Pearl’ 
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presented more unidentified peaks when compared with the chromatogram of the stem 

extract of C. ternata. The intensity of the peaks was also higher in C. x dewitteana ‘Aztec 

Pearl’, demonstrating to have a larger amount and diversity of constituents.  

 

 

Figure 3.15 HPLC chromatogram of the stem extract of C. x dewitteana ‘Aztec Pearl’ 

 

 

Figure 3.16 HPLC chromatogram of the stem extract of C. ternata 

 

The flowers of both species presented a higher quantity of flavonoids when compared to the 

other parts of the plants (Figure 3.17 and 3.18). This was also apparent from the HPTLC 



112 
 

analyses. The coumarin Puberulin (2.01) was not quantifiable in the flowers of both species. 

Flavonoid (3.04) was the major constituent in the flowers extracts analysed in this study. C. x 

dewitteana ‘Aztec Pearl’ extract quantification of (2.13) and (3.04) exceeded the calibration 

curve range and therefore an extraction with a lower amount of plant material was executed. 

C. x dewitteana ‘Aztec Pearl’ possesses a higher amount (69.47±3.10 µg/0.20 g, correlating to 

approximately 347 µg/g) of the flavonoid (2.13) than C. ternata (211.93±1.22 µg/g). Similar 

findings were also observed for the flavonoid (3.04), in which C. x dewitteana ‘Aztec Pearl’ 

possesses a higher amount (112.36±4.93 µg/0.20 g, approximately 561 µg/g) when compared 

to C. ternata (247.51±1.95 µg/g). For the monosaccharide flavonoids, the opposite was 

observed, in which the flowers extract of C. ternata presented a higher amount of the 

flavonoids than the flowers extract of C. x dewitteana ‘Aztec Pearl’. Flavonoid glycoside (3.01) 

was under the LOD in the flowers extract of C. x dewitteana ‘Aztec Pearl’ however it was found 

in C. ternata (22.26±0.49 µg/g). Flavonoid glycoside (3.02) was present in both flowers 

extract, but once again it was found to have higher amount in the flowers extract of C. ternata 

(73.71±0.94 µg/g) than in the flowers extract of C. x dewitteana ‘Aztec Pearl’ (42.31±0.47 

µg/g). 

 

 

Figure 3.17 HPLC chromatogram of the flowers extract of C. x dewitteana ‘Aztec Pearl’ 
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Figure 3.18 HPLC chromatogram of the flowers extract of C. ternata 

 

Table 3.3 shows the data obtained from the five replicate injections of the sample extracts. 

Data of quantitative analyses are expressed as mean ± standard deviation in µg/g. 

 

Table 3.3 Constituents of different parts of C. x dewitteana ‘Aztec Pearl’ and C. ternata in µg/g 
(mean value ± SD) determined by HPLC-UV (330 nm) 

 Choisya x dewitteana ‘Aztec Pearl’ Choisya ternata 

 Leaves 
 

Stem 
 

Flowers 
 

Leaves 
 

Stem 
 

Flowers 
 

(2.13) 248.49±0.49 61.46±0.35 69.47±3.10* 211.93±1.22 21.80±0.30 120.23±3.61 

(3.01) ** ** ** ** ** 22.26±0.49 

(3.04) 26.11±1.22 ** 112.36±4.93* 47.55±0.42 ** 247.51±1.95 

(3.02) ** ** 42.31±0.47 ** ** 73.71±0.94 

(2.01) 109.93±0.68 73.76±0.18 ** 210.41±1.96 54.57±0.50 ** 

* µg/0.2 g; **below LOQ 
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3.4 Conclusions 

The present study identified the presence of four flavonoids, rutin (2.13), isoquercetin (3.01), 

nicotiflorin (3.04) and astragalin (3.02), and one coumarin, Puberulin (2.01) in quantifiable 

amounts in the extracts of C. x dewitteana ‘Aztec Pearl’ and C. ternata. 

Recent advances in planar chromatographic techniques, especially HPTLC, allows for the rapid 

identification of key marker compounds in complex mixtures. A simple and reproducible 

HPTLC method was developed for the analysis of C. x dewitteana ‘Aztec Pearl’ and C. ternata 

samples, resulting in good resolution between the constituents present in extracts of both 

species. This method allowed for the simultaneous determination of the marker compounds 

in all the samples. The HPTLC chromatograms for the Choisya samples showed the presence 

of the rutin (2.13) in all plants parts (leaves, stem and flowers) of both species. HPLC analysis 

of the methanolic extracts of the C. x dewitteana ‘Aztec Pearl’ and C. ternata correlated to 

the findings from the HPTLC analysis. 

A chromatographic fingerprint was achieved by means of HPTLC and HPLC for different parts 

of two species of the Rutaceae family, namely C. x dewitteana ‘Aztec Pearl’ and C. ternata. 

Collectively, these developed methods and chromatograms are useful tools for 

authentication purposes in the quality control assessment in cases where these plants 

become available in herbal formulations. 

A rapid, robust and sensitive method was developed using HPLC-UV for detection and 

quantification of the major flavonoids and coumarin present in different parts of the species 

analysed. The HPLC-UV system developed has advantages when compared to some methods 

of the literature, to name a few, rapid extraction, easy sample preparation and short time 

between injections. In summary, the method can be considered specific, exact, precise, linear, 

robust and easy to perform. This protocol can be used for the quality control analysis of 

flavonoids and coumarins of different species in the Choisya genus and indeed different 

species of the Rutaceae family.  
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4 Synthesis and modification of Coumarins 

 

4.1 Introduction 

The coumarin series of compounds isolated from Choisya x dewitteana ‘Aztec Pearl’ show 

some similar features to synthetic compounds generated by the Walsh group which have 

shown low nM anti-proliferative activity with IC50s ranging from 4-25 nM in the PC-3 cell line. 

These compounds have been shown, in an in vitro assay, to exert this effect through inhibition 

of tubulin polymerisation. The aim of the work that will be presented in this Chapter will 

revolve around the synthesis, characterisation and in vitro evaluation of semi-synthetic 

derivatives of one of the coumarins isolated which shares some structural features necessary 

for inhibition of tubulin polymerisation and thus anti-cancer activity. It is envisaged that 

modification to it skeleton may offer derivatives with potent tubulin binding activity. 

In Nature, coumarins are distributed in different plants, fungi and bacteria69,70. A diverse 

spectrum of biological activity has been reported for coumarins including anti-

inflammatory73, antibacterial75, lipoxygenase and cyclooxygenase inhibition, antimutagenic76, 

anticoagulant74,77, scavenging of reactive oxygen species (ROS)78, CNS stimulants79, 

antithrombotic80, vasodilatory81 and anticancer activity82–84. 

 

4.1.1 Role of microtubules in cell division 

Mitosis is a cell cycle process which occurs both in normal and cancerous cells in which 

chromosomes are separated into two identical sets of chromosomes within the nucleus.  

Coumarin derivatives are known to inhibit cell division by acting directly on the mitotic phase 

which primarily includes prometaphase and metaphase, suggesting that that they target 

microtubules284. It is well established through structure activity relationships that methoxy 

groups at R2, R3 and R4 of the coumarin backbone (Figure 4.1) are optimal for their tubulin 

binding activity100. Previous compounds synthesised by a previous member of the research 

group also demonstrated potent inhibition of tubulin polymerisation where methoxy groups 

were also present, but at positions R1, R2 and R3
285.  The majority of the active compounds 

contained a C-ring at R5 and the most active compounds consistently contained a 

hydroxyanisole unit with the hydroxy- and methoxy- groups occupying the meta and para 

positions respectively, similar to the B-ring of Combrestastatin A-4 (CA-4). The C-ring 
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substituents play an integral role in the tubulin binding activity, with the electron rich 

substituents containing a free lone pair of electrons appearing to be essential for the observed 

tubulin binding activity of these compounds. What is less clear from the literature is what 

other groups can be presents at R1, R2 and R3. A particular aim of the work described in this 

chapter was to challenge the general consensus that only methoxy groups are tolerated at 

these positions. We were interested in modifying position R2 in particular to include the 

isoprenyloxy group present on the isolated coumarin (2.01). In view of the fact that benzyloxy 

groups in particular would be used as part of the synthetic route to these compounds, this 

group was to be tested as well as a simple OH group at this position. The benzyloxy group 

would be an interesting moiety at this position considering the number of possible derivatives 

one could explore by placing substituents on various positions of the aromatic ring. 

 

 

Figure 4.1 Coumarin backbone 

 

Based on the success of previous studies in the Walsh group on the design of tubulin binding 

compounds and the fact that one of the major constituents of C. x dewitteana ‘Aztec Pearl’ is 

a coumarin, the focus of the work described in this chapter was to: 

• Devise a suitable synthesis of compounds of the type depicted in Figure 4.2 where 

essentially the A and B ring show the same structural features as that of the major 

coumarin Puberulin (2.01) present in C. x dewitteana ‘Aztec Pearl’; 

• Allow for the synthetic pathway chosen to be tunable so that a diverse range of 

potential tubulin binding agents could be synthesised through this route; 

• Investigate the effect, on tubulin binding activity, of these compounds using an 

established tubulin binding assay. 
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4.2 Synthetic Strategy to cyclisation of ring B – Coumarin backbone 

While C. x dewitteana ‘Aztec Pearl’ is a rich source of the coumarin Puberulin (6,8-dimethoxy-

7-((3-methylbut-2-en-1-yl) oxy)-2H-chromen-2-one) (2.01), to be convertible into the type 

shown in Figure 4.2 necessitated inclusion of functionality at position R5 of this compound. A 

hydroxy or halogen functionality was preferred as this would allow for a Suzuki coupling step 

to be included in subsequent steps for the attachment of the hydroxyanisole moiety (C ring).  

(Figure 4.2). 

 

Figure 4.2 Final products of synthesis 

 

Our initial idea was to closely follow the synthetic route already established by a former group 

colleague Coogan285 who started the coumarin synthetic route by closely following literature 

methods available for the synthesis of 4-aryl coumarin compounds286.  Ultimately the 

synthesis designed by Coogan was shorter as he used a Dakin reaction for substitution of the 

hydroxy group for the aldehyde functionality in 2,3,4-trimethoxybenzaldehyde (Scheme 4.1). 

While Coogan285 commenced his synthesis from 2,3,4-trimethoxybenzaldehyde the synthesis 

developed in this chapter was required to use 2,6-dimethoxyphenol as the principal building 

from which to construct the compounds of the type shown in Figure 4.2. It was also 

commercially available, relatively cheap, and the phenol is an easy group to protect, 

deprotect and add the prenyl side chain later in the synthesis. It was envisaged that 

introduction of the aldehyde functionality could proceed after a suitable protecting group for 
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the phenol was identified. The prenyl group was excluded from a potential list of protecting 

group as it would be susceptible to attack in the later Bayer Villiger oxidation step. Two 

potential protecting groups for the phenol were identified namely benzyl and tert-

butyldiphenylsilyl (TBDPS) groups, both of which were considered to have good stability 

against the potential reaction conditions employed. Scheme 4.1 provides a brief overview of 

the proposed synthesis of the coumarin backbone. 

 

 

a – Protection of phenol; b – Formylation; c – Dakin oxidation; d – O-acetylation of the phenol; e – Fries 

rearrangement, giving keto-phenol; f – Claisen condensation (PG – protecting group) 

Scheme 4.1 Synthetic strategy to form the coumarin intermediate. 

 

4.3 Choosing the right protecting group 

The first step was to protect the phenolic moiety of 2,6-dimethylphenol. As alluded to earlier, 

a good protecting group should be stable to a range of conditions, mask the reactivity of the 

hydroxyl group and be easily and selectively inserted and removed. In our initial studies the 

benzyl and TBDPS protecting groups were initially tested to check their stability to the 

formylation reaction conditions. The benzyl group is commonly used to protect phenols as it 

is easy to insert, remove and exhibits a good overall stability profile especially to acids and 

bases. The deprotection step is performed as a simple hydrogenolysis step using, 10% 

palladium on carbon under a hydrogen atmosphere. Silyl ether based protecting groups are 
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also extensively used to protect alcohols and phenols. TBDPS protecting group was chosen 

over tert-butlydimethylsilyl (TBDMS) as the former exhibits increased stability to a range of 

reaction conditions. The greater stability of TBDPS ethers is due to the resonance effect i.e. 

delocalisation of conjugated π-electrons from the two aromatic rings to the Si atom, thus 

strengthening the Si-O bond and making it harder to cleave. Steric hindrance also plays a role 

in the reactivity of the ethers, TBDPS being less reactive as a result of its large size, phenyl vs 

methyl groups attached to silicon. 

 

4.3.1 Synthesis of Intermediate 2-(benzyloxy)-1,3-dimethoxybenzene (4.02) 

The protection of 2,6-dimethoxyphenol (4.01) was performed under anhydrous conditions in 

dry DMF, in the presence of caesium carbonate and benzyl bromide, to afford 2-(benzyloxy)-

1,3-dimethoxybenzene (4.02) after 8 hours (Scheme 4.2), following work-up and purification 

by flash column chromatography. The 1H NMR spectrum (Figure 4.3) of (4.02) clearly indicates 

that protection of the phenol of (4.01) occurred. A doublet and a multiplet in the aromatic 

region of the spectrum confirmed the presence of the benzyl group and the presence of a 

singlet at 5.10 ppm integrating for two protons corresponds to the -CH2 of the benzyl group. 

The methoxy groups resonate at 3.88 ppm. 

 

 

Scheme 4.2 Benzyl protection of the phenol 
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Figure 4.3 1H NMR spectrum of (4.02) 

 

4.3.2 Synthesis of Intermediate of 3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) 

After protection of the phenol, insertion of the aldehyde functionality was initially considered 

as the principal stumbling block to the synthesis of the target compounds. While many 

reagents exist for this transformation we settled on the use of phosphorous oxychloride 

(POCl3) using dry DMF as solvent. Initial conversion of the protected phenol (4.02) to the 

aldehyde (4.03) involved heating a solution of (4.02) with POCl3 at 90 °C for 6 hours in 

anhydrous DMF (Scheme 4.3). The reaction was quenched with a saturated solution of sodium 

acetate and extracted with ether. The quenching step proved to be quite exothermic resulting 

in the cleavage of the benzyl protecting group. Examination of the crude product indicated 

the presence of two compounds on TLC, (4.03) and the deprotected aldehyde (4.04). Both 

products were purified by column chromatography and the deprotected aldehyde 3-hydroxy-

2,4-dimethoxybenzaldehyde (4.04) was protected with the benzyl group in the same fashion 
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as for (4.02). The identity of the aldehyde intermediate product was proven by 1H NMR (Figure 

4.4), by the presence of aldehyde proton signal at 10.27 ppm. Correct regio-positioning of the 

aldehyde group was verified by the presence of two ortho coupling protons in the aromatic 

region of the spectrum (J = 8.8 Hz).  

 

 

Scheme 4.3 Formylation of the benzyl protected intermediate (4.02) 
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Figure 4.4 1H NMR spectrum of (4.03) 

 

4.3.3 Synthesis of Intermediate of tert-butyl(2,6-dimethoxyphenoxy)diphenylsilane (4.05) 

It was decided to explore the use of the TBDPS protecting group instead of the benzyl 

approach to protect the phenol (4.01). The reaction was performed in the presence of 

imidazole, dry DMF and TBDPSCl at room temperature for 6 hours under an atmosphere of 

nitrogen to afford tert-butyl(2,6-dimethoxyphenoxy)diphenylsilane (4.05) (Scheme 4.4). The 

protection of the dimethoxy-phenol was confirmed via its 1H NMR spectrum (Figure 4.5) by 

the presence of two multiplets in the aromatic region integrating for ten protons and a singlet 

at 1.18 ppm integrating for nine protons, both characteristic features expected for the TBDPS 

group. 
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Scheme 4.4 TBDPS protection of the phenol (4.01) 

 

 

Figure 4.5 1H NMR spectrum of (4.05) 

 

4.3.4 Synthesis of Intermediate 3-((tert-butyldiphenylsilyl)oxy)-2,4-

dimethoxybenzaldehyde (4.06) 

The formylation of the silyl protected product (4.05) was effected in the same fashion as with 

the benzyl protected product (4.02), using POCl3 and under the same conditions (Scheme 4.5). 

The reaction was quenched with a saturated solution of sodium acetate and extracted with 
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ether, affording two main products, 3-((tert-butyldiphenylsilyl)oxy)-2,4-

dimethoxybenzaldehyde (4.06) and the deprotected aldehyde (4.04). The purification of 

(4.06) was attempted, however it was proved problematic as the liberated tert-

butyldiphenylsilanol had the same Rf value on TLC as the intermediate (4.06). Their coelution 

was confirmed by the 1H NMR spectrum of the isolated sample, (Figure 4.6), which showed 

that the integration values that would be expected for (4.06) did not correlate. In fact the 

integration values for the TBDPS group had doubled up, suggesting essentially a 1:1 mixture 

of both substances were present. 

 

 

Scheme 4.5 Formylation of the silyl protected intermediate (4.05) 
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Figure 4.6 1H NMR spectrum of (4.06), with suspected impurity (4.07) present 

 

4.3.5 Deprotection of impure 3-((tert-butyldiphenylsilyl)oxy)-2,4-

dimethoxybenzaldehyde (4.06) to afford 3-hydroxy-2,4-dimethoxybenzaldehyde 

(4.04) 

An obvious solution to the problem was to subject the mixture of (4.06) and (4.07) to the 

deprotection conditions normally used to remove the TBDPS protecting group. Thus the 

mixture was treated with tert-butylammonium fluoride in anhydrous THF, at 0 °C, for 6 h. 

(Scheme 4.6). The reaction was quenched and the identity of the product (4.04) was 

confirmed by 1H NMR analysis (Figure 4.7). The spectrum indicated the absence of the TBDPS 

group and the presence of the phenolic hydroxyl at 5.71 ppm. 
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Scheme 4.6 Deprotection of the silyl group of (4.06) 

 

Figure 4.7  1H NMR spectrum of (4.04) 

 

4.4 Benzyl protecting group 

On balance, it was decided to proceed with the synthesis using benzyl as protecting group for 

the phenolic moiety of (4.04). 
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4.4.1 Synthesis of the intermediate 3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) 

Thus the deprotected aldehyde (4.04) was dissolved in DMF, caesium carbonate and benzyl 

bromide were added and the mixture stirred for 8 hours. After which time the reaction was 

quenched and the product (4.03) was purified by flash column chromatography (Scheme 4.7). 

The 1H NMR spectrum of (4.03) confirmed the protection of the phenol had taken place by 

the presence of the singlet, integrating for 2H, at 5.10 ppm and the additional five aromatic 

protons spanning 6-8ppm (Figure 4.8). 

 

 

Scheme 4.7 Protection of the phenol (4.04) 
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Figure 4.8 1H NMR spectrum of (4.03) 

 

Having secured the protected aldehyde (4.03), our attention turned to converting the 

aldehyde moiety into the formate ester derivative. Previously in our research group, this type 

of transformation was performed in two steps, namely a Baeyer-Villiger oxidation followed 

by the hydrolysis of the formate ester or the one-pot approach using the Dakin reaction -  

which is always preferred in situations where other functionality present on the molecule are 

sufficiently robust to these conditions287.  

