
Isolation and Structure Elucidation of Bioactive

Chemical Constituents from Vitex pinnutø, Artocørpus

nobilis, Burleriø prionitis, Buxus nutølensis and

Coprinus micøcerls.

By

Shamsul HaqZahid

Thesis Submitted to the Faculty of Graduate Studies

In Partial Fulfillment for the Degree of

MASTER OF SCIENCE

Department of Chemistry

University of Manitoba

Winnipeg, Manitob a, Canada

Copyright @ 2009 by Shamsul Haq Zahid



THB UNTVBRSITY OF MANITOBA

FACULTY OF GRADUATE STUDIBS

COPYRIGHT PERMISSTON

lsolation and structure Elucidation of Bioactive chemical
constituents from vitex pínnata, Artocarpus nobilis,

Bqrlerio prionitis, Buxus natalensrs and coprinus micaceus

Shamsul Haq Zahid

A ThesisiPI'acticum submitted to the Faculty of Grarluate Studies of The University of

Manitoba in pnrtial fulfillment of the rcquirenrent of the ttegr.ce

of

Master of Science

Sh¿rmsul Haq Zahid02009

Permission h¿rs lreen gr:rnted to the University of Manitoba Libraries to lend ¿ì copy of this
thesis/practicum, to Library and Archives Canada (LAC) to lentl â copy of this thesis/practicum,
and to LAC's âgent (UMlÆroQrrest) to mict'ofilm, sell copies and to publish an abstract of this

thesis/practicunt.

This rc¡rrotluctiott ol'cop\/ t¡f this thesis h¿rs been ¡nade ¿rvailable by :ruthorit-v of the copyright
olì/ne. solell' f6¡ the ¡rurJlose of pri'ate study ¿rnd r.esearcrr, anrl r'âr, ànl¡, rre .ep,.oducert aia c'opiea

as permitted b¡' copyright larvs or lvith express rvritten authorization from the copyright orvner.

By



111

Acknowledgements

First of all, I bow down my head before Almighty God, Who provided me wisdom and

opportunity to perform this research. I am thankful to Him for blessing me with several

successes in life. I am grateful to Dr. Athar Ata, for accepting me in his lab as a graduate

student and for his supervision, guidance, advice and crucial contribution throughout this

research work. Thanks are due to the Chemistry professors at the University of Winnipeg

as well as at the University of Manitoba for their teachings. I would also like to record

my gratitude to the examining committee members who spent their precious time to

evaluate this thesis.

Most of the experimental work of this thesis was completed at the Chemistry department,

University of Winnipeg. I wish to express my appreciation to all faculty and staff

members at the University of Winnipeg especially Gunders Reinsfield, Peter Balagus,

Ramin Vakili and Ed Segstro for their technical support.

I also wish to acknowledge Dr. Paul Holloway, Biology Department, (University of

winnipeg), for his assistance in performing bioassays. I am also thankful to Dr. Kirk

Marat of the NMR facility, University of Manitoba in doing NMR experiments. I

gratefully acknowledge Dr. Radhika Samaresekera of Industrial Technology Institute, Sri

Lanka and Dr. Richert Geggan of the Chemistry department, Durban University, South

Africa for providing the plant extracts for this research. Collective and individual

acknowledgements are owned to all my lab fellows during this study as well as apology

that I could not mention personally one by one.

Finally, I am thankful to my parents for their moral support and for creating thrust of

acquiring knowledge in me. I am also grateful to my wife, Sarfraz Akhter and my



iv

children, Rimsha Zahid, Sufian Muhammad Zahtd and Razeena Zahtd who spend many

evenings without me.



Abstract

This thesis describes ph¡ochemical studies on four medicinally important plants, Vitex

pinnata, Artocarpus nobÌlis, Barleria prionitis, Buxus natalensis and one saprophytic

fungus, Coprinus micaceus. These findings are summarized as follows:

1. Chemical studies on the crude methanolic extract of Vitex pinnata yielded one

new iridoid glucoside, 6"-glucosepedunculariside (88) and three known natural

products, pedunculariside (89), agnuside (90) and p-hydroxy benzoic acid (91).

Compounds 88-91 were found to exhibit weak to moderate GST/AChE inhibitory

activities and antioxidant activity.

2. Phytochemical investigations on the crude ethanolic extract of Artocarpus nobilis

resulted in the isolation of two new triterpenoids, [artocarpurate A (109),

atocarpurate B (110)l; four known triterpenoids, [cyclolaudenyl acetate (111),

lupeol acetate (ll2), B-amyrine acetate (113), LZ,I3-dihydromicromeric acid

(114)l; and two known flavonoids fartonins E (115) and artobiloxanthone (116)].

All of these compounds exhibited different levels of anti-AChE and anti-GST

properties. Compounds 115 and 116 were found to be more potent GST inhibitors

than the standard GST inhibitor sodium taurocholate whereas compound 113

showed good AChE inhibitory activitity (ICso: I 1.5 + 2.58).

3. Our studies on the crude ethanolic extract of aerial parts of Barleria prionitis

afforded five known natural products, 8-O-acetylshanzhiside methyl ester (127),

shanzhiside methyl ester (128), lupeol (129), betulinic acid (130) and pipataline

(131). Pipataline was isolated in enough quantity to prepare th¡ee different

analogues of this natural product by doing reactions on C-7lC-\ double bond and
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evaluate them for the aforementioned bioactivities. V/e were interested to see the

role of this double bond in the moderate bioactivity of this compound. In this

study, we discovered that by the addition of an amino group at C-7 position,

acetylcholinesterase inhibitory activity was improved from IC56 value of 135.09 +

0.501 pM to 36.75 *0.272 ¡t}./'.

Phytochemical studies on Buxus natølensis have resulted in the isolation of one

new steroidal alkaloid, natalensamine-A (156). Compound 156 showed weak

AChE inhibitory activity.

Chemical studies on the methanolic extract of Coprinus micaceus yielded two

compounds, micaceol (179) and (2, Z)-4-oxo-2, S-heptadienedioic acid (180).

Compound 179 was found to be new while 180 was isolated for the first time as a

natural product. Compound 179 showed weak antibacterial activity against

Staphylococcus aureus and Corynebacterium xerosis while compound 180 was

inactive in this bioassay. Compound 180 showed weak GST inhibitory activity

while compound 179 was inactive in this bioassay.
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CHAPTER 1

General Introduction

1.1 Natural products

Natural products are produced by living organisms including plants, animals, marine

organisms and microorganisms for their survival against predators. The

aforementioned living organisms produce two kinds of metabolites: primary

metabolites and secondary metabolites. Primary metabolites, including carbohydrates,

proteins and lipids are the building blocks of life. The secondary metabolites,

including alkaloides, terpenoids, steroids, coumarins, saponins, phenols and phenolic

glycosides are produced by these organisms for their self-deterrencet'2. The plants

produce these compounds in response to ecological stress have shown their potential

as various pharmaceuticals. These potentials led humans to use these plants to treat

various ailments. For instance, terrestrial plants or their extracts such as licorice

(Glycyrrhiza glabra), mynh (Commiphora species), and poppy capsule lafex (Papaver

somniferum) have been used in herbal preparations as herbal drugs since ancient times

for the treatment of ailments in various parts of the world3. Based on this

ethanomedical importance of plants, chemists developed an interest in exploring the

active phytochemicals from these plants. For instance, phytochemical studies on

opium poppy (Papaver somniferum) yielded morphine (1), codeine (2), noscapine (3),

and papaverine (4) as active ingredients and developed as single chemical drug which

are still in use as clinically approved drugs. Morphine, codeine and noscapine are used

as analgesics while papaverine is used for gastrointestinal disorders2'a.
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In the beginning of 19th century pharmaceutical companies started to use organic

extracts to produce relatively crude therapeutic formulations. Later on in the mid-

twentieth century with the discovery of antibiotics, use of fairly purified molecules

became more typical for the formulation of drugs.

(1) (2) (3) (4) cHs

Natural products have been the major sources of chemical diversity as templates in the

drug discovery program over the past centurys. Many natural products and their

derivatives have been successfully developed as drugs for the treatment of human

diseases in almost all therapeutic areas6. For example, the presently used antim alarial

drug afemether (5), a synthetic analogue of artemisinin (6), is effective against both

chloroquinine-resistant and chloroquinine-sensitive strains of Plasmodium falciparum

and against cerebral malariaT. Artemisinin was isolated from the Chinese herb

"Artemisia annîna", which has been used for over 2000 years by the Chinese to cure

malarias.

(s) (6)

The antifungal drug anidulafungin (7) is a semi-synthetic derivative of echinocandin B

(8), a fi.rngal metabolite of Aspergillus rugulovalvuse.

cH"t"O-



(7) R=

(8) R=

A secondary metabolite, Ae-tetrahydrocannabinol (9), isolated ftom Cannabis sativa

L. exhibits both anti-emetic and anticancer propertiesl0. During the course of structure

activity relationship its nvo synthetic analogs, dexanabinol (10) and ajulemic acid (11)

were found to possess neuroprotective and anti-inflammatory properties, respectively.

Dexanabinol has shown neuroprotective properties by inhibiting NMDA glutamate

receptors along with anti-inflammatory and anti-oxidant activitiesll. Ajulemic acid

(11) has been discovered as a drug to treat acute and chronic pain and is in phase III

clinical trialsl2.

"ol

ñ1"XU
(e) (lo) (rl)

During the past few decades most of the pharmaceutical companies have signif,rcantly

reduced their research budgets in natural product discovery program due to the

introduction of new techniques like biotechnology and combinatorial chemistry for the

discovery of new bioactive compoundst3. Unfortunately, biotechnology companies

working in the fields of combinatorial biosynthesis and genetic engineering for the

discovery of novel bioactive molecules were unable to produce significant results and

this failure forced pharmaceutical companies to move back towards natural products.

Natural products offer structurely diverse libraries. These diverse natural products are
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now part of innovative strategies to determine their interaction with macromolecules

to inhibit their catalytic property in order to modulate cellular process such as immune

response, signal transduction, mitosis and apoptosisla. This property of natural

products provides a rational to use natural products as leads in drug discovery

program.

These days, natural product chemists are involved in performing ph¡ochemical

studies on plants having biomedical importance in folk medicine history. These

studies have yielded several biomedical agents including paclitaxel (12) and emetine

(13). Paclitaxel (Taxol@) (12), which was isolated from bark extract of the pacific yew

ftee (Taxus brevifolia), is an important drug used in the treatment of cancer. paclitaxel

is an effective drug of choice for the treatment of lung, ovarian and breast cancer.

Similarly, the isoquinoline alkaloid emetine (13), isolated from Cephaelis

ipecacuanha, has been used for many years for the treatment of abscesses caused by

the spread of Escherichio histolyticø infectionsr5.

1.2 Modern drug discovery process from terrestrial plants

In China and India plants have been and continue to be used in organized traditional

medical systems such as A¡uveda, unani and Kampo for thousands of yearsl3,l6-17.

These systems mainly focus on multi-component mixturesls and are playing an

imperative role in health care. According to the World Health Organization report,
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approximately 80%o of the world's population relies on traditional medicines for their

primary health carete. Plant products play an essential role in the health care systems

of the remaining 20Yo of the population residing in developed countries. Data of

prescribed drugs from 1959 to 1980 dispensed from community pharmacies in the

United States showed that 25%o of these drugs contained active ingredients derived

from vascular plants20.In 1997 a study using US-based prescription data from 1993,

showed that over 50Yo of the most-prescribed drugs in the US had a natural product

either as a drug, or as a template in the synthesis or design of biologically active

agents2l.

Ethnopharmacological
use of Plant

NMR, MASS,
UV and IR

Structure
determination

Litcrature Revierv

Structure modification
__-_--__.__-.--*

Selection of most
active orincinle

Scheme 1.1 Flow sheet diagram for the isolation of bioactive compounds

Currently, the isolation of an active agent relies on bioactivity-oriented isolation

methods. The flow sheet diagram (Scheme 1.1) describes this methodology, which

involves the selection of plants in the light of available literature on desired bioactivity

and subsequently compounds are purified and evaluated for their bioactivity. Bioactive

compounds are structurely modified to understand structure activity relationship

Screening ofcrude
extracts for desired

bioactivity

Plant collection
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(SAR) and more potent analogs are selected for further studies for drug development.

This methodology has afforded many important bioactive molecules. For example, the

important anticancer agent, camptothecin (1a) ftom Camptotheca acuminata2t was

discovered by following bioassay guided isolation methdology. In 1995, Pisha and his

coworkers reported the cytotoxic effects of betulinic acid (15) on the human

melanoma cell line23 MEL-I, 2 and4 with IC56 values ranged from 0.5-1.6 prglml and

on neuroblastoma cell lines with IC56 ranged from I4-I7 p.glml2a. In vitro cytotoxic

effects of betulinic acid (L5) were found to be more potent on primary cærcer cells

isolated from glioblastoma multiforme than doxorubicin (17), cisptatin (18) and

vincristine (lg)". Betulinic acid (15) has also been reported as a potent anti-HIV agent

and was discovered to inhibit HlV-replication in H9 lymphocytes with an EC56 value

of 1.4 pM'u.

(1s) R:COOH (16) R: CH3

o

clzr,, 
...ttNHt

",/t*\r",

(18)
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Lupeol (16), another chemopreventative agent, is found in various edible fruits (e.g.

mango)z1 and medicinal herbs28. It s.tppr"sses benzoylperoxide (BPO) induced skin

toxicity by activating a series of antioxidant enn¡mes. This involves inactivation of

BPO such as catalase, glutathione peroxidase, glutathione-disulfide reductase and

glutathione-^S-transferase. Based on these findings, the use of lupeol (16) in the case of

illnesses induced by free radicals has been recomended2e.

Derivatives of boswellic acid (20,21), are triterpenoids found in the resin of the Indian

tree, Boswellia serrata. This plant is widely used for its anti-inflammatory and

anti-arthritic effects in Indian folk medicine3O.

HO\tt'

In 1998, Tanaka et al. reported triterpenoidal DNA polymerase inhibitors, fomitellic

acids A (22) and, B (23) from basidiomycete, Fomitellafraxinea3l. Both acids 22 and

23 have shown inhibitory effects against DNA polymerase a", rat polymerase Ê and

mild inhibition of plant DNA polymerase II, HIV reverse transcriptase as well as

cytotoxic effects on cancer cell lines NUGC-3 (acid 22, LDso : 38pM) and PC-12

(acid 22, LDso : 23p,M, acid}3, LDso : 62¡tM)32. Some triterpenoids have been

reported to possess the ability to inhibit the classic course of the complement system

e. g. ganoderiol F (24), isolated from the mushroom Gønoderma lucidum has shown

anti-inflamatory properties with an IC56 value of 4.8 pM".

(1e)

Hoc-N ?,,,

,\ oH -o (20) Rr : CH3 R2: H

(21)Rr:H R2:CH3



(22) R: OH (23) R = H

In the last few decades Buxus steroidal alkaloids have shown interesting

pharmacological activities such as antimicrobial, antimalarial, antituberculosis3a, anti-

HIV3s and anti-cholinesterase effects36. For example four steroidal alkaloids,

cyclovirobuxeine-F (25), N-benzoyl-O-acetylbuxa longifoline (26), buxas anarine e7)

and cyclobuxamidine (28), isolated from Buxus rongifolia, have shown weak

antibacterial activity against Salmonella ryphi, Shigetla flexneri and pseudomonas

aeruginosa3T.

o
lt

-rc'-'
CoHs-

Some naturally occurring molecules hold multiple functions and are useful in

combating certain kind of diseases, for example, Alzheimer's disease, which is caused
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by multiple factors such as amyloid-B peptide (a,p) and tau protein aggregation,

excessive transition metals, oxidative stress and reduced acetylcholine (ACh) level in

brain38. In the last decade many attempts were made to incorporate more than one

pharmacophore in a single molecule to design multifunctional agents to hit more than

one target in Alzheimer's disease (AD). These multifunctional molecules were found

to be very effective in in vitro studies but the complex pharmacokinetics and higher

toxicity level became the major obstacle in their further drug development.

Flavonoids are one of the most important dietary phytochemicals which can act as

multifunctional molecules, and may exert beneficial effects in the central nervous

system by protecting neurons against stress-induced injury by suppressing

neuroinflammation and by promoting neurocognitive performance, through changes in

synaptic plasticity as supported by the dietary supplementation studies'e. Th"s. studies

revealed that flavonoids-rich plant or food extracts have potential influence on

cognition and learning in humans and animals3e'ao; presumably by protecting neurons,

enhancing existing neuronal function, or by stimulating neuronal regeneration. Their

neuroprotective potential was noted in both oxidative stress4l and neuron cell deathal.

Flavonoid-rich Ginkgo biloba extracts were investigated in this regard and found to be

beneficial in neuromodulatory effects, parlicularly in connection with age related

dementias and Alzheimer's diseasea2'43. Flavonoids comprise the most common group

of polyphenolic compounds in the human diet and are found ubiquitously in plants.

Major dietary sources of flavonoids include fruits, vegetables, tea, wine, cereals and

44
ITUrt JUICeS

The main dietary groups of flavonoids are:

I Flavonols e.g. kaempferol (29), quercetin (30) are found in onions, leeks, broccoliaa.
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II Flavones e.g. apigenin (31), luteolin (32) are found in parsley and celeryaa

Rl

(2e) oH

(30) oH

(31) H

(32) H

RI

H

H

R3

H

H

H

H

in soy and soy

R3

H

OH

R2

H

OH

H

OH

III Isoflavones e.g. daidzein (33), genistein (34) are mainly found

productsaa.

Rl

(33) oH

(34) OH

IV Flavanones e.g. hesperetin (35), naringenin (36) are mainly found in citrus fruit

and tomatoesa4.

R2

H

OH

(3s)

(36)

R2

ocH3

H

V Favanols e.g. catechin (37), epicatechin (38), epigallocatechin (39), epigallocatechin

gallate (40) are abundant in green tea, red wine and chocolateaa.

Rl

Q7) oH

(38) OH

(3e) oH

(40) gallate

R2

H

H

OH

OH



VI Anthocyanidins e.g. pelargonidin (41),

sources include red wine and berry fruits44.

11

cyaniding (42), malvidin (43), whose

(4t)

(42)

(43)

R2

H

H

ocH3

Antioxidant properties of flavonoids have been attributed either through their reducing

capacities or through their influences on the intracellular redox statusas'a6. It has been

studied that flavonoids exert their neuroprotective actions by A: the modulation of

intracellular signaling cascades which control neuronal survival, death and

differentiation; B: affecting gene expression; and C: interactions with

mitochondúf7'a8.

Iridoids are another class of naturally occurring polyhydroxy compounds and are

usually found in plants as glycosides. They are present in a number of folk medicinal

plants used as bitter tonics, sedatives, antipyretics, cough medicines, remedies for

wounds, skin disorders and as hypotensivesae. Recently Consolacio n et ol. reported the

iridoidal natural product (44), exhibiting antimicrobial activity against E. coli,

Pseudomonas aeruginosa, Staphylococcus øureus and Trichophyton

mentagrophytessj. Three acylated iridoid glycosides (45-47) were found to exhibit

antioxidant activities. All three compounds (45-47) showed activities in superoxide

free-radical scavenging test with ICso values of 24.3, 32.0, and 31.9 pM, respectively

and in a DPPH-radidcal scavenging test with IC5¡ values of 15.2, 10.9, and 11.4 ¡rM,

respectivelysl.

Rl

H

OH

ocH3
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(4s)

(46)

(47)

Rl R2

HOH

OH

R3 R4

CH3 trans-caffeoyl

= CHz trans-caffeoyl

CH3 trans-caffeoy IOHH

1.3 Enzyme inhibitors as a promising approach for the discovery of new leads

Enzymes are natural proteins thaf catalyze chemical reactions and play a major role in

regulating cellular processes including, metabolism, signal transduction and growth of

an organism. Any change in these metabolic processes can lead to a disease.

Understanding of the course of the disease at a molecular level helps to correct the

problem before hand. Enzyme inhibitors play an important role in the drug discovery

process. For instance, galanthamine isolated from Galanthus woronowii

(Amaryllidaceae) is an acetylcholinestrase inhibitor and a prescribed drug used for the

treatment of mitd to moderate Alzheimer's diseases2. During the years 1998 to 2000

ninety-seven new drugs were introduced in the world drug market. One third of these

drugs were enzyme inhibitorss3.

Enzyme inhibitors are grouped into two major classes, namely irreversible inhibitors

(compounds that completely block the activity of an enzyme) and reversible inhibitors

(compounds that retard the activity of an enzyme). With the use of enzyme inhibitors,

elzymes are incapable to perform their function and thus help to cure the ailment. For

example, generation of excess uric acid leads to a disease known as gout. An enzyme

xanthine oxidase is involved in the conversion of xanthine to uric acid. Inhibition of
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xanthine oxidase can result in an antihyperuricemic effect. Allopurinol (48) is used as

a xanthine oxidase inhibitor to reduce the level of uric acid in blood plasma. Arglabin

(a9) and exemestane (50) are some other enzyme inhibitors used as drugs to cure

cancer54.

(48) (4e)

1.3.1 Acetylcholinestrase, its role in nervous system and inhibition

Acetylcholine (ACh) (51) serves as one of the neurotransmitters. Its certain level is

required for the proper function of brain.

CHg

,l
t'"-.--rl' >t-tl\-""

ll o'.
o (s1)

It is sensitive to two major types of receptors namely, muscarinic receptors and

nicotinic receptors. The binding of muscarinic receptors with ACh causes stimulation

to the parasympathetic nervous system that results in a decrease in heart rate and blood

pressure, constriction of bronchi, increase in salivation, promotion of digestion and

increase in intestinal peristalsis, release of fluids from the bladder, and

accommodation of the eyes for near vision, with contraction of the pupils.

The nicotinic receptors are found in the central nervous system (CNS) and in the

motor end plates which are the synapses between nerves and skeletal muscle. In the

CNS, ACh stimulation of the nicotinic receptors is associated with cognitive processes
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and memory, while in skeletal muscles it causes contraction. ACh is stored in the

nerve terminals, commonly known as vesicles from where it is released at the

depolaúzation of nerve terminals, and the ACh thus released enters the synapse and

binds to the receptor. This released ACh has a very short half-life due to the presence

of large amounts of acetylcholinesterase (AChE), aî enzyme that hydrolyses ACh into

choline and acetic acid (shown in Scheme 1.2). This results in the brain leading to

several diseases including Alzheimer's disease.

cHg

_tt'"V -=/-""
ll *."
o

ACh

AChE Hrc 
* 

oH+

il
o

Acetic acid

IIzO

o

,-*A*
\J

", ,/n

H¡C

Choline

Scheme 1.2 Catalytic hydrolysis of acetylcholine

Structurally, AChE consists of a complex protein of the a/B hydrolase fold type having

an overall ellipsoid shape, which contains about 20 Ao deep groove, called the gorge.

Hydrolysis of ACh takes place at the bottom of the gorge through a complex

mechanismss as shown in Scheme 1.3.

Im: Deacylation

,/ r.'\ ,/t^')o-*,/ \ Acylation AC*E/ /AchE\ /---- \ f
\- / \ -o-c-cH3

. ï_r* 
HocH2cH2\Me3 

l]
MelNCH.cH"occH" o''-i--^''* Acylenzyme

CH3CO2- + H*

Scheme 1.3 Reaction mechanism of the hydrolysis of ACh castalysed by AChE
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AChE and inhibitor interaction have been investigated throughlys6 due to its

pharmaceutical and pesticidal importance. Acetylcholinestrase inhibitors (AChEIs)

can be divided into two major groups: those which bind to the active site at the bottom

of the gorge, and those which bind to the peripheral anionic site (PAS). Alkaloidal

inhibitors bind through positively charged nitrogen to the oxyanion arca at the bottom

of the gorge, especially the Trp84, and a region, separated by a lipophilic area from

the positive charge, which can form hydrogen bonds with the Ser200 residue and

others like His440s7. The use of AChEIs for the treatment of glaucoma was an old

application. The other major use of naturally occurring AChEIs was for the treatment

of myasthenia gravis, where muscle weakness occurs because of insufficient ACh

levels at the neuromuscular junction.

