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Aims of The Project

The major objective of the project was to investigate the chemistry of a Pakistani

medicinal plant of Withania coagithms. This plant is reputed to have an immense

medicinal importance. Before this project was executed very little work was done on

the chemistry of W. coagulans despite its wide spread medicinal uses. It was therefore

important to carryout a detailed study of the chemical constituents of the plant and

screen the biological activity of pure compounds present in the plant.
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SUMMARY

This disceration describes the isolation and structural suidies on the steroidal lactone

withanolides from Wilhania coagnlans of the Solanaceae family

This work has resulted in the isolation of eight new withanolides along with four known

withanolides.

Extensive spectroscopic techniques such as El MS, FAB MS, HREI MS, UV, IR, 'H- and

L'C-NMR (BB, DEPT, COSY-45”, HMBC and HMQC) were employed to elucidate the

structures of the below compounds
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Chapter One

INTRODUCTION

Globally, medicinal plants continue to be used for the treatment of many diseases Plants

are an important source of therapeutics and currently many thousands of them are being

screened for their biological act’vity Traditionally medicinal plants have been used

throughout the world and based on them, a number of well-established indigenous systems

of medicines were and are practiced. Chinese medicinal remedies are largely based on

plants and have served the Chinese people since historical times The experiences and uses

of these medicines have been gathered over the centuries and preserved as a treasure, a gifi

of their cultural heritage. Even today plant based medicines provide a fundamental basis in

the development of drugs. Unlike ancient times, modern medicines consist mainly of

tablets or capsules, usually containing a single medicinal compound of synthetic origin

Natural products have served as a major source of medicine for centuries, and about

quarter of the pharmaceuticals in clinical use today are derived from natural products.

Natural products research continues to provide a tremendous variety of lead structures

which are used as templates for the development of new drugs hv pharmaceutical industry

while microbial products have been the main-stay of industrial natural product discover-

Examination of the list of top-selling drugs for 1994-1995 (Cape!, 1995) reveals that a

number of them are based on natural products and their deuvatives. In the last two

decades, several compounds such as cyclosporin A, clavulanic acid, mevinolin and

ivermectin were discovered by natural product screening approaches. These discoveries

stimulated an expansion of natural product-based drug discovery efforts in the

pharmaceutical industry in the 1980’s A review on anticnncci and anti-infective natural

drugs has been contributed by Cragg ct a!. (Cragg el al.< I997'1)
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Some people consider ihe screening of natural products is a slow expensive way of finding.

lead candidates and prefer the combinatorial synthetic approaches as they are much

quicker. Some exciting developments have however recently occurred in the field of

natural products, especially in terms of new technologies wh .ch provide faster methods to

the purification and identification of C( mpounds. Also there is an increasing awareness of

biodiversity and how little it has been explored for useful compounds and the prospects

offered by molecular biology to proouce new ‘unnatura ’ natural products. Natural

products as a source for new drugs has been reviewed by Clark in 1996 (Clark, 1996).

This review provides an overview of th'; cont nuing central role of natural products in the

discovery and development of new pharmaceuticals.

Some recent publications describing the current literature in biooiganic chemistry (Hill and

Pitt, 1997; Rasyid and Lelo, 1999), seeking drugs in natural products (Rouhi. 1997.

Rajbhandari and Schopke, 1999; Abad a a/., 1999), new' technologies and approaches in

natural product drug discovery (Stead, 1997) and natural products for the improvement of

the quality of life (Mahidol el a/., 1997), are important in undersi.mding the progress in the

field of natural products.

More than a billion people, which is approximately one fifth of i lie total population live in

extreme poverty and almost 80% of the worlds inhabitants Mill rely on traditional

medicines, which are largely based on the use of medicinal paniv for their primary' health

care need, (Akerele, 1993). A list of 21,000 species of medicinal plants used world-wide

has been prepared (Penso, 1983), while others relieve that this is a conservative estimate

and the number of species used for medicinal purposes may well be between 35.000 to

70,000 (Farnsworth and Soejarto, 1991).

1.1 Pharmaceutical Importance of Natural Products

In developed countries their has been a great change of altitude of people. Herbal

medicines are now becoming popular and medicinal plants are in great demand In
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developing countries the majority of the population rely on their plant-based indegenous

systems of medicines due to economic and social reasons. Globally the demand for

medicinal plants has increased to such an extent that some species are in danger of

becoming extinct.

Traditional medicines in China are reported to account for 30-50 per cent of medicines

consumed and the total sales of their herbal medicines amounted to US$2.5 billion in 1993

In addition, China exported medicinal herbs in 1993 worth an estimated US$40 million.

Within China, the traditional systems of healthcare are incc porated into the formal

components of the national healthcare system (Bodeker, 1994) In India, there are more

than 200,000 registered traditional medicine practitioners, the majority having received

training in degree granting colleges of Ayurvedic or Unani medicines.

The majority of traditional medicines used in developing comtries have not been evaluated

for quality, safety, and efficacy to the same standards as those in developed countries.

Nevertheless, there are some remarkable claims made for their effectiveness and some

traditional medicines have been subjected to scientific scrutiny The National Institute of

• Bums in North Vietnam is evaluating traditional medicines which are used to treat burns

Bodeker in 1994 claimed that during the War with South Vietnam, some 60 plant based

treatment for burns were developed. Furthermore it was claimed that treatment by these

remedies was shorter not only did they prevent the growth of bacteria but also si mulated

the growth of Scar tissue.Many of these medicines are current lv being evaluated in the

United Kingdom.

A mixture of ten traditional Chinese medicinal herbs have also been investigated in the UK

for oral treatment of non-exudative atopie eczema in ch ldren (Phillipson, 1994). In a

placebo controlled double-blind trial carried out on 47 selected children, the traditional

Chinese therapy was found to be effective as judged by western medical criteria (Sheehan

and Atherton, 1992). Efficacy was attributed to the combination of the ten herbs and not

to one specific herb.
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Over 60% of the approved drugs and pre-DNA candidates (for the period 1989-1005)

developed as anticancer and anti-infective agents are of natural origion Drugs of' natural

origin can be divided into three main categories;

a. Original natural products

b. Semi-synthetic derivatives of natmal products

c, Synthetic products based on natural product models

An analysis of National Prescription Audit data for the 15 -yeai period (1959-1973) was

reported by Farnsworth and Morris in 1976 (Farnsworth and Morns, 1976). They reported

that over 25% of U.S. prescriptions dispensed ir. 1973 contained active ingredients derived

from plants, while 13.3% and 2.7% were tho derivatives from microbial and animal

sources, respectively. The natural sources in drug discovery ha\ o been reviewed by Gullo

in 1994 (Gullo,1994). Plants have been given more importance during the past 10 years

(Kinghorn and Balandrin, 1993, Chadwick and Marsh, 1990. Wagner e7 a/., 1989 and

Farnsworth el a!., 1985). Farnsworth el at. reported that at least 1 19 compounds derived

from 90 plants species can be considered as important drugs cunently used in one or more

countries, with 77% of these be ng derived from plants used in traditional medicine.

Natural products and their derivatives shared about half of the best selling pharmaceuticals

in 1991 (O’Neill and Lewis, 1991).

For some of the old medicinal plant extracts, purification and isolation of single active

ingredients has enabled standardized doses to be given in tablet or capsules form From the

viewpoint of the patient, it matters little whether or noi the capsules or tablet contains a

synthetic or a natural medicinal drug. Attempts to synthesize these active principles have

largely been successful, but in most cases this has proved to be uneconomical in

comparison to isolation from natural sources. Thus today, dn gs such as morphine (the

potent pain-killer from the opium poppy) and digoxin (for thr treatment of congestive

heart failure, from foxglove) are isolated from their plant soinces. Despite considerable
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efforts to produce synthetic analogues with safer profiles for use in humans, both of these

drugs continue to play prominent roles in medicine.

In recent years novel anticancer and antimalarial drugs have been developed from plant

sources. Although there are many potent and specific drugs available today for the

treatment of diseases, there is a public swing to alternative/complementary medicines,

including the use of herbal medicines, in developed countries.

However, there is still an urgent nend for new drugs to treat diseases and despite all of the

advances made by the pharmaceutical industry, we need more effective and safer drugs to

treat cancers and infections caused by viruses (e.g. AIDS), bacteria (e.g. tubercuh sis, now

a major scourge), and protozoa (e.g. malaria, kills millions annually). In addition to

chemotherapy there are other diseases such as Alzheimer.s and Parkinosonism,

cardiovascular diseases, and inflammatory diseases which requite new- therapeutic drugs

Plants have provided many medicinal drugs in the past and the\ are a logical source for

new drugs in the future.

1.1.1 Anticancer activities

One of the most exciting discoveries from plants in recent years has been that of taxol.

which is now used clinically for the treatment of ovarian cancer (Kingston, 1993 and

references therein). Taxol was discovered in 1962 by Monroe Wall of the North Carolina

Triangle Institute, but the discovery lay dormant because there did not appear to be a

future for it as a clinical agent. When the National Cancer Institute changed its cancer

screening program from fast growing animal cell lines to slow growing human cancers

interest in taxol was rekindled.

Taxol was originally isolated from the bark of the Pacific yew iaxu.s brevifolia, an i its

chemical structure was shown to be a complex nitrogen continuing diterpenoid with 1 1

chiral centres. The complexity of its structure m.-ant that it was unlikely io be synthesized

economically. Because it was isolated from b,.rk, trees would need to be felled and the
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potential demand could well have resulted in the loss of t ie whole population of Pacific

yews. Despite such difficulties, taxol has beer, introduced clinically in USA by Bristol

Myers Squibb and a semi-synthetic derivative, taxotere, into Europe by Rhone Poulenc

Roher.

The may apple, Podophyllum peilalitm, contains a resin, podophyllin, which has been used

for many years to destroy warts. The main active ingredient of the resin is a lignan

podophyllotoxin which is highly toxic and inhibits cell division. A semi-synthetic derivative

of a podophyllotoxin type compoi nd containing a modified sugar moiety proved to have

an entirely different mode of action and inhibits topisomerase 11 From these discoveries a

number of clinically useful anticancer drugs, including etoposide (Bristol Myers Squibb)

have been developed in recent years (Ayres and Loike, 1 950). F.toposide is used to treat

breast, lung, and testicular cancers.

Anticancer drug discoveries from natural sources were discussed in a review by Pettit el

al. in 1994 (Pettit el al., 1994). The compounds which regulate cellular proliferation by

binding to specific proteins required for cell division, are abundantly found in Mature and

were reviewed by Hung el al. in 1996 (Hung el al., 1996 ). ome of these compounds

have been and continue to be developed as antineoplastic agents and immunosuppressants

Taxol (Paclitaxel) and its derivatives prevent cell division by accelerating the

polymerization of tubulins and stabilizing microtubules (Suffness. 1993; Joel, 1994; Prous.

1995'1).

Taxotere (Docetaxel) is a taxoid derivative synthesized during the search for a semi¬

synthetic production route to taxol from 10-deacetylbaccatin III. a precursor extracted

from the needles of the European Yew, Taxus haccaia (Joel, 1994; Prous, 1995)

Docetaxel was launched for the treatment of ovarian, breast ami lung cancers and is now

being investigated for wider applications (Cheng, 1996). An acme research area in natural

product chemistry is the synthetic modification of taxol and recently the synthesis and SAR

of a second generation of antitumour taxoids was reported (C)jima el a/., 1990. These
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new taxoids with modification at C-10 showed improved cytotoxic potency con pared to

taxol and taxotere against a range of cell lines including drug resistant lines and were

postulated to exhibit reduced binding to p-glycoprotein.

An alkaloid camptothecin from a Chinese tree, Camptotheca acuminata was reported to

inhibit enzyme topoisomerase l (Slichenn. er et a/., 1993, Tanizawa el a!., 1994) The

knowledge of the mode of action of camptothecin led natural product scientists to develop

its derivatives such as irinetecan, topotecan and 9-aminocamptothecin (Tanizawa et a/..

1994). Some of them exhibit strong activity against solid tumour xenografts.

Investigations are also being carried out on a number of microbial metabolites to be used

in the treatment of cancer. A purine nucleoside, pentostatin A. found in fermentations of

Streptoinyces antibiotiais, is an adenine deaminase inhibitor which was introduced for the

treatment of hairy cell leukemia (Strupczewski and Ellis, 1993) and also has been studied

for other potential applications. Echinomycin A from Streptomyces echinatus is a

bifunctional DNA intercalating agent which has been evaluated clinically for use as an

antitumour agent. Anticancer activities of the metabolites from 'ivpfotnyce.s sp have been

reported by Dale et at. (Dale et a/., 1996)

A largely unexplored source of potentially uselul antineoplastic substances are the marine

organisms (Pettit, 1994). Many of marine substances are at various stages of preclinical

and clinical evaluation (Pettit, 1994; Cragg et a/., 19971’). Clinical evaluation has also

reached to an advanced stage for bryostatin I (1), a metabolite of the colonial bryozoan.

Bugula tierHina. This compound exhibits potent and selective activity against leukemia cell

lines and excellent in vivo activity (Cragg et a!., 1997). Otiier marine products at various

stages of development include ncieinascidine-743 (2), doIastaiin-IO and halichondrin-B

Ecteinascidin-743 (2) is among a series of alkaloids isolated from the Caribbean tunicate

Ecteinascidia turbinata and shows potent activity in a number of in vitro and in vivo

systems (Rinehart et a/., 1990; Pommier et al , 1996). Dolastatin 10 isolated from

Dolabeila attricularia and a sponge metabolite halichondrin If are potent inhibitors of
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glutamate- and microtubule-associated protein-dependent polymerization of tubulin

(Hamel, 1993). Spongistatins from a Spongia sp. also inhibit tubulin polymerization by

binding to the Vinca alkaloid domain of tubulin and have excepuonal cytotoxic properties

which are ascribed to highly efficient cellular uptake (Bai et a/., 1993).

MjC CH3
HO.

XX).HO
,OAeH3C02C'ÿ55l

OClb
I lr,CO.0 O,

' /
Act) 0 S

*CHj%
OH
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SCHJ q T
J| HjC OH

XO2CH5
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1.1.2 A ntiviral Activity

The National Cancer Institute investigated the activity of natural products against the

Human Immunodeficiency Virt s (HIV), and by 1993 they had dentified some eight

compounds which were previously unknown as inhibitors of Hl\ (Cardcllina et a/., 1993)

These studies showed that there was considerable diversity in the chemical structures of

compounds possessing anti-HIV activity and they include alkaloids, terpenoids, p'lenolics.

and compounds of mixed biosynthetic origin. One such active compound is the unique

dimeric naphthalene-tetrahydroisuquinoline alkaloid michellamine B which was isolated

from the tropical species Ancistrodadus abhreviatus Michellamine B has been selected as

a high priority candidate for pre-clinical development. The search for new antiviral agents

from plants has been reviewed by Wright 'Vright, 1995). The antiviral activity of some

medicinal plants have recently been reported (Abad et a/, 1999; kott et a/., 1999).

1.1.3 Immunosuppressant activity

Immunosuppressant activity of a number of microbial products iuve been presented in a

recent review by Perico and Remuzzi in 1996. The main drug in this area is cyclosporin A
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which forms the immunophilin class of immunosuppressants together with FK506 (used

for the treatment of transplant rejection) (Cheng, 1994) isolated from Streptomvces

tsukubaensis as well as rapamycin (currently in development tin use in combination with

cyclosporin A) (Perico and Remuzzi, 199u) from Slreplomyces hygroscopictts (Clardy.

1995; Armistead and Harding, 1993). Metabolites from several other microbial organisms

were reported to show immunosuppressant activity (Alison and Eugui, 1993, Pious

1995’’; Maeda el al., 1993; Ramos el al., 1996).

/.1.4 Cardiovascular Agents

A number ofsqualene synthase inhibitors have been reported, the most interesting to date

being a family of metabolites isolated from a Phoma sp. as the squalestatins and front

various fungi including Sporonniella intermedia as the zaragozic acids (Nadin and

Nicolaou, 1996). These compounds are potent in vitro inhibitors of squalene synthase,

exhibit potent activity in in vivo models of cholesterol synthesis and have stimulated much

interest in terms of chemical synthesis (Nadin and Nicolaou, 1990). Acyl-CoA: cholesterol

acyltransferase (ACAT) has proved to be an important target (Onuira and Tomoda, 1994).

The most potent inhibitors found by microbial screening were the pyripyropenes from

Aspergillusfumigants (Tontoda el af., I994a h). Pyripyropene \ (3) reduces cholesterol

absorption in hamsters when administered orally (Tomoda a al., I994'1, b) Synthetic

modification of the pyripyropenes has resulted in analogues with improved properties

Diketopiperazines (4 and 5) isolated from a S/rep/omyces sp. were found to inhibit PAJ-1

activity in an amidclytic assay for tissue plasminogen activator-mediated plasmin

generation, to enhance fibrinolysis and to protect against thrombus formation in rats

(Bryans et al., 1996; Charlton el al., 1996), Subsequent development has generated

derivatives with improved properties (Charlton el al., 1997).
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1.1.5 Anti-infective Agents

A detailed review was published descrbing the antifungal properties of natural products

(Turner and Rodrigues, 1996). This include the cyclic lipopcpiide echinocandins from

Aspergillus sp., pneumocandins produced by directed-biosynthesis using the Mingus

Zalerion arhoricola (Schwartz et at., 1993), the cyclopeptide aureobasidins from the

fungus Aureobasidinm pulln/atis (Turner and Rodriguez, 1990), the pradimicins from

Actinomadura hibisca (Prous, 19951’) and (he nikkomveins from Sfrepton/yces lendue

(Turner and Rodriguez, 1996). New antibacterial agents were alv> discussed in this review

(Chu et id., 1996) which clearly outlined the important roe of' several classes of known

antibiotics in providing templates for chemical modification and listed novel targets against

which natural products screening might be productive. Promising recent developments in

this field include semi-synthetic glycopcptide antibiotics with greatly improved potency

against vancomycin-resistant enterococci (Cooper et a/., 1990; Williams, 1996) and

ziracin, a novel oligosaccharide from Micromonospont carboth teen var. qfricann which

has good activity against drug-resistant bacteria and which is undergoing phase 1 clinical

studies (Patel, 1997). Screening plants for antiviral activities has resulted in the discover,

of agents such as michellamine B and SP-303. The michellamines are novel

naphthylisoquinoline alkaloidal dimers were isohted as the in vttro anti-HIV agents from

the AncislrocIndus korupensis. (Boyd et at., 1994). Michellamine B inhibits HIV-induced

cell killing by at least two distinct mechanisms (McMahon ti a! 1995) and is currently in

preclinical phases (Cragg et al.. 1997), SP-303 is a plant flaumoid discovered by an
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ethanobolanical approach which is currently being evaluated for use against influenza virus

(Wyde et al., 1993 and Sidwell el al., 1994). Some recent studies have revealed the

antimicrobial activity of various medicinal plants (Hammer el a/., 1999; Kott el a!., 1999)

I.1.6 Antimalarial Agents

Quinine, obtained from the bark of Cinchona species, has been used for many years as an

antimalarial drug. Numerous compounds were synthesized using quinine as a template

molecule and a whole series of antimalarial drugs have been developed.

One of the recently introduced antimalarial drugs, artemisinin, is obtained from the Chinese

medicinal plant Artemisia annua. Artemisinin is another example of a natural product

which has an unusual chemical structure with an endoperoxide moiety within a

sesquiterpene lactone molecule (Klayman, 1993). Because artemisinin is not water soluble,

it is a difficull drug to administer and simple chemical modifications have led to a number

of compounds with enhanced pharmacokinetic profiles. One such compound, artemether.

is now used clinically as an antimalarial drug (Rhone Poulenc Roller,). The study showed

that the endoperoxide moiety is essential for antimalarial activity and attention has now

focused on the active moiety of the artemisinin molecule, namely 1,2.4-trioxane. These

studies have led to the synthesis of a series of molecules which are structurally less

complex than artemisinin, and yet are potently active against P. falciparum. These

synthetic compounds, which ow-e their origin to a know'ledge of the chemical structure of

natural product artemisinin, may w'ell prove to form the jasis for a new generation of

antimalarial agents.

A number of alkaloids, terpeno;ds, and flavouoids with maikcd activities against P.

falciparum, were isolated mainly from plants used in traditional medicine against malaria

and, they provide leads to the development of potential novel antimalarial drugs (Phillipson

e/al., 1995; Phillipson and Wright, 199!).
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1.1. 7 CNS-Active Agents

The GABA\-benzodiazepine receptor agonist xenovulene A

(6) is an important example of CNS-active agents. This is t ie

main metabolite of Acremonium striclum and has been found

to be a potent in vitro inhibitor of the binding of flunitrazepam :

to GABA,\-receptor containing membrane preparations

(Ainsworth el al., 1995). Xenovulene A and its analogue were .
found to enhance GABAA-mediated responses and to bind

selectively to Type 1 GABAA receptors, with subtype

selectivity (1/60). Preliminary staictural modifications have led to the identification of

features important for functional properties at the GABAA receptor (Thomas et al., 1997)
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The current demand for herbal remedies may be partly due to a general dissatisfaction with

modem medicines. Expectations that modern d.ugs would cure AIDS, cancers, and other

chronic complaints such as rheumatism and arthritis have not been realized. Furthermore.

there is a belief that because some synthetic drugs possess severe adverse reactions, or are

habit-forming, no such effects will be produced by the use of natural substances. However.

it must be stressed that ‘natural’ does not equate with ‘safe’. T lie natural drugs, diguxin

atropine, strychnine, etc. are highly potent and in sufficient doses are lethal Similarly

natural products morphine and cocaine are not only lethal but halm-forming as well.

As a result of a telephone survey conducted in the USA, it was estimated that some 42 5

million visits were made to herbalists in 1990, and that 42.5 million visits would have been

made to unconventional therapists contrasting with the 388 million actual visits made to

primary health-care physicians (Eisenberg el al., 1993). Over the counter sales of herbal

medicines in the USA and Canada during 1990 reached US$860 million with an annual

growth rate of 15 per cent (Zhang, 1996). In Europe, the sales of herbal products have

been referred to as “Europe’s growth market” which amounted to USSI.4 billion during

1992 (Anon, 1992).
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One Italian company (Indena of Milan) specializes in the preparation of medicinal plant

extracts and utilizes some 12000 metric tonnes of dried plant material annually

(Bombardelli, 1996). Tne company prepares some 1139 plant extracts for medicinal use

together with 202 pure compounds, which are isolated directly from plant material and

used as such or as semi-synthetic derivatives. The main markets for these products are

Europe, USA, Japan, and S. Korea. Among the most popular extracts used in Europe are

garlic {Allium sativum, antimicrobial, blood cholesterol lowering), ginkgo {Ginkgo biloba,

for circulatory insufficiency), saw palmetto {Serenoa ripens diuretic, reduction of

enlarged prostrate), milk thistle {Silybttm mariamtm, teatmont of liver disorders), bilberry

{Vaccinium myrlillus, inflammation of mucous membranes and diarrhoea), and grape seeds

{Vitis vinifera, antioxidant and cardiovascular disease treatment)

A survey on herbal products sold in UK pharmacies indicated that about 150 medicinal

herbs are in common use (Newal! ef a!., 1996). The majority of herbal products sud in the

UK, whether from pharmacies, health food shops, supermarkets or mail order outlets, are

not licensed as medicines. Such products are controlled undei food legislation and are

referred to as food supplements, or dietary integrators or nutraceimeals.

Some medicinal herbs contain toxic compounds such as pyrolizidine alkaloids {e g. species

of Croialaria, Helioiropimn, Senecio, Symphytum), which may cause liver toxicity and

cancer or venocclusive disease. Other toxic compounds present in some herbal plants

include lectins, toxins, lignans, saponins, diterpenes, and cuinogenetic glycosides

Contrary to popular belief, herbs may cause adverse reactions including allergic, cardiac.

endocrine, and irritant effects. There is also the possibility that herbal medicines may

interact with other medicines e.g. if a herb lowers blood pressure or increases blood

coagulation time or is a sedative, then it may interact wit a concurrent antihypertnesive.

anticoagulant or sedative therapy (Nevvall et a/., 1 996),
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1.2 Withania coagulans

Withanici coagulans belongs to family Solanaceae. Withania is a small genus of unarmed

shrubs which are distributed in East of the Mediterranean region and extend to South Asia

There are two species found in Pakistan, Withanh coagulans and Withania soninifera.

W. coagulans is a 60-120 cm high plant which occurs in the drier parts of Punjab. Leaves

of the plant are usually lanceolate-oblong, clothed with a persistent, grayish toinentuin on

both sides, base narrowed into a stout petiole; flowers are yellow in axillary cymose

clusters. The berries of W. coagulans are globose and red or brownish in color. These are

smooth and enclosed in leatherly calyx. The seeds of plant are dark brown ear-shaped and

glabrous. The pulp is brown having nauseous and fruity odour.

Flowering season of the plant is November-April and the berries ripen during January-

May. The natural generation is from seed. No distinction is made in the market between

the berries obtained from W. coagulans and W soninifera. The microscopical features of

both species are identical including smooth and whitish surface and short and starchy

fracture (The Wealth of India, 1969).

1.2.1 Pharmacological Importance of Withania sp.

The berries of the shrub are used in North-West India and neigh louring countries for milk

coagulation The property is attributed to the pulp and husk of the berry. Coagulation of

milk is suggested to be due to an enzyme in the plant and under optimum conditions, one

part of concentrated enzyme coagulates 90,000 parts of milk in half an hour It has been

ascertained that 1 oz. of the fruit of Withania coagulans and one quarter of boiling water

make a decoction, one table spoonful of which will coagulate a gallon of warm milk in

about half an hour (Kirtika, 1981, Dymock, 1992).

The concentrated enzyme can successfully be used in place of animal rennet to prepare sort

cheeses like cheddar. The other main components of berries, other than milk-coagulating
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enzymes, are esterases, free amino acids, fatty oil, an essential oil and alkaloids. The amino

acids proline, hydroxyproline, valine, tyrosine, aspartic acid, glycine, asparagine, cysteine

and glutamic acid are also present. The essential oil of the plant was active against

Micrococcus pyogenes var. aureus and Escherichia coli (Israili and Siddiqui, 1965) The

fruits are sweet and are reported to be sedative, emetic, alterative and diuretic They are

useful in chronic complaints of liver. The fruits are also used in dyspepsia, flatulent colic

and other intestinal affections. They are employed for the treatment of asthma, biliousness

and stranguary. In some parts of India, the berries are well-known as blood purifier. The

twigs are chewed for cleaning teeth, and the smoke of the plant is inhaled for relief in

toothache. They are prescribed in infusion, either alone or conjoined with the leaves and

twigs of Rhazya siricta. an excellent bitter tonic In Pakistan, the leaves of W. ctKign/ans

are used as a vegetable, and as a fodder lor camels and sheep They are also employed as

a febrifuge.

Various therapeutic properties have been attributed to the plants of the Withania sp.

(Kopaczewski, 1948) The roots and leaves of W. sonmiferu are used by native South

African tribes for a wide variety of medicinal purposes (Wan and Breyer-Brandvvijk.

1962). "A decoction of the roots is administered by the Transvaal Sotho to tone up the

uterus in a woman who habitually miscarries, nnd in order to remove retained conception

products”. In Basutoland, the plant is used as a remedy against intestinal parasites

introduced by witchcraft. Interestingly, the fresh juice of the leaves is applied to anthrax

pustules and also for the preservation of meat

The alcoholic extract of the leaves of W. sotnnifera has been assayed for anti-inflammatory

activity and protective effect against CCVinduced hepatotoxiciiv The leaves were found

to possess marked effects in subacute inflammation and hepmotoxicity (Sudhir et a/..

1986). The plant was reported to inhibit growth and macromolcailar-synthesis of human-

cells (Bhatia et a/., 1987). Begum and Sadique, in 1987 reported the long-term effect of

herbal drug Withania sotnnifera on adjuvant induced arthritis in rats. The ethanolic extract

of the leaves of Withania frntescens exhibited preventative and curative activity against



Introduction 16 Chapter One

CCU-induced liver damage. The extract of W. somnifera also showed depressing effects

upon mouse central nervous system (CNS). The effect of Wifhuniu somnifera extract on

arterial blood pressure in dogs was studied and it was concluded that the extract induced a

significant decrease in the arterial and diastolic blood pressures in dogs. 1 he

pharmacological effects of the methanolic extract of IV. somnifera root is well known

(Mehta ef al., 1991).

W. somnifera of Iraqi origin was found to have ganuloma-tissue formation inhibition

activity (Alhindawi el al., 1992). IViihania somnifera, along with thirlysix other plants

have been jsed by traditional healers in the central and southern parts of Somalia

(Samuelsson el al.. 1993). Grandhi et al. in 1994 investigated the aqueous suspensions of

an Indian drug Ashwagandha (IT. somnifera) for anti-stress activity as well as anabolic

activity and was found to have significant results. The plait was also proved to have

analgesic activity (Salmi et a!., 1995). A significant modulation of immune reactivity was

observed in the animal models, when treated with an Indian Ayurvedic medicinal

preparation. Ashwagandha (IV. somnifera) (Ziauddin et al.. 19%). The root extract (11)0

mg/kg) of IViihania somnifera offered a significant protection against PTX-induced

chemical kindling, and the effect was comparable to diazepam 1 1 nig/kg). The protective

effect of IV. somnifera appears to involve GABAergie mediation (Kulkarni and George.

1996). The plant extract (benzene extract) of IV. somnifera alone with several other plants

was used in bioassay studies of the laboratory-colonised larvae il CL) and field-collected

larvae (FCL) of a mosquito, Culex twin jitefascialns. The ex tract acted as a larvicitle

(Karmegam el al.. 1997). The importance or root extract of IViihania somnifera m thyroid

function has been studied in cockerels'. The extract also increased the plasma protein

concentration (Panda and Kar. 1997).
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Recently, the inhibition of morphine tolerance and dependence by W. sonmi/era in mice

has been reported by Kulkarni and Nurian in 1 99'7 (Kulkarni and Nurian, 1997 ).