 

4.4.2 Synthesis of 3-(benzyloxy)-2,4-dimethoxyphenol (4.08) via acid catalysed Dakin 

Oxidation 

The aldehyde (4.03) was treated with hydrogen peroxide at 0 °C, sulfuric acid was added 

slowly followed by methanol. In this reaction, protonation of the carbonyl oxygen invites 
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peroxide attack at the carbonyl carbon forming an unstable intermediate that prompts aryl 

migration onto oxygen with the loss of water. The carbonyl remains protonated and is then 

attacked by methanol, forming another intermediate which converts to give the free phenol.  

After 1 hour, the reaction was worked up with sodium hydroxide to afford the 3-(benzyloxy)-

2,4-dimethoxyphenol (4.08) in crude form. Following purification by column chromatography 

and analysis by 1H NMR the resulting spectrum indicated that a considerable quantity of the 

unreacted aldehyde (4.03) was also present, with both co-eluting from the column as they 

had the same Rf value on TLC as indicated in the proton NMR spectrum (Figure 4.9). There 

was also some deprotection of the benzyl group forming a trivial amount of 2,4-

dimethoxybenzene-1,3-diol (4.09) (Scheme 4.8). 

 

 

Scheme 4.8 Dakin oxidation of (4.03) 
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Figure 4.9 1H NMR spectrum of (4.08) with suspected impurity (4.03) present 

 

4.4.3 Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenyl formate (4.10) 

As the phenol (4.08) was co-eluting with the unreacted starting material (4.03), it was decided 

to revert back to the two-step process. The first step involved the Baeyer-Villiger oxidation of 

the aldehyde (4.03) with meta-chloroperoxybenzoic acid (mCPBA) using DCM as a solvent at 

0 °C for 1 hour. The reaction was quenched with sodium bicarbonate (5% solution), washed 

with water, then with a saturated solution of sodium chloride to afford 3-(benzyloxy)-2,4-

dimethoxyphenyl formate (4.10) (Scheme 4.9). The reaction was relatively straightforward 

although the removal of the excess of mCPBA was slightly problematic. 
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Scheme 4.9 Baeyer-Villiger oxidation of (4.03) 

 

4.4.4 Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenol (4.08) 

The formate ester (4.10) was then hydrolysed under basic conditions to afford the 3-

(benzyloxy)-2,4-dimethoxyphenol (4.08). An acid-base work up yielded a very reasonably 

pure phenol (Scheme 4.10). The 1H NMR spectrum (Figure 4.10) of (4.08) confirmed the 

identity of the phenol by the absence of the formate ester proton peak at 8.28 ppm and the 

broad phenolic signal at 5.4-5.5 ppm. 

 

 

Scheme 4.10 Hydrolyses of (4.10) 

 



133 
 

 

Figure 4.10 1H NMR spectrum of (4.08) 

 

4.4.5 Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenyl acetate (4.11) 

The resultant phenol (4.08) was O-acetylated following treatment with acetic anhydride and 

sodium acetate under reflux for 3 h to afford 3-(benzyloxy)-2,4-dimethoxyphenyl acetate 

(4.11) (Scheme 4.11). The singlet at 2.34 ppm integrating for three protons in the 1H NMR 

(Figure 4.11) confirms the formation of the acetate and also the 13C signal at 169.7 ppm in the 

13C spectrum confirms the presence of the carbonyl (C=O) of the acetate. 
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Scheme 4.11 O-acetylation of (4.08) 

 

 

Figure 4.11 1H NMR spectrum of (4.11) 

 

4.4.6 Attempted synthesis of 1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-

one (4.12)  

While cognisant of the fact that both phenolic-based protecting groups were vulnerable to 

high temperature and acidic conditions of previous steps, it was nevertheless decided to 
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proceed with these protecting groups for the next step as well. The acetate (4.11) was treated 

with glacial acetic acid and boron trifluoride diethyl etherate under reflux conditions for two 

hours (Scheme 4.12). In the Fries rearrangement step the acetyl group migrates on to the 

position ortho to the original formate group to give the keto-phenol (4.12). Central to the 

mechanism underpinning this reaction is one of the lone pair of electrons on the carbonyl of 

the phenyl ester which is attacked by the electron deficient boron, forming a polarised 

complex that simulates the rearrangement of the boron group onto the phenolic oxygen. This 

prompts the dissociation of the acyl group from the phenolic oxygen forming a free and highly 

reactive acylium ion. Electrophilic aromatic substitution takes place accordingly in a selective 

manner. The regio-selectivity of this reaction may be manipulated by controlling the 

temperature, with low temperature favouring the para position and high temperature 

favouring the ortho position. The reaction was quenched with sodium hydroxide, necessary 

to effect hydrolysis of the boron complex and neutralising any residual HF, affording 1-(2,4-

dihydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.13) and not the desired compound (4.12). 

This was evident from the proton NMR spectrum (Figure 4.12), with the absence of the 

characteristic protons for the benzyl substituent.  

 

 

Scheme 4.12 Fries rearrangement of (4.11) 
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Figure 4.12 1H NMR spectrum of (4.13) 

 

4.4.7 Synthesis of intermediate 3-hydroxy-2,4-dimethoxyphenyl acetate (4.14) 

As the benzyl group did not resist the conditions of the previous reaction, the decision to 

revert back to the TBDPS protection for the phenolic group was taken. Facile deprotection of 

the benzyl group of 3-(benzyloxy)-2,4-dimethoxyphenyl acetate (4.11) was effected under 

palladium-catalysed hydrogenation conditions. A 1:1 mixture of ethyl acetate:ethanol under 

a hydrogen atmosphere, catalysed with 10% Pd/C, afforded 3-hydroxy-2,4-dimethoxyphenyl 

acetate (4.14) (Scheme 4.13). The identity of the product was confirmed by the expected loss 

of the two benzene methylene protons at around 5.5 ppm and the five aromatic protons 

(Figure 4.13). 
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Scheme 4.13 Deprotection of the benzyl group of (4.11) 

 

 

Figure 4.13 1H NMR spectrum of (4.14) 

 

4.4.8 Synthesis of intermediate 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl 

acetate (4.15)  

The deprotected acetate (4.14) was then protected with the TBDPS group, using imidazole, 

TBDPSCl and dry DMF under nitrogen atmosphere for six hours to afford 3-((tert-
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butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15) in crude form following work-up 

and purification by flash chromatography (Scheme 4.14). The significant contaminant in this 

reaction was the silanol (4.07) as evidence by the proton NMR (Figure 4.14), with signals for 

the TBDPS groups almost doubled the expected intensity. To separate the products of the 

reaction an acetylation reaction was performed on the mixture using, Ac2O, Et3N as tertiary 

base and DMAP as acylation catalyst agent. It was anticipated that the resultant tert-

butyldiphenylsilyl acetate (4.16) would be relatively non-polar and therefore separable from 

the desired product 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15). 

While the reaction worked to some extent it proved difficult to drive it to completion, and as 

a consequence the desired acetate (4.15) was not obtained in pure form as shown by the 1H 

NMR spectrum shown in Figure 4.14. 

 

 

Scheme 4.14 Silyl protection of (4.14) followed by O-acetylation of the silanol (4.07) 
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Figure 4.14 1H NMR spectrum of (4.15) with suspected impurity (4.07) present 

 

4.4.9 Attempted synthesis of 1-(4-((tert-butyldiphenylsilyl)oxy)-2-hydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.17) 

As complete removal of the silanol (4.07) was not possible, the Fries rearrangement step was 

done with the impure 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15) in 

the same fashion as tried previously. The acetate (4.15) was treated with glacial acetic acid 

and boron trifluoride diethyl etherate initially at 40 °C and then gradually under reflux 

conditions for 1 hour (Scheme 4.15). There was little evidence that the reaction was 

proceeding at the lower temperature. The reaction was quenched with sodium hydroxide, to 

hydrolyse the boron complex and to neutralise any HF that formed. Unfortunately the primary 

product afforded was the rearranged deprotected substance 1-(2,4-dihydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.13).  
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Scheme 4.15 Fries rearrangement of (4.15) 
 

4.4.10 Synthesis of intermediate 3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic 

acid (4.18) 

As both protecting group, benzyl and TBDPS, were not stable to the conditions of the 

rearrangement reactions above a different pathway was taken. The phenol (4.08) was treated 

directly with Meldrum’s acid, using toluene as solvent, at a temperature of 90 °C for four 

hours288 (Scheme 4.16). This approach afforded 3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-

oxopropanoic acid (4.18). The most striking feature of the 1H NMR spectrum (Figure 4.15) was 

the singlet, 2H, at 3.73 ppm representing the β-ketomethylene protons on the appended side 

chain.  

 

 

Scheme 4.16 Reaction of (4.08) with Meldrum's acid 
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Figure 4.15 1H NMR spectrum of (4.18) 

 

4.4.11 Attempted synthesis of 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20) 

In step 2, the cyclisation reaction, (4.18) was heated to 60 oC and stirred with polyphosphoric 

acid for 1 hour (Scheme 4.17). The reaction was quenched by the addition of water to the 

cooled mixture and extracted with ether. After subsequent purification by flash column 

chromatography the product isolated was 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one 

(4.20), and not the desired benzyl protected product (4.19). This is evidenced by the lack of 

the signals characteristic of the benzyl group in the 1H NMR spectrum (Figure 4.16). Variations 

on the above method included conducting the reaction at room temperature and also by 

gradually increasing the temperature up to 60 °C and monitoring each incremental increase 

in temperature by TLC. At the lower temperature, the reaction did not proceed and when it 

did, at the higher temperature, simultaneously cleavage of the benzyl group occurred. 
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Scheme 4.17 Attempt to cyclise ring B 

 

 

Figure 4.16 1H NMR spectrum of (4.20) 
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4.4.12 Attempted synthesis of (4.19) via intermediate 3-(benzyloxy)-2,4-

dimethoxyphenhyl 3-chloro-3-oxopropanoate (4.21). 

To facilitate the cyclisation reaction, it was decided to convert the acid functionality into its 

corresponding acid chloride derivative. The idea being that with a good leaving group present 

it should be possible to conduct the cyclisation reaction at a lower temperature. Thus (4.18) 

was stirred with DCM, DMF and oxalyl chloride at 0 °C for 1 h to afford 3-(benzyloxy)-2,4-

dimethoxyphenhyl 3-chloro-3-oxopropanoate (4.21) (Scheme 4.18), which was used directly 

in the next step after the volatiles had been removed. The resulting residue was dissolved in 

DCM and cooled to -10 °C. Tin (IV) chloride was added slowly to (4.21) under a nitrogen 

atmosphere. After ~ 1 h, the reaction was quenched with brine and then extracted with ether. 

After work-up and purification the deprotected product; namely 7-dihydroxy-6,8-dimethoxy-

2H-chromen-2-one (4.20) was isolated. 

 

 

Scheme 4.18 SnCl4 mediated cyclisation of (4.21). 

 

4.4.13 Synthesis of intermediate 3-(3-hydroxy-2,4-dimethoxyphenoxy)-3-oxopropanoic 

acid (4.22) 

As the benzyl group was not stable to any of the conditions used to form the coumarin, it was 

decided to revert back to the silyl based protecting groups instead. The benzyl group from 3-

(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.18) was liberated with 10% 

Pd/C, H2 in a 1:1 solution of ethyl acetate:ethanol (Scheme 4.19). After following the standard 

work-up procedure i.e. filtration, solvent evaporation and passage of the crude residue 
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through a plug of silica, the product 3-(3-hydroxy-2,4-dimethoxyphenoxy)-3-oxopropanoic 

acid (4.22) was easily identified by the absence of the characteristic benzyl protons in the 1H 

NMR spectrum (Figure 4.17). 

 

 

Scheme 4.19 Deprotection of the benzyl group of (4.18) 

 

 

Figure 4.17 1H NMR spectrum of (4.22) 
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4.4.14 Attempted synthesis of (4.24) via intermediate 3-(3-((tert-butyldimethylsilyl)oxy)-

2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.23). 

Protection of (4.22) as TBDMS was then performed under a nitrogen atmosphere, using DMF 

as a solvent in the presence of imidazole and tert-butyldimethylsilyl chloride for 6 hours which 

afforded 3-(3-((tert-butyldimethylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid 

(4.23) (Scheme 4.20). The addition of the TBDMS group was confirmed by the proton 

resonances at 0.17 ppm and 1.03 ppm, integrating for 6 and 9 protons, respectively on the 1H 

NMR spectrum (Figure 4.18). Attempts to cyclise (4.23) using polyphosphoric acid was 

effected at various temperatures, starting at room temperature and gradually increasing to 

60 oC. Careful monitoring of the reaction indicated that, as with the benzyl group, cyclisation 

was accompanied by scission of the TBDMS group to ultimately afford the deprotected 

product 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20). 

 

 

Scheme 4.20 Silyl protection of (4.22) and attempted cyclisation of (4.23) to form the B-ring 
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Figure 4.18 1H NMR spectrum of (4.23) 

 

4.4.15 Attempted synthesis (4.26) via intermediate 3-(3-((tert-butyldiphenylsilyl)oxy)-2,4-

dimethoxyphenoxy)-3-oxopropanoic (4.25). 

As the TBDMS protecting group did not resist the high temperature and acid conditions, it 

was decided to revert to the more stable TBDPS group. The protection was performed in the 

same fashion as previously, where (4.22) was stirred with TBDPSCl using DMF as a solvent and 

imidazole as base, under a nitrogen atmosphere, for 6 hours. The identity of the product 3-

(3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic (4.25) (Scheme 

4.21) was confirmed by 1H NMR where the obvious presence of the TBDPS group was evident 

(Figure 4.19). A singlet at 1.09 ppm corresponded to the t-butyl group, and also the presence 

of a multiplet and a double doublet in the aromatic region confirmed the presence of the two 

phenyl groups. Other proton signals of note in the spectrum included CH2 group resonating 

as a singlet at 3.70 ppm and the two methoxy groups as two singlets at 3.01 and 3.81 ppm. 

The two aromatic protons are seen as two doublets at 6.30 and 6.58 ppm (J = 9.0 Hz). As with 

the corresponding TBDMS based protecting group, (4.25) was mixed with polyphosphoric acid 
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at various temperature and monitored at each incremental change in temperature by TLC. As 

before, when the cyclisation did occur it was accompanied by loss of the TBDPS group with 7-

dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20) being the most significant product of the 

reaction. 

 

 

Scheme 4.21 Silyl protection of (4.22) and attempted cyclisation of (4.25) to form the B-ring 
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Figure 4.19 1H NMR spectrum of (4.25) 

 

4.4.16 Attempted formation of (4.19) via a one pot transformation from (4.08).  

It was decided to effect the cyclisation step directly from the phenol (4.08) using the method 

of Per Naveen et al289. The phenol (4.08) was treated with malonic acid in phosphorous 

oxychloride containing anhydrous magnesium chloride. Once again the reaction was 

performed at different temperatures. The reaction did not afford the desired product, instead 

it was the deprotected compound (4.20) that was afforded namely; 7-dihydroxy-6,8-

dimethoxy-2H-chromen-2-one (Scheme 4.22). 
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Scheme 4.22 Attempted formation of (4.19) from (4.08) 

 

4.5 Employment of a different strategy to cyclise ring B – Coumarin backbone 

Since neither the rearrangement reaction nor the approaches taken to effect the cyclisation 

step yielded the desired coumarin, an alternative strategy was required. This involved 

designing a method to initially build the desired ketophenol intermediate in a more stepwise 

fashion and from here to give the desired coumarin backbone as illustrated in Scheme 4.23. 

Introduction of the aldehyde functionality adjacent to the phenolic OH was the first step. This, 

in principle could be effected by using triethylamine, paraformaldehyde and anhydrous 

magnesium chloride. Protection of the phenolic moiety should be possible using 

tertbutyldimethylsilyl chloride while formation of the methy ketophenol should be possible 

by the use of a Grignard reaction with methyl magnesiumbromide followed by Dess Martin 

periodinane oxidation of the resultant secondary alcohol. The last step in the sequence would 

be the removal of the TBDMS group. Subsequent reaction of the ketophenol with 

diethylcarbonate in the presence of sodium hydride should allow for the generation the 

hydroxycoumarin (4.19).  
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a – Ortho-formylation of the phenol, b – Protection of the phenol, c – Grignard reaction, d – Dess-Martin 

oxidation, e – Deprotection of the TBDMS group, f – 4-Hydroxycoumarin formation 

Scheme 4.23 Proposed sequence of reactions to generate the coumarin (4.19) 

 

4.5.1 Formylation of (4.08) to give 4-(benzyloxy)-2-hydroxy-3,5-dimethoxybenzaldehyde 

(4.27) 

The addition of an aldehyde group ortho to the phenol was performed as reported previously 

by Hansen290, using triethylamine, paraformaldehyde and anhydrous magnesium chloride at 

75°C, under anhydrous conditions. After two hours the reaction had ceased. To optimise the 

yield of product the reaction was allowed to cool down to room temperature and a fresh 

equivalent of the reagent was added to the flask which was stirred for five minutes and then 

the reaction was steadily brought up to 75 OC for an additional two hours. After work-up and 

purification by flash column chromatography, subsequent analysis of the isolated material by 

1H NMR indicated the presence of two compounds namely starting material (4.08) and the 

desired product 4-(benzyloxy)-2-hydroxy-3,5-dimethoxybenzaldehyde (4.27) in a ratio of 

approximately 1:2 (Scheme 4.24) and (Figure 4.20).  
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Scheme 4.24 Ortho formylation of (4.08) 

 

 

Figure 4.20 1H NMR spectrum of (4.27) 

 

4.5.2 Protection of the phenol of (4.27) to give 4-(benzyloxy)-2-((tert-

butyldimethylsilyl)oxy)-3,5-dimethoxybenzaldehyde (4.28) 

As the products from the previous reactions could not be separated by chromatographic 

means, the next step was to protect the phenolic functionality of both substances and purify 
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the resultant products by flash column chromatography. The reaction was performed under 

a nitrogen atmosphere, using DMF as a solvent in the presence of imidazole and tert-butyl 

dimethylsilyl chloride as silylating reagent. Both derivatives were formed namely 4-

(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxybenzaldehyde (4.28) and 3-

(benzyloxy)-2,4-dimethoxyphenoxy)(tert-butyl)dimethylsilane (4.29) (Scheme 4.25), and 

were easily separated following flash column chromatography. The identity of desired 

product (4.28) was confirmed by 1H NMR (Figure 4.21). The proton spectrum indicates the 

presence of the aldehyde proton, resonating at 10.36 ppm, while the tert-butyl group was 

confirmed by the characteristic singlet at 1.03 ppm and the two methyl groups which resonate 

as a singlet at 0.20 ppm. The two methoxy groups resonate at 3.81 and 3.86 ppm. The singlet 

in the aromatic region resonating at 7.10 ppm corresponds to the proton of the ring A of the 

coumarin backbone. The other aromatic protons resonating at 7.33 and 7.47 ppm and the 

peak resonating at 5.19 ppm correspond to the protons of the benzyl substituent. 