The advent of the hypothesis that Alzheimer's disease (AD) can be treated by

enhancing ACh level in the brainss provides a new application for AChEIs. Moreover

AChE is also considered responsible for the deposition of extracellular plaques of p-

amyloid. These deposits are charccteristic of the abnormal histology of the forebrain

of patients with Alzheimer's diseasese. The AChE inhibitor, rivastigmine, which acts

in the central nervous system (CNS) is used clinically, and is an analogue of another

AChE inhibitor physostigmine, which has been developed to cross the blood-brain

barrier60. Recently another AChE inhibitor, galantamine, was licensed for use in early

stages of Alzheimer's disease. This drug is popular in this respect, especially because

it appears to have nicotinergic effects which increase its effectiveness in treating ADs2.

Some alkaloids, such as ungimorine (52) isolated from a Narcissus cultivar6l and

hamayne (53), crinamine (54), and haemanthamine (55) isolated from two Nigerian



a weaker AChE inhibitory effects (IC56 values

T6

ranged fromCrinum species had

86-50 pM)62.

(s2) (s3) R= p-oH (s4) R: cr-oCH3 (ss) R: B-OCH3

Huperzine A (56) is one of the alkaloids isolated from the clubmoss Huperzia serrata

(Lycopodiaceae) is used in various formulae in traditional Chinese medicine to treat

memory loss, promote circulation and for fever and inflammation63. Huperzine A is

related to the quinolizidine alkaloids and it reversibly inhibits acetylcholinestrase

in vitro6a'6s and. in vivo 66.

cH"t"
N-CH3

R Unsaturation

(57) HN-benzoyl 
^2'3(58) HN-tigloyl 6s,o

(59)HN-tigloyl 
^s'o'4+'tso

Tigloyl:-$oÂ

Some pregnane-type alkaloids from Sqrcococca saligna have shown anti-AChE

activity67 . Axillaridine-A (57), sarsalignone (5S) and sarsalignenone (59) have been

investigated and found to be active against AChE (ICso: 5.2I,7.02, 5.83 pM

respectively). The lower inhibitory activity has also been observed with some

compounds, such as 2p-hydroxyepipachysamine-D (60) and axillarine-C (61) (78.2,

227.9 ¡rM respectively), maybe because of steric hindrance, since these compounds

contain benzamide moieties at position C-3. The presence of a hydroxyl group at C-2

o

\
N-H



inhibitory activity and
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was considered to result inwas also associated with the low

unfavorable interactions6s.

(62) R¡: ,VCH3Ao

(63) R1 =NHAc

(64) Rr : ¡/ (CH3)2

cH"I'
-CH¡

'OR

(60) R: H (61) R: OAC

In another report the steroidal alkaloids, isosarcodine (62), sarcorine (63), sarcodine

(64), sarcocine (65), and alkaloid-C (66), also puriflred from Sørcococca saligna

(Buxaceae), were reported as acetylcholinestrase inhibitors with ICso values of 10.31,

69 .g g, 49 .7 7, 20 .0 and, 42.2¡tM, resp ectively6e.

Hgc

CHg

Rr : ¡/ (CH3)z Rz : i/ CH3Ao A5'6

R1 : OCH3 Rz = N lCH3) 
^s'6

The plants of Buxaceae family are one of the most regarded herbs used in Ayurvedic

medicine. Several alkaloids from this family have been investigated as cholinesterase

inhibitors. For instance, hyricamine (67) and buxidine (68) isolated from Btuus

hyrcana, gave in vitro ICsoof 83.0 and210.6 pM against AChE70.

(6s)

(66)

R2 = // (CH3)2

R2 : ¡/ (CH3)2

R2: ,À/CH3Ac

CHe
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(67) R¡ = À4l-tigloyl R2 = OAC

(68) R1 :.VH-benzoyl Rz = OH 
^6'7

The triterpenes were the first reported AChE inhibitors, partly from studies on

chemical interactions between plant volatiles and insectsTl and partly from

investigations based on English ethnopharmacology that terpene containing plants

were good for the tne-ory72. Chung and his coworkers screened 139 different plant

species to search for AChE inhibitors, and found that Origanum majorana

(Lamiaceae) had the best AChE inhibitory activity. A detailed phytochemical

investigation on this plant resulted in the isolation of ursolic acid (69), an AChE

inhibitor with ICso value of 75 pM73. Tarar"rol (70) has a similar structure and was

shown to be one of the active compounds, with an IC56 value of 79 pM when an

extract of the twigs of Vaccinium oldhami was investi gated,Ta 
.

)H"t- cH"t"
H

H =
CHs

'/t'CH"
(6e)

In the last 20 years phenolic compounds like flavonides have gained the most

popularity due to their unique biological activities and a few compounds of this class

HsC
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have been shown to have anti AChE effects. The flavanone naringenin (36) from

Citrus junos (Rutaceae) ameliorated scopolamine-induced amnesia in mice, which

may be related to anti-AChE effect, since naringenin was shown to dose-dependently

inhibit AChE in vitro1s. Another flavanone, hispidone (71), isolated from Onosma

hispida (Boraginaceae) was found to inhibit AChE with ICso value 11.6¡rMi6.

ocH3

ocH3

1.3.2 Glutathione,S-transferase and its role in drug resistance

Glutathione ,S-transferases (GST) are a family of phase II detoxification enzymes,

which catalyze the conjugation of glutathione (GSH) with a broad spectrum of

xenobiotics, rendering toxic compounds more water soluble and therefore more easily

eliminated. Thus, GST plays a vital role in the detoxification of potential carcinogenic

substancesT7 and potential alkylating agents including pharmacologically active

compoundTs through glutathione conjugation and subsequently mercapturic acid

formationie.

GST catalyzes the formation of thioester bond between GSH and cytotoxic molecules

at its electric core, rendering the molecule chemically less reactive by lowering pKu of

nucleophilic cysteine of GSH from about 9.5 in aqueous solution to neutral value8o.

Since most of the anticancer drugs are potent electrophiles and therefore act as

substrates for GSTsr'82. A typical GSH-conjugation reaction catalysed by GST is

shown in Scheme 1.4.

(7t)
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GST
GSH + R-X _....+ GSR + HX

NH, Ol- H ll

Hooc,/^\-//\\ìa " -"/\ * ^"oo"ll lHo)^
* HS.- + R1X

Glutathione (y-Glu-Cys- Gly)

Scheme 1.4 A general reaction catalyzed by GST; R-X: electrophilic substrate

Based on the immunogenicity and primary structure of GSTs, they are divided into

two groups; the endoplasmic reticulum-membrane bound microsomal GSTs and

cytosolic GSTs. The cytosolic GSTs are divided into eight classes, namely alpha (A),

mu (M), pi (P), theta (T), zeta (Z), kappa (K), sigma (S) and omega 1O¡83. tfre

existence of GSTs into various isoenzyme classes provide a broader spectrum of

substrates specificity for detoxification of most of the chemical moieties. Va¡ious

types of these GST isoenzyme catalyzed reactions have been identified including

Michael type addition, nucleophilic aromatic substitution, nucleophilic addition to

epoxide, cis-trans double bond isomeúzation, positional double bond isomerization

and peroxide reduction. Some of these reactions are schematized in Scheme 1.584.

o-cH2cooH
GSH&GST

Ethacrynic acid

o-cH2cooH

oH + cs-oH i!l- cssc + Hzofto-oH +cs" i!f--

Cumene Hydroperoxide Cumene Hydroxide

Scheme 1.5 Michael-type addition and reduction reactions catalysed by GST

Cumene Hydroxide
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Besides above stated detoxification mechanism, GSTs also perform other functions

such as clearance of oxidative stress products, modulation of cell proliferation and

apoptosis signaling pathways. This multifunction ability of GSTs leads to several

possible therapeutic uses for isoform specific GST inhibitors. Recent detailed

investigations show that alkylating agents during chemotherapy are directly related

with the over expression of GSTs, which cause resistance against chemotherapyss.

This relationship stimulates the utllization of such agents that can inhibit GST in

combination with anticancer drugs to circumvent this resistance and to enhance the

effect of chemotherapy.

The GST isoenzymes cover a broad range of substrate specificity of a wide variety of

xenobiotic substances including carcinogens and anti-cancer drugs. That is why many

research groups have been engaged to investigate the rational between reduced

cytotoxic drug treatment efficacy and GST acfivity.It was discovered that most of the

anticancer agents conjugate with GSH by GST isoenzymes and are efficiently excreted

from the body86. For example, GSTs-o have been discovered to be involved in

resistance against nitrogen mustards8T, GST-p offers resistance to nitrosoureasss'8e,

GST-zr produce resistance against alkylating agents (Ifosfamide and thiotepa)e0'e1,

which depicts clear picture that GSTs are directly involve in multi drug resistance

(MDR)80'e2'e3. Therefore a rationale has been established to use such agents that can

selectively inhibit specific GSTs as adjuvant in anticancer chemoth"rupyro'no.In the

past few decades several attempts have been made to discover specific GST inhibitors

for enhanced activity ofthe desired anticancer drugs.

Although, broad classes of both competitive and non competitive inhibitors exist but

in spite of a number of serious efforts, GST inhibitors which are isozyme specific,
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non-toxic, and active in vivo have yet not been developed. So far the only known lru

vivo active GSTs inhibitors are ethacrynic acid (EA) and few glutathione derived

90.95.96
sffucrures

According to Ploemen et al. studiese6, EA (72) inhibits GST competitively and

non-competitively. It inhibits all classes of GSTs competitively towards

1 -chloro-2,4-dinitrobe nzene (CDNB) and non competitively towards GSHe7.

Like EA, a GSH analog, y-glutamyl S-(benzyl) cysteinyl-R-O-phenyl glycine diethyl

ester (TER 199) (73), has been shown to be an effective inhibitor of GSTea. It is also

an effective modulator of alkylating agents. In contrast to EA, 73 is an isozyme

specific inhibitor of GST ne8, which affects GSH homeostasis results depletion of

GSH and inhibits GST zr activityes.

ocH2cooH

û"

o\*,^,
cHz e2)

o
COOC"H.
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-- 

H

""*t\r'V*'il
o

(73)

Some researchers attempted to prepare non-peptide GST with increased peptidase

stability. For example, haloenol lactones are known to enhance the cytotoxic effect of

cisplatin by acting as GST P1-1 inactivatorsee. Several haloenol lactones represented

by Scheme 1.6 were developed to identify more potent selective compounds as GST

Pl-l inactivatorse0. These inhibitors are active site-directed chemically modified

reagents that form thioester linkages with Cys-47 of GST Pl-1, with potent inhibitory

catalyticactivity and are now being further modified to enhance their efficacyeO.
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GST activatable prodrugs have been designed on the basis of GSTs ability to

hydrolyze or to cleave GSH-conjugatesl00'10t. GSH thioesters and isothiocyanates act

as substrates for 'reverse' GST catalysis.

o
llTs-cvsarcsr

Hzo o

______________>

-Cysa7-GST

-S-cysa¡GSr *- lJh.ysa7-GSr

1,o 
_-\_Jo

Y'' f)I 1,,
1lll Y

Rv/\oH
\oBr 
3ï.ysa7-GSr

,14

Scheme 1.6 Mechanism of inhibition by haloenol lactones.

Several research groups have utilized these reverse reactions for GST-activated

pro-drugs that release electrophilic toxins or other chemical species. The best known

example for this strategy is TLK286, a GSH analog containing a phosphoramidate

sulfonyl moiety that undergoes enzyme-dependent release of a DNA alkylating agent

and a GS-vinyl sulfonelO2-rO4. It ir speculated that the active site Tyr of GSTPl-1 acts

as a general base to promote the p-elimination that yields the alkylating agent

(Scheme 1.7).
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D
Vinyl Sulfone GST inhibitor

Scheme 1.7 Mode of action of latent cytotoxin TLK286.

Naturally occurring polyphenols are classic ligandin-type inhibitors, for example

quercetin (30) and tocopherols (74), found in plants or even as food constituents.

These are hydrophobic aromatic compounds with potential anionic character and are

particularly common in grapes, some vegetables and some teas. These and other

dietary constituents have received great attention due to their ability to induce various

GSTs and their potential anti-carcinogenic properties. In addition, these compounds

have the ability to directly inhibit some GSTs, mainly GST-nr05.

:

=cHs

(74)

Natural products provide a source of lead compounds for drug discovery program.

Keeping in view Vitex pinnata, Artocarpus nobilis, Barleria prionitis, Bttxus

natalensis and Coprinous micaceous were investigated to isolate natural products and

to evaluate them for AChE and GST inhibitory activities. Chapters 2 to 6 describe

details of bioassay guided isolation and characterization of GST and AChE inhibitors

from the above mentioned natural sources.
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CHAPTER2

Phytochemical studies on Vitex pinnøtu

2.L lntroduction

The genus Vitex (Yerbenaceae) comprises of various species including Vitex negundo,

V. agnus-castus, V. polygama, V. cannabifolia, V. limonifolia, V. rotundifolia,

V. altissima, V. canescens, V. trifolia, V. triora, V. odorata, V. montevidensis and

V. pinnata. The plants of this genus are abundant in the tropical and sub-tropical

regions of Indial. For instance, 14 species of this genus including V. pinnata are found

in India2. Plants belonging to this genus have ethnomedicinal applications in South-

East Asia. For instance, V. negundo is one of the most common plants used in Indian

and Chinese traditional medicine. The oil from the fruits of this plant is used to treat

bronchitis3. An aqueous extract of leaves is used to cure catanhal fever and has been

reported to possess anti-inflammatory, anti-oxidant, anti-genotoxic, anti-fertility and

central nervous system depressant and anti-histamine release activity4. Various parts

of V. agnus-castus are used as diuretic, digestive, anti-fungal and stomach ache relief

agent by Anatolians and Brazilianss'6. The hot aqueous extract of leaves of

V. cannøbifolia is used to treat malaria and dysentery by ChineseT. Other plants from

genus Vitex have also been reported to possess anti-viral8, anti-cancere, anti-

infl ammatory I 0, hepatoprotective I I and anti-b acterialt2 activities.

Previous phyochemical investigations on the genus Vitexhave resulted in the isolation

of iridoids13-16, monoterpenestt, diterpenoidsls-le, flavonoids, steroids,

ecdysteroids2l, and C-glycosidea. Examples include 2'-p-hydroxybenzoyl

(75)t3, agnuside (76)'0, pedunculariside (77) t4, .u"o.-iol (78)rs,mussaenosidic
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iridolactone (79) rs, ferruginol (80)r8, abietatrien-38-ot (81)t8, luteolin (82)'o,artemetin

(83)t0, isorhamnetin (84)20, 2O-hydroxyecdysone (85)", 2l-epi-abúasterone (86)"

and shidasterone (87)" were purified from different plants of Vitex species.

JH

(76) R,= Pr= ¡1 (77) R¡= OCH3, Rz: H

,rô \&,
(7e) (80)Rr : H, R2: OH (81) Rr : OH, R2: H

(82) R¡:R3=R5=R6: OH, R2:Ra: H

(83) R¡:R2:Ra:R5=R6: oCH3, R3: oH

(84) R1=R3:Ra:R6: OH, Rs: OCH3, R2: H

R2

(78)

\
o

"o)--__L,^--_-o" "t\ja-r1"

""-P----"" ""f,+-" 
R

R1=R2:H

R1= H, R2: Me
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2.1.1 Biogensis of iridoid glycosides

Iridoid glycosides are monoterpenes composed of a pentacyclic ring which is fused

with a pyran ring and sugar moieties attached to it. Biogenetically they are derived

from mevaionic acid forming geraniol as an intermediate. This intermediate undergoes

a series of hydroxylation and oxidation reactions to afford a dialdehyde molecule that

after cyclization yields iridodial. This hemiacetal is a precursor to iridoids which then

undergoes glucosylation to produce iridoid glycoside23-24 as outlined in Scheme 2.1.

_> __--_>

Mevalonic acid

'-* I -rE-^v.

@

H

¡*ønz
H

//)
o¿
o

H

iridodial
cnol form

enzymatic
condensation

R=OCH3orR:H

pathway towards the biosynthesis of iridoid glycosideScheme 2.1 Plausible

V. pinnata

from
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Vitex pinnataLim (syn V. pubescens Vahl.) is a moderately sized tree of tropical Asia

belonging to the family Verbenacea"t''. Thir plant has been reported to have various

ethanomedicinal applicationszs-27 . For instance, the hot water extract of the bark of

V. pinnata is used to cure stomach pain and in post child-birth recovery. Leaves are

used to cure fever and wounds while the bark scrapings are applied to wounds and

used as charm for convulsions2s. On the basis of these folk pharmaceutical uses,

phytochemical studies on V. pinnataLiwt of Sri Lankan origin were carried out. These

studies resulted in the isolation of compounds 88-91. Compounds 88-91 exhibited

anti-AChE, anti-GST and antioxidant activities.
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2.2 Results and discussron

2.2.1 Isolation of compounds 88 to 9L

The crude methanolic extract was subjected to various chromatographic techniques

including column chromatography and preparative TLC which resulted in the isolation

of one new iridoid glycoside, 6"-glucosepedunculariside (88) along with three known

compounds, pedunculariside (89), agnuside (90) and p-hydroxy benzoic acid (91) (for

detailed purification procedure, see experimental section).

2.2.2 Structure elucidation of 6"-glucosepedunculariside (88)

Compound (88) exhibited UV absorption bands at29l.4 nm and 262.8 nm indicating

the presence of a substituted benzoyl group. The IR spectrum suggested the presence

of hydroxyl (342Tcm-r), carbonyl (1715cm-t;, ol.finic (1654 
"*-t), and aromatic

(1508, 1451cm-t) functionalities. High resolution FABMS showed the molecular ion

peak at m/z 658.2085 (calcd. 658.2109). A combination of MS, rH and r3C-NMR data

provided the molecular formula CzqH¡aOrz for 88.

l0

HO

(88)

The IH-NMR spectrum (CD3OD, 300MHz) of 88

double doublets at õ 6.36 (J: 6.0,1.8) and ô 5.10

exhibited (Table 2.1) two sets of

(J: 6.0,3.9) assigned to H-3 and
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H-4, respectively. A one-proton multiplet at ô 4.15, bonded to a carbon (ô 82.9)

showed by HSQC spectrum, was assigned to H-6. Another one-proton multiplet

resonated at õ 2.70, a one-proton broad singlet at ô 5.85 and a one-proton triplet at

ô 3.0 (/:7.2, i4.4) were assigned to H-5, H-7 and H-9, respectively. These signals

are characteristic for iridoids and suggested that compound 88 had an iridoid skeleton.

Three downfield signals at E 7.63 (dd, J: 8.1, 2.1), ð 7.59 (d, J - 2.1), ô 6.89 (d,

J:8.1) along with a singlet at ô 3.90 revealed the presence of a 3-methoxy-4-

hydroxy-benzoyl moiety in the moleculela. Two sets of doublets centered at õ 4.70 (d,

J:7.9) and ô 4.38 (d, J:7.8) along with signals resonating between ô 3.36-3.80

indicated the presence of two sugar moieties in the molecule. These spectral data

revealed that the natural product is like 6"-glucosepedunculariside. This assumption

was further supported by the t3C-NMR spectrum that showed the resonance of two

anomeric carbons at ô 100.2 and 104.2.

The COSY-45. spectrum showed vicinal coupling of acetal proton, H-l (ô 5.15) with

H-9 (ô 3.0). The latter proton was further coupled ro H-5 (6 2.70). H-3 (ð 6.36) and

H-4 (ô 5.10) showed cross peaks with each other. The latter proton showed coupling

with H-5 (õ 2.70). H-5 also exhibited coupling with H-6 (ô 4.15) that in tum showed

COSY-45" interaction with H-7 (ô 5.85).

The I3C-NMR (CD3OD,75MHz) spectrum of 88 displayed twenty nine signals. DEPT

and broad-band I3C-NMR spectrum showed the presence of one methyl, three

metþlene, twenty methine and five quatemary carbons. The HSQC spectrum was also

helpful to determine lH/l3C one-bond shift conelation of all protonated carbons. The

complete lH and r3C-NMR chemical shift assignments of 88 are shown in Table 2.1.
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The HMBC spectrum of 88 exhibited long-range correlations of the C-3 methine

proton (ô 6.36) with C-l (ô 97.9), C-4 (ô 105.6) and C-5 (ð 46.3). The C-7 methine

proton (ô 5.85) also exhibited cross peaks with C-5 (ô 46.3), C-6 (ô 82.9) and C-8

(ô 143.0). The C-l0 methylene protons (ô 4.9) showed rH/13C long-range correlations

with C-8 (ô 143.0) and C-7' (ô 168.0). The C-6' methine proton of benzene ring

(õ7.63) showed connectivity with C-7'(ô 168.0) and H-5'(ô 6.89) exhibited cross

peak with C-1'(ô 122.4). The cross peaks between C-l methine proton (ô 5.15) and

C-1" (ô 100.2) were also observed in the HMBC spectrum. These HMBC spectral data

indicated that compound 88 had pendunculariside having a glucose moiety at C-6".

This was confirmed by the HMBC interaction of H-1"' (ô 4.38) with C-6" (ô 66.3).

The down field chemical values of C-6" also indicated the presence of second glucose

moiety atC-6. The observed HMBC interactions in compound 88 are shown in 88a.

(88a)

The stereochemistry at C-l , C-5, C-6 and C-9 was found to be same as reported for

pendunculariside. The chemical shift values of these chiral centers were the same as

those of pendunculariside, reported in the literaturela-ls. Both sugars had B-linkage as

indicated by the large coupling constants of anomeric protons. These spectral dataled

us to characterize compound 88 as 6"-glucosepedunculariside.
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Table 2JtH and r3c-NMR 
data of 88, recorded at 300 and75 MHz, respectively.

Carbon No. 'H-tsN4R (ô) ''c-Nl,tR 1ô; DEPT Multþtic'iry
1

J

4

5

6

7

I
9

10

1'

2',

3',

4'

5'

6',

7',

I'
lrt

2"
1ilJ

4"

5"

6"

5.15, d, (7.2)

6.36, dd,(6.0, 1.9)

5.T0, dd, (6.0, 3.9)

2.70, m

4.75, overlap

5.95, brs

3.0, t (7.2,14.4)

4.90, brs

7.59, d, (2.1)

6.89, d, (g.r)

7.63, dd, (9.1, 2.1)

3.90, s

4.70, d, (7.9)

3.24, m

3.36, m

3.28, overlap

3.28, overlap

3.77, dd, (1 1.0, 5.0)

3.87, dd,(12.0,2.0)

4.39, d, (7.9)

3.37, m

3.62,m

3.29, overløp

3.63, m

3.67, m

3.79, nt

97.9

141.8

105.6

46.3

82.9

132.7

143.0

47.8

62.9

r22.4

rt3.6

153.0

148.0

rt6.3

r2s.4

168.0

56.6

100.2

75.0

78.0

71.6

78.4

66.3

104.2

74.9

78.4

7r.7

77.9

63.9

CH

CH

CH

CH

CH

CH

C

CH

CHz

C

CH

C

C

CH

CH

C

CH:

CH

CH

CH

CH

CH

CHz

CH

CH

CH

CH

CH

CHz

1rr

2It
ailtJ

4ilt

5ilr

6rt

Solvent: CD3OD
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2.2.3 Structure elucidation of pedunculariside (89)

The UV and IR spectral data of 89 were similar to those of previously discussed for

compound 88 indicating the presence of the same chromophore and functional groups

as those were for 88. A combination of MS, tH atrd t3C-NMR spectral data indicated

the molecular formula CzzHzsOn.

(8e)

The IH-NMR spectrum (CD3OD, 300MHz) of compound 89 was distinctly similar to

that of compound 88 except that the tH-NMR spectrum of the former showed the

resonance of one anomeric proton at õ 4.70. This suggested the presence of one sugar

moiety in 89.

The r3C-NMR (CD3OD , 75}y',Hz) spectrum of compound 89 showed the resonance of

all twenty-three carbons. The chemical shift values of all carbons of 89 were distinctly

similar to that of compound 88 except for the absence of an additional sugar moiety

signals in the former. The complete rH and r3C-NMR chemical shift assignments of 89

are shown inTable2.2.

These spectral data led us to propose structure 89 for this reported iridoidal glycoside.

The lH and l3C-NMR spectral data of 89 were identical to those of pedunculariside as

reported in the literatureT'14-15. This compound was previously isolated from
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V.cannabifulia1 , V. pendunculør¡rla and V. rotundifoliars and, it was the f,rrst report of

compound 89 from V. pinnata.

Table 2.2 tlF-and r3C-NMR data of 89, recorded at 300 and75 M*z,respectively.

