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Summary

This dissertation describes phytochemical studies on Withania coagulans and

Boswellia dalzielli. The present work on these plants has resulted in the isolation

of five new natural products. In addition to these, seven known compounds have

been isolated and characterized for the first time from Withania coagulans, along

with eight known compounds.

The new constituents isolated from Withania coagulans were (22R), 20p-hydroxy-

l-oxowitha-2,5,24-trienolide (90), coagulin J (91) [82], coagulin R (92) and

coagulin U (93). Compounds 90 and 91 have also been isolated by our colleagues

Dr. Dur-e-Shahwar Makhdoom and Dr. Muhammad Yousaf, respectively.

The known compounds isolated from Withania coagulans for the first time were

(227?)-14, 20-epoxy-17P-hydroxy-1-oxowitha-3,5, 25-trienolide (96), (22/?)-14,20-

epoxy-17P-liydroxy-1-oxowitha-5,24-dienolide-3P-(O-p-D-glucopyranoside) (94),

ajugin A (102), methyl-4- benzoate (103), P-sitosterol (105), P-sitosterol

glycoside (106) and P-amyrin (104).

The known withanolides isolated were coagulin K (95), coagulin C (97), coagulin

E (98), coagulin D (99), coagulin F (100) and coagulin B (101) .

A new compound isolated from Boswellia dalzielli was /rara-3,5-dihydroxy-4’-

methoxystilbene-3p-[0-P-D-glucopyranosyl(l—>6)-a-L-rhamnopyranosidc] (18).

This compound was also found to be significantly active against the enzyme

phosphodiesterase 1.

The structure elucidation of all compounds was carried out using different

spectroscopic techniques including 'H- and l3C-NMR spectroscopy (HMQC,

HMBC, COSY 45°, nOe, NOESY, HOHAHA etc.), mass spectrometry (El, -ve

and +ve FAB MS, FD MS etc.), IR, UV, etc.
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1. General Introduction

The use of plants for healing purposes is as ancient as man himself.

Early man searched for cures of his illnesses by chewing herbs, berries, roots,

barks and almost all parts of a variety of plants. Plant usage in the traditional

health systems goes back a long way, and it evolved in many traditional

medicine systems in different regions of the world like the Ayurvedic, Siddha

and Tibetian systems in India and Pakistan, the Kampo system in Japan, the

Jamu system in Indonesia, Chinese system of medicine and Hikmat in Islamic

world. These traditional systems of medicine basically depend on natural

resources for their medicines, in which plants are the major constituents.

For a long time, the uses of medicinal plants to treat human ailments

were not well researched or organised, but were based on hearsay, folklore or

tradition. The oldest records of the use of medicinal plants were found in

ancient civilization of China, South Asia, some regions of the South America,

and the Mediterranean.

A Chinese scholar-Emperor Shen Nung, about 5,100 years ago in 2,735

B.C. discussed two medicines in his book ‘Pent Sao\ One named as ‘Chaang

shang’ (the root of Dichorafebrifuge) is now used as a remedy lor fevers and

has been found to contain antimalarial alkaloids. Another plant ‘Mu Huang*

which is now known as Ephedra sinica was observed to have diaphoretic and
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slimulatory effects and is used to alleviate cough. Its active constituent is

ephedrine which raises the blood pressure and relieves bronchial spasms [1,2].

OH NH-CHj

I I
.CH-CH -'CHj

Ephcdcrine

The ancient Indians knew about the antiepileptic action of chaulmoogra

fruits, while the ipecacuanha roots were used in Brazil and Far-East for the

treatment of dysentry and diarrhea. Later, it was found to contain emetine

which is still an important drug for amebiasis [1,3].

CH3O.

N
CHjO'

H"

H OCHj
H,

,OCH3
HN'

Emetine

Theophrastus (300 B.C.), one of the students of Aristotle, wrote a

comprehensive book entitled ‘Enquiry into Plants’. He discovered the

analgesic effects of opium poppy juice [4] . The ‘Ebcrs Papyrus’ an Egyptian
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compendium of medical information written in 1,500 B.C. records opium as a

remedy for head- aches and as a sedative. In 1,000 A.D. Abu Bakr Muhammad

ibn Zakariya-ar Razi (Rhazes) introduced opium pills for coughs, mental

disorders, aches, and pains [4]. New isolation techniques unraveled the

presence of more than thirty alkaloids including morphine and codeine in

opium. Acetylation of morphine yields heroin, an illegal substance with strong

analgesic effects, whereas codeine is used in cough syrup preparations [5].

RO,

,CHj

H-""' N‘

Codeine R = Cll3
Morphine R = H, R’
Heroine R-CHj,R=CH,

= H

In 600 AD, Alexander of Tralles recommended the 'autumn crocus’

(<Colchicum autumnale) for the relief of pain of joints. Later, in I l,h century

Abu Ali al- Husain ibn Sina (Avicenna) used it for the treatment of gout. The

active part was found to be colchicine, which is now used for the clinical

treatment of gout [4, 6].
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HMeO

[SNH— CO~CH3

Mc<

OMc
:0

OCHj
Colchicine

The early European travellers found the South American Indians using a

decoction from the bark of Einchana trees for treating chills and fever. After

300 years in 1,820 A.D., Pelletier and Caventou extracted the antimatarial

alkaloid, quinine from this plant [1,7].

OH
I 'QI=CH2I

H—C
N‘H

H3<

Quinine

Foxglove (Digitalis purpurea), cited by Welsh, a physician, in 1,250 A.D.

was introduced for treatment of dropsy (congestive heart failure) in 1,785 AD

by William Withering. Later in the 20,h century, its active constituents were

found to be digitoxin and digoxin. These are cardiac glycosides which are now

used for the treatment of heart failure and cardiac arrytlunias [4, 8].
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R
CH3

CH3

OHCH3
oo'

OH

Oh

O V OH

CH3
Digi(oxin R = H
Digoxin R = OH-O? OH

OH

OH

The snake-like root of Rauwolfia serpentina was found to have an

active indole alkaloid, reserpine. The plant was used by ancient Hindus of

Himalaya for the treatment of hypertension, insomnia, insanity and epilepsy [4,

9].

H

V
OMcH

i
H

Hy OMc

/
HH

OMc OMc

Rcscrpinc
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Ginseng (Panax quinquefolius), a plant that grows in the Orient and in

the Eastern parts of the United States, has been recommended for the treatment

of a number of diseases for the last 1,500 years [10]. Incas and Aztecs used

coca (Erythroxylum coca Lam.) leaves to reduce pain during the surgery. They

and the silverminers in the high Andean mountains chewed coca leaves as a

stimulant. Today its active principle cocaine is known to have stimulatory and

euphoric effects [4, 1 1],

O—CO-CftHj

,COOCH3

'N'

CHj

Cocaine

People of different continents have used plant-based arrow poisons for

hunting and warfare. In the Zambesi River region of Africa, arrows are tipped

with a poisonous extract of Strophanthus kombe, which can even bring down a

large animal such as a hippopotamus. A cardiac glycoside, G-stropanthin, was

later isolated from this species. Another cardiac glycoside, tubocurarine, was

isolated from the Chondrodendron tomenlosum [12].
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CH3O,o

o
NH

XCH3OH
O

HO
HOH

\OH OH H
CH2 H

1
H :HO

V tr ai
HO OH

Rhani CH3‘

OCH3
G-StrophaiUhin Tubocurarinc

There is a long list of plants used in folklore medicine. Even today

herbs are still considered to be a useful form of treatment for mankind. In this

respect, the Natural Products Alert database (NAPRALERT) at the University

of Illinois, USA found that more than 9,000 species were of medicinal

importance [13]. More than 25% of prescribed drugs and nearly all recreational

chemical substances, including caffiene in coffee and also in tea, nicotine in

tobacco, theophylline in tea, theobromine in chocolate and many other psycho¬

active substances throughout the world are obtained from plants. In the last

100-150 years, knowledge about the active constituents of these natural

sources has been greatly expanded. A great deal of scientific research on these

medicinal plants generated a lot of interest about their effects on human and

livestocks and has resulted in the isolation of several active principles from

these plants through the use of bioassay-directed isolation techniques.
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Discovery of new bioactive natural products often leads to the development of

new avenues of therapeutic approaches. Besides this, they contribute to

identifying and understanding the biochemical pathways. It is now widely

accepted that the use of modem isolation techniques, spectroscopic techniques

for structure determination and biological screening methods can lead to the

development of new potential medicines for heating a variety of human

sufferings.



-9-

PART A

2. Phytochemical Studies on Withania coagulans

2.1. Introduction of Family Solanaceae:

Withanolides are steroidal lactones commonly found in plants of

family Solanaceae [14]. This large family comprises 84 genera and about

3,000 species, many of which are economically and medicinally important.

Members of this family are generally annual shrubs. The important

Solanaceous plants include Solatium tuberosum (potato) [15], Capsicum

frutescens (chili) [16], Lycopersium esculantum (tomato) [17], Nicotiana

tobaccum (tobacco)[18], Datura stramonium [19]. Genera Withania [20]

and Physalis have great importance in the indigenous medicinal systems of

South East Asia such as Unani and Ayurvedic systems [21].

2.2 Distribution of Withanolides:

This class of compounds does not occur in all members of the family

Solanaceae. So far members of twelve genera have been found to contain

withanolides. Most of the withanolides have been isolated from Withania

and Physalis genera. However, the occurrence of withanolides is not

restricted to family Solanaceae. Recently they have also been reported from

marine organisms (soft corals) and from members of plant families

Taccaceae and Leguminoseae [22]. Root cultures of Withania somnifera

transformed with Agrobacterium rhizogenes also yielded withanolides [23].

Withanolides have been isolated so far from several species of

different genera; Table-1.
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Table-1: Species of different genera, which have afforded withanolides.

J. saliva

J. magellanica

I. Withania sp:

W. somnifera
W. coagutans

W obtusi/olia
IV. arislala

W. arburilus

5. lochroma sp:

I. cocconeum

I. fuchsioides
6. Acnislus sp:

2. Physa'lis sp: A. breve/1orus

A. ramiflvorum Heris

A. australis Criseb

A. orborescens

P. alk kengi

P. minima

P. angiilata

P. viscosa

P. ixocarpa

P. peruviana

P. lanci/olia
P. curasavlca

7. Lycium sp:

Lycium chinense

Lycium halim/ollum
8. Nicandra sp:

N. physa/oldes

P. phyladelphia

P. pubescens

9. Dunalis sp:

D. australis

D. tubulosa3. Dolura sp:

D. stromonium

D. mete1

D.ferox
D. quercifolia

D. tatura

1 0. Deprea sp:

D. orinocensis

D. procumbens

1 1. Trechonaetes laciniata

12. Witharingia coccoloides

13. Tubocapsicum anonaium

14. Salpichroa origamfolia

15. Tacca planlaginea

16. Soft coral ( Minabea sp7

1 7. Cassia siamea

(Cncsalipniac.ica-I.cgiiiiiinsciic)

D. hybrids
4. Jaborosa sp:

J. integrifolia

J. bergii

J. odonelliana

J. leucotricha

2.3 Withania coagulans :

Withania coagulans Dunal (Solanaccae) is common throughout

Pakistan. It is also found in the North-West India and Afghanistan [24]. The
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plant is known by different names in different local languages, such as

‘Akri’ or ‘Puni-ke-bij’ in Hindi, ‘Tukhme-kaknaje-hindi’ in Persian. Spiu-

bajja in Afghan, ‘Khamjira’ in Punjabi and ‘Punirband’ or ‘Punir-ja-fota’

in Sindhi. W. coagulans is a rigid grey-whitish small shrub, 30-90 cm tall,

leaves 2.5-7.5 cm by 1.5 cm, usually lanceolate oblong, sometimes ovate,

obtuse, entire, narrowed at the base and very short stalked. They are densely

covered with minute, grey, stellate tomentum. Flowers arc 7-12 mm across,

yellow, dioecious and polygamo. They are in axillary cymose clusters.

Berries arc 7-12 mm in diameter globose, red, smooth and enclosed by

leathery calyx. Seeds are dark brown, ear shaped, glabrous, pulp brown,

having sharp fruity smell [25].

2.4. Economical and Pharmacological Importance of Withania

coagulans:

The plant is known as ‘the cheese maker’ or ‘vegetable rennet’

because fruits and leaves of the plant are used as a coagulant [24]. The milk

coagulating property of the fruits is attributed to the pulp and husk berries

which possess an enzyme which has milk-coagulating activity. One ounce

of the fruits of Withania cogulans and 1 quart of boiling water make a

decoction, one table spoonful of which coagulates a gallon of warm milk in

about an hour [25],

In Punjab (Pakistan), the berries of W. coagulans are used as the

source of coagulating enzyme for clotting the milk which is called ‘paneer’.
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Buffalo or sheep milk is warmed to about 100° F and crushed berries of

plant, tied in a cloth, are dipped in it. The milk takes 30-40 minutes to

curdle [26],

The fruits of the plant are sweet and are reported to be sedative,

emetic, alterative and diuretic. They are used in chronic complaints of liver.

A composite Ayurvedic herbal hepatoprotective medicine lLiv52’ contains

extracts of Withania cogulans and W. somnifera. They are also used in

dyspepsia, flatulent colic and other intestinal infections. They are employed

for the treatment of asthma, biliousness and stranguary. In some parts of

Pak-Indian sub-continent, the berries are used as a blood purifier. The twigs

are chewed for cleaning of teeth and the smoke of the plant is inhaled for

relief in toothache [25, 27].

2.5 Withanolides:

Withanolides are named after the name of the source plant Wiihania

species [28]. They are generally defined as C28 steroidal lactones. The

presence of a lactone ring with C-22 and C-26 oxygen functions to form a

six- of fivc-membered lactone ring on an ergostane skeleton, intact or

rearranged, constitutes the basic structure of all withanolides. The

withanolide skeleton may be defined as 22-hydroxycrgostan-26-oie ucid-26,

22-oIide. Modifications of either the carbocyclic skeleton or of the side

chains result in many novel structural variants of withanolides which are
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described as modified withanolides or ergostane-type steroids related to

withanolides [23],

28
cu4

27
CH,

«|f)21
CH,vv O

,8CHj ,-H
12

O 19 1713
CH, 16/9 14 14/

2 10 H
8 H

H

2.6 Salient Features of Withanolides:

Withanolides generally contain a polyoxygenated ergostane steroidal

skeleton. One of the characteristic features of the plants which produce

withanolides is their extraordinary ability to introduce oxygen functions at

almost every position of the carbocyclic skeleton and side chain of this

class of compounds. In fact, with the exception of one secondary (C-ll)

and two tertiary (C-8 and C-9) carbon atoms, all the carbons of the

withanolide skeleton have been found to bear oxygen functions. The other

characteristic features of withanolides is the presence of a side chain of nine

carbons containing a six- or five-mcmbered lactone ring, often fused with

the carbocyclic part of the molecule through a carbon-carbon bond or

through an oxygen bridge. Appropriate oxygen substituents may cause bond
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scission, formation of new bonds, aromatization of rings and many other

types of rearrangements affording compounds with novel structural features

[23].

2.7. Chemical Classification of Withanolides:

Withanolides may be divided into the following groups.

Withanolide glycosides

Withanolide glycosides hdve also been isolated from a variety of

/-

sources. With the basic skeleton 1, they may have oxygen functions at

different positions, e.g. 3p-hydroxy-2,3-dihydrowithanolide F (2) isolated

from Withania coagulans [29]. Withanolide glycosides may have glucose

moiety at C-3 or C-27 positions, e.g. coagulin K (3) which was isolated

from Withania coagulans, [30], Table-2.

II- Withaphysalins

In this class of withanolides, another lactone ring is present between

C-18 and C-20, e.g. withaphysalin E (4) [31], Table-2.

Ill- Physalins

These are also ergostane derivatives with a 13, 14-secowithanolide

skeleton having a bicyclo-lactone system in the side chain, e.g. physalin E

(5) [32], Table-2.

IV- Nicandrenones or Ring D Aromatic Withanolides

Aromatisalion of ring D of withanolides is commonly found in

Nicandra steroids. However, they are also reported from Salpichroa

origanifolia. There are a number of hypotheses about the biosysnthesis of

this class of withanolides with aromatic ring D. One of them suggests that it

involves 18- methyl and 17, 14-hydroxyls. The most favorable is the one in

which the C-17 OH is removed resulting in the formation of a C-17
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carbocation which on rearrangement gives rise to the expansion of ring D

into a benzoid ring, e.g. nic-1-lactone (6) [33], Table-2.

V- Jaborols or Ring A aromatic Withanolides

These steroids are mainly found in Jaborosa species. Jaborol (7) was

the first compound of this series. Aromatisation of ring A occurrs through

an intermediate known as projaborol [34], Table-2.

VI- Acnistins

This class of withanolides possess a bicyclic system instead of a

lactone ring at the C-17 side chain. Examples include acnistin E (8) isolated

from Acnistin ramiflorus, [35], Table-2.

VII- Peruiactones

Withanolides of this class possess a five membered -/-lactone instead

of the usual six-membered 6-lactone in the side chain at C- 1 7 and they have

four methyls in their basic skeleton, e.g. perulactone B was isolated from

Physaiis peruviana (9) [36], Table-2.

VIII- Ixocarpalactones

Ixocarpalactones are structurally similar to the peruiactones,

however, the difference lies in the orientation of the five-membered y-

lactone in the side chain with the presence of five methyls. Ixocarpalactonc

A (10) isolated from genus Physaiis ixocarpa is an example of this class of

compounds [37], Table-2.

IX- Withajardines

Wilhajardines are considered to be the newest class of steroidal

lactones. They have a bicyelic side chain in which C-2 1 is linked with C-25,

eg. withajardine isolated from Deprea procumbens (11) [38], Table-2.
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Table-2: Chemical Classification of Wilhanolidcs.

No. Name of classs Example Source
Withanolides with
glycosidic
substituents

Wilhania coagnlans1

OH

; O 0
fl0
OHII

i ;
OilH

1 R-H
J R- ,kR<

Physatis minimaWithaphysalins2

:
O' o

it

O II

OilU

«)

OH

Physatis angttlalaPhysalins3 H
0. .0!

0=

O

no'

I——°
"'OH:

On

Nicandrenones or ring
D aromatic
withanolides

Nicandra physaloides4
,o

i

i
H

O

I
H

° (6)

Jaborols or ring A
aromatic withanolides

5 Jaborosa sp.

s
II <»

o
1 ,on

H

HO,

'i.'“
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X- Miscellaneous Withanolides

A number of other structural variants of the withanolide skeleton

have also been isolated. Examples include TH-6 (12) [39], TH-12 (13) [39]

etc.

COOMe

H3C

o
CH3

H

H

OH
OH

TH-6 R = Cl (12)
TH-12 R “ OH (13)

Withanolides can also be subdivided on the basis of the orientation

of the side chain which may be a regular 17p-oriented as well as the

unusual 17a-oriented, the former being the predominant group.

Withanolide E (14 ) is an example of a compound with 17a-oriented chain

[40].

H

OH °' O

o
H

i
H OH

Withanolide E(14)
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2.8. Salient Spectral Features of Withanolides:

Ultraviolet A bsorption Spectra:

The majority of withanolides possess two isolated chromophores:

i) an enone (steroidal 2 or 3-ene-l-one) and

ii) a,P-unsaturated- 5 lactone.

The UV absorptions due to these chromophores appear in the range of 218-

230 nm with high molar absorptivity. The absence of these two

chromophores modifies the spectral characteristics.

InfraredSpectra:

Almost all kinds of oxygen functions are present in this class

of functionally-rich steroidal lactones and the characteristic spectral bands

for these groups are diseemible in the infrared spectra. The enone and a,P-

unsaturated 5-lactone functions of withanolides show absorptions near 1660

and 1710 cm'1, respectively.

Nuclear Magnetic Resonance Spectra;

a) 'H-NMR

The hydrogen atom a to the oxygen at C-22 of a withanolide

exhibits a characteristic pattern in the range 5 4.00-4.90 and is often

regarded as the withanolide ‘fingerprint’. It is a diagnostic doublet of

triplets in typical withanolides which have unsubstituted C-20 and C-23 and

a double doublet when either of these positions arc substituted. A typical

withanolide shows signals for five methyl groups, two angular methyls (C-

18 and C-19), two vinylic methyls (C-27 and C-28) and one secondary
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methyl (C-21), if C-20 is unsubstituted. An analysis of 'H-NMR spectral

data also helps in distinguishing between withanolides with a 17p-side

chain from those with 17a-side chain.

b) nC-NMR

The l3C-NMR data has been found to have very useful applications

in structural and conformational analysis of withanolides. The downfield

singlets around 8 202-216 and 166-168 are attributed to the carbonyl group

of C-l and the lactone at C-26, respectively. The two signals around 5 149

and 121 correspond to the olefinic carbons C-24 and C-25 of the lactone

ring. C-22 bearing the 5 -lactone oxygen appears around 5 78 in all

compounds.

MassSpectra:

Mass spectrometry is a useful tool in structure determination of

withanolides. The molecular ion (M+) in electron impact is cither weak or

absent. A base peak at m/z 125 formed by fission across the C-20/C-22

bond and considered to be a diagnostic feature for withanolides having an

unsubstituted a,P-unsaturated-5-lactone moiety. However, the presence of a

hydroxyl group at C-20 facilitates the cleavage of the C-I7/C-20 bond and

gives rise to significant peaks at m/z 152. The presence of a hydroxyl group

in the lactone part of the molecule shifts the peak from m/z 1 25 to m/z 141.
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Circular Dichroism Spectra:

CD-data and the sign of the Cotton effects have been frequently used

for settling the configuration of withanolides at appropriate centers. It

especially helps in assigning the configuration at C-22 of the lactone moiety

of withanolides. Withanolides with a 2-en-l-one system exhibit a Cotton

effect around 340 nm. Its sign helps in recognition of the mode of fusion of

A and B rings, the sign is positive for c/s-fused rings and negative for trans¬

fused ones. Withanolides bearing an a,p unsaturated 5-lactone system

exhibit a positive Cotton effect near 240 nm as has been observed for

parasorbic acid [41]. This observation indicates the 22 R configuration

which has been found in almost all withanolides.

2.9. Biosynthesis of Withanolides:

Secondary metabolites may adopt different pathways but pyruvic

acid plays key role in their metabolism; Scheme-1.

C28 steroidal-lactones withWithanolides are an

unsaturated side chain of nine carbons. They are important as they can lead

to the biogenesis of C-28 steroidal lactones. These sterols have been

isolated from withanolide-rich plants such as 24-mcthylcnecholcsirol (21)

and 24-melhyl cholesta-5, 24-dien-3P-ol (22) from Withania somnifera

[42], physalindicanol B (23) from Physalis minima var. indica [43] and

ergosta-5, 25- diene-3p, 24e-ol (physalindicanol A) (24) from Withania

coagulans [29], Physalis minima [43] and Datura melel [44].
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IHO'
H ii

24-Methylcnccholestrol (21) R = H

Physalindicanol B (23) R = OH
24-Methylcholcsla-5, 24-dien-3p-ol (22)

,-H

H

vl

1 H

HH

iHO'
H

Ergosta-5,24-dien-3p,24e-ol (24)

Goodwin and co-workers isolated radio-labeled withaferin A (73),

after administering [28-3H]-24-methylene cholesterol (21) to young leaves

of Withania somnifera and proved that this may be the possible precursor in

withanolide biosynthesis [46], 24-Mcthylcnccholcstrol (21) is the

biogenetic precursor of withanoiides, Scheme-6. Lockley et al explained the

formation of 24-methylene cholesterol from cholesterol. They isolated this

compound from Withania somnifera cultures and later, synthesized it [29].
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Scheme-1: Biosynthetic pathways of different metabolites in cell.
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Cholesterol has a tetracyclic ring system derived from lanosterol (46)

which is subsequently derived by the enzymatic cyclization and

rearrangement of squalene (39). The biosynthesis of squalene starts with

acetyl CoA. Extensive isotopic studies showed that the carbon skeleton of

steroids is acetate based. Acetic acid in biological cell can act in the form of

its thio ester and acetyl CoA (25) [46]. The condensation of acetyl CoA

with a sulphydryl group at the active site of the enzyme with acetoacetyl

CoA (26) gives 3-hydroxy-3-methylglutanyl CoA (HMG-SCoA) (29) with

elimination of a water molecule, Scheme-1.