 

 

Scheme 4.25 Silyl protection of (4.27) 
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Figure 4.21 1H NMR spectrum of (4.28) 

 

4.5.3 Synthesis of intermediate 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-ol (4.30) 

The route to the desired keto phenol (4.12) was then facilitated relatively easily via a three-

step process. Using methyl magnesium bromide conversion of the aldehyde (4.28) to the 

corresponding ethanol derivative (4.30) was accomplished. The reaction was performed using 

THF as solvent at 0 °C for 1 hour. After work-up and purification the product, 1-(4-(benzyloxy)-

2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxyphenyl)ethan-1-ol (4.30) (Scheme 4.26) was 

isolated and its structure confirmed by NMR. The new features in the 1H spectrum of (4.30), 

(Figure 4.22), was the presence of a doublet at 1.47 ppm for the methyl group and a quartet 

at 5.28 ppm corresponding to the CHOH proton. 
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Scheme 4.26 Grignard reaction of (4.28) 

 

 

Figure 4.22 1H NMR spectrum of (4.30) 

 

4.5.4 Synthesis of intermediate 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-one (4.31) 

The oxidation of the alcohol (4.30) was performed with Dess-Martin periodinane in DCM at 

0 °C for 15 min. Work-up and purification by flash column chromatography afforded 1-(4-
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(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxyphenyl)ethan-1-one (4.31) 

(Scheme 4.27). The oxidation product was confirmed by 1H NMR (Figure 4.23). Two 

characteristic spectral features confirmed that the oxidation step was successful; absence of 

the CHOH proton signals and the methylketo protons now resonating as a singlet. 

 

 

Scheme 4.27 Oxidation of (4.30) 

 

 

Figure 4.23 1H NMR spectrum of (4.31) 
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4.5.5 Deprotection of the TBDMS group of (4.31) to give 1-(4-(benzyloxy)-2-hydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.12) 

Deprotection of the silyl group of (4.31) was performed in the presence of TBAF and THF at 

0 °C for 10 minutes to afford 1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one 

(4.12) (Scheme 4.28), after work-up and purification by flash column chromatography. 

Absence of the TBDMS group was confirmed by the 1H NMR spectrum of (4.12) (Figure 4.24). 

 

 

Scheme 4.28 Silyl deprotection of (4.31) 

 

 

Figure 4.24 1H NMR spectrum of (4.12) 
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4.5.6 Claisen condensation of (4.12) to give ethyl 3-(4-(benzyloxy)-2-hydroxy-3,5-

dimethoxyphenyl)-3-oxopropanoate (4.32) 

Previously in our research group, the cyclisation step was performed using Claisen 

condensation, in which the keto-phenol was stirred with diethyl carbonate and sodium 

hydride under reflux for 5 hours to give a 4-hydroxycoumarin. The reaction was performed in 

the same fashion as previously done. However in this case it afforded ethyl 3-(4-(benzyloxy)-

2-hydroxy-3,5-dimethoxyphenyl)-3-oxopropanoate (4.32) (Scheme 4.29) and not the cyclised 

compound (4.19). The intermediate product was confirmed by 1H NMR (Figure 4.25). The 

most characteristic features included the triplet (3H) and quartet (2H) for the ethyl side chain.  

The beta dicarbonyl methylene protons were also seen to resonate as a singlet at 3.96 ppm. 

 

 

Scheme 4.29 Claisen condensation of (4.12) 
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Figure 4.25 1H NMR spectrum of (4.32) 

 

4.5.7 Synthesis of the coumarin backbone 7-(benzyloxy)-4-hydroxy-6,8-dimethoxy-2H-

chromen-2-one (4.19) 

Cyclisation of ethyl 3-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)-3-oxopropanoate 

(4.32) was effected by heating a solution of this compound at 120 °C for 16 hours. Simple 

evaporation of the solvent afforded 7-(benzyloxy)-4-hydroxy-6,8-dimethoxy-2H-chromen-2-

one (4.19) (Scheme 4.30). Its structure was confirmed by 1H NMR (Figure 4.26) with the 

characteristic alkene proton resonating at 5.92 ppm and the complete absence of the ethyl 

side chain protons. 
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Scheme 4.30 Cyclisation of ring B to give compound (4.19) 

 

 

Figure 4.26 1H NMR spectrum of (4.19) 

 

4.5.8 Synthesis of the triflate intermediate 7-(benzyloxy)-6,8-dimethoxy-2-oxo-2H-

chromen-4-yl trifluoromethanesulfonate (4.33) 

Having secured the 4-hydroxy coumarin (4.19) coupling of the hydroxy anisole moiety was 

effected in three steps. Step 1 involved conversion of (4.19) to the corresponding triflate 
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derivative while step 2 involved a Suzuki coupling reaction to append the hydroxy anisole 

moiety. The relative reactivity of the triflate when compared to halides is I>OTf>Br>>Cl. In the 

Suzuki reaction, oxidative addition of the Pd(0) complex to the triflate results in the formation 

of a stable trans-σ-palladium(II) complex. The Pd(0) complex is then regenerated, following 

transmetallation, via the reductive elimination of the organic partners291. 

In step 1, (4.19) was dissolved in anhydrous DCM and was treated with triethylamine as base 

and the triflating reagent, trifluoromethanesulfonic anhydride, which was added slowly to the 

flask at 0 °C over 15 minutes. Routine work-up and purification, by flash column 

chromatography, of the crude product afforded 7-(benzyloxy)-6,8-dimethoxy-2-oxo-2H-

chromen-4-yl trifluoromethanesulfonate (4.33) (Scheme 4.31). The triflate intermediate 

(4.33) was not characterized as it was not stable and so it was proceeded with directly to the 

Suzuki coupling step. 

 

 

Scheme 4.31 Addition of the triflate to (4.32) 

 

4.5.9 Suzuki coupling step to give the intermediate 7-(benzyloxy)-4-(3-((tert-

butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.35) 
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The boronic acid (4.34), previously synthesised from a colleague from the group, was coupled 

directly to (4.33) using Pd(PPh3)4 as catalyst, Na2CO3 as base and a mixture of toluene, ethanol 

and water as the solvent system185. In terms of the reaction sequence the triflate (4.33), 

boronic acid (4.34) and potassium carbonate were added to the solvent system. Then the 

Pd(PPh3)4 catalyst was added and the mixture was refluxed for 30 min (Scheme 4.32), to 

afford 7-(benzyloxy)-4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-

2H-chromen-2-one (4.35) after work-up and purification by flash column chromatography. 

The addition of the TBDMS-hydroxy anisole moiety was confirmed by the 1H NMR spectrum 

(Figure 4.27). The additional features of this spectrum over that for the 4-hydroxycoumarin 

(4.19) included the characteristic proton signals for the TBDMS group, singlets at 0.22 and 

1.03 ppm respectively for the dimethyl and tertbutyl substituents respectively. An additional 

methoxy group was confirmed by the presence of the extra sharp singlet resonating in the 

region between 3.70-4.10 ppm and finally the aromatic region also had the expected three 

additional protons for the aromatic ring. 

 

 

Scheme 4.32 Addition of ring C to coumarin backbone 
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Figure 4.27 1H NMR spectrum of (4.35) 

 

4.5.10 Synthesis of 7-(benzyloxy)-4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-2H-

chromen-2-one (4.36) 

Liberation of the TBDMS group of (4.35) is necessary before this compound could be 

evaluated for potential inhibition of tubulin polymerisation. This step was effected by treating 

a solution of this compound in THF with TBAF. The temperature of the reaction was 

maintained at 0 °C for 5 min after which time the product, 7-(benzyloxy)-4-(3-hydroxy-4-

methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.36) was afforded (Scheme 4.33). 

Complete absence of the TBDMS proton signals was evident from the spectrum (Figure 4.28) 

of (4.36) while presence of the three methoxy signals as singlets at 3.76, 4.01 and 4.03 ppm 

was observed. Other features included the CH2 protons of the benzyl group resonating at 5.20 

ppm while the free phenolic hydroxyl appears as a small broad peak at 5.82 ppm. As expected 

the ten aromatic CHs were seen to resonate as a mixture of singlets, doublets and multiplets 
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between 6.29 and 7.53 ppm (Figure 4.29). Some degree of signal overlap was observed in this 

region of the spectrum. 

 

 

Scheme 4.33 Deprotection of (4.35) to give (4.36) 

 

 

Figure 4.28 1H NMR spectrum of (4.36) 
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Figure 4.29 1H NMR spectrum of the aromatic region of (4.36) 

 

4.5.11 Synthesis of 7-hydroxy-4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-2H-

chromen-2-one (4.37) 

While all compounds synthesised by Coogan285 had the characteristic three methoxy 

substituents on the A-ring, part of this study was to challenge the hypothesis that for potent 

inhibition of tubulin polymerisation a trimethoxy group should be present on either of the A 

or C rings. Thus liberation of the benzyl group of (4.36) was effected by a routine 

hydrogenolysis step using 10% Pd/C under a H2 atmosphere for 10 minutes. The solvent 

system of choice for this transformation was a 1:1 mixture of ethanol:ethyl acetate. (Scheme 

4.34). The identity of the product; namely 7-hydroxy-4-(3-hydroxy-4-methoxyphenyl)-6,8-

dimethoxy-2H-chromen-2-one (4.37) was confirmed by proton NMR (Figure 4.30) by the 

expected loss of the benzyl methylene protons at 5.20 ppm and the five aromatic protons and 

the appearance of the broad OH signal observed at 10.03 ppm. 
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Scheme 4.34 Final product (4.37) 

 

 

Figure 4.30 1H NMR spectrum of (4.37) 
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4.5.12 Synthesis of intermediate 4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-7-

hydroxy-6,8-dimethoxy-2H-chromen-2-one (4.38) 

The overarching aim of the work described in this chapter was to prove the hypothesis that 

addition of the C-ring onto the naturally occurring coumarin at the 4-position should result in 

a compound with tubulin binding activity.  Thus the benzyl group of (4.35) was removed under 

exactly the same conditions as that required for (4.36). The identity of the intermediate (4.38) 

was confirmed by 1H NMR spectrum (Figure 4.31) where, as expected, there was a complete 

absence of the peaks characteristics of the benzyl group. 

 

 

Scheme 4.35 Benzyl deprotection of (4.35) 
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Figure 4.31 1H NMR spectrum of (4.38) 

 

4.5.13 Synthesis of intermediate 6,8-dimethoxy-4-(4-methoxy-3-((3-methylbut-2-en-1-

yl)oxy)phenyl)-7-((3-methylbut-2-en-1-yl)oxy)-2H-chormen-2-one (4.39) 

It was anticipated that the addition of the prenyl side chain to (4.38) could be performed 

under anhydrous conditions in dry DMF, in the presence of caesium carbonate and 3,3-

dimethylallyl bromide. When this transformation was attempted, prenylation occurred on 

both the A and C rings to give (4.40) (Scheme 4.36) as evidenced by the resulting 1H NMR 

spectrum obtained on the isolated compound. Signals corresponding to the prenyl side chain 

at 1.73, 1.80, 4.62 and 5.54 ppm were doubled up and there was a complete absence of the 

signals characteristic of the TBDMS group. Under these conditions, cleavage of the TBDMS 

protecting group had occurred, with subsequent addition of the prenyl side chain onto the 

liberated phenol (Figure 4.32). 
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Scheme 4.36 Attempt to add the prenyl side chain to (4.38) 

 

Figure 4.32 1H NMR spectrum of (4.40) 
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4.5.14 Synthesis of intermediate 7-(benzyloxy)-4-(3-(2,2-dimethyl-1,1-diphenylpropoxy)-4-

methoxyphneyl)-6,8-dimethoxy-2H chromen-2-one (4.41) 

To overcome the sensitivity of the TBDMS protecting group to the basic conditions used in 

the reaction it was decided to circumvent this problem by substituting the TBDMS with 

TBDPS, a more stable silyl derivative due to resonance effects. The protection of the phenol 

(4.36) was performed in the same fashion as previously described for (4.05), to afford 7-

(benzyloxy)-4-(3-(2,2-dimethyl-1,1-diphenylpropoxy)-4-methoxyphneyl)-6,8-dimethoxy-2H 

chromen-2-one (4.41) (Scheme 4.37). The addition of the TBDPS group was confirmed by the 

1H NMR spectrum (Figure 4.33), where, as expected, greater complexity was evident in the 

aromatic region of the spectrum in particular. The tertbutyl signal was also present at 1.17 

ppm. 

 

Scheme 4.37 Silyl protection to (4.36) 
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Figure 4.33 1H NMR spectrum of (4.41) 

 

4.5.15 Synthesis of intermediate 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-7-

hydroxy-6,8-dimethoxy-2H-chromen-2-one (4.42) 

Removal of the benzyl group from (4.41) was effected in the normal manner using 10% Pd/C 

in ethanol:ethyl acetate to give 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-7-

hydroxy-6,8-dimethoxy-2H-chromen-2-one (4.42) (Scheme 4.38). The identity of (4.42) was 

confirmed by the obvious lack of the benzyl protons on the 1H NMR spectrum and the 

appearance of the broad OH signal just above 6.0 ppm (Figure 4.34). 
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Scheme 4.38 Benzyl deprotection of (4.41) 

 

Figure 4.34 1H NMR spectrum of (4.42) 
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4.5.16 Synthesis of intermediate 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-6,8-

dimethoxy-7-((3-methylbutyl-2-en-1-yl)oxy)-2H-chromen-2-one (4.43) 

The addition of the prenyl side chain to (4.42) was performed under anhydrous conditions in 

dry DMF, in the presence of caesium carbonate and 3,3-dimethylallyl bromide (Scheme 4.39). 

After work-up and purification the product 4-(3-((tert-butyldiphenylsilyl)oxy)-4-

methoxyphenyl)-6,8-dimethoxy-7-((3-methylbutyl-2-en-1-yl)oxy)-2H-chromen-2-one (4.43) 

was identified on the basis of its 1H NMR spectrum (Figure 4.35). The addition of the prenyl 

side chain to (4.42) was evident by the presence of the signals characteristics of the prenyl 

side chain at 1.73, 1.79 ppm (6H, 2 x s, 2 x CH3), 4.64 ppm (2H, d 8 Hz, CH2CH) and 5.56 ppm 

(1H, t, CH2CH). 

 

 

Scheme 4.39 Addition to the prenyl side chain to (4.42) 
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Figure 4.35 1H NMR spectrum of (4.43) 

 

4.5.17 Synthesis of 4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-7-((3-methylbut-2-en-

1-yl)oxy)-2H-chromen-2-one (4.44) 

Following routine removal of the TBDPS protecting group of (4.43) with TBAF in THF at 0 °C 

for 10 min, the desired phenol, 4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-7-((3-

methylbut-2-en-1-yl)oxy)-2H-chromen-2-one (4.44) was isolated (Scheme 4.40).  The identity 

of (4.44) was confirmed by proton NMR (Figure 4.36) where the signal at 9.43 ppm confirmed 

the presence of the OH proton. Loss of the TBDPS group is confirmed by reduced signal 

intensity in the aromatic region of the spectrum while the tertbutyl signal at 1.16 ppm is also 

absent. 
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Scheme 4.40 Final product (4.44) 

 

 

Figure 4.36 1H NMR spectrum of (4.44) 
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4.6 Tubulin binding activity 

4.6.1 Material and Methods 

4.6.1.1 Equipment 

A Fluostar Optima 96-well plate reader equipment with thermostatic facilities. 

4.6.1.2 Buffers 

Extraction Buffer (EB 2.5 M) 

0.25 M MES acid mono-hydrate 

1.25 mM MgCl2.6H2O 

2.5 mM EGTA 

Deionised water 

The pH of the solution was adjusted to pH 6.6 by the dropwise addition of 10 M aq. NaOH. 

The buffer was stored at 4°C prior to use. 

4.6.1.3 Extraction Buffer (EB) 

The extraction buffer (EB) was prepared by the addition of 300 mL of deionised water to 200 

mL of EB 2.5 M. The pH of the buffer was then adjusted to pH 6.6 by the dropwise addition of 

2.5 M aq. NaOH. The buffer was stored at 4 °C prior to use. 

4.6.1.4 Tubulin Extraction and Purification 

The procedure used is modified from Shelanski et al.292 The extraction and purification of the 

tubulin was kindly performed by Dr. Walsh. 

4.6.2 Assay procedure 

4.6.2.1 Dilution of tubulin stock 

Tubulin assembly was followed by recording the increase in optical density of a tubulin 

solution at 350 nm at 37 °C. The stock solution of tubulin was diluted with EB buffer 1 in 4 and 

mixed gently. 
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4.6.2.2 Assay procedure 

Once the optimal concentration had been obtained for the tubulin solution the effect of the 

DMSO blank was established. DMSO (1 µL) was pipetted into four wells of a 96-well plate and 

tubulin solution (99 µL) was added to each well. The plate was immediately incubated at 37 °C 

in the plate-reader and was subjected to orbital shaking for five seconds. The UV absorption 

was measured at 350 nm over 35 min. The maximum slope of the resulting curve was 

measured and this represents the maximum rate of tubulin polymerisation. 

This procedure was repeated for all concentrations of the test solutions (0.1, 1.0, 2.5, 5.0, 7.5, 

10.0 and 25.0 µM) where the maximum slope in this case represents the maximum rate of 

tubulin polymerisation in the presence of the inhibitory compound. All the compounds were 

assayed in duplicate, on three separate occasions and the IC50 determined from the dose 

response analysis. Combretastatin was assayed under the same conditions, as an inhibitory 

control. 

4.6.2.3 Results 

The results were analysed using a non-linear regression model. Sigmoidal dose response 

curves of percentage inhibition of tubulin polymerisation versus log drug concentration (M) 

were plotted. The percentage tubulin polymerisation for each compound was calculated as 

follows: 

100 - (mX / mB) x 100 = % tubulin polymerisation inhibition 

Where, mB = maximum slope of DMSO blank solution of tubulin 

 mX = maximum slope of test compound with concentration X 

Deviation from normal behaviour were quoted as goodness to fit values (R2), where 1.0 is a 

perfect fit to the model.  The errors bars represent the standard error. The curves were used 

to determine the IC50 values for each compound tested. 
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4.7 Results and discussion 

4.7.1 Determination of Tubulin binding activity 

The purpose of this study was to evaluate the tubulin binding activity of the coumarin (2.01) 

and its semi-synthetic derivatives (4.36, 4.37 and 4.44). Figures 4.37, 4.38 and 4.39 present 

the results obtained for the synthesised compounds, together with Combretastatin A-4 (CA-

4) as positive control and DMSO as negative control. Coumarin (2.01) was inactive at 25.0 µM 

and thus an IC50 value for this compound was not obtained. 
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Figure 4.37 Graph showing the degree of inhibition of tubulin polymerisation by (4.36) at 
concentrations ranging from 0.1 µM to 25.0 µM 
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Inhibition of tubulin polymerisation by (4.37)
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Figure 4.38 Graph showing the degree of inhibition of tubulin polymerisation by (4.37) at 
concentrations ranging from 0.1 µM to 25.0 µM 

 

Inhibition of tubulin polymerisation by (4.44)
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Figure 4.39 Graph showing the degree of inhibition of tubulin polymerisation by (4.44) at 
concentrations ranging from 0.1 µM to 25.0 µM 

 

A further objective of this study was to challenge the concept that only methoxy groups or 

smaller substituents are permitted on the A-ring. Each compound was evaluated in triplicate 
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on three separate occasions and the data was compared to CA-4 and to ZA181, with three 

methoxy groups on the A-ring (Figure 4.40). 