Carbon No. 'H-NH¿R (¡) t'c-NlrtR 
1ô; DEPT Multiplicity

I

J

4

5

6

7

8

9

10

1'

2',

1tJ

4',

5'

6',

7',

8'

1"

2"
aIJ

4"

5"

6"

5.r5, d, (7.2)

6.36, dd,(6.0, 1.9)

5.70, dd, (6.0, 3.9)

2.70, m

4.75, overlap

5.85, brs

3.0, t (7 .2, 14.2)

4.90, brs

7.59, d, (2.1)

6.89, d, (8.r)

7.63, dd, (8.1, 2.1)

3.90, s

4.70, d, (7.9)

3.24, m

3.36, m

3.28, overløp

3.28, overlap

3.77,dd, (11.0,5.0)

3.87, dd, (r2.0,2.0)

97.9

141.8

105.6

46.3

82.9

t32.7

143.0

47.8

62.9

r22.4

1t3.7

153.0

148.0

116.2

125.4

168.0

s6.6

100.3

7s.0

78.r

7r.6

78.4

63.9

CH

CH

CH

CH

CH

CH

C

CH

CH2

C

CH

C

C

CH

CH

C

CHs

CH

CH

CH

CH

CH

CHz

Solvent: CD3OD
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2.2.4 Structure elucidation of agnuside (90)

Both UV and IR spectra of compound 90 look similar to those of 88 and 89.

(e0)

The rH-NMR spectrum (CD3OD, 300MHz) of compound 90 was identical to that of

compound 89 with an exception that 90 showed the lack of O-CH3 signal. The

presence of two AB doublets at ð 7.94 (2H, d, J:9.0 Hz) and ô 6.85 (2H, d,

J : 9.0 Hz) suggested the presence of OH group at C-4' .

The r3C-NMR (CD3OD , 75MHz) spectrum of 90 showed the resonance of all twenty

two carbons. The complete t3C-NMR chemical shift assignments of 90 are shown in

Table 2.3.

The lH and I3C-NMR spectral data of 90 were identical to those of agnuside, reported

in the literatureT'r4't5'2e. This compound was previously isolated from V. cannabifoliaT,

V. penduncularist4, V. rotundifoliats, and V. limonifotiûe andwas isolated for the first

time from this plant.

o

5',



44

Table 23 t[and I3C-NMR 
data of 90, recorded at 300 and,75 M*z,respectively.

Carbon No. 'H-NrrlR 1o¡
r3c-NuR 

1q DEPT Multiplicity

1

3

4

5

6

7

8

9

10

1'

2'

alJ

4',

5'

6'

7',

1"

2"

ailJ

4"

5tt

6"

5.05, d, (7.2)

6.36, dd,(6.0, 1.9)

5.70, dd, (6.0, 3.9)

2.70, m

4.75, overlap

5.85, brs

3.0, t (7.2,14.4)

4.90, brs

7.94, d, (9.0)

6.95, d, (9.0)

6.85, d, (9.0)

7.94, d, (9.0)

4.70, d, (7.9)

3.24, m

3.36, m

3.28, overlap

3.28, overlap

3.77 , dd, (1 1.0, 5.0)

3.85, dd, (12.0,2.0)

98.1

t4r.9

t05.4

46.5

83.0

r32.6

143.0

48.3

62.9

122.2

133.0

T16.4

163.9

rt6.4

133.0

t67.9

100.3

75.0

78.1

7t.6

18.4

63.8

CH

CH

CH

CH

CH

CH

C

CH

CHz

C

CH

CH

C

CH

CH

C

CH

CH

CH

CH

CH

CHz

Solvent: CD3OD
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2.2.5 Structure elucidation ofp-hydroxy benzoic acid (91)

The UV spectrum of 91 showed absorption maxima at32|.0 and249.8 nm. The EIMS

of 91 showed the molecular ion peak (M*) at m/z I38. A base peak at m/z l2I was

observed due to the loss of a hydroxyl group from the molecular ion. Another ion at

m/z 93 was attributed to the cleavage of carboxylic group. A combination of mass, lH

and I3C-NMR led us to derive molecular formula CzHoO¡.

(e1)

The rH-NMR spectrum (CD3OD, 200MHz) displayed two AB doublets af õ 6.71

(J:6.0H2) and 7.79 (J : 6.0 Hz), integrating for two protons each, were due to the

four methine protons of the di-substituted benzene ring.

The l3C-NMR (CD3OD, 50MHz) spectrum of 91 showed signals for all seven carbons.

The carbonyl carbon (C-7) resonated at E 170.4. An Attached Proton Test (APT)

spectrum showed the presence of four methine and three quaternary carbons in

compound 91. The complete assignments of all lH and t3C-NMR of 9l are shown in

Table 2.4. These spectral data identified compound9l as p-hydroxy berzoic acid.
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Table 2.4tlHand r3C-NMR data (CD3OD) of 91, recorded at 300 and75 MHz, respectively.

Carbon NO. 'n-NiuRla; "c-NMR (ô) TMultiplicity

7.79 d, (6.0)

6.7t d, (6.0)

6.71 d, (6.0)

7.79 d, (6.0)

122.6

I 33.1

116.1

t63.3

116.1

I 33.1

170.4

C

CH

CH

C

CH

CH

C

Solvent: CDgOD

2.2,6 Biological activities of compounds 88-91

Compounds 88-91 wer e evaluated for AChE and GST inhibition and antioxidant

activities. All of these compounds were weakly active in these bioassays and these are

summarized in Table 2.5.

Table 2.5 GST, AChE and antioxidant activities of compounds 88 to 91.

Compound GST activity

ICso (itM)

AChE activity Anti-oxidant activity

ICso (pM) IC56 (pM)

88

89

90

9t

131.49 * 16.95

39t.57 + 12.90

2r9.24 + i4.0

NA

344.42t36.73 192.50 + 8.30

288.0 * 41.90 192.56 + 8.83

4s7.57 t78.32 383.79 r 28.68

NA 248.36+ 1.87

NA: Non active
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2.3 Experimental

2.3.1 General experimental conditions

All solvents (methanol, ethyl acetate, chloroform, dichloromethane, hexane) and

Ellman's reagent, DTNB [5-5'-dithio-bis (2-nitrobenzoic acid)], used in this research

were bought from VWR-USA. The IR spectra were recorded on Bomem Hartmann

and Braum (BM Series) spectrometer while the UV spectra were acquired on

Shimadzu UV-250 IPC spectrometer. The rH, t3C-NMR, COSY, HSQC, HMBC, lD

NOE and NOESY spectra were recorded on Varian Inova 200 and Bruker

Avance/DPX 300 spectrometer. Chemical shifts (ô) were recorded in ppm and

referenced to solvents. EVCI MS data were obtained on Hewlett Packard 59898 mass

spectrometers. HRFABMS spectrum was recorded on INCOSSO, FINNIGA-MAT

Mass spectrometer. Thin layer chromatography was carried out on silica gel GFzs+

precoated plates purchased from Merck whereas column chromatography was

performed on silica gel (200-400 mesh). Electric-eel acetylcholinestrase (EC 3.1.1.7),

acetylthiocholine iodide, 2,2'-diphenyl-l-picrylhy&azyI (DPPH), u,-tocopherol and

quercetin, sodium taurocholate and Equine liver GST were purchased from Sigma-

Aldrich. Glutathione (GSH) and 1-chloro-2,4-dinitrobenzene (CDNB) were purchased

from MP Biomedicals.

2.3.2Plant material

The stem bark of V. pinnata Linn was collected by Dr. Radhika Samarasekra of the

Industrial Technology Institute (ITI) Colombo, Sri Lanka and a voucher specimen was

deposited in the herbarium of this institute.
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2.3.3 Extraction and isolation

The air dried stem bark (1.815 Kg) of V.pinnata was extracted three times with

ethanol at room temperature. This ethanolic extract was concentrated under reduced

presslre to yield a brownish gummy material. The crude extract was subjected to

various chromatographic methods including column and thin layer chromatography to

puriry compounds 88-91. The isolation procedure for these compounds is outlined in

Scheme 2.2.
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ñ*" b*k I
I r.srs rg I

-

I sx ptoH
t

n-hexane extract
5.1gm

NA

CH2Cl2:CH3OH: I 0%CH3COOH
(95:05: I drop)

(e0)
3.1 mg

219.24 ! 14 ¡tM

(88)
3.5 mg

I31.49t16.95¡rM

(8e)
7.2 mg

391.57 t 12.9 ¡rM

CC : Column Chromatography
NA : Not active@31} pglmL

MeOH-extract
13.6 gm

0.249 gm
20.4 t9 pglm

L122 gn
102.6 !1 ¡tghn

CH2C12:(CH3
(0-r00%)

VPF36a
138.611Opg/ml

285 mg

VPF3a5

vPF3A4_3

106.0+11pg/ml
84 mg

vPF3A4_4

201.1+2.7pglm
l3 mg

vPF3A4_

NA
49 mg

vPF3A4.
NA

35 mg

CH2C12:MeOH

CH2C12:MeOH
(0-100%)

Scheme 2.2 Isolation procedrrre for compounds 88 - 91
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2.3.4 6" -glucosepedunculariside (88)

White amorphous solid, 3.5 mg, 0.00019% yield, R¡: 0.23 (CHzClz-MeOH, 9:l);

C2sH3sOn; UV }.n'u* (MeOH) :291.0 and 262.4 nm; IR (solid film) v** : 342I, 1715,

1654, 1508 and 145lcm-r; forrH andr3c-NMR spectral data see Table 2.1.

2.3.5 Pedunculariside (89)

Off-white amorphous solid, 7.2 mg,0.00039% yield, R/: 0.35 (CHzClz-MeOH, 9:l);

cztHzsoni uv ¡,.a* (MeoH) : 204.0 and 198.8 nm; for rH and t3c-NMR 
spectral

data see Table 2.2.

2.3.6 Agnuside (90)

white amorphous solid, 3.1 mg, 0.00017% yield, R¡: 0.33 (cHzclz-MeoH, 9.5:0.5,

I drop of l}Yo CH3COOH): CzzEzøOrr; UV Àn,* (MeOH) : 258.4 and 200.6 nm; for

tH attd I3C-NMR spectral data see Table2.3.

2,3.7 p-hydroxy benzoic acid (91)

Transparent crystalline solid, 32.7 mg,0.0018% yield; c7H6o3; uv r,* (MeoH):

321.0 and249.8 nm; forrH and r3c-NMR 
spectral data see Table2.4.

2.4 Enryme inhibition assays

2.4.1 Glutath io n e,S-tra nsferas e in h ibitio n ass ay

Glutathion S-transferase inhibitory activity was measured by following the Habig

spectrophotometer method3O. In at ypical assay specific concentrations of

compound/crude extract were incubated with 133¡rl of phosphate buffer (pH 6.5), 2pl

of GST (with initial effective assay activity of 0.12106 UmL-r) and 25 prl of lmM

CDNB for ten minutes at 25oC. After incubation period, 40 pl of lmM GSH was

added and the product of conjugation was measured at 340 nm in 96-weil microplate

reader (KC-4 Biokinetic reader, Bio-TEK instrumentation, USA.) The inhibitory
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activity of GST was calculated with reference to a control assay (assay carried out

under similar conditions with out test compound). The percentage inhibition was

calculated by following formula: [(¿' - Ð / S] x 100, where E is the activity of the

enzyme with out test compound/extract and S is the activity of enzyme with test

compound/extract. The compound/extract concentration providing ICso was calculated

from the graph plotting inhibition percentage against compound/extract concentration.

All assays were performed in triplicate.

2.4.2 Acetylcholinesterease assay

The inhibitory activity of acetylcholinesterease was measured by following Ellman's

methodology3l with slight modifications. In order to evaluate the inhibitory activity of

all purified compounds (88-91) the assay was camied out at room temperature in

100 mM sodium phosphate buffer at pH 7.8. In a typical assay, I26p,I buffer, 50pl of

0.01M DTNB [5-5'-dithio-bis (2-nitrobenzoic acid)], 2p,l enzyme and 2¡i test

compound solution were mixed and incubated for 30 minutes. The reaction was then

initiated by the addition of 20¡rl of 0.075M acetylthiocholine. Hydrolysis of

acetylthiocholine was monitored by the formation of yellow 5-thio-2-nitrobenzoate

anion as a result of the reaction of DTNB with thiocholine, released by the enzymatic

hydrolysis of acetylthiocholine at a wavelength of 406 nm. All assays were carried out

in triplicate in 96-well microplate reader (KC-4 Biokinetic reader, Bio-TEK

instrumentation, USA). The percentage inhibition was calculated by following the

formula: KE - Ð / S] x 100, where E is the activity of the enzyme with out test

compound and S is the activity of enzyme with test compound. The ICso values were

calculated by plotting a concentration response curve.
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2.4.3 Antioxidant assay

The antioxidant activity of all purified compounds (8S-91) was evaluated on the basis

of radical scavenging activity of stable free radical 2,2'-diphenyl-1-picrylhydrazyl

(DPPH)32. A solution of DPPH was prepared, at2.5 mg/ml in methanol and was

stored at 4 "C in dark. The stock solutions of all compounds along with u,-tocopherol

and quercetin as standards were also prepared by dissolving 1 mg of each in lm1. of

methanol and were diluted to varying concentrations in 96-well microplates. Then

freshly prepared DPPH solution (final concentration 0.3 mM) was added to each well.

The reaction mixture was shaken vigorously to ensure proper mixing and allowed to

stand for 30 minutes in dark at room temperature. The decrease in absorbance was

recorded at 517 nm using UV-Vis microplate reader (KC-4 Biokinetic reader, Bio-

TEK instrumentation, USA). A methanolic solution of DPPH served as a control

while sarnple solution without DPPH served as negative control. The scavenging

activity was calculated using the following equation: % Inhibition: [(A" - et¡/R.¡1 x

100, Where Ao: absorbance of DPPH solution without sample, Al: absorbance of

DPPH solution in the presence of sample. A concentration response curve was plotted

to calculate the ICso values. All tests were run in triplicate.
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CHAPTER3

Phytochemical studies on Artocurpus nobilis

3.1 Introduction

Artocarpus nobilis Thw. (Moraceae) is a moderate sized tree and is the only endemic

species of the genus Artocarpus found in Sri Lankal. The genus Artocarpus comprises

of about 1400 species2. Plants of this genus have several ethnopharmaceutical

applications to treat inflammations, malarial fever, ulcers, abress and dianhea in

Southeast Asia3'4. The roots of A. altitis are used for the treatment of venereal diseases

and cancers in Thailand. In Taiwan, the stem and roots are used traditionally as

curative agents for the treatment of liver cirrhosis and hypertension6. The crude

extracts of different species of Artocarpus have also been reported to have various

biological activities. For example, the CEzClzextract of roots of A. altilis have shown

antitubercular activity against Mycobacterium tuberculosis with a minimum inhibitory

concentration of 25pglmL. The extract also exhibited antiplasmodial activity

(ICso:3.5 pglmL) against the parasite Plasmodiumfalciparu*6. Recently the crude

exttact of A. lakoocha was found to be effective for the treatment of taeniasisT and the

chloroform extract of the heartwood of A. communis have been reported to exhibit

inducible nitric oxide synthase (iNOS) inhibitory activity with an IC56 value of

10.0 pglmLs.

Previous phytochemical studies on various plants of genus Artocarpus, resulted in the

isolation of flavonoids, stilbenoids and terpenoidse-t6. Thes" constituents have been

reported to exhibit antioxidant, antimalarial, cytotoxic and antibacterial activitiese. For

instance, the flavonoids artocarpone A (92), artocarpone B (93), artoindonesianine R
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(94), artonine A (95), cycloheterophyllin (96), artoindonesianine A-2 (97),

heterophyllin (98), and heteroflavanone C (99) isolated from A. champeden have been

reported as antimalarial agents with IC56 values of 0.I2,0.18,0.66,0.55,0.02, 1.31,

1.04, and 0.001 pM, respectivelyto. A large number of cytotoxic flavonoids have also

been reported from A. champeden For instance, artoindonesianin U (100),

artoindonesianin L (101) cyclocommunol (102), cyclocommunin (103) and

cycloartocarpin (104) isolated from A. champeden have shown cytotoxic activities

with LCso values of 2.0,0.06, 9.0, 4.7 and,1.9 pglml,ll-rs.

R=H, Rr=OH
R:OH, RI:H

(es)
(e6)
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(r0l)

(100)

Phytochemical investigations on the non-polar fractions of Artocarpzs species have

resulted in the isolation of lanosterole type triterpenes. For example, triterpenes,

cycloartenone (105), 24-methylenecycloartanone (106), cycloeucalenol (107), and

glutinol (108) have been reported from the n-hexane extract of the tree bark of

A. champedent6.
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3.2 Results and discussion

3.2.1 Isolation of compounds 109 to 116

Phytochemical studies on the crude ethanolic extract of A. nobills resulted in the

isolation of six triterpenoids, artocarpuate A (109), artocarpuate B (110),

cyclolaudenyl acetate (111), lupeol acetate (ll2), B-amyrine acetate (113), lz,l3-

dihydromicromeric acid (114) along with two flavonoids, artonins E (115) and

artobiloxanthone (116) (for purification see experimental section). Compounds 109

and 110 were new and lll-116 were known natural products. All of these compounds

exhibited different levels of AChE and GST inhibitory activities. Structures of all of

these compounds were established with the aid of extensive spectroscopic studies and

are discussed below.

3.2.2 Structure elucidation of artocarpuate A (109)

The UV spectrum of artocarpuate A (109) displayed terminal absorption, indicating

the lack of any conjugated æ bond. The IR spectrum displayed intense absorption

bands ar1734 (c:o) and 1636 (c:c) cm-r. The CIMS of 109 showed the [M+H]+ ion

at m/z 399. The HREIMS exhibited the molecular ion peak at m/z 398.2824 (calcd.

398.282I) corresponding to the molecular formula C26H33OE. This indicated the

presence of eight degrees of unsaturation in compound 109 and these were accounted

for by the cycloartane triterpenoidal skeleton having a double bond in ring B and two

carbonyl groups.
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The IH-NMR spectrum (CDCI3, 300 MHz) of 109 showed a set of AB doublets at

ô 0.33 and 0.57 (J : 4.0 Hz) due to Hz-19. Four three-proton singlets at ô 0.90, 0.94,

0.84 and 1.04 were assigned to H3-30, H3-31, Ht-32 and H¡-18, respectively. H3-21

resonated as a three-proton singlet at õ 2.I7 . Another three-proton singlet at õ 2.05 was

ascribed to the acetyl methy protons of an acetyl group, substituted at C-3. A double

doublet, integrating for one proton, appeared atõ 4.56 (dd,¿, z:6.0 andú,3: Il.4

Hz) was ascribed to H-3. Its downfield chemical shift value was indicative of the

presence of geminal ester functionality. A downfield broad singlet at ô 5.12 was

ascribed to H-6.

The COSY-45" and TOCSY spectra showed the presence of four isolated spin systems

in compound 109. The first spin system was traced from H-3 (ô 4.56), which showed

cross-peaks with H2-2 (õ 2.15 and 2.02) andH2-2 in turn exhibited vicinal couplings

with Hz-l (ô 1.30 and 1.55). The second spin system consisted of a fragment starting

from H-6 (ô 5.12) and ending at H-8 (ô 1.49). The H-6 (ô 5.12) displayed rH-rH spin

corelations with Hz-7 (ô 1.38 and 1.63) which in turn showed COSY-45'interactions

with H-8 (ô 1.49). The third spin system was traced from the vicinal couplings of

Hz-ll (ô 1.13 and 2.01) with Hz-12 (ô 1.68 and 2.10). The fourth spin system

HsC

3l



62

consisted of ring D.H-17 (ô 1.59) showed vicinal couplings with Hz-i6 (ð 1.35 and

1.90). The latter in turn showed cross peaks with H2-15 (ô I .25 and 1.41).

The l3C-NMR spectrum (CDCI3, 75 MHz) of 109 showed signals for all 26 ca¡bons.

The olefinic signals resonating at õ 134.4 and 1 19.3 were due to C-5 and C-6 carbons,

respectively. An attached proton test (APT) experiment was performed to establish the

multiplicity of each signal in the broad-band r3C-NMR spectrum. The APT spectrum

revealed the presence of six methyl, eight methylene, four methine and eight

quaternary carbons in compound 109. The HSQC spectrum was recorded to determine

the lFVl3C one-bond shift correlations of all protonated carbons. The complete lH and

t3C-NMR chmical shift assignments are shown in Table 3.1.

A combination of tH, t'c, cosY, HSQC, HMBC and mass spectral data suggested

that compound 109 had a cycloartane-type structure with a degraded C-20 side chain

and an ester moiety at C-3, as most of the signals in the lH and t3C-NMR 
spectra were

identical to those of cycloartane-type triterpenoidstT-le. The HMBC spectral data were

used to confirm structure 109. Important HMBC interactions are shown around

structure 109a.

After establishing a gross structure for compound 1,09, the NOESY spectrum was used

to determine the relative stereochemistry at all chiral centers present in this compound.

H-3 (ô 4.56) showed an NoE with H¡-30 (ô 0.90). H-17 (ô 1.59) showed an NoE with

theHt-32 (ô 0.84). H¡-31 (ô 0.94) exhibited cross peaks with H-s (ô 1.49), which

further showed an NoE with H3-18 (ô 1.04). It has been reported that H-3, H¡-30 and

Ht-32have invariably a,-orientations while H-8, H3-18 and H¡-31 have B-orientation in

this class of natural productsao. These NOESY spectral observations led us to assume

cr-stereochemistry for H-3, H-11, H3-30 and Hz-32 and B- stereochemistry for H-8,
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H¡-l8 and H¡-31. Based onthese spectroscopic studies, structure 109 was established

for this new natural product.

(109a)
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Table 3.1 rH and r3C-NMR data of 109, recorded at 300 and 75 M*z,respectively.

Carbon No. ô'H-NMR ô"C-NMR Multiplicity

1

2

a
J

4

5

6

7

8

9

10

11

12

I3

t4

15

t6

17

18

t9

20

2t

30

3T

32

ococH3

ococH¡ 2.05, s

1.30, r.55, m

2.15,2.02, m

:::u 
*' (6 0, 11 4)

5.12, brs

1.38, 1 .63, m

1.49, m

1.13,2.01, m

1.68,2.10, m

1.25, t.4I, m

1.35, 1 .90, m

1.59, m

i.04, s

033,0.57, d(4.0)

2.17, s

0.90, s

0.94, s

0.84, s

32.0

29.6

80.6

39.4

134.4

1 19.3

26.4

47.8

20.2

26.8

25.9

32.6

40.6

48.7

35.5

29.1

52.2

18.0

30.8

207.0

19.2

15.1

14.1

20.9

t7t.2

20.9

CHz

CHz

CH

C

C

CH

CHz

CH

C

C

CHz

CHz

C

C

CHz

CHz

CH

CH¡

CHz

CH

CHs

CH¡

CH¡

CH:

C

CH¡

Solvent: CDCI3
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3.2.3 Structure elucidation of artocarpuate B (110)

The UV and IR spectra of artocarpuate B (110) were nearly identical to that of 109

except that the IR spectrum of the former showed an intense absorption band at

342rcm-t due to a hydroxyl group. The cIMS showed a [M+H]* ion peak at mlz 503.

The HREIMS also exhibited a molecular ion peak at m/z 502.3999 (calcd. 502.4022)

corresponding to the molecular formula C32H5aOa, indicating the presence of six

double bond equivalents in the molecule.

22 24

8
ìHs 23

25

./tz\
I 13

t4

---lJ,,,,^Å

-15/ 
- cHe

,'/l \
2

3
\ 4-,.'

t0 8

\1
\6/

=
H¡C

32

HeC

(110)

The rH-NMR spectrum (CDC13, 300 MHz) of compound 110 showed two signals at

ô 3.60 (H-3) and 4.56 (H-16), respectively. The downfield chemical shift values of

H-3 and H-16 were indicative of the presence of geminal hydroxyl and acetoxy

functionalities at C-3 and C-l6,respectively. The rest of the IH-NMR spectrum of 110

was similar to that of compound 109 with the exception of signals due to the C-20 side

cahin. A doublet, integrating for three protons, resonating at ô 0.98 (J: 6.0 Hz) was

assigned to Hg-21. Additionally, two singlets, integrating for three protons each, at

ô 1.38 and 1.58 due to H3-26 andH3-27 were also observed in the ltt NMR spectrum

of 110.