1.3 Withanolides

Withanolides constitute a group of naturally occurring steroidal lactones derived from an

ergostane-type skeleton in which C-22 and C-26 are appropriately oxidized in order to

form a six-membered lactone. For convenience, the basic structure 7 was designated as the

“withanolide” skeleton (Lavie el a/., 1 968).

The structure 7 has been commonly named as withanolide while in the chemical abstract

(CA) it is named as, 22-hydroxyeorgastan-26-oic acid-26,22-lactone. Interestingly the

name ergostan-26,22-olide based on I UPAC rules, does not seem to be commonly used.

For compounds with a modified carbonylic skeleton and or side chain, only CA names are

being used, along with the trivial ones.
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Most of the withanolides isolated so far, are 2-en-l-ones and have the A2l-unsaturated

lactone side-chain . Some compounds such as 8, however, were found to have saturated

ring A with C-l-OH instead of the corresponding ketone. Certain compounds also possess

a saturated (Kirson el a/., 1970 and Glotter et a/., 1973) or lower oxidation level (i e.

22—>26 lactol), (Barata et a/., 1970 and Glotter efa/., 1973} instead of lactone side chain
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Investigations have also led to the discovery of various biogeneiically related compounds

in which either the carbocyclic skeleton, or the side chain, or both are modified Among

them are 13,14-seco derivatives, ring D aromatic compounds, bicyclic structures and

epoxylactols in the side chain are important M ijority of these unmodified and modified

ergostans derivatives are produced by Solanacoe plants belonging to the genera Withama.

Acrtisius (Dunalict), Physalis, Jaborosa. Damn and Lycinni although some withanolides

have also been isolated from some marine sources.

1.3.1 Biological Importance of Withanolides

Withanolides have been reported as possessing a variety of biological activities. Among

them withaferin A is the most important compound, isolated from various species of genus

WUhania .

Withaferin A (9), possesses antibacterial properties, mainly against acid-fast bacilli and

gram-positive microorganisms. In a later investigation on several withanolides, it was

found that 27-deoxywithalerin A (10) is more active than other related compounds.
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3J3-Hydroxy-2,3-dihydrowithanolide F ''11) liaÿ. a protective effect in cases ofCCL induced

hepatoxicity in adult albino rats; it also produces a moderate fall of blood pressure in dogs

and has a significant anii-inllammatory el.’ ct in sub-acute inilammations produced by

formalin 24,25-Epoxywithanolide D and physangulide have anti-inflammatory effects

when administered intra-peritoneally to mice and rats (10 mu/kg) in exedative and

proliferative types of experimentally induced inflammation The activity was comparable to

that of hydrocortisone.
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Several daluralaclones exhibit antifertility effects on albino female rats. Daturalactone B

(12) is more active than daturalactone A (13) or 2,3-dihydrodaturalactone B. Withaferin A

(9) and withacnistin (14) showed in vitro cytotoxicity against KB cell cultures derived

from human carcinoma of the nasopharynx and in vivo activity against sarcoma 180 in

mice and Walker 256 intramuscular carcinosarcoma. Withaferin A was also found to

inhibit the growth of Ehrlich ascites carcinoma in mice, to produce mitotic arrest in the

metaphase of the same tumour system, to induce vacuoliza.ion of the cytoplasm, and to

inhibit immunologically induced inflammation in rats. Witha'erii A (9) and its 6a-chloro-

5P-hydroxy-derivative (15) exhibit cytostatic activity against Hel.a 229 cells in cultures.

Tests on several related compounds gave negative results. Withaferin A and withanolide E

(16) were shown to have immunosuppressive activity on human B and T lymphocytes, as

well as on mice thymocytes. 4p-Hydroxywithanolide E (1") showed a considerable life¬

span enhancing activity against L-1210 leukemia.
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Withaferin A (9), withanolide D (18), and 43-hydroxywilhanolide Ei (17) were active

against mouse leukemia L5I78Y cells, at a definitely higher level than synthetically

prepared cholest-2-en-l-ones substituted at positions 4, 5, and b Withangulatin (19) acts

in vitro on topoisomerase II to induce topoisomease II-medi.ited DMA damage.
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The presence of the 50, 60-epoxide and of the 170-hydroxy group seem to be mandatory

for the antitumour activity of wilhanolides. Thus, 17-isowithanolide E (20) is inactive, as is

withanolide S (21), a compound in which the 170-hydroxy group is preserved, but the

50,60-epoxide is converted into the 5a,60-diol. Modified wilhanolides were synthesized in

the hope of finding more active compounds. None had even the activity of compounds

(16) and (17).
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Several withanolides are insect antifeedants. Thus, Nic-1 (22) is a feeding deterrent for

larvae ot'Manduca sextet L. Further studies on other withanolides showed that withanolide

E (16) is a potent antifeedant for larvae of Spodoptera littoralo Boisd . in contrast with

Nic-1 (poor activity), and other withanolides 9, 18, 23. and 24 which are inactive 4p-
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Hydroxywithanolide-E (17) is about ten times less active than withanolide E, whereas

withanolide S (21) is inactive. Experiments with larvae of Epilachna vat ivestis Muls led

to the conclusion that compounds 16 and 22 r.e antifeedants. However, the most active

compound is nicalbin A (25). The investigation was extended to several other natural and

synthetically modified withanolides.
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Two new glycowithanolides from Withania somnifent were reported to have

immunomodulatory and CNS el ects (Ghosal et at., 1989). Glut ter in 1991 published a

comprehensive review on withanc lides and ergostane-type steroids. The effects of

gyclowithanolides consisting of sitoindosides VII-X, in combination with withaferin A,

from W. somnifera were evaluated on (i) morphine-induced inhibition of gastrointestinal
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tract (GIT) transit and (ii) developmen of tolerance to morphine induced analgesia, and

found very effective (Ramarao et al., 1995). The active principles of W. somnifera

consisting of equimolar amounts of sitoindoMdes VII-X and withaferin A were found to

have a significant effect on an animal-model of Alzheimers-disease and perturbed central

cholinergic markers of cognition in rats (Bhatlacharya et al., 1995)

Some other biological properties of withaferin A, besides those presented above are listed

in the Table-1 . 1 .

Table-1.1: Biological Properties of Withaferin A

Activity Reference

In vivo growth inhibitory and radiosensitizing effect Devi et al., 1995

Antifungal activity C'hoitdhary et al 1995

Antitumor and radiosensitizing effects Sharada eta!., 1996

Radiosensitizing effect Devi et al., 1996

Memory-enhancing effects Schliebs et of., 1997

Growth inhibitory and radiosensitizing effect on mouse Ganasoundari et a!., 1997

tumors
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Chapter Two

BIOSYNTHESIS OF VVITHANOLIDES

The chemical constituents of Withania coagn/am include, among others, steroidal

lactones called withanolides, which are probably derived from cholesterol. The

biosynthetic precursor of all the steroids and terpenoids including cholesterol is the C0-

coippounds called 3/?-(+)-mevalonie acid (26) (MVA) which was first isolated in 1956 as

a metabolite of a Lactobacterium species and was found to be a potent growth factor for

yeast. It is unusually found in the anionic form (with several prochiral hydrogens) since

the un-ionized acid can rapidly lactonize which will then be biosynthetically inert. The

unnatural 3,S'-(-)-mevalonic acid or its lactone is not similarly utilized in biosynthesis

(Tavormina at a!., 1956: Wolf ef a/.,1956).

The details about the biosynthetic pathway to 24-methylenecholestrol, a precursor of

withanolides (Lockley ef al.. 1974), can be found in a number of publications (Lynen and

Henning, 1960; Danishefsky, 1980 and West, 1981). Various steps involved in in the

biosynthetic conversion of mevalonic acid to 24-methylenecholestrol (27) via squalene,

protosterol (28) and lanosterol (29) have also been the subjeci of many research papers

(Stone ef al.,1969; Cornforth et a/.,1965; Cornforth ef al., 1966, Poulter ef a/.. 1 <. 79.

Jacob et al., 1983; Koyama et al., 1980; Qureshi and Porter. 198!. I.pstein and Rilling,

1970; Popjak et al.,1974; Poulter, 1974; Gibbons and Mitropoulos. 1973; Akhtar et a!,

1978).
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Two biogenetic schemes were suggested in order to explain the biosynthesis of

withanolides in nature, one relates to the formation of a lactonic side chain, and the

second to the substitution pattern of rings A and B. These schemes were established

through several cross breedings of different chemotypes of IV. somuijcm, a plant known

to contain withanolides.
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24-Methylenecholesterol (27, Scheme-2.1) has been shown to be a precursor of

withanolides (Lockley el a!., 1974). It has been proposed (hat compound b (Scheme-2.2)

is actually one of the intermediates leading to the lactone. In this case compound b should

undergo 22-hydroxylation to c, a well known reaction in tiie steroidal biosynthesis

(Glotter, 1978). From this point, two alternative hypotheses were considered, as shown in

Scheme-2.10, one going through cyclization d and oxidation c. and the second through

oxidation g of the allylic isomer f, followed by cyclization to c. The latter compound, a

lactol, has been found to be present in number of withanolide-containing plants (Begley

et al., 1972, Bates and Morehead, 1974 and Kirson el a/., 1980). Final oxidation can lead

to the 5-lactone, h (30).



Chapter TwoBiosynthesis 28

24

22I

pH
Vo

ft

2'1-Mclhylenecliolcsierol (27)

PH
>ÿ

h

Oil CH2OH
OH

Ally Hu rearrangement

c
r

l<>]

r

COOHO' OH

d

[Ol t
V

'V.
O 'OO OH

[O]

ll

(3me

Schcme-2.2



Biosynthesis 29 Chapter Two

In the substitution pattern of rings A and B of the withanolides (Soheme-2.3), the first

step is presumably hydroxylation at C-l from the rear and less hindered side of the

molecule. The intermediate 5-ene-la, 3(3-diol (31) is then selectively oxidized to the

corresponding ketone (32), which undergoes {3-elimination to yield the 2,5-iiiene-l-one

structure (33) found in most of the withanolides.
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Chapter Three

RESULTS AND DISCUSSION

Several new and known' witlianolides have been isolated from H cougulans of Pakistani

origin. Extensive spectroscopic and oilier experimental techniques were used for the

structural determination of these compounds. Some of them showed anlifung.il and

antibacterial activities against a number of pathogenic microorganisms. The results of

these experimental studies are discussed in this chapter. The extraction and isolation

procedures are discussed in detail in the experimental section.

The whole plant of W. coaguhtns (250 kg) was collected from the suburban areas of

karachi in oct.1994. The dried plant material was soaked in Eilunol for one week. The

ethanolic extract was then filtered and concentrated under vacuum,

The concentrated ethanolic extracts of the whole plant of IT. amgoIans was re-dissolved

in MeOH and defatted with pet. ether (40-60°). The defatted extract was concentrated and

dissolved in 10% acetic acid. The acidic aqueour extract was partitioned with CHCT. at

different pH values (Scheme-4.1, page 164). Gae l, extract was initially checked on I LL to

observe the complexities of the plant chemistry. Interesting extracts were then subjected

to the column chromatography for further purification.

3.1 Coagulin (34) jl7p,27-dihydroxy-14,20-epoxide- l-0\n-(22/?)-witha-3,5,24-

trienolide| - A New Withanolide

3.1.1 Brief Isolation Procedure

The "acidic" CI-ICI3 fraction “F-2” (Scheme-4.3. Experimental Section, page 165) ( pH 2-

3) was subjected to column chromatography (silica gel). The column fractions eluted with

n-hexane/CHClj were again subjected to column chromatography and eluted with

CHCh/MeOH mixtures. A fraction !•'; collected from this column was purified by thin-

layer chromatography (silica gel) to obtain coagulin (34) (4 9 mg. 1 .96x 1 0’h % yield) as

white crystals, [a]27n-l I" (CHCh + MeOH). The purity of sample was checked on TEC

plate (precoated with silica gel) and visualized under short UV wavelength (254 nm).
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3.1.2 Preliminary Spectral Observations

. Coagulin'(34) has the molecular formula C2gHvs£)6 as indicated by the molecular ion at m 2

468.2559 in the high-resolution electron impact mass spectrum. The molecular formula

indicated the:

(a) presence of eleven degrees of unsaturation or double-bond equivalents.

(b) presence of six oxygen functions but no nitrogen atom (i.e. compound is non-alkaloidal

in nature).

At least four withanolides of this c jmposition have been reported from various plants of

the family Solanaceae. The IJV spectrum (MeOH) of coagulin (34) showed a strong

absorption at 226 nm characteristic of summation of absorptions of the conjugated enone

and the conjugated 5-lactone chroniophores (Bagchi ef a/.. 1984; Lavi, 1982). The IR

spectrum (CHC13) of 34 displayed absorption bands at 3348, 1704 and 1692 cm '

indicative of the presence of a hydroxyl group, a six-meinbered cyclic ketone and an a,(3-

unsaturated lactone, respectively (Pavia et al., 1979).

Preliminary spectral observations indicated that the compound in hand has a steroidal

(cyclopentanophenanthrene) skeleton with a six-membered lactone substituent and other

oxygen functions and unsaturation sites characteristic of all withanolides.

18

CHTOSJO
n ]9 1;

CH3

T M ] >

34

H



Results and Discussion n Chapter Three

3.1.3 DetailedSpectroscopic Studies

3.1.3.1 1H-NMR Spectrum

The ‘H-NMR spectrum ofcoagulin (34) (400 MHz, CDCU +ÿ CDÿOD) included signals for

four quaternary methyls at 5 1.35, 1.02, 1.30 and 2.0 assigned to CHj-18, CH?-19, CH,-

21 and CH.i-28, respectively, of steroidal lactone skeleton. Appearance of the CH3-2I as a

singlet indicated the presence of an oxygen function on vicinal C-20. The downfield

chemical shift of C-28 methyl indicated that it is substituted on a double bond. Downfield

AB doublets resonating at 5 4.17 and 4.11 (J27. n = 12.0 Hz) may represent geminally

coupled protons of a hydroxy-bearing methylene. Three downfield signals at 5 5.90, 5 60

and 5.55 represented three vinylic protons of a trisubstituted diene system. A downfield

methine double doublets at 6 4.60 (./22.23<*= 12.5 Hz, ./22,7.3a “ 2.0 Hz) could be assigned to

an oxygen-bearing methine of the lactone moiety (C-22H).

3.1.3.2 C-NSdR Spectrum

The broad-band ''C-NMR and DEPT (125 MHz, CDClj + CD-.OD) spectra (polarization

pulse angles 6 = 45°, 90° and 135°) indicated the presence of 28 carbon resonances, in

agreement with the molecular formula, CisH.vA (calcd 468 251172). The DEPT

experiments showed that there were four methyl, eight methylene and six methine carbons.

The remaining ten quaternary carbon signals appeared in the broad-band decoupled

spectrum. The lowfield signals at 5 211.5 and 166.3 were due to the ketone and lactone

carbonyls, respectively. The three vinylic methine carbons of rings A and B resonated at 5

127.2 (CH), 129.2 (CH) and 121.3 while the quaternary vinylic carbon appeared at

5 140.5. Two oxygen-bearing quaternary carbons appeared at 5 88.9 and 80.9, while the

oxygen-bearing methine and methylene carbons resonated at 5 81 0 (CH) and 56.1 (CH2)

respectively. The methyl carbons appeared at 5 20.0, 18.9, 20.2 and 20.1. The chemical

shift assignments for various carbons are presented in Table-3.1 The one-bond proton-
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carbon correlations were determined by HMQC experiment and are also presented in

Table-3.1.

3.1.4 PartialStructure Elucidation

Two-dimensional NMR experiments (COSY 45°, HMQC, HMBC) have also been used to

elucidate the structure of coagulin (34). A number of structural fragments were 'nitially

developed on the basis of COSY 45° spectr .im. The complete structure (i.e 34) was then

determined by joining these structural fragments together with the help of HMBC

techniques.

3.1.4.1 Fragment "a"

Spin system "a" comprising ring A of the steroidal

skeleton was traced out starting from geminally coupled

C-2 methylenic protons resonating at 6 2.45 and 3.06,

which showed vicinal couplings with a vinylic proton at 6

5.60 (C-3H). The C-2 methylene protons also showed

allylic couplings with the C-4 vinylic proton which

resonated at 8 5.90. The C-3 and C-4 vinylic protons also

exhibited strong vicinal couplings with each other (J\4 =

9.6 Hz). The downfield chemical shifts of the C-2

methylene protons (8 3.06) indicated its proximity to an electron-withdrawing group such

as a ketonic carbonyl. On the other hand the C-4 vinylic proton was not coupled to any

other proton except C-3H and thus indicative of its vicinity to a quaternary carbon.

.- 0
||

z~H - VQcÿc'
VH' I' I-v*|w

5 90 dil

--HMBC

«-- 45°

Fragment "a"

The HMQC spectrum was used to determine direct heteronuclear couplings between

carbons and protons. For instance the C-2 methylene protons (5 2.45 and 3.06) showed

direct ‘HA'C correlation with a carbon resonating at 8 39.7 (C-2 Similarly C-3H (8 5.60)

and C-4H (8 5.90) exhibited heteronuclear couplings with vinylic carbons which resonated
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at 8 127.2 (C-3) and 129.2 (C-4), respectively. The IIMBC experiment was conducted to

determine long-range heteronuclear (‘H/ÿ'C) shift correlations. In the HMBC spectrum C-

2 methylenic protons exhibited long-range correlations with a downfield carbon which

resonated at 8 21 1.5 (C-l). On the other hand the C-4 vinylic proton (8 5.90) displayed

VCH coupling (HMBC) with a quaternary vinylic carbon resonated at 8 MO.5. These

spectral observation led to the fr lgment called "a".

Table-3.1: BC- and lH-NMR chemical shift values for coagulin (34) in CDCl, + CD,OD

C. No. nC-NMR 'H-NMRMultiplicity
(DEPT)

Coupling Constant
•Am (Hz,(5) (5)

C211.51
CK;39.7 3.06 ill

2.45 ill

2

3 CH127.2
129.2
140.5

5.60 111

5.90 ddCH4 J.\.j - 9.6. ./ j.j — 2 0

C5
CH6 121,3 5.55 dd

3.45 in. 2.35 in

1.30 m
1.40 m

A ;u -5.1. A..- 1> — 2.8
CH234.07
CH8 35.1

9 CH33,0

C10 52.4
21.0 CH: 1.57 in

2.06 ill

11
26.4 CH:12

C51.313
C14 88.9

15 25.0 CH; 2.10 in

1.90 m
3.10 111. 1.09 inCH;16 32.7

17 85.7 C
20,0 CH,18 1.35s

1.02 sCH,19 18.9
C20 80.9

CH,21 20.2 1.30 s
4.60 dd
2.40 m
1.60 111

22 CH81.0 12.5.7;;;,,; - 3 V

CH;23 32.6

156.3
124.5

C24
C25

26 166.3 C
27 56.1 CH; 4.17.4.11 ABd = 12.0
28 CH,20.1 2.0 s
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3. J.4.2 Fragment "b"

Unfunctionalized fragment "b" consists of parts of rings

B and C of the steroidal skeleton. This fragment was

traced out beginning with the C-6 vinylic proton which

resonated at 5 5.55. The C-6 vinylic proton exhibited

vicinal couplings only with a geminally coupled pair of

methylenic protons which appeared as multiplets in the

region of 5 2.35-2.45 (C-7H). The lack of any other

coupling of the C-6 vinylic proton indicated that the

other end of the double bond is fully substituted. The

C-7 methylenic protons in turn showed cross-peaks

with another proton resonating at 5 1.50 (C.-8H) as a multiplet. The C-8 proton exhibited

vicinal coupling with C-9H which appeared at 6 1.40. A 2H multiplet resonating 6 1.57

was also coupled with C-9H and thus ascribed to the C-l 1 methylenic protons which in

turn were coupled to a set of multiplets at 6 2.06 representing C-l 2 methylene. The

HMQC spectaim provided information about the direct lH/,'C correlations between

various carbons and protons of this fragment. While the HMBC spectrum displayed long-

range heteronuclear shift correlations between the vinylic C-6 proton (5 5.55) and the

vinylic quaternary carbon resonating at 6 140.5 (C-5). The C-6 vinylic proton also

exhibited long-range interaction with C-7 (6 34.0). These observations led to the

determination of non-functionalized fragment “b” comprising parts of rings B and C of the

main skeleton.

2 C6 in

m,:c :

c

H

- HMBC

COSY 45 'M-

Fragment "b"
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3.1.4.3 Fragment "c"

Relatively smaller fragment "c" comprises a part of ring D

and contains two vicinally coupled methylene groups.

Geminally coupled C-15 protons (8 1 90 and 2.10) showed

vicinal couplings with the C-16 methylene protons (8 1.09

and 3.10). The HMBC spectrum showed heteronuclear

interactions between the C-15 protons (8 2.10 and 1.90) and

a quaternary carbon resonating at 8 88.9 (C-14). The C-16

methylenic protons displayed VCn interaction with another

oxygen-bearing quaternary carbon which resonated at 8 85.7 (C-17). Fragment “c” was

therefore developed based on these spectroscopi ; observations.

310 ni

uwni

30
OH l-Wm

HMBC
COSY 45°

Fragment "c"

3.1.4.4 Fragment "d”

The six-membered lactone substituent formed fragment

“d” This was traced out starting from a downfield

methine proton which resonated as a multiple! at 8 4.60

and assigned to the C-22 methine proton of the lactone

substituent. The C-22 proton showed vicinal couplings

with a geminally coupled pair of protons resonating at

8 1.60 and 2.40 (C-23H). The C-23 methylene protons

also exhibited weak (allylic) couplings with the C-28

allylic methyl group resonating at 8 2.00. The C-28

methyl group showed homoallylic couplings with the C-27 hydroxy methylenic protons (8

4.11 and 4.17). The C-27 and C-28 carbons were found to be substituted on a double

bond as indicated by HMBC spectrum i.e. interactions between C'-27 hydroxymethylenic

protons (8 4.1 1 and 4.17) with the vinylic carbon which resona ed at 8 156.3. The C-27

hydroxymethylenic protons also displayed '7cn interaction with the lactone carbonyl (C-

26) which resonated at 8 166.3. This led to the fragment “d”.

:n) in

—OH
AIM

H
4.60 Ud

HMBC

COSY 45°

Fragment "d"
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3.1.5 Evidences For Functional Groups

3.1.5.1 Ketonic Group in Six-membered Ring A

The presence of a ketonic group was inferred from a variety of spectroscopic

observations. For instance the IR spectrum showed an absorption at 1704 cm'1, the broad¬

band decoupled 13C-NMR spectrui I showed a downfield carbonyl signal at 8 211 5, and

the C-2 methylenic protons (5 3.06 and 2.45) were found shifted downfield in the ‘H-

NMR spectrum due to the electror-withdrawing effect of the neighbouring ketonic

carbonyl. Ketonic functions are generally present in ring A at C-l in the majority of

withanolides (Glotter, 1991). This was also found in coagulin (34) as inferred from the

HMBC interaction between C-2 methylene protons and the C-I carbonyl carbon

3. 1.5.2 Cyclic Ether

The presence of a cyclic ether between C-l 4 and C-20 was inferred from the mass and

I3C-NMR spectroscopic studies. Peaks at r: 169 and 327 in the El mass spectrum

indicated the presence of only three oxygen functions in rings A, B, C and D

(cyclopentano-phenanthrene) and two oxygens as a lactone ring at C-20. Excluding the

ketonic oxygen of ring A, oxygen of primary hydroxyl group at (C-27) tertiary hydroxyl at

C-l 7 and two lactonic oxygen, only one oxygen remained to be incorporated in the

skeleton, whereas the I?C-NMR spectra exhibited signals for two oxygen-bearing carbons

in rings C and D and in the C-l 7 side chain. These results indicated the presence of an

ether linkage either between C-14/C-17 or C-14/C-20. The Dried mg model of 34 (Figure-

3.1) confirmed that an ether linkage is only possible between C-l 4 and C-20 (the join.ng

of C-14 with C-17 would afford a 4-membered cyclic ether within a 5-membered ring

which would be too strained to exist) (Atta-ur-R.ihman el a!.. 199.1). There are abundant

literature precedents on the existance of cyclic ethers in this class of compounds (Glotter

eta! 1978).
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Figure-3.1: Perspective view of coagulin (34) H

3.1.5.3 Hydroxy Groups

The presence of hydroxyl groups was evident from the 1R spectrum which exhibited a

broad absorption band at 3350 cm'1 characteristic of hydroxyl groups. The 13C-NMR

chemical shift of C-27 methylenic (6 56.1) and ‘H-NMR shift of C-27 protons (5 4.11 and

4.17) indicated that a hydroxyl group is substituted on C-27 as in many other withanolides

(William et al., 1984, Kundu, et a/., 1989). The downfield chemical shifts of C-17 (6 85.7)

and C-20 (8 80.9) in the ,3C-NMR spectrum and their HMBC interactions with the C-15

methylenic protons, the C-22 me*hine proton and the C-21 methyl protons indicated that a

tertiary hydroxyl group is located on C-17 of ring D and at C-20

3.1.5.4 Conjugated Diene

The appearance of six vinylic carbon signals at 5 ,-'C 127.2 (Sn 5.60), 129.2 (6h 5.90),

140.5 (C), 121.3 (SH 5.55), 124.5 (C), ’56.3 (C) in the broad-band decoupled l3C-NMR

spectrum indicated the presence of thiee double bonds in the molecule. Carbon signals at 5

124.5 (C) and 156.3 (C) were assigned to tht C-24/C-25 double bond conjugated to the

ester carbonyl in the six-membered lactone moiety. The remaining lour signals represented
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Iwo double bonds. The vinylic protons at 8 5.60 (S1?c 127.2) and 5.90 (8'\;-129.2)

vicinally coupled with each other and were assigned to the C-3 and C-4 protons.

were

The vinylic proton resonating at 6 5.55 (8'V 121.3) was not coupled to any other vinylic

proton. This proton at 8 5.55 however, exhibited HMBC interactions with a quaternary

vinylic carbon (C-5) which resonated at 8 140.5. This therefore, could be the substituted

end of this double bond. The C-4 vinylic pro‘on resonated at 6 5.90 also showed the

HMBC interaction with the C-5 (8 140.5). These observations unambiguously supported

the presence of a tri-substituted conjugated diÿne system in rings A and B where C-5 is

fully substituted.

3.1.5.5 Six-membered IMCIOIIC

The presence of a six-membered lactone moeity in the molecule is characteristic of all

steroidal lactones (withanolides). Due to the presence of a lactone oxygen, these

compounds usually give positive color test with DragendrofTs reagent. Compound usually

34 also gave a positive color test with DragendorlTs reagent. Strong IR absorption at

1690 cm'1 further indicated the presence of an a.P-unsaiurated lactone. A downfield

double doublet at 8 4.60 in the 'H-NMR spectrum was due to the C-22 methine proton of

the lactone moiety. The ion at m/z 141.0654 of composition C7H4O3 in the EIMS of 34

resulted by the cleavage of the C-20/C-22 bond and further confirmed the presence of a

six-membered lactone substituent at C-20 of the main steroidal skeleton, while the

fragment ion m/z 327.1972 (C21H27O.1) represented the remaining half of the molecule.

3.1.6 CompleteStructure Elucidation by Assembling Sub-strut, ttral Fragments

Heteronuclear Multiple Bond Connectivity (HMBC) experiment was used to obtain

information about the structural assembly. Long-range HMBC interactions between

protons and carbons of various fragments were used to link different sub-strucural

fragments together.
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For instance the C-2 methylene protons (6 3.08, 2.44) showed '.A H interaction with C-10

(5 52.4).-The C-4 proton (8 5 90) showed VCH coupling with C-5 (8 140.5) and 'Von

interactions with C-10 (8 52.4) and C-6 (8 121.3). The C-19 methyl protons (8 1.02)

showed VCH interaction with C-10 (8 52.4) and "VCH interactions with C-8 (8 35.1) and C-

5 (8 140.5). These HMBC interactions showed that fragment “a” is connected with

fragment “b” through the C-9/C-10 and C-6/C-7 bonds (Figure-3 2).

vi

H:
[To./ s2II

5
4

H'

IIH.

Figure-3.2: Connection ot' fragment "a"
to fragment "h” tlirough MMHC connectivities

Similarly the C-I8 metiiy! protons (8 1.35) showed 2./cn interaction with C-13 (8 85 7).

The C-15 protons (8 2.10, 1.90) indicated 2,/(;H interactions with C-14 (8 88.9) and C-10

(8 32.7). The C-16 methylene protons (8 3.10, 1.09) showed '\/, n couplings with C-13 (8

51.3) and C-14 (8 88.9). These HMBC interactions indicated that fragment “b” is

connected with fragment “c” through the C-13/C-17 and C-14/C- 1 5 bonds (Figure-3.3)

aa//*1,
IT

O :

CH3

H
OH

IT

II II

Figure-.!.*: Connection of fragment "b" to
fragment "c 1 llirougli HMBC connectivities.
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Similarly the C-22 methine proton (5 4.60) showed Vcn interactions with C-20 (8 80 9)

and C-23 (8 32.6), and lJCH couplings with C-21 (8 20.2), C-24 (8 156.3) and C-26 (6

166.3). The C-21 methyl protons (8 1.30) showed VCH interaction with C-20 (8 80.9) and

VCH interactions with C-22 (8 1 .0). These HMBC interactions indicated that the fragment

c" is connected with the fragment “d” through the C-20/C-22 bond. Other HMBC

connectivities are shown in Table-3.2 (Figure-3.4 ).