The reduction of HMG-SCoA with NADPH affords hemithioacetal

(28). Its further reduction results in the formation of mevalonic acid (MVA)

(31). Only 3/?-mevalonic acid is found to be biologically active.

Phosphorylation of MVA (31) in the presence of ATP yields MVA-5-

phospHate (30), the decarboxylation and elimination of resulted product

produces isopentenyl pyroposphate (IPP) (32). Reversible isomerization of

IPP in the presence of enzyme isomerase affords dimethylallyl

pyrophosphate (DMAP) (33), which is a precursor to terpene biosynthesis,

Scheme-2 [47].

The nucleophilic attack (SN|) by IPP (32) on DMAPP (33) yields

geranyl pyrophosphate (GPP) (34). Isomerization of GPP results in the

production of farnesyl pyrophosphate (FPP) (35), Scheme-3. The coupling

of two all trans units in a tail-to-tail manner produces presqualene (36)
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which bears a cyclopropane ring and on rearrangement, this presqualene

gives rise to squalene (39). The 2, 3-double bond of one farnesyl

pyrophosphate (39) molecule is alkylated by another farnesyl

pyrophosphate with inversion of configuration. Its CH3 hydrogen is

stereospecifically eliminated thus giving rise to the cyclopropane moiety of

presqualene (36). The cyclopropane ring helps in rearrangement with

configuration at C-4 to linear all trarts squalene (39). There are a number of

different ways to fold squalene with regard to ring size, start and terminus

of cycfization and pre-chair/pre-boat conformation of the chain. Cyclization

initiates at the terminal double bond on carbocation at the tertiary carbon at

the end of the double bond of the polyisoprene chain. Squalene (39) can

cyclize either by oxidative or by non-oxidative agents. The oxidative

mechanism of cyclization yields compound 45 with a hydroxyl group at C-3

of ring A. A salient feature is that nearly all triterpenes bear equatorial

hydroxy group at C-3. The non-oxidative mechanism involves the attack of

a proton on terminal double bond of polyisoprene chain followed by double

bond migration which gives a triterpene lacking oxygen moiety at C-3,

Scheme-4 [48], The non-classical cation of compound 45 is stabilized by an

enzyme and another enzyme catalyzes intramolecular rearrangements which

lead to the formation of lanosterol (46). Formation of lanosterol (46) from

squalene-2,3-oxide (42) occurs in the presence of molecular oxygen and

NADPH. It is derived from (35)-squaIene-2,3-oxide (42) in a chair-boat-
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chair-boat conformation via the hypothetical prosterol carbonium ion and a

four step Wagner Meerwein 1,2 shift with the elimination of C-9-H

,Scheme-5. The gem dimethyl and C-14 methyl groups in triterpenoidal

skeleton are lost during the oxidative decarboxylation but the sequence of

removal varies from organism to organism , Scheme-5.
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Scheme-2 : Biosynthesis oflPP and DMPP
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Further alkylation at C-24 may occur with (S)-adenosyl methionine,

its attack at C-24 gives vinylic carbon in 55, Scheme-6 [48].

H3C

CH,rH

R
+/

H3C.CHj—S\
Lf Hi

A H
S-Adenosyl methionine

HO'

:i53 II H 54

HO’

CH,

H3( CH3

CH3

H

I
HH

HO'
24-MethyIenccholestrol 55

Scheme-6 : Alkylation at C-24

•Lavie's group isolated compound (22) from withania coagulans and

they suggested that this is a further intermediate en route to vvithanolide

which by C-22 hydroxylation, cyclization toward C-26 and additional

oxidative steps could lead to the typical six-membered lactone side chain of

the withasteroids [29].
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Scheme-9 : Withanolide E (14), a possible intermediate

Rings A and B are functionalized through a reasonable pathway

which was also proposed by the same group. It involves hydroxylation from

the less hindered side of the 5-en-3-ol steroid precursor as the first step-

selective oxidation of 1-hydroxy following dehydration giving rise to 2,5-

dien-l-one. This pathway was confirmed by the isolation of la, 3f3-

dihydroxy-5-ene withasteroid and 2-en-l-one type withasteroid from the

same plant, Scheme-8 [49, 50].

The orientation of side chain has been the subject of many

investigations. Velde and Lavie proposed that A16-withanolides which can

be obtained by eliminating 17-hydroxyl group is the key intermediate in the

formation of withanolidcs with I7a-side chain [51] (Sehenio-8). In this

regard, the isolation of withanolide E (15) and 14a, 20-dihydroxy- 1 -

oxowitha-2,5,16,24-telraenolide (72) from W. somnifera chemotype III,
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confirmed that latter is an intermediate in the biosynthesis of withanolides,

Scheme-9.

2.10. Biological Activities of Withanolides:

Steroids are found throughout the evolutionary hierarchy, from

microbes to man. Many of these steroids have been found to be potentially

useful to man because of their biological activities. Withanolides are

steroidal lactones and several of them possess significant pharmacological

activities. The antimicrobial, antitumor, anti-inflammatory, hepato-

protective, immuno-modulatory and insect-antifeedant properties of this

group of natural products have been extensively studied and reported .

Withaferin A (73), the first withanolide to be isolated [52], possesses

antibacterial activity, mainly against acid fast bacilli and gram positive

microorganisms and antifungal ativity against Aspergillus flavus,

Epidermophyton floccosum and Claudosporium herbarum [53]. It also

showed in-vivo growth inhibitory and radio-sensitizing effect on mouse

Ehrlich asites carcinoma [54]. Significant inhibitory activity against

sarcoma 180 tumor in mice and Walker intramuscular carcinosarcoma 256

in rats was also exhibited by withaferin A [55]. Withaferin A reduced

secondary lesions in adjuvant induced arthritis in rats. Withaferin A and its

microbial transformation products, !2P-hydroxy and 15P-hydroxy

derivatives inhibited the growth and some biochemical functions of in-vitro

grown P-388 lymphocytic leukemia cells [56].
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Withaferin A (73) 4p-Hydroxywithanolide E (74)

Withanolide E (14) showed cytotoxic activity against P-388 leukemia and

L-1210 system. It also exhibited activity against B-16 mouse melanoma and

Lewis lung carcinoma [57], antifeedant activity against Shodoplera

littorolides [58], antineoplastic activity and immunosuppressive properties.

4p-HydroxywithanoIide E (74) is also reported to have cytotoxic effect. It

showed promising activities against B-16 melanosarcoma and L-1210

leukemia [59].

5p, 6P -Epoxy-la, 14a, 17 P, 20-tetrahydroxy-witha-24-enolide (75)

and withanolide S (76) also exhibited antifeedant activity against the larvae

of S. littoralis [59J.
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Withanolide S (76)5p,6p-Epoxy-lct,]4, )7p,20-
tetrahydroxy-witha-24-enolide (75)

24,25-Epoxywithanolide D (77) and physangulide (78) when

administered intra-peritoneally to mice and rats (10 mg / kg) in exudative

and proliferative types of experimentally induced inflammation, showed

anti-inflammatory effects [60].
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V. O'ÿÿOi 0 o
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ln adult albino rats, 3P-hydroxy-2,3-dihydrowithanolide F (80)

afforded hepato-protective effects against the CCI4 induced toxicity. The

compound also produced a moderate fall in blood pressure in dogs and had

a significant anti-inflammatory effect in sub-acute inflammations produced

by formalin [61J.

OH
.

O' O i O
H H

OH HO
H H

II OAc
H OH H OH

HO’
O'

OH

3P-Hydroxy-2,3-dihydrowithanolide F(80)Withangulatin A (79)

Withangulatin A (79) isolated from Physalis angulata acted on

topoisomerase II to induce in vitro topoisomerase 11-mediated DNA damage

[62].

OHOH

R
V oo'oO'

H, f.

oo
I HII

I
H HH H

I OHOH s6 •6
OH

Daturalactone B (82) R = a-OH,b-H
Daturalacione A (83) R -O

Dihydrodaturalactone B (84) R = 4o-OH.

5a, 20a-Dihydroxy-6a, 7a-epoxy-
l-oxo*5a-witha-2, 24-dienolide (81)

D-H
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5a, 20a (/?)-Dihydroxy-6a, 7a-epoxy-l-oxo-5a-witha-24-dienolide

(81) was found to have immuno-modulating properties [63].

Some daturalactones isolated from Datura species, showed some

antifertility effects on Albino female rats. Daturalactone B (82) was found

to be more active than daturalactone A (83) and dihydrodaturalactone B

(84), [64].

H
Oo. o, o

O: O:

\HO" ,.o r-H HCi‘ ..O HH

Y o2 H OH O
5

H
3

6’OH

Physalin B (87) : AS
Physalin E (88) : 5a-OH, 6P-OH
Physalin F (89) : 5P, 6P-epoxy

Physalin A (85)

Physalin L (86) : 2, 3 dihydro

Physalins A (85), B (87), E (88), F (89), and L (86) were studied for

antitumor activities using He La cells. Physalin A (85) showed moderate in-

vitro cytotoxicity (LD50 |i/mL). Physalin B (87) and physalin F (89)

exhibited cytotoxicity against mouse tumor cells (LD50 0.32-0.35 pg/ml.)

higher than physalin A (85), [65J.
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3. Results and Discussion

3.1. New Withanolides from Withania coagulans:

The whole plant of Withania coagulans Dun. was collected from the suburban

areas of Karachi (Pakistan) in Sept. 1996. The methanolic extract of the dried

and crushed plant was fractionated using different solvents at different pH

values (Experimental section, Scheme-24. This resulted in isolation of four

new withanolides, 20p-hydroxy-l-oxo-(22/?)-witha-2,5,24-trienolide (90),

coagulin J (91), coagulin R (92) and coagulin HEJ (93).

3.1.1. 20P-Hydroxy-l-oxo-(22/?)-witha-2,5,24-trienolide (90)- A New

Compound

28
CH3

27
CHj

21 9H k2 26,

CH,s, O‘O'
20 H

tSCHj

i:
IT

PH''io I *r A

13
16/HJ >5/f

2

3

90
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The chloroform fraction (80 g) extracted at pH 9.0 (Experimental

section, Scheme-28) was loaded on a silica gel column which was eluted with

increasing polarities of ethyl acetate and methanol (100-0%). The fraction

AWBC-12 thus obtained was subjected to thin layer chromatography using pet.

ether - ethylacetate (75 : 25) as eluent to afford compound 90 as white

amorphous powder.

The l3C-NMR spectra (broad-band decoupled, DEPT) of 90 and the

molecular ion in the high resolution electron impact spectrum at m/z 438.2778

(calcd. 438.2770) supported the formula C28H3804. The UV spectrum of 90

exhibited the absorption maximum at 201 nm, characteristic of an a,(3-

unsaturated 5-lactone chromophore [66]. The IR spectrum showed absorption

bands at 3426 (OH) and 1715 (six-membered cyclic ketone) cm'1 [67].

3.1.1.1. Mass Spectrometry:

The EIMS (electron impact mass spectrum) of 90 also displayed the

molecular ion peak at m/z 438, which was further confirmed by positive FAB

MS spectrometry. The substance exhibited a fragmentation pattern,

characteristic for withanolides [68]. The cleavage of the C-20/C-21 bond can

lead to the fragment at m/z 125 (15.3 %) ofC702Hq indicating the presence of a

six-membered 5-lactone substituent at C-20 as side chain whereas the peak ai

m/z 312 (50.8 %) representing the remaining half. The peak at m/z 125 which

is a characteristic peak of withanolides, represented the six-membered lactone
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moiety. The base peak at m/z 126 (C7H|o02) can result from the cleavage of the

C-20/C-22 bond. Another peak appearing at m/z 169 ( C9H|303) might have

result from the cleavage of the C-I7/C-20 bond (Scheme-10).

CH3CH3

CH;
CH3

C-20/C-22
O'OO'

W/JI25CH3OH
4m/z]69

CH3

9H]22

20 H °
CH3VC-20/C-17

CH3

17o
CH3 I H

HH

C"K*OHm/z 438 C-20/C- 1 7

90 CH3
C-20/C-22

OCH3 CH3+

:CH3 i
HH

H' OO'
m/z 312

m/z 126

Scheme-10: Mass fragmentation of 90

3.1.1.2. 'H-NMR Spectroscopy:

The 'H-NMR spectrum (CDC13, 500 MHz) of 90 displayed signals for

five tertiary methyls at 5 0.85, 1.22, 1.31, 1.88 1.95 assigned to C-18, C-19, C-
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21, C-27 and C-28 methyls, respectively. A double doublet at 5 4.21 (J>2a, 23a

=13.9, Ji2a, 23(3 = 3.2 Hz) could be attributed to C-22. This double doublet along

Table-3: All chemical shift assignments of 90.

C.No "C-NMR 'H-NMRMultiplicity Coupling Constants
JHH{HZ)__ikl(5h)

C1. 204.5
127.9 CH 5.85 dd

6.75 m
3.31 dd
2.82 dd

2. A.i ~ 9.9, A. 4p - 3. 1
3. 145.2 CH
4. 33.4 CH2 •/««, 4p ~ 21.6, A. 4 p - 2.7

Aa. 4(1 “ 21.1, A, 4a - 4.8
135.9 C5.

5.58 (brd)
1.90 m, 2.15m
1.52 m
1.60 m

6 124.7 CH A. 7c =6.0
7. 31.6 CH2
8. 39.7 CH
9 CH40.1
10. 50.1 C
11. 21.9 CHj 1.50 m

2.12m12. 23.4 CH2
13! 49.6 C
14. 54.7 CH 1.48 m

1.62 mCH215. 29.6
16. 42.9 CH2 1.42
17. 56.6 CH2 1.12m

0.85 s
1.22 s

18. 13.6 CH3
18.9 CH319.
75.220. C

21. 20.5 CHj 1.31 s
4.20 (dd)22. 81.0 CH Ain, 2Ja =13.9

Ala. 2JP = 3.1
23. 30.6 CH2 2.38 m

2.10m
24. 149.0 C
25. 122.0 C
26. 166.2 C
27. 1.88 s

1.95 s
12.7 CH3

28. 21.7 CH,

with the singlet of C-21 methyl protons (8 1.31) indicated the presence of an

oxygen function at the vicinal C-20. Three downfield signals tit 6 5.58 ( dd, .A

3 = 9.8 Hz ), 5.85 (br. d, Ji, 4p = 6.0 Hz ) and 6.75 (m ) could be ascribed to C-
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6, C-2 and C-3 protons of the trisubstituted diene system in rings A and B,

respectively.

3.1.1.3. ,3C-NMR Spectroscopy:

The broad-band decoupled ,3C-NMR spectrum (CDCI3, 125 MHz) of 90

indicated the presence of 28 carbons in the molecule. The DEPT spectra

showed the presence of five tertiary methyl, seven methylene and eight

methine carbons, while the remaining ten quaternary carbons were deduced

from the broad-band decoupled I3C-NMR spectrum. The downfield signal at 8

204.4 was assigned to the C-l ketonic function while the signal at 8 165.9 was

due to C-26 of the 8-lactone ring. Three deshielded signals at 8 124.7, 127.9

and 145.1 were ascribed to vinylic methines of rings A and B /. e. C-6, C-2 and

C-3, respectively, whereas the quaternary vinylic C-5 appeared at 8 135.9. Two

downfield carbon signals at 8 75.2 and 81.0 could be attributed to the oxygen¬

bearing C-20 and C-22 of C-l7 side chain, respectively. Two methine carbons

resonating at 8 54.7 and 56.7 were assigned to C-l 3 and C-l 7, respectively.

The chemical shift assignments for all carbons of 90 are presented in Table-3.

The 'H- and l3C-NMR spectra of 90 along with UV, IR and MS

spectroscopic observations indicated that the compound in hand has:

a basic steroidal skeleton,1.

2. a six-membered a,P-unsaturated lactone,
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3. an a,P-unsaturated ketone functionality,

4. a trisubstituted diene system,

5. five tertiary methyls including two angular downlield methyls and two

vinylic methyls.

These preliminary findings indicated a withanolidc structure which was

further confirmed by two-dimensional NMR spectroscopic techniques.

3.1.1.4. Two-dimensional NMR Spectroscopy:

The structure of compound 90 was deduced by combination of ID- and

2D-NMR techniques. The main structural fragments were deduced from

COSY 45°, HMQC [69], HOHAHA [70] and HMBC [71] spectra along with

other spectroscopic data. The COSY 45° and HOHAHA spectra of 90 revealed

the presence of four main spin systems. The spin system ‘a’ was traced out

starting from geminally coupled C-4 methylene protons resonating at 5 2.82

and 3.31, which showed COSY 45° connectivities with the C-3 vinylic proton

at 6 6.75. The C-4 methylene protons also exhibited allylic couplings with the

C-2 olefinic proton resonating at 6 5.85 and a weak lW' coupling with the C-6

olefinic proton (6 5.58 ). The downfield chemical shifts of the C-4 methylene

protons revealed their vicinity to an olefinic moiety. Evidences towards the

presence of fragment ’a’ were further provided by HMBC spectrum through

proton-carbon long-range connectivities. The HMBC spectrum of 90 showed
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long-range 3JCH correlation of the C-2 olefinic proton (8 6.75) with C-4 (5

33.5), and 2JCH coupling of C-3 olefinic proton (8 5.85) with C-4 (8 33.5). The

C-4 methylene protons (8 2.82 and 3.31) showed lJCH and 3JCH connectivities

with C-2 (8 127.4) and C-3 (8 145.1), respectively.

S 8J
2(H.5

H

Vv* q

1

Fragment ’a'

COSY 45° and HOHAIIA

connectivities

HMBC connectivities

The largest spin system ‘b’ was traced out using the COSY 45°

spectrum. The C-7 methylene protons at 8 1.90 and 2.15 showed COSY

45° interactions with the vinylic C-6 proton (8 5.58) and with C-8 methine

proton (8 1.52). The lack of further connectivity of C-6 proton (8 5.58)

indicated its attachment to a quaternary carbon at one end. The C-6 olefinic

proton showed 3JCH correlation in the HMBC spectrum with C-8 (8 23.9),

while the C-7 methylene protons (8 1.90 and 2.15) exhibited 2J( •// heteronuclenr

coupling with C-6 (8 124.7). The C-l 1 methylene protons resonating at 8 1.50
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showed vicinal COSY-450 connectivity with the C-12 methylene protons (8

2.12). At

¥

_ /
, IH H

q

\\/ i/j3d
H

i.3i

19HT» j \/ >20,

"2.12

39.7 H

7,\ 124.7

4 1.90

5.58

Fragment 'b'

COSY 45° and HOHAHA

connectivities

HMBC connectivities

this point spin system ended, indicating the presence of some quaternary center

in the vicinity of C-12. The C-12 methylene protons (8 2.12) also exhibited

2JCH and VCH HMBC correlations with C-ll (8 21.8) and C-9 (8 42.9),

respectively, while the C-ll methylene protons (8 1.50) showed VCH couplings

with C-9 (8 42.9). Similarly C-14 methine proton (8 1.48) showed COSY 45°

couplings with the C-15 methylene protons which resonated at 8 1.62. The

HOHAHA spectrum showed extended coupling of the C- 15 methylene protons

(8 1.62) with C-16 methylene proton (8 1.42), which in turn was coupled
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further with the C-17 methine proton 8 1.12. The C-15 (8 1.62) and C-16

methylene protons also showed 2JQH and VCH couplings with C-14 (8 54.7).

These spectral studies led to deduction of fragment ‘b\

1.95 2* 21.7
CH3i

,,, »V8 H \[n9.0 l pu 1.88

H3C p’

75.2
261166.2ÿ ./ 2“72281.0,

20 'O'O'
75.2 q

4.20 •d'V

Fragment V and 'd'

-ÿ COSY 45° and HOHAHA

connectivities

HMBC connectivities

The deduction of fragment ‘c’ started with vicinal couplings of the C-

22 methine proton (8 4.21) with the C-23 methylene protons (8 2.45 and 2.38).

The C-23 protons (8 2.38 and 2.10) exhibited ‘W couplings with the C-28

methyl protons resonating at 8 1.95, whereas the C-28 methyl protons showed

allylic couplings with the C-27 methyl protons (8 1.88). The C-23 methylene

protons (8 2.38 and 2.10) showed 2JQH HMBC connectivities in the HMBC

spectrum with the methine C-22 (8 81.1) and olefinic C-24 (8 148.7). while it

also exhibited VCn coupling with olefinic C-25 (8 122.1). The C-28 methyl

protons showed long-range heteronuclear VCH couplings with C-24 (8 148.7)
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and VCH couplings with C-23 (8 39.7) and C-25 (8 122.1). The C-27 methyl

protons (8 1.88) showed VCH and VCH correlations with C-24 (8 148.7) and C-

26 (8 165.9), respectively, thus revealing the structure of the lactone ring in

the side chain.

Another small fragment ‘d’ centered around C-20. The C-21 methyl

protons (8 1.31) showed 2JCH connectivity with C-20 (8c 75.2 from HMQC)

which also contain a hydroxyl functionality.

Table-4: Long-range 'H/UC connectivities of 90 as established by HMBC.

H. No. 'll-NMR TJCH Jni
(6) (6) (5)

33.4 (C-4), 50.1 (C-10)5.85H-2

135.9 (C-5), 204.5 (C-l)H-3 6.75

135.9 (C-5)
49.6 (C-l3)

49.6 (C-l3), 75.2 (C-20)

50.1 (C-10)H-6 5.58
H-14 1.48
H-17 1.12

75.2 (C-20)H-22 4.20 54.7 (C-14), 56.6 (C-l 7)

50.1 (C-10) 204.5 (C-1). 1 35.9 (C-5)
40.9 (C-9)

H-19 1.22

75.2 (C-20) 56.6 (C-l7). 81.0 (C-22)H-21 1.31

122.0 (C-25) 149.0 (C-24), 166.2 (C-26)H-27 1.88

149.0 (C-24) 30.6 (C-23), 122.0 (C-25)H-28 1.95

3.1.1.5. Determination of Tentative Structure:

These structural fragments were linked together with the help of HMBC based

long- range heteronuclear correlations. These fragments were assembled with
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the help of the heteronuclear connectivities of the quaternary carbons. The C-3

olefinic proton (8 6.75) of fragment ‘a’ showed VCH couplings with the ketonic

C-l (5 204.2) and the vinylic quaternary C-5 (8 135.9). The C-4p proton

showed VCH correlation with C-6 (8 124.7), while the C-4a proton showed

VCH correlation with C-5 (8 135.9) and VCH couplings with the olefinic C-6 (8

124.7) and C-10 (8 50.6). The C-l 9 methyl protons resonating at 8 1.22

exhibited 2JCH and VCH couplings with C-l (8 204.2) and C-5 (8 135.9)

respectively, further confirming the structure of ring A. The C-l9 methyl

protons were also coupled with the methine C-9 (8 42.6) (2JCH coupling)

supporting its presence at the ring junction. The C-6 olefinic proton (8 5.58)

displayed VCH coupling with the quaternary C-10 (8 52.6). These observations

thus resulted in the construction and the joining of rings A and B. The tertiary

methyl protons C-l 8 at 8 0.85 showed HMBC connectivities with C-l 4 (8

54.7) and C-l7 (8 56.7) which established its presence at the junction of rings

C and D. The C-l2 methylene protons (8 2.12) of ring C showed 3yCH

connectivity with C-l 7 (8 56.7) of ring D, while the C-l 4 methine proton (8

1.48) at the ring junction was also ZJCH coupled with C-l 8 (8 13.6). These

findings helped in designing the carbocyclic structure of the molecule, l’igure-

1.
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Figure-1: Joining of fragments 'a' and ‘b1.....HMBC connectivities

Fragment ‘d’ was found to be linked with the carbocyclic part of the

molecule through C-20 (8 75.2). The C-22 methine proton (5 4.21) of the

lactone ring showed 27Ch coupling with quaternary C-20 (8 75.2) and 37CM

connectivity with the C-21 methyl (8 21.0). The quaternary C-21 methyl

protons (8 1.31) exhibited VCH HMBC couplings with C-22 (8 81.0) and C-17

(8 56.7X The observed data fitted nicely with the tentative structure of
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compound 90 (Figure-2). Some important HMBC couplings are presented in

Table-4.
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Figure-2: Joining of main carbocyclic skeleton with the side chain-----»- HMBC connectivities

3.1.1.6. Stereochemical Assignments:

Compound 90 has been previously synthesized by Velde & Lavie

(1981) [50], but this is the first report of its isolation as a natural product.
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Stereochemical assignments on various stereogenic centres have been made on

the basis of chemical shift comparisons with the reported spectral data (UV,

IR, 'H- NMR etc.), and on biogenelic considerations, as withanolides arise

from cholesterol. The deduced relative configuration in 90 is the same as in the

parent cholesterol [72].