21

3t



66

The analysis of lH-rH COSY-45" and TOSCY spectra of 110 revealed the presence of

a side chain at C-20 in this molecule. H-3 (ô 3.60) showed cross peaks with Hz-2

(ô 1.50 and 2.17) in the cosY-45' spectrum. Ht-2t (ô 0.9g) showed rH-rH spin

couplings with H-20 (ô 1.91). The latter exhibited cross peaks with Hz-22 (ô 1.19 and

1.26) and H-17 (ô 1.62). H-17 showed vicinal coupling with H-16 (ô 4.56) which in

turn exhibited cross peaks with Hz-15 (ô 1.22 and 1.37). Hz-22 showed vicinal

couplings withHz-23 (ô 1.02 and 1.30), which further showed COSY-45" interactions

withHz-24 (ô 1.28 and I.34). The remaining lH-rH spin correlations in the COSy-45.

and TOCSY spectra were the same as observed for compound 109.

The r3C-NMR spectrum (CDCI3, 75 MHz) of 110 was similar to that of 109 except for

the additional signals for the C-20 side chain and the difference in the chemical shift

values for c-3, c-5, c-6, c-i6, and c-20 which resonated at õ 77.3, 47.2,20.g, g0.1,

and 35.7, respectively. Another aliphatic downfield signal at õ 77.4 was assigned to

C-25, and its down field resonance was due to the presence of hydroxyl functionality.

The presence of a hydroxyl moiety at C-25 was also confirmed from the HMBC

spectrum of 110, which exhibited long-range heteronuclear couplings of H3-26

(õ 1.38) and Hz-27 (ô 1.5s) wirh c-25 (õ 77.4). complere rH andr3c-NMR chemical

shift assignments of 110 are given in Table 3.2.

The NOESY spectrum of 110 indicated that the stereochemistry at C-3, C-5, C-8,

c-10, c-13, c-14, and c-20 was similar to those of compound 109. The H-16 (ô 4.56)

showed an NoE with H:-18 (ô 1.04), suggesting a p-orientation of H-16 and

o-orientation for C-16lOAc. The stereochemistry at C-20 was established by the

comparison of rH and t3C-NMR chemical shift values of C-20 with those of
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compounds of this series, reported in the literature2l. Based on these spectroscopic

studies, structure 1L0 was proposed for this new natural product.
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Table 3.2 tH and r3C-NMR data of 110, recorded at 300 and75 }y'rlFrz, respectively.

Carbon No. ôIH-NMR ô'3C-NMR DEPTMultiplicity

1

2

J

4

5

6

7

8

9

10

11

t2
13

t4
15

T6

T7

18

19

20

21

22

z)
24

25

26

27

30

31

32

ococH3
OCOCH.

1.31, 1.52,m

1.52,2.17, m

3.60 dd, (6.2,9.8)

l.gg, m

0.82, r.68, m

1.16, 1 .35, m

1.50, m

t.tz,z.ns, *
7.60,2.09, m

l.zz, t.sl, *
4.56, m

1.62, m

1.04, s

0.34, 0.55, d (4.1)

1.9r, m

0.98, d ( 6.0)

1.19, 1.26,m

7.02, T.30, m

r.28,1.34, m

1.38, s

1.58, s

0.91, s

0.84, s

0.88, s

2.03, s

32.1

29.8

77.3

40.6

47.2

20.8

26.2

48.2

20.5

26.5

25.8

34.9

40.5

48.5

34.7

80.1

51.5

18.6

30.4

35.7

20.1

33.8

23.9

29.4

77.4

18.8

19.5

16.3

14.6

17.4

r73.5

2t.3

CHz

CHz

CH

C

CH

CHz

CHz

CH

C

C

CHz

CHz

C

C

C}lz

CH

CH

CH:

CHz

CH

CHs

CHz

CHz

CHz

C

CHs

CH¡

CH¡

CHs

CH¡

C

CH¡

Solvent: CDCI¡



69

3.2.3 Structure elucidation of cyclolaudenyl acetate (111)

The UV spectrum of cyclolaudenyl acetate (111) showed terminal absorption

indicating the absence of any conjugated æ system. The IR spectrum suggested the

presence of carbonyl (I732cm'r) and olefinic (1454 cm-r) functionalities. The EIMS of

compound 111 showed a molecular ion peak at m/z 482 while the CIMS showed a

[M+H]+ ion at m/z 483. An ion at m/z 467 was due to the loss of a methyl group from

the molecular ion. A combination of MS, lH and r3C-NMR spectral data provided the

molecular formula, CztHs+Oz, for this compound.

(111)

The rH-NMR spectrum (CDCI3, 300 MHz) of 111 showed a set of AB doublets at

ô 0.33 and 0.59 (J : 4.0 Hz) due to Hz-19. Four singlets at ô 0.85, 0.87, 0.89 and 0.90,

integrating for three protons each, were due to H3-28, H¡-30, Hz-29 and H3-18,

respectively. One singlet resonating at ð 1.65, integrating for three protons, was due to

Hz-26. Another three-proton singlet at ô 2.05 was due to the acetyl methyl protons of

an acetoxy group substituted at C-3. Two doublets, integrating for three protons each,

resonating at ô 0.98 and 1.01 were assigned toHz-2I and Hs-31. A broad singlet,

integrating for two protons, resonated at ô 4.68 was assignedtoHz-2722-23. A double

28 29
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doublet, integrating for one proton, resonating at ô 4.55 (dd, 4, z : 5.3 and

ú,3: I0.3 Hz) was ascribed to H-3.

The COSY-45" spectrum of 111 showed cross peaks between H-3 (ô 4.55) and H2-2

(ô 1.68 and 1.90). The latter showed cross peaks with Hz-l (ð1.39 and 1.65). H-5

(ô 1.35) showed cross peaks with H2-6 (ô 0.84 and 1.58). The laner exhibited cross

peaks with Hz-7 (ô1.28 and 1.39), which in turn displayed a cross peak with H-8

(1.67). Hz-lI (õ 2.26 and 1.05) and H2-12 (ô 1.88 and, 1.57) also showed cross peaks

with each other. The remaining lH-lH spin conelations in the COSY-45" spectrum

were the same as observed for compound ll0.

The broad-band decoupled r3c-NMR spectrum (cDCl3,75 MHz) of 111 showed

signals for all 33 carbons. The DEPT spectrum showed the presence of eight methyl,

twelve methylene, six methine, and seven quaternary carbons in 111 (Table 3.3). The

HSQC spectrum was recorded to determine the IfVl3C one-bond shift correlations of

all protonated carbons.

The HMBC spectrum of 111 exhibited long-range shift correlations of C-19 methylene

protons (ô 0.33 and 0.59) with c-l (ð 32.8), c-5 (47.8),c-9 (20.2) and c-lt (26.4).

The C-28 methyl protons (ô 0.S5) exhibited cross peaks with C-3 (ô 80.6) and C-4

(ô 39.4) while the C-29 methyl protons (ô 0.S9) showed connectivity with C-3 (ô 80.6)

and C-5 (ô 47.8). The C-30 methyl protons (ô 0.87) displayed cross peaks with C-8

(847.1), c-14 (ô48.8) and c-15 (ô 35.5) carbons. The c-27 merhylene protons

(ô 4.68) exhibited cross peak with C-24 (ô 41.6) while C-26 methyl protons (ô 1.65)

showed inreractions with c-24 (41.6), C-25 (150.2) and c-27 (109.3). The c-31

methyl protons (ô 1.01) clisplayed cross peaks with C-23 (ô 31.5), C-24 (s 41.6) and

C-25 (ô 150.2) carbons. All of these above mentioned HMBC interactions helped to
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establish the gross structure of 111. The important HMBC interactions are shown in

the figure 111a.

(111a)

Based on these spectral data, this compound was identif,red as cyclolaudenyl acetate as

the rH and I3C-NMR spectral data of 111 was identical to those of cyclolaudenyl

acetate reported in the literature22-'0. Thir compound was previously reported from

Tillandsia fasciculate2z and Polypodium formosanumz3-24. This compound was

isolated for the first time fuomA. nobilis.
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Table 33 lH and l3C-NMR data of 111., recorded at 300 and,75 M*z,respectively.

Carbon No. ô'H-NMR ôt3c-NMR DEPT tvtultiplicity

1

2
aJ

4

5

6

7

8

9

i0
11

12

13

l4
15

16

t7
18

t9

20

2l

22

23

24

25

26

27

28

29

30

31

OCOCH¡

OCOCHq

I.39, t.69, m

1.68, 1 .90, m

4.55 dd, (5.3, 10.3)

1.35, brs

0.84, I .58, m

I.28, 7.39, m

1.67, m

l.os,z.-zø, m

1.57, 1.88, m

,;;, *
1.51, 1.82,m

1.40, m

0.90, s

0.33,0.59, m

1.32, m

0.98, d (6.2)

0.93, 1 .38, m

1.02, m

i.65, s

4.68, brs

0.85, s

0.89, s

0.97, s

1.01, d (6.8)

2.05, s

32.6

28.0

80.6

39.4

47.8

25.8

26.8

47.l

20.2

33.8

26.4

29.7

45.2

48.8

35.5

31.4

52.2

18.6

20.9

36.0

18.3

33.9

31.5

4t.6

r50.2

t9.6

109.3

t7.9

25.4

15.1

20.r

171.0

2t.3

CHz

CHz

CH

C

CH

CHz

CHz

CH

C

C

CHz

CHz

C

C

CHz

CHz

CH

CH3

CHz

CH

CH:

CHz

CHz

C

C

CH:

CHz

CH:

CH¡

CH¡

CH:

C

CH:

Solvent: CDCI3
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3.2.5 Structure elucidation of lupeol acetate (ll2)

The UV spectrum of compound ll2 showed a terminal absorption (À.* 220.5 nm)

indicative of the absence of a conjugatedn system. The IR spectrum showed intense

absorption bands at 1732 (C:O) and 1640 (C:C) cm-r. The EIMS of compoundll2

showed the molecular ion peak at m/z 468. This mass was further confirmed by the

CIMS that showed a [M+H]* peak at m/z 469. A fragment at m/z 453 was due to the

loss of a methyl group from the molecular ion. A combination of mass along with lH

and r3C-NMR spectral data provided the molecular formula, C32H52O2, for this

compound.

H
t

19 zl
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./ t2\
il26

cH"
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25
cH"
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13 t7

t4 t6
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2

J
\¿-z'

l0F 8

\,)

=cHs

Hsc

(ttz)

The rH-NMR spectrum (CDCI3, 300 MHz) of ll2 showed the resonance of seven

tertiary methyl groups atE 0.77,0.83,0.85, 0.87,0.94, 1.04 and 1.69 due toH3-25,

H3-23, Ht-24, H3-26, H3-27, HE-28 and H¡-30, respectively. Another three-proton

singlet at ô 2.05 was ascribed to the acetyl metþl protons of an ester group,

substituted at C-3. Two broad singlets, integrating for one-proton each, resonated at

õ 4.57 and 4.68, were assigned to Hz-29. A double doublet, integrating for one proton,

29
,CHZ

30 //
urcJ/so

HeC
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atõ 4.47 (dd,J1,2: 5.3 and JL,3: r0.4Hz) was ascribed to H-3. Another one-proton

multiplet resonated at 8 2.35 was assigned to the H-19.

The COSY-45. spectrum of 112 showed cross peaks between H-3 (ô 4.47) and H2-2

(ô 1.65 and 0.98). The latter showed cross peaks with H2-1 (ô 0.95 and r.7l). H-g

(ô 1.39) showed cross peaks with Hz-ll protons (õ 1.27 and 1.40). H2-11 exhibited

cross peaks with Hz-12 (ô 1.08 andl.67), which in turn displayed a cross peak with

H-13 (ô 1.65).

H-19 (ô 2.35) showed COSY interactions with H-l8 (ô 1.39) and Hz-21(ô 1.35 and

1.95), which in turn showed cross peaks with H2-22 (õ T.23 and 1 .41). H2-29 (õ 4.57

and 4.68) showed an allylic coupling with H3-30 (ô 1.69).

The broad-band decoupled t'c-NMR spectrum (cDCl3,75 MHz) of ll2showed

signals for all 32 carbons. The r3C-NMR 
and DEPT spectral data showed the presence

of eight methyl, eleven methylene, six methine, and seven quaternary carbons in this

compound. The complete rH and I3C-NMR assignments are shown in Table 3.4. The

HSQC spectrum was recorded to determine the lH/l3C one-bond shift correlations of

all protonated carbons.

The HMBC spectrum of ll2 was useful for the chemical shift assignments of the

quaternary carbons and to establish the overall structure. H-3 methine proton (õ 4.47)

exhibited cross-peaks with c-2 (õ 27.40) and c-4 (ð 38.4) carbons. H3-24 (ô 0.85)

exhibited cross peaks with C-3 (ð 80.9) and C-4 (ô 38.4) while Ht-25 (õ 0.77) showed

connectivity with C-5 (ô 55.3) and C-9 (ô 50.3) carbons. H¡-28 (8 1.04) displayed

cross peaks with C-16 (ô 35.5) and C-17 (ô 42.9) carbons. Hz-29 (S 4.57 and 4.68)

exhibited cross peaks with C-30 (ô 18.1) and C-19 (ô 47.9). Imporranr HMBC

interactions are shown in the figure ll2a.
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The UV, MS, rH, and I3C-NMR spectral data of 112 matched nicely with those of

lupeol acetate, reported in literature2s-2e. These spectral data led to the identif,rcation of

compound !12 as lupeol acetate. This compound has been previously reported from

Hieracium plumulosum2s, Ixerîs chinesis26, Pyrus communiszT Maytenus cuzcoinazs,

Campanulø løctifloraze. This is a first report of lupeol acetate from A. nobilis.

(ttza)
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Table 3.4 IH and t3C-NMR 
data of 112, recorded at 300 and,75 M*z,respectively.

Carbon No ô'H-NMR at'c-N
I
2

J

4

5

6

7

8

9

10

11

l2
13

I4
15

t6
T7

18

19

20

2t

22

z3

24

25

26

27

28

29

30

ococH3
OCOCH?

0.95, I .7I, m
0.98, 1 .65, m

4.47, dd, (5.3,

0.82, m

I.45,I.49, m

r.36, r.36, m

r.39, m

1.27,1.40, m

1.08, 1.67,m

1.65, m

1.06, I .66, m

7.36,7.45, m

L39, m

2.35, m

1.35, 1 .95, m

1.23,1.4I, m

0.93, s

0.85, s

0.77, s

0.97, s

0.94, s

1.04, s

4.57,4.69, brs

1.69, s

2.05, s

38.3

27.4

80.9

38.4

55.3

t9.2

34.2

39.8

50.3

38.0

20.9

29.8

38.0

42.7

2s.0

35.s

42.9

48.2

47.9

150.9

29.8

39.9

15.9

27.9

T6.I

14.5

16.4

17.9

109.3

18.1

171.0

21.3

CHz

CHz

CH

C

CH

CHz

CHz

C

CH

C

CHz

CHz

CH

C

CHz

CHz

C

CH

CH

C

CHz

CHz

CH¡

CH¡

CH¡

CH:

CHs

CH¡

CHz

CHs

C

CH¡

Solvent: CDCI3
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3.2.6 Structure elucidation of B-amyrine acetate (113)

The UV spectrum of compound 113 showed the lack of conjugated zr system. The IR

spectrum of 113 showed intense absorption bands at 1731 (C=O) and 1646 (C:C)

cm-t. The EIMS of 113 showed a molecular ion peak at m/z 468 while the GIMS

showed a [M+H]+ ion peak at m/z 469. An ion at m/z 453 was due to the loss of a

methyl group fi'om the moleculal ion. Another fragment at m/z 409 showed the loss of

an acetate ion (CH3COO-) from the molecular ion. A combination of mass, lH and

r3C-NMR spectral data provided its molecular formula, C32H52O2.

29 30Hsc. rcHs

(113)

The IH-NMR spectrum (CDCI3, 300 MHz) of 113 showed two singlets ar ô 0.87 and

0.97, integrating for six protons each, was due to H3-23,H3-z5,Ht-29 and H3-30,

respectively. Four three-proton singlets at ð 0.83, 0.88, 1.14 and l.26,were ascribed to

H3-28,H3-24,H3-26 andH3-27, respectively. The C-3 acetyl methyl protons resonated

at82.05. A downfield triplet, integrating for oneproton, at ô 5.18 was assigned to

H-12. A double doublet, integrating for one proton, resonating at 6 4.45 (dd, ¿, z: 4.6

and Jt,: : I I .3 Hz) was ascribed to H-3. The lH-lH chemical shift assignments were

confirmed from COSY-45. spectrum.
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The broad-band r3C-NMR spectrum (CDCIt,75 MHz) of 113 showed signals for all

32 carbons. The comparison of broad-band I3C-NMR and DEPT spectra revealed the

presence of nine methyl, ten methylene, frve methine and eight quaternary carbons in

compound 113. The HSQC spectrum was recorded to determine the lWl3C one-bond

shift conelations of all protonated carbons. The complete lH and r3C-NMR chmical

shift assignments are shown in Table 3.5. Two dimensionat NMR spectra (COSY,

HSQC, HMBC and NOESY) were used to determine the structural formula of 113.

The MS, rH and I3C-NMR spectral data of 113 were identical to those of B-amyrine

acetate reported in the literature30-3'. Thir helped to identify compound 113 as

B-amyrine acetate. This compound was previously isolated from Winchia

calophylla3o-3I and Koelpinia lineøris32. This is the first report about the isolation of

B-amyrine acetate from A. nobilis.
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Table 3.5 rH and r3C-NMR 
data of 113, recorded at 300 and,75 MHz,respectively.

Carbon No. ô,H-NMR C-NMR DEPT Multiplicity
1

2

J

4

5

6

7

I
9

10

11

T2

13

t4

15

T6

t7

i8
19

20

2I
22

23

24

25

26

27

28

29

30

ococH3
ococH3

1.21,1.82, m

1.02, 1.67, m

4.45, dd, (4.6,

0.86, m

I.39,I.59, m

L32,1.53, m

I.71., m

t.at, L.|g0, m

5.18,_t,_(3.4)

I.22,1.99, m

I.45, 1.96, m

2.30, m

1.53, 1 .95, m

1.24, 7.47, m

1.55, 1.83,m

0.97, s

0.99, s

0.97, s

1.14, s

1.26, s

0.93, s

0.97, s

0.97, s

2.05, s

37.6

26.1

80.9

39.7

55.2

18.2

32.5

38.2

47.5

37.t

23.5

121.6

t45.t

4t.6

29.6

31.0

JJ.J

47.2

46.7

32.4

34.6

36.8

23.6

28.0

16.6

25.9

26.9

28.3

16.8

15.5

171.0

21.2

CHz

CHz

CH

C

CH

CHz

CHz

C

CH

C

CHz

CH

C

C

CHz

CHz

C

CH

CHz

C

CHz

CHz

CH¡

CH:

CH¡

CH¡

CH¡

CH¡

CH:

CH¡

C

CHs

Soivent: CDCI3
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3.2.7 Structure elucidation of 12,l3-dihydromicromeric acid (114)

The EIMS of 114 exhibited molecular ion peak at m/z 456. A combination of lH,

t3C-NMR and EIMS spectral data suggested the molecular formula C¡oH¿aO¡ for L14.

It indicated seven double bond equivalents; five of them were adjusted in pentacyclic

triterpene carbon framework and one each, for the olehnic and carboxylic group.

30

23 ¿4

(114)

The IH-NMR spectrum (DMSO-d6, 300 MHz) of 114 displayed one broad singlet at

ô 0.86, integrating for nine protons was due to H3-24,Hs-25 and,H3-29, respectively33.

Three singlets resonating at ô 0.65, 0.76,0.98, integrating for three protons each, were

assigned to Ht-26,Ht-27 andH3-23, respectively. A one-proton multiplet, resonating

at ô 3.36 was ascribed to H-3. Another one-proton multiplet at õ 2.20 was assigned to

H-18. Two broad singlets integrating for one proton each, resonating at ð 4.58 and

4.69,were assigned to Hz-30.

The r3C-NMR spectrum (DMSO -d6,75 MHz) of ll4 showed the presence of thirty

carbons. The assignments of the carbon chemical shifts were made by comparison

with chemical shift values of ursane-type triterpenes33-36. Three downfield signals at

/ lg-
13 I
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õ177.2, 150.2 and 109.5 were assigned to c-28, c-20 and c-30, respectively. The

completelH and I3C-NMR chemicat shift assignments of 114 are shown in Table 3.6.

Mass, tH andl3c-NMR spectral data of ll4 were identical to those of

L2,I3-dlhydromicromeric acid, isolated from Zizyphus valgaris33 and. Cyclolepis

genistoides3a. Based on these spectroscopic dafa and comparison with literature

datf3'36, structure 114 was proposed for this known natural product. This is a first

report for the purification of triterpene L2,I3-dlhydromicromeric acid from A. nobilis.
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Table 3.6 'H and I3C-NMR data of ll4,recorded at 300 and75 M*z,respectively

Carbon No. ô1H-NMR ô''C-NMR Multipli"-ity

1

2

J

4

5

6

7

8

9

10

11

T2

13

t4

i5

t6

I7

18

t9

20

2t

22

23

24

25

26

27

28

29

30

38.4

2s.0

76.7

38.2

54.8

18.9

33.8

40.3

48.4

37.s

20.4

27.t

41.9

46.6

28.0

29.r

49.8

55.3

39.0

150.2

3t.6

36.7

30.0

15.9

t4.3

15.7

15.8

t77.2

1,7.9

109.5

CHz

CHz

CH

C

CH

CHz

CHz

C

CH

C

CHz

CHz

CH

C

CHz

CHz

C

CH

CH

C

CHz

CHz

CHs

CH¡

CHs

CH¡

CH¡

C

CH3

CHz

r.23,1.97, m

1.01, T.93, m

3.36 m

r.49, m

1.64,1.80, m

1.32, t.61, m

7.42, m

1.56, I .95, m

1.23, t.24, m

t.t2, m

r.26, r.9t, m

1.51, I .94, m

2.20, m

2.41, d, (10.3)

1.34,2.37, nt

1.75,1.83, m

0.98, s

0.96, s

0.86, s

0.65, s

0.76, s

0.86, brs

4.58,4.69, brs

Solvent: DMSO-de
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3.2.8 Structure elucidation of artonins E (f 15)

The UV spectrum of 115 exhibited absorption bands at222,266, and 358 nm. The IR

spectrum suggested the presence of hydroxyl (3429 r*-t), carbonyl (1655 cm-r) and

olefinic (1560 cm-r; functionalities. The EIMS of compound 115 showed molecular

ion peak at m/z 436 and the CIMS showed [M+H]+ ion peak at m/z 437. Afragment at

m/z 42I was due to the loss of a methyl group from the molecular ion. The EIMS of

115 also showed two significant fragment ions at m/z 393 and m/z 203 which

suggested that a 2,2-dimethylpyrane ring was located in the A fing37, and a prenyl

group at the C-3 position3s. A combination of MS along with lH an d l3C-NMR

spectral data provided its molecular formula CzsHz+Ot.

The |H-NMR spectrum (acetone-d6, 300MHz) (Table 3.7) displayed a six-proton

singlet at ô i.43 due to H:-17 and H¡-18. Two singlets resonating atõ I.46 and1.57,

integrating for tlu'ee plotons each, were assigned toH3-72 and H3-13, respectively. A

broad doublet resonating at ô 3.15 (brd, J:7.2 Hz) was assigned toHz-9. A multiplet

resonating at ô 5.11 was assigned to H-10 where as two doublets resonating at 6 5.62

(d, J:10.0 Hz), and 6.60 (d, J:10.0 Hz), integrating for one proton each, were

assigned to H-15 and H-14, respectively. Three downfield singlets resonating at

(l1s)
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ô 6.13, 6.58 and 6.89, integrating for one proton each, were assigned to H-6, H-3. and

H-6', respectively. A singlet atE 13.25 was assigned to a c-5 hydroxyl group.

In COSY-45" spectrum,H3-12 (ô 1.46) and H¡-l3 (ô 1.57) showed allylic coupling

with H-l0 (ô 5.11) which was further coupled with H-9 (ô 3.15). The olefinic prorons,

H-14 (ô 6.60) and H-15 (ô 5.62) showed cross peaks with each other.

TheI3C-NMR (acetone-d6,75MÍIz) spectrum of 115 displayed all twenty five signals.

The I3C-NMR and DEPT spectra revealed the presence of four methyl, one methylene,

six methine and fourteen quaternary carbons in compound 115. The HSeC spectrum

was also recorded to assign the protons to their respective carbon atoms. The complete

lH and '3C-NMR chemical shift assignments of 115 are shown in Table 3.7.