 

 

 Figure 4.40 Coumarin (ZA181) used as control 

 

The three synthesised compounds displayed similar inhibition in the tubulin binding assay at 

2.5 µM when compared with the control CA-4 and ZA181 (Figure 4.41). The synthesised 

compound (4.44) presented 46.07 ± 8.78% inhibition, followed by (4.37) 45.73 ± 10.10% 

inhibition and (4.36) 40.36 ± 6.10% inhibition. The control CA-4 gave 61.12 ± 12.26% inhibition 

and ZA181 presented 30.25 ± 4.00% inhibition.  
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Percentage Inhibition of Tubulin Polymerisation at 2.5 µM
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Figure 4.41  Percentage inhibition of tubulin polymerisation for synthesised coumarin 
derivatives at 2.5 µM concentration (error bars represent SEM of N = 3, in triplicate) 

 

The percentage of tubulin polymerisation inhibition was plotted against log drug 

concentration (M) to obtain dose-response curve for CA-4, (4.36), (4.37), (4.44) and ZA181 

(Figure 4.42). The IC50 was then calculated for each compound and it is described in Table 4.1. 
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% Inhibition of Tubulin Polymerisation vs Log Concentration (M)

-2 -1 0 1 2
-50

0

50

100

150

(4.36)

(4.37)

(4.44)

CA-4

ZA181

Log Concentration (M)

P
e
rc

e
n

ta
g

e
 I
n

h
ib

it
io

n
 (

%
)

 

Figure 4.42 Percentage inhibition of tubulin polymerisation vs log concentration for 
synthesised coumarin derivatives, CA-4, (4.36), (4.37), (4.44) and ZA181 (error bars represent 
SEM of n = 3, in triplicate) 

 

Table 4.1 IC50 of inhibition of tubulin polymerisation of synthesised coumarin derivatives, CA-

4, (4.36), (4.37), (4.44) and ZA181, with description of side chain (R) 

Compound R IC50 (µM) 

CA-4  1.126 

(4.36) Benzyl group 3.063 

(4.37) -OH 1.986 

(4.44) Prenyl group 2.661 

ZA181 Methoxy 3.168 

 

SAR studies have demonstrated the increase or the decrease in activity regarding inhibition 

of tubulin polymerisation of coumarins depending on the position and the substituents 

attached to the 4-arylcoumarin backbone289,293.  

SAR studies demonstrated compound (Figure 4.43) was found to have evident antimitotic 

activity due to presence of methoxy groups at R1, R2 and R3 positions (trimethoxy-3-(4-
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methoxyphenyl) coumarin) when compared to 3-(4-methoxyphenyl) coumarins without the 

methoxy groups. It was reported that the antimitotic effect of trimethoxy-3-(4-

methoxyphenyl) coumarin was mediated through inhibition of tubulin polymerisation. At 4 

µM, cleavage arrest was accompanied by formation of tuberculate eggs which is a 

characteristic feature of microtubule destabilisers. Compound trimethoxy-3-(4-

methoxyphenyl) coumarin  was further tested in 60 human cancer cell lines at NCI, USA; and 

it has been observed that trimethoxy-3-(4-methoxyphenyl) coumarin caused inhibition of 

cancer cell growth with mean GI50 value of 3.981 µM100. 

 

 

Figure 4.43 Structure of trimethoxy-3-(4-methoxyphenyl) coumarin 

 

In 2008 Ganina et al.97 developed the synthesis and evaluated a new series of methoxylated 

4-heteroaryl coumarin derivatives (Figure 4.44) for their biological activity. Compounds were 

screened for cytotoxic activity using HBL100 epithelial cell line and the compound with the 

three methoxy groups at positions R1, R2 and R3 showed optimum cytotoxic potency when 

compared to the compounds without the methoxy groups. In the same study, Ganina et al. 

tried different substituents at position R4 and suggested that an indolyl moiety presented 

higher activity when compared with a quinol moiety97. 
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Figure 4.44 Structure of methoxylated 4-heteroaryl coumarin derivatives 

 

Bailly et al98 also synthesised a new series of coumarin derivatives containing A-ring 

methoxylated (Figure 4.45). The series of compounds tested by Bailly, showed activity on 

tubulin polymerisation when R1 = H or OCH3, R2 = OCH3 and R3 = OH. However, there was no 

effect on tubulin polymerisation until 26 µM when R2 = OH and R3 = OCH3. 

 

 

Figure 4.45 Structure of 4-arylcoumarin analogues of combretastatins 

 

4.8 Conclusions 

The work described in this chapter focused on the synthesis of a series of 4-aryl coumarins 

and their subsequent evaluation in the tubulin binding assay that share some structural 

features to the coumarin (2.01) isolated from Choisya x dewitteana ‘Aztec Pearl’. 
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The synthesis of the targeted compounds was quite challenging with several steps not 

proceeding as initially planned. Both protecting groups for the phenol, namely the TBDPS and 

benzyl, displayed higher than expected sensitivity to the reaction conditions used in several 

of the steps employed. This resulted in the necessity to build the targeted compounds using 

a longer number of steps that employed a Grignard reaction followed by oxidation of the 

resultant secondary alcohol with Dess-Martin periodinane to furnish the methyl ketone 

intermediate. To ultimately afford the coumarin from the ketophenol intermediate required 

a two-step process rather than one with diethylcarbonate. The steps from the 4-

hydroxycoumarin to the 4-phenylcoumarins was relatively straightforward to give 

compounds (4.36), (4.37) and (4.44). 

While this route is longer than that employed to generate the trimethoxy analogues, it 

nevertheless has several advantages primarily because there is the possibility to really explore 

a significant number of substituents on position 2 of the A-ring.  In principle, a wide range of 

potential tubulin binding agents could be synthesised through this route by simply adding 

different substituents to the OH group of the ring A. This will be a key objective with future 

work in this area. 

The synthesised compounds (4.36), (4.37) and (4.44) demonstrated excellent inhibition of 

tubulin polymerisation when compared with combretastatin and ZA181. The presence of a 

prenyl side chain resulted in an increase in tubulin binding activity with an IC50 value 2.661 

µM for (4.44) compared to 3.168 µM for ZA181. With the benzyl substituent on this position, 

there was a small increase in tubulin binding activity from 3.168 µM for ZA181 to 3.063 µM 

for (4.36). However, the presence of an -OH group instead of the methyl group increased the 

tubulin binding activity from 3.168 µM for ZA181 to 1.986 µM for (4.37). The tubulin binding 

activity of the control and synthesised compounds was CA-4 > (4.37) > (4.44) > (4.36) > ZA181. 

 

4.9 Future work 

 

There are several further lines of research arising from this work which should now be 

pursued. 
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Firstly, in chapter two, the major constituents of the leaves extract of Choisya x dewitteana 

‘Aztec Pearl’ have been isolated, however the stem, flowers and roots of this species have not 

been explored. It would be interesting to investigate the diversity of the constituents of 

different parts of the plant. Considering the promising antinociceptive activity of the ethanol 

extract of the leaves of C. x dewitteana ‘Aztec Pearl’ and some of the isolated alkaloids, further 

studies on the evaluation of the antinociceptive activity of the remaining isolated alkaloids 

and the stem, flowers and roots extracts of C. x dewitteana ‘Aztec Pearl’ should be carried 

out. 

The stereochemistry of the sesquiterpenoid isolated (2.04) was not determined in this study 

due to low amount obtained from the extract. In order to determine its absolute 

configuration, the compound needs to be re-isolated in a higher amount.  

Having validated a method for quantification of the major flavonoids and one coumarin of the 

leaves, stem and flowers extracts of C. x dewitteana ‘Aztec Pearl’ and C. ternata, the next step 

should be to validate a method for the quantification of the alkaloids and remaining 

coumarins present in the leaves, stem, flowers and roots of C. x dewitteana ‘Aztec Pearl’ and 

C. ternata. The determination of the chemical composition of the essential oil of the leaves of 

C. x dewitteana ‘Aztec Pearl’ would be ideal to achieve a better understanding of the chemical 

constituents of C. x dewitteana ‘Aztec Pearl’. 

Once the synthesis of the coumarin derivative has been optimised the next step would be to 

synthesise the common synthetic intermediate (4.35) in gram-scale quantities from which it 

could begin to introduce diversity onto the molecule via the A- and/or the C-rings and 

evaluate these compounds in a panel of cancer cell lines; in vitro, ex vivo and in vivo with focus 

on their performance as anti-mitotic and potential vascular disrupting agents. 
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Chapter 5 – Experimental 

 

 

 

 

 

 



187 
 

5 Experimental 

5.1 Experimental Section 

5.1.1 General Methods  

Starting materials were primarily provided by Sigma Aldrich® Ireland at an appropriately high 

grade and were not characterized before use. 

Nuclear Magnetic Resonance (NMR) spectroscopy was performed primarily using a Bruker 

DPX-400 MHz FT NMR spectrometer at 25°C at either 400.13 MHz for 1H NMR spectra or 

100.61 MHz for 13C NMR spectra. Resonance positions were assigned relative to the singlet 

CDCl3 peak at 7.29 ppm for 1H NMR and at the middle peak of the CDCl3 peak at 77.0 ppm for 

13C NMR. All coupling constants (J) were recorded in Hz. Spectra were processed and analysed 

on Topspin 3.5pl7 software. 

Legend for NMR assignments: s – singlet, d – doublet, t – triplet, dd = double doublet, m = 

multiplet, dq = double quartet 

Infrared spectrum was recorded using a Perkin Elmer® FT-IR spectrophotometer Spectrum 

100 with an attenuated total reflection (ATR) accessory featuring a Zinc selenide (ZnSe) 

crystal, on which sample in any state could be applied. 

The LTQ-XL ion trap mass spectrometer was coupled to the Accela LC system via an 

electrospray ionization (ESI) probe. The capillary temperature was maintained at 350 °C, 

sheath gas flow rate 50 arbitrary units, auxiliary gas flow rate 5 arbitrary units, sweep gas flow 

rate 0 arbitrary units, source voltage 3.20 kV, source current 100 µA, capillary voltage 43.00 

V and tube lens 100 V. Compounds were detected in positive ion mode using selected ion 

monitoring (SIM). The mass spectra were detected by a Thermo Scientific® LQT-Orbitrap 

Discovery mass spectrometer and analysis of the spectra was carried out using the Xcalibur 

program.  

Melting points (MP) were determined on an Electrotherm® melting point apparatus. 

Compounds were named using ChemBioDraw Ultra software version 14.0.0.117. 
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Thin Layer Chromatography (TLC) was carried out on Merck Silica gel F254 on pre-coated 

aluminium plates. Column chromatography was carried out with silica gel 60 (230-400 mesh). 

Both silicas were provided by Merck Laboratories®. TLC plates were visualised under UV light 

at 254 and 365 nm wavelength, using the stains potassium permanganate, vanillin and 

anisaldehyde when appropriated. 

Anhydrous DCM was distilled over powdered calcium hydride.  

 

5.2 Experimental for Chapter 2 

The preparation of the extract and the isolation, purification and characterisation of the 

compounds are described in Chapter 2 of this thesis. 

 

 

5.2.1 Compound (2.01) – Puberulin 

 

Compound (2.01) was purified by flash chromatography column (hexane:EtOAc, 8:1). 

(2.01): white needles, mp 90 - 92 °C; IR νmax 1715, 1565, 1450, 1405, 1340, 1290, 1155, 1120, 

1085, 1035, 975, 870, 820, 740 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.62 (1H, d, J = 9.4 Hz, H4), 

6.68 (1H, s, H5), 6.35 (1H, s, J = 9.4 Hz, H3), 5.57 (1H, t, J = 6.0 Hz, H12), 4.66 (2H, d, J = 6.0 Hz, 

H11), 4.06 (3H, s, OCH3), 3.91 (3H, s, OCH3), 1.79 (3H, s, CH3), 1.73 (3H, s, CH3); 13C NMR (CDCl3, 

100 MHz) δ 160.6 (C, CO), 150.7 (C, C6), 145.0 (C, C7), 143.5 (CH, C4), 143.0 (C, C4b), 141.8 (C, 

C8), 139.3 (C, C13), 120.0 (CH, C12), 115.1 (CH, C3), 114.4 (C, C4a), 103.6 (CH, C5), 70.3 (CH2, 

C11), 61.7 (CH3, OCH3), 56.3  (CH3, OCH3), 25.8  (CH3, C15), 17.9  (CH3, C14) ; ESI-HRMS: [M + 

H]+ 291.0758 
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5.2.2 Compound (2.02) - 6-methoxyl-7,8-methylenedioxycoumarin 

 

Compound (2.02) was purified by flash column chromatography (hexane:EtOAc, 7:1). 

(2.02): off-white solid; mp 218 – 219 °C; IR νmax 1730, 1570, 1460, 1410, 1275, 1125, 1040, 

735, 700 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.54 (1H, d, J = 9.8 Hz, H4), 6.56 (1H, s, H5), 6.24 

(1H, d, J = 9.8 Hz, H3), 6.14 (2H, s, OCH2O), 3.91 (3H, s, OCH3); 13C NMR (CDCl3, 100 MHz) δ 

159.7 (C, CO), 143.5 (CH, C4), 141.0 (C, C6), 139.8 (C, C7), 135.0 (C, C8), 133.9 (C, C4a), 114.4 

(CH, C3), 114.2 (C, C4b), 105.1 (CH, C5), 103.5 (CH2, OCH2O), 56.8 (CH3, OCH3); ESI-HRMS: [M 

+ H]+ 221.0633 

 

 

5.2.3 Compound (2.03) – Sabandinin 

 

Compound (2.03) was purified by flash column chromatography (hexane:EtOAc, 6.5:1). 

(2.03): off-white solid; mp 193 – 194 °C; IR νmax 1730, 1570, 1460, 1410, 1275, 1125, 1040, 

735, 700 cm-1; 1H NMR (CDCl3, 400 MHz) δ 7.60 (1H, d, J = 9.5 Hz, H4), 6.62 (1H, s, H6), 6.30 

(1H, d, J = 9.5 Hz, H3), 6.20 (2H, s, OCH2O), 3.96 (3H, s, OC3); 13C NMR (CDCl3, 100 MHz) δ 159.7 

(C, CO), 146.3 (CH, C4), 141.3 (C, C7), 138.2 (C, C4b), 134.0 (C, C8), 114.4 (C, C5), 114.3 (CH, 

C3), 108.3 (C, C4a), 105.7 (CH, C6), 103.6 (CH2, OCH2O), 56.8 (CH3, OCH3); ESI-HRMS: [M + H]+ 

and [M + Na]+ 221.0430 and 243.0248 
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5.2.4 Compound (2.04) - 7-isopropyl-4-methyl-10-methylenecyclodec-5-ene-1,4-diol 

 

Compound (2.04) was purified by flash column chromatography (hexane:EtOAc, 6:1). 

(2.04): white needles; mp 113 – 115 °C; IR νmax 3050, 1265, 730 cm-1;  1H NMR (DMSO-d6, 600 

MHz) δ 5.15 (1H, dd, J = 14.1 and 15.1 Hz, H5), 5.04 (1H, d, J = 14.5 Hz, H6), 4.96 (1H, s, H11b), 

4.71 (1H, s, H11a), 4.33 (1H, s, OH), 4.20 (1H, s, OH), 3.74 (H, d, J = 9.0 Hz, H1), 2.04 (1H, dd, J 

16.1 and 14.5 Hz, H8b), 1.84 (1H, m, H9b), 1.83 (1H, s, H7), 1.77 (1H, m, H2b), 1.77 (1H, m, 

H8a), 1.63 (1H, t, J = 2 x 9.0 Hz, H3b), 1.44 (1H, dd, J = 2 x 6.5 Hz, H13), 1.43 (1H, m, H9a), 1.28 

(1H, m, H2a), 1.18 (1H, m, H3a), 1.11 (3H, s, CH3, H12), 0.87 (3H, d, J = 6.5 Hz, CH3, H14), 0.82 

(3H, d, J = 6.5 Hz, H15); 13C NMR (DMSO-d6, 150 MHz) δ 150.3 (C, C10), 138.9 (CH, C5), 138.9 

(CH, C6), 109.9 (CH2, C11), 77.4 (CH, C1), 70.7 (C, C4), 48.1 (CH, C7), 38.3 (CH2, C3), 32.0 (CH, 

C13), 29.4 (CH3, C12), 27.8 (CH2, C8), 27.8 (CH2, C9), 24.3 (CH2, C2), 20.5 (CH3, C14), 20.5 (CH3, 

C15); ESI-HRMS: [M-H2O+H]+ 221.0824 

 

5.2.5 Compound (2.05) - 4-desmethoxychoisyine 

 

Compound (2.05) was purified by flash column chromatography (hexane:EtOAc, 4:1). 

(2.05) white solid; mp 184-186 °C; IR νmax 3050, 2330, 1530, 1260, 735cm-1; 1H NMR (CDCl3, 

400 MHz) δ 8.02 (1H, d, J = 9.0 Hz, H7), 7.65, (1H, d, J = 2.6 Hz, H2), 7.33, (1H, d, J = 9.0 Hz, 

H8), 7.10, (1H, d, J = 2.6 Hz, H3), 4.76 (1H, t, J = 2 x 9.5 Hz, H12), 4.46 (3H, s, OCH3, H10), 3.68 

(2H, dq, J = 2 x 16.5; 2 x 9.5 Hz, H11), 1.43 (3H, s, CH3, H14), 1.32 (3H, s, CH3, H15); 13C NMR 

(CDCl3, 100 MHz) δ 162.4 (C, C9a), 156.5 (C, C6), 155.7 (C, C4), 143.9 (CH, C2), 143.6 (C, C8a), 
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126.6 (CH, C7), 118.6 (C, C5), 116.9 (C, C4a), 116.0 (CH, C8), 104.9 (CH, C3), 104.4 (C, C3a), 

90.0 (CH, C12), 72.0 (C, C13), 59.3 (CH3, C10), 33.4 (CH2, C11), 26.1 (CH3, C14), 24.2 (CH3, C15); 

ESI-HRMS: [M + H]+ 300.1331 

 

5.2.6 Compound (2.06) – anhydroevoxine 

 

Compound (2.06) was purified by flash column chromatography (hexane:EtOAc, 3:1). 