The configuration at C-22 is considered to be ‘R’ on the following

basis:

i) The H-22 resonated as a double doublet with coupling constants

(*ÿ22a, 23a = 12.0 Hz, = 4Hz) due to axial-axial and axial-

equatorial interactions with H-23 [73],

ii) ' By comparing the circular dichroism band (positive band at 250

nm) of 90 with a number of other withanolides, which was found to

be consistent with biogenetic reasoning [41].

3.1.2. Coagulin J

(14/?, 20Ry 22ÿ?)-3p, 27-Dihydroxy-14-epoxy-l-oxowitha-5, 24-
dienolide (91)- A New Compound

The aqueous extract of Withania coagulans was fractionated with

chloroform at pH 3.5. The CHC13 extract obtained was concentrated in vaccuo

(60 g),Scheme-27, and it was subjected to column chromatography using silica

gel (mesh size 70-230, ~1 kg). The column was eluted with mixtures of ethyl

acetate and methanol (0-100 %). Similar fractions were combined, and fraction
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JF-E obtained on elution with ethyl acetate-methanol (99 : 01) was subjected to

repeated column chromatography.

28
CH3

27
-CH2OH

23 25
21 22 2<

HaCÿo iÿo •o

yV18
CH3

12

j 19ch3 r i3i
‘J*/ 15/

2 10 ft 8

75,
4 6HO*

91

A semipure sub-fraction JF-E-1 was further purified by thin layer

chromatography using pure ethyl acetate as eluent to afford coagulin J (91) as

colourless gum (10 mg). The compound was found to be UV active on TLC

and gave a positive colour test with DragendorfFs reagent.

The l3C-NMR spectra (broad-band decoupled, DEPT) of 91 and the

molecular ion in the high resolution positive fast atom bombardment mass

spectrum (HRFAB MS), m/z 471.2735 [M + H]+ (ealed. 471.2736) indicated

the molecular formula to be C28H3806.
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The UV spectrum of 91 showed absorption maximum at 214 nm

indicating the presence of an a,P-unsaturated 8-lactone [66]. The IR spectrum

displayed absorptions at 3441 (OH), 1722 (a,P-unsaturated 8-lactone) and

1705 (cyclohexenone) cm'1 [67].

3.I.2.2. Mass spectrometry:

The electron impact mass spectrum (EIMS) of 91 did not show any

molecular ion. However, a number of fragments characteristic of a withanolide

have appeared. The ion at m/z 141 may have arisen by the cleavage of C-20/C-

22 bond indicating the presence of an a, P-unsaturated 8-lactone, whereas the

fragment at m/z 329 represented the remaining part of the parent molecule. The

C-17/C-20 bond scission yielded two fragments, at m/z 169 (C9H13O3) and 301.

The mass fragmentation pattern of 91 is presented in Scheme-1 1 .

3.I.2.3. *H-NMR Spectroscopy:

The 'H-NMR spectrum (CDCI3, 400 MHz) of 91 displayed four three-

proton singlets at 8 1.04, 1.29, 1.43 and 2.01 assigned to the C-18, C-19, C-21

and C-28 methyl protons, respectively. The appearance of the C-21 methyl

protons as a singlet indicated the presence of an oxygen functionality at C-20.

An AB double doublet at 8 4.41 and 4.35 indicated the presence of a

hydroxymethylene (at the quaternary olefinic C-25). A characteristic double
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Scheme-11: Mass fragmentation of 91

doublet at 8 4.20 (J27a. 27p= 12.5 Hz, y22a. 23p = 3.3 Hz) was assigned to the C-

22 methine proton. The multiplicity of C-22 proton signal again indicated the

presence of an oxygen function at vicinal C-20. Another 1H broad double

\
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doublet at 6 5.58 (J(>ja ~ 6.0 Hz) was assigned to the C-6 olefinic proton of

Table-5: All chemical shift assignments of 91

C. No 13C-NMR Multiplicity 'H-NMR Coupling Constants
JHH (HZ)(8H)

(Sc)

210.6 C1.

CH 2.65 m

3.58 br.m

2. 48.1

68.9 CH3.

4. 41.2 CH2 2.51 m

5. 134.7 C

6 5.58 (brd)

1.49, 1.98 m

1.72 m

1.55 m

125.1 CH \ 7a “ 6.0

CH27. 25.5

8. 36.0 CH

9. 34.1 CH

C10. 52.6

20.7 CH2 1.64 m

2.21,2.45 m

II:

12. 32.2 CH2

13. C47.6

84.7 C 1.4814.

15. 31.9 CH2 1.32 m

16. 21.0 CH2 2.14 m

17. CH 2.21 m

1.04 s

1.29 s

49.4

18. 17.3 CH,

19. 19.0 CH,

75.2 C20.

21. 20.7 CH, 1.43 s

4.20 ddCH22. 81.6 -/22a. 23a- 12.9
-/22a, 23p= 3.3

31.9 CH2 2.38 m
2.10m

23.

C24. 153.1

125.5 C25.

26. 166.1 C

4.41,4.35 ABd27. 57.2 CH2 JUK 27b

_
11-5

28. 20.1 CH, 2.01
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ring B. A 1H multiplet at 8 3.58 was ascribed to the C-3a methine proton

geminal to the hydroxy group. These ’H-NMR signals supported the presence

of a l-keto-3-hydroxy-5-ene system in the withanolide.

3.1.2.4. 13C-NMR Spectroscopy:

The ,3C-NMR spectrum (CDC13, 100 MHz) of 91 showed signals for

twenty eight carbons in the molecule. DEPT spectra revealed the presence of

four methyl, nine methylene and six methine carbons. Comparison with the

broad-band decoupled spectrum showed that the remaining nine signals were

quaternary in nature. Downfield signals at 8 210.6 and 166.1 were assigned to

C-l oxo and C-26 8-lactonic carbonyls, respectively. Other downfield signals

at 8 153.1, 134.7, 125.5 and 125.1, were ascribed to the olefinic C-24, C-5, C-

25 and C-6, respectively. Four methyl signals at 8 17.3, 19.0, 20.1, 20.7 were

attributed to C-l8, C-l 9, C-28 and C-21, respectively. The hydroxyl-bearing

carbons appearing at 8 81.6, 75.2, 68.9 and 57.2 were assigned to C-22, C-20,

C-3 and C-27, respectively. nC-NMR chemical shifts and assignments for

compound 91 are presented in Table-5.

On the basis of these spectroscopic observations, the compound was

inferred to have:

a basic steroidal skeleton,1.
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2. a six-membered a,p-unsaturated lactone,

3. a ketonic functionality in ring A,

five tertiary methyls including two angular downfield methyls and two4.

vinylic methyls.

These findings supported the presence of a basic withanolide skeleton

which was further confirmed by two-dimensional NMR studies.

3.I.2.5. Two-dimensional NMR Spectroscopy:

U 1,1,6

r 63

[ HO

-q
IJ1.7

2 51

Fragment 'a'

COSY 45° and HOHAHA

connectivities

HMDC connectivities

The 'H-'H COSY 45° spectrum of 91 along with HOHAHA spectra

indicated the presence of four major spin systems in the molecule. The spin

system ka’ started with C-4 methylene protons resonating at 8 2.51 which

showed 'H-'H couplings with the C-3 methine proton (5 3.58), which in turn

exhibited couplings with the C-2 methylene protons (8 2.65 and 3.21). In

HMBC spectrum of 91 C-3 methine proton (8 3.58) showed 2JCH long-range
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heteronuclear connectivity with C-4 (8c 41.2 from HMQC). These

observations helped in determining fragment ‘a’. In the HMBC spectrum of 91,

the C-3 methine proton (6 3.58) showed VCH long range hetcronuclear

connectivity with C-4 (8c 41.2 from HMQC). These observations helped in

deducing the structure of fragment ‘a’.

2.21 2.45
H H

Q 10

q .1 155

134. 7

S4.78

36.0

mi H
1 49

H
5 58

Fragmeni 'b‘

COSY 45° and HOHAHA

connectivities

The largest spin system ‘b’ was traced out by starting from the ‘H-'H

coupling of the C-6 olefinic proton (8 5.58) with the C-7 methylene protons

(81.49 and 1.98). The latter showed extended couplings with the C-8 methine

proton (8 1.72) which in turn showed cross-coupling with the C-9 methine

proton (8 1.55). The C-9 methine proton (8 1.55) was coupled with the C-l 1

methylene protons at 8 1.64 which in turn exhibited 'H-'H couplings with the
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C-12 methylene protons (5 2.21 and 2.45). The spin system ended here

indicating its linkage with some quaternary center. In the HMBC spectrum the

C-6 olefinic proton (5 5.58) exhibited long-range heteronuclear 2JCH

correlation with C-7 (6c 25.5 from HMQC) and VCH correlations with C-8 (6c

35.9 from HMQC) and C-4 (5c 4 1.2 from HMQC).

• 20

is ; 4 7S1 •

s'"™
HIU \ / 1 2.14

]S)C2I0

q'ÿis/
as.Tÿ-yOn

H

H' H
1.32

Fragment ’c'

_ÿ COSY 45° and HOHAHA

connectivities

HMBC connectivities

Spin system ‘c’ started with the geminally coupled C-15 methylene

protons appearing at 6 1.32 which showed vicinal couplings with the C-16

methylene protons (5 2.14), while the C-17 methine proton (5 2.21) showed

2JCH HMBC connectivity with the quaternary C-IO (6c 47.6), leading to the

fragment ‘c\

Spin system ‘d’ was identified by the 'H-'H couplings of the C-22

methine proton (6 4.20) with the C-23 methylene protons (5 2.38 and 2.10). In
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the HMBC spectrum the C-22 methine proton (8 4.20) showed 37CH coupling

with C-26 (8c 166.1) and C-24 (8c 153.1) and correlation with C-25 (8c

125.5). The C-23 methylene protons(8 2.38 and 2.10 ) exhibited 2JCH couplings

with C-24 (8c 153.1 from HMQC). These spectral evidences led to the

fragment ‘d\

Another small fragment ‘e’ was centered around C-20. The C-21 methyl

protons (8 1.43) showed 2JQH HMBC connectivity with C-20 (8c 75.2) which

also possessed a hydroxyl functionality.

2 01 28 20.1

CH3
27 4.41,4.35

,CH-)OH .
2.38 X\l5i.l 1 „ r/

I-«H3C.M7
H t

\3/.!

2.I0H
75.2166.1 781.6 22 2<

"o
75.2 q

4.20 ’c’•<!•

Fragment ‘d1 and ‘c’

N- COSY 45° and HOHAHA

connectivities

HMBC connectivities

3.1.2.6. Determination of Tentative structure:

The different structural fragments were joined together on the basis of

the HMBC connectivities to provide a tentative structure for compound 91.
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The C-19 methyl protons (61.29) exhibited *JCH couplings with C-l (6 210.6)

and C-5 (6c 134.7). This observation helped in joining the fragments ’a’ and

‘b’ together. The HMBC interaction of the C-2 methylene protons (6 2.65)

supported this linkage as they showed VCH correlations with C-10 (5c 52.6).

The C-4 methylene protons (5 2.51) exhibited 2JCH correlations with C-5 (6

134.7), while the C-6 olefinic proton (6 5.58) also exhibited VCH correlations

with C-5 (6c 134.7). The joining of fragments ‘b’ and ‘c’ was done with the

help of correlations exhibited by the C-l 8 methyl protons (5 1.04) present at

the ring junction, which showed VCH correlation with quaternary C-l3 (5c

47.0) and 3yCH couplings with C-l 4 (6c 84.7) and C-l7 methine (5c 49.4).

These couplings led to the assembly of the carbocyclic part of the molecule,

Figure-3. The C-20 (5 75.2) served as the linking center between the

carbocyclic part and the a, p-unsaturated-6-lactone substituent and the side

chain. The C-l 7 methine proton (5 2.21) exhibited 2JCH connectivity with C-20

(6c 75.2). On the other hand the C-21 methyl protons (6 1.43) also exhibited

2JCH couplings with C-20 (5c 75.2), and VCH couplings with C-l7 (6c 49.0).
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Figurc-3 : Joining of fragments 'a', 'b' and 'c'............HMBC connectivities

These HMBC correlations indicated that the carbocyclic part was

connected with fragment ‘d’ through C-20, Figure-4. Some important HMBC

connectivities are presented in Table -6.
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Table-6: Long-range 'H/IJC connectivities of 91 as determned by HMBC.

'H-NMR VCH JaiH-No
(5) _(6)

210.6 (C-l)H-2 2.65 52.6 (C-10)

H-3 48.1(C-2) 210.6 (C-1), 134.7 (C-5)3.58

134.7 (C-5)
134.7 (C-5)
84.7 (C-l4)

52.6 (C-10)
41.2 (C-4), 52.6 (C-10)
47.6 (C-l3)

84.7 (C-l 4), 49.4 (C-l 7)
84.7 (C-14), 81.6 (C-22)

H-4 2.51
H-6 5.58
H-8 1.31

2.21,2.45H-12
2.21 37.6 (C-l3), 75.2 (C-20)H-17

47.6 (C-l3)
52.6 (C-10)

1.04 84.7 (C-l4), 49.4 (C-l 7)

210.6 (C-l), 134.7 (C-5), 34.1 (C-9)
H-18
H-19 19.0

1.43 75.2 (C-20)
31.9 (C-23)

49.4 (C-17), 81.6 (C-22)
49.4 (C-l7), 166.1 (C-26)

H-21
H-22 4.20

H-27 4.41,4.35 125.5 (C-25) 153.1 (C-24)
166.1 (C-26)

H-28 2.01 153.1 (C-24) 31.9 (C-23)
125.5 (C-2S)

3.I.2.7. Inference of C-14/C-20 Ether Bridge:

The mass (El MS, HR El MS, FAB MS) and 13C-NMR spectroscopic

studies revealed the presence of an ether linkage in the molecule. Positive FAB

MS showed the molecular ion to be at m/z 470 (m/z 471.237 as determined by

HR FABMS) corresponding to the formula C28H3806, which indicated ten

degrees of unsaturation in the molecule. Seven of these were accounted for the

pentacyclic a,(i-unsaturated steroidal lactone, two were assigned to two the

olefinic linkages and one was due to a ketonic carbonyl. The remaining

unsaturation could only be accounted for by the formation of an intramolecular

cyclic ether. Furthermore, as the molecular formula showed the presence of six
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oxygen functions in the molecule, one was assigned to a ketonic carbonyl, two

to the hydroxyl functions at C-3 and C-20 and two to the lactone ring. Only

one oxygen remained, whereas the l3C-NMR spectrum exhibited two oxygen-

bearing quaternary carbon resonances. These were found to be C-20 (5c 75.2),

and C-14 (8c 84.7) which could be linked together by the single ethereal

oxygen. These observations indicated the presence of an ether linkage between

these two quaternary centres [74].

3.I.2.8. Stereochemical Assignments:

The stereochemical assignments of 91 at various stereogenic centers

were made on the basis of the comparison of spectral data with those of the

known withanolide, 30, 14a, 20, 27-tetrahydroxy-l-oxo-20ft, 22ft-witha-5,24-

dienolide [75] (see appendix) as well as on biogenetic grounds [76].

The stereochemistry at C-17 was considered to be R as the alternative

(5) arrangement was not possible, when an a-oriented ether bridge exists

between C-14 (R) and C-20 [74]. The configuration at C-22 was inferred to be

R for the same reason as in compound 90.
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3.1.3. Coagulin R :

(2<XS, 22/?)-la, 2O-Dihydroxy-3p-(0-p-D-glycopyranosyl)-l-oxo-

witha-5,24-dienolide (92)- A New Compound.

28
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27
CH,

23 25
OH21 22 26L -CH

O

™ H
0.I8CH3

i: rw [H
HO,. CH3 I

-.0 i
5. 2

13
1<

9 I4l
1

£
26' H

CH2OH

M1'
H OH

3

H

92

The ethyl acetate fraction (75 g) extracted at neutral pH, Scheme-26,

was subjected to column chromatography using silica gel (70-230 mesh size,

ASTM, 1.5 kg) as stationary phase. The column was eluted with the mixtures

of dichloromethane-methanol (100-0 %). On elution with dichloromethane-

methanol (85:15), a fraction AWE-1 was eluted, which was found to have a

UV active spot on TLC. The compound showed a positive colour test with

Dragandorff s reagent, indicating the presence of a withanolide or an alkaloid.

Further purification was carried out by HPLC using RJP-18 silica column, and a
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mixture of methanol-water (50 : 50) as the mobile phase. Compound 92 was

thus obtained as a colourless gum (8.0 mg).

The l3C-NMR spectra (broad-band decoupled and DEPT) of 92 and the

molecular ion obtained by the high resolution positive fast atom bombardment

spectrum (HR FAB MS) m/z [M+H]+ 621.3638 (cald. 621.3635) established

the molecular formula to be C34H530i6.

The UV spectrum of 92 exhibited absorption maximum at 228 nm,

characteristic of an a,P-unsaturated 6-lactone chromophone [66]. The IR

spectrum showed absorptions at 3481 (OH) and 1722 (a,P-unsaturated-5-

lactone) cm'1 [67].

3.I.3.I. Mass Spectrometry:

The positive FAB MS spectrometry showed the [M+H]+ peak at m/z

621 which was not present in the EIMS. The EIMS spectrum showed a

fragmentation pattern characteristic of withanolides. The base peak appeared at

m/z 152, which could arise by the scission of the C-20/C-17 bond with

subsequent elimination of a water molecule. The peak at m/z 584 may result

by the elimination of two water molecules (M+-18-18) from the parent ion.

Another peak at m/z 458 might be due to the loss of a sugar moiety (M+-162).

This ion then by successively losing two water molecules gave peaks at m/z

440 and 422. The peak at m/z 162 indicated the presence of a sugar moiety in

the molecule. The mass fragmentation of compound 92 is presented in
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Scheme-12.
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3.I.3.2. spectroscopy:

The 'H-NMR spectrum (CD3OD, 500 MHz) of 92 showed five sharp singlets

for the five tertiary methyls. The downfield signals at 8 1.97 and 1.76 were

assigned to the C-28 and C-27 methyls, respectively. The 3H singlets at 8 1.28

and 0.88 were attributed to two angular methyls C-19 and C-18, respectively.

Another 3H singlet at 5 1.31 was assigned to the C-21 methyl, its chemical

shift indicated the presence of an oxygen functionality at vicinal C-20. A

characteristic double doublet for the C-22 methine proton appeared at 8 4.35

(J22a, 23a = 13.0 Hz, J22a.23p =3.5 Hz), again indicating the presence of an

oxygen functionality at C-20. A multiplet appearing at 5 4.01 was assigned to

the C-3 methine proton whereas another broad singlet at 8 3.63 was ascribed to

the C- 1 methine proton a- to the hydroxy group. A doublet which appeared at

8 4.22 (Jy 2’ = 7.5 Hz) was attributed to the anomeric C-l’ proton. An olefinic

signal at 8 5.52 was assigned to C-6 proton.

3.I.2.3. ,3C-NMR Spectroscopy:

' The broad-band decoupled ,3C-NMR spectrum (CD3OD, 125 MHz) of 92

displayed thirty-six carbon atoms in the molecule. The DEPT spectra exhibited

five methyl, nine methylene and twelve methine carbons, while the remaining

ten carbons were quaternary as deduced from the broad-band spectrum. No

signal was observed beyond 8 168.9 and, therefore, it was concluded that the



-71 -

ketonic function of ring A was absent in this molecule. The downfield signal at

8 168.9 was assigned to lactonic C-26, whereas the signals at 8 152.7, 139.1

and 122.1 were attributed to olcfinic quaternary C-24, C-5 and C-25,

respectively. The C-5 olefinic methine carbon appeared at 8 125.5. Signal

appearing at 8 82.2 was assigned to the C-22 methine of the lactone ring.

Three more signals for oxygen-bearing carbons resonating at 8 76.1, 74.9, 73.6

were ascribed to C-20, C-3 and C-l, respectively. Six downfield signals at 8

102.7, 78.1, 77.9, 75.1, 71.8 and 62.9 were attributed to anomeric C-l’, to the

hydroxymethine C-3’, C-5’, C-2\ C-4’ and to the C-6’ methylene of sugar

unit, respectively. The signals at 8 20.7, 20.5, 19.2, 14.3 and 12.4 were

assigned to C-28, C-21, C-l9, C-27 and C-l 8 methyl carbons, respectively. All

’H/ÿC-NMR chemical shift assignments are presented in Table-7.

On the basis of UV, IR, El MS and 'H-NMR and 13C-NMR, it was

concluded that the molecule contained:

1) a basic steroidal skeleton,

2) a six-membered a,P-unsaturated lactone moiety,

3) no ketonic functionality,

4) five tertiary methyls including two angular downfield methyls and

two vinylic methyls,

5) a sugar moiety.
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These findings were consistent with a withanolide structure which had a

sugar unit intact. This was further supported by two-dimensional NMR

spectroscopy.

Table-7 : All chemical shift assignments of 92.

'H-NMRC.No. ’’C-NMR Multiplicities Coupling Constant
•/mi Hz._ScSlL

CH 3.63 m
2.31,2.45 m
4.01 m
1.92,2.16 m

I. 73.6
CH22. 39.1

73.6 CH3.
4. 41.0 CH2
5. 139.1 C

5.52 br.s
1.50,2.25 m
1.31 m
1.78 m

6. 125.5 CH
7. 32.2 CH2
8. 32.7 CH
9. 42.8 CH
10. 48.5 CH2

21.211. CH2 1.49, 1.53 m
161, 1.75 m12. 24.9 CH2

13. 43.9 C
14. 58.1 CH 1.15m

161, 1.75 m
1.95,2.08 m
1.88 m
0.88 s
1.28 s

15! 32.1 CH2
16. 37.7 CH2
17. 55.8 CH
18. 12.4 CH,

CH,19. 19.2
20. 74.9 C
21. 20.5 CH, 1.31 s

4,35 dd22. 82.2 CH •/lla.Ua- 13.0,

Jlla. JJp = 3.5
23. 32.2 CH2 2.34, 2.46 m
24. 122.1 C
25. 152.7 C
26. 168.5 C
27. 14.3 CH, 1.76 s

1.97 s
4.22 d
3.79 m
3.31 m
3.46 m
3.35 m
3.62. 3.85 in

28. 20.7 CH,
r. 102.7 CH Jy,r= 7.5
2’. 75.1 CH
3’. 78.1 CH
4’.. 71.8 CH
5’. CH77.1

Cl I6’. 62.9
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3.1.3.4. Two-dimensional NMR Spectroscopy:

3.63

HO 7J.6 |-|

Jti.5

10 q
145H

-.«ÿ

Fragment 'a'

COSY 45° and HOHAHA

connectivities

The COSY 45° and HOHAHA spectra of 92 indicated the presence of

five major spin systems. The spin system ‘a’ was traced out with the help of

COSY 45° couplings of the C-3 methine proton (8 3.63) which was coupled

with the C-4 methylene protons (8 1.92 and 2.16) and it also showed extended

couplings with the C-2 methylene protons (8 2.31 and 2.45) as well as with the

C-l hydroxymethine proton (8 3.63). This spin system was also detected in the

HOHAHA spectra. On the basis of these observations the structure of fragment

‘a’ was deduced.