The HMBC spectrum of 115 was recorded to confirm the substitution of various

functional groups. Ht-17 (ô 1.43) showed long-range connectivities with C-16 (ô 7S.0)

and C-15 (E 127.6)'H3-12 (ô 1.46) and H3-13 (ô 1.57) displayed interactions with

c-10 (ô 121.5) and c-li (ð 13r.3). H2-9 (ô 3.15) showed cross peaks with c-4

(ô 181.8), c-3 (ô 119.9) and c-2 (ô 161.6). H-6 (ô 6.13) displayed long-range

correlations with C-5 (ô 158.5) and C-7 (ô 160.9). H-15 (ô 5.62) showed HMBC

interactions with c-14 (ð rr4.2) and c-16 (ô 78.0). The cross peaks between H-3'

(ô 6.58) and c-4' (ô 148.5), c-2' (s 148.8) and c-t' (ô 109.2) were also observed. The

methine proron of c-6' (ô 6.s9) exhibired cross-peaks with c-5' (ô 13g.0), c-4.

(ô 148.5) and C-2 (ô 161.5). The observed HMBC interactions in compound 115 are

shown in 115a.
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The lH and r3C-NMR spectral data of 115 were similar to those of artonins E reported

in the literaturese-63. Previously artonins E was isolated from Artocarpus communis

Frostse, A. lanceifulius'Ù, A. chama6t, A. nobilis62 and A. altilis63. Based on these

spectroscopic data structure 1,15 was proposed for this known natural product.

HsC
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Table 3.7 tH and I3C-NMR data of 115, recorded at 300 arñ,75 MHz,respectively.

Carbon No. ô,H-NMR ô"C-NMR DEPTMultiplicity

2

J

4

4a

5

6

7

8

8a

9

10

11

12

13

14

15

t6

l7

18

1'

2',

J

4'

5'

6'

T6T.6

t19.9

181.8

103.8

160.9

98.8

158.5

100.4

15t.7

23.7

12T.5

13 1.3

25.5

17.4

114.2

127.6

78.0

27.6

27.6

109.2

148.8

r04.2

148.5

138.0

1 16.1

C

CH

C

C

C

CHz

CH

C

CH¡

CH¡

CH

CH

C

CH:

CH¡

C

C

CH

C

C

C

C

C

6.13, s

3.15, brd, (7.2H2)

5.11, m

7.46, s

I.57 , s

6.60, d, (10.0 Hz)

5.62, d, (10.0 Hz)

1.43, s

1.43, s

6.59, s

6.89, s

C

CH

Solvent: Acetone-d6
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3.2.9 Structure elucidation of artobiloxanthone (116)

The UV spectrum of artobiloxanthone (116) displayed maximum absorption bands at

220,265, and 360 nm. The IR spectrum showed hydroxyl (3320 cm-r), carbonyl (1680

cm-l) atrd benzene (1530, 1480 cm-r) functionalities. The EIMS of compound 116

showed molecular ion peak at m/z 434. An ion at m/z 4I9 was observed due to the loss

of a methyl group from the molecular ion. A combination of MS, lH and t3C-NMR

spectral data provided the molecular formula, CzsHzz0t,for 116.

(116)

The IH-NMR spectrum (acetone-d6, 300MHz) displayed three singlets resonating at

ô 1.43, 1.46 and 1.78, integrating for three protons each, were assigned to H3-17,

H3-18 and H3-13, respectively. Two sets of double doublets, resonating atõ2.45 (dd,

J: 16.2,8.0H2) and 3.43 (dd, -r: 16.2, 1.8 Hz) were assigned to Hz-9. A broad

doublet resonating at E 3.99 (d, J : 8.0 Hz), was assigned to H-10 whereas two

one-proton broad singlets resonating at ð 4.30 and 4.68, were assigned to Hz-12. Two

downfield doublets resonated at ô 5.65 (d, J : 10.2 Hz), and 6.95 (d, J : 10.2 Hz),

integrating for one proton each, were assigned to H-15 and H-14, respectively. Two

downfield singlets resonated at ô 6.11 and 6.59, integrating for one proton each, were

assigned to H-6 and H-3' respectively. A singlet at ô 13.35 was assigned to C-5

{'\\l
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hydroxyl group. The IH-NMR chemical shift assignments were further confirmed by

performing the COSY-45. experiment.

The I3C-NMR and DEPT experiments revealed the presence of three methyl, two

methylene, f,ive methine, and fifteen quaternary carbons. The complete lH and

I'C-NMR chemical shift assignments of 116 are shown in Table 3.g.

Based on these spectral studies compound 116 was charucterized as artobiloxanthone

as lH and I3C-NMR spectral data were matched to those of artobiloxanthone reported

in literature42'444s. This compound was previously isolated from A. Ianceifoliusaa and

A. nobilisa2'as.
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Table 3.8 rH and r3C-NMR data of 116, recorded at 300 and 75 M*z,respectively.

Carbon No. 8'H-NMR ôI3C-NMR DEPT Multiplicity

C

C

C

C

2

J

4

4a

5

6

7

8

8a

9

6.1 1, s

2.45, dd, (16.2, 9.0)

3.43, dd, (16.2,1.9)

3.99, d, (9.0)

4.30, 4.69, brs

1.78, s

6.95, d, (10.2)

5.65, d, (10.2)

1.43, s

1.46, s

6.59, s

161.3

111.1

180.9

15r.2

101.6

99.4

162.2

t59.1

106.7

2t.9

37.8

136.3

111.5

21.6

rt5.7

t27.5

78.3

27.8

28.t

rl5.7

T51.9

103.3

150.5

144.9

t29.6

C

CH

C

C

C

CHz

CH

C

CHz

CH¡

CH

CH

C

CH¡

CHs

C

C

CH

C

C

C

10

11

12

13

14

15

16

t7

18

1'

2',

3

4',

5'

6'

Solvent: Acetone-d6
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3,2.10 Biological activities of compounds 109-ll6

Compounds 109 to 116 were evaluated for anti-AChE activity. Compounds lll-ll3
and 115-116 were evaluated for anti-GST activity and compounds 115-116 were also

tested for antioxidant activity. AChE and GST inhibition data of compounds 109-116

along with antioxidant data of compounds 115-116 are listed in Table 3.9. AChE

inhibition data indicated that all of these compounds were weakly active in this assay

as compared to glanthamine, a prescribed drug used to treat AD. In GST inhibition

assays, compound 115 and 116 were significantly active than sodium taurocholate, a

standard GST inhibitor. Compounds 115 and 116 were also significantly active in

antioxidant assays.

Table 3.9 AChE, GST and antioxidant activities (ICso: pM) of compounds 109 to l16

Compound AChE + SEM GST + SEM Antioxidant activity +

SEM

109

110

111

tt2
113

lt4
115

116

o,-tocopherol

qurecetin

t95.06 t 4.29 NE

NE

NE

NE

NE

NE

5.26 + 0.69

14.05 + 1.04

95.8 + 0.5

17.30 + 0.20

NE

NE

146.14 + 12.53 NE

251.38 +24.11 314.27 + 12.29

68.52 +234 143.92+ 1.56

11.5 + 2.58 256.83 + 10.18

104.07 + 8.62 NE

32.0 +2.09 0.11 + 0.03

43.0r7.33 0.97 +0.06

NE

NE

glanthamine 0.52 + 0.01 ¡rM

Na-taurocholate NE 395.0 19.537

NE

NE

NE

SEM: Standard error of mean of three assays

NE: Not evaluated
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3.3 Experimental

3.3.1 General experimental conditions

All the general experimental conditions were the same as described in chapter 2, page

47 except High Performance Liquid Chromatography (HPLC) was carried out for the

purification of compounds 111-116 on a Waters HPLC system equipped with

photodiode array (PDA) detector (\4/aters 2996) using a 5 ¡rm Zobrax ODS column

(9.4x 250 mm) and 5 ¡-rm CßWaters column (4.6x 150 mm).

3.3.2 Plant material:

The bark of Artocarpus nobilis (2.2kg) was collected from Malwana, Sri Lanka. This

plant was identified by Dr. Radhika Samarasekera, Natural Products Development

Group, Industrial Technology Institute, Colombo, Sri Lanka, and a voucher specimen

was deposited at the Industrial Technology Institute, Sri Lanka.

3.3.3 Extraction and isolation

The air dried bark (2.185 kg) of A. nobilis was extracted with 95 Yo ethanol at room

temperature. Filtration and evaporation of the solvent in vacuo afforded a gum

(68.22 g). This gum was loaded onto a silica gel column, which was eluted with

hexane-ethyl acetate (0 - I 00 o/o) and ethyl acetate-methanol (0 - 1 00 %) to afford 128

fractions and fractions of similar R¡ values were pooled together, which yielded

fractions Fr-F¡2. A primary fraction-F3 6A3 Ð was rech¡omatographed over a silica

gel column using gradient elution with hexane-ethyl acetate (0-100 %) to afford 24

fractions. Compounds 109-116 were purified from fractions F¡, Fs, F15 and F27 with

the help of different chromatographic techniques. A detailed isolation procedure for

compounds 109-116 is shown in Schemes 3.1 to 3.3.
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Hex:DCM:

æt EI
AIA: AChE inhibitory activity
GIA = GST inhibitory activity
DCM: Dichloro methane

WA: Weakly active
NA: Not active
CC = Column chromatography

Hex:DCM:EIOAc
70:1

Scheme 3.1 Isolation procedure for compounds 109 -ll0

F3

6.43 s

(10e)
5.6 nrg
AIA

195.06 + 4.29ttM

(110)
4.8 mg
AIA

146.14+ 12.53¡rM

lFffiãìO
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0.40:1.60
ImL/min.

251.38 +24.11uM

(tt2)
11.1mg

AIA
68.52+2.74ttM

(113)
4.3 mg
AIA

I L5 +2.85pM

(rr4)
2.2mg
AIA

104.07+8.62ttM

Scheme 3.2 Isolation ptocedure for compounds lll-114
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DCM:EtOAc
(0-100%)

EtOAc-MeO
(0-100%)

(MeOH+O.0 I %CH3COOH):ACN
85:1 5

lmL/min.,)u25a

(11s)
7.51 mg

GIA
0.11 + 0.03 pM

Scheme 3.3 Isolation procedure for compounds ll5-l16

Fzt
1.207 g
GIA

22.39pglmL

39.277!6.28uslmI,

(116)
9.30 mg

GIA
0.97+ 0.06 pM
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3.3.4 Artocanpuate A (109)

colorless amorphous solid, 5.6 mg, yield 0.000250/o, Pt¡: 0.48 (9:1, hexane-ethyl

acetate); C26H3aO3; UV À,0* (MeOH) : 226.2 nm; IR (solid film) vn,,* : 1734, 1636

cm-l; for rH and I3C-NMR spectral data see Table 3.1.

3.3.5 Artocarpuate B (110)

Light greenish oily liquid, 4.8 mg, yield 0.00022yo, Ry:0.45 (6:l:2, hexane-

dichloromethane-EtOAc); C¡zHs+O¿; UV 1,,* (MeOH) :204.0 nm; IR (solid frlm)

vmax: 3427, 1733 cm't; for lH and I3C-NMR spectral data see Table 3.2.

3.3.6 Cyclolaudenyl acetate (111)

Transparent amorphous solid, 3.2 mg, yield 0.00015yo, Rt : 7.25 (0.40:1.60, MeOH-

H2O, lml/rnin); C¡gHs+O2; UV ),n.,* (MeOH) :2205 nm; IR (solid f,rlm) v,* : 1732,

1454 cm't;for rH and I3C-NMR 
spectral data see Table 3.3.

3.3.7 Lupeol acetate (ll2)

White crystalline solid, il.lmg, yield 0.000510/0, R¡:24.57 (80% MeOH-HzO,

lml/min); CnHszOz; UV À,nu* (MeOH) : 220.5 nm; IR (solid film) v** : L732,

1640 cm-r; for rH and r3C-NMR spectral data see Table 3.4.

3.3.8 p-amyrine acetate (11.3)

Opaque amorphous solid, 4.2 mg, yield 0.00019yo, Rt : 25.83 (80% MeOH-HzO,

lml/min); CnHszOz UV l"n,'u* (MeOH) : 220.5 nm; IR (solid film) v,'* : 1731,

1646 cm-t; for rH and r3C-NMR 
spectral data see Table 3.5.

3,3.9 12, l3-dihydromicromeric acid (114)

Transparent amorphous solid, 2.2 mg, yield 0.0001yo, Rt : 18.79 (80% MeOH-H2O,

lml/min); C¡oFI+sO¡; for rH and r3C-NMR 
spectral data see Table 3.6.
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3.3.10 Artonins E (115)

Orange red arnorphous solid, 7.51 mg, yield 0.000340/0, Rt: 3.67 (MeOH- mixture of

0.01% CH3COOH & ACN 85:15, lml/min); CzsHzqOt;UV ¡.,'* (MeOH) :222,266,

and 358 nm; IR (solid film) vn-,u* : 3429, 1655, 1560 cm-l; for lH and I3C-NMR

spectral data see Table 3.7.

3.3.1 I Artobiloxanthone (1 16)

Dark orange amorphous solid, f.i3 mg, yield 0.00042yo, &: 13.51(MeOH- mixture

of 0.01%o CH3COOH & ACN 85:15, lml/min); C25H22O7; UV 1,''* (MeOH) :220,

265, and 360 nm; IR (solid film) v** : 3320, 1680, 1530, I4B0 cm-r; for IH and

I3C-NMR spectral data see Table 3.8.

3.4 Enzyme inhibition assays

3.4.1 Glutathione ^S-transferase inhibition assay

The GST assay was conclucted as described in chapter Z,page 50.

3.4,2 Lcetylcholinesterease assay

The AChE assay was conducted as described in chapter 2, page 51.

3.4.3 Antioxidant assay

The antioxidant assay was conducted as described in chapter 2, page 52.
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CHAPTER4

Phytochemical studies on Burleriu prionitis

4.1 Introduction

Barleria prionitis Linn (Acanthaceae) is a medicinal plant found in tropical regions of

Asia, Africa and the Pacifict'2. This is an annual medium sized shrub of 1-3 feet high

and is widely planted as an ornamental and hedge planf .In India and Sri Lanka this

plant is known as "Vajradanti or Katsreya" and "Karunta" respectively. In Australia,

this plant is considered a weed and is found in North Queensland, Darwin, Lambell's,

Lagoon, Belly Springs, the Victoria River District, Katherine, and Mataranka in the

Northern Territory3'a

The valions parls of B. prionitis are used as folk pharmaceuticals in Asia2. For

example, the leaves are used for the treatment of piles and skin irritations, joint pains,

toothache, in healing of wounds6. Th. aeúal parts are used as an anti-arthritic, anti-

inflammatolyT and anti-fertility agents in India. The whole plant extract is also

incorporated into herbal cosmetics and hair products to promote skin and scalp health

due to its antiseptic properties. In India, Sri Lanka and Thailand, hot aqueous extract

of leaves and flowers of B. prionitis are taken orally to treat fever. In Thailand, the

extract of green shoots of B. prionllrs is used as a herbal medicine to cure whooping

coggh and asthma in infants and childrene which is caused by respiratory syncytial

virus (RSV) infection of the lungsl0. The crude extract of this plant has also been

reported to have inhibitory activity against RSV strain A2 (ECso 6.8 pglmI.;rr. The

extracts of B. prionitis have been reported to suppress the growth of fungi

Trichophyton mentagrophytes in vitrolz. The aqueous bioactive fractions of
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B. prionitis have been reported to contain hepatoprotective, anti-stress and

immunorestolative properties I 3.

Previous phytochemical studies on B. prionitis have resulted in the isolation of iridoid

glycosidesrl'r4-ló, luteolin glycosidesa and phenolic glycosidesll. Gupta and Saxena in

lg84 reportecl lutolin-7-O-B-D-glucoside (1fi)4 from the roots of B. prionitis.

Recently Chen et a/. isolated anti-viral iridoid glycosides (118-119) and a phenolic

glycoside (12t) from the aerial parts of this plantll. In this study a 3:l mixture of

compounds 119 and 120 displayed antiviral activity against RSV (42 strain) with an

EC;o value of 2.46 pg/ml,. The coumaroyl moiety in the iridoid nucleus is considered

an important structural feature for anti RSV activity. Another member of this genus

B. lttpulina, which has similar kinds of biological activities as stated for B. prionitis,is

the most chenrically investigated plant. Many iridoid glucosides have been reported

frorn tlris plant, such as: 6-O¿rans-P-coumaroyl-8-O-acetylshanzhiside metþl ester

(119), 6-O-ci,s-P-coumaroyl-8-O-acetylshanzhiside methyl ester (1,20), shanzhiside

methyl ester (121) ,6,8-O-diacetyl-shanzhiside methyl ester (acetylbarl erin) (122)17,6-

O-acetylslranzhiside methyl ester (123), ipolamiidoside (124¡t8, 6-O-P-methoxy-cls-

cinnamoyl-8-O-acetylshanzhiside methyl ester (125), 6-O-P-methoxy-trans-

cinnamoyl - 8 - O-acetylshanzhiside methyl ester (1 26) 
I e.

(117)
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(118)

Rl R2

(119) P-crs-coumaroyl Ac
(120) P+rans-coumaroyl Ac

(121) H H

(122) Ac H

(123) Ac Ac

(I25) P-OMe-crs-cinnamoyl Ac
(126) P-OMe-frars-cinnamoyl Ac

Based on the medicinal importance and ethnomedical uses, a chemical investigation

on the crude ethanolic extract of the aerial parts of B. prionitis, collected in Sri Lanka

u/as undertal<en and purified compounds were evaluated for acetylcholinesterase

(AChE) and glutathione S-transferase (GST) inhibitory activities.
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4.2 Results and discussion

4.2.1 Isolation of compound s 127 -l3l

The crude ethanolic extract of B. prionitis was evaluated for acetylcholinesterase

inhibitory activity (ICso : 215.4 + 22.1 pglml-). The repeated silica gel column

chromatography followed by preparatory TLC of crude ethanolic extract of aerial parts

of B. prionitis' led to the isolation of two known iridoid glycosides, barlerin

(8-O-acetylshanzhiside methyl ester) (127) and shanzhiside methyl ester (128); along

with two triterpenoids, lupeol (129), betulinic acid (130); and an aromatic

hydrocarbon, pipataline (f31). All of these compounds were identified with the aid of

NMR spectroscopic studies. This chapter describes the isolation of compounds (127-

131), plepalation of three derivatives (132-134) of pipataline (131) and their

biol o gical activities (anti-GST and anti-AChE).

4.2.2 Structure elucidation of barlerin (8-O-acetylshanzhiside methyl ester) (127)

Barlerin (127) showed UV absorption band at 231.0 nm revealed the presence of

o,,B-unsaturatecl carbonyl moiety within molecule2O-". The IR spectrum suggested the

presence of hydroxyl (3330cm-r), carbonyl (l707cm-t), *d olefinic (1576 cm-l)

functionalities. A combination of lH and I3C-NMR data provided the molecular

fornrula, CrqHusOrz of 127.

The rH-NMR spectrum (CD3OD, 300 MHz) (Table 4.1) displayed a doublet,

resonating at ò7.45 (d, J:1.5) was assigned to H-3. A multiplet at ô 4.35 showed

HSQC cross peak with a carbon at õ 76.1 and was ascribed to H-6, whereas two

double cloublets at õ 3.02 (dd, -I: 1.5, 9.0), and 2.88 (dd, J : 2.5, 9.0) were assigned

to H-5, and H-9, respectively. A doublet at ô 5.90 (d, J : 2.5) and a broad singlet at

õ2.04 r.vere assigned to H-1 andH-T,respectively. These IH-NMR dataindícated that
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compound lyi had an iridoid aglycon. The IH-NMR spectral data also suggested the

presence of a glucose moiety as anomeric ploton resonated at õ 4.65 (d, J : 8.0). Rest

of the glucose protons resonated between ô 3.15 and 3.90. Signals due to acetyl methyl

and carboxy lrethyl protons were also observed at õ 2.02 and 3.14, respectively in the

tH-NMR specirum. These signals were assigned to the methyl protons of C-8 and

C-1 1 groups, r'csPectivelY.

(127)

The COSY-45. spectrum showed the presence of two isolated spin systems in

compound l2'i. The first spin system was traced from H-3 (ô 7.45) which showed

allylic coupling with H-5 (õ 3.02). H-1(ô 5.90) showed coupling with H-9 (ô 2.88).

The latter proton was fui1her coupled to H-5 (õ 3.02). H-5 in turn exhibited coupling

\ /irh H-6 (ô 4.35) wliich showed a cross peak with H-7 (ô 2.04,2.20). The second spin

system rvas duc to a glucose moiety.

Tlre broad-bard 
r3c-NMR (CD3OD, 75MHz) spectrum of 127 displayed nineteen

signals. Multiplicity of each carbon signal was determined by DEPT experiment' The

complete 
rH and I3C-NMR chemical shift assignments and lIVl3C one-bond shift of

127, as cletemrined from HSQC are shown in Table 4'1'
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Tlie H\4BC spectrum of 127 showed cross-peaks between the olefinic C-3 methine

proton (õ7.45) and C-l (ô 95.8), C-4 (ô 109.9), C-5 (ð 42.4) and C-l1 (ô T73.2).The

C-10 methyl protons (ô 1.52) showed HMBC interactions with C-7 (ô 48.3), C-8

(ô 89.9) and C-9 (ô 47.8). The cross peaks between C-l methine proton (ô 5.90) and

C-1' (ô 100.5) were also observed in the HMBC spectrum indicating the connection of

a glucose moiety, while on the other side the C-l methine proton (ô 5.90) also

displayed inteiactions with C-3 (ô 153.6) and C-9 (ô 47.8). Important HMBC

interactions in oompound 127 are shown inl27a.

(127a)

The stereochernistry of 127 was determined by the interpretation of lD NOE and

tH-NMlì spectral data of irictoids. Irradiation of H-l resulted in an enhancement of

H-5, H-9 and H3-10. This indicated a cis relationship among these protons. An

extensive literature survey indicated that in iridoids H-l is o,-oriented22. This cis

relationship i¡rdicatedthe o,-orientation of H-l, H-5 and H-9. This was also supported

by the axial-eqatorial coupling constant between H-llH-923.

The rH and r3C-NMR spectral d,ata of 127 were identical to that of the barlerin,

reported in lirerature20-20'24-26. This compound has been isolated from a number of

plants including B. prionitistt , Lamium garganicum'j, Arbutu, unedozL, Eremostachys
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glabra2a, Pen.sÍenton t?xucronarlts2s and P. secundiflorus2î previously. Based on these

spectroscopic clata structure 127 was proposed for this known natural product.

Table 4.1 rH ¡urd I3C-NMR 
data of l2T,recorded at 300 and,75 M*z,respectively.

Carbon ìto. 'H-Nvtn 1a; ''c-Nl,tR 1ô¡ DEPT M.rttipti".ity

1

aJ

4

5

6

7

8

9

10

ococl-ir-8

OCOCI-II-8

11

ON4e-1 i

1'

2'

at
J

4',

5'

6',

5.90, d, (2.5)

I .45, d, (r.5)

3.02, dd, (1.5,9.0)

4.35, m

2.04,2.20, brs

2.88, dd, (2.5,9.0)

7.52, s

2.02, s

3.74, s

4.65, d, (9.0)

3.15, dd, (9.0, 9.0)

3 .35, t, (9.0)

3.20, t, (9.0)

3.30, m

3.90, dd, (8.9.0, 4.5)

3.65, dd, (9.0,4.2)

9s.8

153.6

109.9

42.4

76.1

48.3

89.9

47.8

22.4

180.4

24.3

173.2

51.9

i 00.5

74.8

78.5

71.7

78.1

63.0

CH

CH

C

CH

CH

CHz

C

CH

CHs

C

CH¡

C

CH¡

CH

CH

CH

CH

CH

CHz

Solvent: CD3OD
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4.2.3 Structure elucidation of shanzhiside methyl ester (128)

The UV and IR spectra of 128 were nearly identical to those of 127 which suggested

the presence of the same functional groups as those which were in 127. A combination

of mass, lH and l3C-NMR spectral data of 1.28 provided its molecular formula

ClrHzoO¡, which indicated the presence of five degrees of unsaturation in this

compound.

The IH-NMR spectrum (CD3OD, 300MHz) of 128 was nearly identical to that of

compound 127 except that the former showed the resonance of C-l0 metþl protons at

ô i.34. This indicated the absence of an acetoxy group. This was further confirmed by

the absence of acetyl methyl protons in the tH-NMR spectrum of 128. A detailed

analysis of lH-lH COSY-45' spectrum of 128 revealed the presence of identical spin

systems as those were observed in 127 .