CH,

CH2OH2}

2'

:i

:G\

yy <>
i;.0!o

CH,

i
H

H"

H H

Figure-/! 4: Conncciion or fragment "c" to
"d" lltrongli HMBC' connccli\ i 1 1
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Table-3.2: Long-range ’H/13C Connectivities (CDCh + CD;;OD) in Coagulin (34)
lJcH~JcuH

(6)(8)(8)

52.4 (C-10)

140.5 (C-5)

127.2 (C-3)

39.7 (C-2)

129.2 (C-4)

140.5 (C-5)

3.06 (H-2cx)

5.60 (H-3)

39.7 (C-2)

52.4 (C-10)

121.3 (C-6)

5.90 (H-4)

140.5(C-5)

34.0 (C-7)

25.0 (C-I5)

5.55 (H-6)

X8.9 (C-14)

5I.3(C-13)

85.7 (C-17)

33.0 (C-9)

140.5 (C-5)

85.7(C-17)

166.3 (C-26)

20.2 (C-21)

166.3 (C-26)

156.3 (C-24

32.4 (C-23)

3.10 (H-16a)

1.09 (H-16(3)

1.35 (H-18)

1.02 (H-19)

51.3 (C-13)

52.4(C-10)

80.9 (C-20)

80.9 (C-20)

32.6 (C-23)

124.5 (C-25)

1.30 (H-21)

4.60 (H-22)

4.11.4.17 (H-27)

156.3 (C-24)2.00 (H-28)

3.1. 7 Mass Fragmentation of Coagulin (34)

The HREI MS of 34 showed the molecular ion peak at ni/z 468.2559 in agreement with of

the molecular formula CÿHsfiOf, (calcd. 468.2511), and suggested the presence of eleven

degrees of unsaturation. The ion at m/z 141.0638 OIÿCTHQO?) C >uld arise by the cleavage

of the C-20/C-22 bond, while the fragment ion at nuz 327.1952 (C21H27O3) represented

the remaining half of the molecule. The ion at m/z 169.0930 (CoHuOj) resulted from the

cleavage between the C-17/C-20 bond. The fragment at nv'z121.0695 (CsHgO) may arise

by the cleavage of ring B. The overall mass fragmentation pattern of 34 was characteristic

of withanolides (Kupchan et al., 1969, Frolow et al., 1981) and presented in Scheme-3. 1.
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3.1.8Stereochemical Assignments nt various Asymmetric Centers

The stereochemistry at various asymmetric centers in 34 were assigned on the chemical

shifts comparison with known withnnolides as well as on the basis of biogcnetic

considerations.

• Stereochemical assignments to the various protons of rings A and B were based on a

comparison with the'previously reported compounds (Velde el al.. 1983).

• The stereochemistry of the 14,20-cyclir ether was assumed to be a based on the

Drieding model of the compound 34 as also reported earlier by Kirson (1980).

According to Kirson the closure of the oxide bridge should be brought about by

attack of the I4aOH on a C-20 carbonium ion. Rotation about the C-17/C-20 bond

should then facilitatethe back-side attack at C-20 to give the 14/?. 20/? (14x.20rxt

compound in which the 21-methyl group is emio with respect to the anr-bicyelo

[2.2.1J heptane fragment (Isaac. K. el a/., 1980).

• The configuration at C-22 is assumed to be /? on biogenetie grounds which was

established by comparison of its circulai dichrome (CD) (positive band at 250 nm)

with that of Scorbic Acid (Lavi et al., 1970 and Tschesche el al.. 1966).

3.1.9 Proposed Biosynthesis of Coagnlin (34)

Biogenetically coagnlin (34) may be derived from the precursor 30 which undergoes two

successive oxidations to yield compound 32, which is then undergo dehydration to give

compound 35. The hydroxylation of 35 afford the compound 36. The hydroxyl of C’-14

attack on the C-20 to substitute the X to yield 34. The proposed biogenesis of coagnlin

(34) is presented in Scheme-3.2.
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3.1.9 Proposed Biosynthesis of Coagulin (34)
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Scheme-3.2: Proposed biosynthesis ofCoamilm ( 34)
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3.2 Coaguliu C (37) [I7p-hydroxy-14,20-epoxide-l-Oxo-(22R)-witha-2,5,24 -
trienolide] - A New Withanolide

3.2.1 Brief Isolation Scheme

The concentrated ethanolic extract of the whole plant of W. coagttlans was dissolved in

MeOH and defatted with petroleum ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in 10% acetic acid solution. The acidic aqueous extract was

partitioned with CHClj at different pH values. The acidic CHC1? fraction extracted at pH

2-3 (Scheme 4.3, experimental Section, page 165) was subjected to column

chromatography (silica gel) and the cc lumn was eluted with n-hexane/CHClj mixtures of

different polarities. Fractions collected with /j-hexane/CHCI? were combined and again

subjected to column chromatography and the column was eluted with CH2Cl?/MeOH

mixtrues. Fractions collected were purified by thin-layer chromatography (silica gel) to

obtain coagulin C (37) (12.37 mg, 4.96xl0‘6 % yield) as a white powder, [a]» -13°

(CHCI3). The compound 37 gave positive test (orange colour) witli Dragendorffs spray

reagent, characteristic of alkaloids or lactones. The purity of the sample was checked on a

precoated TLC glass plates (silica gel) and visualized at short UV wavelength (254 nm).

3.2.2 Preliminary Spectral Observations

Coagulin C (37) has the molecular formula CjgHÿOs as indicated by the molecular ion at

m/z 452.2465 (Cald. 452.2562) in the high-resolution electron impact mass spectrum. The

molecular formula indicated:

(a) the presence of eleven degrees of unsaturation or double bond equivalents.

(b) several oxygen functions but no nitrogen (non-alkaloidal)

At least three withanolides of this composition have been reported from various species of

family Solanaceae but none'from W. coagnlans.
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The UV spectrum (MeOH) of coagulin C (37) showed a strong absorption at 223 nm

characteristic of an a,p-unsaturated lactone chroniophore (Bagchi ci. al., 1984). The 1R

spectrum (CHCI?) of 37 displayed absorpl.on bands at 3404 cm'1 (hydroxy group), 1702

(a,p-unsaturated ketone) and 1658 (a,P-unsatura‘ed 5-laclone) cm'1

The preliminary spectral observation indicated that the compound 37 has a steroidal

skeleton (cyclopentanophenanthrene) with a six-membered lactone substituent and other

oxygen functions and unsaturation sites characteristic of withanolides.

18ci-i, Qtf
!

!') 19
CH,

n.

37

3.2.3 DetailedSpectroscopic Studies

3.2.3.1 'H-NMR Spectrum

The 'H-NMR spectrum of coagulin C (37) (500 MHz, CDCIt) showed signals for five

quaternary methyls at 6 1.93, 1.86, 1.40, 1.29 and 1.20 assigned to CH',-28, CHj-27, CH;-

21, CHj-19 and CHj-18, respectively. Appearance of the CH:;-21 (5 21.9) as a singlet

indicated the presence of an oxygen function at vicinal C-20. The downfield chemical

shifts of CH3-27 and CH3-28 indicated that the both methyls are substituted on a double

bond. Two mutually coupled downfield signals, i.e. a double doublet at 6 5.85 (./] =6.8

Hz, J2~ 3.1 Hz) and a multiplet at 6.76 were assigned to the C-2 and C'-3 olefinic protons.
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Another vinylic proton resonated as doublet of double doublet at 8 5 61 (J\ = 6.7 Hz, =

4.4 Hz, ./} =1.7 Hz) and which was assigned to C-6 olefinic proton A downfield methine

double doublet at 8 4.36 (J22. 23a = 13.4 Hz, ./22,23p = 3.5 Hz) could be assigned to the

oxygen-bearing methine of the lactone moiety.

3.2.3.2 1'C-M/R Spectrum

The broad-band decoupled 13C-NMR and DEPT (125 MHz, CDCh) spectra (polarization

pulse angles 0 = 45°, 90° and 135°) indicated the presence of 28 carbons in agreement with

the molecular formula CÿHÿOs. The DEPT experiment showed that there were five

methyl, seven methylene and six methine carbons. The remaining ten signals for quaternary

carbons appeared in the broad-band decoupled spectrum. The lowlield signals at 8 204.0

and 165.6 were due to the ketone and lactone carbonyls, respectively. The three vinylic

methine carbons of rings A and B resonated at 8 145.5 (CH), 127.9 (CH) and 125.6 (CH),

while the quaternary vinylic carbon appeared at 8 134.5. Three oxygen-bearing quaternary

carbons appeared at 8 85.5 (C-17), 84.0 (C-14) and 75.5 (C-20), while the oxygen-bearing

methine carbon resonated at 8 81.2 (CH). The methyl carbons appeared at 8 21.9 (C-21).

20.5 (C-28), 19.0 (C-19), 18.0 (C-18) and 12.4 (C-21). The chemical shift assignments for

various carbons of coagulin C (37) are presented in Table-3.3. One-bond proton-carbon

correlations were determined by the HMQC experiment as presented in Table-3.3

3.2.4 PartialStructure Elucidation

Two-dimensional NMR experiments (COSY -45°, HMQC, HMBO have been used to

elucidate the structure of coagulin C (37).

A number of structural fragments were initially developed on the basis of COSY 45° and

HMQC spectra. The complete three-dimensional structure 37 was then built-upon these

structural fragments with the help of the HMBC experiment.
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Table-3.3: 13C- and 'H-NMR of Coagulin C (37) (CDCb).

- UC-NMR Multiplicity
(DEPT)

~
Coupling constants

Ant (Hz)__C.No. ,-t-NMR

H51i$L
C204.0

127.9
1

CH 7, =6.8

72 = 3.1
2 5.85 dd

CH145.5 6.76 m
3.25 dd

3

CH:33.44 ./, = 21.4
./; = 2.5 •

7, = 21.1
7; = 4.9

2.80 dd

C134.5
125.6

5
Ch6 5.61 ddd 7, = 6.7

7: = 4.4
7, = 1.7

CH;7 32.1 2.25 m
1.80 in

1.75 ill

1.91 m
37.2 CH8

CH9 38.6
C10 50.4

CH;21.911 1.68 m
1.45 m12 33.4 CH;

C49.013

C84.014
26.4 CH;15 2.28 in,1.81 in

1.50 in

1.30 in

CH;16 42.1

85.5 C17
CHj18 18.0 1.29s

1 20 sCH;19 19.0
20 75.5 C
21 21.9 CH; 1.40

81 2 CH22 4.36 dd 7;; ;ja

7;;*, 23p = 3.5
= 13.4

31.9 CH;23 2.35 in

2.15 in

148.624 C
25 C122.1
26 165.6 C

CHj27 12.4 1.86 s
1 .93 s20.5 CHj28
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3.2.4.1 Fragment "a”

Fragment “a;’- comprising mainly of ring A o ' the

steroidal skeleton, was traced out starting from the

C-2 methine proton which resonated at 5 5.85 (7i =

6.8 Hz, 72 = 3.1 Hz) and which showed vicinal

couplings with the allylic proton at 8 6.76 (C-3H).

The C-2 and C-3 vinylic protons also showed strong

couplings with the C-4 methylene protons resonating

at 6 3.25 (7, = 21.5 Hz, J7 = 2.5 Hz) and 2.80 (7, =

21.5 Hz, 72 = 4.9 Hz). The downfield shifts of the C-

4 methylene protons and the lack of its further strong

coupling with any other proton indicated its location between an electron withdrawing

system such as an a,|3-unsaturated carbonyl and a quaternary carbon The downfield shift

of C-3 methine proton (8 6.76) is also indicative of the a,P-unsaiurated carbonyl ring

system. The HMQC spectrum was used to determine direct heteronuclear couplings

between carbons and protons. For instance C-2H (8 5.85) and C-3II (8 6.76) exhibited

direct ’H/ÿC correlations with carbons which resonated at 8 127.9 and 145.5, respectively

The C-4 methylene protons resonating at 8 3.25 and 2.80 exhibited heteronuclear

couplings with a carbon at 8 33.4 The HMBC experiment was conducted to determine the

long-range heteronuclear ('H/I?C) correlations. In the HMBC spectrum, the C-2 methine

proton (8 5.85) exhibited long-range 'H/13C correlations with carbons resonating at 8

204.0 (C-l), 134.5 (C-5) and 33.4 (C-4). Similarly the C-3 methine proton (8 6.76)

showed correlations with the carbons resonating at 8 127.9 (C-2) and 50.9 (C-10). These

spectral observations led to the fragment “a”.

o

H :c
ATV

rh
'iPfcc.c.

is 7c
II

V /H joi *1

-*HMBC

«. COSY 45

l-f;ij2iiienl "a"
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3.2.4.2 Fragment "b"

The unravelling of this fragment began with the C-6 vinylic

proton at (8 5.61; which exhibited vicinal couplings only with

a geminally coupled pair of methylenic protons resonated at 8

2.25 and 1.80 (C-7Hz) and minor allylic coupling with one of 1

the C-4 methylenic proton at 8 3.25 (C-4H). The lack of any

other coupling of the C-6 vinylic proton indicated that the f
other end of the double bond is fully substituted. The C-7H |-*>HMBC

methylenic protons in turn showed ;oupling cross-peaks with ! “* *

another 1H multiplet at 8 1.75 (C-8H). The C-8 methine

proton further exhibited vicinal coupling with C-9H which

resonated at 8 1.90. A 2H multiplet at 8 1.68 was also coupled with C-9H and was thus

ascribed to the C-ll methylenic protons. The C-ll methylene protons in turn were

coupled to a set of multiplets centered at 8 1 45 and representing the C-I2 methylene

protons. The HMQC spectrum revealed direct 'HA'C correlations between various

carbons and protons of this fragment. The vinyl proton at 8 5,61 (C-6H) was directly

attached to a carbon which resonated at 8 125.6 vC-6), while the C-71 1 methylenic protons

(8 2.25 and 1.80) showed correlations with a carbon which appeared at 8 32.1. The

vinylic C-6 proton (8 5.61) exhibited long-range heteronuclear correlations with a vinylic

quaternary carbon (C-5) resonated at 8 134.5 with the and C-7 (8 32 1 ) methylenic carbon.

These spectroscopic observations led to the determination of non-functionalized fragment

“b" comprising parts of rings B and C of the main steroidal skeleton

/ I J3m |—KzC-'Vc

I

COSY 45°

Fragment "b"

i



Results and Discussion 52 Chapter Three

3.2.4.3 Fragment "c"

Relatively smaller fragment “c” is comprises on parts

of five-membered ring D and contains two vicinally

coupled methylene groups. The geminally coupled C-

15 methylene protons (5 2.28 and 1.81) showed vicinal

couplings with the C-16 methyene pretons (5 1.50 and

1.30). The HMBC spectrum of 37 showed

heteronuclear interactions between the C-15 protons

and a C-14 quaternary carbon which resonated at 5

84 0. Similarly The C-16 methylenic protons exhibited 2JC» interactions with another

oxygen-bearing quaternary carbon resonated at 5 85 5 (C-I7). Fragment “c” was therefore

developed based on these spectroscopic observations.

1
29 ,OH

1.50 m

?CH2
4H2

2.28 m
1.81 m

~c; >c-

OH
HMBC
COSY 45 °

Fragment "c"

3.2.4. 4 Fragment “d"

The six-membered lactone substituent formed the

fragment “d” of the compound 37. This fragment

was traced out starting from a downfield methine

proton which resonated as a double doublet at 6 4.36

(J22. 23a = 13.4 Hz, J22. 2j(j = 3.5 Hz) (C-22 H) The

C-22 proton showed vicinal coupling with a

geminally coupled pair of protons at 5 2 15 and 2.35

(C-23H2). The C-23 methylene protons also

exhibited weak allylic couplings with the C-28

methyl group resonating at 6 1.93. The C-28 methyl group showed homoallylic coupling

with the C-27 methyl protons which resonated at 6 1.86. The downfield chemical shifts of

the C-27 and C-28 carbons was due to their substitution on C-24«'C-25 double bond as

indicated by the HMBC i.e interactions letween C-27 (6 1 86) and C-28 (5 1.93) methyl

protons (5 1.86 and l 93). The vinyFc carbons resonated at 8 148.6 (C-24) and 122.1 (C-

2IU,u

’KiF

OO'i— Mfi Jd

HMBC

COSY45
0

Fragment "d"
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25), respectively The C-27 protons also exhibited Vcn couplings with the lactone carbonyl

C-26 (6 165.6). These spectroscopic observations led to the fragment "d”.

3.2.5 Evidence, for Functional Groups

3.2.5.1 Ketonic Group in Six Membered Ring A

The presence of a ketonic group was inferred from various spectroscopic observations.

Such as in the IR spectrum absorption at 1702 cm'1, a downfield carbonyl signal at 6

211.5 in the l3C-NMR spectrum and the relatively more downfield 'H- and 13C-NMR

chemical shifts of olefmic C-3H and C-3, respectively, due to their conjugation with a

carbonyl group. In the HMBC spectrum the C-3 vinylic proton resonated at 6 6.76

exhibited couplings with a carbon resonated at 6 204.0 (C-l). Ketonic functions are

generally present in ring A at C-l in the majority of withanolides (Glotter et ai.. 1 97S1).

3.2.5.2 Cyclic Ether

The presence of a cyclic ether linkage between C-l 4 and C-20 was inferred from the mass

and l3C-NMR spectroscopic studies. The peaks at nuz 125 and 327 in the mass spectrum

indicated the presence of only two oxygens as a lactone function at C-20, the remaining

three should therefore present in rings A, B, C and/or D. Excluding the ketonic oxygen of

ring A at C-l, oxygen of tertiary hydroxyl group (may be C-17) and two lactonic oxygens,

we are left with one more oxygen to account for along with two oxygen-bearing carbons

which resonated at 6 84.0 (C- 1 4) and 75.7 (C-20) in the nC-NMR spectrum. This

indicated the presence of an ether linkage either between C14/C-1 7 or C-14/C-20. (Atta-

ur-Rahman et al., 1993) There are abundant literature precedents about the existance of

cyclic ethers in this class of compounds (Glotter, 1991) at different positions.

3.2.5.3 Hydroxyl Group

The presence of a hydroxyl group was evident from the IR spectrum which exhibited a

broad absorption band at 3400 cm '. In the 'JC-NMR spectrum showed a downfield signal
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at 5 85.5 assigned to hydroxyl bearing C-17. The HMBC Vcn interactions of signal at 8

85.5 with C-15 methylcnic protons and with C-I8 methyl protons further indicated that the

tertiary hydroxy group is located at C-17 of ring D

3.2.5.4 2.5 -Diene

The presence of three vinylic protons at 8 6.76, 5.85, 5.61 and six carbon resonances at 8

127.9 (C-2), 145.5 (C-3), 125.6 (C-6), 134.5 (C-5), 148.6 (C-24), 122.0 (C-25) in the

broad-band 13C-NMR spectrum indicated the presence of three double bonds in the

molecule. Carbon signals at 8 127.6, 145.5 were due to the C-2/C-3 double bond

conjugated to a carbonyl group and signa s at 8 127.9 and 145.5 were due to the C-24/C-

25 double bond conjugated to an ester carbonyl in the six-niembered lactone moiety,

respectively. The remaining two carbon signals represented another double bond in the

molecule. The vinylic protons at 8 5.85 f81 'c 1 27.9) and 6.96 (51'c 145.5) were vicinally

coupled with each other and were assigned to the C-2 and C-3 protons. The vinylic proton

at 8 5.61 (Sl3c 125.6) was not coupled to any other vinylic proton, however, exhibited

HMBC interaction with a methylenic carbon resonating at 8 26 4 and the quaternary

vinylic carbon resonating at 8 134.5. This therefore could be a substituted end of this

double bond (C-5/C6). The C-3 vinylic proton and C-4 methylene protons (8 3.25. 2.80)

also showed HMBC interactions with the same carbon i.e. C-2 (8 134.5). These

observations unambiguously support a 2,5-diene system in rings A and B.

3. 2.5.5 Six-memhered Lactone

The presence of a six-membered lactone moiety in the molecule is characteristic of all

withanolides. Due to the presence of the lactone oxygen these compounds give positive

colour test with DragcndorfTs reagent. Strong IR absorption at 1660 cm’' furthe.

indicated the presence of an a,P-unsaturated lactone. A downfield double doublet at 8

4.36 in the 'H-NMR spectrum was due to the C-22 methine proton of the lactone moiety

The ion at w/z 125 of composition C7H)02 in the H MS of 37 resulted by the cleavage of
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the C-20/C-22 bond and was further confirmed by the presence of a six-membered lactone

substituent at C-20 of the steroidal skeleton while the ion at m/z 327 (C21H27O:,)

representedthe remaining half of the molecule.

3.2.6 Complete Structural Elucidation by Assembling Sub-structural Fragments

Heteronuclear Multiple Bond Connectivity (HMBC) technique was used to obtain

information about the structural assembly. Long-range HMBC interactions between

protons and carbons of various fragments were used to link different fragments together.

For instance, the C-2 methine proton (5 5.85) showed VCH interactions with C-10 (8 50.9)

and C-4 (8 33.4) and VCH interaction with C-5 (8 134.5). The C-3 vinylic proton (8 6.76)

exhibited VCH coupling with C-l (8 204.0), VCH coupling with C'-4 (8 33.4) and VCH
coupling with C-r> (8 134.5). The C-19 methyl protons also exhibited VCH coupling with

C-10 (8 50.9), and VCH interactions with C-l (8 204.0) and C-5 (8 134.5). These HMBC

interactions showed that the fragment “a” is connected to the fragment “b” through the C-

9/C-10 and C-5/C-6 bonds (Figure-3.5).

12
19

CH3
IH,

T‘° 8

Sj 7,
1

II

II H

Figure-3.5; Connection of fragment
"a” to "b" through HMBC connectivity

Similarly the C-19 methyl protons also shewed VCH coupling with C-9 (8 38.6) and Veil
coupling with C-l 1 (8 21.9). The C-6 vinylic proton showed VCH interaction with C-5 (5
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134.5) and iJcn couplings with C-8 (5 37.2) and C-10 (5 50.9). Furthermore, the C-18

methyl protons (5 1.29) showed 7Jew interaction with C-13 (5 49.0) and Vcn interactions

with C-I7 (5 85.5) and with C-14 (6 84.0). The C-16 methylene protons (8 1.3 and 1 5)

exhibited 7JCH coupling with C-15 (5 26.4) and VCn interaction with C-14 (8 84.0). The

HMBC interactions allowed the connection of fragment k‘b” to fragment “c” through the

C-13/C-17 and C-13/C-14 bonds (Figure-3.6).

£CHJL
o

£H-

OH

H'

H H

Figurc-3.6: Connection of fragment "b” to V
through HMBC connectivities.

Similarly the C-22 methine proton (8 4.36) showed VCn interaction with C-20 (8 75.7) and

2JCH interaction with C-23 (8 31.9). The C-21 methyl protons (8 1.40) showed 2JCH

interaction with C-20 (8 75.7), and yJcH couplings with C-17 (8 85 5) and C-22 (8 812).

These HMBC interactions indicated that fragment “c” is connected to fragment “d”

through the C-20/C-22 bond. Other HMBC connectivities are presented in Table-3.4.
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Table-3.4: Long -range 'HA’C connectivities (HMBC) for Coagulin C (37)

'H-NMR **ÿcn

(S) 151 (81
3.85 (H) 204.0 (C-l) 33 4 (C-4)

50 V(C-10)

I .>4.5 (C-5)
33 4 (C-4)

.50 9 (C-10)
37.2 (C-8)

84 0 (C-14)
85..5 (C-l 7)

204.0 (C-l)
38.0 (C-9)

134.5(C-5)
85 5 (C-l 7)

81.2 (C-22)

33.4 (C-4)
134.5 (C-5)

6.75 (H-3)

5.61 (H-6)

1.29 (H-18) 49.0 (C-13)

50.9 (C-l 9)1.20 (H-19)

75.7 (C-20)1.40 (H-21)

4.36 (H-22) 31.9 (C-23)

75.7 (C-20)
122,1 (C-2501.86 (H-27) 148 6 (C-24)

165.(1 (C-26)
3 1 9 (C-23)
122 I (C-25)

148.6 (C-24)1.43 (H-28)
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3.2. 7. Mass Fragmentation of Coagulin C (37).

As mentioned earlier, the compound showed the molecular ion at in z 452.2465 (ealed

452.261344) corresponding to the molecular formula CÿHÿOs. The base peak at nvz

125.0646 corresponding to the composition C7H9O2 resulted from the cleavage of the C-

20/C-22 bond which is a common cleavage in withanolides. The composition of the

remaining half (after the loss the of water molecule) was C21H27O2 (m/z 311.1862),

Another important fragment at m/z 169.0902 (C7H13O3) resulted from the cleavage of the

C-17/C-20 bond. The mass fragmentation pattern of 37 is presented in Scheme-3.3.



a:
5
5.CHj
5

CHj a
a.
2'Hj

2C-20/C-2: o o
H3C o'£ O O m/z = 125 3

H
CH, OH.:O

2d

CH3
27

OH >4
CH3CH3 I ftRearrangementH

2621

H3C l 0 0
HH

aJgJo
ii J 13

CH, f>H „ /

cÿ-H

O 19 1

rn'z 1:H 2 I

S?A
4 03 C-20/C-17H

m/z - 452
H

C-20/C-22
-H;0

CH,l0H
CHj

O
Cl):Cii:

II

HjC
£ 0 o
IIH Q

OH
-§H

5
m/z = ]69mz = 311 3

3
Scheme-3.3: Mass Fragmeniation of Coagulin C ( 37) <1
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3.2.8Stereochemical Assignments at Various Asymmetric Centers

The stereochemistry at various asymmetric centers were assigned on the basis of chemical

shifts comparison with those of 1 novvn withanolides as well as on biogenetic

considerations.

• The chemical shift assignments to the various protons of rings A and B were based on

a comparison with the previously reported compound withanolide-P (Abraham, et al

1975).

• The stereochemistry of the C-14, C-20 cyclic ether is assumed to be a, because the

closure of the oxide bridge took place by the attack of the C-14aOH on a carbonium

ion from the back side at C-20.

• The configuration at C-22 is assumed to be R on biogenetic grounds as found in all

other withanolides (Oshima, 1984).

• The (3 sterochemistry of the C-17 hydroxy was inferred since there was no deshielding

observed on the chemical shift of the H-22 signals, which is generally more downfield

if C-17a hydroxy group is present. This is also clear from the perspective view of

coagulin C (37) (Figure-3.8).

]•>

18

,0 CHj n 13
,0

I:
10

T>
i res

9
_7 IVH- 7

'b 2S23

H H -'5 •0 24

SH’
II

25
27ro ‘CH,

Figurc-3.8. Perspective view of coaguIin-C (T?)



Results and Discussion 61 Chapter Three

3.2.9 Proposed Biosynthesis of CoaguHn C (37)

Compound 37 may biogenetically be produced by a precursor 33 in two steps, such as

hydroxylation at C-14 and C-16 and then the formation of ether linkage between C-14 and

C-20. The biogenesis of coagulin C (37) is presented in the Scheme-3.4.

CM,
CH,

Cll;
VÿCH3

X
X

CH3 1 H

11,0. .

9H3 L-OM

I °" oI 0 o

[ojo 0
CH, H W I'

f
H II onH

33 38

CM,
CM,

Cll,
CM,

(? H,CW o
fl

0
H,G. ...

CH, CÿO‘0O'

-HX O
Cl I, IIo

CM,
H Co:it!ulin C (37)I

II

Scheme-3.4: Proposed biosynthesis ofCoamilm C (37)

2.10 Biological Activity of Coagulin C (37)

>agulin C (37) was screened for the antifunga’ activity by agar diffusion method

ennett, 1991) and found to be active against a number of fungi including human

thogens Aspergillus niger. Trichophyton longifusus. Microspontm canis.

idermophyton floccosum, Curvulciria hmata. Nigrospurn oryzae. Drcchsleru rostratu,

ichybotrys atm and Pleurotus osireaius (MIC 200 pg/ml).
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3.3 Coagulin E (39) [14,20-Epoxidc-l-oxo-(22/?)-witha-3,5,24-trienolide] - A New

Withanolide

3.3.1 Brief Isolation Scheme

The concentrated ethanolic extract of the whole plant of W. coagulan.s was re-dissolved in

MeOH. The MeOH extract was again concentrated and partitioned between water and

CHCh at different pH values. The CHClj fraction obtained at pH 2-3 (Scheme- 4.1,

Experimental Section, page 164) was subjected to column chromatography (silica gel).

The fractions collected on elution with CHCU were found to be similar through

comparative TLC and combined together and again subjected to column chromatography.

The column was eluted with increasing polarities //-hexane/acetone mixtures. A fraction

collected from this column was purified by thin-layer chromatography (silica gel) to obtain

coagulin E (39) (16.3 mg, 6.52x10'*% yield) as white powder, [cx]i> -21° (CHClj). The

compound gave positive test (yellow colour) with Dragendorffs spray, characteristic of

alkaloids or lactones. The purity of the sample was checked on TLC (silica gel) and

visualised at short UV wavelength (254 nnt).

3.3.2 Preliminary Spectral Observations

Coagulin E (39) has the molecular formula C28H3(;04 as inferred from the molecular ion at

peak m/z 436.2588 observed in the high-resolution electron impact mass spectrum. The

molecular formula represented the following characteristics:

(a) the presence of eleven degrees of unsaturation or double-bond equivalents.

(b) the presence cf four oxygen functions but no nitrogen atom (non-alkaloidal).

At least three withanolides of this composition have been reported from other plants of

family Solanaceae and none from W. coagulan.s.