The structure of fragment ‘b’ was deduced on the basis of COSY 45°

and HOHAHA interactions. The spin system started with the couplings of the

C-6 olefinic proton (8 5.52) with the C-7 methylene protons (8 1.50 and 2.25)

which in turn showed couplings with C-8 methine proton (8 1.31). The C-8
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methine proton (8 1.31) showed connectivity with the C-9 methine proton (8

1.78) which was found to be coupled with the C-l 1 methylene protons (8 1.49

arid 1.53). The C-l 1 methylene protons were coupled with the C-l 2 methylene

protons (8 1.95 and 2.08). The C-14 methine proton showed vicinal

connectivity with the C-l 5 methylene protons (8 1.61 and 1.75), which in turn

exhibited couplings with the C-16 methylene protons (8 1.42 and 1.55). The C-

16 methylene protons (8 1.42 and 1.55) showed extended couplings with the

C-l7 methine proton (8 1.88). These homonuclear couplings helped in the

construction of fragment ‘b’.

76
20

/ 195 208
ix q

1.53 H H

HI.8R

1.15 H
u 1-61
H2 25 -32.1 f

h/1

q 13 q)3

.”131 14

149 JLX

8,VS.5J 32.7

%
6139.1

123.5

H5«

Fragment ’b'

COSY 45° and HOHAHA

connectivities

Spin system lc’ was deduced with the help of COSY 45° couplings. The

C-22 methine proton showed interactions with C-23 methylene protons (8 2.34
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and 2.46). This was further supported by long-range HMBC heteronuclear

correlations. Thus the C-28 methyl protons (8 1.97) showed 2Jew couplings

with C-24 (8 122.1) and 3JcH coupling with C-25 (8c 152.7), whereas the C-27

methyl protons (8 1.76) exhibited 2JCH coupling with C-25 (8c 152.7) and 3JCh

correlation with the lactonic C-26 (8c 168.5) and C-24 (8c 122.1). These

spectral evidences led to the formation of fragment ‘c’.

|on 28 20.7

: CH3
‘'J/W.7

’’ÿpht
2 46 *JU16

/ 143 \

X OH 'H
131 21 '

HjC 1/20.52.34 H
22 y82.2 76.1

X•o76.1

*4.35 •c‘

Fragment 'c' and 'd'

COSY 45° and HOHAHA

connectivities

HMBC connectivities

Another small fragment ‘d’ comprises on C-21 methyl and quaternary

C-20. The C-21 methyl protons (8 1.31) exhibited 2Jew HMBC connectivity

with C-20 (8c 76.1).

3.1.3.5. Determination of Tentative Structure:

Different structural fragments were joined together with the help of

HMBC long-range connectivities and a tentative structure was deduced. The

HMBC connectivities of the quaternary carbons allowed the joining of the
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different structural fragments together. The C-19 methyl protons (8 1.28)

present at the junction of rings A and ring B showed VCR HMBC connectivity

with quaternary C-10 (8 48.5) and VCH connectivities with C-l (8c 73.6) and

C-5 (8c 139.1), Figure-5.

2.12 X * 76.12o ;

H H °r*H 18 V
V

H
yj.

i ftHOÿ 7}.s H

.
10 q

H H
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H H
5or H

Glc 192
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139.1 139.1

H
$6

5.52

76. / 20

q
H H CHj

H H

HH

HO. H CH,
HH

H H

UH
O'

H

Glc H H

Figurc-5: Joining of fragments 'a' and ’b’.....HMBC connectiv iiies

The C-18 methyl at the junction of rings C and D showed VCH HMBC

couplings with C-l 3 (8c 43.9 from HMQC), while it exhibited VCH HMBC
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connectivities with C-17 (5c 55.8 from HMQC). In this way, these

connectivities helped out in deducing the structure of the carbocyclic part of

the molecule, Figure-5.
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Figurc-6: Joining of main carbocyclic skeleton with the side chain

HMBC connectivities

A small fragment ‘d’ served as a bridge in linking the carbocyclic part

of the molecule with the 5-lactone ring. The C-21 methyl protons (5 1.31)
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exhibited 2Jen coupling with C-20 (8c 76.1 from HMQC) and 37Ch

connectivities with C-17 (8c 55.8 from HMQC) and C-22 (8c 82.2 from

HMQC). However, the C-22 methine proton (8 4.35) showed 37Ch coupling

with C-21 (8c 20.5 from HMQC), Figure-6.

These spectroscopic correlations strongly supported the tentative

structure for compound 92, Figure-6. Some important HMBC connectivities

are presented in Table -8.

Tablc-8: Long-range 'Hyl3C connectivities of 92 as established by HMBC.

•/cn'H-NMR JmH-No
(S) M. ..(8)

H-T 3.63

41.0 (C-4), 48.5 (C-10)

84.7 (C-14), 81,6 (C-22)
H-6 5.52

37.6 (C-13), 75.2 (C-20)H-17 1.88

47.6 (C-13)
52.6 (C-10)

84.7 (C-14), 49.4 (C-17)
210.6 (C-l), 134.7 (C-5), 34.1 (C-9)

H-18 0.88
H-19 1.28

75.2 (C-20)
31.9 (C-23)

49.4 (C-17), 81.6 (C-22)
49.4 (C-17), 166.1 (C-26)

H-21 1.31
4.35H-22

125.5 (C-25) 153.1 (C-24)
166.1 (C-26)

H-27 1.76

153.1 (C-24) 31.9 (C-23)
125.5 (C-25) .

74,9 (C-3)

H-28 1.97

H-r 4.22

3.I.3.6. Stereochemical Assignments:

The stereochemical assignments to the various stereogenic centers have

been made on the basis of spectral data comparison with the data of already

reported compounds, la,3p,20-trihydrxy-(20/?, 22/Q-witha-5,24-dienolide [50]

(see appendix) and pubescenin [77] (see appendix).
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Compound 92 was earlier obtained as a synthetic product, by oxidative

degradation followed by alkaline hydrolysis of dunawithanine A, a withanolide

glycoside isolated by Adam et al [78] . This is first report of its isolation from

a natural source.

3.1.3.7. Identification of sugar moiety:

The presence of an anomeric proton in the ’H-NMR spectrum at 5 4.22

(J\\ r ~ 7.5 Hz), an anomeric carbon at 5 102.7 along with signals for four

hydroxymethines and a hydroxymethylene indicated the presence of a sugar

moiety in the molecule. The coupling constant of 7.5 Hz for C-l’ anomeric

proton signal indicated the presence of a P-sugar [79], For further

confirmation, the compound was hydrolysed. Its Co TLC with an authentic

sample proved the hydrolysis product to be P-glueose. The parent compound

was tereated with enzyme a-glucosidase. However, it did not show any

hydrolysis with this enzyme and therefore it was concluded that the compound

contained a P-sugar.

3.1.4. Coagulin U

IP, 2Op-Hydroxy-3p-[0-p-D-gIucopyranosyl (l->6) p-D-

glucopyranosyl] witha (22/?)-5, 24-dienolide (93)- A New Compound.

The ethyl acetate fraction (75g) extracted at neutral pH, Scheme-26,

was subjected to column chromatography using silica gel (70-230 mesh size,
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ASTM, 1.5 kg) as the stationary phase. The column was eluted with mixtures

of dichloromethane-methanol (0-100 %). On elution with dichloromethane-

methanol (80 : 20), a fraction WD was eluted, which was found to have a UV

active spot on TLC. This spot gave a positive colour test with Dragendorffs

reagent, indicating the presence of a withanolide or an alkaloid. Further

purification was carried out by HPLC using RP-18 silica column, elution being

carried out with mixture of MeOH-H20 (60:40) as the mobile phase. The

compound 93 was obtained as a transparent gum (8.0 mg).
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The high resolution positive fast atom bombardment mass spectrum

(HR FABMS) of 93 showed the pseudo-molecular ion at mJz 782.561 [M+H]+

(calcd. 782.5613 ) indicating the molecular formula as C40H15O62.

The UV spectrum of 93 showed an absorption maximum at 226 nm,

characteristic of an a,P-unsaturated 5-lactone chromophore [66]. The IR

spectrum displayed strong absorptions at 3478 (OH), 1712 (a, P-unsaturated 5-

lactone) and 1701 (six-membered cyclic ketone) cm'1 [67].

3.1.4.1. Mass Spectrometry:

The positive FAB MS spectrometry showed the [M+H]+ peak at mJz

782 which did not appear in the EIMS. The EIMS spectrum showed a

fragmentation pattern characteristic for withanolides. The base peak appeared

at mJz 152 which may have arisen by the scission of the C-20/C-17 bond with

subsequent elimination of a water molecule. Another peak at mJz 458 might be

due to the loss of a sugar moiety (M+-162). This ion then underwent the loss of

two water molecules to yield peaks at mJz 440 and 422. The peak at mJz 162

indicated the presence of a sugar moiety in the molecule. The mass

fragmentation of compound 96 is presented in Scheme- 13.

3.1.4.2. ’H-NMR spectroscopy:
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The 'H-NMR spectrum of 93 (CD3OD, 500 MHz) showed five three-

proton sharp singlets representing the five tertiary methyls. Singlets at 5 0.86

OHCHJ
Cllj o

OH /CHj
OO' 01

m/z 152 CH, m/s 162 0H
c-r-o/c-3 CHjOHi) C-I7/C-20

. ii) "H2O CH3N

CHj ,H

OA °' CHj

HO

CHjv. lH o '°17

HO,. H CHj H CHj\ ,H

i
HH CHj

3

AI. H
Hdel

I 93 m/z 782
Oc

m/z 422
CHJ

CHJ- H20
-CHjc-r-o/c-3 CHj

HO
HO

1 .,-H
CH,0

\ H °'CHj\ ,H

O

- H2Q

H°,. H CHJ H HO H CHJ H

1
H 2H H H3

HO*
m/z 440

m/s 458

Schcmc-13 : Mass fragmentation of 93

and 1.01 were assigned to the two angular C-18 and C-19 methyls, whereas

two deshieldcd three proton singlets at 5 1.83 and 1.97 were ascribed to the C-

27 and C-28 olefinic methyls, respectively. Another three proton singlet at 5
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1.01 was assigned to C-20 methyl protonsproton which experienced further

deshielding in C5D5N and appeared at 8 4.82.

of C-21 methyl indicated the presence of oxygen functionality at C-20. Two

doublets at 8 4.36 and 4.38 (J\\r = 7.8 Hz) were ascribed to the two C-I’ and

C-l” anomeric protons indicating the presence of two sugar units. A multiplet

at.8 4.12 was assigned to C-l hydroxymethine proton. A characteristic double

doublet at 8 4.24 (J22a, 23a
~ 13.2 Hz, J22a, 23p = 3.4 Hz) was attributed to the C-

22 methine. The appearance of this double doublet for the C-22 methine proton

and singlet.

3.I.4.3. 13C-NMR spectroscopy:

The broad-band decoupled l3C-NMR spectrum (CDÿOD, 125 MHz) of 93

displayed signals for forty carbons. The DEPT spectra exhibited five tertiary

methyl, ten methylene and eighteen methine carbons out of which nine were

found to be oxygen-bearing carbons. The remaining seven signals in the broad¬

band spectrum were identified as quaternary carbons. A downfield signal at 8

167.5 was assigned to the C-26 a,p-unsaturated 8-lactone carbonyl, whereas

signals at 8 150.2, 137.3 and 121.3 were assigned to the olefinic quaternary C-

25, C-5 and C-24, respectively. The signal at 8 124.6 was assigned to olefinic

C-6. The six downfield signals at 8 101.4, 78.0, 76.4, 75.2, 71.9 and 68.5 were

attributed to C-l’, C-3’, C-5’, C-2\ C-4’ and C-6’, respectively, while another
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set of six downfeild signals at 6 103.2, 75.9, 74.1, 72.2 and 61.4 were ascribed

to C-l”, C-3”, C-2”, C-5”, C-4” and C-6”, respectively. Methyl signals at 6

Table-9: All chemical shift assignments of 93.

C.No. I3C-NMR (6„) Multipicities 'H-NMR (6c) Coupling Constant
JHH (HZ)

I. 75.2 CH 4.12 m
1.80,2.37 m
3.80 m
2.32, 2.45 m

2. 37.8 CH2
3. 75.9 CH
4. 39.5 CH2
5. 137.5 C
6.. 124.3 CH 5.51 br.s

1.62, 1.99 m
1.49 m
1.45 m

7. 31.2 CH2
8. 31.1 CH
9. 41.0 CH
10. 42.7 C
11. 23.7 CH2 1.25, 1.65 m

1.51, 1.06 m12. 21.8 CH2
13. 41.1 C
14. 54.4 CH 1.75 m

1.91, 1.43 m
1.79, 2.11 m
1.14m

15. 19.8 CH2
16. 36.2 CH2
17. 56.6 CH
18. 13.3 CH2 0.86 s
19. 20.1 CHj 1.01 s
20. 79.2 C
21. 19.8 CHj 1.25 s
22. 81.2 CH 4.21 dd JlTa. 25a

25p= 3.4
= 13.2, J22a.

23. 31.7 CH2 2.15,2.34 m
24: 121.3 C
25. 150.2 C
26. 167.5 C
27. 20.2 CH2 1.83 s
28. 11.78 CH3 1.95 s
* I ’. 101.4 CH 4.36 d

3.23 m
3.48 m
3.31 m
3.65 m

3.75 in

4.38 d
3.13 in

3.26 m
3.35 m
3.43 m
3.72 m

Jr.r = 7.8
2’. 72.2 CH
3’. 75.9 CH
4’. 70.0 CH
5’. 75.9 CH
6’. 68.5 CH2
*1”. 103.2 CH Jr.r- 7.7
2". 75.2 CH
3”. 78.0 CH
4”.
5”.
6”.

71.9 CH
71.9 CH
61.4 CH2

* Interchangeable
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20.2, 20.1, 19.1, 13.3 and 1 1.8 were attributed to C-27, C-28, C-21, C-19 and

C-18, respectively. All ,3C-NMR assignments are presented in Table -9.

The 'H- and l3C-NMR spectra of 93 along with UV, IR and MS

spectroscopic observations indicated that the compound in hand has:

1 ) a basic steroidal skeleton,

2) a six-membered a,P-unsaturated lactone,

3) five tertiary methyls including two angular downfield methyls and two

vinylic methyls,

4) two sugar moieties.

These preliminary findings supported a withanolide skeleton with

sugar substituents, which was further confirmed by two-dimensional-NMR

spectroscopy.

3.1.4.4. Two-dimensional NMR spectroscopy:

4 12

Fragment 'a'

COSY 45° and HOHAHA

connectivities

HMBC connectivities
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The COSY 45° and HOHAHA spectra indicated five spin systems in the

molecule. The spin system ‘a’ started from the geminally coupled C-4

methylene protons resonating at 5 2.01 and 2.54, which showed connectivity

with H-3 at 5 3.80. This in turn exhibited couplings with the C-2 methylene

protons at 5 1.80 and 2.25, which showed extended coupling with the C-l

hydroxyl-bearing melhine proton at 6 4.12. These connectivities led to the

identification of structure of fragment ‘a’.

79.2 20

6} ' H°6 H ' 18 0 88 1 q

.9 4.. q

“KXJH, 99

,7\ ,H, 79

H2.ll
41.41.0 \q 10 •

H
q * ' 45

_
I

IJ7.3

H\1.62*
\I24.3

J!

Fragment 'b'

COSY 45° and HOHAHA

connectivities

HMliC connectivities

Spin system lb’ was found to be the largest one. It started with the !H-

couplings of the C-6 olefinic proton (5 5.51 ) to the C-7 methylene at 5

1.62 and 1 .99. The C-6 proton did not show any further homonuclear coupling,
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which indicated its attachment with a quaternary carbon. The C-7 methylene

protons (5 1.60 and 1.99) exhibited COSY 45° connectivity with the C-8

methine proton (6 1.49). The C-8 methine proton showed long-range

homonuclear couplings with the C-9 methine proton (5 1.45) and with the C-14

methine proton (5 1.75). The C-9 methine proton exhibited further couplings

with C-Il methylene protons (5 1.25 and 1.65), which in turn showed

couplings with the C-12 methylene protons (8 1.51 and 1.06). The C-15

methylene protons (5 1.43 and 1.91) exhibited vicinal COSY 45° couplings

with the C-16 methylene protons (51.79 and 2.11 ) which in turn showed

couplings with the C-17 methine proton (5 1.14). The C-6 methine proton

(8 5.51) also exhibited 2JCH HMBC connectivity with C-7 (5c 31.3 from

HMQC), while the C-ll methylene protons (8 1.25 and 1.65) showed

heteronuclear long-range 2JCH couplings with C-12 (8c 21.8 from HMQC). The

CT9 methine proton (8 1.45) exhibited 2JCH correlation with C-l 1 (8c 23.7 from

HMQC). With the help of all these spectral evidences, fragment kb’ was

constructed.

The COSY 45° couplings between the C-23 methylene protons (8 2.34

and 2.15) and C-22 (8 4.21) revealed the presence of another spin system ‘c\

The HMBC connectivities also helped in constructing this fragment. The C-27

methyl protons (8 1.83) showed 2JCH couplings with C-24 (5c 121.3) and C-23
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(8c 31.6 from HMQC) and C-25 (8c 150.3). The C-28 methyl protons (8 1.95)

exhibited long-range heteronuclear 3*/CH couplings with C-24 (8c 121.3) and

VCH correlation with the lactonic C-26 (8c 167.5). The C-23 methylene protons

(8 2.15 and 2.34) exhibited 2JCH couplings with C-24 (8c 121.3) and VCH

connectivity with C-25 (8c 150.2).

1 95 28 20.2

' ;

''' OH /

n±L67iÿ.-''

2.34
21

125HJC 2<T23 1982I5H ** -
81.2 22

20
79.2 q O X

4.21 ’d'V

Fragment 'c' and ’d’

COSY 45° and HOHAHA

connectivities

HMBC connectivities

Another small fragment ‘d’ was centred around C-20. The C-2I methyl

protons (8 1.25) showed 2JCH connectivity with C-20 (8c 75.2) which also bore

a hydroxyl functionality.

3.I.4.5. Determination of Tentative structure:

All fragments were joined together with the help of HMBC

connectivities. The C-19 methyl protons (8 1.01) present at the junction of
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rings A and B showed long-range heteronuclear 2JCH connectivity with C-10

*>ÿ2 20 :

A V’TS U"
0.86

V J.I2
H0ÿ73 > H - X
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Figure-7: Joining of fragments ‘a’ and b‘.....*- HMBC connectivities

(5c 42.7 from HMQC) and VCH connectivities with C-l (5c 75.2 from HMQC)

and with the olefinic quaternary C-5 (5c 137.3 from HMQC). On the other

hand the olefinic C-6 proton (5 5.51) exhibited VCH couplings with C-10 (5c

42.7) at ring junction and C-4 (5c 39.5 from HMQC). These connectivities

helped in linking rings A and B together. The C-l 8 methyl protons (5 0.86) at
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the junction of ring C and D showed 2JCH HMBC connectivities with

quaternary C-13 (8c 41.1) and VcH coupling with C-14 (8c 54.4 from HMQC)

of the ring junction. It also exhibited 3Jch long-range heteronuclear

connectivity with C-17 (8c 56.6 from HMQC).
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Figurc-8: Joining of main carbocyclic skeleton with the side chain

HMBC connectivities
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Fragment ‘d’ was joined together to the carbocyclic part through the

lactone ring. The C-21 methyl protons (8 1.25) showed VCH couplings with C-

17 (8c 56.6 from HMQC) and C-22 (8c 81.2 from HMQC). This spectral data

led to the tentative structure 93 for this new withanolide.

3.1.4.6. Stereochemical Assignments:

The stereochemical assignments to the various stereogenic centres have

been made on the basis of spectral data comparison with that of already

reported compounds, la,3P,20-trihydroxy-(20.ft, 22.ft)-witha-5,24-dienolide

[50] (see appendix), and deacetyl dunawithanine B [78] (see appendix).

Tablc-10: Some important long range ‘H/1;,C connectivities of 93 as established by HMBC.

'Jot (S)H, No. 1 H-NMR (8) Vc (8)

1.80, 2.37
2.32, 2.45

75.2 (C-l), 75.9 (C-3)
75.9 (C-3). 137.3 (C-5)

31.2 (C-7)
23.7 (C-l 1)
41.1 (C-13
42.7 (C-IO)
79.1 (C-20)
121.3 (C-24)
121.3 (C-24)
150 2 (C-25)
72.2 (C-2')

H-2
H-4
H-6 5.51 42.7 (C-10). 39.5 (C-4)
H-9 1.45

54.4 (C-14), 56.G (C-l)
75.3 (C-I). 137.3 (C-5)
56.6 (C-17), 81.2 (C-22)

H-18 0.86
H-19 1.01
H-21. 1.25
H-23 2.15, 2.34
H-27 1.83
H-28 1.95

31.7 (C-23), 150.2
121.3 (C-24), 167.5 (C-26)
75.9 (C-3)
68,5 (C-6 )

_H-r 4.36
H-T* 4.38

3.1.4.7. Identification of Sugar:

The sugar moieties were identified with the help of the two downfield

doublets in ‘H-NMR spectrum resonating at 8 4.36 (Jr, r = 7.8 Hz) and 4.38

(Jr, 2- = 7.5 Hz) assigned to the two anomeric protons, characteristic of p-

sugars. In the ,3C-NMR spectrum the anomeric carbon signals appeared at 8
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101.4 and 103.2 further indicating the presence of two P-sugar units [72]. The

two sugars were found to be connected with each other, while the glycosidic

linkage at C-6 of Glc-1 produced a downfield shift of +7 ppin for this carbon

(C-6 signal resonating at 68.5) and showed a linkage (1—>6) between Glc-1 and

GIc-2 ) [80]. In the HMBC spectrum, the anomeric H-l” (6 4.38) exhibited

connectivity with C-6’ (6c 68.5 from HMQC). Therefore, it also supported the

1—>6 linkage between the two glucose molecules.