(128)

The l3C-NMR (CD3OD,75MHz) spectrum of compound 128 showed the resonance of

all seventeen carbons and exhibited nearly identical chemical shift values for all

carbons as those of carbons in 127 . Multiplicity of each carbon signal was determined
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by DEPT experiment. The complete lH and l3C-NMR chemical shift assignments of

128 arc shown inTable 4.2.

The rH and I3C-NMR spectral data of 128 were identical to those of shanzhiside

methyl ester as reported in the literature20-21'24-26. On the basis of the above spectral

data and comparison of this spectral data with reported literature2o-zt'24-26, the structure

of compound 128 was identified as shanzhiside metþl ester. This compound was

previously isolated from Lamium garganicum subspeci. Laevigatumzj, Arbutus

(Jnedoz|, Eremostachys glabra24, Penstemon Mucronorus's, P. Secundiflorus2í and

B. prionitis2T.

Table 4.2tlHandI3C-NMR data of 128, recorded at 300 andT5MÐz,respectively.

Carbon No. 'H-NvR qa¡ ''c-Nvtn qô¡ DEPT Multiplicity

1

J

4

5

6

7

8

9

10

11

coocHl
1'

2',

J

4'

5'

6',

5.60, d, (2.6)

7 .41, brs

3.0, dd, (3.3, r0.2)

4.1, m

1.85,2.01, dd, (2.3, l0.l)

2.60, dd, (2.6,10.2)

r.34, s

3.74, s

4.65, d, (7.9)

3.18, dd, (7 .9, 9.0)

3.35, t, (9.0)

3.20, t, (9.0)

3.34, m

3.90, dd, (10.8, 4.5)

3.65, dd, (r0.8,4.2)

9s.4

r53.4

1t2.0

42.0

78.9

48.7

79.6

52.4

25.2

t70.3

52.3

100.4

74.4

78.0

12.2

78.s

63.4

CH

CH

C

CH

CH

CHz

C

CH

CH¡

C

CH¡

CH

CH

CH

CH

CH

CHz

Solvent: CD¡OD
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4.2.4 Structure elucidation of lupeol (Lup-20(29)-ene-38-ol) (129)

The UV, IR, lH and 13C-NMR spectral d,ata of 129 was nearly identical to that of

compound 112 with the exception of C-3 signal in lH and r3C-NMR spectral data. H-3

resonated at õ 3.20 (dd, ú, z : 5.4 and J1,3 : 10.5 Hz) and was found to be coupled

with c-3 (ô 79.0) in HSQC specrrum. The rH and 13C-NMR spectra of 129 did not

show the resonance ofacetyl group.

(tze)

The EIMS of 129 showed the molecular ion peak at m/z 426. All of these spectral data

indicated that compound 129 was a C-3 hydroxy derivative of ll2. These spectral

studies led us to characterize compound L29 as lupeol, as the UV, IR, tH, t,C and MS

spectral data of 129 were consistent with those of lupeol as reported in the literature2s-

32. Complete rH and t3C-NMR chemical shift assignments of 129 are shown in Table

4.3. This compound was isolated for the first time from this plant.

to
cH"

30 //
urcJ/zo

z
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Table 4.3 lH and I3C-NMR data of l2grrccorded at 300 and 75MHz, respectively.

Carbon No. ôIH-NMR ô'3C-NMR DEPT Multiplicity

1

2

J

4

5

6

7

8

9

10

11

12

T3

l4
15

16

l7
18

t9

20

21

22

23

24

25

26

27

28

29

30

1.01, 1 .65, m

I.62,1.62, m

3.20, dd, (5.4, 10.5)

0.80, m

i.48, 1.49, m

1.38, 1.38, m

r.35, m

1.30, 1.40, m

i.08, 1.67,m

1.66, m

1.0, 1.69, m

1.36,1.45, m

L37, m

2.30, m

I.32,7.92, m

r.19, r.37, m

0.75, s

0.77, s

0.82, s

0.94, s

0.96, s

r.02, s

4.52,4.69, brs

1.69, s

38.6

27.3

79.0

38.8

55.2

18.3

34.2

40.8

50.4

37.1

20.9

29.8

38.0

42.8

25.1

35.5

42.9

48.2

47.9

150.9

29.6

39.9

15.9

27.9

16.r

14.5

15.3

17.9

109.3

19.2

CHz

CHz

CH

C

CH

CHz

CHz

C

CH

C

CHz

CHz

CH

C

CHz

CHz

C

CH

CH

C

CHz

CHz

CH¡

CH:

CH¡

CH¡

CH¡

CHE

CHz

CH¡

Solvent: CDC13



It2

4.2.5 Structure elucidation of betulinic acid (130)

The UV spectrum of 130 was identical to that of 129. The EIMS of 130 showed a

molecular ion peak at m/z 456. Another ion at m/z 439 showed the loss of a hydroxyl

group from the molecular ion indicating the presence of carboxylic acid functionality.

29
,ÇHz

30 //
u"cJ/.20

7

l,n 2l
l7

25
cH"
l"

J

I4
\ls

t7

lÕ 28

/"2 t\
2

3\¿-,/

l0H 8

5'l
\ a-,/

cHs
27

(130)

The lH and I3C-NMR 
spectra of 130 were distinctly similar to those of compoun d,l2g

except that these spectral data did not show the resonance of C-28 metþl group. This

signal was resonated downfield at ô 178.5. A combination of t3C-NMR and IR

spectral data indicated the presence of a carboxylic acid group at C-17 . The EIMS, lH

and I3C-NMR spectral data of 130 matched nicely with those of reported in

literature33. Complete lH attd I3C-NMR spectral data of 130 are shown in Table 4.4.

These spectral studies led us to identify compound 130 as betulinic acid.

23
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Table 4.4 'H -d 
t3c-NMR 

data of 130, recorded at 300 and,75 Mïz,respectively.

Carbon No. ô'H-NMR C-NMR DEPT Multiplicity
1

2

aJ

4

5

6

7

8

9

10

11

T2

13

14

15

T6

17

18

t9

20

21

22

23

24

25

26

27

28

29

30

38.6

27.4

79.0

38.8

55.2

18.3

34.2

39.9

50.4

35.5

39.9

27.9

38.0

42.9

25.1

31.9

42.8

48.2

47.9

1s0.9

29.6

40.8

16.1

27.9

11.9

19.2

20.9

t78.5

109.3

19.6

CHz

CHz

CH

C

CH

CHz

CHz

C

CH

C

CHz

CHz

CH

C

CHz

CHz

C

CH

CH

C

CHz

CHz

CH¡

CH¡

CH¡

CH¡

CH¡

C

CHz

CH¡

1.0, 1.67 , m

1.64, r.64, m

3 .20 , dd, (5 .6, l0 .7)

0.95, m

I.46,1.53, m

1.37,1.37, m

1.32, m

1.33, 1.50, m

1.03, i .57, m

1.69, m

t.02,I.69, m

r.3I,1.49, m

7.34, m

2.39, m

1.30, 1.95,m

7.20,1.39 m

0.75, s

0.79, s

0.95 s

0.97, s

i.09, s

4.52,4.70, brs

i.69, s

Solvent: CDCI3
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4.2.6 Structure elucidation of pipataline (l3l)

The IR spectrum of 131 showed an intense absorption band at 1502 (C:C) .--t,
whereas the EIMS of 131 showed a molecular ion peak at m/z 288, which was further

confirmed by CIMS that showed the [M+H]* peak at m/z 28g. Acombination of MS,

tH and r3c-NMR 
spectral data of r3r provided its molecular formula, cqlHzeoz.

(131)

The IH-NMR spectrum (CDCI3, 300 MHz) of 131 showed the presence of two signals

at õ 6.25 (d, J: 16.0 Hz) and 6.07 (dt, J : 16.0,6.9, 3.0 Hz) assigned to H-7 and H-g,

respectively. A singlet observed at ô 6.89 was due to H-3 whereas two doublets at

õ6.74 (d, J:7.7 Hz) and ô 6.75 (d, J:r.7 Hz) were assigned to H-5 and H-6,

respectively' A downfield broad singlet resonating at ô 5.93 was due to the methylene

dioxy protons whereas a multiplet at E 2.17 was ascribed to the allylic Hz-9. Hz-10 to

H2-17 were observed at I 1.34 whereas H3-18 resonated as a triplet at ô 0.gg

(t, J: 6.5 Hz).

The COSY-45. spectrum of 131 showed a cross peak between H-5 (S 6.74) and H-6

(ô 6.75) whereas H-5 in turn showed. meta-cotpling with H-3 (ô 6.89). An olefinic H-7

(õ 6.25) displayed cross peaks with H-8 (ô 6.07) which in turn showed vicinal

coupling with allylic H2-9 (ô 2.17).

The broad-band I3C-NMR 
spectrum (CDCI3, 75 MHz) of l3l showed the resonance of

all nineteen carbons. A combination of broad-band t3C-NMR and DEpT spectra

indicated the presence of one methyl, ten metþlene, five methine, and three
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quaternary carbons in 131. The complete lH and I3C-NMR chemical shift assignments

of the molecule l3l are presented in Table 4.5.

The HSQC and HMBC spectra of 131 were recorded in order to determine the

structural formula. The lH and I3C-NMR spectral data were found to be similar to

those of pipataline reported in the literature3a. This led us to identiff compound l3l as

pipataline which was previously isolate d from pip er pe epul oide s3a .

Tabte 4.5 rH and I3C-NMR data of 131, recorded at 300 and,T5M1z,respectively.

Carbon No. ô,H-NMR ôr3c-NMR DEprMulriplic.ity

1

2

aJ

4

5

6

7

8

9

10

11

t2

13

t4

15

t6

17

18

t9

6.89, s

6.74, d, (1.7)

6.75, d, (I.7)

6.25, d, (16.0)

6.07, dt, (1 6.0,6.8,3.0)

2.17, m

(H16 to Hrz): I.34, s

0.88, r, (6.5)

5.93, s

147.8

146.4

124.2

t32.4

120.1

105.3

r29.s

129.t

33.1

32.9

31.8

29.1

29.5

29.s

29.4

29.2

22.6

T4.I

100.8

C

C

CH

C

CH

CH

CH

CH

CHz

CHz

CHz

CHz

CHz

CHz

CHz

CHz

CHz

CH¡

CHz

Solvent: CDC13
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4.2.7 D eriv atization of pip ataline

Compound 131 was isolated in bulk quantity and exhibited moderate AChE and GST

inhibitory activities. In order to determine the role of the double bond A7-s of this

compound in the aforementioned bioactivities, three derivatives (132-134) were

prepared. Details of synthesis of 132-13 4 and their spectroscopic data are discussed in

experimental section (page 121-123). The effect of different constituents on C-7 and

C-8 of 131 and role of unsaturation for AChE and GST inhibitory activity is discussed

in sections 4.2.11of this chapter.

4.2.7 .l 7, 8-Epoxypipataline (132)

The oxidation of pipataline (131) with z-chloroperbenzoic acid resulted epoxide3s

(132). The EIMS of 132 showed the molecular ion peak at m/z 304 while the parenr

compound (131) had a molecular ion peak at m/z 288 which clearly demonstrated the

difference of oxygen mass (132) with the formation of epoxide.

(132)

The IH-NMR spectrum of 132 was identical to that of 131 except the up-field

resonance of c-7 and c-8 at õ 3.37 (d, J: 2.0 Hz, H-7) and 2.88 (ddd, J: g.4,2.4,

2.0 Hz, H-8), respectively. Ther3c-NMR spectrum (cDCl3, 50 MHz) of r32 showed

the resonances of C-7 and C-8 at ô 63.0 and 58.6, respectively. These spectroscopic

studies helped to identifi compound (132) as 7, 8-epoxypipataline.
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4.2.7 .2 7-Amino-8-hydroxypipataline (133)

Compound 133 was synthesized by reacting compound 132 with a 28%o solution of

NH3 using a household microwave". In this case only one product was observed due

to the regioselective nucleophilic attack atbenzylic carbon (C/l).

(133)

The formation of compound 133 was confirmed by recording the mass, lH and

t3C-NMR spectra. The EIMS of 133 exhibited the molecular ion peak at m/z 32L The

IH-NMR spectrum of compound 133 showed the resonances of H-7 and H-8 at ô 3.70

(d, J : 2.3 Hz) and ô 2.87 (dt, J : 9.7 , 3.2, 2.3 Hz) respectively. An exchangeable OH

proton appeared at ô 5.50. The 13C-NMR spectrum (cDCl¡, 50 MHz) of 133 showed

the resonances of C-7 and C-8 at ô 60.4 and75.7 respectively. These spectroscopic

studies aided the characterization of compound (133) as 7-amino-8-hydroxypipataline.
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4.2.7 .3 7, 8-Dibromopipataline (134)

Bromination of pipataline (131) was carried out with bromine that fumished

7,8-dibromoypipataline (13a) as a brown solid36. The EIMS of 134 exhibited the M+ at

m/z 448 and M*+2 at m/z 450. The isotopic ion peaks resulting from the loss of one

bromine atom was observed at m/z 367 and 369 while the loss of both bromine atoms

was observed at m/z 286 and 288 in the EIMS of 134. The molecular ion peak was

fuilher confirmed by recording the CIMS. This type of double ion peak pattern

confirmed the formation of brominated product.

(134)

The IH-NMR spectrum of compoun d 134 was similar to that of compound 131 except

the resonance of C-7lc-8. The IH-NMR spectrum of compound 134 showed H-7 at

ô5.58 (d, J:7.0 Hz) and H-8 at E 4.39 (dt, J:7.0,5.4,3.4l/r2), respectively.

Ther3C-NMR spectrum (CDC13, 50 MHz) of 134 showed the resonances of C-l and,

C-8 at õ 57.4 and 55.3 respectively. These spectroscopic studies helped to identify

compound 134 as 7,8-dibromopipataline.
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4.2.8 Enzyme inhibitory activities of compounds 127-134

All of the purified natural constituents of B. Prionitis and derivatives were evaluated

in AChE and GST inhibition assays.

4.2.8.1 AChE inhibitory activity of compounds 127-134

The compounds (127-134) exhibited moderate AChE inhibitory activity. The ICso

values of these compounds are listed in Table 4.6. Pipataline (131) exhibited

anti-AChE activity with an IC56 value of 135.09 ¡rM. Pipataline (131) was isolated in

enough quantity to prepare its three derivatives in order to study role of double bond

A7-8 in the side chain. To achieve this goal, its three derivatives (132-134) were

prepared. Compounds (132-134) were also evaluated for anti-AChE activity and it was

discovered that the AChE inhibitory activity of 131 was increased by the introduction

of amino functionalify at C-7 .

4.2.8.2 GST inhibitory activify of compounds 127-134

Compounds 127-134 exhibited moderate to weak GST inhibitory activity as listed in

Table 4.6. Pipataline (131) showed better bioactivity compared to compounds 127-130

and132-134.
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Table 4.6 AChE and GST inhibitory activities (ICso: pM) of compounds 127 to 134

Compounds AChE + SEM GST + SEM

8-O-acetylshanzhiside methyl ester (127) 21L40 + 11.47

Shanzhiside methyl ester (128)

lupeol (129)

Betulinic acid (130)

pipataline (131)

7, 8 -epoxypipataline (132)

7-amino-8-hydroxy pipataline (133)

7, 8-dibromopipataline (134)

Galanthamine

Sodium taurocholate

145.50 + 5.33

89.97 +0.121

318.59 + 5.33

135.09 + 0.501

164.00 + 0.tt2

36.75 + 0.272

208.0 r 0372

0.5 + 0.011

107.71 +2.511

85.32 + 7 .011

60.00 + 0.270

NA

57.0 + 0.370

86.9 + 0.215

53.2 + 0.225

90.4 + 0.470

395.0 + 9.537

SEM: Standard error of mean of three assays

NA: No activitv at 102.9
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4.3 Experimental

4.3.1 General experimental conditions

General experimental conditions for this part of research were same as those described

in chapter 2, page 47 .

4,3.2Plant material

The aerial parts of B. prionitis Linn were collected from Gampaha, Western province

of Sri Lanka in September 2004. Dr. Radhika Samarasakera identified this plant, and a

voucher specimen was deposited in the herbarium of ITI, Colombo, Sri Lanka.

4.3.3 Extraction and isolation

The air dried ground aerial parts of B. Prionitis (1.25 Kg) were macerafeding5Yo

ethanol (5.7 L) for 72 hours. The extract was filtered and evaporated in vacuo to afford

42.5 g. The crude extract showed acetylcholinestrase inhibitory activity with an IC56

value of 215.4 + 22.105 ¡tglmL. The extract was fractionated by column

chromatography over silica gel (200-400 mesh) using hexane-ethyl acetate (0-100%)

and ethyl acetate-methanol (0-100%) which yielded I52 fractions which were pooled

on the basis of similarity in Ry values on analytical TLC. All of the fractions (F1-Fa1)

obtained were evaluated for acetylcholinestrase inhibitory activity. The fractions F6,

Fs, Fu, Frz, Fl:, Fru,Fzz,Fzt,Fzq and F3a displayed AChE inhibitory activity with ICso

value of 195.5, 133.47, 377.2,271.93,312.9, 149.79,215.7 , 313.3,25Ll1 and 327 .51

p"glmL, respectively. These bioactive fractions were subjected to various

chromatographic techniques as outlined in Schemes 4.1-4.3. A bioactive fraction, F6,

afforded compound 129 (tansparent crystalline solid, 5.2 mg, 0.00042% yield,

R¡ 0.67 in 75:25 hexane-ethyl acetate) by column chromatography and followed by

peparatory TLC. Another bioactive fraction Fs yielded compound 130 (white gummy



122

solid, 7.3 mg, 0.000580/o yield, R/ 0.5 in 75:25 hexane ethylacetate) on column

chromatography followed by pTLC. The bioactive fraction Fr4 (0.302 g) obtained on

elution of primary silica gel column with hexane-ethyl acetate (60:a0) yielded

compound 131 (white amorphous solid, 15.1 *g, 0.0012% yield, R¡ 0.7 in 60:40

hexane-ethylacetate) by repeated column chromatography and preparatory thin layer

chromatography. The bioactive fraction Fzz (1.613 g) obtained on elution of primary

silica gel column was again subjected to silica gel column chromatography using

CHCþ-methanol (0-i00%) yielded another fraction F22M (172.2 mg) which was again

chromatographed on silica gel column by using CHzClz-methanol (0-100%) ro afford

another fraction Fzz¡rn. The fraction Fzz¡rn was subjected to pTLC and developed in

CHCI¡-Methanol (85:15) seven times in the same solvent to afford two compounds

127 (white amorphous solid, 5.1 mg, 0.0004r% yield, R/ 0.21) and. l2B (whire

amorphous solid, 3.7 mg,0.00029% yield, Ri 0.53).
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4¿.5 gm
215.4 + 22.105t

(75:25)

(tze)
5.2m9

Scheme 4.1 Isolation procedure for compound 129

CC = Column chromatography
NA = Not active @ 350 pglml
WA : Weekly active @ 350 pglml
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exane:EtOAc
(75:25)

Mixture of t
compounds

(130)
7.3 mg

318.59 pM

ane:EtOAc
(0 -100%)

Hexane:EIOA
(80:20)

ane:EtOAc
(60:40)

(131)
15.1 mg

135.09pM

NA : Not active @ 350 pglmL

WA: V/eekly active @350 pglmL

Scheme 4.2Isolation procedure for compounds 130 and l3l

Hexane:EtOA
(40:60)

BrP6¡¡
35.2m9

261.1¡tglmL

BrPlaB
120.1 mg

154.7 ¡.tg/mL

BrP14B4

40.1mg
136.4 ¡tglmL
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BrP22
l.6l3gm

215.7 pglmL

CHCI3:MeOH

BrP22¡a

l72.2mg
162.8 ¡tglmL

BrP22¡¡7

40.1mg
136.4 ¡tglmL

(127)
5.1mg

2lI.4xlr.41

CH2C12:MeO
(0 -100%)

CHCI3:MeO
85:15

(128)
3.7 mg

145.5015.33

NA : Not active @ 350 ¡:,glmL

WA: Weekly active @350 ¡tglmL

Scheme 4.3 Isolation procedure for compounds 127 and 128
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4.3.4 Barlerin (8-O-acetylshanzhiside methyl ester) (127)

White amorphous solid, 5.1 mg, 0.00041% yield, Ry: 0.21 (85:15, CHCI3-MeOH);

CßHzsOn; UV À** (MeOH) : 237.0 nm; IR (solid f,rlm) v.*: 3330, 1707 and, 1576,

1420 cm't; for lH and r3C-NMR 
spectral data see Table 4.1.

4.3.5 Shanzhiside methyl ester (128)

1ühite amorphous solid, 3.7 mg, 0.00029% yield, R/: 0.53 (85:15, cHCl3-MeoH);

C:H26O¡; UV 1",n* (MeOH) :233.6 nm; IR (solid film) vn'* :3321,1694 and l4l4

cm-r; for lH and '3C-NMR spectral data see Table 4.2.

4.3.6 Lupeol (lup-20(29)-ene-38-ol) (129)

Transparent crystalline solid, 5.2 mg,0.00042% yield, R/= 0.67 (75:25, hexane-ethyl

acetate); c36H5so; uv l.*u* (MeoH) :220.5 nm; for lH and r3c-NMR 
spectral data

see Table 4.3.

4.3.7 Betulinic acid (130)

white gummy solid, 7.3 mg,0.00058% yield, R/= 0.5 (75:25, hexane:etþl acetate);

c3sHaso3; uv Ln* (MeoH) : 225.5 nm; for lH and r3c-NMR spectral data see

Table 4.4.

4.3.8 Pipataline (131)

White amorphous solid, 15.1 mg, 0.0012o/o yield, R/ = 0.7 (60:40, hexane:ethyl

acetate); c1eH2so2; IR (solid film) vn'*: 1501.9 cm-l; for lH and 13C-NMR 
spectral

data see Table 4.5.

4.3.9 Epoxidation of pipataline (131)

This reaction was carried out by using a procedure described by Sello3T to prepare

compound (132). Pipataline (131) (3 mg) dissolved in 10 mL of CHzClz was mixed

with an equal amount of water containing i.0 g of NaHCo3. Then 3.5g mg of



t27

m-chloroperbenzoic acid was continuously added to this reaction mixture. The

reaction mixture was stirred at room temperature for 24 hours after which NazSO¡

(10 mL) was added to the reaction mixture, which was then extracted with 2x10 mL of

CHzClz. The combined organic phase was washed with 2x25 mL aqueous NaHCO¡

and water and dried over anhydrous MgSOa. Filtration and evaporation of the solvent

under vacuum gave 132 as a white powder.

Spectral data of 7,8-epoxypipataline (132)

White solid,2.5 mg,83o/o yield; C1eH2sO3; 
IH-NMR (CD3OD, 300MHz) ô :6.g9 (1H,

s , H-3), 6.73 (2H, dd, J: 8.0, L7 Hz, H-5, H-6), 5.93 (2H, s , H-19), 3.37 (1H, d,,

J:2.0 Hz, H-7), 2.88 (1H, ddd, -r : 8.4, 2.4, 2.0 Hz, H-8), 2.I7 (2H, s , H-9), 1.34

(16H, s , H-10 to H-17),0.88 (3H, t, J: 6.5 Hz, H-lS); r3C-NMR (CDCI3, 50 MHz)

(ðppm): 147.8 (-C-, C-1), 146.4 (-C-, C-2), 124.2 (CH, C-3), t32.4 (-C-, C-4), t20.1

(cH, c-5), 105.3 (CH, C-6),63.0 (CH,C-7),58.6 (CH, C-8),33.1 (CH2, C_9),32.9

(cHz, c-i0),31.9 (cH2, c-11),29.t (CH2,C-12),29.5 (CH2, C-13),2g.5 (CH2,C_14),

9.4 (CH2, C-l5),29.2 (CHz,C-16),22.6 (CH2,C-17),14.1 (CH3, C-18), 100.8 (CH2,

c-l9). EIMS m/z (rel int.yo):304 [M]+ (9), 288 IM-OI 
* (1.5), 163 (4t),150 (100).