The UV absorption (MeOH) of 39 showed absorption at 228 nm characteristic of the a,(3-

unsaturated |a<tonic chromophore (Scott, 1964). The 1R spectrum (CHClj) of compound
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39 displayed absorption bands at 1706 and 1692 cm'1 indicative of a six-membered cyclic

ketone and an a.p-unsaturated lactone (Pavia el al., 1979) respectively

The above preliminary spectral observations indicated that the compound in hand has a

steroidal skeleton (cyclopentanophenanthrene) with a six-membered lactone side chain and

other oxygen functions and unsaturation sitjs typical ofwithanolides

I\
CH3 ,H'Oy

319 13()

CH3
14

10 =

5I i' 39

n
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3.3.3 DetailedSpectroscopic Studies

3.3.3.1 1H-NMR Spectrum

The 'H-NMR spectrum of coagulin E (39) (400 MHz, CDCU) displayed signals for five

quaternary methyls at 6 1.30, 1.34, 1.41, 1.87 and 1.94 assigned toC'H',-18, CH?-!9, CH.,-

21, CH3-27 and CH3-28, respectively. Appearance of the CHj-21 as a singlet indicated the

presence of an oxygen function on the vicinal C-20.

The downfield chemical shifts ofC-27 and C-28 methyls indicated that they are substituted

on a double bond. Three mutually coupled downfield signals at 6 6.04 (dd, J\ = 10.0 Hz. J2

= 2.5 Hz), 5.69 (dd, J\ = 6.3 Hz, J2 = 4 0 Hz) and 5.57 (m) represented three vinylic

protons of the trisubstituted diene system. A downfield methine double doublet at 5 4.36

(ÿ/22,7.3a" 13.3 Hz, J22,23p= 3.5 Hz) could be assigned to an oxygen-bearing methine of the

lactone moiety.

33.3.2. "C-NMR Spectra

The broad-band decoupled l?C-NMR and DEPT spectra (125 MTIz, CDCI3 indicated the

presence of 28 carbon resonances in the nolecule in agreement with the molecular formula

C2hH360j. The DEPT experiment showed that there were five methyl, seven methylene and

seven methine carbons. The remaining nil e quaternary carbon signals appeared in the

broad-band decoupled spectrum. The downfield signals at 5 21 1 0 and 166.1 were due to

the ketone and lactone carbonyls, respectively. T le three vinylic methine carbons of rings

A and B resonated at 6 121.0 (CH), 1 29.4 (CH) and 128.0 (CH), while the quaternary

vinylic carbon appeared at 8 139.7 Two oxygen-bearing quaternary carbon appeared at 6

84.0 and 75.5, while the oxygen-bearing methine carbons and a methine carbon of five

membered ring at C-J7 resonated at 5 81.1 and 55.4, respectively The methyl carbons

appeared at 6 21.6, 20.5, 20.3, 18.0 and 12.4. The chemical shift assignments for various

carbons of coagulin E (39) are presented in Table-3,5. The one-bond proton-carbon

correlations were determined by ITMQC experiment and are also presented in Table-3.5



Chapter Three'Results and Discussion 65

Table-3.5: *H- and l3C -NMR of Coagulin E (39) in CDC1y.

: JC-NMR iMultiplicity

(DEPT)

C.No. H-NMR Coupling constant

7HH (HZ)(6) (6)

211.01

39.6 CH22 3.32 d 7, = 20.0

7, = 20.0. 7; = 5.02.72 dd

121.0 CH3 5.57 m

CH129.44 6.04 dd ./, = 10.0.7: = 2.5

C5 139.7

CH6 128.0 5.69 dd J\ — 6..>.7; — 4.0

CH;7 31.8 2.45 m, 1.98 m

CH•>5.58- 1.85 ill

9 36.5 C1I 2.02 m

10 52.5 r
21,8 CH;11 1.60 m

12 22.1 CH; 1.70 ill

13 49.2 C

84.0 C14

15 CH;26.8 1.48 in

41.616 CH; 1.50 in. 1.30 in

CH17 55.4 1.65 in

CH;18 18.0 1.30 s

19 CH)20.3 1.34 s

75.520 C

21 21.6 CH, 1.41s

22 81.1 CH 4.36 dd - 13.3, 7;; ;)(i- 3.5

32.1 CH;23 2.34 in. 2. 13 m

148.8 C24

122.125 C

26 166.1 C

CH)27 12.4 1.87 s

CH)28 20.5 1.94 s
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3.3.4 Substructure Determination:

Two-dimensional NMR experiments (COSY-450, HMQC, HMBC) were used to elucidate

the structure of coagulin E (39). A number of structural fragments were initially developed

on the basis of COSY-450 and HMQC techniques. The complete three-dimensional

structure of39 was then built-up from these st.nctural fragments with the help of HMBC

techniques.

3.3.4.1 Fragment “a”

Fragment “a” comprising ring A of steroidal skeleton

was traced out starting from the geminally coupled C-

2 methylenic protons resonating at 5 3.32 which

showed vicinal couplings with a vinylic proton at 8

5.57 (C-3H). The C-2 methylene protons also showed

allylic couplings with the C-4 vinylic proton resonated

at 8 6.04. The C-3 and C-4 vinylic protons also

exhibited strong vicinal couplings {J = 10.0 Hz) with

each other. The downfield chemical shifts of the C-2

methylene protons indicated its proximity to an electron-withdrawing group such as a

ketonic carbonyl. On the other hand the C-4 vinylic proton was noi coupled to any other

proton and this indicated its vicinity to a quaternary carbon.

“1

S
*c"

S*c
H-
(iOldd

--» HMBC

-- COSY 4 y

Yagment "a”

The HMQC spectrum was used to determine direct (one-bond) heteronuclear couplings

between carbons and protons. For instance, the C-2 methylene protons (8 3.32, 2.72)

showed direct 'H/l,C correlations with a carbon resonating at 8 39.0 (C-2). Similarly C-3H

(8 5.57) and C-4H (8 6.04) exhibited heteronuclear couplings with vinylic carbons

resonating at 8 121.0 and 129.4, respectively. The HMBC experiments was conducted to

determine long-range heteronuclear ('H/'’C) correlations. In the HMBC spectrum, C-2

methylenic protons exhibited long-range couplings with carbons which resonated at 8

211.0 (C-l), 121.0 (C-3) and 129.4 (C-4). On the other hand C-3 (8 5.57) and C-4 (8
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6.04) vinylic protons displayed 3JCH and VCH couplings, respectively, with a quaternary

vinylic carbon resonating at 5 139.7. These spectral observations led to the fragment “a”.

3.3.4.2. Fragment “b”

Fragment “b” consists of parts on rings B and C of the

steroidal skeleton. This fragment was traced out beginning

with the C-6 vinylic proton which resonated at 5 5.69 as a

double doublet (Jt = 6.3 Hz, J2= 4.0 Hz). The C-6 vinylic

proton exhibited vicinal couplings only with a geminally

coupled pair of C-7 methylene protons resonated at 8 2.45

and 1.98 The lack of any other coupling of the C-6 vinylic

proton indicated that the other end of the fragment was fully

substituted. The C-7 methylene protons in turn showed

vicinal couplings with a methine proton which resonated as a

multiplet at 8 1.85 (C-8H). The C-8 prcion exhibited vicinal coupling with C-9H which

appeared at 8 2.02. A multiplet resorated at 81.60 were also coupled with C-9H and thus

ascribed to the C-ll methylenic protons which was also coupled to another set of

multiples at 8 1.70 representing the C-12 methylene protons. The HMQC spectrum

revealed direct 'H/I3C correlations between the various carbons and protons of this

fragment. The HMBC spectrum displayed long-range heteronuclear shift correlations

between vinylic C-6 proton (8 5.69) and the vinylic quaternary carbon at 8 139.7 (C-5)

The C-6 vinylic methine proton (8 5.69) also exhibited long-rarge interactions with C-7 (8

31.8) and C-10 (8 52.5). These observations led to the fragment “b". comprising rings B

and C of the main steroidal skeleton.

-’Qi1.70 in

c;
> 69 dd

H-

HMBC

COSY -45°

Fragment "b1'
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3.3.4.3 Fragment "c”

Relatively smaller fragment “c” comprised on pans of P

ring D and contains two vicinally coupled methylene

groups and a methine proton. The geminally coupled

C-15 methylene protons (8 1.48) showed vicinal

couplings with the C-16 methylene protons (8 1.30-

1.50) which in turn exhibited couplings with the C-17

methine proton (8 1 .65). The HMBC spectrum of 39

showed heteronuclear interactions between the C-15

protons and quaternary carbons resonating at 5 84.0

(C-14), 49.2 (C-13) and 55.4 (C-17).

1 .65 m

I
50 m
>0m

1 5

H-t-C- CH2
!

£
OH
-«. HMBC

-*• COSY-450

Fragment "c"

J

3.3.4.4 Fragment “d”

The six-membered lactone substituent formed fragment

“d”. This fragment was traced out starting from a

downfield methine proton which resonated as a double

doublet at 5 4.36 (ÿ22,230 = 13.3 Hz, 2.5 Hz) and

was assigned to the C-22 proton of the lactone

substituent. The C-22 proton showed vicinal couplings

with a geminally coupled pair of protons resonating at

8 2.34 and 2.13 (C-23H). The C-23 methylene protons

also exhibited weak (allylic) couplings with the C-28

methyl group resonating at 5 1.94. The C-28 methyl

group showed homoallylic coupling with the C-27 methyl group which resonated at 8

1.87. The C-27 and C-28 methyl groups were found to be substituted on a double bond as

indicated by their downfield chemical shift values in the ‘H-NMR spectrum and by

HMBC interactions between the C-27 (5 12.4) and C-28 (8 20 5) methyl protons (8 1.87

and 1.94) and the vinylic carbons resonating at 8 148.8 and 122.1 The C-27 and C-28

s' N;frl m

i CH2 ,'

c

--HM BC

«-•> COSY 45"’

F ragment "b"
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methyl protons also exhibited HMBC interactions with the lactone carbonyl C-26 (6

166.1). This-led to the fragment “d”.

3.3.5 Evidencesfor Different Functional Groups

3.3.5. J Ketonic Group in a Six-Membered Ring A

The presence of a ketonic group was inferred from a variety of spectroscopic observations

For instance in the IR spectrum an absorption appeared at 1706 cm'1, in the broad band

decoupled l3C-NMR spectrum a downftcld carbonyl carbon signal resonated at 5 211.0

and there was a downfield chemical shift of the C-2 methylenic protons due to electron-

withdrawing effect of neighboring ketonic carbonyl group. Ketonic functions are generally

present in ring A at C-l in the majority of the vvithanolides. This was also inferred from

HMBC interactions between the C-2 methylene protons and the C-l carbon in compound

39

3.3.5.2 Cyclic Ethe,

The presence of a cyclic ether linkage between C-14 and C-20 was inferred from mass and

l3C-NMR spectroscopic studies as discussed for Coagulin and Coagulin C.

3.3.5.3 Conjugate Diene

The appearance of six olefinic carbons at 8 121.0 (8H 5.57), 129.4 (5H 6.04), 128.0 (8n

5.69), 139.7 (C) 148.8 (C) and 122.1 (C) in the a broad-band decoupled I3C-NMR spectra

indicated three double bonds in the molecule. Signals at 5 122.1 (C) and 148.8 (C) were

due to the C-24/C-25 double bond conjugated to the ester carbonyl in a six-membered

lactone moiety. The remaining four signals represented two double bonds. The vinylic

protons at 8 5.57 (8l3c 121.0) and 6.04 (8IJC 129.4) were vicinally coupled with each other

and were assigned to the C-3 and C-4 protons. The vinylic proton at 8 5.69 (813c 128.0)

was not coupled to any other vinylic proton. This proton (8 5.69) however exhibited

HMBC interaction with a quaternary vinylic carbon resonating at 8 139.7 which can



Chapter ThreeResults and Discussion 70

therefore be the substituted end of this double bond. The C-4 vinyli • proton (5 6.04) also

showed HMBC interaction with the same carbon. These observations unambiguously

support a tri-substituted conjugated diene in rings A and B where C-5 is fully substituted.

3,3.5.4 Six-membered Lac/one

The presence of a six-membered lactone moiety in the molecule is characteristic of all

steroidal lactones (withanolides). Due to the presence of the lactone oxygen, these

compounds give a positive colour test with Dragendorffs reagent Compound 39 also

gave a positive colour test with Dragendorffs reagent. Strong IR. absorption at 1692 cm'1

further indicated the presence of an i.P-unsaturated lactone. A downfield methine double

doublet at 5 4.36 in the ’H-NMR spectnim was also due to the C-22 methine proton of the

lactone moiety. The ion at m/z 125 of composition C7H9O2 in the El MS of 39 resulted by

the cleavage of the C-20/C-22 bond and further confirmed the presence of a six-membered

lactone substituent at C-20 of the steroidal skeleton, while the fragment ion at m/z 3 1 1

(C21H27O2) represented the remaining half of the molecule.

3.3.6 CompleteStructure Elucidation by Assembling Sub-structural Fragments:

The Heteronuclear Multiple Bond Connectivity VITMBC) experiment was used to obtain

information about the structural assembly.

For instance the C-2 methylene protons (5 3.32 and 2.72) showed ‘Vni interactions with C-

10 (6 52.5). The C-4 proton (5 6.04) showed 2./<-u coupling with (8 139.7) and n

couplings with C-10 (5 52.5) and C-6 (8 128.0). The C-19 methyl protons (8 1.34)

exhibited VCH interaction with C-10 (8 52.5) and VCn interactions with C-l (8 211.0), C-5

(8 139.7) and C-10 (8 52.5). The C-6 proton (8 5.69) also exhibited coupling with C-10 (8

.52.1). These HMBC interactions indicated that the fragment "a” is connected with the

fragment “b” through C-9/C-10 and C-6/C-7 bonds (Figure-3.9)
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0ÿ T2

CH3
H.

8inH-

H

i!i H

Figure-3.9: Connection of fragment
"a" to fragment "b” through HMBC
connectivities

Similarly the C-18 methyl protons (5 1.30) showed VCH interaction with C-13 (8 49.2) and

VCH couplings with C-17 and C-14 (8 55.4), (8 84.0), respectively The C-17 methine

proton (8 1.65) showed 2./CH couplings with C-16 (8 41.6) and C-13 (8 49.2) and VCH
interactions with C-14 (8 84.0) and C-15 (8 22.1), These HMBC interactions indicated

that fragment “b” is connected with fragment “c” through the C-I3'C-17 and C-I4/C-15

bonds (Figure-3.10).

:Ci%'SH)\i]
CH3

i i
OHH

H‘

HH

Figure-3. tO: Connection of fragment
"b" to fragment ”c" through HMBC
connectivities.

The C-22 methine proton (8 4.36) showed Vcu interaction with C-20 (8 75.5) and VCH

couplings with C-21 (8 21.6) and C-24 (8 148.8). The C-21 methyl protons showed Vcu
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nteractions with C-20 (8 75.5) and VCH couplingj with C-17 (8 55.4) and C-22 (8 81.1).

These HMBC- interactions indicated that fragment “c” is connected with fragment “d”

hrough the C-20/C-22 and C-20/C-17 bonds (Figure-3.!1). Important HMBC

connectivities are presented in Table-3.6.

h
27

24

.— C’l I s
•5s

21 :2 26

H,C

i-fo
o''

CH3 y s
R

i
n

R

II

Figure-3. 11: Connection of fragment
"c" to fragment "d" through HMBC
connectivities.
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fable-3.6: Long-range 'H/l,C Connectivities (HMBC) in Coagulin E (39) (CDC1?).

VcH

__
<a

211.0 (C-l)
121.0 (C-3)
129.4 (C-4)

VCK’H-NMR
m

3.32 (H-2p)
(51.

129.4 (C-4)

52 5 (C-10)
1 39.7 (C.-5)

2 11.0 (C-l)
39.0 (C-2)
128.0 (C-6)

52.5 (C-10)
35.5 (C-8)

52.5 (C-10)
129,4 (C-4)

22.1 (C-l 5)
84.0 (C-14)
55.4 (C-l7)

S4.0 (C-14)
36.5 (C-9)
1 39.7 (C-5)

21 1.0 (C-l)
81.1 (C-22)
s5.4 (C-l 7)

21 6 (C-21)

148.8 (C-24)
148.8(0-24)

I (>6. 1 (C-6)
32 1 (C-23)

I 22 1 (C-25)

5.57 (H-3a)

139.7 (C-5)6.04 (H-4)

5.69 (H-6)

41.6 (C-l6)

49.2 (C-13)
1.65 (H-17)

1.30 (H- 18)

49.2 (C-13)
515 (C-10)1.34 (H-19)

1.41 (H-21) 75.5 (C-20)

4.36 (H-21) 75.5 (C-20)

1.87 (H-27) 122.1 (C-25)

148.8 (C-24)1.94 (H-28)

13. 7 Mass Fragmentation of Coagulin E (39)

l'he E1MS mass spectrum of coagulin E (39) exhibited the molecular ion at m/z 436.2588

pealed. 436.261344) (02*1ÿ,04) which suggested the presence of eleven degrees >f

unsaturation in the molecule. The ion at m/z 41S.25 1 7 (C21H22O.O was due to the loss of

water molecule from the M‘. The ions at m/z 125.0698 (C?H<>02) and 3 1 1 .2007 (C21H27O2)

arose by the cleavage of the C-20/C-22 bond. The ion at m z 169 0918 of composition

C9H12O3 probably arose by the cleavage of the C-9/C-10 and C -6/C-7 bonds. The overall

mass fragmentation of 39 is presented in Scheme-3.5.
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3.3.8Stereochemical Assignments at various Asymmetric Centers

The stereochemistry at various asymmetric centers were assignee on ihe basis of chemical

shifts comparison with known withanolides as well as on biogenevic considerations.

• The chemical shift assignments to the various protons of rings A and B were based on

a comparison with the previously reported compound (Veldes el. a!..1983).

• The stereochemistry of the 14, 20-cyclic ethe is assumed to be a (it) based on the fact

that the alternative arrengment P (S) was not possible when an a-oriented ether bridge

exists between C-14 and C-20 (Atta-ur-Rahman and Choudhary. 1996, Kirson, el i/.,

1980).

• It has been found that £-22 has S conflagration, it resonated as a broad singlat with

W)/2 = 5.0 Hz while in the P-configration it resonated as a double doub'et with two

charasteristic coupling constants ( - 12.0 Hz, ./ÿ>ÿ>„ -»n = 4.0 Hz) due to axial-

axial and axial-equitorial interactions with IT-23 (Vasinan ard Abdullave, 1990) in the

case of Coagulin E (39) £-22 resonated as a double doublet, which corespond to the R

configration.

• The sterochemistry of the C-17p proton is based on the biogenetic grounds .as found in

all other withanolides. It is also cleared from prespective view of coagulin E (39)

(Figure-3. 12).

CH;

H18

,0 CH, 1 1 13

12

s >16
9

3> 15H- Jj

23 28

CH,
H

" O 24
Cl I,

11
2'

27
26

Cl I,
Figure-3.12: Perspective view of coagulin-E (39) o
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3.3.9 Biogenesis of Coagulin E (39)

In the proposed biogenesis of coagulin E (39), the precursor 35 may undergo

hydroxylation at C-14 to give precursor 40 which then undergo cyclization with the

removal of H2O to produce compound 39. Scheme-3.6 describes the proposed biogenesis

jf coagulin E (39).

CM,CM.,

CH,CM,

XX
HjC...

NH

}C-
i O oI O o
"

fa]O
CH, H

I ;
H II ON

35
41)

CMCH,

CM, •CM;

X
M,LÿII,CO 'O(/

.4:H, IH

O ()

jH ;I 1, 1 M
-I IX !

on
Co;ii;iilm I ( 39)

X=OI-l

Schrnn»-.V(i: PrnntKt'tl Biosynthesis o T ( n M n I7 ) 31))

13.10 Biological Activity of Coagulin E (39)

loagulin E (39) exhibited antifungal activity against a variety of fungi including human

pathogens Aspergillus niger, Trichophyton longifuses. Microspontm canis.

Epidermophyton jloccosum; Curvularia lunata. Nigrcspora oryzae. Drechslera rostrata.

alia and Pleuroius astreatus (MIC 200 pg/ml). It also showed activity

igainst gram positive Staphylococcus aureus.
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3.4 Coagulin-A (41) ll4,20-Epoxide-l-Oxo-(22/?)-witha-2,5.24-trienolide] - A New

Withanolide.

3.4.1 Brief Isolation Scheme

The concentrated ethanolic extract of the whole plant of W. coagttlans was re-dissolved in

MeOH and defatted with pet. ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in 10% acetic acid solution. The acidic aqueous extract was

partitioned with CHC13 at different pH values.

The CHClj fraction obtained on extraction at pH 2-3 (Scheme 4.3, Experimental section,

page 165) was subjected to column chromatography (silica gel). The column fractions

collected on elution with »-hexane/CHCI3 were again subjected to cc'umn chromatography

and the column was eluted with w-hexane/acetone mixtures. Fractions with identical TLC

behavior were combined together. A group of similar fractions collected from this column

was purified by thin-layer chromatography (silica gel) to obtair compound 41 (23.9 mg,

9.5X10'6% yield) as greenish solid, [CX]D-160 (CHClj) The compound 41 gave positive test

(yellow colour) with Dragendorffs reagent characterstic of alkaloids or lactones. The

purity of compound 41 was checked on TLC (silica gel) and spot was observed under UV

light (254 nm).

3.4.2 Preliminary Spectral Observations

Coagulin-A (41) has the molecular formula C28H3604 as inferred from the molecular ion

rrt/z 436.2575 (calcd. 436.26163) in the high-resolution electron impact mass

spectroscopy. The molecular formula indicated:

a) the presence of eleven degrees of unsaturation.

b) the presence of four oxygen functions bu* no nitrogen atom.
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c) At least four withanolides of this composition have been reported from various plants of

family Solanaceae. The UV spectrum (MeOH) of 41 showed absorption at 22*1 nm

characteristic of an a,(3-unsaturated lactone chromophore (Scott, 1964)

The ER spectrum (CHClj) of 41 displayed absorption bands at 1703 and 1689 cm'1.

indicative of a six-membercd cyclic ketone and an a,P-unsaturated lactone (Pavia ct ai..

1979), respectively.

The preliminary spectral studies (’H-NMR, UV, IP, etc.) indicated that the compound

under consideration has a steroidal skeleton (cyclopentanophenanthrene) along with a six-

membered lactone substituent and several other ox /gen functions and unsaturation sites

All these observations are characteristics of withanolidal skeleton. Spectral studies

described below led to structure 41 for this compound.

i
CH,

9O 19 13 1(<

1411 a
3

H 41
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3.4.3 DetailedSpectroscopic Studies

3. 4.3.1 'H-NMR Spectrum

The 'H-NMR spectrum of 41 (500 MHz, CDCI3) showed signals for five quaternary

methyls at 8 1.29, 1.21, 1 41, 1.84 and 1.94, assigned to CH-,-18, CHH9, CH3-21, CH3-

27 and CH3-28, respectively. The appearance of CHj-21 as a dcwnfield singlet indicated

that an oxygen function could well be present on vicinal C-20. The downfield chemical

shifts ofC-27 and C-28 methyl protons fur.her indicated that they are attached to a double

bond. Three downfield signals at 8 5.84 (dd, J\ = 9.0 Hz, Jÿ = 2.2 Hz), 6.75 (m) and 5.62

(bd, J = 6.2 Hz) represented three vinylic protons of a trisubstituted diene system. A

3.5 Hz) could bedownfield IH double doublet at 8 4.37 ( hr. ...v* = 14.4 Hz. Jn

assigned to an oxygen-bearing methine of the lac'one moiety.

3 4.3.2 '-C-NMR Spectra

The broad-band decoupled L'C-NMR spectrum (125 MHz, CDC1.) and DEPT spectra

pulse angles 9 = 45°, 90° and 13>°) of coagulin A indicated the presence of

28 carbons, in agreement with the molecular formula, C2sH360.( The DEPT experiments

ihowed five methyl, seven methylene and seven methine carbons The remaining nine

quaternary carbon signals appeared in the broad-band decoupled spectrum. The downfield

signals at 8 204.5 and 166.0 were due to the ketone and U.ctonc carbonyl carbons,

espectively. Three vinylic methine carbons of rings A and B resonated at 8 127.0 (CH),

145.7 (CH) and 125.6 (CH), while the quaternary vinylic carbon resonated at 8 134 4.

Two oxygen-bearing quaternary carbons appeared at 6 83.9 and 75 6 while the oxygen

tearing methine carbons resonated at 8 21.6, 20.5, 19.0, 18.0 and 12 4. The chemical shift

issignments for various carbons of 41 are presented in Table-3.7. The one-bond proton-

-.arbon correlations were determined by the HMQC experiment and are presented in

fable-3.7.
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Table-3.7: 'H- and ,3C-NMR of Coagnlin A (41) (CDCIj).

13 C-NMR Multiplicity (DEPT)C. No. H-NMR Coupling Constant

7HH (HZ)(8) (8)

204.5 C1

CH2 127.0 5.84 dd J\ = 9.0,J:=2.2

145.7 CH3 6.75 in

32.3 CH24 3.29 dd J\ = 21.4, y2= 2.5

./, =21.2, J2= 4.9

J= 6.2

C5 134.4 2.83 dd

125.6 CH6 5.62 br.d

33.37 CH:7 3.25 in

1.8 ill

1.77 1118 37.1 CH

38.5 CH9 1.92 m

10 50.8 C

11 CH726.4 1.82 111

CH,23.312 2.04 in

C13 48.9

C14 83.9

21.8 CH:15 1.68 111

16 42.0 CH, 1.48 m

17 55.3 CH 1.65 111

18.018 CH3 1.29 s

19 19.0 CH3 1.21 s

75.6 C20

21 CH321.6 1.41 s

22 81.2 CH 4.37 dd
21a — 14.4.

722.23ES = 3.5
23 31.8 CH, 2.39 in

2.14 in

24 148.8 C

25 121.1 C

166.0 C26

27 12.4 CH3 1.84 s

20.528 CHj 1.94 s
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3.4.4 PartialStructures Elucidation

Two-dimensional 'H-NMR experiments (COSY-450, HMBC, HiVIQC) were used to

elucidate the structure of coagulin A (41) A number of structural fragments were initially

developed on the basis of COSY-450 and 1TMQC spectra. The complete structure of 41

was then built developed based on HMBC techniques.

3.4.4.1 Fragment "a"

Fragment "a", comprising ring A of the steroidal

skeleton was traced out starting from the C-2 methine

proton resonating at 6 5.84 (J} = 9.0 Hz, J2 = 2.2 Hz),

which showed vicinal couplings with an allylic proton

at 6 6.75 (C-3H). The C-2 and C-3 methinr protons

also showed strong couplings with the C-4 methylenic

protons resonating at 6 3.29 (,/i = 21.2 Hz, J2 = 2.5

Hz) and 2.83 (./, = 21.2 Hz, J2 = 4.9 Hz). The

iownfield chemical shifts of the C-4 methylenic

jrotons and their no further coupling with any other

)roton indicated that a quaternary carbon is located next to C-4. The dovvnfield shift of the

2-3 methine proton (5 6.75) is indicative of its conjugation with the a,p-unsaturated

:arbonyl system. The HMQC spectrum was used to determine the one bond heteronuclear

:ouplings between carbons and protons. For instance, C-2H (5 5.84) and C-3H (6 6.75)

nethine protons exhibited direct 'HA’C correlations with carbons resonating at 6 127.0

ind 145.7, respectively. The C-4 methylene protons resonating at 8 3.29 and 2.83

exhibited heteronuclear coupling with the carbon resonated at 6 32..'’ (C-4). The HMBC

xperiment was conducted to determine the long-range heteronuclear ('H/,JC) shift

orrelations. In the HMBC spectrum, the C-2 methine proton exhibited long-range

orrelations with ctrbons which resonated at 6 204.5 (C-l), 50.8 (C-10) and 32.3 (C-4).

imilarly the C-3 methine proton showed shift correlations with the carbons at 8 204.5 (C-

0

W<MH

Ci,/C-

Hv/SL,

6 Jf trj-j
V
J-’idd

-- HMBC

*--COSY 45

FixiKimm "a"
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1) and 134.4 (C-5). The C-4 methylene protons at 8 3.29 and 2.83 exhibited couplings

with the carbons at 8 145.7 (C-3), 127.0 (C-2) and 50.8 (C-10). These spectral

observations led to the fragment "a".

3.4. 4.2 Fragment "b"

Unfiinctionalized fragment "b" consist of parts of rings B

and C of the steroidal skeleton. The ur.ravelling of the

structure of this fragment started with the C-6 vinylic

proton which resonated at 8 5.62 as a broad doublet (J =

6.2 Hz). The C-6 vinylic proton exhibited vicinal couplings

with the C-7 methylenic protons which appeared at 8 3.25

and 1.80, and minor allylic coupling with one of the C-4

methylenic protons resonated at 8 2.83. The lack of

another coupling of the C-6 vinylic proton irdicated that

the other end of the double bond is fully substituted. The

C-7 methylenic protons in turn showed cross-peaks with C-8H the proton resonating at 8

1.77 as a multiplet. The C-8 proton further exhibited vicinal couplings with C-9H which

resonated at 8 1.92. Multiplet resonating at 8 1.82 (C-l 1) found to be coupled with C-9H

(81.92) and thus ascribed to C-l l methylenic protons which in turn were coupled to a 2H

multiplet centered at 8 2.04 representing the C-12 methylene protons. The HMQC

spectrum revealed direct ‘FA'C correlations between various carbons and protons of this

fragment. Thus the olefinic proton at 8 5.62 was directly attached to a carbon resonating at

8 125.6 (C-6), while the C-7 methylenic protons showed direct correlations with a carbon

at 8 33.4. The HMBC spectrum displayed long-range heteronuclear correlations between

the vinylic C-6 proton (8 5.62) with carbons resonating at 8 134.4 (C-5), 50.8 (C-10), 33.3

(C-7) and 37.1 (C-8), These observations led to the fragment "b" comprising parts of rings

B and C of the main steroidal skeleton.