The anomeric C-l’ (6 4.36) showed HMBC connectivity with C-3 (6c

75.9 from HMQC) of ring A, indicating the presence of sugar moieties at C-3

of the aglycone part. The two sugar units were identified as glucose by

comparing their chemical shift values with the reported data. Acidic hydrolysis

of 93 also yielded glucose which was identified through co-TLC with authentic

sample.
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3.2. Known Compounds from Withania coagulans

3.2.1. (22/?)-14,20-Epoxy-17p-hydroxy-l-oxowitha- 5, 24-dienolide-3P-
(O-P-D-glucopyranoside) (94)
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Compound 94 was obtained by the same procedure as described for the

isolation of compound 92, Section-3.1.3. The fraction ‘SWC-1’ showed two UV

active spots which exhibited positive color test with Dragendorffs reagent. This

fraction was subjected to HPLC using an RP-18 column, and eluted with a mixture

of methanol and water (50 : 50) to obtain two compounds 94 and 95 as colourless

gums (9 mg and 1 1 mg, respectively). The HRFAB MS (+ve) of 94 showed an

[M+H]+ peak at mJz 633.3274 corresponding to the formula C34H49O11. Mass

fragments at 'm/z 615 and 471 were due to the loss of water and hexose moieties,
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respectively, from the parent ion. The UV spectrum of 94 displayed intense band

at 222 nm characteristic of an a,P-unsaturated 5-lactone [66], while the 1R

spectrum showed absorptions at 1698 (six-membered cyclic ketone), 1711 (a,P-

unsaturated 5-lactone), and 3501 (OH) cm'1 [67], The 'H-NMR spectrum (CD3OD,

500 MHz) of 94 showed signals for five quaternary methyls at 5 1.98, 1.83, 1.37,

1.27 and 1.11 assigned to C-28, C-27, C-21, C-19 and C-18, respectively. The C-

22 methine proton appeared at 5 4.83 (dd, J22«, 23a = 12.5 Hz, J22a% 23p = 4.1 Hz),

while the anomeric C-l’ proton of the sugar moiety resonated at 5 4.36 (d, 2- =

7.5 Hz). The ,3C-NMR spectra (CD3OD, 125 MHz) of 94 displayed thirty-four

signals. Downfield signals at 5 214.4 and 168.8 were assigned to 1-oxo-carbon

and C-26 carbonyl, respectively. Signals at 5 153.0, 135.8 and 121.7 were ascribed

to olefinic quaternary C-5 C-24 and C-25, respectively. Whereas the olefinic

methine C-6 appeared at 5 126.5. Methyl signals at 5 20.8, 20.7, 19.3, 18.4 and

12.3 were assigned to C-21, C-28, C-18, C-19 and C-27, respectively. The

anomeric C-l’ appeared at 5 102.6. The presence of an ether linkage between C-14

and C-20 was inferred from the mass and l3C-NMR spectra as discussed in case of

compound 91, Section-3.1.2.7. As the l3C-NMR spectrum of 94 exhibited twelve

oxygen-bearing carbon signals, four of them were assigned to quaternary carbons,

seven to hydroxymethine carbons and one to hydroxymethylene carbon. However,

the molecular formula indicated the presence of eleven oxygen functions in the

molecule, one was assigned a ketonic carbonyl, two to the hydroxyl functions at
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C-3 and C-20 and two to the lactone ring, whereas six signals were assigned to the

sugar moiety. The lack of another oxygen in the formula indicated the presence an

ether linkage in the molecule. By comparison of the spectral data with the

literature values the compound 94 was identified as (22ÿ?)-14,20-epoxy-170-

hydroxy-1-oxowitha-5,24-dienolide-3|J-(0-p-D-gluco

-pyranoside), the compound was earlier isolated by Saeed et al [81].

3.2.2. Coagulin K

(147?, 205, 22/?)-14, 20-Epoxy-3|3 (O-p-D-glucopyranosyl)-l-oxowitha-

5,25-dienolide) (95)

78
CHj

M 2J I
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Compound 95 was obtained by the same procedure as described for

isolation of compound 94 Section-3.2.1. The positive HRFAB MS of 95 displayed

an [M+H]+ peak at m/z 617.3718 from which the formula was deduced as
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C34H48O16 (calcd. 617.3715). The UV spectrum of 95 displayed an absorption

maximum at 220 nm (a,(5-unsaturated 5-lactone) [66]. The IR spectrum showed

absorptions at 3451 (OH), 1713 (a,P-unsaturated 5-lactone) and 1705 (six-

membered cyclic ketone) cm'1 [67]. In the EI-MS, the ion appearing at m/z 436

corresponded to the loss of a hexose moiety from the M\ while the fragment at

m/z 169 arose by the cleavage of the C-17/C-20 bond. The peak at m/z 125

resulted by the cleavage of the C-20/C-22 bond. In the 'H-NMR (CD3OD, 400

MHz) spectrum of 95, five methyl signals appeared at 6 21.1, 20.6, 18.6, 17.6 and

12.1 which were ascribed to C-28, C-2I, C-19, C-18 and C-27, respectively. The

C-22 methine proton appeared as double doublet at 5 4.23 (ÿ220, 23a = 12.5 Hz, J22a,

23p= 3.5 Hz), indicating the presence of an a,P-unsaturated 5-lactone as part of the

C-17 side chain. An olefinic proton signal at 5 5.68 as a broad doublet (Jbi la =

4.5 Hz) was assigned to the C-6 olefinic proton. A broad multiplet at 5 3.74 was

assigned to H-3a, it indicating the presence of a C-3P oxygen function. A 1H

doublet at 5 4.25 (Jp. 2- = 2.8 Hz) was assigned to the anomeric C-l’ proton of the

sugar moiety. The l3C-NMR spectra (CD3OD, 125 MHz) showed resonances for

thirtyfour carbons in the molecule. Downfield signals at 5 211.8 and 167.1 were

ascribed to ketonic C-1 of ring A and C-26 carbonyl of lactone ring, respectively.

Carbon signals appeared at 5 149.7, 133:2 and 121.1 were assigned to the olefinic

C-24, C-5 and C-25, respectively. The methine C-22 resonated at 6 81.5, while the

anomeric C-l’ at 5 101.3. The carbons at 5 20.5, 19.7 18.3 and 12.1 ascribed to the
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C-28, C-21, C-19, C-18 and C-27 methyls, respectively. Inference of an ether

linkage was made on the same basis as discussed for compound 94, Section-

3.1.2.7. In this case the l3C-NMR spectra showed thirteen oxygen-bearing carbon

signals. By comparing its spectral data with the reported data, the compound 95

was identified as coagulin K [82].

3.2.3. (22/?)-14,20-Epoxy-17(3-hydropxy-l-oxowitha-3,5,25-trienoIide

(96)
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The chloroform fraction (560 g), Scheme-26, (Experimental section-4.9)

extracted at neutral pH was loaded on a silica gel column (mesh size 70-230, 2

Kg). Elution was carried out with pet. ether, followed by increasing polarities of

pet. ether-dichloromethane and mixtures of dichloromethane and methanol (100-

0%). The fraction eluted with pet. ether-dichloromethane (02 : 98) yielded a

fraction 4 WC-1’ which on further purification by thin-layer chromatography using
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dichloromethane-pet.ether (95:05) as the mobile phase, yielded two compounds

96 and 97 as colorless gums (15.7, 14.3 mg, respectively). The HREIMS of 96

showed the molecular ion at mJz 452.2515 for C2gH3605 (calcd. 452.2536). It

showed UV absorption maximum at 226 nm for a,P-unsaturated 5-lactone [66].

The IR spectrum of 96 displayed bands at 3351 (OH), 1705 (a,0-unsaturated 5-

lactone), 1691 (six-membered cyclic ketone) cm"1 [67]. The 'H-NMR spectrum

(CDCI3, 400 MHz) of 96 showed signals for five quatemaiy methyls at 51.88,

1.75, 1.29, 1.24 and 1.01 for C-28, C-27, C-19, C-21 and C-18, respectively. The

chemical shift and appearance of C-21 as a singlet indicated the presence of an

oxygen substituent at C-20. The C-22 methine proton appeared as a characteristic

double doublet at 5 4.68 (J22a. 23a = 12.9 Hz, J22fXt 23(5 - 3.9 Hz). The vinylic C-6

signal appeared at 5 5.57 (dd, \ 7a = 5.5 Hz, y6, 7p = 2.5 Hz), while signals

appearing at 5 5.76 and 6.00 as multiplets were assigned to the C-3 and C-4

olefinic protons, respectively. The l3C-NMR spectra (CDC13, 125 MHz) of 96

displayed twenty-eight signals. A downfield signal resonated at 5 210.2 for the

ketonic carbonyl along with signals for the olefmic carbons at 5 140.2, 128.7,

127.4 and 121.9 C-4, C-3, C-6 and C-25, respectively, indicating the presence of a

3,5-diene-1-oxo-system in rings A and B. The signals at 5 165.9, 150.7 and 120.1

were indicative of the presence of an a,P-unsaturated 5-lactone, whereas oxygen-

bearing carbons resonated at 5 87.3, 80.8, 81.9 and 78.1, and were assigned to C-

14, C-22, C-17 and C-20, respectively. Methyl signals at 5 20.3, 20.2 19.7, 19.0



-99*

and 12.0 were ascribed to the C-21, C-18, C-28, C-19 and C-27 methyls,

respectively. The presence of an ether linkage between C-14 and C-20 was

inferred from the mass and l3C-NMR. The 13C-NMR showed presence of six

oxygen bearing carbon signals, one was assigned to caronyl carbon, two to

lactonic carbons and three to quaternary carbons. Whereas, the formula exhibited

presence of five oxygens in the molecule which indicated presence of an ether

linkage. By comparison of its spectral data with the reported values, the compound

96 was identified as (22/?)-14, 20-epoxy-17P-hydropxy-l -oxowitha-3,5,25-

trienolide. This compound was previously isolated from Physalis peruviana by

Saeed et al [83].

3. 2. 4. Coagulin C (97)
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Compound 97 was obtained by the same isolation procedure as described

for compound 96, Section-3.2.3. The HREI MS spectrum of compound 97

showed molecular ion at 452.2528 corresponding to molecular formula C2gH3605
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(calcd. 452.2536). In the El MS of 97, a peak was observed at m/z 169, which

arose by the cleavage of C-17/C-20 bond, while another fragment at m/z 283 could

be due to the remaining part. The UV spectrum of 97 displayed absorption at 223

nm indicating an a,p-unsaturated 8-lactone [66], while the IR spectrum showed

absorptions at 3401 (OH), 1701 (a,P-unsaturated 5-lactone) and 1659 (six-

membered cyclic ketone) cm'1 [67]. The 'H-NMR spectrum (CDC13, 400 MHz) of

97 showed signals for five quaternary methyls resonating at 8 1.92, 1.88, 1.39,

1.23 and 1.11 assigned to C-28, C-27, C-21, C-18 and C-19, respectively. The C-

22 methine proton appeared at 5 4.93 (dd, J22a, 23a = 13.1 Hz, J22a, 23p = 4.0 Hz).

Downfield signals at 8 6.75 (dd, J4a< 3 = 10.2 Hz, J4$y 2 = 2.5 Hz), 5.84 (dd, J6 7a =

5.2 Hz, \ ?p = 2.1 Hz) and 5.58 (m) were ascribed to olefinic protons C-3, C-2 and

C-6, respectively. This indicated the presence of a 2,5-diene-1-oxo system in rings

A and B of the main carbocyclic skeleton. The 13C-NMR spectrum (CDCI3, 100

MHz) of 97 exhibited twenty-eight carbon signals. DEPT spectra indicated

presence of five methyl, eight methylene and seven methine carbons. The

remaining quaternary carbons were deduced from the broad-band decoupled

spectra. Downfield signals at 5 205.7 and 168.6 were assigned to 1-oxo-carbon

and the C-26 carbonyl, respectively. Signals, which appeared at 5 152.8, 146.1,

135.5, 128.1, 126.0, and 121.4 were ascribed to olefmic C-24, C-3, C-5, C-2, C-6

and C-25, respectively. Methyl carbon signals at 8 20.6, 20.1, 18.2 and 17.8 were

attributed to C-28, C-21, C-18 and C-19, respectively. Three hydroxy-bearing
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quatemary carbon signals resonating at 8 88.1, 83.3 and 79.2 were assigned to C-

14, C-20 and C-17, respectively. Inference of an ether linkage between C-14 and

C-20 was made on the basis of spectral studies as discussed for compound 96. By

comparison of its spectral data with the reported data, the compound 97 was

identified as coagulin C [84]. For ‘H- and 13C-NMR, see Experimental section-

4.12.

Enzyme Activity:

Compound 97 showed significant activity against P-glucuronidase enzyme.

The enzyme, catalyzes the hydrolysis of p-glucuronidase produced in the body,

such as benzo [a] pyrene glucuronidase and of natural plant such as glycyrrhizin

[85]. Pineda et al. demonstrated that liver damage causes an increase in the

enzyme level in blood. Liver cancer is also suspected to be related to the over

expression of this enzyme. P-Glucuronidase in humans and rats is related to colon

cancer [86],

The lC5o of Compound 97 was found to be 66 pM as compared to glucosaccharo-

lactone (1.8 pM). Gucosaccharo-lactone (1:4) was used as a standard inhibitor.

3. 2. 5. Coagulin E (98)

Compound 98 was obtained by the same procedure as described for

compound 96, Section-3.2.3. The fraction obtained on elution with pet. ether-ethyl

acetate (02 : 98) afforded fraction ‘AWBC-951’, which on further purification by
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thin-layer chromatography using pet. ether-ethyl acetate (05 : 95) as eluent yielded

two compounds 98 and 99 as colorless gums (17.6 and 12.5 mg, respectively).
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The HREI MS spectrum of 98 showed the molecular ion at m/z 436.2618,

corresponding to the molecular formula C28H36O4 (calcd. 436.2613). In the El

MS, the significant peak appeared at m/z 125 could arise by the cleavage of C-

17/C-20 bond while, another fragment peak at m/z 311 represents the remaining

part. The UV spectrum of 98 displayed absorption at 228 nm indicating an a,(J-

unsaturated 6-lactone [66], while the 1R spectrum showed absorptions at 1705

(a,P-unsaturated 5-lactone) and 1692 (six-membered cyclic ketone) cm'1 [67].

The 'H-NMR spectrum (CDCI3, 400MHz) of 98 was closely resembled with the

coagulin C. It showed signals for five quaternary methyl protons resonating at 5

1.97, 1.86, 1.41, 1.21 and 1.15 which were ascribed toC-28,C-27, C-21,C-18and

C-19 methyls, respectively. The diagnostic C-22 methine proton appeared at 5

4.91 (dd, J22a, 23a = 1 1.8 Hz, J22a. 23p = 3.6 Hz). Downfield signals at 6 5.66 (ddd,
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J4, 3 = 10.1 Hz, J4. 2a = 3.2 Hz,\ 2p = 1.0 Hz), 5.62 (dd, J6, 7a = 5.2 Hz, 76, 7p = 2.1

Hz) and 5.54 (m) were ascribed to C-4, C-6 and C-3 olefmic protons, respectively.

This indicated the presence of a 3,5-diene-1-oxo system in rings A and B of the

main Carbocyclic skeleton. The l3C-NMR spectra (CDCI3, 100 MHz) of 98

showed twenty eight carbon signals. DEPT spectra indicated presence of five

methyl, eigh,t methylene and seven methine carbon signals. The remaining eight

quaternary carbons were deduced from the broad-band decoupled spectrum.

Downfield signals at 5 210.6 and 166.0 were assigned to the 1-oxo-carbon and C-

26 carbonyl, respectively. Signals at 8 150.3 and 140.1, 129.5, 127.7, 122.9 and

121.2 were ascribed to the olefmic C-24, C-5, C-4, C-3, C-25 and C-6,

respectively. Signals appeared at 8 20.6, 20.3, 20.1, 17.8 and 12.3 were assigned to

C-28, C-21, C-18, C-19 and C-27 methyl, respectively. Two hydroxy-bearing

quaternary carbons signals at 8 81.9 and 88.0 were assigned to C-20 and C-14,

respectively. By comparison of its spectral data with the reported data, the

compound 98 was identified as coagulin E [84]. For *H- and l3C-NMR,

Experimental section-4.13.

3. 2. 6. Coagulin D (99)

Compound 99 was obtained by the same procedure as described for compound 98,

Section-3.2.6. The HRE1 MS spectrum of 99 showed the molecular ion at m/z

436.2614, corresponding to the molecular formula C28H3604 (calcd. 436.2613). In

the El MS of 99, the base peak which appeared at m/z 125 probably resulted by the
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cleavage of- C-17/C-20 bond, while another fragment appeared at m/z 311

represented the remaining part of the molecule.
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The UV spectrum of 99 displayed absorption at 224 nm indicating an a,P-

unsaturated 8-lactone [66], while the IR spectrum showed absorptions at 1705

(a,p-unsaturated 5-Iactone) and 1692 (six-membered cyclic ketone) cm'1 [67]. The

lH-NMR spectrum (CDC13, 500 MHz) of 99 showed five singlets for the

quaternary methyl protons resonating at 8 1.96, 1.83, 1.41, 1.31 and 1.19 which

were attributed to C-28, C-27, C-21, C-18 and C-19, respectively. The

characteristic C-22 methine proton appeared at 8 4.31 (dd, J22a. 23a = 12.5 Hz,

= 4.1 Hz). Downfield signals at 8 6.72 (ddd, 73. 2 = 10.1 Hz, J3, 4tl = 3.0Hz,

Jx 4p= 1.0 Hz), 5.84 (dd,J2.3= 10.1 Hz,J2.4a = 3.0Hz,72j4p= 1.0 Hz), and5.51(m)

were ascribed to the olefinic C-3, C-2 and C-6 protons, respectively. They

indicated the presence of a 2,5-diene-1-oxo system in rings A and B of the main
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carbocyclic skeleton. The 13C-NMR spectrum (CDCfi, 100 MHz) of 99 exhibited

twenty eight carbon signals. DEPT spectra indicated the presence of five methyl,

eight methylene and seven methine carbons. The eight quaternary carbons were

deduced from the broad-band decoupled spectrum. Downfeild signals at 5 205.1

and 166.0 were assigned to 1-oxo-carbon and C-26 carbonyls, respectively.

Signals appearing at 6 149.1, 145.7, 134.4, 127.1, 125.2, and 121.4 were ascribed

to the olefmic C-24, C-3, C-5, C-2, C-65 and C-25, respectively. The hydroxy

methine C-22 resonated at 8 81.2. Two hydroxy-bearing quaternary carbon signals

at 5 86.4 and 81.9 were assigned to C-20 and C-14, respectively. Methyl signals at

6 20.8, 20.4,- 18.2, 17.4 and 12.6 were assigned to C-21, C-28, C-18, C-19 and C-

27, respectively. Spectral data of 99 when compared with the reported data,

indicated that compound in hand was coagulin D [84]. For 'H- and 13C-NMR, see

Experimental section-4.14.

3. 2. 7. Coagulin F (100)

Compound 100 was obtained by the same isolation procedure described for

compound 90, Section-3.1.1. The fraction obtained on elution with pet. ether-

ethyl acetate (02 : 98) afforded fraction ‘AWBC- 91’, which on further

purification by thin-layer chromatography using pet. ether-ethyl acetate (97 : 03)

as the mobile phase afforded two compounds 100 and 101 as colorless gums

(20.3 and 17.9mg, respectively).
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The HREI MS spectrum of 100 showed the molecular ion at m/z 452.2458,

corresponding to the molecular formula C28H360s (calcd. 452. 2562). In the El MS

of 100, the base peak at m/z 141 may have arisen by the cleavage of C-20/C-22

bond. The loss of a water molecule following the abstraction of a proton yielded a

significant peak appeared at m/z 124. While another fragment which appeared at

m/z 31 1 could be due to the remaining part of the scission of C-20/C-22 bond. The

UV spectrum of 100 displayed an intense band at 230 nm for the a,P-unsaturated

5-lactone [66], while the IR spectrum showed absorptions at 3341 (OH) .1701

(six-membered cyclic ketone) and 1715 (a,P-unsaturated 5-lactone) cm'1 [67]. The

‘H-NMR spectrum (CDCI3, 500 MHz) of 100 showed signals for five quatemaiy

methyls resonating at 5 2.01, 1.28, 1.15 and 0.93 which were assigned to C-28, C-

19, C-21 and C-18, respectively. The C-22 methine proton appeared at 5 4.05 (dd,

Jria. 23a - 12.5 Hz, J22a. 23p = 3.6 Hz). Downfield signals at 5 6.02 (dd, 3 = 10.2

Hz, JAi 2 = 2.5 Hz), 5.66 (m) and 5.61 (m) were ascribed to C-4, C-6 and C-3
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olefinic protons, respectively. This indicated the presence of a 3,5-diene-l-oxo

system in rings A and B of the main carbocyclic skeleton. AB doublets at 4.12 and

4.19 (J27a, 27b = 11.5 Hz) were assigned to C-27 hydroxymethylene protons. The

,3C-NMR spectrum (CDC13, 100 MHz) of 100 displayed twenty eight carbon

signals. DEPT spectra indicated the presence of four methyls, eight methylene and

seven methine carbons. The remaining quaternary carbons were deduced from the

broad-band decoupled spectra. Downfield signals at 8 210.1 and 165.0 were

assigned to the 1-oxo-carbon and C-26 carbonyl respectively. Signals at 5 154.0,

140.4, 128.7, 127.4, 125.5 and 121.6 were ascribed to the olefinic C-24, C-5, C-4,

C-3, C-25 and C-6, respectively. Methyl signals at 5, 20.7, 19.8, 19.7 and 16.3

were assigned to C-21, C-28, C-21, C-19 and C-18, respectively. By comparison

of its spectral data with the reported data, the compound 100 was identified as a

known coagulin F [87], For *H- and l3C-NMR, see Experimental section-4.15.

Enzyme Activity:

Compound 100 was found to be active against p-glucuronidase. It showed

121 pM IC50 as compared to standard glucosaccharo-lactone (IC50 1.8 pM).

3. 2. 8. Coagulin B (101)

Compound 101 was obtained by the same isolation procedure as described

for compound 100, Section-3.2.8. The HREI MS spectrum of 101 showed the

molecular ion at m/z 452.2534, corresponding to molecular formula C28H3605
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(calcd. 452.2566). In the El MS, the peaks appearing at m/z 125 and 311 resulted

by the cleavage of C-17/C-20 bond.
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The UV spectrum of 101 displayed absorption at 225 nm indicating an a,P~

unsaturated 8-lactone [66], while the IR spectrum showed absorptions at 3402

(OH), 1692 (a,P-unsaturated 8-lactone) and 1661 (six-membered cyclic ketone)

cm’1 [67]. The 'H-NMR spectrum (CDC13, 500 MHz) of 101 resembled with that

of coagulin F , but instead of a 3,5-diene-1-oxo system it indicated the presence of

a 2,5-diene-1-oxo system, in rings A and B of the main carbocyclic skeleton. This

inference was based on the signals at 8 6.76 (ddd, J3i 2 = 10.0 Hz, Jy Aa = 5.1 Hz,

Jz, 4p — 2.5 Hz), 5.88 (ddd, 3 — 10 Hz, 4« — 3.0 Hz, 4p — 1.2 Hz) and 5.59

(m), which were ascribed to the olefinic C-3, C-2 and C-6 protons, respectively. It

also showed signals for five quaternary methyl protons resonating at 8 2.01, 1.25,

1.29, 1.21 and 1.01 which were assigned to C-28, C-21, C-18 and C-I9 methyls,
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respectively. AB doublets at 8 4.29 and 4.25 (J2ia, 27b = 12.5 Hz) were assigned to

the C-27 hydroxymethylene protons. The C-22 methine proton appeared at 8 4.36

(dd, J22a, 23a = 12.2 Hz, J22a. 23p = 4.6 Hz). The l3C-NMR spectrum (CDCI3, 100

MHz) of 101 showed signals for twenty eight carbon. DEPT spectra indicated the

presence of five methyl, eight methylene and seven methine carbons. The

remaining eight quaternary carbons were deduced from the broad-band decoupled

spectrum. Downfield signals at 8 206.1 and 168.2 were assigned to the 1-oxo-

carbon and C-26 carbonyls respectively. The signals at 8 155.4, 146.1, 135.7,

127.3, 125.9, and 125.1 were ascribed to the olefinic C-24, , C-3, C-5, C-2, C-6

and C-25, respectively. Signals at 8 20.3, 19.5, 18.6 and 17.1 were ascribed to C-

28, C-21, C-18 and C-19 methyls, respectively. Two hydroxy-bearing quaternary

carbon signals appeared at 8 81.9 and 88.0 and were assigned to C-20 and C-14,

respectively. By comparison of its spectral data with the reported values, the

compound 101 was identified as coagulin B [84]. For 'H- and l3C-NMR, see

Experimental section-4.16.