(2.06) white solid, mp 194-196 °C; IR νmax 3060, 1265, 730cm-1; 1H NMR (CDCl3, 400 MHz) δ 

7.96 (1H, d, J = 9.0 Hz, H5), 7.57, (1H, d, J = 2.4 Hz, H2), 7.22, (1H, d, J = 9.0 Hz, H6), 7.02 (1H, 

d, J = 2.4 Hz, H3), 4.41 (3H, s, OCH3, H10), 4.29 (2H, dq, J = 2 x 11.0; 2 x 5.5 Hz, CH2, H12), 4.11 

(3H, s, OCH3, H11), 3.22 (1H, t, J = 2 x 5.5 Hz, H13), 1.37 (3H, s, CH3, H15), 1.34 (3H, s, CH3, 

H16); 13C NMR (CDCl3, 100 MHz) δ 164.3 (C, C9a), 157.1 (C, C4), 155.5 (C, C7), 151.1 (C, C8), 

143.2 (C, C8a), 143.1 (CH, C2), 141.6 (C, C4a), 118.1 (CH, C5), 114.8 (CH, C6), 104.6 (C, C3a), 

102.3 (CH, C3), 69.3 (CH2, C12), 61.6 (CH, C13), 61.6 (CH3, C11), 59.0 (CH3, C10), 58.3 (C, C14), 

24.7 (CH3, C15), 19.0 (CH3, C16); ESI-HRMS: [M + H]+ 330.1881 

 

5.2.7 Compound (2.07) – choisyine 

 

Compound (2.07) was purified by flash column chromatography (hexane:EtOAc, 3:1). 
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(2.07) white solid; mp 188-190 °C; IR νmax 3050, 2330, 1530, 1260, 735cm-1; 1H NMR (CDCl3, 

400 MHz) δ 7.51 (1H, d, J = 2.8 Hz, H2), 7.18 (1H, s, H8), 6.97 (1H, d, J = 2.8Hz, H3), 4.75, (1H, 

t, J = 2 x 9.5 Hz, H13), 4.33 (3H, s, OCH3, H11), 3.95 (3H, s, OCH3, H10), 3.65 (1H, dq, J = 2 x 

17.0; 2 x 9.5 Hz, H12b), 1.41 (3H, s, CH3, H16), 1.27 (3H, s, CH3, H15); 13C NMR (CDCl3, 100 

MHz) δ 162.7 (C, C9a), 156.5 (C, C4), 148.3 (C, C6), 146.5 (C, C7), 143.9 (C, C8a), 142.5 (CH, 

C2), 118.7 (C, C4a), 111.4 (C, C5), 106.4 (C, C8), 104.6 (CH, C3), 102.7 (C, C3a), 90.5 (CH, C13), 

71.9 (C, C14), 58.8 (CH3, C11), 55.7 (CH3, C10), 33.7 (CH2, C12), 26.1 (CH3, C16), 24.1 (CH3, C15); 

ESI-HRMS: [M + H]+ 330.1335 and 352.1153 

 

5.2.8 Compound (2.08) – evoxine 

 

Compound (2.08) was purified by flash column chromatography (hexane:EtOAc, 3:1). 

(2.08) white solid; mp 173-175 °C; IR νmax 3055, 1265, 900, 730 cm-1; 1H NMR (CDCl3, 400 MHz) 

δ 8.04 (1H, d, J = 9.3 Hz, H5), 7.64, (1H, d, J = 3.1 Hz, H2), 7.24, (1H, d, J = 9.3 Hz, H6), 7.10 (1H, 

d, J = 3.1 Hz, H3), 4.48 (3H, s, OCH3, H10), 4.55 (1H, dd, J = 2.5 Hz; overlaid, 4.23 (1H, dd, J = 

2.5; 6.5 Hz, H12b), 4.17 (3H, s, OCH3, H11), 3.80 (1H, dd, J = 2 x 2.5, H13), 1.32 (3H, s, CH3, 

H15), 1.36 (3H, s, CH3, H16); 13C NMR (CDCl3, 100 MHz) δ 164.2 (C, C9a), 157.5 (C, C4), 155.5 

(C, C7), 141.1 (C, C8), 143.0 (C, C8a), 143.3 (CH, C2), 115.6 (C, C4a), 118.7 (CH, C5), 114.4 (CH, 

C6), 102.5 (C, C3a), 104.7 (CH, C3), 72.6 (CH2, C12), 75.4 (CH, C13), 62.1 (CH3, C11), 59.1 (CH3, 

C10), 71.7 (C, C14), 25.4 (CH3, C15), 26.8 (CH3, C16); ESI-HRMS: [M + H]+ 348.2568 
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5.2.9 Compound (2.09) - (E)-4-((4,8-dimethoxyfuro[2,3-b]quinolin-7-yl)oxy)-2-methylbut-

3-en-2-ol 

 

Compound (2.09) was purified by flash column chromatography (hexane:EtOAc, 2.5:1). 

(2.09) white solid; mp 196-198 °C; IR νmax 2990, 1740, 1370, 1235, 1040 cm-1; 1H NMR (CDCl3, 

400 MHz) δ 8.00 (1H, d, J = 3.0 Hz, H2), 7.79 (1H, d, J = 9.0 Hz, H6), 7.61 (1H, d, J = 9.0 Hz, H5), 

7.38 (1H, d, J = 3.0 Hz, H3), 6.88 (1H, d, J = 17.0 Hz, H12), 5.81 (1H, d, J = 17.0 Hz, H13), 4.26 

(3H, s, OCH3, H10), 3.83 (3H, s, OCH3, H11), 1.34 (6H, s, 2 x CH3, H15 and H16); 13C NMR (CDCl3, 

100 MHz) δ 162.5 (C, C9a), 158.6 (C, C4), 153.4 (C, C8), 145.0 (CH, C2), 142.3 (C, C8a), 141.6 

(CH, C13), 128.1 (CH, C5), 122.1 (C, C4a), 121.3 (CH, C12), 119.2 (CH, C6), 118.7 (C, C7), 106.2 

(C, C3a), 105.9 (CH, C3), 70.0 (C, C14), 60.0 (CH3, C10), 57.7 (CH3, C11), 30.6 (CH3, C15), 30.6 

(CH3, C16); ESI-HRMS: [M + H]+ and [M + Na]+ 330.1426 

 

5.2.10 Compound (2.10) – balfourolone 

 

Compound (2.10) was purified by flash column chromatography (EtOAc:MeOH, 2:1). 

(2.10) white solid; mp 135-137 °C; IR νmax 3385, 1650, 990 cm-1; 1H NMR (CDCl3, 400 MHz) δ 

7.47 (1H, t, J = 7.7 Hz, H5), 7.23 (1H, t, J = 2 x 7.7 Hz, H6), 7.10 (1H, t, J = 7.7 Hz, H7), 4.01 (3H, 

s, OCH3, H9), 3.95 (3H, s, OCH3, H10), 3.94 (3H, s, NCH3, H11), 3.60 (1H, dd, J = 10.3; 2.1 Hz, 

H13), 3.12 and 2.72 (2H, 2 x dd, J = 13.7; 10.3 Hz and 13.7; 2.1 Hz, H12), 1.34 (6H, s, 2 x CH3, 

H14 and H15); ESI-HRMS: [M + H]+ 322.2027 
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5.2.11 Compound (2.11) – isobalfourodine 

 

Compound (2.11) was purified by flash column chromatography (hexane:EtOAc:diethylamine, 

1:4:0.1). 

(2.11) white solid; mp 148-150 °C; IR νmax 3310, 2920, 1500, 1070, 750 cm-1; 1H NMR (CDCl3, 

400 MHz) δ 7.95 (1H, t, J = 2 x 8.7 Hz, H6), 7.19 (1H, m, H7), 7.05 (1H, t, J = 2 6.7 Hz, H8), 3.88 

(3H, s, H12), 3.81 (1H, d, ICH3, H3), 3.79 (3H, s, NCH3, H11), 2.84 (2H, m, H4), 1.50 (3H, s, CH3, 

H13), 1.39 (3H, s, CH3, H14); 13C NMR (CDCl3, 100 MHz) δ 176.6 (C, C5), 156.4 (C, C10a), 149.8 

(C, C9), 131.1 (C, C5a), 126.3 (C, C9a), 123.0 (CH, C7), 118.3 (CH, C6), 113.7 (CH, C8), 96.9 (C, 

C4a), 82.4 (C, C2), 68.2 (CH, C3), 56.4 (CH3, C11), 36.5 (CH3, C12), 25.9 (CH2, C4), 25.0 (CH3, 

C14), 22.2 (CH3, C13); ESI-HRMS: [M + H]+ 290.1609 

 

5.2.12 Compound (2.12) - balfourodinium methosalt 

 

Compound (2.12) was purified by flash column chromatography (DCM:MeOH:formic acid, 

100:5:1) 

(2.12) white solid; mp 167-169 °C; IR νmax 3030, 2100, 1800, 1650, 1300, 990 cm-1; 1H NMR 

(CDCl3, 400 MHz) δ 7.79 (1H, d, J = 7.3 Hz, H6), 7.49 (1H, t, 2 x 7.3 Hz, H5), 7.31 (1H, d, J = 7.3 

Hz, H7), 5.17 (1H, s, CH, H12), 4.59 (3H, s, OCH3, H11), 4.34 (3H, s, OCH3, H10), 4.00 (3H, s, 
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NCH3, H9), 3.82 (2H, m, H13), 1.44 (3H, s, CH3, H16), 1.35 (3H, s, CH3, H15); ESI-HRMS: [M + H] 

304.2017 

 

5.2.13 Compound (2.13) – rutin 

 

Compound (2.13) was isolated and purified from the stem extract of Choisya x dewitteana 

‘Aztec Pearl’ by flash column chromatography (EtOAc:formic acid:H2O, 8:1:1). 

(2.13) white solid; mp 206-208 °C; 1H NMR (DMSO-d6, 400 MHz) δ 7.56 (1H, d, J = 3.0 Hz, H2’), 

7.54 (1H, d, J= 9.0 Hz, H6’), 6.85 (1H, d, J = 9.0 Hz, H5’), 6.43 (1H, d, J = 3.0 Hz, H8), 6.21 (1H, 

d, J =3.0 Hz, H6), 5.35 (1H, t, J = 7.0 Hz, H1’’), 4.39 (1H, s, H1’’’), 3.72 (1H, d, J = 10 Hz, H6a’’), 

3.40 (1H, s, H3’’’), 3.22 (6H, m, H2’’, H3’’, H5’’, H6b’’, H2’’’, H5’’’), 3.06 (2H, t, J = 17 Hz, H4’’, 

H4’’’), 0.99 (3H, d, J = 7.0 Hz, H6’’’); 13C NMR (DMSO-d6, 100 MHz) δ 177.8 (C=O, C4), 164.5 

(CH, C6), 161.7 (C, C4a), 157.1 (C, C2), 156.9 (C, C7), 148.9 (C, C4’), 145.2 (C, C3’), 133.7 (C, 

C3), 122.0 (C, C1’), 121.6 (CH, C6’), 116.7 (CH, C2’), 115.5 (CH, C5’), 104.4 (C, C8a), 101.6 (CH, 

C1’’), 101.2 (CH, C1’’’), 99.1 (C, C5), 94.0 (CH, C8), 76.9 (CH, C3’’), 76.3 (CH, C5’’), 74.5 (CH, 

C2’’), 72.3 (CH, C2’’’), 71.0 (CH, C4’’), 70.8 (CH, C3’’’), 70.4 (CH, C4’’’), 68.7 (CH2, C6’’), 67.5 

(CH, C5’’’), 18.2 (CH3, C6’’’); ESI-HRMS [M + H]+ 611.2170 
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5.3 Experimental for Chapter 4 

Synthesis of Intermediate 2-(benzyloxy)-1,3-dimethozybenzene (4.02) 

 

2,6-dimethoxyphenol (4.01) (25.00 g, 162.33 mmol) was dissolved in 150 mL of anhydrous 

DMF, then caesium carbonate (52.83 g, 162.34 mmol) and benzyl bromide (30.54 g, 178.55 

mmol) were added to the solution and stirred for 8 hours. The reaction was quenched with 

120 mL of water and extracted with diethyl ether (3 x 120 mL). The organic layer was dried 

with MgSO4, concentrated under vacuum and purified by column chromatography (12.5:1, 

hexane:ethyl acetate) to afford 2-(benzyloxy)-1,3-dimethoxybenzene (4.02) (33.20 g, 136.00 

mmol, 84%) as a light-yellow oil.  

(4.02) IR √max: 3060, 2935, 1725, 1565,1412, 1260, 730 cm-1; 1H NMR (CDCl3, 400 MHz) δH: 

3.88 (6H, s, OCH3), 5.10 (2H, s, OCH2Ph), 6.64 (2H, d, Ar-H, J = 8.0 Hz), 7.06 (1H, t, Ar-H, J= 2 x 

8.5 Hz), 7.39 (3H, m, Ar-H), 7.59 (2H, d, Ar-H, J = 7.5 Hz); 13C NMR (CDCl3, 100 MHz) δC: 56.2 

(2 x OCH3), 75.1 (OCH2Ph), 105.4 (2 x ArCH), 123.9 (ArCH), 127.9 (2 x ArCH), 128.2 (2 x ArCH), 

128.5 (ArCH), 137.2 (ArCCH2), 138.1 (ArCOCH2) 153.9 (2 x ArCOCH3); ESI-MS: calculated 

244.1099, found [M + Na]+ 267.1101 

 

Synthesis of Intermediate of 3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) 
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Protected intermediate (4.02) (30.00 g, 122.89 mmol) was dissolved in anhydrous DMF (18.00 

g, 246.27 mmol) then phosphorus oxychloride was added (38.00 g, 246.27 mmol). The 

solution was stirred for 6 hours at 90°C in an oil bath under anhydrous conditions then 

quenched with 100 mL of saturated solution of sodium acetate, extracted with diethyl ether 

(3 x 100 mL), dried with MgSO4, concentrated under vacuum and the products were purified 

using column chromatography (10:1, hexane:ethyl acetate and 7:3, hexane:ethyl acetate, 

respectively) affording 3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) (2.34 g, 8.59 mmol, 

7%) and 3-hydroxy-2,4-dimethoxybenzaldehyde (4.04) (13.20 g, 72.50 mmol, 59%) both of 

them as yellow oil. 

 (4.03) IR √max 2945, 2840, 1675, 1590, 1460, 1290, 1090, 695 cm-1; 1H NMR (CDCl3, 400 MHz) 

δH: 3.93 (3H, s, OCH3), 4.04 (3H, s, OCH3), 5.06 (2H, s, OCH2Ph), 6.78 (1H, d, Ar-H, J= 8.8 Hz), 

7.40 (3H, m, Ar-H), 7.51 (2H, dd, Ar-H, J= 2 x 2 Hz), 7.65 (1H, d, Ar-H, J= 8.8 Hz), 10.28 (1H, s, 

CHO); 13C NMR (CDCl3, 100 MHz) δC: 56.3 (OCH3), 62.6 (OCH3), 75.4 (OCH2Ar), 107.5 (ArCH), 

123.4 (ArCH), 124.5 (2 x ArCH), 128.2 (ArCH), 128.4 (ArCCH2), 128.4 (2 x ArCH), 137.1 (2 x 

ArCOCH3), 140.5 (ArCCHO), 157.4 (ArCOCH2) 188.9 (CHO); MS: calculated 272.1049, found [M 

+ Na]+ 295.1680 

(4.04) IR Vmaxcm-1: 1660, 1600, 1285, 1085; 1H NMR (CDCl3, 400 MHz) δH: 4.00 (3H, s, OCH3), 

4.06 (3H, s, OCH3), 5.71 (1H, s, OH), 6.77 (1H, d, Ar-H, J= 8.8 Hz), 7.46 (1H, d, Ar-H, J= 8.8 Hz), 

10.26 (1H, s, CHO); 13C NMR (CDCl3, 100 MHz) δC: 56.3 (OCH3), 62.6 (OCH3), 106.4 (2 X ArCH), 

120.7 (ArCOH), 123.3 (ArCCHO), 138.2 (2 x ArCOCH3), 189.2 (CHO); ESI-MS: calculated 

182.0579 

 

Synthesis of Intermediate of tert-butyl(2,6-dimethoxyphenoxy)diphenylsilane (4.05) 
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2,6-dimethoxyphenol (4.01) (10.00 g, 64.90 mmol) was dissolved in 45 mL of anhydrous DMF, 

then imidazole (7.07 g, 103.85 mmol) and tert-butyl(chloro)diphenylsilane (26.77 g, 97.39 

mmol) were added under nitrogen atmosphere and stirred for 6 hours at room temperature. 

The reaction was quenched with 75 mL of 10% aqueous NaCl solution and extracted with 

diethyl ether (3 x 75 mL), dried with Na2SO4, concentrated under vacuum and purified by 

column chromatography (40:1, hexane:ethyl acetate) affording tert-butyl(2,6-

dimethoxyphenoxy)diphenylsilane (4.05) (21.01 g, 53.57 mmol, 82%) as a light yellow oil. 

(4.05) IR Vmaxcm-1: 2335, 1265, 1115, 730; 1H NMR (CDCl3, 400 MHz) δH: 1.17 (9H, s, SiC(CH3)3), 

3.49 (6H, s, 2 x OCH3), 6.47 (2H, d, Ar-H), 6.83 (1H, t, Ar-H), 7.38 (6H, m, SiCAr-H), 7.78 (4H, m, 

SiCAr-H); 13C NMR (CDCl3, 100 MHz) δC: 20.2 (SiCCH3), 26.9 (3 x SiCCH3), 55.2 (2 x OCH3), 105.1 

(2 X ArCH), 120.6 (ArCH), 127.0 (6 x ArCH), 129.1 (4 x ArCH), 134.7 (ArCOSi), 135.2 (2 x ArCSi), 

151.2 (2 x ArCOCH3); ESI-MS: calculated 392.1808, found [M + H]+ 393.1897 

 

Synthesis of Intermediate 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxybenzaldehyde 

(4.06) 

 

Silyl protected (4.05) (20.00 g, 50.99 mmol) was dissolved in anhydrous DMF (5.81 g, 79.55 

mmol) then phosphorus oxychloride was added (13.92 g, 90.77 mmol). The solution was 

stirred for 6 hours at 90°C in an oil bath under anhydrous conditions and quenched with 75 

mL of a saturated aqueous solution of NaOAc, extracted with diethyl ether (3 x 75 mL), dried 

with Na2SO4, concentrated under vacuum and purified by column chromatography (10:1, 
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hexane, ethyl acetate and 7:3, hexane:ethyl acetate, respectively) affording 3-((tert-

butyldiphenylsilyl)oxy)-2,4-dimethoxybenzaldehyde (4.06) coeluting with the silanol (4.07) 

(9.34 g of contaminated product) and the deprotected aldehyde (4.04) (1.63 g, 8.89 mmol, 

17%) as a second product. 

 

Deprotection of impure 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxybenzaldehyde (4.06) 

to afford 3-hydroxy-2,4-dimethoxybenzaldehyde (4.04) 

 

3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxybenzaldehyde (4.06) contaminated with silanol 

(4.07) (9.00 g, 21.41 mmol) was dissolved in 35 mL of  anhydrous THF under an atmosphere 

of nitrogen. To this, tetrabutylammonium fluoride (7.50 mL, 25.70 mmol, 1.0 M) was added 

dropwise and the reaction cooled to 0°C. The reaction was monitored by TLC and after 6 hours 

the solvent was concentrated under vacuum and purified by column chromatography (7:3, 

hexane:ethyl acetate) to afford 3-hydroxy-2,4-dimethoxybenzaldehyde (4.04) (3.52 g, 19.33 

mmoles). 