4.3.10 Synthesis of 7-amino-8-hydroxy pipatatine (133)

7,8 Epoxy pipataline 132 (2.5 mg) and 28% NH3 (5 mL) were added in to a 20 mL

vial3s. This vial was closed and placed in a modified household microwave at the

chosen power (1200 KW). The reaction was canied out for two min and 10 sec with

5 sec intervals. After cooling, the solution was extracted with ethyl acetate (3x10ml)

and the organic layer was dried over anhydrous NazSO¿. The solvent was evaporated

under reduced pressure to afford 133 as a colorless solid.
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Spectral data of 7-amino-8-hydroxy pipataline (133)

Colorless solid, 2.1 mg,84Yo yield; C1eH31NO3; IH-NMR (CD3OD, 300MHz) ô : 6.89

(1H, s , H-3), 6.73 (2H, dd, J:8.0, 1.7 Hz,H-5, H-6), 5.93 (2H, s , H-19), 3.70 (1H,

d, J : 2.3 H4 H-7), 2.87 (1H, dt, J : 9.7, 3.2, 2.3 Hz, H-8), 2.I7 (2H, s, H-9), 1.34

(16H, s , H-l0 to H-17), 0.88 (3H, t, J: 6.5 Hz, H-lS); t3C-NMR (CDCb, 50 MHz)

(ôppm): 147.8 (-C-, C-I), 146.4 (-C-, C-2), 124.2 (CH, C-3), 132.4 (-C-, C-4), t20.1

(cH, c-5), 105.3 (CH, C-6),75.7 (CH, C-7),60.4 (CH, C-8), 33.1 (CHz, C_g),32.9

(CHz, C-10),31.8 (CH2, C-l1),29.1 (CH2,C-t2),29.5 (CH2, C-13),29.5 (CH2,C-14),

29.4 (CH2, C-15), 29.2 (CHz, C-16), 22.6 (CH2, C-17),14.1 (CH3, C-19), 100.9 (CH2,

c-l9). EIMS m/z (reI.int.%o):321 [M]* (1.5),305 [M-NH2]+, Ø9),304 [M-OH]+, (20),

28S [M-OH-NHz]* (70),179 (r7), r51 (90), t3s (100).

4.3.11 Bromination of pipataline (134)

Pipataline (131) (3 mg) was dissolved in ethyl acetate (5 mL) and the reaction mixture

was stirred with Brz (0.5 mL) under uv (À : 366 nm) for 24 hows36. After 24 hours,

the reaction was stopped by adding water. This reaction mixture was extracted with

ethyl acetate (3x10ml). The ethyl acetate layer was dried over anhydrous Na2SO+. The

solvent was evaporated under reduced pressure to yield 134 as a brown solid.

Spectral data of 7, 8-dibromopipataline (134)

Brown solid, 2.8 m9,93%o yield; CleH2gBr2Oz; E : 6.89 (1H, s , H-3), 6.73 (2H, dd,

,,I:8.0, I.7 Hz, H-5, H-6), 5.93 (2H, s, H-19),5.58 (1H, d,J:7.0H2,H-7),4.39

(1H, dt, J:7.0,5.4,3.4 Hz, H-8), 2.I7 (2H, s, H-g), 1.34 (16H, s, H-l0 to H-17),

0.88 (3H, t, J : 6.5 Hz, H-l8); t3C-NMR (CDCI3, 50 MHz) (ô in ppm): 147.8 (-C-,

c-I), t46.4 (-C-, C-2), 124.2 (CH, C-3), 132.4 (-C-, C-4), 120.1 (CH, C-5), 105.3

(cH, c-6), 57.4 (CH, C-7), 55.3 (CH, C-8), 33.1 (CH2, C-g),32.9 (CHz, C-10), 31.9
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(CHz, C-l1),29.1 (CH2,C-12),29.5 (CHz, C-13), 29.5 (CH2,C-14),29.4 (CH2,C-15),

29.2 (CH2, C-16), 22.6 (CH2, C-17),14.1 (CH3, C-18), 100.9 (CH2, c_i9). E\MS m/z

(reL int.Yo): 448 [M]* (5), 450 [M+2]+ $), 367 [M-Br]* (9), 288 [M-Br2]* (3),228

(22), 212 (62), t3 s (46), 160 (1 00).

4.4 Enzyme inhibition assays

4. 4,1 Glutathio n e ^S-transfera s e inh ib ition ass ay

The GST assay was conducted as described in chapter 2, page 50.

4.4.2 Acetylcholinesterease ass ay

The AChE assay was conducted as described in chapter 2, page 51.
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CHAPTER 5

Phytochemical studies on Baxus nøtulensis

5.1 Introduction

The family Buxaceae is composed of a large number of species that are found in

temperate regions of both hemispheres and at only higher elevations in the tropics.

These species include Buxus sempervirens, B. papillosa, B. hildebrandtii, B.

microphyla, B. madagascarica and B. natalensis. These plants have been used for

several decades to treat various ailments such as malaria, rheumatism, depression and

skin infectionst. For example, the crude ethanolic extract of B. sempervirens has been

used in the treatment of the Human Immunodeficiency Virus (HIV) infections. This

extract has also exhibited a delayed progression in HIV infected asymptomatic

patients2'3. An extensive literature survey shows that chemical investigations on Buxus

species have resulted in the isolation of more than200 steroidal alkaloids a.

Buxus alkaloids have a unique steroid-triterpenoidal structure and these alkaloids have

shown interesting pharmacological activities. For example cyclovirobuxine-D (135)

has shown activity against heart disorderss and cycloprotobuxine-A (136) has shown a

protective effect against cardiac arrh¡hmia induced by oubain (LDso 5mg/kg) and a

positive inotropic effect on isolated guinea pig myocardinml'6-7.
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Alkaloids, buxoxybenzamide (137) and buxapapillinine (l3B), isolated from

B. sempervirens were reported to exhibited 86yo, 57yo, 57yo and 86%o, TIYo and 57yo

ph¡otoxic activity against Lemna minor L. at 500, 50, and 5 ppm, respectivelys.

Cyclovirobuxine F (139), l/-benzoyl- O-acetylbuxalongifoline (140), buxasamarine

(l4l), and cyclobuxamidine (142), purified from B. longifolia, displayed weak

antibacterial activity against Salmonella typhi, Shigetta flexneri, Pseudomonas

aeruginosa and Escherichia colie.

u FH'
ñN-cH.

H

rtlQCOCH3

CoHs-

(140)

o
il
c

(137) R=H
(138) R = OAc

(13e)



!f

135

H
I

.r.rN-CH,
rr*N-cH3

H

,,rltOH

(141) (142)

HgC

EI

t"o
'Rl 

(144) Rr = cH3, R2 = oH
(145) Rr : CH3, R2 = H
(146) Rr = CH2OH, R2: OH

Buxus alkaloids have also demonstrated their potentials as anti-acetylcholinesterasel0

and anti-butyrylcholinesterasell properties. For instance, buxakashmiramine (143),

cyclovirobuxine-A (144), cycloprotobuxine-C (l4s), cyclomicrophylline-A (146)

buxamines B (147) and C (148), purified from B. papilosa and B. hyrcana, have been

reported to inhibit AChE concentration dependently with IC5s values of 25.4, 105.7,

38.4, 235.0,74.0 and 7.5 ¡tM respectivelytz-l3. The difference in anticholinestrase

activity of compound 147 and 148 was explained by docking studies, which showed

that 148 penetrated deeper into the AChE gorge than 147, and that the positioning of

the C-3 tertiary amino group resembles the quaternary ammonium group of AChE

better than the secondary amino group of 147t2. Seven alkaloids,

,aC__N

HeC

cH"

t"
N-CH3

HsC

ocH3
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homomoenjodaramine (l4g), moenjodaramine (rsO), 7-deoxy-o6-buxafurandiene

(151), hyrcanone (152), buxabenzacinine (153), À,[-dimethylcycloxobuxoviricine

(154) and buxandrine (155) isolated from B. hyrcana, (Buxaceae) have been reported

to inhibit AChE with varing degrees of activities having IC5s value of I9.2,50.g, i3,

7 45, 468, 3 1 0 and 17 5 .4 ¡_rM respectivelyla-r 6.

CHsrl
-*,

H3c\N

(147) Rr : H Rr: CH3

(148) Rr: CH3 R2 =H
CH¡

cH.t"
,.rùN.-cH.

(r49) R = CH3

(1s0) R: H

o

il
'rtlQ-C-CH3

(rsl)

cH"t"
,ttfN-CHa

H

(153) Rr = AoOCH2 R2: OH 
^r,ro ^e,rr
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(154) Rr: C:O R2:CH3 R¡:OH Ar'2

(155) Rr : NH-benzoyl R2: HOCH2 R: = OAc A6'7

Structures of Buxus alkaloids contain the buxane (9,19-cyclobuxus) or the 9,1O-seco-

buxa-9(l1), 10(19) diene skeleton which have a substitution pattern at C-4 and C-I4.

Biosynthetically lanosterol or cycloartenol type triterpenes are considered to be

precursors of Buxus alkaloids which are formed by the cyclization of squalene either

by oxidative or non-oxidative pathwaysl't7-18. These transformations might involve in

the formation of 20-ketosteroid intermediates by oxidative cleavage of the C-20 side

chain. This intermediate might under go another oxidation reaction at C-3 to afford

3,20-diketosteroid. Buxus alkaloids may have been derived from this intermediate as

outlined in Scheme 5.1

'"G,

lol- lE-

Scheme 5.1 Plausible biosynthesis of Buxøs alkaloids
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Keeping the pharmacological importance of Buxus alkaloids in view, the present

project was designed to isolate alkaloids from B. natalensis and to evaluate them for

enzyme inhibitory activity including AChE. To the best of our knowledge, no report

on ph¡ochemical studies of this plant has been reported in the literature.
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5.2 Results and discussion

5.2.1 Isolation of compound 156

Compound (156) was isolated as a colorless gum after column and thin layer

chromatography of crude methanolic extract of B. natalensis (for details see the

experimental section). This compound was characterized by using extensive NMR

spectral data. Compound 156 was found to exhibit anti-AChE activity.

5.2.2 Structure elucidation of natalensamine-A (156)

The UV spectrum of 156 showed an absorption maximum at 206 nm indicating the

absence of conjugated æ system. The IR spectrum of compound 156 suggested the

presence of hydroxyl (3436) and olefinic (1551cm-r) functionalities re. The EIMS of

156 showed the molecular ion peak at m/z 444. A combination of lH, 13C-NMR and

mass spectrul data provided the molecular formula, Cz¡FI+eNzOz, of this compound. An

ion at m/z 429 arose due to the loss of a methyl group from the molecular ion. A base

peak at m/z 72 indicated a trimethyl-imminium cation formed by the cleavage of

C-l7lC-20 bond with charge retention on the nitrogen side chain20.

(1s6)

The IH-NMR (CDCI3, 300MHz) spectrum of 156 displayed four three-proton singlets

at ô 0.83, 0.86, 0.89 and 1.02 due to H3-18, H3-32, H¡-31 and H3-30, respectively. A

CH,

t"
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secondary methyl Hs-21 resonated as a doublet at ô 0.85 (d, J : 6.5 Hz). Two

six-proton singlets at õ 2.23 and 2.56 were due to {i/-dimethyl protons substituted at

C-20 and C-3, respectively. A set of AB doublets, resonating at ô -0.02 and 0.68 (d,

Jpa, teþ: 4.5 Hz), were due to the H2-I9. A doublet at E 2.52 (d, J : 7.4 Hz) was

assigned to H-3 while a multiplet appeared at E 2.62 was due to H-20. Two multiplets,

integrating for one proton each, resonatingat6 332 and 4.08 were due to H-6 and

H-16. Their downfield chemical shift values were indicative of the presence of

geminal hydroxyl groups. A downfield doublet at õ 5.52 (d, J: I0.2Hz) was ascribed

to H-1 whereas H-2 resonated as a multiplet at ô 5.39.

The COSY-45. spectrum of 156 showed the presence of five isolated spin systems in

it. The first spin system started with H-l (ô 5.52) that exhibited coupling with H-2

(ô 5.39) which in turn showed cross peak with H-3 (S 2.52).In the second spin system,

H-5 (ð 1.90) displayed cross peaks with H-6 (õ 3.72) that exhibited couplingwithH2-7

(ô 1.55, 2.12). The latter was coupled with H-8 (ô 1.S7). The third spin system showed

only geminal coupling between H-19a (ð -0.02) and H-19B (ô 0.68). H2-11 (E t.zg,

1.72) exhibited vicinal coupling withH2-12 (ô 1.53, L79) in the fourth spin system.

The fifth spin system showed strong cross peaks of H-16 (ô 4.08) u/ith H-l5 (ô 2.08,

1.45) and H-17 (ô 1.89). H-17 turther showed cross peak with H-20 (S 2.62) that in

turn exhibited coupling with H-21 (ô 0.85). All of these spin systems present in

compound 156 are shown around structure 156a.

The broad-band t3C-NMR (CDCI3, 75MHz) spectrum of 156 displayed signals for

twenty eight carbons. The DEPT spectra suggested the presence of nine methyl, five

methylene and nine methine carbons. Subtraction of DEPT spectra from the broad-

band I3C-NMR spectrum revealed the presence of five quaternary carbons in
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compound 156. The HSQC spectrum was recorded to determine 1H/l3C 
one bond shift

correlations of all protonated carbon atoms in compound 156. Complete lH

andl3C-NMR chemical shift assignments are shown in Table 5.1.

f"'
N_.-

-CH.

(1s6 a)

The HMBC spectrum was used to establish the gross structure 156 from spin systems

deduced from the COSY-45" spectrum. H-1 (ô 5.52) showed HMBC interactions with

C-2 (ô 128.9) and C-10 (õ 27 .0) where as H-2 (ô 5.39) exhibited cross peaks with C-l

(ô 126.1) andC-4 (ô 41.5) carbons. H-3 (8 2.52) displayed long-range correlation with

c-2 (ô 128.9). H:-30 (ô 1.02) showed cross peaks with c-3 (ô 66.r),c-4 (ô 41.5) and

C-31(ô 18.8) whereas H3-31 (ô 0.90) showed long-range correlations with C-4

(ô41.5), c-5 (ô 56.5) and c-30 (ô 26.9). Hz-r9 (ô -0.02, 0.68) showed HMBC

interactions with c-5 (ô 56.5), c-s (ô 49.7), c-9 (ô 19.8), c-10 (ô 27.0), and

C-l1(ð 24.8) carbons. H¡-l8 (ô 0.S3) showed long-range heteronuclear shift

correlations with c-12 (ô 3l.l), c-13 (ô 45.2), C-i4 (ô 48.6) and c-r7 (õ 49.7)

carbons. H-16 (ô 4.08) geminal to hydroxyl group, exhibited cross peaks with C-17

(E 49.7) and C-20 (õ 62.7). These HMBC interaction data indicated that compound

156 had a Buxus alkaloidal skeleton. Important HMBC correlations are shown in

structure 156b.



142

cH"t"
I

.N-CH"
a.t*

,'rililoH

(1s6b)

Stereochemical assignments at c-3, c-6, C-r3, c-14, c-16, C-17 andc-20 were made

on biosynthetic considerations and on chemical shift correlations with the previously

reported Buxus alkaloids of the seriese'21-23.

The lH and I3C-NMR spectral data of 156 were identical to those of buxasamarine

isolated from B. Iongiftliae except that NMR and mass spectral data of 156 showed

the presence of {i/- dimethyl group at c-20 and hydroxyl group at c-6. Based on

these spectroscopic data structure 156 was proposed for this new natural product and

was 'named as natalensamine-A.
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Table 5.1 tH and l3C-NMR data of 156, recorded at 300 and,75 M*z,respectively.

Carbon No. 'n-NuR (a) t'c-

1

2

aJ

4

5

6

7

8

9

10

11

t2

13

t4

t5

16

t7

18

19

20

2T

30

3T

32

ff.-(cH¡)z

¡/u-(cHs)z

5.52, d, (10.2)

5.39, m

2.52, d, (7.4)

1.90, m

3.72, m

t.55,2.12, m

1.97, m

1.29,1.72, m

1.53, 1 .79, m

1.45,2.09, m

4.09, m

l.gg, m

0.83, s

-0.02,0.69, d,

(4.s)

2.62, m

0.85, d, (6.5)

r.02, s

0.90, s

0.96, s

2.56, s

2.23, s

126.1

r28.9

66.1

4t.5

56.5

77.5

32.2

49.7

19.8

27.0

24.8

31.7

45.2

48.6

38.s

78.6

49.7

15.3

18.3

62.7

10.3

26.9

18.8

18.4

39.5

43.4

CH

CH

CH

C

CH

CH

CHz

CH

C

C

CHz

CHz

C

C

CHz

CH

CH

CH¡

CHz

CH

CH¡

CH¡

CH:

CH¡

CHs

CH¡

Solvent: CDCI¡
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5.2.3 AChE inhibitory activity of natalensamine-A (156)

Compound 156 exhibited weak AChE inhibitory activity with an IC5e value of 58.937

+ 1.551 pM. This bioactivity was weak when compared with a standard AChE

inhibitor glanthamine (IC5s 0.5 + 0.017 pM). Structurally, natalensamine-A was

similar to that of 144-146 except for the different position of the double bond and

different substituents at C-4 and C-16. The most active among all of these was

cycioprotobuxine-C (145) (ICsg 38.4 pM) that did not a have hydroxyl moiety at C-16.

The AChE inhibitory activity of 156 was lower than cycloprotobuxine-C which may

be due to the presence of hydroxyl group at C-16. On the other hand natalensamine-A

was a stronger inhibitor compared with cyclovirobuxeine-A (IC56 105.7 ¡rM). This

might be due to the presence of a Ar-2 double bond that might have provided better

interaction with the enzyme compared to cyclovirobuxine-A.



r45

5.3 Experimental

5.3.1General experimental conditions

General experimental conditions for this part of research were the same as previously

discussed in chapters 2-4.

5.3.2 Plant material

This plant was collected from Umhlanga Rocks, South Affrica by Richard J. P.

Cannell Department of Chemistry, Durban University, South Africa in February 2007

and was identified by Yashica Singh, Curator, South African National Biodiversity

Institute, South Africa. A voucher specimen (132176) was deposited in the South

African National Biodervisity Institute, Durban, South Africa.

5.3.3 Extraction and isolation

The roots of B. natalensis Linn were peeled off (2.25 Kg) using a steel knife, dried

under shade and grounded into a fine powder (1.7542 Kg powder). The powder was

extracted three times with equal volumes of ethanol (2.0 L) at room temperature. The

extract was concentrated to a reddish brown gum (173.19 g) under reduced pressure.

The crude ethanolic extract was defatted with hexane and extracted with methanol.

Both hexane and methanolic extracts were subjected to acetylcholinestrase inhibitory

assay. The hexane extract was inactive while the methanolic extract (122.30 g)

showed positive results with an IC56 value of II3.20 126.15 ¡tglmL in this assay. The

extract was dissolved in 30o/o methanol (V/V) and was fractionated at different pH

values. A fraction obtained at pH 7.0 (28.219) showed acetylcholinestrase inhibition

with an IC5s value of 127.20 + 5.2 pglml, and was loaded onto a silica gel column

(200-400 mesh, Merk). The column was eluted with hexane-EtOAc (0-100%)

followed by EtOAc:MeOH (0-100%) to afford various fractions. These fractions were
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pooled on the basis of analytical TLC results and were screened in the AChE

inhibition assay. Fraction Frr (AChE inhibitory activity with ICso value of

80-49 + 6.17 p'glmL) yielded another fraction F¡c by column chromatography using

CH2Cl2:EtOAc (0-100%) as the mobile phase. This fracrion was subjected to

preparatory TLC to afford four minor compounds and one major compound

natalensamine-A (156), as shown in Scheme s.2 (7.rg04 
^g, 0.00041% yield,

Isopropanol:CH2C12,28:2,R¡ 0.21) which was evaluated for AChE inhibitory activity.

The minor compounds were not isolated in sufficient quantities for spectral analysis.
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3X EtOH

Reddish brown gum
1.73.19 gm

MeOH extract

122.30 gm
.113.20 +26.15

pH 3.5

2s.9s
.15L76 t 18.1 pglmL

pH7.0
28.21 gm

.727.20 f 5.2 ¡tglntL

pH 9.5

31.14 gm
"193.42+ 15.7 pglml-

Hexane:EtOAc (0-100%
EtOAc:MeOH (0-100%

Frr
2.951 gm

-80.49 t 6.17 ¡tgl

CH2CI2:EtO

Fr rc
0.084 gm

.105.22 t 5.64 þglmL

7.1904 mg
.58.937 t 1.56 ¡rM

* 
= Anti-AChE activity (ICso)

NA: Not active

Vy'A: Weakly active

CC : Column chromarography

Scheme 5.2 Isolation procedure for natalensamine-A (156)
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5.3.4 Natalensamine-A (156)

Colorless gummy solid, 7.1904 mg, 0.0004I%o yield,, R7:0.2i (Isopropanol_C%zClz_

28:2: ammonia vapours); C2sHasN2Oz; UV À,n* (MeOH) : 206 nm; IR (KBr) Vmax:

3436 and 155lcm-r; for rH and I3C-NMR 
spectral data see Table S.l. EIMS m/z (reI.

int.%o): 444 l}/'l+ 6), 429 [M-CH3]* (7),39g (4), 115 (3),72(100), 58 (30), 44 (20).

5.4 Enzyme inhibition assay

5.4. I Acetylcholinestrase assây

The AChE assay was conducted as described in chapter 2,page 51.
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CHAPTER 6

Chemical studies on Coprinus micuceus

6.1 Introduction

Mushrooms have been used as food and pharmaceuticals for thousands of years and

are well represented in pharmacopoeia of Asian traditional medicines. There are about

140,000 species of mushrooms out of which only 14000 species are known. It has

been reported that 50%o of these known species are considered to be edible while only

50% possess significant pharmacological propertiesl'2. A number of mushrooms such as

Poria cocos) Ganoderma lucidum, Ganoderma tsugae, Hericium erinaceum are used

in crude form in China, Korea, Japan and eastern Russia to cure cancer, hypertension,

hepatitis, hypercholesterolemia, high blood pressure, dizziness, insomnia, anorexia,

coronary heart disease, altitude sickness, fatigue and bronchial cough3-6. In the last

decade, the aforementioned traditionally used mushrooms have been investigated in

both in vivo and in vitro model systems and many pharmacologically active substances

with anti-microbial, anti-viral and anti-cancer properties have been isolatedT-I0. A

number of anti-tumor and immunomodulating polysaccharides have been identified

from mushrooms and are in clinical practice as potent anti-cancer agentsl'. For

instance lentinan (157), isolated from Lentinus edodes'2, is a polysaccharide based

potent anti-cancer agent.

Some edible mushrooms such as Agaricul bisporus and Ganoderma lucidum have

been chemically investigated for the isolation of biologically active compounds with

potential for protecting cellular DNA from oxidative damage which is associated with

coronary heart disease, cancer and age-related neurodegenerative diseases13. The cold
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water extract of Agaricul bisporus and hot water extract of Ganoderma lucidum were

found to have highest protection against oxidative damage to cellular DNAI3.

..N\o,

OH OH

(1s7)

During the last two decades many mushroom species have been investigated for the

isolation of anti-tumer polysacchrides and L. edodes is one of the most studied

mushrooms in this regard. Chihara et al. reported that a water-soluble polysaccharide

fraction from a fruiting body of Z. edodes could inhibit the growth of mouse Sarcoma

180 inmice and even complete regressionwas observed in Swiss albino micela'ls. It

was also studied that the excessive use of L. edodes can reduce the serum cholesterol

level, which is directly related to hypertension, in humansl6. An inhibitory effect on

HIV replication invitro was reported from an extract of the culture medium of

L. edodes mycelialT. It was subsequently discovered that sulfated lentinan completely

inhibit the replication of HIVr8. Min et al.te and El-Mekkawy et a1.20 reported a

number of anti-HIV compounds from G. lucidum such as ganoderic acid s (158), A

(159), B (160), and C¡ (161), H (162); ganoderiol A (163), B (164), and F (165);

ganoderanotriol (166); and lucidumol B (167). In addition to these compounds,

OH
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ergosterol (168), ergosterol peroxide (169), cerevisterol (170) and 3B-5o-dihydroxy-

6B-methoxyergosta-7,22-diene (171) were also reported from the same fungus. The

compound 165 and 166 were the most active anti-HIV agents with an IC56 value of 7.8

pglmL each, whereas rest of the compounds were moderately active inhibitory agents

with ICso values ranging from 0.17 to0.23 m}y'r. Boker a1.21 discovered anti-tumor

sterol glycoside (172) by activity guided fractionation of Cordyceps siness¿s. In this

study the compound 172 was reported to be a potent inhibitor to the proliferation of

K562, Jurkt, wM-1341, HL-60, and RPMI-8226 tumor cell lines by l0 to 40yo at a

concentration of iOpg/ml. Most recently Liu et al. investigated the hypoglycemically

active mushroom "Phellinus gilvus" (ICso : 20 pglmL) and reported lanostane

triterpenoids gilvus A (173), B (174), C (175), andD (176);24-methylenelanost-g-ene-

3 þ,22 - diol (17 7 ) ; and 5 o,- erg o sta-7,22 - di ene - 3 - one (17 B)22 .