/" 2.04 m

{ .VCH2i

&X4
c:

I
HMBC

•COSY 45 °

fragment "b"
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3.4.4.3 Fragment ”c"

Relatively smaller fragment "c" was comprised on parts of ring

D. It was found to contain two vicinally coupled methylene

groups and a C-17 methine proton. Geminally coupled C-15

protons (5 1.40, 1.68) showed vicinal couplings with the C-16

methylene protons (5 1.48). The C-17 methine proton appeared

at 6 1.65 as a multipiet and showed coupling with the C-16

methylene protons. The HMQC spectrum of 41 showed that

the C-17 methine proton (5 1.65) has direct ’H/l'C correlations

with a carbon resonating at 5 55,3. The 1TMBC spectrum of 41

showed heteronuc lear interactions between the C-15 methylene protons and a quaternary

carbon resonating at 8 83.9 (C-14). The C-17 methine proton (5 1 65) exhibited VCH
interactions with C-13 (8 48.9) and C-16 (8 42.0) and VcH interactions with C-14 (8 83.9)

and C-15 (8 21.8). Fragment "c" was thus developed, based on the spectroscopic

observations.

„i

HMBC

COSY 45°

Fragment "c"

3.4.4.4 Fragment "J"

The six-membcred lactone substituent formed the fragment "d".

This was traced out starting from a downfield methine proton

which resonated as a double doublet at 8 4.37 (J22.2>u = 14.4

Hz, = 3.5 Hz) assigned to C-22 methine proton of lactone

substituent. The C-22 proton showed vicinal couplings with

geminally coupled pair of protons resonating as multiplets at 8

2.39 and 2.14 (C-23H2). The C-23 methylene protons also

exhibited weak (allylic) coupling with the C-28 methyl protons

resonating at 8 1.94, which in turn showed homoallylic

coupling with the C-27 methyl protons which resonated at 8 1.84. The downfield chemical

shifts of the C-28 and C-27 methyl protons indicated that they are substituted on a double

i s

:naii
*0

H
4 37 JJ

- HMBC
•«- COSY 43°

Fragment "d"
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bond. The HMBC spectrum showed interactions between the C-27 and C-28 methyl

protons (6 1 84 and 1.94, respectively) w-ith the corresponding vinylic carbons resonated at

5 148.8 (C-24) and 6 131.1 (C-25): respectively The C-27 methyl protons also displayed

VCH interactions with the lactone carbonyl carbon (C-26). These spectral observations led

lo fragment "d".

3.4.5 Evidencesfor Functional Groups

3. 4.5.1 Ketonic Groups in Six-membered Ring A

The presence of a ketonic group was inferred from a variety of spectroscopic observations.

For instance, absorption at 1703 cm'1 in the 1R spectrum, a downfield carbonyl signal at

6 204.5 in the broad-band decoupled 1?C-NMR spectrum, and the downfield chemical shift

of C-4 methylenic protons due tG electron-withdrawing effect of the a,ft-unsaturated

carbonyl function. All these observat:os supported the presence of a ketonic functionality.

Ketonic functions are generally presort in ring A at C-l in a variety of withanolides

(Glotter et ai, 1978). This was also-the case in compound 41 as inferred from the HMBC

interactions between the C-2 methine proton and C-l 9 methyl and C- 1 carbonyl carbon.

3.4.5.2 Cyclic Ether

The presence of a cyclic ether linkage between C-l 4 and C-20 was inferred from the mass

and I3C-NMR spectra as discussed earlier in coagulin (34) and ccagulin E (39).

3.4.5.3 2,5,24-Triene

The presence of three vinylic protons at 5 5.84, 6.75 and 5.62 in the 'H-NMR spectrum

and six vinylic carbons at 6 127.0, 145.7, 134.4, 125.6 148.8 and 121.1 in the broad-band

decoupled ''C-NMR spectrum indicated three double bonds in the molecule. Carbon

signals at 6 148.8 and 121.1 were due to the C-24/C-25 double bond conjugated to the

lactone carbonyl in the six-membered lactone moiety. The remaining four signals

represented two double bonds. The vinylic protons at 6 5.84 (6,!c 127.2) and 6.75 (6':‘c
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145.7) were vicinally coupled with each other and were assigned to the C-2 and C-3

protons. The.vinylic proton resonating ; t 5 5.62 (5nc 125.6) was not coupled to any other

vinylic proton, however it exhibited HMBC interactions with a quaternary vinylic carbon

at 6 134.4. This therefore could be the substituted end of this double bond. The C-4

methylenic protons (8 3.29 and 2 83) also exhibited HMBC interactions with the same

carbon (8 134 4) These observations unamliguously supported a tri-substituted 2,5-diene

in rings A and B.

3.4.5.4 Six-membered Lactone

The presence of a six -membered lactone moiety in the molecule is a characterstic of all

withanolides Due to the presence of a lactone oxygen, these compounds give a positive

colour test with Dragendorffs reagent Strong 1R absorption at 1698 cm'1 and UV

absorption at 201 nm further indicated the presence of an a,P-unsnturated lactone. A

downfield methine double doublet at 8 4.37 in the 'H-NMR spectaim was due to the C-22

methine proton of the lactone moiety. The ion at m/z 125.0676 (100%) of composit’on

C7H9O2 in the HREI MS of 41 resulted through the cleavage of the C-20/C-22 bond and

further confirmed the presence of a six-membered lactone substituent at C-20 of the

steroidal skeleton, while the fragment n>/z 311.999 (C2]H2702) represented the remaining

half of the molecule.
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3.4.6 Complete Structure Elucidation by Assembling Sub-structural Fragments

The Heteronuclear Multiple Bond Connectivity (HMBC) technique was used to obtain

information about the structural assembly. The interactions between protons and carbons

of various fragments were utilized to link different fragments together. For instance the C-

2 methine proton (5 5.84) showed VCH interactions with C-10 (5 50.8) and C-4 (5 32.3).

The C-3 methine proton (6 6.75) exhibited 3JCh couplings with C-5 (5 134.4) and C-l (6

204.5) The C-19 methyl protons also exhibited 2JCH coupling with C-10 (6 50.8) and 3JCH
couplings with C-l (6 204.5) and C-5 (8 134.4). These HMBC interactions indicated that

fragment “a” is connected with fragment “b” through the C-9/C-10 and C-5/C-6 bonds

(Figure-3.13).

OA19 i12
Chh

H

l i

/H v- d

Figure-3.13: Connection of fragment
"a" to fragment "b" through HMBC
connectivities.

Similarly the C-19 methyl protons also exhibited VCn coupling with C-9 (8 38.5). The C-6

vinylic proton showed 2JcH interactions with C -5 (8 134.4) and 3JCu couplings with C-8 (8

37.1) and C-10 (8 50.8). Furthermore the C-’S methyl protons (8 1.29) showed 2/CH
interaction with C-l 3 (8 48.9) and 3Jen interaction with C-l 4 (8 83.9). The C-l7 methine

proton exhibited 2JCn couplings with C-16 (8 42.0) and C-14 (8 48.9) and also 3JCH
interaction with C-14 (8 83.9). These HMBC interactions allowed the connection of

fragments “b” and “c” through the C-l 3/C-17 and C-l 3/C-14 bonds (Figure-3.14).
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H CH;

H lOH
H.

£

H'

H

Figurc-3.14: Connection of fragment
"b" to fragment "c" through HMBC
connectivities.

Other HMBC correlations include the correlation of the C-22 methine proton (8 4.37)

through 2JCH interactions with C-23 (5 31.8) and C-20 (5 75.6) and \/Cu interaction with

C-21 (8 21.6). The C-21 methyl protons also exhibited VCH interaction with C-20 (8 75.6),

and VCH interactions vvith C-17 (8 55.3), and C-21 (8 81.2). These HMBC interactions

indicated that fragment “c” is connected to fragment “d” through the C-17/C-20 and C-

20/C-22 bonds (Figure-3.15).
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Figure-3.15: Connection of fragment
"c" to fragment "d" through HMBC
connectivities.
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Important HMBC connectivies in 41.

Other HMBC correlations are presented in Table-3.8.

3.4. 7 Mass Fragmentation of coagulin A (41)

As mentioned earlier the HREI MS of 41 showed the molecular ion at nrz 436.2575

corresponding to the molecular formula CigHÿO* (ealed. 436.2613) The base peak at m z

125.0676 having the composition C7H9O2 resulted from the cleavage of the C-20/C-22

bond and its relative abundance indicated that this is the most probable cleavage in in the

molecule (Glolter et al.1973). The composition of the remaining half is C21H27O2 (//;-z

311.1999). Two other important fragments at m/z 169.0904 (GjlluO?) and 267.964

(C19H23O) resulted from the cleavage of the C-17/C-20 bond and indicated the presence of

the C-17/C-14 ether linkage. The mass fragmentation pattern of 41 is presented in

Scheme-3.7.
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Scheme-3.7: Mass fragmentation of coagulin A ( 41)
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Tablc-3.8: Long-range rH/nC Connectivities (HMBC) in Compound 41 (CDClj).

’-/CM'H-NMR
. ._<§>_

5.84 (H-2)
15) . . (.5)

50.8 (C-10)

32.3 (C-4)

204.5 (C-l)

134.4 (C-5)

127.0 (C-2)

6.75 (H-3)

145.7 (C-3)
134.4 (C-5)
145.7 (C-3)

134.4 (C-5)
33.3 (C-7)

3.29 (H-4p)

1 27() (C-2)

50.8 (C-10)

37.1 (C-8)

50.8 (C-10)

83.9 (C-14)

2.83 (H-4a)

5.62 (H-6)

1.65 (H-17) 42.0 (C-l 3)

48.9 (C-13)
48.9 (C-13)1.29 (H-1 8) 55.3 (C-17)

83.9 (C-14)

204 5 (C-l)

38.5 (C-9)
134.4 (C-5)

55.3 (C-17)

81.2 (C-l 5)

318 (C-23)

21 .6 (C-2 1 )

1.21 (H-19) 50 8 (C-10)

1.41 (H-21) 75.6 (C-20)

4.37 (H-22) 75.6 (C-20)

81.2 (C-22)
148.8 (C-24)
148.8 (C-24)

2.39 (H-23a)

2.14 (H-23P) 121.1 (C-25)

1.84 (H-27) 121.1 (C-25) 166.0 (C-26)
148.4 (C-24)

121.1 (C-25)

31.8 (C-23)
1.94 (H-28) 148.8 (C-24)

14.8 Stereochemical Assignments at Various Asymmetric Centres

The stereochemistry at various asymmetric centres was assigned on the basis of chemical

ihift comparison with known withanolides as well as on the basis of biogenetic

considerations.

• Stereochemical assignments of rings A and B were based on comparison of NMR data

with the previously reported withanolide N (Abraham el ul.. 1 975 ).

* The 147?, 207?-a-epoxide between C-14 and C-20 is present in 41 as discussed in

coagulin (34).
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• The configuration at C-22 is assumed to be R on biogenetie grounds which was

established by comparison of its Circiuar Dichroism (CD) (Positive band at 250 nm)

with that of Sorbic Acid (Lavie et al., 1970 and Tschesche el al.. 1960)

3.4.9 Biogenesis of Coagulin A (41)

The possible biosynthesis of coagulin A (41) is presented in Schcme-3.8. The compound

32 is possibly derived by the dehydration ol comoound 32 which may be the precursor of

:ompound 41. Hydroxylation ofj2 at C-14 yield compound by the dehydration

lo give coagulin A (41).

n M,

•CM;

&f"-SH u-.c.H ,C •• .
H ° fO

HJLH _ i,r ,
] I )dro\\ l.iiion

O

- u -»o
32I

31no

Cl);
CM;

..I'll
.Cll

Oil - 'o
CMÿil.D

11tt O'‘Hjj
O

iC"J »

cli ilI OH 41

42

Schtnir-3.H: Proposed Biosynthesis ol'Coneulin A (41)

3.4.10 Biological Activity

Coagulin-A (41) exhibited antifungal activity against a variety of fungi including human

aathogens Aspergillus niger. Trichophyton longifuses,, Microsporum canis.

Epidermophylon floceosum. Curvularit hmata. Nigrospora oryzue. Drechslera rostrala.

Stachybotrys aim and plant pathogen Pleurotus ostreatus (MIC 200 ug/ml). It also

showed activity against gram positive Staphylococcus aureus.
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3.5 Withapakisianin (43) (17J3, 20p-dihydroxy-14t15p-epoxy-l-Oxo-(22/?)-witha-

3,5,24-trienolidc] - A New Withanoiidc

J.J.1 Brief Isolation Procedure

The concentrated ethanolic extract of the whole plant of W. coagu/cms was redissolved in

MeOH and defatted with pet-ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in H2O. The aqueous extract was partitioned with CHC13 at

different pH values. The CHClj fraction obtained of extraction at pH 9-10 (Scheme-4.1,

Experimental Section, page 165) was subjected to column chromatography (silica gel).

Elution with n-hexane and then with /t-hexane/CHCl? yielded several fractions. A fraction

Fg obtained from this column was further separated on the basis of solvent-solvent

extraction (Et20 and CHCI3) and fine crystals of 43 were obtained (S 3 mg, 3.32xlO'6%

yield), [a]o 42° (CHClj). The compou id give positive test color (orange colour) with

Dragendorffs spray reagent, characterstic of alkaloids or lactones. The purity of the

compound was checked on pre-coated TLC plates (silica gel) and visualized under snort

UV wavelength (254 nm).

3. 5.2 Preliminary Spectral Observations

Withapakistanin (43) has the molecular formula C, as indicated by the M'-18 ion at

450.2577 in the high resolution electron impact mass spectrum. The molecular formula

ndicated the:

1) presence of eleven degrees of unsaturation or double bond equivalents.

)) presence of several oxygen functions but no nitrogen (non-alkaloidal).

Withanolide of this composition has not been reported from any plant of the family

>olanaceae.

fhe UV spectrum (MeOH) of withapakistanin (43) showed a strong absorption at 227 nm

;haracteristic of an a,J3-unsaturated lactone chromophore (Scott, 1964)
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The IR spectrum (CHCI3) of 43 displayed absorption bands at 3 375, 1705 and 1695 cm'1

indicative of a hydroxy group, six-membered cyclic lattone and Ketone carbonyl groups

(Pavia et al., 1979), respectively

The preliminary spectral observations indicated that the compound in hand has a steroidal

ikeleton (cyclopentanophenanthrene) with a six-membered lactoie substituent .and other

>xygen functions and unsaturation sites typical of withanolides

1

18CH> »OH
0 19 13

CH3 14 IS

H

43

11

5.3 DetailedSpectroscopic Studies

5.3.1 'H-NMR Spectrum

te 'H-NMR spectrum of withapakistanin (43) (300 MHz, C5D5N ) showed signals for

e quaternary methyl groups as singlets at 6 1.42, 1.70, 1.42, 1.78 and 1.93 assigned to

ij-18, CHj-19, CHj-21, CHj-27 and CHj-28, respectively. Appearance of the CH3-21 as

iinglet indicated the presence of an oxygen function on vicinal C-20 The downfield

imical shift of the C-27 and C-28 protons indicated that they are substituted on a double
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bond. Two mutually coupled downfield signals at 8 5.55 (m). and 6.08 (dd, JA y= 9.7 Hz.

Jj,2= 2.0 Hz) and a double doublet at 8 5.81 (.7/ = 5.1 Hz. J? = 2.4 llz) represented, three

vicinal protons of a trisubstituted diene system. Another one-proton doublet of doublet

centred at 8 3.10 was characteristic of a proton geminal to an epoxide. A downfield

methine double doublet at 8 5.21 (J22. 2J«= 13.7 i Iz, ./>2.23ji- 3.5 Hz) could be assigned to

an oxygen-bearing methine of the lactone moiety.

3.5.3 2 nC-NMR Spectra

The broad-band l-1C-NMR and DEPT spectra (125 MHz. CDCh) (polarization pulse-

angles 0 = 451’. 90°. I351’) indicated the presence of 28 carbon resonances in agreement

with the molecular formula CÿIhfiOc,. The DEPT experiment showed that there were five

methyl, six methylene and seven methine carbons. The remaining ten quaternary carbon

signals appeared in the broad-band decoupled spectrum. The lowfield signals at 8 210.0

and 164.0 were due to the ketone and lactone carbonyls, respectively. The three vinylic

methine carbons of rings A and B resonated at 8 129.5 (CH). 127.8 (CH) and 121.7 (CH)

while the quaternary carbon resonated at 8 140.4. 87.9. 79.9 and 62.2. The oxygen-bearing

methine carbon of the epoxide resonated at 8 50.9 'CH). The methyl carbons appeared at

8 20.6. 20.3. 20.1, 17.7 and 12.0. The chemical shift assignments of various carbons of

withapakistanin (43) are presented in Table-3.9. The one-bond proton-carbon correlations

were determined by HMQC experiment and are presented in Table-3,9.
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TabIe-3.9: 13C- and 'H-NMR chemical shifts values of withapakista in (43) (C5D5N).

13C -NMR: 'H-NMRC.NO. Multiplicity

(DEPT)

Coupling Constiints

(Hz)(5)(&)

C210.11

CH;39.7 3.32 in,

2.70 m
5.55 in

2

CH127.83

CH 6.08 dd A.,= 9.7

A.2=2.0
129.54

C140.45

CH121.7 5.81 dd6 d 6.'a_5.1
d 6.-|i=2.4

CH232.7 2.62 111. 2, 10 in7

CH35.2 1.80 m8

CH9 32.4 1.68 m

52.3 C10

CH?21.6 1.55 in11

CH; 1.58 m25.912

C52.013

C62.214

CH50.9 3.10 dd15 AM6u - 3.2
d|>.l 6|l - 1.6

1.32 m. 1.11 m37.9 CH;16

87.9 C17

CH,20.318 1.42 s

CH,20.1 1 70 s19

C79.920

CH,17.7 1 42 s21

CH 5.21 dd22 80.4 A2.2.1a “ 13.7

••/22.23a - 3.5
CH;23 30.1 3.08 in

2.78 m
151.5 C24

121.5 C25

C164.026

CH; 1.78 s27 12.0

CH, 1.93 s20.628
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3.5.4 Elucidation of PartialStructures

Two-dimensional NMR experiments (COSY-450, HMQC, HMBC) have been used to

elucidate the structure of withapakistanin (43Y

A number of structural fragments were initially developed on the basis of COSY-450

spectrum. The complete three-dimensional structure of 43 was develop from these

structural fragments with the help of HMBC technique.

3.5.4.I Fragment "a"

Fragment “a" comprising ring A of steroidal skeleton was

raced out starting from the geminally coupled C-2

nethylenic protons which resonated at 5 3.32 and 2.70

ind which showed allylic couplings with a vinylic proton

it 6 5.55 (C-3H). The C-2 methylenic protons also

howed allylic couplings with the C-4 vinylic proton,

vhich resonated at 6 6.08. The C-3 and C-4 vinylic

rotons also exhibited strong vicinal coupling 9.7

Iz) with each other. The downfield chemical shifts of the

'-2 methylene protons indicated their proximity to an electron-wididrawing group such as

etonic carbonyl. Since the C-4 vinylic proton was not coupled to any other proton, this

'as indicative of its vicinity to a quaternary carbon centre.. The HMQC spectrum was

sed to determine direct-heteronuclear couplings between carbons and protons. For

istance the C-6 vinylic proton (5 5.81) and C-7 methylenic protons (8 2 62, 2.10) showed

rect 'HA’C correlations with carbons*resonated at 6 121.7 and 6 32.7. respectively. The

-2 methylene protons (6 2.70 and 3.32) showed direct 'HA'C correlations with a carbon

hich resonated 5 39.7 (C-2). Similar!) C-3H (5 5.55) and C-4H (6 6.08) exhibited

rteronuclear couplings with vinylic carbons resonating at 8 127.8 (C-3) and 129.5 (C-4),

spectively.

O
i m

A?

--«. 11M I1C

-•-*ÿ COSY 45"

Fragment "a"
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The HMBC experiment was conducted to determi le the long-range heteronuclear (*H/13C)

shift correlations. In the HMBC spectrum, the C-4 vinylic proto 1 (5 6.08) displayed 2Jn,

coupling with a quaternary vinylic carbon which resonated at 5 140 4 and *JCH coupling

with the C-2 carbon resonating at 8 39.7. These spectral observations led to a fragment

called "a".

3.5.4.2 Fragment "b"

The unfunctionalized fragment “b” consists of parts of rings B

and C of steroidal skeleton. This fragment was traced out

beginning with the C-6 vinylic proton which resonated at 8 5.81

is a double doublet (J\ = 5.1 Hz, J7 - 2.4 Hz). The C-6 vinylic

jroton exhibited vicinal couplings only with a geminally coupled

)air of methylenic protons which appeared as multiple.s at 8 2.62

ind 2.10 (C-7H). Since there was no other coupling of the C-6

'inylic proton, this indicated that the other end of the fragment is

Ully substituted. The C-7 methylenic protons in turn showed

ouplings with a multiplet at 8 1.80 (C-8H) as multiplet. The C-8 proton showed vicinal

oupling with C-9H at 8 1.68. A multiplet resonating at 8 1.55 was also found to be

oupled with C-9H and hence ascribed to the C-l 1 methylenic protons The C-).1H2 were

l turn coupled to a 2H multiplets at 8 1 .58 representing the C-l 2 methylene protons. The

IMQC spectrum revealed direct 'H/‘JC correlations between various carbons and protons

f this fragment. For instance, the C-6 vinylic proton (8 5.81) and C-7 methylenic protons

5 2.62, 2.10) showed direct 'H/L'C corrleations with carbons resonated at 8 121.7 and 8

2.7 respectively. The HMBC spectrum displayed long-range heteronuclear shift

orrelations between the vinylic C-6 proton (8 5.81) and the vinylic quaternary carbon

:sonating at 8 140.4. C-6H also exhibited long-range interactions with C-7 (8 35.7)

hese observations led to the fragment "b" comprising parts of rings B and C of the main

;eleton.

H&-

r* I G$ mlpn *ÿ

1 ni

- $1 dd

H

-» HMBC

-•-— COSY 45

Fragment "b"
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3.5.4.3 Fragment"c"

Fragment "c" is relatively a small fragment comprising on

parts of ring D and contains an epoxy methine proton C-

15 and a pair of geminally coupled C-16 protons. The C-

15 methine proton appeared at 5 3.10 as a double doublet

(Ji = 3.2 Hz, J2 = 1.6 Hz) and showed vicinal couplings

with the geminally coupled C-16 methylene protons

which appeared at 5 1.32 and 1.11 as multiples. In the

ITMQC spectrurrij interaction between the C-15 methine

proton (6 3.10) and a carbon resonating at 5 50.9 (C-15)

was apparent. Long-range heteronucloar shift interactions between the C-15 methine

proton and the oxygen-bearing quaternary carbons resonating at 5 <S7 9 (C-17) and 62.2

(C-14) were also observed in the '.-1MBC spectrum. Based on these spectroscopic

observations fragment "c" was developed.

17

OH

c XH27jp

4- c: |Hd<

-- HMBC-—•> COSY 45“

Fragment "c"

1.5.4.4 Fragment "d"

The six-membered lactone substituent formed the

ragment "d‘\ This fragment was traced out from a

lownfield methine proton which resonated as a double

loublet at 5 5.21 (J22. 2.-<p = 13.7 Hz and J22. 2.;n - 3.5 Hz)

nd which was assigned to the C-22 proton of lactone

ubstituent. The C-22 methine proton showed vicinal

ouplings with a geminally coupled pair of protons

esonating at 5 3.08 and 2.75 (C-23H). The C-23

lethylene protons exhibited allylic coupling with the C-

7 allylic methyl group resonating at 5 1.78. The C-27 and C-28 methyl groups were

>und to be substituted on a double bond as indicated by their downtield chemical shift

alues in the spectrum 8 1.78 (CH3-27), 8 1.93 (CH3-28) and by the IIMQC interactions

m
\ 7#

1CCH3
'H

0 0
II

-- HMBC

COSY 45'

Fragment "dM
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between C-27 and C-28 methyls with the olefinic carbons resonating at 5 151.5 (C-24) and

121.5 (C-25).

3.5.5 Evidences For Functional Groups

3.5.5.1 Ketonic Group in Six-Membired Ring A

The presence of a ketonic group was inferred from a variety of spectroscopic observations.

For instance, in the IR spectrum there was a strong absorption at 1705 cm'1, in the broad¬

band decoupled 13C-NMR spectrum a downfield carbonyl signal appeared at 6 210.1 and

in the ‘H-NMR spectrum the downfield chemical shift of the C-2 methylene protons was

evident due to the electron-withdrawing effect of the neighbouring ketonic carbonyl group

(Glotler, 1991).

3.5.5.2 N,15-Epoxide

The presence of an oxirane ring was inferred from a number of spectroscopic techniques.

For instance, in the 'H-NMR spectrunyhe C-15 oxirane protor. (5 .1 10) only exhibited

couplings with the C-16 methylene protons (5 1.32 and 1.11) while in the broad-band MC-

MMR spectrum the appearance of a downfield signals appeared for the quaternary and

ertiary carbons at 8 62.2 and 50.9, respectively, which were assigned to the epoxy-bearing

>14 and C-15, the fragments at nvz 299.1716 (CÿHÿOj) and 169.0902 (C9HnOj)

esulting from the cleavage of the C-17/C-20 bond determined the position of the epoxide

unctionality at C-14/C-15. Moreover in the HMQC spectrum, the C-15 proton (5 3.10)

;xhibited direct ’HA'C correlations with a carbon resonating at 6 50.9. The above

pectroscopic studies and by the comparing with known compound coagulin H (Alta-ur-

lahman, 1998) thereby establishing further the presence of the ox rane ring.
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3.5.5.3 Conjugated Diene

The appearance of three vinylic protons at 6 5 55, 6.08 and 5.81 in the ‘H-NMR spectrum

and six vinylic carbons at 5 127.2, 129.5, 140.4, 121.7, 151.5 and 121 5 in the broad-band

decoupled 13C-NMR spectrum indicated the presence of three double bonds in the

molecule. Carbon signals at 8 121.5 (C) and 1515 (C) were due to the C-24/C-25 double

bond conjugated to the ester carbonyl in the six-membered lactone moiety. The downfield

signals resonating at 5 5.55 (81Jc 127.8) and 6.08 (8,Jc 129.5) were vicinally coupled with

each olherand were assigned to the C-3 and C-4 protons. The vinylic proton at 8 5.81

(8l3c 121.7) was not coupled to any vinylic proton. This proton (8 5.81), however

exhibited HMBC interaction with a quaternary vinylic carbon resonating at 8 140.4 This

therefore could be the substituted end of this double bond. The C-4 vinylic proton also

showed the HMBC interaction with the same carbon (8 140.4).

These observations unambiguously supported the e: istance of a tri-substituted conjugated

diene in rings A and B where C-5 was fully substituted.

3.5.5. 4 Hydroxy Groups

The presence of hydroxyl groups was evident from the 1R spectrum which exhibited a

;>road absorption band at 3375 cm'1. The downfield chemical shifts of C-J7 (8 87.9) and

2-20 (8 79.9) in the 13C-NMR spectra and HMBC interactions of C-17 with the C-15

nethine proton indicated that a tertiary hydroxyl group is located at C-17 of ring D and a

luatemary hydroxyl group is located at C-20.

>.5.5.5 Six-Membered Lactone

Compound 43 gave a positive colour test with Dragendorffs reagent due to the presence

if the lactone oxygen. Strong 1R absorption at 1705 cm'1 further indicated the presence of

n a,P-unsaturated lactone. A downfield methine double doublet at 8 5 21 in the ‘H-NMR

pectrum was due to the presence of the C-22 methine proton of the lactone moiety. The
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downfield chemical shifts of 8 151.5 (C-24), 121.5 (C-25) and 164 0 (C-26) in the IJC-

NMR spectrum also indicated the presence of an a,P-unsaturated lactone.

The ion at m/z 125 of composition C7H9O2 in the El MS of 43 resulted by the cleavage of

the C-20/C-22 bond and further confirmed the presence of a six membered lactone

substituent at C-20 of the steroidal skeleton

3.5.6 CompleteStructure Elucidation by Assembling Sub-Structural Fragments

The Heteronuclear Multiple Bond Connectivity (HMBC) experiment was used to obtain

information about the structural assembly.

For instance, the C-4 proton (6 6.08) showed 2VCh coupling with C-5 (8 140.4) and Vcn
interactions with C-2 (8 39.7) and C-10 (8 52.3). The C-3 (8 5.55) proton exhibited VCH

interactions with C-l (8 210.0) and C-5 (8 140.4), Vcn interactions with C-6 (8 121.7)

The C-l 9 methyl protons (8 1.70) showed 2./at interaction with C-10 (8 52.3) and Vcn

interactions with C-l (8 210.0) and C-5 (8 140.4) These HMBC interactions showed that

fragment "a" is connected with fragment ”b" through C-9/C-10 and C-6/C-7 bonds

;Figure-3.16).

H

Tf H

Figure-3.16: Connection of fragment
”a” to fragment "b" through HMBC
connectivities.
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Similarly the C-18 methyl protons (8 1.42) showed lJc.H interaction with C-14 (5 62.2)

The C-15 protons (5 3.10) exhibited 2Jen interaction with C-14 (5 62.2) and VCH

interaction with C-17 (5 87.9). These HMBC interactions indicated that fragment "b" is

connected with fragment "c" through the C-13/C-17 and C-14/C-15 bonds (Figure-3. 17).

OHC Hjj
T n 16

C H 3I *
1-1

I H0
H

H H

Figurc-3, 17: Connection of fragment
"b" to fragment "c" through HMBC
connectivities.