(4.04) IR Vmaxcm-1: 1660, 1600, 1285, 1085; 1H NMR (CDCl3, 400 MHz) δH: 4.00 (3H, s, OCH3), 

4.06 (3H, s, OCH3), 5.71 (1H, s, OH), 6.77 (1H, d, Ar-H, J= 8.8 Hz), 7.46 (1H, d, Ar-H, J= 8.8 Hz), 

10.26 (1H, s, CHO); 13C NMR (CDCl3, 100 MHz) δC: 56.3 (OCH3), 62.6 (OCH3), 106.4 (2 X ArCH), 

120.7 (ArCOH), 123.3 (ArCCHO), 138.2 (2 x ArCOCH3), 189.2 (CHO); ESI-MS: calculated 

182.0579 
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Synthesis of the intermediate 3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) 

 

3-hydroxy-2,4-dimethoxybenzaldehyde (4.04) (18.00 g, 98.86 mmol) was dissolved in 120 mL 

of DMF, then caesium carbonate (32.21 g, 98.86 mmol) and benzyl bromide (18.60 g, 108.79 

mmol) were added to the solution and stirred for 8 hours at room temperature. The reaction 

was quenched with 100 mL of water and extracted with diethyl ether (3 x 100 mL). The organic 

layer was dried with MgSO4, concentrated under vacuum and purified by column 

chromatography (10:1, hexane:ethyl acetate) affording 3-(benzyloxy)-2,4-

dimethoxybenzaldehyde (4.03) (22.99 g, 84.53 mmol, 86%) as a yellow oil. 

(4.03) IR √max 2945, 2840, 1675, 1590, 1460, 1290, 1090, 695 cm-1; 1H NMR (CDCl3, 400 MHz) 

δH: 3.93 (3H, s, OCH3), 4.04 (3H, s, OCH3), 5.06 (2H, s, OCH2Ph), 6.78 (1H, d, Ar-H, J= 8.8 Hz), 

7.40 (3H, m, Ar-H), 7.51 (2H, dd, Ar-H, J= 2 x 2 Hz), 7.65 (1H, d, Ar-H, J= 8.8 Hz), 10.28 (1H, s, 

CHO); 13C NMR (CDCl3, 100 MHz) δC: 56.3 (OCH3), 62.6 (OCH3), 75.4 (OCH2Ar), 107.5 (ArCH), 

123.4 (ArCH), 124.5 (2 x ArCH), 128.2 (ArCH), 128.4 (ArCCH2), 128.4 (2 x ArCH), 137.1 (2 x 

ArCOCH3), 140.5 (ArCCHO), 157.4 (ArCOCH2) 188.9 (CHO); MS: calculated 272.1049, found [M 

+ Na]+ 295.1680 
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Synthesis of 3-(benzyloxy)-2,4-dimethoxyphenol (4.08) via acid catalysed Dakin Oxidation 

 

3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) (0.25 g, 0.94 mmol) was dissolved in 

hydrogen peroxide (21 µL, 1.21 mmol, 30% solution) then concentrated sulphuric acid (25 µL) 

was added drop by drop and stirred well at 0°C. Methanol (1.25 mL) was carefully added and 

the reaction was kept stirring for 1 hour at 0°C. The reaction was worked up with aqueous 

NaOH (2 mL, 2 M) and extracted with diethyl ether (3 x 5 mL). The aqueous layer was acidified 

and extracted with diethyl ether (3 x 5 mL). The organic phase was evaporated under vacuum 

and a chromatographic column was performed (9:1, hexane:ethyl acetate) affording a mix of 

3-(benzyloxy)-2,4-dimethoxyphenol (4.08) and 3-(benzyloxy)-2,4-dimethoxybenzaldehyde 

(4.03) in a ratio of approximately 3:1, respectively and 2,4-dimethoxybenzene-1,3-diol (4.09). 

 

Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenyl formate (4.10) 

 

3-(benzyloxy)-2,4-dimethoxybenzaldehyde (4.03) (23.00 g, 84.56 mmol) was dissolved in 

DCM (100 mL) and mCPBA (22.74 g, 77% purity, 101.47 mmol) dissolved in DCM (120 mL) 

were stirred at 0°C for 1 hour. The DCM was evaporated under vacuum and the resultant 

fraction was dissolved in 200 mL of diethyl ether and vigorously shaken with a 5% aqueous 
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NaHCO3 solution (3 x 200 mL) followed by a water wash (200 mL) and a saturated aqueous 

solution of NaCl (200 mL). The ether layer was then dried with MgSO4 and concentrated under 

vacuum and purified by column chromatography (9:1, hexane:ethyl acetate) to afford 3-

(benzyloxy)-2,4-dimethoxyphenyl formate (4.10) (18.26 g, 63.42 mmol, 72%) as a dark yellow 

oil. 

 (4.10) IR Vmaxcm-1: 3430, 2940, 1740, 1485, 1085, 735; 1H NMR (CDCl3, 400 MHz) δH: 3.87 (3H, 

s, OCH3), 3.90 (3H, s, OCH3), 5.10 (2H, s, OCH2Ph), 6.68 (1H, d, Ar-H, J = 9.3 Hz), 6.85 (1H, d, 

Ar-H, J = 8.8 Hz), 7.40 (3H, m, Ar-H), 7.52 (2H, m, Ar-H), 8.29 (1H, s, CHO); 13C NMR (CDCl3, 100 

MHz) δC: 56.3 (OCH3), 61.4 (OCH3), 75.4 (OCH2Ar), 106.7 (2 x ArCH), 107.8 (ArCH), 116.7 (2 x 

ArCH), 128.1 (ArCCH2), 128.3 (2 x ArCH), 128.4 (2 x ArCOCH3), 128.4 (ArCCHO), 128.4 

(ArCOCH2) 159.7 (CHO); ESI-MS: calculated 288.0998, found [M + Na]+ 311.3817 

 

Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenol (4.08) 

 

3-(benzyloxy)-2,4-dimethoxyphenyl formate (4.10) (18.00 g, 62.50 mmol) was dissolved in 

MeOH (75 mL) and THF (45 mL) and cooled to 0 °C before an aqueous NaOH solution (60 mL, 

2 M) was added. After 1 hour the solvents were removed under vacuum and the reaction was 

acidified with aqueous HCl solution (75 mL, 2 M) and it was extracted with diethyl ether (3 x 

100 mL), dried with MgSO4 and once again concentrated in vacuum and purified by column 

chromatography (9:1, hexane:ethyl acetate) to afford 3-(benzyloxy)-2,4-dimethoxyphenol 

(4.08) (11.86 g, 45.62 mmol, 73%) as a yellow oil.  

(4.08) IR Vmaxcm-1: 3430, 2940, 1490, 1090, 730; 1H NMR (CDCl3, 400 MHz) δH: 3.82 (3H, s, 

OCH3), 3.96 (3H, s, OCH3), 5.09 (2H, s, OCH2Ph), 6.60 (1H, d, Ar-H, J = 9.3 Hz), 6.68 (1H, d, Ar-

H, J = 8.8 Hz), 7.40 (3H, m, Ar-H), 7.51 (2H, m, Ar-H); 13C NMR (CDCl3, 100 MHz) δC: 56.7 (OCH3), 

61.5 (OCH3), 75.3 (OCH2Ar), 107.8 (ArCH), 108.8 (ArCH), 128.0 (ArCH), 128.3 (2 x ArCH), 128.4 
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(2 x ArCH), 137.6 (ArCCH2), 140.8 (ArCOCH2), 141.2 (ArCOCH3), 144.0 (ArCOH), 147.2 

(ArCOCH3); ESI-MS: calculated 260.1049, found [M + Na]+ 283.1735 

 

Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenyl acetate (4.11) 

 

3-(benzyloxy)-2,4-dimethoxyphenol (4.08) (3.40 g, 13.08 mmol) and sodium acetate (2.40 g, 

29.27 mmol) were refluxed together with acetic anhydride (15 mL) for 3.5 hours. Afterwards, 

solvent was then removed under vacuum before the remainder was dissolved in water (50 

mL), extracted with DCM (3 x 100 mL), dried with MgSO4, concentrated under vacuum and 

purified by column chromatography (10:1, hexane:ethyl acetate) to afford 3-(benzyloxy)-2,4-

dimethoxyphenyl acetate (4.11) (3.16 g, 10.46 mmol, 80%) as a yellow oil. 

 (4.11) IR Vmax cm-1: 3430, 2940, 1740, 1485, 1085, 735; ; 1H NMR (CDCl3, 400 MHz) δH: 2.34 

(3H, s, CH3), 3.85 (3H, s, OCH3), 3.90 (3H, s, OCH3), 5.08 (2H, s, OCH2Ph), 6.66 (1H, d, Ar-H, J = 

9.3 Hz), 6.79 (1H, d, Ar-H, J = 8.8 Hz), 7.40 (3H, m, Ar-H), 7.52 (2H, m, Ar-H); 13C NMR (CDCl3, 

100 MHz) δC: 20.7 (COCH3), 56.2 (OCH3), 61.3 (OCH3), 75.3 (OCH2Ar), 106.6 (2 x ArCH), 116.6 

(ArCH), 128.0 (2 x ArCH), 128.4 (2 x ArCH), 137.5 (ArCCO), 137.8 (ArCCH2), 142.1 (ArCOCH2), 

146.1 (ArCOCH3), 152.1 (ArCOCH3), 169.6 (C=O); ESI-MS: calculated 302.1154, found [M - H]- 

301.3826 
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Attempted synthesis of 1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one 

(4.12) 

 

3-(benzyloxy)-2,4-dimethoxyphenyl acetate (4.11) (0.50 g, 1.65 mmol) was stirred in glacial 

acetic acid (3 mL) and boron trifluoride diethyl etherate (0.71 mL, 5.79 mmol) added dropwise 

by syringe. The reaction was refluxed for 2 hours, brought to room temperature and 8 mL of  

aqueous NaOH solution was added until the reaction was slightly acid and extracted with 

diethyl ether (3 x 20 mL). The ether layer was dried with MgSO4, the solvent was evaporated 

under vacuum and purified via column chromatography (7:3, hexane:ethyl acetate) to afford 

1-(2,4-dihydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.13) (186 mg, 0.88 mmol, 53%). 

 (4.13) IR Vmaxcm-1: 3430, 2940, 1740, 1485, 1085, 735; 1H NMR (CDCl3, 400 MHz) δH: 2.59 (3H, 

s, CH3), 3.92 (3H, s, OCH3), 4.01 (3H, s, OCH3), 6.94 (1H, s, Ar-H), 12.73 (1H, s, OH); 13C NMR 

(CDCl3, 100 MHz) δC: 20.1 (ArCOCH3), 56.3 (OCH3), 60.7 (OCH3), 105.5 (Ar-CH), 112.3 

(ArCCOCH3), 137.9 (ArCOCH3), 139.3 (ArCOCH3), 139.4 (ArCOH), 145.8 (ArCOH), 169.7 (C=O); 

MS: calculated 212.0685, found [M - H]- 211.3627 
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Synthesis of intermediate 3-hydroxy-2,4-dimethoxyphenyl acetate (4.14) 

 

3-(benzyloxy)-2,4-dimethoxyphenyl acetate (4.11) (0.15 g, 0.50 mmol) was dissolved in 

EtOAc/EtOH (1:1) solution and 10% Pd/C (0.10 g) was added and stirred in a hydrogen 

atmosphere and room temperature for 2 hours. The solution was filtered, the solvent was 

evaporated under vacuum and the residue was purified via column chromatography (6:4, 

hexane:ethyl acetate) to afford 3-hydroxy-2,4-dimethoxyphenyl acetate (4.14) (0.09 g, 0.44 

mmol, 89%). 

 (4.14) IR Vmaxcm-1: 3430, 2940, 1740, 1485, 1085, 735; 1H NMR (CDCl3, 400 MHz) δH: 2.32 (3H, 

s, CH3), 3.86 (3H, s, OCH3), 3.89 (3H, s, OCH3), 6.54 (1H, d, Ar-H, J = 8.9 Hz), 6.59 (1H, d, Ar-H, 

J = 8.9 Hz); 13C NMR (CDCl3, 100 MHz) δC: 20.7 (COCH3), 56.3 (OCH3), 60.7 (OCH3), 105.5 (ArCH), 

112.3 (ArCH), 137.9 (ArCH), 139.3 (ArCH), 139.4 (ArCH), 145.8 (ArCOCH3), 169.7 (C=O); ESI-

MS: calculated 212.0685 
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Synthesis of intermediate 3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate 

(4.15) 

 

3-hydroxy-2,4-dimethoxyphenyl acetate (4.14) (0.08 g, 0.38 mmol) was dissolved in 5 mL of 

anhydrous DMF, then imidazole (0.04 g, 0.60 mmol) and tert-butyl(chloro)diphenylsilane 

(0.16 g, 0.57 mmol) were added under nitrogen atmosphere and stirred for 6 hours at room 

temperature. The reaction was quenched with 5 mL of 10% NaCl solution and extracted with 

diethyl ether (3 x 30 mL), dried with Na2SO4, concentrated under vacuum and purified by 

column chromatography (9:1, hexane:ethyl acetate) affording 3-((tert-

butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15) coeluting with silanol (4.07). The 

mix (0.17 g, aprox 0.67 mmol) was refluxed with acetic anhydride (0.20 g, 1.98 mmol), 

triethylamine (0.20 g, 1.98 mmol) and DMAP (0.16 g, 1.34 mmol) for 6 hours. The solvents 

were evaporated under vacuum and purified by column chromatography to afford 3-((tert-

butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15), still coeluting with silanol (4.07). 
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Attempted synthesis of 1-(4-((tert-butyldiphenylsilyl)oxy)-2-hydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.17) 

 

3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenyl acetate (4.15) contaminated with (4.07) 

(0.11 g, 0.24 mmol) was stirred in glacial acetic acid (2 mL) and boron trifluoride diethyl 

etherate (0.10 mL, 0.86 mmol) added dropwise by syringe. The reaction was refluxed for 2 

hours, brought to room temperature and 3mL of aqueous NaOH solution was added until the 

reaction was slightly acid and extracted with diethyl ether (3 x 30 mL). The ether layer was 

dried with MgSO4, the solvent was evaporated under vacuum and purified via column 

chromatography (7:3, hexane:ethyl acetate) to afford 1-(2,4-dihydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.13) (0.03 g, 0.13 mmol, nd). 

 

Synthesis of intermediate 3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid 

(4.18) 

 

3-(benzyloxy)-2,4-dimethoxyphenol (4.08) (0.40 g, 1.54 mmol) was stirred with 3 mL of 

toluene and Meldrum’s acid (0.22 g, 1.54 mmol) at 90 °C for 4 hours. The reaction was 
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quenched with water and extracted with diethyl ether (3 x 30 mL). The ether layer was dried 

with MgSO4, the solvent was evaporated under vacuum and purified via column 

chromatography (90:30:1, hexane:ethyl acetate:formic acid) to afford 3-(3-(benzyloxy)-2,4-

dimethoxyphenoxy)-3-oxopropanoic acid (4.18) (0.36 g, 1.05 mmol, 68%). 

 (4.18) IR Vmaxcm-1: 2940, 1490, 1090, 735; 1H NMR (CDCl3, 400 MHz) δH: 3.73 (2H, s, 

COCH2CO), 3.85 (3H, s, OCH3), 3.90 (3H, s, OCH3), 5.07 (2H, s, OCH2Ph), 6.65 (1H, d, Ar-H, J = 

9.3 Hz), 6.82 (1H, d, Ar-H, J = 8.8 Hz), 7.34 (3H, m, Ar-H), 7.50 (2H, m, Ar-H); 13C NMR (CDCl3, 

100 MHz) δC: 40.8 (COCH2CO), 56.2 (OCH3), 61.4 (OCH3), 75.4 (OCH2Ph), 106.5 (ArCH), 116.8 

(ArCH), 128.1 (ArCH), 128.4 (2 x ArCH), 128.4 (2 x ArCH), 137.3 (ArCCH2), 137.3 (ArCOCO), 

142.8 (ArCOCH2), 145.9 (ArCOCH3), 152.4 (ArCOCH3), 165.1 (OCOCH2), 171.4 (COOH); ESI-MS: 

calculated 346.1053, found [M + Na]+ 369.1941 

 

Attempted synthesis of 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.19) 

 

3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.18) (0.06 g, 0.17 mmol) was 

stirred with polyphosphoric acid (PPA) (0.02 g, 0.17 mmol) at different temperatures, varying 

from room temperature to 120 °C. The reaction was quenched with water and extracted with 

diethyl ether (3 x 30 mL). The ether layer was dried with MgSO4, the solvent was evaporated 

under vacuum and purified via column chromatography (70:30:1, hexane:ethyl 

acetate:formic acid) to afford 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20). 
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(4.20) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (DMSO-d6, 400 MHz) δH: 3.81 (3H, s, 

OCH3), 3.83 (3H, s, OCH3), 5.45 (1H, s, CHCOH), 7.00 (1H, s Ar-H); 13C NMR (DMSO-d6, 100 

MHz) δC: 56.1 (OCH3), 60.7 (OCH3), 88.4 (CHCOH), 98.8 (ArCH), 106.5 (ArC), 134.8 (ArCOH), 

143.2 (ArC), 144.3 (ArCOCH3), 145.3 (ArCOCH3), 162.2 (C=O), 166.2 (CHCOH); ESI-MS: 

calculated 238.0477, found [M + K]+ 277.9599 

 

Synthesis of intermediate 3-(benzyloxy)-2,4-dimethoxyphenhyl 3-chloro-3-oxopropanoate 

(4.21) and failed attempt to cyclise ring B to give 7-dihydroxy-6,8-dimethoxy-2H-chromen-

2-one (4.20) 

 

3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.18) (0.10 g, 0.29 mmol) was 

stirred with 2 mL of dry DCM, three drops of DMF (added dropwise) and oxalyl chloride (0.03 

mL, 0.29 mmol) (added dropwise) at 0 °C for 1.5 hour. The solvent was evaporated under 

vacuum to afford 3-(benzyloxy)-2,4-dimethoxyphenhyl 3-chloro-3-oxopropanoate (4.21) 

(0.06 g, 0.16 mmol, 56%). The cyclisation step was performed at -10 °C, (4.21), 4 mL of dry 

DCM and tin (IV) chloride (0.04 mL, 0.34 mmol) were stirred for 30 min, under a nitrogen 

atmosphere. The reaction was quenched with brine and then extracted with diethyl ether (3 

x 30 mL) and purified by column chromatography (70:30:1, hexane:ethyl acetate:formic acid) 

affording 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20). 

(4.20) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (DMSO-d6, 400 MHz) δH: 3.81 (3H, s, 

OCH3), 3.83 (3H, s, OCH3), 5.45 (1H, s, CHCOH), 7.00 (1H, s Ar-H); 13C NMR (DMSO-d6, 100 

MHz) δC: 56.1 (OCH3), 60.7 (OCH3), 88.4 (CHCOH), 98.8 (ArCH), 106.5 (ArC), 134.8 (ArCOH), 
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143.2 (ArC), 144.3 (ArCOCH3), 145.3 (ArCOCH3), 162.2 (C=O), 166.2 (CHCOH); ESI-MS: 

calculated 238.0477, found [M + K]+ 277.9599 

 

Synthesis of intermediate 3-(3-hydroxy-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.22) 

 

3-(3-(benzyloxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.18) (0.20 g, 0.58 mmol) was 

dissolved in EtOAc/EtOH (1:1) solution and 10% Pd/C (0.20 g) was added and stirred in a 

hydrogen atmosphere and room temperature for 2 hours. The solution was filtered, the 

solvent was evaporated under vacuum and the residue was purified via column 

chromatography (70:30:1, hexane:ethyl acetate:formic acid) to afford 3-(3-hydroxy-2,4-

dimethoxyphenoxy)-3-oxopropanoic acid (4.22) (0.13 g, 0.52 mmol, 89%). 