Compound RzR3Rr

Ganoderic acid s (158)

Ganoderic acid A (159)

Ganoderic acid B (160)

Ganoderic acid Cr (161)

Ganoderic acid H (162)

Cerevisterol (170)

OH

o

OH

o

OH

OH

o
OH

OH

OH

o

H

OAc

H

H

H

OAc

H

H

H

H

OH

H

H

H

OH

H

H

H

H

H

H

OHH
OHH
o

o

o

o
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Compound Rr R?

Ganoderiol A (163)

Ganoderiol B (164)

Ganoderiol F (f 65)

Gandermanotriol (166)

Lucidumol B (167)

OHH
o
o
o
OHH

OH

L24(2s)

L24(2s)

OH

OH

H

H

H

H

H

H

H

H

H

H

H

OH

H

H

H

oH cH¡ CH2OH

- cH2oH CH2OH

- cH2oH cH2oH

oH cH: CH2OH

CH, OH CH¡

(169), Rl:OH, 
^6(7)(172), R1= O-D-glucopyranoside

(173) Rr = O Rz : R3: CH3
(174) Rr : cx,-H p-OH R2 = COOH, R3: CH3
(175) Rl = O Rz: H, R3= CH3
(177) Rt : cr-H p-OH, R2, R3 = CH3
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(178)

Coprinus micaceus is a saprophytic fungus commonly found in the prairie region of

Canada.It is widely distributed in North America and grows in clusters, mainly in

woody areas on decaying wood.

The crude methanolic extract of C. micaceus was screened against six pathogenic

bacteria namely Enterococcus faecalis, Staphylococcus alffeus, Pseudomonas

aeruginosa, Streptococcus agalactia, Corynebacterium xerosis and Escherichia coli

according to Kirby-Bauer antimicrobial assaf3.

In the preliminary antibacterial assay, the crude methanolic extract of C. micaceus

showed anti-bacterial activity against five pathogenic bacteria namely, Enterococcus

faecalis, Staphylococcus eureus, Streptococcus agalactia, Corynebacterium xerosis

and Escherichia coli. The antibacterial activity data of the crude extract is shown in

table 6.1.

Chemical studies on the methanolic extract of C. micaceus resulted in the isolation of

a sterol, micaceol (179) and (2, z)-4-oxo-2,5-heptadienedioic acid (lg0). In this

chapter structure elucidation of these two compounds with the aid of NMR spectral

data as well as their bioactivity of these compounds will be discussed.
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Table 6.1 Antibacterial data of crude methanolic extract of c. micaceus

Bacterium Zone of inhibition in mm

Crude extract 250 ¡rgldisc Streptomycine 10 pgldisc

E. coli

S. aureus

C. xerosis

S. agalactia

E. facecalis

P. aeruginosa

10.0

12.0

i 6.5

10.5

8.0

Nil

22.0

14.0

30.0

9.0

Nil

13.0



t57

6.2 Results and discussion

6.2.1 Isolation of compounds 179 and 180

The crude methanolic extract of C. micaceus was subjected to chromatographic

methods (column and TLC) to puriff the compounds, micaceo | (l7g) and, (Z,Z)- -oxo-

Z,S-heptadienedioic acid (180) (for purification see experimental section).

The structures of these compounds were established with the aid of extensive

spectroscopic studies. These purified compounds (f79-180) had shown moderate

glutathione S-transferase inhibitory and antibacterial activities.

6.2.2 Structure elucidation of micaceol (179)

The UV spectrum of micaceol (179) showed a maximum absorption at 246 nrn

indicating the presence of a conjugated n system. The IR spectrum exhibited intense

absorption bands at 3425 (OH) and 1601 (C:C) .*-t. The CIMS of 179 showed the

molecular ion peak at m/z 399 [M+H1*. The HREIMS of this compound showed a

molecular ion peak at m/z 398.3521 (calcd. 398.3549), corresponding to a molecular

formula of CzsH¿oO which indicated the presence of six degrees of unsaturation in

179. These six double bond equivalents were accounted for by the steroidal skeletons

with two double bonds incorporated in its structure.

(t7e)
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The IH-NMR 
spectrum (CDCI3, 500 MHz) of 179 showed rwo singlets at ô 0.g3 and

0.95, integrating for three protons each, due to the Hg-18 and H3-19, respectively.

Three three-proton doublets at ô 0.78 (J : 6.5 Hz), ô 0.7g (J : 6.5 Hz) and, ô 0.g5

(J:7.0 Hz) were due to the secondary H3-26, Ht-27 and H3-2r, respectively. H-3

resonated as a one-proton double doublet at ð 3.63 (,/r : tO.S and 3.5 Hz) and its

downfield chemical shift value was indicative of the presence of a geminal hydroxyl

functionality. A one-proton multiplet at õ 5.2I was ascribed to H-6. The Hz-Zg

exocyclic methylene protons appeared as two broad singlets at ô 5.40 and 5.5g.

In COSY-45" spectrum, H-3 (ð 3.63) showed cross-peaks with H2-2 (E 2.20 and2.4l)

which in tum exhibited coupling with H2-1 (õ1.24 and 1.90). The vinylic couplings

between Hz-28 (ô 5.40 and 5.58) and H-6 (ð 5.21) were also observed in the

COSY-45' spectrum of 179. H-6 (ô 5.21) showed vicinal couplings with1z-7 (õ 2.06

and 1.53). H3-21 (ô 0.85) exhibited cross-peaks with H-20 (ô 1.59) while H3-26

(ô 0.78) andH3-27 (ô 0.79) showed correlations with H-25 (ô 1.51).

The r3C-NMR spectrum (CDCI3, 125 MHz) of 179 showed the resonance of all 2g

carbons. The C-3 resonated atE 7L0 and its downfield chemical shift value was due to

the presence of a geminal hydroxyl group. A combination of tH and t3c-NMR 
data

suggested that compound 179 has a sterol like structure as most of the IH and

t'C-NMR chemical shift values of 179 were similar to those of sterols reported in the

literature2a'27. The HSQC spectrum of 179 showed the one-bond shift correlations of

H-3 (ô 3.63) with C-3 (ô 71.0). A signal atE 5.21(H-6) showed a cross-peak with the

C-6 (ô 134'0). The Hz-28 exocyclic methylene protons (ô 5.40 and 5.58) showed

correlations with c-28 (ô 119.1) in the HSec spectrum. The complete rH 
and
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I3C-NMR chemical shift assignment and lfVl3c one-bond shift correlations of

compound 179, as determined from HSQC spectrum, are presented in Table 6.2.

In the HMBC spectrum, H¡-19 (ô 0.95) showed long-range heteronuclear couplings

with c-5 (8 146.5), while Hz-28 exocyclic methylene protons (ô 5.40 and 5.5g)

exhibited interactions with c-3 (ô 7t.0), c-4 (ô 140.2) and c-5 (ô 146.5). These

HMBC interactions strongly suggested that the C-28 methylene group was substituted

at C-4 of the sterol skeleton, and this was also confirmed from the COSY-45.

spectrum of 179 which displayed the vinylic couplings of Hz-28 (ô 5.40 and 5.58) with

H-6 (ô 5.21). By substituting C-28 at C-4 would produce conjugated î system in 179.

The presence of a conjugated double bond was also inferred by the UV spectrum,

which showed an absotption maximum at 246 nrn.Important HMBC interactions of

compound 179 are shown around structure 179a.

(t7ea)

The stereochemistry at various chiral centers of 179 was established with the aid of a

NOESY spectrum, tH-tH NMR coupling constants and by comparison of tH and l3c-

NMR chemical shift values of 179 with the reported sterols in the literature. A cis

relationship between H-8 (ô 1.50), Hg-i8 (ô 0.83) and H3-19 (ô 0.95) was observed in

the NOESY spectrum. It has been reported in the literature that H-8, H¡-l8 and H3-19
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have p-orientation in sterols2T-tn. Th" lH and l3c-NMR 
chemical shift values of H-g,

H3-18 and H¡-19 were also nearly identical to those of sterols reported in the

litetature2T-2e. Based on these observations, B-orientation of H-g, H3-Ig and H3-19 was

assumed. H-3 resonated as double doublet at ô 3.63 (.,/ : 10.5 and 3.5 Hz). The

coupling constant between H-2/H-3 (Jz",zu= 3.5 and J2u,3u:10.5 Hz) indicated that H_3

was axially oriented. This led to the assignment of an o-stereochemistry for H-3 and a

B-orientation for c-3loH. The stereochemistry at H-g,H-r4, and.H-17 was also found

to be same as reported for other sterols in the literature2s. Based on these spectral data,

structure 179 was established for this new sterol.
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Table 6.2 tlHand I3C-NMR data of l7grrecorded at 500 and,725 MHz,respectively.

Carbon No. 'H-NMR (ô) ''C-NMR (ô) DEPT Multiplicity

1

2

J

4

5

6

7

I
9

10

11

12

13

14

15

I6

t7

18

19

20

21

22

23

24

25

26

27

28

32.0

39.0

7t.0

t40.2

146.5

t34.0

27.0

31.7

51.0

34.6

22.8

29.1

46.0

56.5

25.0

28.2

s6.5

12.3

22.8

35.s

18.9

36.8

23.7

39.s

27.9

22.6

22.8

119.1

CHz

CHz

CH

C

C

CH

CHz

CH

CH

C

CHz

CHz

C

CH

CH2

CHz

CH

CH:

CH¡

CH

CHs

CHz

CHz

CHz

CH

CH¡

CH¡

CHz

1.24,I.90, m

2.20,2.47, m

3.63, dd, (10.5, 3.5)

5.21, m

7.53,2.06, m

1.50, m

7.01, m

1.47, 1.59, m

1.60, 1.74,m

t.68, m

1.65,1.77, m

1.49,2.06, m

r.57, m

0.83, s

0.95, s

1.59, m

0.85, d, (7.0)

1.32,1.52, m

1 .25, t.47 , m

1.19, L54,m

1.5r, m

0.78, d, (6.5)

0.79, d, (6.5)

5.40,5.59, brs

Solvent: CDC13
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6.2.3 Structure elucidation of (ZrZ)-4-oxo-2,5-heptadienedioic acid (180)

The EIMS of 180 showed a molecular ion peak at mlz 170. Its IR spectrum showed

intense absorption bands at 1610 (C:C), 1716 (C:O) and 3438 (OH) cm-l. The l-ry

spectrum of 180 exhibited absorption maxima at 259 nm suggesting the presence of an

o, B-unsaturated carbonyl functionality in this compound. The combination of MS, IR,

UV, lH and I3C-NMR spectral data provided the molecular formula, CzHeOs.

ooo
(180)

The IH-NMR spectrum (DMSO, 500 MHz) of 180 showed the presence of two

doublets at ð 5.40 (J:7.6 Hz) and ô 7.35 (J:7.6 Hz). These two signals were

ascribed to the H-2 and H-3, respectively. A broad peak at ô 11.00 due to the

carboxylic acid proton was also observed in the IH-NMR spectrum.

The broad-band r3C-NMR spectrum (DMSO,I25 MHz) of 180 showed the resonance

of four carbons. DEPT experiment was performed to establish the multiplicity of these

carbon signals and this indicated the presence of two methine carbons in 180.

Subtraction of the DEPT spectra from the broad-band t'C- NMR spectrum revealed

the presence of three quaternary carbons in this compound. The complete I3C-NMR

chemical shift assignments are shown in Table 6.3.

The presence of a carboxylic acid group was further confirmed by the IR spectrum,

which showed absorption bands at 3438 (OH) and 1716 (C:O) rrn-t. The high

resolution FAB mass spectrum of 180 showed the molecular ion peak at mlz 170.0439

that provided a molecular formula, C7H6O5 (Cald. 170.0446). An ion at m/z 152 was
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due to the loss of a water molecule from the molecular ion peak. This loss of water

molecule was due to the formation of an anhydride of compound 180 in the ionization

chamber of the mass spectrometer. The mass spectral data indicated the presence of a

plane of symmetry in 180 and explained the observation of signals for one half of the

molecule in the tH attdI3C-NMR specÍa. A c¿s-configuration for both double bonds of

180 was assumed on the basis of lH-tH coupling constant (Jz,t:7.6 Hz). The lH and

I3C-NMR data were compared with that of (28,58)-4-oxo-2,5-heptadieneoic acid

þurchased from the Sigma Aldrich) and found to be identical except for the coupling

constants between H-2/H-3 and H-5/H-6. The latter exhibited. trqns-coupling constants

between H-2lH-3 and H-5/H-6 for trans-conftguration of A2-3 and Aa-s. Based on these

spectral data, structure 180 was proposed for this compound. This compound was

isolated as a natural product for the first time from natural source.

Table 6.3 rH and r3c-NMR 
data of 1g0, were recorded at 500 and r25 MHz.

Carbon No. H-NMR (ð) C-NMR (ô) DEPT Multiplicity

I

2

J

4

5

6

7

5.40, d,(7.6)

7.35, d,(7.6)

7.35, d,(7.6)

5.40, d,(7.6)

166.2

143.0

1s4.0

r90.2

154.0

t43.0

166.2

C

CH

CH

C

CH

CH

C

Solvent: DMSO
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6.3 Bioactivity of chemical constituents of Cøprinus micøceus

6.3.1 Anti-bacterial activity

The anti-bacterial activity of 179 and 180 was examined30'3I. Compound 180 was

found to have modest inhibitory activity against Staphylococcus aureus and

Corynebacterium xerosis with minimal inhibitory concentration (MIC) values of 82.35

and 146¡t'glml, respectively. compound 180 was inactive in this bioassay.

6.3.2 Glutathio n e ^S-transferas e (G ST) inhibitory activity

Compound 1"80 showed inhibitory activity against equine liver GST. The enzyme lost

(26.8 + 0.6)% of its activity in the presence of 32 pglml- of 180. Lower concentrations

of this compound, 16 ¡tglmL and24 p,glmL resulted in (14. r+2.5) yo and (19.7+5.6) %

GST inhibition, respectively. Although considered weak, the inhibition may be due to

the presence of o,B-unsaturated carbonyl functionality in compound 180, which

promotes the formation of a conjugate with glutathione. GST inhibition, in this case,

may be attributed to adduct formed between glutathione and 180. GSH conjugates

have been discovered for most u,,B-unsaturated carbonyl compounds as effective

inhibitors of various GST isoforms32-3s. In this bioassay, compoun d t7g was found to

be inactive.
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6.4 Experimental

6.4.1 General Experimental conditions

General experimental conditions for this part of research were the same as previously

discussed in chapters 2-5.

6.4.2 Collection of mushroom

Coprinus micaceus (1.a kg) was collected from Winnipeg, Manitoba, Canada in

September 2004. Prof. Richard Staniforth, Department of Biology, the University of

Winnipeg identified this mushroom as C. micaceus.

6.4.3 Extraction and isolation

Coprinus micaceus was dried in the air at room temperature and diced into small

pieces. This organism was extracted with methanol at room temperature. The solvent

was removed under reduced pressure to obtain a gum. This gum was then dissolved in

water and partitioned between butanol and water. The butanol layer was further

defatted with hexane. The defatted extract was concentrated by using rotavap to yield

a dark brown gummy residue (24.86 g). This extract was then loaded onto a silica-gel

column. The column was eluted with hexane-ethyl acetate (0-100%) and ethyl acetate-

methanol (0-100%) to afford 39 fractions. Similar fractions were pooled together on

the basis of analytical TLC which gave six fractions (Fr-Fo) altogether. A fraction F2

(0.0237 g) was obtained on elution of the silica-gel column with hexane: ethyl acetate

(11: 9 v/v) and was subjected to preparative thin layer chromatography using hexane:

ethyl acetate (3:2 v/v) as a mobile phase to afford light yellow amorphous solid of

compound 179 (7.82 mg,0.00056Yo,P.¡:0.72) and brown solid of compound lg0

(3.55 mg, 0.00025yo, R¡:0.46) as shown in Scheme 6.1.



r66

Dissolved in water and then
in butanol, defaued with

and concentrated

fex:EtOAc
(0-100%)

EtOAc:MeO
0-t00%

Scheme 6.1 Isolation procedure for compounds 179 and 180

Dry Coprinus micaceus
t.t42kg

Gummy material
68.441 g

F2

0.0237 s
F1

0.8037 g
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6.4.4Micaceol (179)

Light yellow amorphous solid, 7.82 mg, Yo yield 0.00056%, R¡: 0.72 (hex:EtOAc,

60:40), C2sHa6O, [o]ttO : 45" (c:0.I2, CHCþ); UV ]..a* (EtOAc): 246 nn; lR o,*

(KBr): 3425 (OH),2926 (CH), 1601 (C:C) 
"rn-t; 

for rH and r3C-NMR spectral data

see Table 6.2; EIMS m/z (rel. int.): 398 (M+, 5yo),383 (M+-CH3, llYo),380 (M+-H2O,

19Yo),43 (100%).

6.4.5 (2, Z)-4-oxo-2, S-heptadienedioic acid (180)

Brown solid, 3.55 mg, o/o yield 0.00025yo, R¡: 0.46 (hex:EtOAc, 60:40), CzHeOs, UV

l.-* (MeOH):259 nm; IR u-* (KBr): 1610 (C:C), 1716 (C:O) and 3438 (OH) cm-';

for rH and I3C-NMR spectral data see Table 6.3; EIMS mlz (rel. int.): 170 (M* , 2yo),

152 (M*-H2C,25Yo).

6,4.6 Enzyme inhibition assays

6.4.6.1 Glutathione,S-transferase inhibition assay

Glutathione S-transferase inhibitory activity of both compounds (179 and 180) was

determined as described in chapter 2,page 50.

6,4.6.2 Anti-bacterial assay

The methanolic crude extract of C. micaceus was screened against six pathogenic

bacteria namely Escherischia coli (ATCC 25922), Staphylococcus aureus (ATCC

25933), Corynebacterium xerosis (ATCC 373), Streptococcus øgalactia (ATCC

13813), Entrococcus faecalis (ATCC 194333) and Pseudomonas aeruginosa (ATCC

27853). All of these bacterial cultures were provided by Dr. Paul Holloway,

Department of Biology, University of Winnipeg, Manitoba. Sterile six mm filter paper

discs were loaded with 250 pg of crude methanolic extract of C. micaceous in sterile

conditions. A negative control was also prepared by loading a disc with 450 ¡rl of
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methanol. Streptomycine (10 ¡rgldisc) was used as positive control. A single colony

from each bacterial culture was picked and inoculated into 3 mL of Muller-Hinton

(MH) broth, pH 7'2 in 10 mL sterile test tubes and kept at 37C" overnight with

vigorous shaking' The next moming each bacterium from freshly grown cultures was

swabbed on MH agar plates. The pre-loaded paper discs along with positive and

negative controls were placed on each plate for all bacterial strains as stated above and

were incubated at 37Co. After 24 hours the zone of inhibition around each disc was

measured. The results are tabulated in Table 6.1.

Both purified compounds 179 and 180 were also tested against E. coli, S. aureus,

C. xerosis, S. øgalactia, and E. faecalis by following the above stated methodology.

The compound 180 was inactive while the compound,lTg showed positive results at a

concentration of 5O¡rg/disc against S. aureus and C. xerosis. Consequently the Minimu

Inhibitory Concentration (MIC) of 179 that can inhibit the visible growth of S. aureus

and C. xerosis was determined using a two fold serial dilution ussuy36. The overnight

cuitures of both bacteria (5. aureus and C. xerosis) were diluted to 0.5 Mc-Farland

standard turbidity by using MH-broth. A stock solution of of 179 was prepared by

dissolving 1.318 mg in minimum amount of THF and was diluted with sterile distilled

water up to 1 mL. This stock solution was divided into two equal portions. Two fold

serial dilutions from each portion were made in the concentration range of 0.64-65g.g

pglmL by using bacterial suspension (10s colony forming units-CFU/ml) in 10 mL

sterile test tubes. A Positive growth control (equal volume of MH-both, 100 ¡rl of THF

and bacterial suspension), blank or sterile control (1 mL of MH-broth) and reference/

standard control-chloramphenical were also prepared. The tubes were incubated at

37C for 18 hours on a gyrorotary shaker (135 rpm). After incubation period, the
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optical density (ODozo) of each was measured. No growth was observed in blank

control.
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CHAPTER 7

Conclusions

The overall goal of this project was to perform ph¡ochemical studies on medicinally

important plants (Vitex pinnata, Artocarpus nobilis, Barleria prionitis and Buxus

natalensis) and saprophytic fungus (Coprinus micaceus) in order to isolate their

chemical constituents and to evaluate them for AChE and GST inhibitory activities.

These studies afforded six new natural products, f6"-glucosepednuculariside (88),

artocarpurate A (109), atocarpurate B (110), natalensamine A (156), micaceol (179)

and (2, Z)-4-oxo-2,5-heptadienedioic acid (180)] and fourteen known compounds

[pedunculariside (89), agnuside (90), p-hydroxy benzoic acid (91), cyclolaudenyl

acetate (111), lupeol acetate (112), B-amyrine acetate (113), 12, 13-dihydromicromeric

acid (114), artonins E (115), artobiloxanthone (116), barlerin (127), shanzhiside

metþl ester (128), lupeol (129), betulinic acid (130) and pipataline (131)1. These

studies provided new sources for the previously described pharmaceutically active

compounds. Examples include pedunculariside, agnuside, cyclolaudenyl acetate,

lupeol acetate, B-amyrine acetate, 12,13-dlhydromicromeric acid, lupeol and

pipataline. All of the purified compounds were found to exhibit different levels of

GST and AChE inhibitory activities. The bioactivity data indicated that flavonoids

have potent GST inhibitory activities. Further GST inhibition studies on other

structurely related flavonoids are warranted in order to explore their potential

biomedical applications. All of these compounds exhibit moderate to weak AChE

inhibitions. These compounds may be used as a template to synthesize different

analogues that might have potent AChE inhibitory activity. For instance Sauvaîter



174

et al. has recently reported a potent selective AChE inhibitor "oxazine" with ICso

value of 0.029 pM. oxazine was synthesized from a natural product, N-3-

isobutyrylcycloxobuxidine-F, which was a weak AChE inhibitor (IC56 >10 F.M)l.

Compound 131 was structurally modified into three derivatives, 7,8-epoxypipataline

(131), 7-amino-8-hydroxy pipataline (133) and 7, 8-dibromopipataline (134) and were

evaluated for AChE inhibitory activity. The derivative (133) showed improved AChE

inhibitory activity compared to the parent compound 131. Additionally we had also

discovered anti-oxidant activities of 6"-glucosepedunculariside (88), pedunculariside

(89), agnuside (90), p-hydroxy benzoic acid (91), artonins E (115), artobiloxanthone

(116).
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H-NMR spectrum of agnuside (90)
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C-NMR spectrum of artocarpuate A (109)
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H-NMR spectrum of artocarpuate B (110)
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H-NMR spectrum of cyclolaudenyl acetate (ll1)
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H-NMR spectrum of lupeol acetate (LL2)
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H-NMR spectuum of B-amyrine acetate (113)
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H-NMR spectrum of Iz,I3-didydromicromeric acid (114)
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iloxanthone (116)
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-NMR spectrum of artobiloxanthone (ll@
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H-NMR spectrum of barlerin (127)
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C-NMR spectrum of barlerin (127)
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I ester (f28)
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H-NMR spectrum of lupeol (129)
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H-NMR spectmm of pipataline (131)
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H-NMR spectrum of 7, 8-epoxypipataline (132)
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H-NMR spectrum of 7-amino-8-hydroxypipataline (133)
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C-NMR spectrum of 7-amino-8-hydroxypipataline (133)' -C-N MR spectrum of 7-amino-8 -hydroxypipataline (133)
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H-NMR spectnrm of micaceol (179)
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HSQC spectrum of micaceol (179)
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HMBC Spectrum of micaceol (179)
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@ Z)-4-oxo-Z, 5-heptadienedioic acid (180)
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