Other HMBC interactions showed that the C-21 methyl protons showed 'Veit interactions

with C-22 (5 80,4) and C-17 (5 87.9). These HMBC interactions indicated that fragment

’c" is connected to fragment "d" through the C-20/C-22 bond (Figure-3 18). Other

mpoilant HMBC connectivities are shown in Table-3.10.

4)

Oil
HJCA!

%[ I

IIc : >

071'CM 1

I Io
OH I-I

I -H
H

H

H H

Figure-3,18. Jonrec.ion of fragment
V to fragment "U' ilirough HMBC1
connectivities.
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Table-3.10: Long-range ’H/l'C connectivities (HMBC) for withapakistanin (43).

V’H

(6)(8)(8)

140.4 (C-5)

39 7 (C-2)

52.3 (C-10)

52.3 (C-10)

35.2 (C-8)

87,9 (C-17)

62 2 (C-14)

210.1 (C-l)

140.4 (C-5)

62.2 (C-14)

SO 4 (C-22)

87 9 (C-17)

5.55 (H-3)

6.08 (H-4) 140.4 (C-5)

32.7 (C-7)5,81 (H-6)

62.2 (C-14)3.10 (H-15)

1.42 (H-18)

1.70 (C-l 9) 52.3 (C-10)

1.42 (C-2 1)

5.21 (H-22)

3.08 (H-23a)

2.75 (H-23(3)

1.78 (H-27)

80.4 (C-22) 20 6 (C-28)

121.5 (C-25) '4) I (C-23)

20 6 (C-28)

}.5. 7 Mass Fragmentation of 43

\s mentioned earlier the HRE1 MS of 43 showed the M*-I8 ior at m 2 450.2577 (calcd.

150.2511) corresponding to the molecular formula CÿsH.ÿCL. The ion at m: 125.0666

laving the composition CvHyOj resulted from the cleavage of 1 he C-20/C-22 bond and

urther confirmed the presence of a six-membered lactone substituent at the C-20 side

:hain of the main steroidal skeleton. The ion at mz 169.0902 (CgHuO.-,) could arise by the

deavage of the C-17/C-20 bond, while the fragment at mz 2W 1716 (C].jH;!iO;.)

epresented the remaining half of the molecule. The overall mass fragmentation pattern of

13 is presented in Scheme-3.9.



5CCH3 nj

§

AÿCH2OH
CHi CL

5CH2OH 28 E4

CH3 c
i3C-20/C-2:27

CH2OH m/z = 141 5H3C i o 0 -17/C-20 "B 125
II

OH

m/z =185 CH3 VH +C-20/C-22 OHH3C12'
l O 19 Til I !3l

N| CH3ÿHW

L YH

16 CHLH15

o
CH3 H

m z = 452 o
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+CH3 H

'C-17/C-20o
CH3 H m/s =311Rearrangement

CH3

CH2OHH

OH
»; r = 2fi"? I l3C... 0 0

H
CH3

OH g
CH3|

H "i

3
3

m z = 452

Scheme-3.11: Mass fragmentation ofwithacoagulin ( 45)
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3.5.8 Stereochemical Assignment of Witliapakisttinin (43)

• The stereochemical assignments to the 3,5-conjugated diene and methylene protons of

rings A and B were bared on a comparison with the previously reported compound

(Vande el a/., 1983).

• The stereochemical assignment of C- M/C- 1 5 (3-epoxide is based on the chemical s’lili

comparison with the reported withanolide M (Glotter, 1973),

» The Configuration of the OH-17(3 group could ( e deduced by the chemical shifts of

thhe Me- 1 8, Me-21and H-22, It has been obsened that the 011-17(3 strongly deshields

the signals of the Me-21 and Me-18 (Glotter. et a/., 1977) whereas an Oil-17a

induces a sizable downfield shift only in the Me-21 signal (Kirson and Gottlieb, 1980).

The chemical shift of the Me-18, Me-21 and H-22 are similar to those found in

withanolide S (Glotter, eta!., 1977).

* The configuration at C-22 is assumed to be R on biogenetic grounds and also based on

comparison of its circular dichromism (CD) (positive band at 250 nm) with that of

Sorbic Acid (Lavie et a!., 1970).
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.5.9 Biogenesis of Withapakistanin (43)

Vithanolide 40 can be the biogenetic precursor of withapakistanin (43). Elimination of

IX and then hydroxylation at C-lÿyield compound 44. Epoxidalion at C-14 and C-15 of

4 can then yield the desired compound 43. The biogenesis of' withapakistanin (43) is

resented in the Scheme-3.10.

H3 EU

CH3
OH

CHJ H

on
H3C,....f: 0 O

II O 'O
CH-HXO

CH4 H
!

i 44
H X

40

C’H3

OH
H.C.

J
H O' 0

CH1ÿ-OH
[O]

o X-OH

Scheme-3.10: Proposed Biogenesis of Withapakistanin(43).
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3.6 Wilhacoagulin (45) |20(J,27-dil yd roxy-l-Oxo-(22f?)-Wit ha-2,5,24-

tetraenolide] - A New Withanolide

3.6.1 Brief Isolation Procedure

The concentrated etbanolic extracts of the whole plant of W coagulans was dissolved

in MeOH and defatted with pel. ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in 10% acetic acid solution. The acidic aqueous extracts

was partitioned with CHClj at different pH values

The “acidic” CHClj fraction (pH 2-3) (Scheme 4.3, page I6C » was subjected to

column chromatography (silica gel). The column fractions collected at different

concentrations of o-hexane/chloroform were again subjected to column

chromatography and the column was eluted with fl-hexane/acetone mixtures. Fractions

collected from this column were combined together after TLC comparisons. A group

of similar fractions collected from this column was loaded on a small silica column and

the column was eluted with w-hexane/acetone mixtures. From this column a semi-pure

compound 45 was obtained which was purified on TLC glass plates (silica gel) to

obtain white precipitates (13.2 mg, 5.28xl0'fl % yield), [af7,> 37 5° (CHCh) The

compound 45 gave a positive lest (orange colour) with Dragendorffs reagent

characteristic of alkaloids or lactones The purity of compound 45 was checked on

TLC plate (silica gel) and visualised under short UV wavelength (254 nm).

3.6.2 Preliminary Spectral Observations

Compound 45 has the molecular formula CZKH-ÿOJ as represented by the molecular ion

m/z 452.2861 (calcd452.2566) by high-resolution electron impact mass spectroscopy.

The molecular formula indicated.

a) the presence of eleven degrees of unsaturation or double bond equivalents,

b) the presence of five oxygen functions but no nitrogen atom,

At least 10 withanolides of this composition have been reported from different plants

of family Solanaceae.
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The UV spectrum (MeOH) of withacoagulin (45) showed a strong absorption at 215

nm characteristic of an a, P-unsaturated lactone chromophore (Scutt. 1964).

The'infrared -(IR) spectrum (CHClj) of 45 displayed absorption bands at 3538, 1706

and 1682 cm'1 indicative of the presence of a hydroxyl group, a six-membered cyclic

ketone and an a,P-unsaturated lactone, respectively (Pavia el a/., 1 979),

These spectral observations mentioned above indicated that the compound in hand has

a steroidal skeleton (cyclopentanophenantherene) with a six-membered lactone

substituent, and other oxygen functions and unsaturation sites typical of withanolides.

2S

A ,CH2OH
r5>

2i\OH
H*.,.

H3l9 H J_

i 0
II:

12
O 19

H. 2 IS

.1 H

H
\ 45

H H H

3.6.3 Detailed Spectroscopic Studies

3.6.3.1 'H-NMR Spectrum

The 'H-NMR spectrum of 45 (500 MHz, CDCI?) contained signals for four quaternary

methyls at 6 1.13, 1.25, 1.31 and 2.03 assigned to the CHj-18, CH-,-19, CH;-21 and

CH3-28 groups, respectively. The appearance of the C-21 meihyi group as a singlet

indicated the absence of any proton is present-vicinal at the C-20. furthermore its

downfield chemical shift (5 1.31) suggested that an oxygen function might present on

vicinal C-20. The downfield chemical shift of the C-28 methyl protons indicated its
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presence on a doubleixmd. Dovvnfield AB doublets resonating at 6 4.38 and 4.33 (J =

12.4 Hz) may represent a hydrox’'methylene. Four downfield signals at 8 6.74, 5.38,

5.58 and 5.18 represented four vinylic protons. A downfield methine double doublet at

5 4.28 (ÿ22: 23a =13.3 Hz, J22. 230 = 3.5 Hz) could be assigned to an oxygen-bearing

methine of the lactone moiety.

3.6.3.2 ‘-'C-NMR Spectra

The broad-band decoupled '"'C-NMR and DEPT spectra (100 MHz, CDC1?)

(polarization pulse angles 0 = 45°, 90u, and 135") indicated the presence of 28 carbon

resonances in agreement with the molecular formula, C28H56O}. The DEPT experiment

showed that there were four methyl, seven methylene and eight methine carbons. The

remaining nine quaternary carbon signals appeared in the broad-band decoupled

spectrum. The downfield signals at 8 203.6 and 165,7 were due to the ketone and

lactone carbonyls, respectively. The four vinylic methine carbons of rings A, B and D

resonated at 8 145.2 (CH), 127.9 (CH), 124.3 (CM) and 118 0 (CH), while the

quaternary vinylic carbons appeared at 8 153.4, 152.4, 135.4 and 125.9. The oxygen-

bearing carbons resonated at 8 81.7 (CH) and 57.4 (CH2;. The methyl carbons

appeared at 20.5, 8 20.0, 18.8 and 18.7 The chemical shift assignments for various

carbons of 45 are presented in Table-3.11. The one-bond proion-carbon correlations

were determined by the HMQC experiment and are presented in Table-3.1 1 .
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Table-3.11: L'C- and-'H-NMR of Withacoagulin (45) (CDCIj)

JC-NMR iC. No. Multiplicity
DEPT

Coupling Consiani

>AIH (Hz.)

Il-NMR
(5)

203.6 C1

CH127.9 5.8? dd J\ = 9.9
Jz = 3.1

= 10.0

J2 = 5 0
Jy = 2.2
J, =21.2

J: = 2.4

= 3. 1

J\ = 21.1

= 4.9

2

CH145.2 6.74 ddd3

CJ1;33.4 3.28 dd4

2.85 dd

C5 1.35.4

CH 5.58 d6 124.3 J = 6.0

CH:70.0 2.75 m
2.15 m
1.55 in

7

CH8 31,9

CH9 42.4 1.65 m

C50.110

28.8 CH: 1.50 m11

26.3 CH:12 1.35 ill

47.9 C13

14 152.4 C

CH15 1 18.0 5. 18 br.s

Cl';16 42.0 2.0-2. 1 m

CH17 57.3 1.90 in

CM.,18 18.7 1.13 s

CH,19 18.8 1.25 s

74.6 C20

CM,20.021 1.31 s

22 81.7 CH 4.28 dd -/:2.23a - 13.3
“/22.2JP = 3-5

CH:23 31.7 2.51 in

2.18 m
C24 153.4

C25 125.9

26 165.7 C

CH:27 57.4 4.38.4.33 A Bel ./ = 12.427.

28 20.5 CH, 2.03 s

1
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3.6.4 Elucidation of-Partia!Structures

Two dimensional 'H-NMR experiments (COSY-450, ITMBC, HMQC) have been used

to elucidate the structure of withacoagulin (45) A number of simetural fragments

were developed on the basis of COSY-450 spectrum and the entire structure of 45 was

then assembled from these structural fragments with the help of HMBC technique

3.6.4.1 Fragment "a”

Fragment "a" comprising ring A of the steroidal

skeleton was traced out starting from the C-2 allylic

proton which resonated at 8 5.83 (Ji= 9.9, J2 - 3.1 Hz)

showed vicinal couplings with an allylic proton

resonating at 8 6.74 (C-3H). The C-2 and C-3 methine

proton also showed strong couplings with the C-4

methylenic protons resonating at 8 7.28 (./, = 212, J2 =

2.4 Hz, J\ = 3.1). The downfield chemical shifts of the

C-4 methylenic protons and their coupling pattern suggested t nat a quaternary carbon

was present next to C-4. The downfield chemical shift of the C-3 vinylic proton (8

6.74) is indicative of its conjugation with an a,P-unsaturated carbonyl system.

o
513 -M

*'Vscÿt*c

7 I , jS||

i jgmeiU "n"

The HMQC spectrum showed direct couplings between the carbons and protons. For

instance the C-2H (8 5.83) and C-3H (8 6.74) methine protons exhibited direct 'HAT

correlations with carbons resonating at 8 127.9 and 145.2, respectively. The C-4

methylene protons at 8 3.23 and 2.85 exhibited heteronuclear comliiig with a carbon,

which resonated at 8 33.4.

The HMBC experiment was conducted to determine long-range heteronuclear ’H/'C

shift correlations. In the HMBC spectrum, the C-2 methine proton exhibited long-

range correlations with downfield carbons resonating at 8 203.6 (C-l) and 33.4 (C-4).

The C-4p methylenic proton (8 3.28) exhibited couplings with carbons which

resonated at 8 145.2 (C-3) and 135,4 (C-5), while the C-4a methylenic proton

exhibited couplings with carbons resonating at 8 127.9 (C-2), 145.2 (C-3), 135.4 (C-

5), 124.3 (C-6) and 50.1 (C-10). Tlese spectral observations led to a fragment "a".
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3.6.4.2 Fragment "b"

Unfunctionalized fragment "b" consists of parts of rings B

and C of the steroidal skeleton. Tne unravelling of the

structure of this fragment started witn the C-6 vinylic

proton resonating at 5 5.58 as a broad doublet (J - 6.0

Hz). The C-6 vinylic proton exhibited vicinal couplings

with the C-7 methylenic protons at 6 2.75 and 2.15 and a

coupling with the C-4P methylenic protons a. 5 3.28. The

lack of any other coupling of the C-6 vinylic proton

indicated that the other end of the double bond is fully substituted The C-7 methylenic

protons in turn showed couplings with another proton resonating at 6 1.55 (C-8) as a

multiplet. The C-8 proton further exhibited vicinal couplings with C-9H which

appeared at 8 1.65. A 2H multiplet at 6 1.50 was found to be coupled with C-9H and

therefore ascribed to the C-ll methylenic protons, which in turn were coupled to

another set of multiplets centered at 8 1.35 representing the C-12 methylene protons.

a J 5 111

i - >H2C IP1

c

M
-- HMUC

“•- COSY 4 5:

Fragment "b"

The HMQC spectrum revealed direct 'H/'’C correlations between various carbons and

protons of this fragment. Thus the C-26 olefinic proton resonating at 8 5.58 was

directly attached to a carbon resonating at 8 124.3 (C-6). The C-7 methylenic protons

showed direct shill correlation with a carbon which appeared at 6 30.4. The HMBC

spectrum displayed correlation between the vinylic C-6 proton (8 5 58) with carbons

resonating at 8 50. 1 (C-10), 33.4 (C-4), 30.4 (C-7; and 31.9 (C -8) These observations

led to fragment "b" comprising parts of rings B and C of the man steroidal skeleton.
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3.6.4.3 Fragment "c“*

Fragment V' comprised of ring D and was found to

contain an olefinic methine proton, a set of methylene

protons and a C-17 methine proton. The C-15 vinylic

proton (8 5.18) showed vicinal couplings with the C-16

methylene protons (6 2.0-2.1). The C-17 methine proton

appeared at 8 1.90 as a multiplct and also showed

coupling with the C-16 methylene proton. The lack of

further coupling of C-15H with any other proton

"showed that the other end of the double bond is fully substituted. In the HMQC

spectrum, the C-15H (8 5.18) and C-17H (8 1.90) showed direct 'H/l‘’C correlations

with carbons resonating at 8 118.0 and 57.3, respectively. The ITMBC spectrum

showed heteronuclear shift interactions of the C-15 methine proton with a C-13

quaternary carbon resonating at 8 47.9, the C-17 tertiary carbon resonating at 8 57,3

and the C-16 metheylenic carbon resonating at 8 42,0. The C-17 methine proton

exhibited HMBC interactions with the C-13, C-14 and C-16 carbons. On the basis of

these spectroscopic observations fragment "c" was developed.

1 90m

H

-CÿVc!

18hfs

-» HMBC--*ÿ COSY 4JC

Fragment "c"

3.6. 4. 4 Fragment "d"

The six-membered lactone substituent formed the

fragment "d". Its structure was deduced s arting from

a downfield methine proton which resonated as a

double doublet at 8 4.28 (J22.ua = 13.3, = 3.5

Hz) and which was assigned to the C-22 proton. The

C-22 proton showed vicinal couplings with a

geminally coupled pair of protons resonating as

m'ultiplets at 8 2.51 and 2.18 (C-23H2). The C-23 methylene protons also exhibited

allylic couplings with the C-28 methyl protons resonating at 8 2.03 The C-28 methyl

group showed hoinoallylic coupling with the C-27 hydroxymethylenie protons (8 4.38

and 4.33). The C-27 and C-28 carbons were found to be substituted on a double bone

as indicated by HMBC spectrum i.e interactions were also seen between the C-28

methyl protons and olefinic carbon resonating at 8 153 4 and the C-27

:01 <,

CH,
2 I * in

c CHoOH: 1

4

2 5 1 t? 26]

'W O' "O
II

-J :>ÿ .M

-- HMBC

-*ÿ COSY 45*

Fragment "d”
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hydroxymethylenic protons (6 4.38 and 4.33) with the olefinic carbon at 6 125.9. The

C-27 hydroxymethylenic protons also displayed VCH interactions with the lactone

carbonyl carbon (C-26) resonating at 5 165.7. These spectral observations led to

fragment "d"

3.6.5 Evidences for Functional Groups

3. 6.5.1 Kctonic Group in Six-membered Ring A

The presence of a ketonic group was inferred from a variety of spectroscopic

observations, which include the IR absorption at 1706 cm1. ,?C-NMR a downfield

signal at 5 203.6 and downfield chemical shift of the C-4 metylenic proton (6 3.28) in

the 'H-NMR spectrum. This was also inferred from the HMBC interactions between

the C-3 methine proton (8 6.74) and the C- 1 9 methyl protons (8 1 25) with the C-l

carbonyl carbon (8 'V 203.6).

3.6.5.2 2,5,14 and 24 Double bonds

The appearance of four vinylic protons at 8 5.83, 6.74, S.58 and 5 18 in the 'H-NMR

spectrum and eight vinylic carbons at 8 127.9 (CH), 145.2 (CH). 135.4 (C), 124.3

(CH), 152.4 (C), 118.0 (CH), 153.4 (C) and 125,9 (C) in the broad-band decoupled

l?C-NMR spectrum indicated the presence of four double bonds in the molecule.

Carbon signals at 8 153.4 and 125.9 were due to the C-24'C-25 double bond

conjugated to the ester carbonyl in a six-membered lactone moiety The remaining six

signals represented three double bonds. The vinylic protons at 8 5 S3 (8‘V 127.9) and

6.74 (8,5<- 145.2) are vicinally coupled with each other and were assigned to the C-2

and C-3 protons. The other two vinylic protons at 8 5.58 (8'V 124.3) and 5.18 (8'V

1 18.0) were not coupled to any other vinylic proton, howeve- they exhibited HMBC

interactions with quaternary olefinic carbons resonating at 8 135.4 and 153.4

respectively. This therefore could be the substituted end of the double bond. The C-3

methylenic protons (8 3.28 and 2.85) exhibited HMBC interactions with the C-5

carbon (8 135.4). The H-17 methine proton (8 1.90) and the H-18 methyl protons (8

1.13) exhibited HMBC interactions with C-14 (8 1 52.4). These observations supported

the 2,5, 14-triene system in rings A, B and D,
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3.6.5.3 Hydroxyl Grmtp

The presence of a hydroxyl group was evident from the III spectrum which exhibited a

broad absorption band at 3540 cm'1. In the ''C-NMR the downfield chemical shift of

C-27 (6 57.4) and the 'H-NMR chemical shifts of C-27 protons (8 4.38 and 4.33)

indicated that a hydroxyl group is substituted at C-27 as in many other withanolides

(Evans el al., 1984 and Gupta el al„ 19ÿ1) The downfield chemical shift of C-20 (8

74.6) in the L1C-NMR spectra indicated (hat a tertiary hydroxyl group is located at this

position.

3.6.5.4 Six-membered Lactone

The presence of a six-membered lactone moiety in the molecule is characterstic of all

withanolides. A strong IR absorption at 1680 cm"1 and UV absorption at 223 nm

indicated the presence of an a,P-unsaturated lactone. A downfield methine double

doublet at 8 4.28 in the 'H-NMR spectrum vyas due to the C-22 methine proton of the

lactone moiety. A peak at m/z 124 resulted from the loss of a H20 molecule from niz

141 and further established the presence of a six-membered lactone. The ion at niz

141.0607 with composition C7H9O1 resulted by the cleavage of the C-20/C-22 bond,

while the fragment at m/z 3 1 1 of composition C7.1H27O7. represented the remaining half

of the molecule.

3.6.6 Complete Structure Elucidation by Assembling Sub-Structural Fragments

The HMBC experiment was used to link different fragments together For instance the

C-2 methine proton (8 5.83) exhibited VCH interactions with C-10 (8 50. 1) and C-4 (8

33.4), The C-3 methine proton (8 6.74) showed Vcn coupling with C-l (8 203.6) and

C-5 (8 135.4). The C-I9 methyl protons (8 1.25) also exhibited z,/<n coupling with C-

10 (8 50.1) and VCH coupling with C-l (8 203.6) and C-5 (8 135.4). These HMBC

interactions indicated that fragment ;‘a" is connected with fragment ‘b” through the C-

9/C-10 and C-6/C-7 bonds (Figure-3.19).
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Figurc-3.19; Connection of fragment "a"
Ito fragment "h" tluongli IIMHC
connectivil tes

Similarly the C-19 methyl protons also exhibited Vcri couplings with C-9 (5 42.4) and

the C-6 vinylic proton showed VCH coupling with C-8 (6 31.9) and C-10 (5 50.1).

Further the C-18 methyl protons (6 1.13) also showed VCH interaction with C-13 (8

47.9) and VCH interactions with C-14 (5 152.4) and C-17 (5 57.3) The C-15 methine

proton exhibited VCH interactions with C-8 (8 31.9), C-13 (8 47.9) and C-17 (8 57.3)

and 1/ch coupling with C-16 (8 ‘,2.0). Similarly the C-17 niethine proton (8 1.90)

exhibited VCH couplings with C-13 (f 47.9) and C-16 (8 42.0) and VCH interactions

with C-14 (8 152.4) and C-18 (8 18.7) methyl carbon. These HMBC interactions

allowed connection of the fragment “b” to fragment “c” through the C-13/C-17 and C-

13/C-14 bonds (Figure-3.20).

im.o 1

CH3
H 14-

H

H

H H H

Figure-.1.20: Connection of fragment "b"
to fragment ”c" linonoli IIMHC
connectivities

Similarly the C-21 methyl protons (5 1.31) afforded VCn inteiactions with C-17 (8

57.3) and the C-22 (8 81.7), while the C-22 methine proton (8 4.28) exhibited Vri
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interaction with C-23-(8 31.7) and VCii interactions with C-24 (8 153.4) and C-26 (8

165,7). These HMBC interactions allowed connection of fragment "c” to fragment “d”

through the C-17/C-20 and C-20/C-22 bonds. Other HMBC correlations are shown in

Table 3.12.

IV
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U-t CH2OH
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H3C, o
18 IJ
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CH3 1H
H

4

H

H H H
Figure-3.21 : Connection of fragment "c"
to fragment "d" tli rough HMBC
connectivities
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Table-3.12: Long-rShge 'HA'C connectivities (HMBC) cf withacoagulin (45)

(CDCU)

‘ÿÿCHll-NMR

(S)(5)(6)

50 l(C-10)

33 4 (C-4)

201 6 (C-l)

135 4 (C-5)

5.83 (H-2)

6.74 (H-3)

145 2 (C-3)

135.4 (C-5)

145.2 (C-3)

135.4 (C-5)

3.28 (H-4a)

127 9 (C-2)

50.1 (C-10)

124 3 (C-6)

33 4 (C-4)

50 1 (C-10)

3 1 9 (C-8)

57 3 (C-l 7)

47 9 (C-l3)

153.4 (C-24)

165 7 (C-26)

IS 7 (C-18)

2.85 (H-4|3)

30.4 (C-7)5.58 (H-6)

42.0 (C-16)5.18 (H-15)

42.0 (C-16)

47.9 (C-13)

47.9 (C-13)

1.90 (H-I7)

1.13 (H-18) 57,5 (C-17)

152 4 (C-l 4)

203 6 (C-l)

42.4 (C-9)

135 4 (C-5)

165 7 (C-26)

1 53 4 (C-24)

125.9 (C-25)

50.1 (C-10)1.25 (H-19)

31.7 (C-23)4.28 (H-22)

81.7 (C-22)

153.1 (C-24)

125.9 (C-25)

2.51 (H-23a)

2.18 (H-23[3)

4.38 (H-27A)

4.3.3 (H-27B)

2.03 (H-28)

153 4 (C-24)

165.7 (C-26)

153.4 (C-24)

31.7 (C-23)

l
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3.6. 7 Mass Fragmentation Pattern of IVithacoagulin (45)

As mentioned earlier the HREI MS of 45 showed the molecular ion at nvz 452.2861

corresponding to the molecular formula C2«HM05 (ealed. 452.2562). The ion at m'z

141.0845 having the composition C7H9O3 resulted from the cler.va ;e of the C-20/C-22

bond whereas the base peak at m/z 124.0595 resulted by further loss of a H20

molecule from the ion at rn/z 141.0845. Two other important fragments at m/z

185.1030 (C9H1.O4) and 267.1851 (C19H23O) resulted from the cleavage of the C-

17/C-20 bond. Another important fragment at nvz 109.0762 (C7HyO) was due to the

cleavage of ring A along with the C-19 methyl group and also confirmed the presence

of a carbonyl group in ring A. The mass fragmentation pattern of 45 was characteristic

of withanolides (Sinha et ai,1989) and presented around Scheme-3 1 1 .

3.6.8Stereochemical Assignments at Various Asymmetric Centers

The stereochemistry at various asymmetric centers was assigned on the basis of

chemical shift comparisons with known withanolides as well as on biogenetic

considerations.

• The stereochemical assignments of 2,:-diene and various protons of rings A and B

were based on a comparison with the previously reported compound (Vande et ai,

1983).

• The (3 stereochemistry of the C-P ptoton was inferred since there was no

deshielding observed on the chemical shift of the H-22 signals, which is generally

more downfield if the substituent at C-17 is orianted (Figure-3.22).

• The configuration at C-22 is assumed to be R on biogentic grounds as dissussed in

Coagulin E.

cn,

p CHj
,K

li- ’
. 1 ,

H

H

/Figiirc-3 22: Perspective view of vvilliacomtulin (45)

\



n +CH3 CH3 2
+CH3 CH3 Cl

28
H3Q CH3\ o 2724 O 'OH 2

?H3ÿ,0H 5
21 OH[T

26

5ÿ1 O
18 H
9HÿOH

11 rr 13 16]
14_is]

r-22/C-20 5a.
oo H3C nvz = 125CH; O

1-H2O
O' H:
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Scheme-3.9: Mass Fragmentation of Withapakistanin ( 43)
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3.6.9 Proposed Biosynthesis of WUliacoagnliii (45)

Biogenetically Withacoagulin (45) may be derived from the precursor 31. which

undergoes oxidation to yield 33 with the icmoval of water. Hydroxylation of 33 at C -!4

and C-20 yield compound 46 which is t.itn ui.dergo dehydration to give 45.The proposed

biosgenesis of withacoagulin (45) is presented in Scheme-3.12.

CH3
.CH:•H5

•CHj
HjC.

i o o
J HCl lHjC,..

CHjI H
i O O

0 IlydmNylnlion
|| CHjI ll

[0]/-H2O
H

33T
M I fl 3|

OH'
:H,

.CH:OH .CH:OH
OH OHHjC...

CHJ .H H
HjC.. I

CHJ> H
: O '"O •

O 'O

o 0
'II CH4 11 I

'

Min 4,

CIHjl li

-H;0
11

4?

Scheme-3.12: Proposed Biosynthesis of WithacoaRtilin (45)

3.6.10 Biological Activity of Wilhacoagnlin (45)

Withacoagulin (45) was screened for the antifungal activity by agar diffusion method

(Bennett, 1991) against a variety of fungi including human pathogens Aspergillus nigcr

Trichophyton longifuses. Microsporum cam's, Epidermophy/on floccocum. Curvnlariu

lunata, Nigrosporu oryzae. Drechslera rostrata, Stachyhoii vs aira and plant pathogen

Pleuroins oslreatns (MIC 200 pg/ml).
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3.7 17|}-hydroxywilhanolide K (47) [14aT17p,20J3-trihydn>xy-l-Oxo-(22/?)-witha-

3,5,24-trienolidej - A New Withanolide

3. 7.1 Brief Isolation Scheme

The concentrated ethanolic extract of the whole plant of W. coagulans was re-dissolved in

MeOH and defatted with pet-ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in 10% acetic acid solution. The acidic aqueous extract was

partitioned with different pH values.

The CHClj fraction obtained on extraction at pH 2-3 (scheme 4.3, Experimental Section,

page 166) was subjected to column chromatography (silica gel). The fractions collected on

elution with n-hexane/CHCl? were agair subjected to column chromatography, the column

being eluted with n-hexane/CHCI? mixtures. The first few fractions of the column were

found to contain white precipitates of pure compound I7P-hydroxywithanolide K (.2.6

mg, 5.04x10'6% yield), [a]o 42.3° (CHCI?). The compound gave a positive test (orange

colour) with Dragendorffs reagent characteristic of alkaloids cr lactones. The purity of

compound 47 was checked on TLC yield gl?ss plates (silica gel) and visualized under

short UV wavelength (254 nm).