 (4.22) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (CDCl3, 400 MHz) δH: 3.70 (2H, s, 

COCH2CO), 3.84 (3H, s, OCH3), 3.86 (3H, s, OCH3), 6.59 (2H, s, 2 x ArH), 8.04 (1H, s, OH); 13C 

NMR (CDCl3, 100 MHz) δC: 40.8 (COCH2CO), 56.4 (OCH3), 60.9 (OCH3), 105.7 (ArCH), 112.2 

(ArCH), 137.4 (ArCOH), 139.1 (ArCOCO), 139.5 (ArCOCH3), 146.2 (ArCOCH3), 165.3 (OCOCH2), 

171.0 (COOH); ESI-MS: calculated 256.0583, found [M + Na]+ 279.1254 
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Synthesis of intermediate 3-(3-((tert-butyldimethylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-

oxopropanoic acid (4.23) and failed attempt to cyclise ring B to give 7-dihydroxy-6,8-

dimethoxy-2H-chromen-2-one (4.20) 

 

3-(3-hydroxy-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.22) (0.06 g, 0.26 mmol) was 

dissolved in 5 mL of anhydrous DMF, then imidazole (0.03 g, 0.42 mmol) and tert-

butyl(chloro)dimethylsilane (0.06 g, 0.39 mmol) were added under nitrogen atmosphere and 

stirred for 6 hours at room temperature. The reaction was quenched with 5 mL of 10% NaCl 

solution and extracted with diethyl ether (3 x 30 mL), dried with Na2SO4, concentrated under 

vacuum and purified by column chromatography (85:15:0.5, hexane:ethyl acetate:formic 

acid) affording 3-(3-((tert-butyldimethylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic 

acid (4.23) (0.08 g, 0.22 mmol, 84%). 

 (4.23) IR Vmaxcm-1: 2935, 1720, 1490, 1240, 1090, 840; 1H NMR (CDCl3, 400 MHz) δH: 0.18 (6H, 

s, Si(CH3)2), 1.04 (9H, s, SiC(CH3)3), 3.72 (2H, s, COCH2CO), 3.80 (3H, s, OCH3), 3.81 (3H, s, 

OCH3), 6.60 (1H, s, Ar-H, J = 8.9 Hz), 6.68 (1H, s, Ar-H, J = 8.9 Hz); 13C NMR (CDCl3, 100 MHz) 

δC: -4.6 (2 x SiCH3), 18.6 (SiCCH3), 25.8 (3 x SiCCH3), 40.4 (COCH2CO), 55.5 (OCH3), 60.6 (OCH3), 

106.0 (ArCH), 113.7 (ArCH), 137.7 (ArCOSi), 139.5 (ArCOCO), 143.9 (ArCOCH3), 150.6 

(ArCOCH3), 165.6 (OCOCH2), 170.3 (COOH); ESI-MS: calculated 370.1448 

3-(3-((tert-butyldimethylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.23) (0.06 

g, 0.17 mmol) was stirred with polyphosphoric acid (PPA) (0.02 g, 0.17 mmol) at different 

temperatures, varying from room temperature to 120 °C. The reaction was quenched with 

water and extracted with diethyl ether (3 x 30 mL). The ether layer was dried with MgSO4, the 

solvent was evaporated under vacuum and the residue purified via column chromatography 
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(70:30:1, hexane:ethyl acetate:formic acid) to afford 7-dihydroxy-6,8-dimethoxy-2H-

chromen-2-one (4.20). 

(4.20) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (DMSO-d6, 400 MHz) δH: 3.81 (3H, s, 

OCH3), 3.83 (3H, s, OCH3), 5.45 (1H, s, CHCOH), 7.00 (1H, s Ar-H); 13C NMR (DMSO-d6, 100 

MHz) δC: 56.1 (OCH3), 60.7 (OCH3), 88.4 (CHCOH), 98.8 (ArCH), 106.5 (ArC), 134.8 (ArCOH), 

143.2 (ArC), 144.3 (ArCOCH3), 145.3 (ArCOCH3), 162.2 (C=O), 166.2 (CHCOH); ESI-MS: 

calculated 238.0477, found [M + K]+ 277.9599 

 

Synthesis of intermediate 3-(3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-

oxopropanoic (4.25) and failed attempt to cyclise ring B to give 7-dihydroxy-6,8-dimethoxy-

2H-chromen-2-one (4.20) 

 

3-(3-hydroxy-2,4-dimethoxyphenoxy)-3-oxopropanoic acid (4.22) (0.06 g, 0.26 mmol) was 

dissolved in 5 mL of anhydrous DMF, then imidazole (0.03 g, 0.42 mmol) and tert-

butyl(chloro)diphenylsilane (0.11 g, 0.39 mmol) were added under nitrogen atmosphere and 

stirred for 6 hours at room temperature. The reaction was quenched with 5 mL of 10% 

aqueous NaCl solution and extracted with diethyl ether (3 x 30 mL), dried with Na2SO4, 

concentrated under vacuum and purified by column chromatography (80:20:0.5, 

hexane:ethyl acetate:formic acid) affording 3-(3-((tert-butyldiphenylsilyl)oxy)-2,4-

dimethoxyphenoxy)-3-oxopropanoic (4.25) (0.10 g, 0.21 mmol, 82%). 
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(4.25) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (CDCl3, 400 MHz) δH: 1.09 (9H, s, 

SiC(CH3)3), 3.02 (3H, s, OCH3), 3.71 (2H, s, COCH2CO), 3.82 (3H, s, OCH3), 6.31 (1H, s, Ar-H, J = 

8.9 Hz), 6.59 (1H, s, Ar-H, J = 8.9 Hz), 7.31 (6H, m, 6 x Ar-H), 7.70 (4H, m, 4 x Ar-H); 13C NMR 

(CDCl3, 100 MHz) δC: 20.0 (SiCCH3), 26.7 (SiC(CH3)3), 40.7 (COCH2CO), 54.4 (OCH3), 61.0 (OCH3), 

105.8 (ArCH), 113.7 (ArCH), 127.2 (4 x ArCH), 129.3 (2 x ArCH), 134.0 (2 x ArCOSi), 134.9 (4 x 

ArCH), 137.6 (ArCOSi), 139.4 (ArCOCO), 143.3 (ArCOCH3), 149.5 (ArCOCH3), 165.5 (OCOCH2), 

170.8 (COOH); ESI-MS: calculated 494.1761, found [M + Na]+ 517.4437 

3-(3-((tert-butyldiphenylsilyl)oxy)-2,4-dimethoxyphenoxy)-3-oxopropanoic (4.25) (0.08 g, 

0.17 mmol) was stirred with polyphosphoric acid (PPA) (0.02 g, 0.17 mmol) at different 

temperatures. The reaction was quenched with water and extracted with diethyl ether (3 x 

30 mL). The ether layer was dried with MgSO4, the solvent was evaporated under vacuum and 

purified via column chromatography (70:30:1, hexane:ethyl acetate:formic acid) to afford 7-

dihydroxy-6,8-dimethoxy-2H-chromen-2-one (4.20). 

(4.20) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (DMSO-d6, 400 MHz) δH: 3.81 (3H, s, 

OCH3), 3.83 (3H, s, OCH3), 5.45 (1H, s, CHCOH), 7.00 (1H, s Ar-H); 13C NMR (DMSO-d6, 100 

MHz) δC: 56.1 (OCH3), 60.7 (OCH3), 88.4 (CHCOH), 98.8 (ArCH), 106.5 (ArC), 134.8 (ArCOH), 

143.2 (ArC), 144.3 (ArCOCH3), 145.3 (ArCOCH3), 162.2 (C=O), 166.2 (CHCOH); ESI-MS: 

calculated 238.0477, found [M + K]+ 277.9599 

 

Attempt to synthesise (4.19) through ring B cyclisation but with isolated (4.20) 
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3-(benzyloxy)-2,4-dimethoxyphenol (4.08) (0.23 g, 0.89 mmol) was stirred with malonic acid 

(0.09 g, 0.89 mmol), anhydrous magnesium chloride (0.25 g, 2.67 mmol) and phosphorous(V) 

oxychloride (0.24 mL, 2.67 mmol) at 65 °C for 4 hours. The reaction was quenched with 

aqueous HCl solution (20 mL, 2 M) and it was extracted with diethyl ether (3 x 100 mL), dried 

with MgSO4, concentrated in vacuum and purified by column chromatography (70:30:1, 

hexane:ethyl acetate:formic acid) to afford 7-dihydroxy-6,8-dimethoxy-2H-chromen-2-one 

(4.20). 

(4.20) IR Vmaxcm-1: 3400, 2840, 1490, 1080, 790; 1H NMR (DMSO-d6, 400 MHz) δH: 3.81 (3H, s, 

OCH3), 3.83 (3H, s, OCH3), 5.45 (1H, s, CHCOH), 7.00 (1H, s Ar-H); 13C NMR (DMSO-d6, 100 

MHz) δC: 56.1 (OCH3), 60.7 (OCH3), 88.4 (CHCOH), 98.8 (ArCH), 106.5 (ArC), 134.8 (ArCOH), 

143.2 (ArC), 144.3 (ArCOCH3), 145.3 (ArCOCH3), 162.2 (C=O), 166.2 (CHCOH); ESI-MS: 

calculated 238.0477, found [M + K]+ 277.9599 

 

Formylation of (4.08) to give 4-(benzyloxy)-2-hydroxy-3,5-dimethoxybenzaldehyde (4.27) 

 

Anhydrous magnesium chloride (2.38 g, 25 mmol) and solid paraformaldehyde (1.13 g, 37.50 

mmol) were added to dry tetrahydrofuran (50 mL). Triethylamine (3.50 mL, 25 mmol) was 

added dropwise and the mixture was stirred for 10 min. 3-(benzyloxy)-2,4-dimethoxyphenol 

(4.08) (3.25 g, 12.50 mmol) was added slowly and the mixture was immersed in an oil bath at 

75 °C. After 2 hours, the reaction was allowed to reach room temperature. The reagents were 

added to the flask in the same fashion as previously and the reaction was heated and stirred 

for another 2 hours. The reaction was cooled to room temperature and extracted with diethyl 

ether (3 x 100 mL), washed with 2M HCl (3 x 100 mL) and water (3 x 100 mL), dried with 

MgSO4, concentrated in vacuum and purified by column chromatography (80:20, 

hexane:ethyl acetate) to afford 4-(benzyloxy)-2-hydroxy-3,5-dimethoxybenzaldehyde (4.27) 

which was coeluting with the unreacted starting material (4.08). 
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Protection of the phenol of (4.27) to give 4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxybenzaldehyde (4.28) 

 

Impure 4-(benzyloxy)-2-hydroxy-3,5-dimethoxybenzaldehyde (4.27) (3.20 g, 11.11 mmol) was 

dissolved in 25 mL of anhydrous DMF, then imidazole (1.21 g, 17.78 mmol) and tert-

butyl(chloro)dimethylsilane (2.51 g, 16.67 mmol) were added under nitrogen atmosphere and 

stirred for 1 hour at room temperature. The reaction was quenched with 25 mL of 10% 

aqueous NaCl solution and extracted with diethyl ether (3 x 100 mL), dried with Na2SO4, 

concentrated under vacuum and purified by column chromatography (50:1, hexane:ethyl 

acetate) affording 4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxybenzaldehyde 

(4.28) (1.75 g, 4.35 mmol, 33.5%). 

 (4.28) IR Vmaxcm-1: 2935, 1650, 1465, 1260, 1140, 840; 1H NMR (CDCl3, 400 MHz) δH: 0.20 (6H, 

s, Si(CH3)2), 1.03 (9H, s, SiC(CH3)3), 3.81 (3H, s, OCH3), 3.86 (3H, s, OCH3), 5.19 (2H, s, OCH2Ph), 

7.10 (1H, s, Ar-H), 7.33 (3H, m, Ar-H), 7.47 (2H, m, Ar-H), 10.36 (1H, s, CHO); 13C NMR (CDCl3, 

100 MHz) δC: -4.6 (Si(CH3)2), 18.6 (SiC), 25.8 (SiC(CH3)3), 56.8 (OCH3), 61.0 (OCH3), 75.3 

(OCH2Ph), 107.7 (ArCH), 114.7 (ArCCH2), 128.1 (ArCH), 128.2 (2 x ArCH), 128.4 (2 x ArCH), 

137.2 (ArCOSi), 142.1 (ArCOCH2), 145.6 (ArCOCH3), 148.9 (ArCOCH3), 153.0 (ArCCHO), 203.2 

(CHO); ESI-MS: calculated 402.1863, found [M + H]+ 403.2761 

 

 

 



216 
 

Synthesis of intermediate 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-ol (4.30) 

 

4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxybenzaldehyde (4.28) (1.68 g, 

4.18 mmol) was stirred with anhydrous THF and methyl magnesium bromide (2.80 mL, 8.36 

mmol, 3.0 M) at 0 °C for 1 hour. The compound was purified by column chromatography (10:1, 

hexane:ethyl acetate) to afford 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-ol (4.30) (1.33 g, 3.18 mmol, 76%). 

 (4.30) IR Vmaxcm-1: 2930, 1465, 1060, 825; 1H NMR (CDCl3, 400 MHz) δH: 0.21 (6H, d, Si(CH3)2, 

J = 5.7 Hz), 1.03 (9H, s, SiC(CH3)3), 1.47 (3H, d, COHCH3, J = 6.4 Hz), 3.82 (3H, s, OCH3), 3.85 

(3H, s, OCH3), 5.06 (2H, s, OCH2Ph), 5.58 (1H, m, ArCCHCH3), 6.78 (1H, s, Ar-H), 7.32 (3H, m, 

Ar-H), 7.50 (2H, m, Ar-H); 13C NMR (CDCl3, 100 MHz) δC: -4.2 (Si(CH3)2), 18.8 (COHCH3), 23.4 

(SiC), 26.1 (SiC(CH3)3), 56.3 (OCH3), 60.7 (OCH3), 64.4 (ArCCOHCH3), 75.2 (OCH2Ph), 103.8 

(ArCH), 127.9 (ArCCOH), 128.3 (2 x ArCH), 128.3 (2 x ArCH), 131.6 (ArCH), 137.7 (ArCOSi), 

139.5 (ArCCH2), 140.7 (ArCOCH2), 144.6 (ArCOCH3), 148.0 (ArCOCH3); ESI-MS: calculated 

418.2176 

 

Synthesis of intermediate 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-one (4.31) 
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1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxyphenyl)ethan-1-ol (4.30) 

(1.30 g, 3.11 mmol) was stirred with Dess-Martin periodinane (1.45 g, 3.42 mmol) in DCM at 

0 °C for 15 min. The reaction was quenched with a solution of sodium bicarbonate (5%), 

extracted with ether (3 x 100 mL) and purified by column chromatography (50:3, hexane:ethyl 

acetate) to afford 1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-

dimethoxyphenyl)ethan-1-one (4.31) (0.96 g, 2.30 mmol, 74%). 

 (4.31) IR Vmaxcm-1: 2945, 1675, 1585, 1460, 1285, 1090, 730; 1H NMR (CDCl3, 400 MHz) δH: 

0.12 (6H, s, Si(CH3)2), 1.00 (9H, s, SiC(CH3)3), 2.61 (3H, s, COCH3), 3.82 (3H, s, OCH3), 3.84 (3H, 

s, OCH3), 5.13 (2H, s, OCH2Ph), 6.84 (1H, s, Ar-H), 7.32 (3H, m, Ar-H), 7.50 (2H, m, Ar-H); ESI-

MS: calculated 416.2019, found [M + H]+ 417.3811 

 

Deprotection of the TBDMS group of (4.31) to give 1-(4-(benzyloxy)-2-hydroxy-3,5-

dimethoxyphenyl)ethan-1-one (4.12) 

 

1-(4-(benzyloxy)-2-((tert-butyldimethylsilyl)oxy)-3,5-dimethoxyphenyl)ethan-1-one (4.31) 

(0.90 g, 2.16 mmol) was dissolved in 10 mL of  anhydrous THF under an atmosphere of 

nitrogen. To this, TBAF (2.16 mL, 2.16 mmol, 1.0 M) was added dropwise and the reaction 

cooled to 0 °C. The reaction was monitored by TLC, the solvent was concentrated under 

vacuum and purified by column chromatography (9:1, hexane:ethyl acetate) to afford 1-(4-

(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.12) (0.58 g, 1.92 mmol, 89%). 

 (4.12) IR Vmaxcm-1: 2940, 1650, 1270, 1090, 735; 1H NMR (CDCl3, 400 MHz) δH: 2.60 (3H, s, 

COCH3), 3.85 (3H, s, OCH3), 3.90 (3H, s, OCH3), 5.24 (2H, s, OCH2Ph), 6.95 (1H, s, Ar-H), 7.33 

(3H, m, Ar-H), 7.50 (2H, m, Ar-H), 12.42 (ArOH); 13C NMR (CDCl3, 100 MHz) δC: 26.8 (COCH3), 

56.8 (OCH3), 61.0 (OCH3), 75.4 (OCH2Ph), 107.7 (ArCH), 114.7 (ArCCO), 128.2 (2 x ArCH), 128.2 
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(ArCH), 128.4 (2 x ArCH), 134.2 (ArCCH2), 142.1 (ArCOCH3), 145.6 (ArCOCH2), 148.9 (ArCOCH3), 

153.0 (ArCOH), 203.2 (ArCO); ESI-MS: calculated 302.1154, found [M + Na]+ 325.1978 

 

Claisen condensation of (4.12) to give ethyl 3-(4-(benzyloxy)-2-hydroxy-3,5-

dimethoxyphenyl)-3-oxopropanoate (4.32) 

 

1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.12) (0.53 g, 1.75 mmol) was 

stirred with sodium hydride (0.42 g, 17.54 mmol) and ethyl carbonate (5 mL) at 75 °C for 30 

min. The reaction was quenched with MeOH, acidified, extracted with diethyl ether and 

purified by column chromatography (4:1, hexane:ethyl acetate) to afford ethyl 3-(4-

(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)-3-oxopropanoate (4.32) (0.61 g, 1.63 mmol, 

93%). 

 (4.32) IR Vmaxcm-1: 2940, 1740, 1280, 740; 1H NMR (CDCl3, 400 MHz) δH: 1.30 (3H, t, J = 2 x 7 

Hz, OCH2CH3), 3.84 (3H, s, COCH3), 3.90 (3H, s, COCH3), 3.96 (2H, s, COCH2CO), 4.24 (2H, dd, J 

= 3 x 7 Hz, OCH2CH3), 5.26 (2H, s, OCH2Ph), 6.92 (Ar-H), 7.34 (3H, m, Ar-H), 7.49 (2H, m, Ar-H), 

11.90 (ArOH); ESI-MS: calculated 374.1366, found [M + Na]+ 397.2333 

 

Synthesis of the coumarin backbone 7-(benzyloxy)-4-hydroxy-6,8-dimethoxy-2H-chromen-

2-one (4.19) 
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ethyl 3-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)-3-oxopropanoate (4.32) (0.58 g, 1.55 

mmol) was stirred with toluene at 120 °C. After 16 hours, the toluene was evaporated off 

under vacuum and the product was purified by column chromatography (1:1, hexane:ethyl 

acetate) affording 7-(benzyloxy)-4-hydroxy-6,8-dimethoxy-2H-chromen-2-one (4.19) (0.42 g, 

1.27 mmol, 82%). 