3. 2, 9, Ajugin A (102)

Compound 102 was obtained as a transparent gum, following the isolation

procedure mentioned in case of compound 91, Section-3.1.2. Fraction ‘WEW’ was

subjected to thin layer chromatography, the mixture of pet. ether-ethyl acetate (01

: 99) was used as the developing solvent which yielded compound 102 as
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colourless gum (25 mg). Compound 102 showed UV absorption maximum at 221

nm, indicating the presence of an a,p-unsaturated 8-lactone [66].
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The HREI MS spectrum of 102 showed molecular ion at m/z 470.4514,

corresponding to molecular formula C28H3605 (calcd. 470.4516). The IR spectrum

displayed absorptions at 3422 (OH), 1701 (cyclic ketone) and 1712 (a,P-

unsaturated 5-lactone) cm'1 [67]. The El MS of 102 indicated the molecular ion at

m/z 470 along with several fragments and losses characteristic of a withanolide

[68]. The fragment at m/z 185 resulted from the cleavage of the C-17/C-20 bond,

suggesting the presence of a 20-hydroxywithanolide, while the peak at m/z 141

resulted from the cleavage of the C-20/C-22 bond showing the presence of an a,P~

unsaturated 6-lactone at C-20. The 'H-NMR (CDCI3, 400 MHz) of 102 indicated

the presence of a 3,5-diene-1-oxosystem in rings A and B of the carbocyclic

skeleton. It was apparent from the signals at 5 6.65 (m), 5.67 (m) and 5.40 (m)
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were assigned to the C-3, C-4 and C-6 olefinic protons, respectively. A methine

proton appearing at 8 4.53 (dd, J22a, 23a = 12.5 Hz, J22a. 23p = 3.6 Hz) was ascribed

to C-22 proton. Four tertiary methyls appeared at 6 1.86, 1.27, 1.20 and 0.96 and

were assigned to C-28, C-21, C-19 and C-18, respectively. AB doublets at 8 4.38

and 4.21 (dd, J27a> 27b = 12.5 Hz) were attributed to the C-27 hydroxymethylene

13protons. The C-NMR (CDCl3t 100 MHz) spectrum of 102 showed resonances for

twenty eight carbon atoms in the molecule. DEPT spectra indicated the presence

of four methyl, eight methylene, and seven methine carbons. The remaining nine

quaternary carbons were deduced from broad-band decoupled spectrum. Signals

resonating at 5 211.6 and 166.5 were assigned to C-l and C-26 carbonyls,

respectively. Five carbons resonating at 8 152.6, 142.4, 128.1, 127.1 and 121.7

were ascribed to the olefinic 024, 05, C-4, C-3 and 025, respectively. Methyl

signals appearing at 5 20.0, 19.1, 16.8 and 11.6 were assigned to C-21, C-19, C-18

and C-27, respectively. The hydroxy-bearing carbons 014, 020, and C-28

appeared at 8 82.4, 79.0 and 57.9, respectively. The compound 102 was identified

as ajugin A with the help of spectral studies and comparison of spectral data with

that of reported data [88]. For 'H- and l3C-NMR, see Experimental scction-4.17.

3. 2. 10. Methyl 4-Hydroxy Benzoate (103)

The chloroform fraction (560 g), extracted at pH 7.0 from the crude extract

of the plant/ was loaded onto a silica gel column (mesh size 70-230, 2 Kg). The

resulting fraction ‘WCH’ was subjected to repeated column chromatography.
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Compound 103 was purified as a white solid by column chromatography of a

fraction eluted with pet. ether-dichloromethane (80 : 20) Experimental section-

4.18, Scheme-25.

ov
V"OCH3

OH

103

The UV spectrum of 103 showed the presence of benzoate with para

oxygenated substituents by showing an absorption at 247 nm [89], The sharp

absorption bands at 1690 and 3550 cm'1 in the IR spectrum of 103 indicated the

presence of conjugated carbonyl and hydroxy functions in the molecule [90]. The

molecular ion appeared in the EI-MS spectrum at m/z 152. The loss of a methoxyl

group yielded the base peak at m/z 121. The ’H-NMR spectrum (CDCI3, 400

MHz) of 103 showed two 2H doublets in the aromatic region at 6 6.86 and 7.92

(J2. j = 8.5 Hz), indicating para substitution in aromatic ring. A singlet of 3H at 6

3.88, was assigned to methoxy group. In the l3C-NMR spectrum (CDCI3, 400

MHz) the signal at 6 52.1 was also indicative of a methoxy group. The signal

resonating at 5 160.3 was assigned to the quaternary aromatic carbon bearing a

hydroxy group, whereas signals resonating at 5 132.0, 122.3 and 115.3 was

ascribed to C-2, C-6 and C-3/C-5, respectively. The signal at 6 167.5 was
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attributed to -acetate carbonyl carbon. The compound 103 was identified as methyl

4-hydroxy-benzoate with the help of spectroscopic evidences and confirmed by

comparison of its data with the reported compounds [90], For 'l l- and l3C-NMR,

see Experimental section-4.18.

3. 2. 11. P-Amyrin (104)
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The chloroform fraction (560 g) obtained at pH 7.0 from the crude extract

was loaded on a silica gel column (mesh size 70-230, 2 Kg). The fraction ‘WC1T

was subjected to repeated column chromatography. Fraction ‘WCH-12’ from this

column was again loaded on a silica gel column (mesh size 70-230, 50 g) to afford

shining needles of P-amyrin. It gave a positive colour reaction, characteristic of

triterpenes with ceric sulphate. The molecular ion was observed at m/z 426.3625 in

the HREI MS spectrum, corresponding to the formula CWH.MIO (calcd 426.3861).

The IR spectrum exhibited absorption bands for hydroxyl group at 343 1 cm'1 and

for the trisubstituted double bond at 3045, 1652 and 815 cm'1. The El MS

spectrum of 104 showed characteristic fragmentation pattern of a P-amyrin
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skeleton. The 'H-NMR (CDC13, 100 MHz) spectrum of 104 showed seven tertiary

methyl singlets appearing at 5 1.02, 1.01, 0.99, 0.95, 0.88, 0.82 and 0.80. The

hydroxymethine proton resonated at 5 3.21 (dd, Jaxax = 10.2 Hz, eq = 4.3 Hz),

while a multiplet at 5 5.23 was indicative of the C-12 olefinic proton. For ‘H-

NMR, see Experimental section-4.19. P-amyrin is also one of the most common

secondary metabolites of plant origin [92].

3. 2. 12. P-Sitosterol (105)
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The chloroform fraction (560 g) extracted at pH 7.0 from the crude plant

extract was loaded onto a silica gel column (mesh size 70-230, 2Kg). The fraction

‘WCH’ was subjected to repeated column chromatography, which yielded needles

of 105. The HREI MS spectrum exhibited the molecular ion at m/z 414.3857. The

appearance of molecular ion as the base peak indicated the stable nature of the

molecule. The HREI MS mass spectrum established the molecular formula as

C29H50O indicating the presence of five degrees of unsaturation. By comparison of

its 'H-NMR values with that of reported compound and comparative TLC with an
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1*5 -
authentic sample, the compound (105) was charaterized as p-sitosterol (105) [93J.

For 'H-NMR, see Experimental section-4.20. p-Sitosterol (105) has been isolated

from a variety of vegetative sources and considered to be one of the commonest

I . . .1'| I V . ........ 1 1 *' * »’>>.* ;

secondary metabolites of plant origin but this is the first report of its isolation from

Withania coagulans.

3.2.13. (3-Sitosterol glycoside (106)
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The chloroform fraction (560 g), extracted at pH 7.0 from the crude extract,

was loaded onto a silica gel column (mesh size 70-230, 2 Kg). The fraction

‘WCM’ was subjected to repeated column chromatography using mobile phase

dichloromethane-methanol (97 : 03). P-Sitoslcrol (106) glycoside was isolated

from the fraction obtained on elution with dichloromethane-methanol (97 : 03).

negative FAB mass spectrum of 106 exhibited the molecular ion at m/z

575 [M-H]*. The nC-NMR spectrum indicated the presence of 35 carbons. The
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NMR spectrum with on comparison with reported data, indicated that the

compound in hand was 3-O-P-D-glucopyranosyl-P-sitosterol [93]. For 'H- and

I3C-NMR, see Experimental section-4.21. P-Sitosterol-glycoside (106) is also

considered to be one of the commonest secondary metabolites of plant origin but

this is the first report of its isolation from this species.
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4. EXPERIMENTAL

4.1. General Experimental Conditions:

Physical Constants: Optical rotations were measured on Jasco DIP-360

digital polarimeter, whereas melting points (uncorrected) were determined in

glass capillary tubes using Buchi-535 melting point apparatus.

Spectroscopy:

UV spectra were recorded in methanol on Hitachi U-3200

spectrophotometer. Infrared (IR) spectra were measured in KBr on Jasco A-

302 spectrophotometer. ID and 2D NMR spectra were recorded in deuterated

solvents- at 300, 400 and 500 MHz on Bruker AM-300, AM-400, and AMX

500 FT-NMR spectrometers with TMS as internal reference. The l3C-NMR

experiments were performed on the same instruments at 75, 100 and 125 MHz,

respectively.

Mass spectra were measured on a Finnigan MAT 312 with MASPEC

Data system or Finnigan MAT 312 double focusing mass spectrometers. Fast

atom bombardment (FAB) spectra were recorded on Jeol JMS HX 110 mass

spectrometer in glycerol or thioglycerol as the matrix and cesium iodide as

internal standard. Dragendorff s and ceric sulphate spray reagents were used

for the detection of withanolides. The sugars were detected by aniline pthalate
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reagent. Silica gel GF-254 precoated cards (E. Merck) were used for thin layer

chromatography. HPLC was performed on Shimadzu LC 10AT dual pump

system with SPD 6AV UV and PID 6A RI detectors employing Waters RP-18

reverse phase semi-preparative columns.

4.2. Spray Reagents:

i) DragendorfTs reagent:

Solution A: 8.5 gm Bi(N03)2+100 mL AcOH dissolved in 400 mL of distilled

water.

Solution B: 200 gm KI dissolved in 500 mL of distilled water.

Solutions A and B were mixed in equal volumes and stored at room

temperature. The spray reagent was made by mixing 10 mL of stock solution

and 40 mL of 20% AcOH.

ii) Ceric sulphate-sulphuric acid reagent:

0.1 gm Ceric sulphate +1 gm trichloroacetic acid were dissolved in 4 mL

distilled water. The solution was refluxed and cone. H2S04 was added drop

wise until the turbidity disappeared.

iii) Aniline pthalate reagent:

0.93 gm aniline and 1.66 gm o-pthalic acid were dissolved in 100 mL n-

butanol saturated with H20.
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4.3. Plant Material:

The whole plant (140 kg) of Withania coagulans Dun. (Solanaeceae)

was collected from the suburban areas of Karachi (Pakistan) in Sept 1996. The

plant material was identified by Mr. Tahir Ali, Plant Taxonomist, Department

of Botany, University of Karachi. A voucher specimen (KUH-67122) was

deposited in the Herbarium of the University of Karachi.

4.4. Extraction, Isolation and Spectral Data:

The air-dried plant material (79 kg) was crushed and soaked in MeOH

(150 L) for one week. The methanolic extract was combined and evaporated

under reduced pressures to afford a gummy residue (2 kg), Scheme-24. The

concentrated residue was suspended in a mixture of water and methanol (95 :

05) and defatted with pet. ether (40 L). The defatted aqueous layer was

extracted with chloroform (25 L) and concentrated to afford fraction ‘WC’

(560 g), Scheme-25 and then with ethyl acetate (15 L) to obtain fraction AWE

(75 g), Scheme-26. The remaining aqueous layer was acidified with 10% acetic

acid to pH 3.0 and extracted with chloroform (15 L), Scheme-27. It was

concentrated to afford fraction AWA (25 g), basified with 20% ammonia to pH

9.0 and extracted with chloroform (15 L) to yield fraction AWBC (80 g),

Scheme-28. The detailed fractionation procedure is given in Scheme-24.
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i) Extd. with methanolWithania coagulans

(whole plant, air-dried, 79 kg)

Crude
extract (2 kg)ii) evoporation

Dissolved in H20-MeOH
(4L) (95:05)

\ \
InsolubleSoluble

1
Chloroform
(pH 7.0, 15 L, 560 g)
WC, Scheme-25

Aqueous layer

1l
Aqueous layerEthyl acetate

(pH 7.0, 10 L, 75g)
AWE, Scheme-26

l \
Acidified with 10% Acetic acid
(pH -3.0, extd. CHCI3 15 L, 25 g)

AWA, Scheme-27

Aqueous layer

( I
Basifled with 20% NH3 soln.
(pH -9.0, extd. CHCI3, 10 L)

AWBC (80 g), Scheme-28

Aqueous layer

Scheme-24: Extraction scheme of H'ilhaniu coagulant (whole plant).
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Fraction WC (560 g)

Column Chromatography
(Silica gel, 2 kg)

CHjClj-Pct. ether

(05 : 95)CH2CI2-Pet. ether
WCH-I
100 mg

P-Amyrin
(104)Preparative

TLC
(05 : 95)

CH2CI2-Pet. ether

(88 : 12)CH2CI2-Pet. ether WCH-5
-ÿ

1 g IPreparative

TLC
(15:85)

Mcthyl-4-benzoate
(103)

CH2CI2-Pet. ether
AWBC-95WCW (2 1 5 mg)

(95 : 05)

I Preparative
TLC
Ethyl acetate-Pet. ether
(97 : 03)
four times

WC-1

Preparative
TLC
Ethyl acetate-Pet. ether
(95 : 05)
four limes

Compound 98

Compound 99

Compound 96

Compound 97

CH2CI2-MeOHCH2CI2-MeOH (ilyeosiile

(98:02) oVp-siloslerol
Repealed CC (106)

WCM-1 1

(75 mg)(95 :05)

Scheme-25 ; Fractionation of fraction ’WC'
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Fraclion AWE (75 g)

Column chromatography (CC)
(Silica gel, 1 Kg)

CH2Cl2_MeOH
AWE-1
(30 mg) (92 : 08)

Preparative TLCCH2Cl2-MeOH

(92 : 08)

Compound 92AWE-2
(50 mg)

HPLC
(Semi-preparative, RP-18 column)

System: isocratic, Me0H-H20
(50 : 50)

Flow rate: 2 mL/min

Retention time
45 minutes

Compound 95
50 minutes

CH2Cl2. MeOH Compound 94
AWE-3 (20 mg)

(80 : 20)
HPLC
(Semi-preparative, RP-18 column)
System: isocratic, MeOH-H20
Flow rate: 2 ml (70 : 30) min
Retention time: 80 minutes

Compound 93

Scheme-26: Fractionation of fraction 'AWE'
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Fraction AWA (27 g)

Column chromatography (CC)
(Si-gel, 1 Kg)

Ethyl acetate-methanol
(99:01)

JF-E
dg)

Ethyl acetate-methanol
(99:01)

1t
WEW-1

(150 mg)

JF-E-1
(50 mg)

I I
Compound 102Compound 91

Scheme-27 : Fractionation of fraction 'AWA'
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Fraclion AWBC (80 g)

Column Chromatography
(Silica gel, I kg)

Ethyl acetate-pet. ether
+-AWBC-1

(25 : 75)

Ethyl acetate-pet. ether

(20 : 80)

AWBC-12 (200 mÿ

Compound 90

Ethyl acetate-pet. ether
-AWC-91

(90 : 10)

preparative TLC
Ethylacetate-Pet. ether

(92 : 8)

fourtimes run

Compound 100

Compound 101

Compound 98

Compound 99

Scheme-28 : Fractionation of fraction 'AWBC’
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4.5. Isolation and Characterization of (22/?), 20p-Hydroxy-l-oxo-

witha-2,5,24-trieno!ide (90)

The fraction AWBC (80 g) extracted at pH 9.0, was loaded on a silica gel

column (70-230 mesh size, ASTM, 1.5 kg), Scheme-24. The column was

eluted with increasing polarities of pet. ether, ethyl acetate and methanol (0-

100%). At polarity of pet. ether-ethyl acetate (80 : 20) a fraction AWBC-12

was obtained, which was subjected to thin layer chromatography using mixture

of pet. ether-ethyl acetate (75 : 25) as eluent to afford compound 90 as white

amorphous powder (25 mg), Scheme-28.

Physical Constants and Spectral Data :

Rf : 0.56 (ethyl acetate-pet. ether, 30 : 70)

(a|D25 +34 (c = 0.0053, CHC13)

UV (MeOH) nm : 201 (a, p-unsaturated 8-lactone).

IR vmax,(CHCl3) cm'1: 3426 (OH), 1715 (a, p-unsaturated 5-lactone), 1684

(six-membered cyclic ketone).

FAB MS: m/z 439 [M+H]+

El MS m/z (rel. int. %) : 438 (9), 312 (27), 169(87), 141 (91), 126(100).

Peak matching m/z : 438.2778 (Calcd. for C2kH3k04 438.2770)

'H-NMR (CDC13, 500 MHz) 6: see Table-3.

I3C-NMR (CDC13, 100 MHz) 5: see Table-3.
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4.6. Isolation and Characterization of Coagulin J (91)

Fraction ‘AWA’ was subjected to column chromatography using silica gel

(mesh size 70-230) as stationary phase which was eluted using a gradient of

pet. ether, CH2C12 and MeOH, respectively (Scheme-27). On elution with pure

CH2CI2, a fraction JF-E was obtained which was subjected to repeated column

chromatography on silica gel using solvents pet. ether-CH2Cl2 (2-0%) to afford

compound 91.

Physical Constants and Spectral Data :

Rf : 0.42 (ethyl acetate-pet. ether, 99 : 01)

[cx]D25 +49 (c = 0.35 CHCh)

UV A.max (MeOH) nm: 214 (log e 4.1) (a, p-unsaturated 6-lactone).

IR vmax (CHC13) cm'1: 3441 (OH), 1722 (a, p-unsaturated 6-lactone), 1705

(six-membered cyclic ketone).

FAB MS m/z ; 471

El MS m/z (rel. int. %) : 452 (8), 329 (21), 301 (17), 169 (67), 141 (82), 124

(100).

HRFAB MS m/z : 471.2730 [M+H]+ (calcd. For CzgHÿA : 471.2736)

‘H-NMR (CDCI3, 500 MHz) 6: see Table-4.

,3C-NMR (CDCI3, 100 MHz) 8: see Table-4.
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4.7. Isolation and Characterization of Coagulin R (92)

Fraction ‘AWE’ (75 g) was loaded on a silica gel column (mesh size 70-

230, 1.5 Kg) (Scheme-26). A fraction ‘SWC’ thus obtained was again

subjected to CC using the same mobile phase to afford a colorless gummy sub¬

fraction WS-3. This fraction when subjected to CC using silica gel (mesh size

70-230, 25 g) and eluted with the solvent system CH2Cl2-MeOH (98 : 02)

yielded compound 92 as a colorless gum.

Physical Constants and Spectral Data :

Rf : 0.46 (CH2Cl2-MeOH, 92 : 08)

[a]D25 +35 (c = 0.37 MeOH)

UV (MeOH): 225 nm (log E 3.8) (a, P-unsaturated 8-lactone).

IR vmax (CHC13) cm'1: 3483 (OH), 1704 (a, P-unsaturated 5-lactone), 1691 six-

membered cyclic ketone).

FAB MS: m/z 621, 459, 441.

El MS (rel. int. %) : m/z 584 (7), 480 (15), 440 (18), 422 (29), 151 (100), 125

(92).

HRFAB MS m/z : 621.3638 [M+H]+ (calcd. C34H53Ol0 621.3632)

lH-NMR (CDClj, 500 MHz) 5: see Table-5.

I3C-NMR (CDCI3, 100 MHz) 5: see Table-5.
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Acid Hydrolysis of Coagulin R (92) :

Compound 92 was heated with 2M methanolic HC1 (4 mL) for 3 hr and

the solvent was removed under reduced pressure. The reaction mixture was

diluted with H20, and extracted with ethyl acetate; The aqueous layer was

neutralized and again concentrated under reduced pressure. Glucose released

was identified by comparative paper chromatography with the standard sugar

using w-BuOH-AcOH-H20 (4:1:5) as the solvent system.

Enzymatic Hydrolysis:

Enzymatic hydrolysis of compound 92 was carried out in bio-assay lab

of HEJ Rsearch Institute of Chemistry by Mr. Sayed Shehzad-ul-Hasan using

a-glucosidase enzyme from yeast. 0.02 units/ml of the enzyme was used in the

medium of 50 pM Sodium phosphate buffer containing 100 pM NaCl at pH

6.8. Compound was incubated for one hour at 37°C with the enzyme.

Hydrolysates were separated by lypholisation and confirmed by TLC.

4.8. Isolation and Characterization of Coagulin U (93)

The isolation procedure for 93 was same as discussed for compound 92,

(Scheme-26). Fraction ‘WD’ obtained from the column chromatography of

fraction ‘SWC-1’ was subjected to HPLC by using MeOH-water (70 : 30) as

the eluent to afford compound 93 as a colorless gum ( 12.3 mg).
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Physical Constant and Spectral Data :

Rf : 0.52 (CH2Cl2-MeOH, 83 : 17)

{a]D25 +59 (c = 0.045 MeOH)

UV Xmox (MeOH) nm: 219 ( log e 4.7)(a, P-unsaturated 8-lactone).

IR vmax (KBr) cm'1: 3441 (OH), 1704 (a, p-unsaturated 8-laclone), 1692 (six-

membered cyclic ketone).

FAB MS m/z: 783 [M+H]+

El MS mJz (rel. int. %) : 452 (16), 329 (47), 301 (33), 169(73), 141 (82), 124

(100).

HRFAB MS m/z : 783.41 1 [M+H]+ (calcd. C40H|6O62 783.416)

'H-NMR (CDCIJ, 500 MHz) 5: see Table-7.

,3C-NMR (CDC13, 100 MHz) 8: see Table-7.

Acid Hydrolysis of Coagulin U (93)

Compound 93 was heated with 2 M methanolic HC1 (4 mL) for 3 hr.

Further work-up was same as described for 92, Section-4.7. Identification of

sugar was also done by the same procedure.

4.9. Isolation and Characterization of Coagulin K (94)

The isolation procedure was same as discussed for 92, Scheme-26. The

fraction ‘SWC-1’ was subjected to HPLC using MeOH-waler (50 : 50) as the
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mobile phase to afford two compounds SWC-V (94) and SWC-V1 (95) with

different retention times, Scheme-26.

Physical Constants and Spectral Data :

Rf: 0.53 (CH2Cl2-MeOH, 92 : 08)

[ot]D25 + 106° (c = 0.46, MeOH).

UV A.max (MeOH) nm: 220 (log e 4.02) (a,P-unsaturated 8-lactone).

IR vmM (KBr) cm'1: 3501 (OH), 1712 (a,P-unsaturated 8-lactone), 1698 (six-member

cyclic ketone).

FAB MS m/z\ 617 (M+H)+

El MS mJz (rel. int. %) : 452 (7), 436 (23), 151 (77), 125 (100).

HRFAB MS m/z : 617.3718 [M+H]+ (calcd. C34H48016617.3715)

'H-NMR (CD3OD, 500 MHz) 8: 5.72 (1H, d, J6% 7a = 6.1Hz H-6), 4.40 (1H,

dd, y22a.23a - 1 1.5 Hz, y22a,23„ = 3.5 Hz H-22), 4.38 (1H, d, JV2' = 7.8 Hz, H-

T), 3.88 (1H, m, H-3), 1.98 (3H, s, H-28), 1.85 (3H, s, H-27), 1.40 (3H, s, H-

21), 1.31 (3H, s, H-19), 1.28 (3H, s, H-18).

,3C-NMR (CD30D, 125 MHz) 8: 211.8 (C-l), 167.1 (C-26), 149.7 (C-24),

133.2 (C-5), 126.2 (C-6), 121.1 (C-25), 101.3 (C-l’), 84.0 (C-14), 81.5 (C-22),

76.1 (C-20), 75.7 (C-3’), 75.4 (C-5’), 74.5 (C-2’), 73.1 (C-3), 69.8 (C-4'), 61.2

(C-6’), 55.27 (C-10), 52.7 (C-17), 48.7 (C-13), 45.6 (C-2), 40.7 (C-4), 37.8 (C-

8), 37.4 (C-9), 35.2 (C-12), 31.6 (C-23), 26.2 (C-7), 21.4 (C-l 1), 21.1 (C-16),

20.6 (C-28), 19.7 (C-21 ), 18.3 (C-19), 17.2 (C-18), 1 1.5 (C-27).
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Acid Hydrolysis of Coagulin K (94).