3. 7.2 Preliminary Spectral Observations

Compound 47 has the molecular formula C2sH?sOfi as indicated by the molecular ion m:

470.2677 in the high-resolution electron impact mass spectrum. The molecular formula

indicated

a) The presence of 10 degrees of unsaturation or double bond equivalents.

b) The presence of six oxygen functions but no nitrogen aiom.

At least thirty withanolides of this composition have been reported from different plants of

family Solanaceae and only two from W. coagulans (Sethi et at., 1076, Subramanian el

il., 1980).
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The UV spectrum (MeOH) of 17P-hydroxywi.hanolide K. (47) exhibited strong

absorptions at 223 nm characteristic of an a,P-unsaturated lactone chromophore (Scott,

1964).

The IR spectrum (CHC1?) of 47 displayed absorption bands at 1694 and 1674 cm'1

indicative of a six membered cyclic ketone (Pavia el al., 1979) and an a,P-unsaturated

lactone, respectively.

The preliminary spectral observations indicated that the compound in hand has a steroidal

skeleton (cyclopentanophenantherene) with a six-membered lactone substituent and other

oxygen functions and unsaturation sites typical of withanolides.

i

’£HVOH !

I5I ulO 19

CH3 n
1to
OH

11 47

H
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3. 7.3 DetailedSpectroscopic Studies

3. 7. 3.1 ‘H-NMR Spectrum

The 'H-NMR Spectrum of 17P-hydroxywithanolide K (47) (CDCh + CD5OD, 500 MHz)

included signals for five quaternary methyls at 8 1.02, 1.19, 1.32, 1 78 and 1.86 assigned

to CHj-18, CHj-21, CHj-19, CHj-27 and CHi-28, respectively The appearance of the 21-

methyl protons as a singlet indicated that no proton is present at C-20, furthermore the

lowfield signal of this methyl (8 1.19) suggests that an oxygen function is present on

vicinal C-20. The downfield chemical shift of C-27 and C-28 methyl protons indicated that

they are substituted on a double bond. A downfield multiplet at 5 5 57 and two double

doublets at 5 6.01 (Jÿ = 9.6, A.2 = 2.3 Hz) and 5.71 (AM = 4 9, J6,7p = 2.1 Hz)

represented three vinylic protons. A downfield methine double doublet at 5 4.84 (J22.2M =

12.2, A2.23(i = 4.2 Hz) was assigned to an oxygen-bearing methine of the lactone moiety.

3. 7. 3.2
y ,C-NMR Spectrum

The broad-band l-,C-NMR and DEPT spectra (CDC1?, 125 MHz) (Polarization pulse

angles 0 = 45°, 90° and 135°) indicated the presence of 28 carbor resonances in agreement

with the molecular formula CisHjgOn. The DEPT experiment showed that there were five

methyl, seven methylene and six methine carbons. The remaining ten quaternary carbon

signals appeared in the broad-band spectrum. The lowfield signals at 5 197.0 and 167 5

were due to the ketone and lactone carbonyls, respectively. The three vinylic carbons of

rings A and B resonated at 6 127.1 (CM), 129.0 (CH) and 125 2 (CH), while the

quaternary vinylic carbons appeared at 5 151.2, 140.1 and 120 5. Oxygen-bearing

quaternary carbons appeared at 8 87.2, 82.0 and 78.2, while the oxygen bearing methine

carbon resonated at 8 81.0. The methyl carbons appeared at 5 19.8, 19.8, 18.3, 18.2 and

11.2. The chemical shift assignments for various carbons of 47 are presented in Table-

3.13. The one-bond correlations were determined by the HMQC experiment as presented

n Table-3.13.
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Table-3.13:13C and ‘H-NMR Chemical Shifts for 17P-Hydroxywithanolides K (47)
(CDCl, +CD,OD).

'H-NMR1JC-NMR Coupling Constant

Jm, (Hz)

MultiplicityC. No.

(5) (5)(6)

C197.01

3.32 111. 2.71 mCH239.22

CM 5.57 in127.13

CH 6.01 dd - 9.6. 2 - 2.3129.04

C5 140 1

CH 5.71 dd125.2 - 4.9 Jb -|j - 2. 16

CH: 2. 10 111. 2.01 m25.27

CH35.4 1.75 in8

CH 1.87 1119 35.1

C10 52.3

CF:21.5 1.50 m11

CH: 1.35 in12 34.0

C54.013

C82.014

CH, 2.01 111. 1 .85 in15 29.8

CH; 1.34 111. 1 .02 11116 36. 1

C87.217

19.8 CH, 1.02 s18

CH,18.2 1.32 s19

78.2 C20

CH, 1.19 s2) 18.3

CH22 81,0 4.84 dd 7;;.:,a
_

12.2

•7:2.2,13 = 4.2

CH;31.7 2.55 111. 2.45 in23

151.2 C24

25 120.5 C

C26 167.5

CH, 1.78 s27 11.2

CH;28 1.86 s19.8
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3. 7.4 PartialStrudure Elucidation

Two-dimensional NMR experiments (COSY-45", HMBC, HMQC) were used to elucidate

the structure of 173-hydroxywithanolide K (47).

A number of structural fragments were initially developed on the basis of the COSY 45°

experiment. The complete three-dimensional structure of 47 was then built-up from these

structural fragments with the help of HMQC and HMBC techniques.

3.7.4.1 Fragment “a"

Fragment “a” comprising ring A of steroidal skeleton

was traced out starting from the C-2 methylene protons

resonating as rnultiplets at 6 3.32 and 2.71, which

showed geminal couplings with each other and vicinal

couplings with the proton at 5 5.57 (C-3H). The C-2

methylene and C-3 methine protons also showed strong

couplings with the C-4 proton resonating at 6

6.01 (y4,3 = 9.6, Js.2 = 2.3 Hz). Since there was no

further coupling of the C-4 vinylic proton with-any-other-proien, it indicated that the

quaternary carbon center is situated next to the C-4 methine carbon. The HMQC spectrum

was used to determine direct heteronuclear couplings between carbons and protons. For

instance C-3H (6 5.57) and C-4H (5 6.01) methine protons exhibited direct 'l-I/l3C

correlations with carbons resonating at 5 127.1 and 129.0, respectively. The C-2

methylenic protons resonating at 5 3 32 and 2.71, exhibited heteronuclear coupling with a

carbon resonating at 6 39.2. In the HMF/C spectrum the C-20 methylenic proton (6 3.32)

exhibited long range couplings with carbons resonating at 5 52.3 (C-10), 129.0 (C-4) and

140.1 (C-5). The C-3 methine proton (6 5.57) showed shift correlation with carbons

esonating at 52.3 (C-10) and 140. 1(C-5). The C-4 methine proton (6 6.01) showed long-

ange shift correlations with 8,5c 197.0 (C-l) and 52.3 (C-10). These spectral observations

ed to a fragment “a”.

O

<§Ti
-•IIMlli’

-» COSY IS"

Fragment V
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3. 7. 4.2 Fragment "b"

Unfiinctionalized segment “b” comprises on parts of rings

B and C of the steroidal skeleton. The elucidation of the

Structure of this segment was started with the C-6 vinylic

proton which resonated at 8 5.71 as a double doublet

(.J6Ja = 4.9 Hz, J6jp = 2. 1 Hz). The C-6 vinylic proton

exhibited vicinal couplings with the C-7 melhylenic

protons appearing at 8 2.10 and 2.01. The lack of any

other coupling of the C-6 vinylic proton indicated that the

other end of the double bond was Hilly substituted. The

C-7 methylenic protons in turn showed cross-peaks with another proton resonating at 8

1.75 (C-8H) as a multiplet. The C-8H further exhib:ted vicinal couplings with C-9H which

appeared at 8 1.87 (m), Multiplets resonating at 8 1 50 were found to be coupled with C-

9H and were hence ascribed to the C-ll methy.enic protons. The HMQC. spectrum

revealed ‘H/,JC correlations between various carbons and protons of this fragment. Thus

the olefinic proton at 8 5.71 was foud to be directly attached to a carbon resonating at 8

125.2 (C-6), while the C-7 methylenic protons showed direct shift correlation with a

carbon at 8 25.2.

p TTVm

/:hV
y| Hi 7*m

to
"V, >umH2C

c
1

H--HIM1IC 5 ’I JJ

<--*ÿ COSY 45°

Fragirent "b"

The HMBC spectrum displayed long-range correlations between the vinylic C-6 proton (8

5.71) with carbons resonating at 8 52.3 (C-10), 140.1 (C-5), 1290 (C-4)and 127.1 (C-3).

These observations led to the fragment “b” comprising parts of rings B and C of the

steroidal skeleton.
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3. 7. 4.2 Fragment "c”

Comparatively smaller fragment “c” comprised parts of ring j~"
D and was found to contain two sets of C-1 5 and C-16 I

methylene protons which showed geminal and vicinal I

couplings with each other. No fuither couplings of these j
methylenic protons showed that the other ends were fully

substituted. The HMBC spectrum of 47 showed hetero- i

nuclear shift interactions of the C-15 methylene protons (6

2.01 and 1.85) with quaternary carbons resonating at 5 82.0

(C-14) and 54.0 (C-13). The C-16 methylene protons at 5 1.54 and 1.02 exhibited

heteronuclear shift interaction with a quaternary carbon resonating at 6 87.2 (C20). On the

basis of these spectroscopic observations fragment “c” was developed.

"1

1021 4TÿOH)\*y ,,4'm
c„ ,CH2ÿ

1U-P
I \ , 2o'n’ !

I K5mOH
HMBC
COSY 45 °

Fragment V

3. 7.4.4 Fragment “J"

The six-membered lactone substituent formed the fragment

“d”. Its structure was unravelled starting from a downfield

methine proton resonating as a double doublet at 6 4.84

(ÿ/22.23a = 12.2, J22.m = 4.2) which was assigned to the C-

22 proton of the lactone substituent. The C-22 proton

showed vicinal couplings with the geminally coupled C-23

pair of protons resonating as multiplets at 6 2.55 and 2.45

The C-23 methylene protons also exhibited allylh coupling

with the C-28 methyl protons resonating at 5 1 86, while the C-28 methyl group in turn

showed homoallylic couplings with the C-27 methyl protons (6 1.78) The C-28 and C 27

methyls were found to be substituted on a double bond as indicated by the HMBC

spectrum i.e the C-27 methyl proton exhibited long-range couplings with C-25 (5 120.5),

C-26 (6 167.5) and C-24 (5 151.2). The C-28 methyl protons displayed interactions with

C-24 (8 151.2), C-25 (6 120.5) and C-23 (5 317) These spectral observations led to

fragment “d”.

: ''

Cr
cr

4Sÿd<|

--HMBC

COSY 45 °

l''raam:n[ "d"
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3.7.5 Evidencesfor Functional Groups

3. 7.5.1 Ketonic Group in Six-membered Ring A

The presence of a ketonic group was confirmed by the 1R spectrum (absorption at 1694

cm'1), l?C-NMR broad-band decoupled spectrum (downfield carbonyl signal at 5 197.0

and a downfield chemical shift of the C-2 methylene protons due to the electron

withdrawing effect of the carbonyl group at C-l and unsaturation at C-3).

3.7.5.2 3,5,24-Trienolide

The appearance of three vinylic protons at 5 5.57, 6.01 and 5.71 in the 'H-NMR spectrum

and six vinylic carbons at 5 127.1, 129.0, 140.1, 125.2, 151.2 and 120.5 in the broad-band

decoupled UC-NMR spectrum indicated the presence of three louble bonds in the

molecule. Signals at 5 151.2 and 120.5 were due to the C-24/C-25 double bond

conjugated to ester carbonyl group in the six-membered lactone moiety and the remaining

four signals represented two double bonds. The vinylic proton at 6 5 57 (5I5C 127.1) and

6.01 (5nC 129.0) were vicinally coupled with each other and with the C-2 methylenic

protons (5 3.32 and 2.71) and were assigned to the C-3 and C-4 protons. The vinylic

proton at 5 5.71 (5'V 125.2) was not coupled to any other vinylic proton, however it

exhibited HMBC interactions with a quaternary vinylic carbon resonating at 5 140. 1(C-5).

This therefore could be the substituted end of the double bond. The C-2 methylene proton

at 5 2.71 exhibited HMBC interactions with C-4 (5 129.0) and C-5 (6 140.1). Similarly the

H-19 (6 1.32) methyl protons exhibited HMBC interaction with C-3 (5 127.1) carbon.

These observations supported the presence of the 3,5-diene in rings A and B

3. 7.5.3 Hydroxy Groups

The presence of hydroxyl groups were evident from the IR spectrum which exhibited

)road absorption bond at 3422 cm'1, characteristic of hydroxyl groups. The downfield

;hemical shift values 5 78.2, 82.0 and 87.2 in the 'T-NMR spectrum were assigned to the

tydroxyl-bearing C-20, C-14 and C-17, respectively. The HMBC interactions of the C-l 5

nethylene protons with C-14 (5'V 82 0) and of the C-l 6 methylene protons with C-17
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(8l3c 87.2) indicated that tertiary hydroxyl groups are located at C-14 and C-17 of ring D

and a quaternary hydroxyl group is located at C-20.

3. 7.5.4 Six-membered Lactone

The presence of a six-membered lactone moie.y in the molecule is characteristic of all

steroidal lactones (withanolides). Due to the presence of lactonic oxygen, these

compounds give positive colour test with DragendorfFs reagent Strong IR absorption at

1675 cm'1 and UV band at 223 nm further indicated the presence of an a,P-unsaturated

lactone (Pavia,e/ a/.,1979). A downfield methine double doublet at 5 4.84 in the ‘H-NMR

spectrum, was due to the C-22 methine proton of the lactone moiety. In :he El mass

spectrum the ion at m/z 12:5.0684 of composition C.H9O2 was resulted by the cleavage of

the C-20/C-22 bond, indicating the presence of a six-membered lactone substitutent at C-

20 of the steroidal skeleton. The downfield chemical shifts of C-24 (5 151.2), 120.5 (C-

.25) and 167.5 (C-26) in the I3C-NMR spectrum also indicated the presence of a six-

membered a,P-unsaturated lactone.

3. 7.6. Complete Structure Elucidation by Assembling Sub-structural Fragments

The HMBC experiment was used to link different fragments together as well as to confirm

the chemical shifts assignments of quaternary carbons.

'CH-J

H

Figurc-3.23 Connection of fragment
"a" to fragment "b" through HMBC
connectivities.
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For instance, one of the C-2 methylenic proton (5 2.71) exhibited './on couplings with C-

10 (5l5c 52.3), C-4 (6 129.0). The C-3 methine proton (5 5.57) exhibited "JcH interaction

with C-5 (5,Jc 140.1). The C-19 methyl protons showed VciH couplings with C-10 (8'V

52.3) and VCH coupling with C-9 (8 35.1). These HMBC interactions indicated that

fragment “a” is connected with fragment “b” through the C-9/C-10 and C-5/C-6 bonds

(figure-3.23).

Similarly the C-6 vinylic proton showed VCH interactions with C-8 (6l\- 35.4) and C-10 (8

IJC 52.3). Furthermore the C-18 methyl protons (8 1.02) showed VCH interactions with C-

14 (8IJc 82.0) and C-17 (8nc 87.2). The C-15 methylene protons (8 2.01 and 1.85)

exhibited VCH interaction with C-14 (8nc S2.0) and VCH interactions with C-13 (813c 54.0)

The C-16 methylene protons (8 1.34 and 1.02) showed Vcn interactions with C-17 (8‘V

87.2). These HMBC interactions allowed the connection of fragment "b” and fragment “c”

through the C-13/C-17 and C-13/C- 14 bonds (figure-3.24).

CHjU.OH
!o CH2

Cm

OH

Figure-3.24; Connection ol’lr; gment
"b” IO fragment "c" through HMBC
connectivities.

Other HMBC correlations including interactions of C-21 protons methyl (8 1. 19) with C-

17 (8I3C 87.2) C-20 (8 78.2) and C-22 (S'V 81.0), while the C-22 nethine proton exhibited

VCH interaction with C-23 (8' c 31.7), while C-23 methylene protons (8 2.55 and 2.45)

exhibited VCH interactions with C-28 (8 19.8). These HMBC interactions indicated that

ragment “c” is connected to fragment “d” through the C-17/C-20 and C-20/C-22 bonds

3ther HMBC correlations are presented in Table-3.14.
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CH3
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CHJ .OH H

O
CH3 H
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Figurc-3.25: Coneclions of fraagnent
"c''to fragilem "d" through HMBC
connectivities.
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Table-3.14 Long-range'H/l3C Connectivities (HMBC) for 17P-Hydroxywithanolide-A'
(47) (CDCIj).

3/CHH-NMR

(5) (8) (8)

2,7l(H-2a) 52.3 (C-10)

129.0 (C-4)

140.1 (C-5)

52.3 (C-10)

54.0 (C-13)

5-1.0 (C-13)

87.2 (C-!7)

82.0 (C-14)

35.1 (C-9)

87.2 (C-17)

81.0 (C-22)

51.7 (C-23)

120.5 (C-25)

6,01 (H-4)

5.71 (H-6)

2.01. 1.85 (H-15)

1.34, 1.02 (H-16)

1.02 (H-18)

140.1 (C-5)

82,0 (C-14)

87.2 (C-17)

1.32 (H-19)

1.19(H-21)

52.3 (C-10)

78.2 (C-20)

4.84 (H-22)

1.78 (H-27)

78.2 (C-20)

151.2 (C-24)

167.5 (C-26)

120.5 (C-25)1.86 (H-28) 151.2 (C-24)

51.7 (C-23)

3.7.7 Mass Fragmentation of 47

As mentioned earlier HREIMS of 47 showed the molecular ion at mlz 470.2677 (calcd.

170.2668) corresponding to the molecular formula C28H3sOg (ll%) The peak at mz

152.2584 (C23HS1O4) (8%) was due to the loss of H20 from M'. The ion at m'z 125.0684

laving the composition C7H9O2 (75%) resulted from the cleavage of the C-20/C-22 bond

ind confirmed the presence of the side chain of the main steroidal skeleton. The ion at m/z

152.05847 (C9H12O2) could arise by the cleavage of the C-17/C-20 bond, while the

ragment at nvz 301.1797 (CÿFksOj) (46%) represented the remaining half of the

nolecule. The mass fragmentation of 47 is presented around Scheme-3. 14.
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Schcme-3.13: Mass Fragmentation of 47
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3.7.8StereochemicalAssignments at Various Asymmetric Centres

The stereochemistry at various asymmetric centres was assigned on the basis of chemical

shifts comparisons with known withanolidcs as well as on biogenetic considerations.

• The stereochemistry of C-17 and C-20 hydroxyl groups was assigned to be p (.S')

based on the arguments as disscussed in withapakistanin (43) (page 106).

• The configuration at C-22 is assumed to be R again on biogenetic grounds as

disscussed in coagulin E (39) (page 75).

3. 7. 9 Biogenesis of Compound 47

Compound 47 may arise in nature from precursor 31. Compound 31 after oxidation at C-

1 yield 1-Oxo compound 32 which undergo dehydration to give C-3/C-4 ene compound

35. Oxidation of 35 at C-14 then yield 17-P Hydroxyvvithanolide K. (47).

CH3 CH3

-CH3

H3C.. H3C 0ÿ0r H o o
CU'J H
Lÿ-H

o - 1 bOla | Cl-bJ H

I
H H I!

31 32
)H OH'

:H3

•CI-I3 CH3

01 1H3C„
H3C. !. Xo o

H
0 0:MJ H

o o
H?j

!
H I 6HH H

47
35

Scheme-3.1 : Proposed Biogenesis of 1 7ft-l-lydjroxywilhnnalideof K (47)
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3.7.10 Biological Activity

17P-Hydroxywithano1ide K (47) exhibited antifungal activity against human pathogens

Nigrospora oryzae, Aspergills niger, Curvularia Innata, Stachybotrys alra. Microsponnn

canis, Epidermophyton Jloccosum, Drechslera rcsirata, and plant pathogen Pleurotus

ostreaius ( Dey and Harbome, 1993) (MIC 300 pg/ml). It also showed activity against

gram positive Staphylococcus aureus (Carran et at . 1987).
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3.8 Withahejrin (48) [20p-hydroxy-l-Oxo-(22/?)-witha-2, 5, 24-trienolide] - A New

Withanolide

3.8.1 Brief Isolation Scheme

The concentrated ethanolic extract ot the whole plant of W. coagulans was re-dissolved in

MeOH and defatted with pet-ether (40-60°). The defatted MeOH extract was again

concentrated and dissolved in 10% acetic acid solution, which was further extracted

partitioned with CHClj at different pH vali es. The resulting acidic CHCI3 fraction

(Scheme-4.1, Experimental Section, page 166) (pH 2-3) was subjected to column

chromatography (silica gel). The column fractions eluted with //-hexane/CHCl?, were

again subjected to column chromatography by using with H-hexane/acetone mixtures as

solvents. Similar fractions from this column were combined and purified by thin layer

chromatography to obtain withahejrin (48) (12.6 mg, 5.04xl0"6% yield), as greenish gum,

[a]o 34° (CHCI3). The compound showed a positive test with Dragendorffs reagent,

characteristic of alkaloids or lactones. The purity of the sample was checked on TLC glass

plates (silica gel) and visualized under short UV wavelength (254 nm).

3.8.2 Preliminary Spectral Observations

Compound (48) has the molecular formula C28H38O4 as indicated by the molecular ion nuz

438.235 (calcd. 438.2770) in the high-resolution electron impact mass spectrum. The

molecular formula indicated:

a) the presence of ten degrees of unsaturation or double bond equivalents.

a) the four oxygen functions but no nitrogen atom (non-alkaloidal).

3nly two withanolides of this composition are reported from different plants of family

solanaceae.

The UV spectrum (MeOH) of withahejrin (48) showed a strong absorption at 203 nm,

vhich is characteristic of an a,(3-uns'iturated carbonyl and a.p-unsaturated lactone

:hromophores (Scott, 1964).
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The 1R spectrum (CHCI3) of 48 displayed absorption bands at 1712, 1684 and 3426 cm'1

indicative of a six-membered cyclic ketone, a,(i-unsaturated lactone and hydroxly group,

respectively (Pavia et al., 1979).

biJ/i f
( ) 19 : ?

CH3 1
M,

!
n

48

3.8.3 Detailed Spectroscopic Studies

3.8.3.1 ‘H-NMR Spectrum

'H-NMR spectrum of withahejrin (48) (400 MHz, CDC1?) showed signals for five

quaternary methyls at 5 0.89, 1.21, 1.28, 1.86, 1.93 assigned to CH.-I8, CHj-19, CH3-21.

CH?-27 and CH?-28, respectively. The ap,)earance of C-21-methyl protons as a singlet

indicated that no proton is linked at C-20, furthermore the lovvfield positions of this signal

(5 1.28) suggested that an oxygen function is present on vie nal C-20. The downfield

chemical shifts of the C-27 and C-28 methyl singlets indicated that they are substituted on

a double bond. Three downfield signals at 8 5.85 (dd, J\ = 9.8, J2 = 3,0 Hz), 6.74 (m) and

5.58 (br d, J = 6.0 Hz) represented three vinylic protons. A downlield methine double

doublet at 8 4.20 (J2z 2?a = 13.2, .hi, up = 3.4 Hz) was assigned to the oxygen-bearing

methine of lactone moiety. Another downfield methine multiplet at 8 3.65 was assigned to

C-14 of five membered ring D
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Table-3.15: l3C- and 'H-NMR of withahejrin (48) in CDC1,:

,:'C-NMR :Multiplicity H-NMR Coupling Constni.ts

Jm (Hz)

C. No.

(6) (8)(8)

C204.5
127.9

1

CH 5.85 dd J, = 9.8.
= 3.0

2

CH 6.74 in

3.28 dd
2.79 dd

145.2.3
CH: J, = 21.6

.A= 2.7
J] - 21.1

J2 = 4.8

4 33.4

C135.95
CH 5.58 brd

1.98 m,
1.90 in

1.52 in

1 .60 in

J = 6.0124.76

CH231.67

39.7 CH8
CH40.19
C10 50.1

CH: 1.50 in

1.69 in

21.911
23.4 CH:12

C49.613
CH54.7 3.65 ill

1.09-1,25 ill

2.0 in

1.58 m
0.89 s
1.21 s

14
CH;29.615
CH;16 42.9
CH17 56.6
CH.,18 13.6
CHj18.919

75.2 C20
20.5 CH.( 1.28 s

4.20 dd
21

CH81.022 Jl2.2*,= 13.2

•7.12. :jp= 3.4
CH;30.6 2.38 in

2.10 in

2.3

C24 149.0
122.0
166.2

C25
C26

CH: 1.86 s
1.93 s

27 12.7
CH:21.728

3.8.3.2 I3C.-NMR Spectrum

The broad-band 13C-NMR and DEPT spectra (125 MHz, CDCT) indicated the presence

of 28 carbon resonances including five methyl, seven methylene eight methine and eight

quaternary carbons. The lowfield signals at 5 204.5 and 166.2 were due to ketone and

lactone carbonyls carbons, respectively. The three vinylic methine carbons in rings A and

B resonated at 5 145.2 (CH), 127.9 (CH) and 124.7 (CH), while the quaternary vinylic
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carbons appeared at 5 149.0, 135.9 and 122.0. Oxygen-bearing quaternary carbon

appeared at 5 75.2, while oxygen-bea.ing methine carbon appeared at 5 81.0 (CH) The

methyl carbdns appeared at 6 21.7, 20.5, 18.9, 13.6 and .2.1 The chemical shifts

assignments for various carbons of withahejrin (48) and their one-bond proton-carbon

correlations (HMQC) is presented in Table-3.15.

3.8.4 Elucidation of PartialStructure

Two-dimensional NMR experiments (COSY=-45°, HMBC, HMQC) have been used to

elucidate the structure of withahejrin (48).

A number of structural fragments were initially developed on the basis of COSY 45"

spectrum. The complete three-dimensional structure of 48 was then assembled from these

structural fragments with the help of HMBC technique.

3.8.4.1 Fragment “a"

Fragment “a” comprising ring A of the steroidal skeleton was

started from C-2 vinylic proton resonated at 6 5.85 which

showed vicinal couplings with allylic proton at 5 6.74 (C-3).

The C-3 methine proton also showed coupling with the C-4a

proton resonated at 5 2.79 (Jx = 21,1, ,/2 = 4.8 Hz). The H

downfield chemical shift of C-4 methylenic protons (5 3.28

and 2.79) and their no further couplings with any other proton

indicated a quaternary carbon on the other end. The downfield

chemical shift of the C-3 methine proton (5 6.74) was Fragment "a"

ndicative of its conjugation with an a,(3-unsaturated carbonyl system. The HMQC

ipectrum was used to determine drect couplings between carbons and protons. For

nstance, C-2H (5 5,85) and C-3H (6 C.74) methine protons exhibited correlations with

;arbons resonated at 5 127.9 and 145.2, respectively. The C-4 methylene protons

esonated at 8 3.28 and 2.79 exhibited heteronuclear couplings with a carbon resonated at

0* s'isJ

H
CXC-/ÿC10

X

:7?ddH H,2Sdd

O'

-«. HMBC

-*ÿ COSY 45“
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8 33,4. In the HMBC spectrum, C-2 methine proton exhibited long-range correlations

with carbon resonated at 5 50.1 (C-10) and 33 4 (C-4). Similarly C-3 methine proton

showed correlations with downfield carbons resonated at 5 204.5 (C-I) and 135.9 (C-5).

These spectral observations led to the fragment “a".

3.8.4.2. Fragment "b"

Unfunctionalized segment “b” comprises pans of rings B and C of

the steroidal skeleton. The unravelling of this fragment staned

with the C-6 vinylic proton which resonated at 5 5.58 as a broad

doublet (J = 6.0 Hz). The C-6 vinylic proton exhibited vicinal

coupling with the C-7 methylenic protons appearing at 6 1.98 and

1.90. The lack of any other coupling of the C-6 vinylic proton

indicated that the other end of the double bond was fully

substituted. The C-7H methylenic protons in turn showed couplings

with another proton resonated at 5 1.52 (C-8H) as a multiplet. The

C-8 proton further exhibited vicinal coupling with C-9H which

appeared at 5 1.60. In the HMQC. spectrum vinylic proton resonated at 6 5.58 was found

to be directly attached to a carbon resonated at 8 124.7 (C-6), while the C-7H methylenic

protons showed shift correlation with the c .rbon at 8 31.6 (C-7). The HMBC spectrum

displayed long-range heteronuclear shift correlations between the vinylic C-6 (8 5.58)

proton and vinylic quaternary carbons resonating rt 8 135.9 (C-5) as well as with C-10 (8

50.1), while C-9H showed heteronuclear interactions with C-l 1 (8 21.9) and C-12 (8

23.4). These observations led to the development of an unfunctionalised fragment “b”

zomprising parts of rings B and C of the main steroidal skeleton.

M /CHÿ
CH2.som *c

ki
) $2 m

C\ I c
H

1 98 mj1 60m

cj
J ?0

5 5* brd

-•HMBC

—» COSY 45"

Fragment "b"



Results and Discussion 143 Chapter Three

3.8.4.3 Fragment “c”

Comparatively smaller unfactionalised fragment “c” consists of

parts of five-membered ring D and containing C-14 (8 3.65) and

C-17 methine proton (8 1.58) and two vicinally coupled pairs of

methylene protons i.e C-15H?. (8 1.09-1.25) and C-I6H2 (8 2.0).

C-14 (8 3.65) methine proton also exhibited vicinal couplings

with C-15 methylenic protons. The HJMBC spectrum showed

heteronuclear 2JCH interactions between C-14 proton and carbons

resonated at 8 29.6 (C-15) and 49.6 (C-13). The C-17 proton (5

1.58) exhibited 2JCH interaction with C-13 carbon (8 49.6). These

spectroscopic observations led to the fragment “c”.