 (4.19) IR Vmaxcm-1: 2940, 1535, 1255, 1075, 700; 1H NMR (CDCl3, 400 MHz) δH: 3.87 (3H, s, 

COCH3), 3.95 (3H, s, COCH3), 5.17 (2H, s, OCH2Ph), 5.92 (1H, s, CHCOH), 7.06 (1H, s, Ar-H), 7.33 

(3H, m, Ar-H), 7.48 (2H, m, Ar-H); 13C NMR (CDCl3, 100 MHz) δC: 56.1 (OCH3), 61.9 (OCH3), 75.6 

(OCH2Ph), 90.5 (COHCH), 99.0 (ArCH), 111.8 (ArC), 128.2 (ArCH), 128.3 (2 x ArCH), 128.4 (2 x 

ArCH), 137.0 (ArCCH2), 141.4 (ArCOCH2), 142.7 (ArC), 145.3 (ArCOCH3), 150.5 (ArCOCH3), 

166.4 (C=O), 166.2 (COOC); ESI-MS: calculated 328.0947, found [M + H]+ 329.2081 

 

Synthesis of the triflate intermediate 7-(benzyloxy)-6,8-dimethoxy-2-oxo-2H-chromen-4-yl 

trifluoromethanesulfonate (4.33) 

 

7-(benzyloxy)-4-hydroxy-6,8-dimethoxy-2H-chromen-2-one (4.19) (0.40 g, 1.22 mmol) was 

then stirred with triethylamine (0.30 mL, 2.20 mmol) in anhydrous DCM (10 mL), making sure 

it was basic to prevent the cleavage of the benzyl group, at 0 °C under an atmosphere of 

nitrogen. To this trifluoromethanesulphonic anhydride (0.27 mL, 1.59 mmol) was added 

slowly via syringe. The reaction was allowed to stir for 15 min, the solvent was removed under 

vacuum at a low temperature and purified by column chromatography (20:3, hexane:ethyl 

acetate) to afford 7-(benzyloxy)-6,8-dimethoxy-2-oxo-2H-chromen-4-yl 

trifluoromethanesulfonate (4.33) (0.47 g, 1.02 mmol, 84%) as a brownish solid. 
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Addition of ring C to the coumarin backbone to give the intermediate 7-(benzyloxy)-4-(3-

((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.35) 

 

7-(benzyloxy)-6,8-dimethoxy-2-oxo-2H-chromen-4-yl trifluoromethanesulfonate (4.33) (0.41 

g, 0.89 mmol), boronic acid (4.34) (0.30 g, 1.07 mmol) and potassium carbonate (0.37 g, 2.67 

mmol) were dissolved in a mixture of toluene, ethanol and water (3:1:1, 20 mL). To this 

mixture was added Pd(PPh3)4 (0.05 g, 0.04 mmol) under an atmosphere of nitrogen. The 

reaction was refluxed for 30 min and on completion was diluted by the addition of ethyl 

acetate (30 mL). H2O (20 mL) was added and the product was extracted with ethyl acetate (3 

x 50 mL). The organic fraction was dried over MgSO4, concentrated under vacuum and 

purified by column chromatography (4:1, hexane:ethyl acetate) to afford 7-(benzyloxy)-4-(3-

((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.35) 

(0.36 g, 0.66 mmol, 74%). 

(4.35) 1H NMR (CDCl3, 400 MHz) δH: 0.22 (6H, s, Si(CH3)2), 1.03 (9H, s, SiC(CH3)3), 3.75 (3H, s, 

COCH3), 3.92 (3H, s, COCH3), 4.03 (3H, s, COCH3), 5.20 (2H, s, OCH2Ph), 6.29 (1H, s, Ar-H), 6.78 

(1H, s, Ar-H), 6.98 (3H, m, Ar-H), 7.35 (3H, m, Ar-H), 7.51 (2H, m, Ar-H); 13C NMR (CDCl3, 100 

MHz) δC: -4.5 (Si(CH3)2), 18.5 (SiC), 25.7 (SiC(CH3)3), 55.5 (OCH3), 56.3 (OCH3), 61.9 (OCH3), 

75.7 (OCH2Ph), 103.4 (ArCH), 112.0 (ArCH), 113.6 (ArCH), 114.9 (ArC), 120.9 (ArCH), 122.0 

(ArCH), 128.1 (ArCH), 128.2 (ArC), 128.4 (2 x ArCH), 128.4 (2 x ArCH), 137.1 (ArCCH2), 141.9 

(ArCOCH2), 143.4 (ArC), 144.7 (ArCOSi), 145.2 (ArCOCH3), 149.9 (ArCOCH3), 152.2 (ArCOCH3), 

155.3 (ArC), 160.8 (COOC) 
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Synthesis of 7-(benzyloxy)-4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-

one (4.36) 

 

7-(benzyloxy)-4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-

chromen-2-one (4.35) (0.22 g, 0.40 mmol) was dissolved in 3 mL of  anhydrous THF under an 

atmosphere of nitrogen. To this, TBAF (0.44 mL, 0.44 mmol, 1.0 M) was added dropwise and 

the reaction cooled to 0 °C. The reaction was monitored by TLC, the solvent was concentrated 

under vacuum and purified by column chromatography (7:3, hexane:ethyl acetate) to afford 

1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.36) (0.14 g, 0.32 mmol, 

80%) as a white powder. 

(4.36) MP: 168-170 °C; IR Vmaxcm-1: 3250, 2940, 1670, 1135, 840; 1H NMR (CDCl3, 400 MHz) 

δH: 3.76 (3H, s, COCH3), 4.01 (3H, s, COCH3), 4.03 (3H, s, COCH3), 5.20 (2H, s, OCH2Ph), 5.82 

(1H, s, OH), 6.29 (1H, s, Ar-H), 6.80 (1H, s, Ar-H), 6.97 (2H, m, Ar-H), 7.07 (1H, d, Ar-H, J = 2 

Hz), 7.34 (3H, m, Ar-H), 7.51 (2H, m, Ar-H); 13C NMR (CDCl3, 100 MHz) δC: 56.1 (OCH3), 56.4 

(OCH3), 61.9 (OCH3), 75.6 (OCH2Ph), 103.5 (ArCH), 110.8 (ArCH) ,113.7 (ArCH), 114.6 (ArCH), 

114.8 (ArC), 120.5 (ArCH), 128.2 (ArCH), 128.4 (2 x ArCH), 128.4 (2 x ArCH), 128.8 (ArC), 137.1 

(ArCCH2), 141.9 (ArCOCH2), 143.4 (ArC), 144.8 (ArCOCH3), 145.9 (ArCOH), 147.7 (ArCOCH3), 

150.0 (ArCOCH3), 155.2 (ArC), 160.7 (COOC); ESI-MS: calculated 434.1366, found [M + H]+ 

435.3058 
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Synthesis of 7-hydroxy-4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one 

(4.37) 

 

 1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.36) (0.04 g, 0.08 mmol) 

was dissolved in EtOAc:EtOH (1:1) solution and 10% Pd/C (0.05 g) was added and stirred in a 

hydrogen atmosphere and room temperature for 15 min. The solution was filtered, the 

solvent was evaporated under vacuum and the residue purified via column chromatography 

(1:1, hexane:ethyl acetate) to afford 7-hydroxy-4-(3-hydroxy-4-methoxyphenyl)-6,8-

dimethoxy-2H-chromen-2-one (4.37) (0.02 g, 0.06 mmol, 73%) as a white powder. 

 (4.37) MP: 192-194 °C; IR Vmaxcm-1: 3270, 2005, 1670, 1270, 1040, 760; 1H NMR (DMSO-d6, 

600 MHz) δH: 3.71 (3H, s, OCH3), 3.85 (3H, s, OCH3), 3.86 (3H, s, OCH3), 6.10 (1H, s, Ar-H), 6.78 

(1H, s, Ar-H), 6.97 (2H, m, Ar-H), 7.09 (1H, d, J = 8.3 Hz, Ar-H); 13C NMR (DMSO-d6, 150 MHz) 

δC: 56.1 (OCH3), 56.5 (OCH3), 61.2 (OCH3), 103.6 (ArCH), 110.0 (ArCH), 110.7 (ArC) 112.8 

(ArCH), 116.0 (ArCH), 120.2 (ArC), 128.2 (ArCH), 135.7 (ArC), 143.9 (ArC), 144.7 (ArCOCH3), 

145.7 (ArCOH), 147.1 (ArCOCH3), 149.5 (ArCOCH3), 155.9 (ArC), 160.5 (COOC); ESI-MS: 

calculated 344.0896, found [M+H]+ 345.1909 
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Synthesis of intermediate 4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-

6,8-dimethoxy-2H-chromen-2-one (4.38) 

 

7-(benzyloxy)-4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-

chromen-2-one (4.35) (0.04 g, 0.08 mmol) was dissolved in EtOAc/EtOH (1:1) solution and 

10% Pd/C (0.05 g) was added and stirred in a hydrogen atmosphere and room temperature 

for 15 min. The solution was filtered, the solvent was evaporated under vacuum and the 

residue purified via column chromatography (8:2, hexane:ethyl acetate) to afford 4-(3-((tert-

butyldimethylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-6,8-dimethoxy-2H-chromen-2-one 

(4.38) (0.03 g, 0.06 mmol, 78%). 

 (4.38) IR Vmaxcm-1: 2930, 1490, 1250, 1050, 830, 700; 1H NMR (CDCl3, 400 MHz) δH: 0.22 (6H, 

s, Si(CH3)2), 1.03 (9H, s, SiC(CH3)3), 3.82 (3H, s, COCH3), 3.92 (3H, s, COCH3), 4.13 (3H, s, COCH3), 

6.22 (1H, s, Ar-H), 6.77 (1H, s, Ar-H), 6.97 (3H, m, Ar-H); ESI-MS: calculated 458.1761, found 

[M + H]+ 459.2302 
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Synthesis attempt of intermediate 6,8-dimethoxy-4-(4-methoxy-3-((3-methylbut-2-en-1-

yl)oxy)phenyl)-7-((3-methylbut-2-en-1-yl)oxy)-2H-chormen-2-one (4.39) 

 

4-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-6,8-dimethoxy-2H-chromen-

2-one (4.38) (0.03 g, 0.06 mmol) was dissolved in 3 mL of DMF, then caesium carbonate (0.02 

g, 0.06 mmol) and benzyl bromide (0.01 g, 0.07 mmol) were added to the solution and stirred 

for 8 hours at room temperature. The reaction was quenched with 5 mL of water and 

extracted with diethyl ether (3 x 10 mL). The organic layer was dried with MgSO4, 

concentrated under vacuum and purified by column chromatography (12.5:1, hexane:ethyl 

acetate) to afford 6,8-dimethoxy-4-(4-methoxy-3-((3-methylbut-2-en-1-yl)oxy)phenyl)-7-((3-

methylbut-2-en-1-yl)oxy)-2H-chormen-2-one (4.40). 

 (4.40) IR Vmaxcm-1: 2940, 1630, 1320, 1050, 700; 1H NMR (CDCl3, 400 MHz) δH: 1.73 (6H, d, 2 

x CH3, J = 5.0 Hz), 1.80 (6H, s, 2 x CH3), 3.77 (3H, s, COCH3), 3.98 (3H, s, COCH3), 4.08 (3H, s, 

COCH3), 4.62 (4H, dd, 2 x CH2, J = 2 x 7.0 Hz), 5.55 (2H, m, 2 x CH), 6.30 (1H, s, Ar-H), 6.80 (1H, 

s, Ar-H), 6.99 (3H, m, Ar-H); ESI-MS: calculated 480.2148, found [M+H]+ 481.1641 
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Synthesis of intermediate 7-(benzyloxy)-4-(3-((tert-butyldiphenylsilyl)oxy)-4-

methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.41) 

 

1-(4-(benzyloxy)-2-hydroxy-3,5-dimethoxyphenyl)ethan-1-one (4.36) (0.10 g, 0.33 mmol) was 

dissolved in 5 mL of anhydrous DMF, then imidazole (0.04 g, 0.53 mmol) and tert-

butyl(chloro)diphenylsilane (0.14 g, 0.50 mmol) were added under nitrogen atmosphere and 

stirred for 6 hours at room temperature. The reaction was quenched with 5 mL of 10% 

aqueous NaCl solution and extracted with diethyl ether (3 x 10 mL), dried with Na2SO4, 

concentrated under vacuum and purified by column chromatography (9:1, hexane:ethyl 

acetate:formic acid) affording 7-(benzyloxy)-4-(3-((tert-butyldiphenylsilyl)oxy)-4-

methoxyphenyl)-6,8-dimethoxy-2H-chromen-2-one (4.41) (0.20 g, 0.29 mmol, 89%). 

 (4.41) IR Vmaxcm-1: 3050, 1265, 730; 1H NMR (CDCl3, 400 MHz) δH:  1.17 (9H, s, SiC(CH3)3), 3.60 

(3H, s, OCH3), 3.66 (3H, s, OCH3), 4.00 (3H, s, OCH3), 5.18 (2H, s, OCH2Ph), 6.01 (1H, s, Ar-H), 

6.64 (1H, s, Ar-H), 6.87 (2H, m, Ar-H), 6.94 (1H, dd, Ar-H, J = 2 x 2.0 Hz), 7.34 (9H, m, Ar-H), 

7.49 (2H, dd, Ar-H, J = 2 x 2.0 Hz), 7.71 (4H, m, Ar-H). 
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Synthesis of intermediate 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-

6,8-dimethoxy-2H-chromen-2-one (4.42) 

 

7-(benzyloxy)-4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-2H-

chromen-2-one (4.41) (0.20 g, 0.29 mmol) was dissolved in EtOAc/EtOH (1:1) solution and 

10% Pd/C (0.20 g) was added and stirred in a hydrogen atmosphere and room temperature 

for 15 min. The solution was filtered, the solvent was evaporated under vacuum and purified 

via column chromatography (8:2, hexane:ethyl acetate) to afford 4-(3-((tert-

butyldiphenylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-6,8-dimethoxy-2H-chromen-2-one 

(4.42) (0.13 g, 0.22 mmol, 77%) as a yellow oil. 

 (4.42) IR Vmaxcm-1: 3055, 1720, 1265, 735; 1H NMR (CDCl3, 400 MHz) δH: 1.16 (9H, s, SiC(CH3)3), 

3.66 (6H, s, OCH3), 4.10 (3H, s, OCH3), 5.95 (1H, s, Ar-H), 6.62 (1H, s, Ar-H), 6.83 (3H, m, Ar-H), 

7.34 (6H, m, Ar-H), 7.71 (4H, m, Ar-H). 
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Synthesis of intermediate 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-6,8-

dimethoxy-7-((3-methylbutyl-2-en-1-yl)oxy)-2H-chromen-2-one (4.43) 

 

4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-7-hydroxy-6,8-dimethoxy-2H-chromen-

2-one (4.42) (0.12 g, 0.21 mmol) was dissolved in 15 mL of DMF, then caesium carbonate 

(0.68 g, 0.21 mmol) and benzyl bromide (0.03 mL, 0.23 mmol) were added to the solution and 

stirred for 30 min at room temperature. The reaction was quenched with 15 mL of water and 

extracted with diethyl ether (3 x 25 mL). The organic layer was dried with MgSO4, 

concentrated under vacuum and purified by column chromatography (20:7, hexane:ethyl 

acetate) to 4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-7-((3-

methylbutyl-2-en-1-yl)oxy)-2H-chromen-2-one (4.43) (0.07 g, 0.10 mmol, 49%). 

 (4.43) IR Vmaxcm-1: 3055, 1265, 730; 1H NMR (CDCl3, 400 MHz) δH: 1.16 (9H, s, SiC(CH3)3), 1.73 

(3H, s, CCH3), 1.79 (3H, s, CCH3), 3.61 (3H, s, OCH3), 3.65 (3H, s, OCH3), 4.04 (3H, s, OCH3), 4.64 

(2H, d, J = 7.3 Hz, CHCH2), 5.56 (1H, t, J = 2 x 7.3 Hz CHCH2), 6.00 (1H, s, Ar-H), 6.62 (1H, s, Ar-

H), 6.83 (1H, d, J = 2.2 Hz, Ar-H), 6.86 (1H, d, J = 8.4 Hz, Ar-H), 6.94 (1H, dd, J = 2 x 2.2 Hz), 7.33 

(6H, m, Ar-H), 7.71 (4H, m, Ar-H). 
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Synthesis of 4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-7-((3-methylbut-2-en-1-

yl)oxy)-2H-chromen-2-one (4.44) 

 

4-(3-((tert-butyldiphenylsilyl)oxy)-4-methoxyphenyl)-6,8-dimethoxy-7-((3-methylbutyl-2-en-

1-yl)oxy)-2H-chromen-2-one (4.43) (0.07 g, 0.10 mmol) was dissolved in 3 mL of  anhydrous 

THF under an atmosphere of nitrogen. To this, TBAF (0.11 mL, 0.11 mmol, 1.0 M) was added 

dropwise and the reaction cooled to 0 °C. The reaction was monitored by TLC, the solvent was 

concentrated under vacuum and purified by column chromatography (7:3, hexane:ethyl 

acetate) to afford 4-(3-hydroxy-4-methoxyphenyl)-6,8-dimethoxy-7-((3-methylbut-2-en-1-

yl)oxy)-2H-chromen-2-one (4.44) (0.03 g, 0.06 mmol, 64%) as a white powder. 

 (4.44) MP: 179-181 °C; IR Vmaxcm-1: 3250, 2940, 1670, 1140, 1050, 840; 1H NMR (DMSO-d6, 

600 MHz) δH: 1.66 (3H, s, CCH3), 1.73 (3H, s, CCH3), 3.72 (3H, s, OCH3), 3.86 (3H, s, OCH3), 3.92 

(3H, s, OCH3), 4.61 (2H, d, J = 7.3 Hz, CHCH2), 5.47 (1H, t, J = 2 x 7.3 Hz, CHCH2), 6.25 (1H, s, Ar-

H), 6.84 (1H, s, Ar-H), 6.98 (2H, m, Ar-H), 7.10 (1H, d, J = 8.5 Hz, Ar-H), 9.43 (1H, s, OH); 13C 

NMR (DMSO-d6, 150 MHz) δC: 18.2 (CH3), 25.9 (CH3), 56.1 (OCH3), 56.5 (OCH3), 61.8 (OCH3), 

69.9 (CHCH2), 103.8 (ArCH), 112.8 (ArCH), 113.0 (ArCH), 114.4 (ArC), 116.0 (ArCH), 120.3 

(ArCH), 120.6 (CHCH2), 127.8 (ArC), 138.7 (ArC), 141.7 (ArCOCH3), 143.1 (ArC), 144.6 (ArC), 

147.2 (ArC), 149.6 (ArCOCH3), 150.1 (ArCOCH3), 155.4 (ArC), 160.1 (C=O) ; ESI-MS: calculated 

412.1522, found [M+H]+ 413.1108 
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