Compound 94 was heated with 2 M methanolic HCI (4 mL) for 3 hr.

Further work-up was same as described for 92, see Section-4.7. Sugar was

identified by the same procedure, as discussed for compound 92.

4.10. (22R)-14,20-Epoxy-17p-hydroxy-l-oxowitha- 5, 24-dienolide-

3P-(0-p-D-glucopyranoside) (95)

The isolation procedure for (22/?)-14,20-epoxy-17p-hydroxy-l-

oxowitha-5, 24-dienolide-3p-(Op-D-glucopyranoside) (95) has been discussed

with isolation of 94, see Section-4.9.

Physical Constants and Spectral Data :

Rf : 0.55 (CH2Cl2-MeOH, 92 : 08)

[a]25D + 78° (c = 0.0077, MeOH).

UV \max (MeOH) nm : 222 (log e 3.98).

IR vnnw (KBr) cm"1: 3501 (OH), 1712 (a, P-unsaturated 8-lactone), 1698 (six-

membered cyclic ketone).

El MS (rel. int. %) : m/z 436 (17), 169 (81), 1 52 (100), 124 (93).

HRFAB MS m/z : 633.3274 [M+H]+ (calcd. CjÿO,, 633.3272)

'H-NMR (CD3OD, 500 MHz) 8: 5.72 (IH, m, 11-6), 5.61 (111, d, 7ll = 7.7

Hz, H-6), 4.38 (1H, d, Jv>r = 7.7 Hz, H-l’), 4.41 (dd, J22a.23a = 11.5 Hz, J22a.
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23p = 3.5 Hz, H-22), 3.88 (1H, m, H-3), 1.98 (3H, s, H-28), 1.85 (3H, s, H-27),

1.40 (3H, s, H-21), 1.31 (3H, s, H- 19), 1.28 (3H, s, H-1 8).

,3C-NMR (CD3OD, 125 MHz) 8: 214.4 (C-l), 168.8 (C-26), 153.0 (C-24),

126.5 (C-6), 121.7 (C-25), C-T (102.6), 88.3 (C-14), 83.4 (C-20), 82.4 (C-

22), 79.4 (C-l7), 77.5 (C-3’), 77.3 (C-5’), 76.6 (C-2’), 74.4 (C-3), 71.1 (C-4’),

62.4 (C-6’), 55.4 (C-l3), 53.9 (C-10), 46.4 (C-2), 38.4 (C-4), 37.1 (C-7), 36.6

(C-8), 36.6 (C-9), 35.3 (C-23), 31.1 (C-l6), 30.1 (C-l 5), 26.5 (C-l 2), 22.7 (C-

11), 20.8 (C-21), 20.7 (C-28), 19.3 (C-l8), 18.3 (C-l9), 12.4 (C-27).

Acid Hydrolysis of (22/?)-14,20-Epoxy-17p-hydroxy-l-oxowitha-5, 24-

dienolide-3p-(0-P-D-glucopyranoside) (95)

Compound 95 was heated with 2 M methanolic HC1 (4 mL) for 3 hr.

Further work up was carried out as described for compound 92, see Section-

4.7. Identification of the sugar was also achieved by the same procedure.

4.11. (22R)-14, 20-Epoxy-17P-hydropxy-l-oxowitha-3,5,25-trienolide

(96)

Compound 96 was isolated from the fraction ‘WC’, Scheme-25. The

gum was subjected to column chromatography using mixtures of pet. ethr,

dichloromethane and methanol with increasing polarities. On elution with

dichloromethane-pet. ether (98 : 02), fraction ‘WC’ was obtained which

showed two UV active spots. It was further subjected to thin layer
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chromatography using dichloromethane-pet. ether (95 : 05) as developing

solvent system to afford compound 96 and 97 as colourless gums.

Physical Constants and Spectral data :

Rf: 0.53 (CH2Cl2-pet. ether, 90 : 10)

[alo25 + 11° (c = 0.0062, CHC13 + MeOH].

UV KM (MeOH) nm : 226 (log e 3.99).

1R vm„ (KBr) cm’1: 3351 (OH), 1705 (a, p-unsaturated 5-lactone), 1690 (C = O).

El MS m/z (rel. int %): 452 (9), 434 (11), 283 (76), 152 (100), 125 (91).

HREI MS m/z: 452.2561 (calcd. for C2gH3605 452.2562)

IH-NMR (CDCl3) 500 MHz) 5: 6.07 (1H, m, Hz, H-4), 5.76 (IH, m, H-3),

5.57 (IH, dd, J6.7a = 5.5, y6.73 = 2.5, H-6), 4.68 (dd, J22a.23a = 12.9 Hz, J22a .

23P = 3.9 Hz, H-22), 1.88 s (3H, s, H-28), 1.75 (3H, s, H-27), 1.29 (3H, s, H-

19), 1.24 (3H, s, H-21), 1.01 (3H, s, H-18).

13C-NMR (CDC13I 125 MHz): 210 (C-l), 165.9 (C-26), 150.7 (C-24), 128.7

(C-H), 124 (C-3) 140.2 (C-5), 121.9 (C-6), 120.1 (C-25), 87.3 (C-l 4), 81.9 (C-

17), 80.8 (C-22), 78.1 (C-20), 53.9 (C-13) 52.4 (C-10), 39.4 (C-2), 35.7 (C-

23), 35.1 (C-8), 34.2 (C-7), 33.4 (C-9), 25.4 (C-12) 21.4 (C-l 1), 29.9 (C-15),

31.7 (C-l6), 20.3 (C-21), 20.2 (C-l 8), 19.7 (C-28), 19.0 (C-l 9).
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4.12. Isolation and Characterization of Coagulin C (97)

The isolation procedure of coagulin C is same as discussed for compound 96,

Section-4.11.

Physical Constants and Spectral Data :

Rf: 0.51 (CH2Cl2-pet. ether, 90: 10)

[a]D25+13 (c = .0067, CHC13)

UV Xmax (MeOH): 226 nm (log E 4.6).

IR vm8x cm'1: (CHC13) 3402, 1701, 1665

EIMS m/z (rel. int. %) : 452 (4), 152 (87), 125 (100).

HREI MS m/z: 452.2568 (calcd. for C28H360j 452.2562)

'H-NMR (CDC13, 500 MHz) 8: 5.88 (1H, dd, J2< 3 = 10, Hz, J2. 4a = 3, Hz, H-

2), 6.77 (1H, ddd, J2,3 = 10, Hz, J3,4a = 5, Hz,y3<4p = 2.5, Hz, H-3), 5.60(1H,

br. d,\ 7a =5.1, H-6), 4.36 (dd, J22a,23a = 12.8 Hz, y22a.23p = 4.6 Hz, H-22),

1.92 s (3H, s, H-28), 1.86 (3H, s, H-27), 1.40 (3H, s, H-21), 1.21 (3H, s, H-18),

1.11 (3H, s, H-19).

l3C-NMR (CDC13, 125MHz) 5: 204.0 (C-l), 165.6 (C-26). 148.6 (C-24), 127.9

(C-2), 145.5 (C-3) 122.1 (C-25), 134.5 (C-5), 125.6 (C-6), 84.0 (C-14), 81.2

(C-22), 75.5 (C-20), 85.5 (C-17), 50.4 (C-10), 49.0 (C-13), 42.1 (C-16), 38.6

(C-9), 33.4 (C-4), 33.4 (C-12), 37.2 (C-8), 32.1 (C-7), 31.9 (C-25), 26.4 (C-
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15), 21.9 (C-12), 21.9 (C-21), 20.5 (C-28), 19.0 (C-19), 18.0 (C-18), 12.4 (C-

27).

P-glucuronidase Activity of Coagulin C :

P-Glucuronidase activity was performed by Ms. Shahida Shujaat in the

bio-assay lab of HEJ Research Institute of Chemistry. It was measured

according to Collin’s et al method, using p-nitro-p-D-glucuronide as substrate

with certain modifications. The enzyme mixture (total volume of 0.250 pL)

contained 50 pL of p-nitrophenyl-D-glucuronide, 190 fiL of acetate buffer, 5

jiL enzyme and 5 pL of inhibitor. The assay mixture was incubated at 37°C for

40 minutes. The reaction was stopped by addition of 50 pL of 0.2 M Na2C03

and the absorbance was measured at 405 nm. Glucosaccharo-laclone (1:4)

was used as positive control.

4.13. Isolation and Characterization of Coagulin E (98)

Compound 98 was obtained from fraction ‘WC\ Scheme-25. The

isolation procedure used was same as discussed for compound 96. On elution

with dichloromethane-pet.ether (98 : 02), another fraction ‘AWBC-95’ was

obtained which showed two UV avtive spots. Further purification was carried

out by thin layer chromatography using mixture of ethyl acetate-pet. ether (95 :

05) as developing system to afford compounds 98 and 99 as colorless gums.
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Physical Constants and Spectral Data :

Rf : 0.48 (CH2CI2-pet. ether, 94 : 06)

[ot]D25 0 + 69 (c = .078, CHCI3)

UV Xmax (MeOII) nm: 228 (log 8 3.7).

IR vmax (CHCI3) cm'1: 1705, 1692.

El MS m/z (rel. int. %) : 436, 283, 311, 125.

HREI MS: m/z 436.2618, (calcd. for C28H36O4 436.2613)

‘H-NMR (CDCI3, 500 MHz) 5: 5.66 (ddd, JA, 3 = 10.1 Hz, JA2a = 3.2 Hz, J42b =

1.0 Hz, H-4), , 5.62 (dd, J6>la = 5.2 Hz, J62b = 2.1 Hz, H-6), 5.54 (m, H-3), 4.91

(dd, J22a. 23« = 11-8 Hz, J22a> 23p = 3.6 Hz, H-22), 1.97 s (3H, s, H-28), 1.86 (3H,

s, H-27), 1.41 (3H, s, H-21), 1.21 (3H, s, H-18), 1.15 (3H,s, H-19).

13C-NMR (CDCI3, 125 MHz) 5: 210.6 (C-l), 166.0 (C-26), 150.3 (C-24),

140.1 (C-5), 129.5 (C-4), 127.7 (C-3), 122.9(C-25), 121.2 (C-6), 81.9 (C-14),

88.0 (C-20), 79.9 (C-22), 54.9 (C-17), 54.8 (C-10), 52.4 (C-13) 36.2 (C-8),

34.0 (C-9), 30.2 (C-16), 37.9 (C-7), 29.7 (C-15), 26.0 (C-12), 20.6 (C-28), 20.3

(C-21), 20.0 (C-18), 17.8 (C-19), 12.3 (C-27).

4.14. Isolation and Characterization of Coagulin D (99):

The isolation procedure for compound 99 is same as discussed for compound

98, Section-4.13.
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Physical Constants and Spectral Data :

Rf : 0.46 (CH2CI2-pet. ether, 94 : 06)

|a|D” + 31° (CHCI3)

UV Jw (MeOH) nm: 224 (log e 3.3).

IR vmax (CHCI3) cm'1:1705, 1692.

El MS m/z (rel. int. %) : 436, 311, 125.

HREI MS m/z: 436.2614, (calcd. for C2gH3604 436.2613).

‘H-NMR (CDCI3, 500 MHz) 5: 6.72 (1H, ddd, 73<2= 10.1 Hz, J3> 4a = 3.0 Hz,

JX4b = 1.0 Hz, H-3), 5.84 (1H, dd, J2,3 = 10.1 Hz, J2.4a = 3.0 Hz, J2.4b = 1.0 Hz, H-

2), 5.51 (m, H-6), 4.38 (dd, J22a,23a = 12.5 Hz, J22a.2 3p = 4.1 Hz, H-22), 1.96 s

(3H, s, H-28), 1.83 (3H, s, H-27), 1.41 (3H, s, H-21), 1.31 (3H, s, H-18), 1.19

(3H, s, H-19).

,3C-NMR (CDCI3, 125 MHz) 5: 205.1 (C-l), 166.0 (C-26), 149.1 (C-24), 145.7 (C-

3), 127.1 (C-2), 134.4 (C-5), 125.2 (C-6), 121.4 (C-25), 86.4 (C-14), 81.9 (C-20),

81.2 (C-22), 55.3 (C-l7), 50.9 (C-10), 49.1 (C-l 3) 38.5 (C-8), 37.1 (C-9), 33.3 (C-4),

32.3 (C-l6), 31.8 (C-7), 29.7 (C-l5), 26.4 (C-l 2), 20.8 (C-21), 20.4 (C-28), 17.4 (C-

19), 18.2 (C-l 8), 12.6 (C-27).

4.15. Isolation and Characterization of Coagulin F (100)

Fraction ‘AWBC’ was subjected to column chromatography using mixture of

ethyl acetate-pet. ether as mobile phase, Scheme-28. On elution with ethyl

acetate-pet. ether (98 : 02) as eluent, fraction ‘AWBC-9 1 was obtained which
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was further subjected to thin layer chromatography, by using mixture of ethyl

acetate-pet. ether (97 : 03) as solvent to afford compounds 100 and 101 as

colourless gums.

Physical Constants and Spectral Data :

Rf : 0.56 (ethyl acetate-pet. ether, 97 : 03)

la]D25o+ 112 (c = 0.26 CHCI3)

UV Xmax (MeOH): 230nm (log s 3.99).

1R vIT)lx (CHC13): 3401 (OH), 1715 (a, p-unsaturated-8-lactone), 1715 (C=0)

cm'1.

El MS m/z (rel. int. %) : 452 (16), , 31 1 (23), 141 (100), 124 (67).

HREI MS m/z: 452.2458, (calcd. for C28H36O4 436.2562).

‘H-NMR (CDCI3, 500 MHz) 8: 6.02 (dd, \ 3 = 10.2 Hz, J4< 2 = 2.2 Hz, H-4),

5.66 (dd, J6.7a = 5.2 Hz, y6, 7b = 2.1 Hz, H-6), 5.61(1H, m, H-6), 4.19 and 4.12

(2H, AB d, J21a.27h = 2.1 Hz, H-27), 4.05 (dd, J22a_23a = 12.5 Hz, J22a, 23p = 4.0

Hz, H-22), 2.01 (3H, s, H-28), 1.28 (3H, s, H-19), 1.15 (3H, s, H-2I), 0.93

(3H, s, H-18).

,3C-NMR (CDCI3, 125 MHz) 8: 210.1 (C-l), 165.0 (C-26), 154.0 (C-24),

140.4 (C-5), 128.7 (C-4), 127.4 (C-3), 125.5 (C-25), 121.6 (C-6), 82.4 (C-14),

75.0 (C-20), 81.3 (C-22), 49.1 (C-17), 48.8 (C-10), 47.1 (C-l 3), 33.6 (C-8),
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33.6 (C-9), 30.2 (C-16), 31.5 (C-7), 29.7 (C-15), 25.3 (C-12), 20.7 (C-28), 19.8

(C-21), 19.7 (C-18), 16.3 (C-19), 12.3 (C-27).

P-glucuronidase Activity of Coagulin F (100):

The procedure for enzyme activity was same as discussed for coaglin C,

Sqction-4.12.

4.16. Isolation and Characterization of Coagulin B (101):

The isolation procedure for compound 101 was same as adopted for the

isolation of compound 100, Section-4.15.

Physical Constants and Spectral Data :

Rf : 0.54 (ethyl acetate-Pet. ether, 97 : 03)

[ctlD25 +56° (CHC13)

UV A™ (MeOH): 224 nm (log e 3.6).

IR vmax (CHCI3) cm'1: 3401, 1692, 1661.

El MS m/z (rel. int. %) : 452, 311, 169, 141, 124.

HREI MS: m/z 452.2466, (calcd. for C28H36O4 436.2562).

'H-NMR (CDCI3, 500 MHz) 8: 5.66 (ddd, J4.3 = 10-1 Hz, J42a = 5.1 Hz, J4.2p =

2.5 Hz, H-4), 5.62 (dd, J6Ja = 5.2 Hz, J6Jp = 2.1 Hz, H-6), 5.54 (m, H-3),

4.91(dd, y22a, 23a = 1 1.8 Hz, J22a, 23p = 3.6 Hz, H-22), 1.97 s (3H, s, H-28), 1.86

(3H, s, H-27), 1.41 (3H, s, H-21), 1.21 (3H, s,H-18), 1.15 (3H, s, H-19).
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,3C-NMR (CDC13, 125 MHz) 8: 206.3 (C-l), 166.6 (C-26), 156.2 (C-24),

137.5 (C-5), 33.4 (C-4), 147.1(C-3), 125.1 (C-25), 125.5 (C-6), 86.1 (C-14),

84.3 (C-20), 81.9 (C-22), 49.5 (C-17), 51.1 (C-10), 47.5 (C-13), 32.1 (C-8),

36.1 (C-9), 32.1 (C-l6), 32.3 (C-7), 29.7 (C-l 5), 25.1 (C-12), 20.6 (C-28), 19.8

(C-21), 17.9 (C-18), 17.1 (C-l9), 55.6 (C-27).

4.17. Isolation and Characterization of Ajugin A (102)

Fraction ‘AWA’ yielded a sub-fraction ‘WEW’ from column chromatography

using ethyl acetate-pet. ether (99 : 01) as eluent. It was also obtained as

colourless gum, Scheme-26.

Physical Constants and Spectral Data :

Rf: (CH2ClrMeOH, 85: 15)

[a)25D +120 (c = 0.0077, MeOH)

UV Xmttx (MeOH) nm : 221 (log e. 4.21) (a, p-unsaturated 8-lactone).

IR vmax(KBr) cm'1: 33421 (OH), 1712 (a, |3-unsaturated 8-lactone), 1705 (six-

member cyclic ketone).

El MS m/z (rel. int. %) : 470, 452, 141, 124.

HREI MS m/z: 470.4514, (calcd. for C28H3605 470.4516).

iH-NMR (CDC13, 500 MHz) 8: 5.65 (m, H-3), 5.67 (m, H-4) and 5.40 (m, H-6),

4.53 (dd, J2ia. 23a = 12.5 Hz, J22a. 23p = 3.6 Hz, H-22), 4.38 and 4.21 (dd, J27a, 27P =
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12.5 Hz, H-28), 1.86 (3H, s, H-28), 1.27(3H, s, H-21), 1.20 (3H, s, H-27), 0.96

(3H, s, H-18).

,3C-NMR (CDC13, 125 MHz) 5: 211.6 (C-l), 166.5 (C-26), 152.6 (C-24),

126.5 (C-6), 121.7 (C-25), 82.4 (C-14), 83.4 (C-20), 82.4 (C-22), 79.0 (C-22),

43.4 (C-l3), 52.9 (C-10), 46.4 (C-2), 36.4 (C-4), 33.2 (C-7), 35.6 (C-8), 34.6

(C-9), 31.3 (C-23), 29.1 (C-16), 28.2 (C-15), 26.5 (C-12), 22.7 (C-ll), 20.0

(C-21), 19.1 (C-l9), 16.8 (C-18), 11.6 (C-27).

4.18. Isolation and Characterization of 0-Amyrin (104)

The repeated column chromatography of fraction lWCH’ gave different

fractions which were further processed, Scheme-25. The fraction ‘WCH-1’

when eluted on a silica gel column (mesh size 70-230, 50 g) using mixture of

pet. ether-ethyl acetate (90 : 10) as eluent a semi pure fraction was obtained

which was subjected to thin layer chromatography CH2Cl2-pet. ether (15 : 90)

to yield P-amyrin as shining crystals (20 mg).

Physical Constants and Spectral Data :

Rf :0.46 (Ethlyl acetate-Pet ether, 10 : 90)

ICCID25 -100 (c = 0.21, CHC13)

IR VnÿCHCÿcm'1: 3431, 3045, 1652, 815

El MS m/z (rel. int. %): 426 (11), 411 (9), 408 (15), 393 (24), 257 (37), 218

(41), 207 (29), 203 (66) and 189 (54).
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'H-NMR (CDCI3, 400 MHz) 8: 5.23 (1H, m, H-12), 3.21 (1H, dd, = 10.0

Hz, = 4.3 Hz, H-3), 1.02 (3H, s, Me-27), 1.01 (3H, s, Me-26), o.99 (3H,

s, Me-23), 0.95 (3H, s, Me-25), 0.88 (3H, s, Me-29), 0.82 (3H, s, Me-28), 0.81

(3H, s, Me-24).

4.19. Isolation and Characterization of Methyl-4- benzoate (103)

Fraction lWc’ was subjected to column chromatography. A Sub-fraction

‘WCH’ from this column was subjected to thin layer chromatography using

mixture of dichlormethane-pet. ether (12 : 82) as mobile phase, it yielded

compound 103 as transparent crystalline powder, Scheme-25.

Physical Constants and Spectral Data :

Rr: 0.46 (CH2Cl2-pet. ether, 15 : 85)

M.P.: 128-13 °C

UV X™ (MeOH) nm: 247, 201

IR vmax (CHCI3) cm'1: 3551 (OH), 2883 (C-H) 1692 (C = O), 1601 (C=C),

1267, 1155, 1095 (C-O).

El MS m/z rel. int % : 152 (69), 121 (100) 93 (50).

HREI MS m/z: 152.0569 (CgHg03, calcd. 152.0473).

'H-NMR (CDC13, 400 MHz) 8: 7.92 (d, J = 8.5 Hz, H-2, H-6), 6.88 (d, J = 8.5

Hz, H-3, H-5), 3.88 (s, OCH3).
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,3C-NMR (CDCl3, 100 MHz) 6: 167.5 (C=0) 160.3 (C-34), 132.0 (C-2, C-6),

122.3 (C-l), 115.3 (C-3, C-5), 52.1 (OCH3).

4.20. Isolation and Characterization of [3-Sitosterol (105)

Fraction ‘WCH’ yielded compound 105 as needles on elution with

dichloromethane-pet. ether (05 : 95), Scheme-25.

Physical Constants and Spectral Data :

Rr: 0.58 (CH2CI2-MeOH, 05 : 95)

M.P.: 135-136 °C

El MS m/z (rel. int %): 414 (100), 399 (21), 371 (11), 329 (17), 276 (9), 273

(25), 222 (29), 43 (57).

HREI MS m/z: 414.3857 (C29H50O), 414.3861), 399.3621 (C28H470, 399.

3626), 371 3314 (C26H430, 371.3313).

'H-NMR (CDCI3, 400 MHz) 5: 5.32 (1H, br. s, H-6), 0.98 (3H, s, H-19), 0.90

(3H, d, J= 6.5 Hz, H-21), 0.82 (3H, t, J = 7.5 Hz, H-29), 0.81 (3H, d, J= 6.2

Hz, H-26), 0.78 (3H, d, J= 6.0 Hz, H-27), 0.66 (3H, s, H-18).

4.21. Isolation and Characterization of P-Sitosterol glycoside (106)

A sub fraction lWCM’ of fraction ‘WC1 was subjected to CC using mixture of

dichloromethane-methanol (97 : 03) to afford compound 106 as amorphous

powder, Scheme-25.
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Physical Constants and Spectral Data :

Rf: 0.43 (CH2Cl2-MeOH, 98 : 02)

M.P.: 279-280 °C

[<x]D25-14.5 (c = 0.32, MeOH)

El MS m/z (rel. int %): 576 (3),414 (17), 399 (21), 381 (100), 329 (17), 276

(9), 273 (25), 222 (29), 43 (57).

HREI MS m/z: 576.4386 (calcd. 576.4389, C35H6o06), 399.3621 (calcd. 399.

3626, C28H470)

'H-NMR (CD3OD, 400 MHz) 6: 5.33 (1H, d, Jv,r = 7.2 Hz, H-1’),5.I2 (1H,

br. d, \la = 5.4 Hz, H-6), 3.85 (1H, m, H-3), 3.82-4.42 (m, Glc-Hs), 1.01 (3H,

s, Me-19), 0.92 (3H, d,J= 6.2 Hz, Me-21), 0.84 (3H, t, J= 7.0 Hz, Me-29),

0.83 (3H, d, Me-26), o.81 (3H, d, J= 6.5 Hz, , Me-27), 0.68 (3H, s, Me-18).

,3C-NMR (CD3OD, 100 MHz) 5: 142.0 (C-5), 122.1 (C-6), 103.2 (C-l’), 80.9

(C-3), 76.8 (C-3’), 76.6 (C-5’), 74.1 (C-6’), 70.2 (C-4’), 61.9 (C-6’), 56.9 (C-

14), 56.6 (C-17), 50.5 (C-24), 50.4 (C-9), 43.8 (C-4), 43.0 (C-13), 40.8 (C-

12), 39.5 (C-22), 38.7 (C-l), 37.2 (C-20), 37.1 (C-10), 33.0 (C-7), 32.9 (C-8),

29.9 (C-2), 29.7 (C-16), 29.5 (C-23), 25.9 (C-25), 25.8 (C-15), 23.7 (C-28),

2' 1.5 (C-l 1), 19.7 (C-21), 20.1 (C-27), 19.5 (C-19), 18.2 (C-26), 12.2 (C-18),

11.9 (C-29).
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PARTB

5. Phytochemical Studies on Roswellia dalzielli

5.1. Introduction to Boswellia dalzielli and its Pharmacology:

The plant Boswellia dalzielli belongs to family Bursaraceae. It is a tree

that grows up to the height of 13 m, with characteristically pale bark, peeled

and ragged, locally abundant, in the regions from Northern Ivoty Coast to

Northern Nigeria and into Cameroon and Ubangi-Shari [94], The small white

flowers which may appear, are leafless and fragrant. It is usually planted as a

village stockade on the Vogel peak Massif of Northern Nigeria [95] and often

as an alive-fence to bring prosperity (ba sammu) or to prevent (‘hannu’) bad

luck. Therefore its Hausa names are Ararrabi ‘ba sammu’ or ‘Hannu’.

The bark of the plant contains a whitish exudate which dries readily and

is friable and when burnt alone or with other fragrant resin, it can be used to

fumigate clothing or drive away flies, mosquitoes etc [95]. It is sometimes

added to the juice of Accacia beraborigines, while the fresh bark is eaten to

cause vomiting in order to relieve symptoms of giddiness and palpitations. The

Fulanis of Northern Nigeria use a cold infusion of the bark for the treatment of

snake bite [96]. Both roots and barks are said to be antidotes to arrow poison

and a decoction taken orally by a wounded person is believed to be effective

without causing diarrhea, while a root decoction, taken in copious draughts has

been reported as a remedy for the syphilis [95].
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Analysis of the bark exudate revealed that, it is composed of an ole-gum

resin [97] which has been used in Western medicine in fumigatory

preparations, and sometimes in plasters and in urinary antiseptics, and was

officially included in the British Pharmaceutical Codex of 1934.

Boswellia dalzielli as well as other species of the plant have been shown

to have anti-inflammatory activity [98]. It is used in the treatment of

rheumatoid-arthritis and is reported to possess anti-fungal activity [99]. A

number of reports have shown that the major component of this plant is

boswellic acid [100]. Knaus and Wagner (1996) demonstrated that the active

anti-complementary activity of the plant resin was due to triterpenoic acids

such as crataegolic-, ursolic-, oleanolic- and glycyrrhetic acids. The non redox-

type, non competitive leukotrikene biosynthesis inhibitor, keto-P-boswellic

acid was obtained from Boswellia serrata Roxb. Mahajan et al (1995) [101],

isolated two new triterpenoids, 2a, 3a-dihydroxy-urs-12-ene-24-oic acid and

urs-12-ene-3a, 24-diol from the gum resin of Boswellia sp. The compound 4-

O-methyl-glycuronoatabinogalactan was also isolated and characterized from

Boswellia sp [102]. This is the first time we have isolated a /r<ms-stilbene from

this species.
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5.2. Biosynthesis of Trans-stilbenes:

Many plants produce stilbenes in response to microbial attacks or in

stressed conditions, i.e. as phytoalexin. Laurent coined the term ‘stilbene’ in

1843. This term was derived from the Greek word stilbo (to glitter) and ene as

in benzene because the earlier discovered stilbenes were found to be in lustrous

plates and prisms. The shikimate pathway is the major source of aromatic

compounds such as amino acids, cinnamic acids, coumarins, flavonoids,

stilbenes, lignin constituents etc, Scheme-19.

This pathway is common in microorganisms but not in mammals. Shikimic

acid is a key compound in this series of reactions. It was first isolated by

Eykman in 1885 from the Japanese plant Tillicium anisatum. It was found that

shikimic acid (116) could replace the essential amino acids phenylalanine,

tyrosine and tryptophan in auxotrophic E. coli mutants. Therefore, it was

concluded that it must be an intermediate in the biosynthesis of these

compounds. Further ,3C labeling studies led to the discovery that erythrose-4-

phosphate (110) is the precursor to shikimic acid biosynthesis.

The pathway starts with the condensation of 108 and

phosphoenolpyruvate (PEP) (109) to afford 3-deoxy-D-arabino-heptulosonic

acid-7-phosphate (DAHP) (111). This, on elimination gives out phosphoric

acid and ketone in its enolic form which is cyclized into 3-dehydroquinic acid

(115).
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The condensation with erythrose-4-phosphate (110) is stereospecific. Z-PEP

gives rise to (3£)-DAHP and (E)-PEP to 3/?-(DAHP). The enzymatic reaction

for the formation of 3-dehydroquinic acid requires the NAD+-NADH couples.

The hcniiketal oxidizes at C-5 position and facilitates a, P-climination of C-7

phosphate. The elimination proceeds in c/s-fasion. The C-5 keto group is

reduced in c/s-fahion and a rearrangment takes place with ring opening which

gives rise to dehydroshikimic acid (115). Finally, reduction of 115 yields

shikimic acid (116), [103] Scheme-20.

Shikimic acid (116) is first phosphorylated regioselectively at C-3 and

then PEP (109) reacts with it in the presence of an enzyme EPSP synthase at

C-5, to yield 5-enolpyruvylshikimate-3-phospate (EPSP) (120). Addition and

following elimination reactions proceed with opposite stereochemistry. The

phosphoric acid is eliminated and gives chorismic acid (121), which is an

unstable product. The Claisen rearrangment results in prephenic acid (122)

through chair transition state. The transamination of resulted product yields

phenylalanine (124), Scheme21 [104],

The enzyme phenyl alanine ammonia lyase (PAL) converts phenyl alanine into

trans cinnamic acid by a non-oxidative deamination. Three malonyl CoA units

and a cinnamoyl CoA are starter towards basic skeleton of stilbenes.

Cinnamoyl CoA (126) combines with malonyl CoA in the presenceof cinnamic
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acid 4-hydroxylase which gives rise to product 127 which on cyclization

through elimination of C02 yields stilbene (128), Scheme-22 [105].

COOH
COOHHH, H

H-i-HEPSP- synthase
+

Kpa' 'OH po' COOH

PEP (109)

-Pi
pa‘ o COOH

OH OP
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(119)

COOH COOH
H
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H

H

+ HOP

O' COOH O' COOH

OH OH

5-Enolpyruvylshikmic acid-3-phosphate (120)

(EPSP)
Chorismic Acid (121)

HOOC— CH-CH2
COOH IH(„COOHHOOC

"1 NHÿ

-CChNH2TransminationO
-H20

;
OHOH

OH
L-Phenylalanine

(124)
L-Arogenic Acid
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Scheme-21 : Biosynthesis of prephenic acid
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Scheme-22 : Biosynthesis of stilbene from phenylalanine

5.3. Results and Discussion of a New Compound

5.3.1. 7>an.s-3,5-dihydroxy-4’-niethoxystHbene-3-0-P-gliicopyranosyl

-(l-»6)-a-L-rhamnopyranoside (129)- A New Compound

The chloroform fraction (10 g) (Experimental section-5.4.) was

subjected to column chromatography using silica gel (70-230 mesh size,

ASTM, 250 g) and mixtures of dichloromethane and methanol (100-0 %) as

the mobile phase. The fraction ‘Bdb-171’, obtained on elution with CH2C12-

MeOH (85:15), through repeated column chromatography yeilded a pure UV

active reddish gummy material (20 mg), which was compound 129.
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The 13C-NMR spectra (broad-band decoupled, DEPT) of 129 and the

presence of the molecular ion in the high resolution El MS at m/z 550.2046

(ealed. 550.2051) indicated the molecular formula to be C27H30O[2.

The UV spectrum of 129 displayed absorption maxima at 319, 308 and

217 nin, suggesting the presence of a highly-conjugated system. The IR

spectrum was also consistent with this finding as it showed absorptions at

3342, 1601 and 1522 cm'1, characteristic of stilbenes [103],

5.3.1.1. Mass Spectrometry:

The El MS showed the molecular ion peak at m/z 550 which was further

confirmed by positive FAB MS. The formula C27O12H34 obtained by HREI MS

showed that the compound possessed eleven degrees of unsaturation. The

fragmentation initiated with the breakage of glycosidic linkage between

aglycon part and sugar moiety, which yielded a peak at m/z 242 (100%)
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representing the aglycon part of molecule with composition (C15O3H14).

Another peak at m/z 404 could be due to the loss of m/z 146 (rhamnose sugar),

Scheme-23.
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Schcmc-24: Mass fragmentation of 129
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5.3.1.2. 'H-NMR Spectroscopy:

The 'H-NMR spectrum (500 MHz, CDjOD) of 129 showed signals for

a highly conjugated system. Signals could be distinguished in three different

sets. The first set contained signals for two independent aromatic rings as

inferred by the downfield resonating signals (8 6.4-7.4) for seven protons. One

of these.rings showed AX2- type pattern at 5 6.72 (1H, t, J2,4= 2.3 Hz) , 6.65

(1H, t, J6t 4 = 2.3 Hz) and 6.49 (1H, t, 2 = 2.3 Hz). These signals were

assigned to the C-2, C-4 and C-5 methine protons of a 1,3,4-trisubstituted

aromatic ring. The coupling constant of 2.3 Hz indicated their meta

disposition. The other ring displayed AA’BB’ type signals. A doublet at 6 6.81

(2H, d, J2\ y = 8.0 Hz) with two protons integration was ascribed to the C-2’

and C-6’methine protons while the doublet at 5 6.99 (2H, d, r = 8.0 Hz)

with two protons integration was assigned to the C-3’ and C-5’ methine

protons. The coupling constant of 8.0 Hz indicated their ortho orientation. The

COSY 45° and HOHAHA spectra of 129 showed connectivity of the C-2’

methine proton (8 6.81) with the C-3’ methine proton (8 6.99). Coupling was

also observed between the C-5’ methine (8 6.81) and the C-6’ methine proton

(8 6.99) further indicated their ortho disposition. The other set of two

deshielded protons appeared at 5 6.87 (d, 1H, Ja?a- = 16.2 Hz) and 7.04 (d, 1H,
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Ja a = 16.2 Hz). The large coupling constant of 16.2 Hz indicated the

presence of /r<ms-olefinic protons which were assigned to C-a and C-a’

methine protons, respectively. The last set of signals appeared between 8 3.0-

4.9 for carbons having oxygen functionalities with them. The doublet at 6 4.82

(1H, d, J\\ 2’ = 7.7 Hz) was the anomeric C-l” proton and it indicated the

presence of a p-glucose moiety. In the HOHAHA spectra (20, 60 and 100 ms)

the spin systems representing all protons of the two sugar moieties appeared. A

broad singlet at 6 4.71 along with a doublet for a secondary methyl at 8 1.22

(d, 3H, Jy \ 6- = 5.6 Hz) indicated that one of these sugar moieties was the

sugar rhamnose. A 3H signal for the methoxy protons resonated at 8 3.78.

5.3.I.3. ,3C-NMR Spectroscopy:

The l3C-NMR spectrum (CD3OD, 125 MHz, broad-band decoupled) of

129 showed signals for twenty seven carbons. The DEPT spectra unraveled the

presence of thirteen sp2 hybridized methines. In addition with these, there were

two anomeric methines, eight hydroxyl group-bearing methines, one hydroxyl¬

bearing methylene, one methoxy and one methyl. By deducing these signals

from the broad-band decoupled spectrum, the remaining six signals were

identified as quaternary carbons. The 11MQC spectrum for direct 'll/'V

connectivities helped in assigning the protons to their respective carbons.

These assignments are presented in Table-11.
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Table- II: All chemical shift assignments of 129.

“C-NMRfS) Multipicities 'H-NMR(S)C.No. Coupling Constant Jm (Hz)

I 141.3 C
2 107.8 CH 6.65 t J i. * = 2.3
3 160.4 C
4 104.4 CH 6.491 =2.3
5 159.5 C
6 108.3

131.4
CH 6.72 t J*.6 =2.3

r c
2’ 128.8 CH 7.46 d

6.99 d
Jr. r ~ 8.0

Jr. r = 8.03’ 115.2 CH
4’ 160.9 C

115.2 6.99 d
7.46 d
6.84 d
7.01 d

5’ CH Jy. 6- = 8.0
Jy. v =8.0
Jÿa- = 16.2

Jo. a’ = 16.2

6’ 128.8 CH
127.5 CHa
129.7 CHa’

Glc
C-l”
C-2”
C-3”
C-4”
C-5"
C-6"
Rhamnose

102.1 CH 4.82 d
3.31 m
3.45 m
3.22 m
3.52 m
3.37,3.89 m

Jy.Z" ~ 7.7
75.2 CH
75.7 CH
77.0 CH
72.3 CH
67.7 CHj

c-r” 103.1 CH 4.71brs
3.32 m
3.58 m
3.72 m
3.25 m
1.22 d

C-2”’ 73.0 CH
C-3’”
C-4*”
C-5’”
C-6’”

CH71.4
73.2 CH
70.0 CH
18.9 CH3 Jy" 6*** — 5.6

The EIMS, UV, IR !H- and l3C-NMR spectra showed that the compound 129

possessed the following structural features:

1) Jraws-olefinic double bond with two aromatic rings,

2) a glucose sugar moiety,

3) a rhamnose sugar moiety,

4) an aromatic ring substituted with a methoxy group,
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5) an aromatic ring substituted with sugar moieties.

These observations suggested that the compound in hand could be a

trans stilbene. Further confirmations came from 2D-NMR studies and its

spectral data comparison with the reported values for desoxyrhaponticin [106]

(see appendix).

Tablc-12: Long range 'H/,3C connectivities of 129 as established by HMBC.

'H-NMR Jell
m. SSL
6.65 (H-2)

6.49 (H-4)
6.72 (H-6)

7.41 (H-2’)
6.99 (H-3’)
6.99 (H-5’)
7.41(H-2’)
6.84 (H-a)
7.01 (H-a’)
4.82 (H-1‘)
4.71 (H-l”)

160A (C-W'
159.5 (C-5)
159.5 (C-5)
131.4 (C-l’)
160.9 <C-4’)
160.9 (C-4’)
131.4 (C-l’)
141.3 (C-l)
131.4 (C-l’)

127.5 (C-a)
108.3 (C-6)

127.5 (C-a)
160.9 (C-4’)

160.9 (C-4’)
131.4 (C-l’)
141.3 (C-l)
159.5 (C-5)
67,7 (C-6”)

159.5 (C-5)

104.4 (C-4)

5.3.1.4. Two-dimensional NMR spectroscopy:

The long-range 'ÿC/'H long-range connectivities in the HMBC spectrum

indicated the molecular structure. The (mm-olefinic C-a methine proton (8

6.87) showed 2Jen, 3*/cii and 4JCu couplings with C-l (8 141.3), C-a’ (8 129.7)

and C-5 (8 159.5), respectively, which verified its disposition on ring A. The

fram-olefinic C-a’ methine proton (8 7.04) showed 2JC\\ couplings with C- 1’

(8 131.4) and C-a (8 127.5) and VCH coupling with C-l (8 141.3). This

indicated it to be in the vicinity of ring B. The C-2 methine proton (8 6.65) had

2Jen connectivity with C-3 (8 160.4) and VCH coupling with C-a (8 127.5). The
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C-4 methine proton (5 6.46) showed 2Jew connectivity with C-5 (8 159.5) and

VCH connectivity with C-6 (6 108.3). The C-6 methine proton (8 6.72) showed

2Jew coupling with C-5 (8 159.5) and VCH coupling with C-a (8 127.5).

-'.,
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'\
I I IS..2

s'-
} J 75

:H3

NÿVH \
J H6-A• s

/ 665

/ft 7?\lta9
4

JW.*/ / MH7.J IJlM

---4 ,'r

1HOÿI

i«4|J

741

//l,6.72
y

S i

)H

Figurc-9: Important 'H/|;|C long-range hclcronuclcar (HMBC) connectivities of 129........HMBC connectivities

The chemically equivalent C-2’ and C-6’ methine protons (8 6.81) showed

VCH couplings with C-l’ (8 131.4) and C-4’ (8 160.9), whereas another set of

chemically equivalent C-3’ and C-5’ methine protons (8 6.99) showed VCH

couplings with C-4’ (8 160.9) and C-2’ (8 128.8). The methoxy methyl on this

ring showed VCH coupling with C-4’ (8 160.9), Figure-9.
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5.3.I.5. Identification of Sugar Moieties:

As discussed earlier, the presence of sugar units was apparent from the

'H- and 13C-NMR spectra. Their linkage with each other and with the aglycon

was inferred from the HMBC correlations. The C-l” anomeric proton (8 4.82)

of the sugar moiety was found to be correlated with C-5 (8 159.5), indicating

its linkage with ring A. The unusual downfield shift of methylene C-6” (8

67.7) indicated that it was linked with another sugar rhamnose. The anomeric

proton of rhamnose H-l”’ (8 4.71) showed long-range heteronuclear

connectivity with the C-6” methylene (8 67.7) of glucose moiety, thereby

indicating a (l->6) linkage of rhamnose with glucose [80].

The two sugar units were identified as glucose and rhamnose by

comparing their chemical shift values with reported data. The acidic hydrolysis

of 129 yielded rhamnose and glucose which were identified through co-TLC

with authentic samples.

5.3.1.6. Biological Activity:

Compound 129 was treated with the enzyme Phosphodiesterase I (EC

3.1.4.1). This enzyme successively hydrolyzes S’-mononucleotides from 3’-

hydroxyl terminated deoxyribo oligonucleotides. The enzyme has been widely

utilized as a tool for structural and sequence studies of nucleic acids. Although

its -physiological role remains obscure, clinically this enzyme activity is
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markedly elevated in cultured skin fibroblast from patients of Low's syndrome

[107], Furthermore, in the serum of patients having histologically identified

primany hepatom, and abnormal isozyme, this enzyme has been found raising

the possibility of its use as alternate diagnostic acid. In general

phosphodiesterases can be considered to embrace all enzymes which hydrolyze

the bond between phosphate and one or other of two molecules possessing

alcoholic functional groups which it links.

53.1.6.1. Enzyme assay:

Enzyme inhibitory activity against phosphodiesterase I (Sigma P, 4631)

was assayed in 33 mM Iran- HC1 buffer pH 8.8, 30 mM Mg-acetate with

0.000742 U/well final concentration using microtitre plate assay and 0.33 mM

Air-p-nitrophenyl) phosphate (Sigma N-3002) as a substrate. Cysteine was used

as positive control (ICsoÿO.78 mM ± 0.015). After 30 minutes incubation the

enzyme activity was monitored spectrophotometrically at 37°C by following

the release of p-nitrophenol from p-nitrophenyl phosphate at 410 nm.

Compound 129 was found to be Phosphodiestrase inhibitor as it showed

IC50 (0.774 mM ± 0.02) equal to the IC5o of cystine (0.774 mM).
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5.4. Extraction, Isolation and Spectral Data of 7/wis-3,5-dihydroxy-

4’-methoxystilbene-3P-(0-P-D-glucopyranosyl-(l->6)-a-L-

rhamnopyranoside ] (129).

The air-dried plant material of Boswellia dalzielli ( 1 kg) was crushed

and soaked in MeOH (10 L) for two weeks. The methanolic extract was

evaporated in-vacuuo to afford a gummy residue (300 g). The concentrated

residue was defatted with pet. ether (2 L). The defatted residue was suspended

in water (1.5 L), extracted with chloroform (3 L), and then concentrated to

afford fraction ‘bd’ (5.7 g). Fraction ‘bd’ was loaded on a silica gel column

(mesh size 70-230, 500 g) and eluted with mixtures of dichloromethane-

methanol (100-0%). On elution with dichloromethane-methanol (90 : 10), a

fraction bdb-1 was obtained. The fraction ‘bdb-I’ was loaded on a silica gel

column (mesh size 70-230, 50 g) and mixtures of CH2Cl2-MeOH (100-0%)

were used as mobile phase. At polarity of CH2Cl2-MeOH (88 : 12), a semi-

pure compound ‘bdb-712’ was obtained which was further purified by CC

using same mobile phase to afford compound 129 as a reddish gum (25 mg).

Physical Constants and Spectral Data :

Rf : 0.48 (CH2Cl2-MeOH, 85 : 15)

[cx]i>25 + 81 (c = 0.45, MeOH)

UV. Xniax (MeOH) nm: 319, 308 (log £ 5.2).
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IR vmax (KBr) cm'1: 3342 (OH), 1601 C=C), 1522 (OC).

Peak Matching: m/z 550.2046 (calcd. 550.20750, C27H30O12)

El MS m/z (rel. int. %): 550 (7), 242 (100), 404 (23).

FAB MS: m/z 551 [M+H]*

'H-NMR (CD3OD, 500 MHz) 8: see Table-11.

,3C-NMR (CD3OD, 100 MHz) 8: see Table-1 1.

Acid Hydrolysis of 7Va/j.y-3,5-dihydroxy-4'-methoxystilbene -3P-|0-

p-D-glucopyranosyl-(l-»6)-a-L-rhainnopyranosidel (129)

Compound 129 was heated with 2 M methanolic HC1 (4 mL) for 3 hr.

Further work-up was same as described for compound 92 (Section-4.7). The

hydrolysis yielded glucose and rhamnose sugars which were identified by

comparative paper chromatography with standard sugars using w-BuOH-

ACOH-H20 (4:1:5) as the solvent system.

Enzyme assay:

The enzyme assay was perfomed in the bio-assay lab of HEJ Research

Institue of Chemistry by Ms. Naheed Fatima. Enzyme inhibitory activity

against phospho-diesterase 1 (Sigma P, 4631) (3.1.4.1) was assayed by using

the reported method with some modifications [108], 33 mM tris- HC1 buffer

pH 8.8, 30 mM Mg-acetate with 0.000742 U/well final concentration using

microtiter plate assay and 0.33 mM (6w-p-nitrophenyI) phosphate (Sigma N-
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3002) as a substrate. Merck Cysteine was used as positive control (IC50=0.78

mM ± 0.015). After 30 minutes incubation the enzyme activity was monitored

spectrophotometrically at 37°C by following the release of p-nitrophenol from

p-nitrophenyl phosphate at 410 nm.
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Appendix

1- 3p, 14a, 20, 27-tetrahydroxy-l-oxo-(20/?, 227?)-witha-5,24-dienolide [ 75].

CH3

.CHJ

OH

CHJNJ 1ÿ0 'O

H
CH3

t—»H

u ®,r
H

H HH*

HO

2- 10,33,20-Trihydrxy-(20/?, 22/?)-l-oxo-witha-5,24-dienoIide [50].

CH3
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OH

a*3Xl/i ° •o
H
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3- Pubescenin [77],
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4- Deacetyl dunawithanine B [78],
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5- Desoxyrhaponticin [106],
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