I 5Sm

7>/H
2 QU m

irjo
J 65 in

H

- HMBC- - COSY “45°

__ÿraÿent_V

3.8.4.4 Fragment “d"

The six-membered lactone substituent formed the fragment

“c”. The downfield methine proton resonated as a double

doublet at 8 4.20 (J22,na = 13.2, Jr.\2\n ~ 3.4 Hz) assigned to

C-22 proton of the lactone substituent. The C-22 proton

showed vicinal couplings with a geminally coupled pair of

protons resonated as multiplets at 5 2.38 and 2.10 (C-23H).

One of the C-23H (8 2.10) also exhibited allylic coupling with

the C-28 methyl groups resonated at 8 1.93. The C-27 and C-

28 methyl carbons were found to be substituted on a double bond as indicated by HMBC

spectrum and exhibited couplings with carbons resonated at 8 122.0 (C-25) and 149.0 (C-

24), respectively. The C-27 methyl protons also displayed Vcn interactions with lactone

carbonyl (C-26) resonated at 8 166.2. The C-28 methyl protons exhibited ?VCn interactions

with C-23 resonated at 8 30.6. These spectral observations led to the elucidation of

fragment “d”.

CH3'
2 .15* tTVj

c vJ
26

'Oo
H

4 2u dd

---HMBC

COS\ *45J

Fragment "d"
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3.8.5 Evidencesfor Functional Groups

3.8.5.1 Ketonic Function in Six-menibt red Ring

The presence of a ketonic group was infei red from a variety of spectroscopic

observations. The IR absorptaion band at 7012 cm'1 , a downfeild carbonyl signal at 8

204.5 in the broad-band decoupled UC-NMR spectrum confirm the presence of ketonic

function in the six-membered ring as discuss in Coagulin A and Coagulin E

3.8.5.2 2,5,24-Triene

The presence of three vinylic protons at 5 5.85, 6.74 and 5.58 in the 'H-NMR spectrum

and six vinylic carbon signals at 6 127.9, 145.2, 135,9, 124.7, 149.0 and 122.0 in the PC-

NMR spectrum indicated the presence of thre; double bonds in the molecule. Carbon

signals at 8 149.0 and 122.0 were due to the C-24/C-25 double bond conjugated to a

lactone carbonyl. The remaining four signals represented two double bonds. The vinylic

signals at 8 5.85 (8I5C 127.9) and 6.74 (8 'Jc 145.2) were vicinally coupled with each other

and were assigned to C-2 (8 127.9) and C-3 (8 145.2) protons. The vinylic proton at 6

5.58 was not coupled to any other proton, however i' exhibited [TMBC interactions with a

quaternary vinylic carbon resonated at 8 135.9 (C-5). This therefore could be the

substituted end of the double bond. C-3 methine proton (8 6.74) and C-19 methyl protons

(8 1.21) exhibited HMBC interactions with C-5 (8 135.9). These observations supported a

2,5-diene substituent in rings A and B.

3.8.5.3 Six-membered Lactone

The presence of a six-membered lactone moiety in the molecule is characteristic of all

withanolides. Due to the presence of lactonic oxygen, these compounds give positive

color test with DragendorfTs reagent. Strong IR absorption at 1685 cm'1 and UV band at

203 nm further confirmed lactone. A downfield methine double doublet at 8 4.20 in the

’H-NMR spectrum was due to the C-22 methine proton of the lactone moiety. The base

peak at m/z 126 of composition C7HK1O2 resulted by the cleavage of the C-20/C-22 bond,

confirmed the presence of a six-membered lactone substituent at C-20 of the steroidal
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skeleton, while the fragment m/z 313 of composition C21H29O2 represented the remaining

half of the molecule.

3.8.5.4 Hydroxyl Groups

The presence of hydroxyl groups was evident from the IR spectrum which exhibited a

broad absorption band at 3425 cm'1. The 1?C-NMR chemical shift of C-20 (8 72.5)

indicated that a hydroxyl group is substituted on C-20 as in many other withanolides

(Frolow el al., 1981). The downfteld chemical shift of C-21 methyl protons singlet and (5

1.28) its HMBC interactions with C-20 carbon indicated that a tertiary hydroxyl group is

located on C-20.

3.8.6 CompleteStructural Elucidation by Assembling Sub-Structural Fragments

The HMBC technique was used to link different fragments together. For instance C-2

methine proton (8 5.85) exhibited yJc\\ interactions with C-10 (8 50 1) and C-4 (8 314),

while C-3 methine proton (8 6.74) showed VCH couplings with C-l (8 204.5) and C-5 (8

135.9). The C-19 methyl protons (8 1 .21) also exhibited VCH coupling with C-10 (8 50 1)

and VCH couplings with C-l (8 204.5), C-5 (8 135.9) and C-9 (8 40.1). These HMBC

interactions indicated that fragment “a” is connected with fragment "b" through C-9/C-10

and C-5/C-6 bonds.

H

H

H

Tigure-3.26: Connection of fragment "a"

Similarly C-18 methyl protons (8 0.89) exhibited \/rn interactions with C-14 (8 54 7), and

C-17 (8 56.6). The C-17 methine proton (8 I.5S) showed 2./ni interactions with C-20 (8



Chaplet•ThreeResults and Discussion 146

75.2) and C-13 (5 49.6), while C-14 methine pre Ion also showed './cn interaction with

quaternary C-13. These HMBC interactions showed that the fragment "b” is connected to

fragment “c” through C-13yC-17 and C-13/C-14 bonds.

HCH,
jl

O
CH,

H
I
r.

H

H

Figure-3.27: Connection of fragment
"b" to "c" through HMBC connectivities.

C-21 (6 1.28) methyl protons also exhibited 2Jcn interactions with C-20 (6 75.2) and 3,/CH

interactions with C-17 (5 56.6) and C-22 (5 81.0), while C-22 (6,i 4.20) and C-17 (SH

1.58) methine protons also exhibited 2JCH interactions with C-20 (Sn 75.2). These HMBC

interactions indicated that fragment “b” is connected to fragment “ ” through C-17/C-20

and C-20/C-22 bonds. Other HMBC interactions are listed in Table-3 16.

psCHj
27

H,C

O
CM,

11

I I
nfl

H

H

Figure-3.28: Connection of fragment
V to fragmen ’’d" through HMBC connectivities.
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CH?

X'H,

OH

; O'"
H

CH3 J/H £H

H

H

Important HMBC conneclivties in 48

Table-3.16: Long-range lH/I 'C Connectivities (KiVrBC) of Withahejrin (48) in CDC1?

Veil VeilH

(5) (8) (8)

73 4 (C-4)
50 1 C-10)

175.9 (C-5)
204.5 (C-I)
70 1 (C-IO)

5.85 (H-2)

6.74 (H-3)

135.9 (C-5)

49.6 (C-l 3)

49.6 (C-l 3)

75.2 (C-20)
75.2 (C-20)

5.58 (H-6)

3.65 (H-14)

1.58 (H-17)

4.20 (H-22)

0.89 (H-18) 54.7 (C-l 4)

56.6 (C-l 7)

204.5 (C-l)

155.9 (C-5)

40.9 (C-9)
56.6 (C-l 7)

81.0 (C-22)

149.0 (C-24)

166.2 (C-26)
30.6 (C-23)
122.0 (C-25)

50.1 (C-10)1.21 (H-19)

7“ .2 (C-20)1.28 (H-21)

122.0 (C-25)1.86 (H-27)

149.0 (C-24)1.93 (H-28)
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3.8. 7. Mass Fragmentation of 48

The HREI MS of 48 showed the molecular ion at nvz 438.2351 corresponding to the

molecular formula C28H38O4 (calcd. 438.276993). The base peak m z 126.0666 having the

composition resulted from the cleavage C-20/C-22 bond and the remaining half

of the molecule also appeared as ion m/z 313.2032 (C21H29O2) Another important

fragment at m/z 169.0939 (C9HUO3) resulted from the cleavage of C- 1 7/C-20 bond and

indicated the presence of an oxygen function at C-20. The overall mass fragmentation

pattern of 48 was characteristic of withanolides (Glotter,e7 al., 1973) and presented in the

Scheme-3.15.

CM,CH,

Aÿciw-CH.,
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O

1 CH1» H I 17 r-20
H CH,

.CH,

OXH "

C-20/C-22 m/z 4?8

H
HA ;6ÿo

o
CH,

Tn OH
in.-j 16.'

m-z JIJ
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3.8.8 Biogenesis of WMiahejrin (48)

The possible biosynthesis 48 is presented in Scl.eme-3.16. It is proposed thereby the

precursor 30, undergoes successive oxidative reactions to give compound 33 which on

oxidation at C-20 yields compound 48.

CH;

CH3[
oo' o OH

! CH; CH,'

V[o] [o]
CH3 H

VVf/' HO
H H 3230 31

HO

CH,

CH,CH,

OH

HA. Js HA.! OÿOo o
J'CH,

lo] oo
I PM

:
ftHH H

48
33

Schcme-3.i6: Proposed biogenesis of Withahejrin (48)



Chapter ThreeResults and Discussion 150

3.9 [14a, 20p,27-trihydroxy-l-Oxo-(22/?)-willia-3,5,24-trienolide] (49) - A known

withanolide

The chloroform soluble fraction “F-3” (Scneme-4.1, page 164) was loaded onto a .silica gel

column and eluted first with //-hexane and then with //-hexane-chloroform (30;70). The

sub-fractions thus obtained were combined and again loaded on to a small column and

eluted with CHClj and then with chloroform-methanol. A fraction obtained with methanol-

chloroform (1.5:8.5) containing impure withanolide (49), which was purified by TLC using

CHClj, MeOH (99.5:0.5) as the solvent system to afford 49 (] I 9 mg, 4.76 xl0ÿ% yield)

as white precipitates, [a]D- 99°(CHCU). A fraction obtained with methnol-chloroform

,!S

CH-,
27

24 CH2OH
2'

OH :: 2<J
H-jC.,

IS i o
«CH "Nv!>n70 i* :3 16]

CHJ H L
15]

]

[2 MO

H 7
H

49

H H

The UV spectrum of 49 showed absorption at 226 nm characterstic of a six-membered

a,P-unsaturated lactone chromophore. The IR spectrum displayed absorption bands at

3442 (OH), 1704 (C=0), and 1683 (a,P-unsaturated lactone) cm1.

The 'H-NMR spectrum (CDCh, 500 MHz ) of 49 exhibited signals for four tertiary-

methyls groups at 5 1.02 (Me-20),1.09 (Me-18), 1.34 (Vie- 1 9) and 2,0 (Me-28). A

doublet of double doublet resonating at 5 5.57 (Jt =9.7, J2 = 4.8, A = 0.75 Hz) was due to
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the vinylic H-3 showing vicinal couplings with C-2 methylene and C-4 methine protons, A

broad doublet of doublet at 5 6.0 (Jt = 9.7, J2~ 2.5 Hz) was assigned to the vinylic H-4

Another vinylic signal resonating at 8 5.63 as a doublet of doublets (Ji = 4.8, J2 = 3.0 Hz)

was assigned to the H-6 of the conjugated diene. A downfield inethine double doublet at 5

4.20 (J22. 23a = 13.3, J22. 23p = 3.1 Hz) was assigned to the C-22 methine proton. A

downfield AB doublet resonating at 5 4.33 (./27.2V = 7.1 Hz) were due to the C-27

hydroxymethylene protons.

The HREI MS of compound 49 showed the MM 8 at nvz 452 2524 which corresponded

to the molecular formula CasHÿt)*} (calcd. 470.2670) and indicative of ten degrees of

unsaturation. The ions at m/z 141.0583 (CTHÿ) and 329. 2004 (C21H29O3) arose by the

cleavage of C-20/C-22 bond. The ions at m/z 185.0928 of composition C9H11O4 probably

arose by the cleavage of C- 1 7/C-20 bond. Finally the fragment at m z 125.2425 of C7H9O2

was due to the base peak.

The L'C-NMR spectrum (CDCU, 125 MHz) of 49 showed the resonances for all twenty

eight carbon atoms as presented in Table-3 1 7.

The UV. 1R, 'H-NMR, ,JC-NMR and mass spectra of compound 49 indicated that the

compound in hand is l-oxo-l4a, 20P. 27-trihydroxy-20ft,22/?-i\itha-3,5,24-trienolide (49)

which was previously isolated from W. somnifera by Velde and L.avie in 1981 (Velde and

Lavie, 1981).
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Table-3.17; IJC-NMR chemical shift assignments of compound 49 in CDC13.

I3C-NMR chemical shiftC. No. Multiplicity

(DEPT)(5)

210.8 C1

CH:39.72

CH127.23

CH129.34

C5 140,5

CH125.86

25.5 CH27

.3.3.7 CH8

CH34.4o

52.3 C10

20.8 CHj1 1

CH;32.012

47,6 C13

14 84.7 C

CH;31.915

16 CH;20 2

17 49.3 CH

21.618 CH,

19 20.5 CH,

20 80.0 C

21 20.8 CH,

CH22 81.6

CH232.323

24 C153.3

121.525 C

26 166.2 C

27 5 /. 1 CH;

17.428 CH,
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3.10 5a,17a-dihydroxy 6a,7a-epoxid-1-oxo-(22/?)-witha-2,24-dienolide (50) - A

Known Withanolide

The CHCU soluble traction “F-2” (Scheme-4, 1, page 164) was loaded onto a silica gel

column and eluted with //-hexane and polarity vvas gradually increased by increasing the

ratio of chloroform. The fraction obtained with //-hexane-chloroform (20:80) was further

loaded onto another silica gel column. Elution vvas carried out with //-hexane and then

with //-hexane-acetone. A fraction (30.6 mg) obtained with //-hexane-acetone (35:65)

upon further purification by preparative TLC on silica gel precoated plates using //-hexane,

chloroform (45:55) and NTI3 (vapours) afforded withanolide (50) as colourless amorphous

powder (15.3 mg, 6.12x10‘6 % yield), [a]D-62°(CHCh).

CH3
hi .CHy

21 V h Jo

’C»&HH
*0

iT i

H. 2
1

'0

i H H; :J
50H

Ol-I 0
M

The El MS spectrum of 50 showed the molecular ion at mz 470 2625 corresponding to

the molecular formula C28H3g06 (calcd. 470.6682) and indicated the presence of ten

degrees of unsaturation in the molecule.

The compound showed a single absorption maximum at 226 nm in the UV spectrum

indicating the presence of an enone and an a,3-unsaturated 5-lactone chromophore (Velde

and Lavie, 1982).
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The ER spectrum displayed intense absorption bands at 3490, 1718 and 1684 cm'1

assignable respectively, to hydroxyl, enone and a,P-unsaturated lactone functionaties.

The 'H-NMR spectrum (400 MHz, CDCh) of 50 exhibited four signals for tertiary methyl

groups at 5 0.83 (C-18), 1.28 (C-19), 1.87 (C-27) and 1.92 (C-28) and a doublet

integrating for three protons at 5 1.09 (J = 6.9 Hz) which was assigned to the secondary

C-21 methyl group. A doublet of double doublet appeared at 5 5.80 (./] = 9.8, J2 = 3.5, Jy

= 1.2 Hz) was due to the C-2 vinylic proton, while another doublet of double doublet

appeared at 6 6.57 (J1 = 9.9, J2 = 5.1, J\ = 2.4 Hz) was assigned to the C-3 vinylic proton.

A doublet resonated at 6 3.17 (J6ÿ7p - 3.8 Hz) was ascribed to the C-6 methine proton

while a double doublet appeared at 5 3.31 (J; = 3,8, J2 = 2.2 Hz) was due to C-7 methine

proton which indicated the presence of an epoxide at this position. A doublet of doublet

resonating at 8 4.28 (J22,23a = 13.4, J22.n\\- 3.5 Hz) was assigned to C-22 methine proton.

L'C-NMR spectrum (CDClj, 125 MHz) of 50 showed pseudo resonances for all twenty

eight carbon atoms and is presented in Table-3.18.

The HREI MS showed the pseudo molecular ion at m'z 470 2625 (CiaHÿCV calcd

470.2668). The ion at m/z 452.2631 (C2xH.«i,Oj) was due to the loss of a water molecule

from the M'. The ion at m/z 125.2524 (C7H9O2) arose by the cleavage of C-20/C-22 bond.

The ion at m/z 153.0851 of composition CyHuCh probably arose by the cleavage of C-

17/C-20 bond while the fragment at m/z 31 1.1852 (C|9H2sOj) represented the remaining

half of the molecule.

On the basis of UV, IR, 'H-NMR, 'C-NMR and mass spectra compound 50 was

identified as 5a,17a-dihydroxy 6,7a-epoxide-l-oxo-(22/?)-witha-2,24-dienolide which

was previously isolated from W. somnifera (Kirson e( al., 1969)
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Table-3.18: nC-NMR chemical shift assignments of compound 50 (CDCK).

13C-NMR chemical shift Multiplicity

(DEPT)

C. No.'

204.11 C

129.12 CH

139 73 CH

36.84 CH,

5 75.3 C

6 56.3 CH

7 57.2 CH

8 36.8 CH,

35.59 CH

10 511 CH

21.211 C

23.212 CH,

13 49.1 CH,

46.114 C

15 30.1 C1-I

16 39.2 CH,

17 79 5 C

18 17 6 CHj

19 18.7 CH,

20 43.5 CH

18,121 CHj

22 81.0 CH

23 30.1 CH,

24 150.4 C

25 121.6 C

26 167.2 C

27 12.5 CH,

28_ 20 2 CH,
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3.11 Withasomniferine-A (51) [17p, hydroxy-6a,7a-epoxide-l-Oxo-(22/?)-Wkth-4,24-

dienolide] - A Known Withanolide

The chloroform soluble fraction “F-3”obtained at pH 5-6 (Scheme 4.2, page 155) was

loaded onto a silica gel column (920 gm) and eleuted with increasing polarities of n-

hexane-chloroform. The fraction obtained on elution with H-hexane-chloroform (30:70) on

further purification by preparative TLC using chloroform-methanol (98:2) NHj (vapours)

as the developing solvent system afforded withanosomniferine-A (51) (6.0 mg, 2.4 x I O'"

% yield) as white amorphous solid, [a]n-52° (CHCU).

The HREI MS spectrum of 51 showed the molecular ion peak at m/z 454.2730,

corresponded to the molecular formula C2aH.i«0} (calcd. 154.2719) and indicated the

presence of ten degrees of unsaturation in the molecule.

2*

H3
27 '

[24

[23 |2>
2] H 22 20l

HÿC
IX H 0 :'o

20

,:H3LOH

P.ffp
ft ) H

51
6

HH

The UV spectrum of the compound withasomniferine-A (51) showed absorption at 225

nm, characterstic of an a,P-unsaturated lactone (Velde and Lavie, 1982).

The IR spectrum displayed strong absorption bands at 3422, 1698 and 1688 cm1,

assignable respectively, to hydroxyl, enone and a,P-unsaturated lactone groupings.
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The 'H-NMR spectrum (400 MHz, CDClj) showed four singlets each integrating for three

protons at 6 0.76 (C-18), 1.33 (C-19), 1.87 (C-28) and 1.92 (C-27) and a/doublet also

integrating for three protons at 6 1 . 10 (J = 7.07 Hz). A one-proton doublet of doublet at 6

5.53 = 1.7, J2 = 2.1 Hz) was assigned to the C-4 vinylic proton. The C-6 methine

proton appeared as a doublet at o 3.15 (./op.7p = 3.7 Hz), while a doublet of doublet

resonating at 8 3.25 (ÿ7p.6p = 3.6, J7p.8p = 6.1 Hz) was assigned to the C-7 methine proton.

A downfield multiplet centred at 8 4.35 (IVm = 2.2 Hz ) was due to C-22 methine proton

which showed vicinal couplings with the C-23a and (3 protons (5 2 42 and 2.10) .

'ÿ'C-NMR spectrum (100 MHz, CDC-U) of 51 showed resonances for all 28 carbon atoms

and is presented in Table-3.19.

The Kigh-resolution electron-impact mass spectrum (HRH1 MS>- of 51 showed the

molecular ion peak at m/z 454.2730, corresponding to the molecular formula, C28H78O5

(calcd. 454.2719). The ion at m/z 439.2498 was due to the loss of a methyl group from the

molecular ion. The peak at m/z 125.0609 (C7H9O2) may resulted by the cleavage of the C-

17/C-20 bond. Another peak at m/z 207.1023 (CnH150.-,) could arise by the cleavage of

the C- 1 3/C-17 and C-15/C-16 bonds. The ion at nrz 109.0806 (C7H9O), which probably

resulted by the cleavage of ring B, indicated the presence of an oxygen function and a

double bond in ring A. The peak at m z 167.0708 ( C9H10O2) could arise by the cleavage of

the C-7/C-8 bond, and it indicated the presence of oxygen atoms in rings A and B.

On the basis of above mentioned spectroscopic studies of compound 51 was identified as

withasomniferine-A, previously isolated from W. somnifcra (Atta-ur-Rahman el ctl. 1991)
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Table-3.19: l3C-NMR chemical shift assignments of Withasomniferine-A 51 in CDClj.

u MultiplicityC-NMR chemical shiftC. No

(DEPT)(5)

C197.21

CH229.92

CH228.83

CH125.24

C134.25

CH55.76

CH57.27

CH36.28

CH35.09

C50.210

CH222.311

CH,24.112

49.413 C

CH46.114

30.215 CH2

38.9 CH216

87.517 C

14.8 CH}18

15.2 CHj19

39.420 CH

12.521 CH,

78.2 CH22

CH,29.623

150.424 C

121.6 C25

C167.226

CH,20.527

21.428 CH3
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3.12 3P,14a,l7p,20p-Tetrahydroxy-l-oxo-(22/?)-witha-5,24-dienolide (52) - A

Known VVithauolide

The chloroform soluble fraction “F-3” (Sch jme-4.1, Experimental section, page 164) was

loaded onto a silica gel column. Elution with /7-hexane and then with //-hexane- CHCK

yielded several fractions. A fraction F2 obtained by elution with //-hexane-CHClj (30.70)

containing an impure withanolide which was purified by TLC using pet. ether-acetone

(4:7) as the solvent system to afford 52 as white crystals (21.9 mg) [a]o -61°.

is

CI-I3
;7

!:•*

p-
2, OH

H3C ,L
lCH3ÿOHÿ

1:2

ro' o

12
0 15 (n

Hi H
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i
J H J OHH".l

HO' 52

H

The HREI MS of 52 showed the M*-18 at tn/z 470.2677 which corresponded to the

molecular formula C2gH4o07 and indicated the presence of ter. degrees of unsaturation.

The UV spectrum of 52 showed absorption at 223 nm, characteristic of a six-membered

a,P-unsaturated lactone chromophore.

The IR spectrum displayed absorption bands at 3422 (OH), 1693 (a,P-unsaturated ketone)

and 1676 (a,P- unsaturated lactone) cm'1.
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The 'H-NMR spectrum (CDjOD+CHCl?, 500 MHz) of 52 showed five singlets, each

integrating for three protons at 8 1.02, 1 19, 1.32, 1.79 and 1.86, which were assigned to

the protons of the C-18, C-19, C-21, C-27 and C-28, respectively. A double doublet

resonating at 8 5.55 {J\ = 6.6, J2 - 4.7, ,/3 = 1.9 Hz) was assigned to C-6 olefinic proton

whereas a multiplet at 8 3.8 was due to the oxygen-bearing C-3 methine proton which

showed vicinal couplings with C-2 and C-4 methylenic protons. A downfield double

doublet at 8 4.86 (./22,23a = 12.2 Hz, J22.23(1 = 42 Hz) was assigned to the C-22 proton of

the lactone moiety. A multiplet at 8 1.65 was assigned to the methine proton.

The complete 13C-NMR chemical shift rssigni lets of 52 is presented in Table-3.20.

The HRE1 MS of 52 compound showed M'-IS the molecular ion at m/z 470.2677

(CzsHjsCk, calcd.470.2670). The ion at niz 125.0684 having the composition of C7H9O2

resulted by the cleavage of C-20/C-22 bond. Another important fragment appeared at m z

152.0847 resulted by the cleavage of C-9/C-I0 bond. The ion at m'z 169.0894 (CgHi.ÿO?)

resulted by the cleavage of C-17/C-20 bond, while the fragment at m/z 301.1797

(Ci9H2503) represented the remaining half of the molecule.

The UV, IR, 'H-NMR and mass fragmentation data of 52 was found similar to those of a

withanolide, 3P,14a,17p,20p-tetrahycroxy- 1 -oxo-(22ft)-witha-5,24-dienolide isolated

from W. ciKigulans (Velde e!aL, 1983).
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Table-3.20: 13C-NMR Chemical Shift Assignments of Compound 52 in (CD,OD+CDCI,).

C. No. !3C-NMR chemical shift Multiplicity

(DEPT)

196.7 C1

2 40.1 CH;

67.9 CH3

36.14 CH,

134.25 C

125.26 CH

7 29.5 CH?

8 35.3 CH

9 35.4 CH

52.010 c
11 21.5 CH,

12 3.3.0 CH,

13 54.1 C

14 82.9 C

15 30.1 CH2
16 34.0 CH,

17 87.0 C

18 19 ; CH,

19 18 2 CH,

20 78.4 C

21 18.3 CH,

22 81.1 CH

23 .31.7 CH,

24 120.5 C

25 151.7 C

26 167.5 C

27 1 1.2 CH,

28 19.8 CH,
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Conclusion

The phytochemical studies was conducted on a medicinal plant called Withania coagulant

during 1994-1997, During the course of studies different chromatographic techeniques

were used and a total of eight new and many known compounds were isolated, The

structures of these compounds were determined by using modern spectroscopic

techeniques [El MS, FAB MS, HRE1 MS. UV, IR. *H- and l3C-NMR (BB. DEPT COSY-

450. HMBC and HMQC)]. These compounds were found to be steroidal lactones with

characterstic physical, spectral and chemical properties. The major structural difference

between these compounds is the oxidation pattern and unsaturniion sites. Interestingly.

very first time the presence of C-14/C-20 ether linkage was detected in this class of

compounds. This represents a novel structural feature which can be biosynthetically

justified through the intramolecular substitution at C-20 through the attack of the C-14

hydroxy. Coagulin C (37), coagulin E (39). coagulin A (41). withneoagulin (45) and 1 7/3-
hydroxywithanolide K (47) were found to have such type of ether linkage.

Withapakistanin (43) was found to contain a C-14/C-15-oxirane ring.

As proposed in the Results and Discussion section, these compounds may be synthesized

in nature from 24-methylenecholesterol (27) and therefore have distinct stereochemical

similarities with other steroids.

The plant extract, fractions and pure compounds were screened for the antimicrobial

(antibacterial and antifungal) activities and were found to be at.ive against a number of

fungi including human pathogens Aspergillus niger, Trichophyton longifusus.

Microsporum canis, Epidermophyron floccosum. Curvularia lunatu. Nigrosporu oryzae.

Drechslera rostrata. Stachybolrys atra and Pleurotus ostreatus and also showed activity

against gram positive bacteria Staphylococcus aureus.
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Phytochemical investigation on Withania amgulans, which is extensively used in folk

medicine, should continue to isolate minor compounds and bioassay screening of all the

constituents for a variety of biological activities is also important. Like any other herbal

medicine, toxicological studies (acute and chronic) on the pure constituents ai.d plant

extract is also very essential.
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Chapter Four

EXPERIMENTAL

4.1 General Experimental Details

Optical rotations were recorded on JASCO DIP-360 digital polarimeter in chloroform.

Ultraviolet (UV) spectra were recorded in methanol on a Shimadzu, UV-240

spectrophotometers (Shimadzu Corporation, Koyoto, Japan). Infrared (1R) spectra were

recorded in chloroform on JASCO IRA- 1 and BIO-RAD FTS-65 infrared

spectrophotometers. Mass spectra were recorded on Finnigan (Thermoguest) MAT 112

and 312 double focusing mass spectrometers connected to MAT 188 data system with

PDP 1 1/34 DEC computer system. High resolution (HR) nir.ss measurements were carried

- out on JEOL HX-110 mass spectrometer. Field desorption (FD) mass measurements were

performed on the MAT 312 or JEOL HX-110 mass spectrometers ‘H-NMR spectra were

recorded on Bruker AM 300 FT, AM FT and AM 500 FT NMR spectrometers with

Aspect 3000 and X-32 data systems. 'C NMR spectra were recorded at 75 MHz, 100

MHz or 125 MHz on the same instrument' in CDClj and CDCIj + CDsOD. Column

chromatography was performed on silica gel, GF-254, type-60 (70-230 mesh). Flash silica

(GF-254, 230-400 mesh) was also used in chromatography. Precoated silica gel (GF-254)

plates were used for thin layer chromatography.

Spraying reagents such as DragendorlFs and ceric sulphate were used to detect

withanolides and terpenes. Iodine vapours were also used to stain compounds on TLC

plates.
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4.2 Antifungal activity

For determination of antifungal activity, Sabroud Dextrose Agar (SAD) slants were

used.1 ml of test compound (containing 100 mg/ml) was added to each test tube, for

control, 1 ml of DMSO was added instead of compounds. After solidification of the

medium, the slants were streaked with different fungi (Aspergillus niger. Micro.sporum

canis. Trichophyton longifuses, Epidennophyton floccositm. Curvularia litnum.

Nigrospora oryzae, Drechslera rostrata. Stachybotrys (lira ami Pleurotu.s oxtreatus).

These slants were incubated at 30°C for 7-10 days. The growth inhibition of each fungi

against each test compound was recorded.

4.3Antibacterial Activity

The antibacterial activity was determined with the r.gar well diffusion method

(paxton,1987). A loopful of 104-’0J suspension of 24 hours old broth of each bacterium

was streaked on the surface of Muller-Hinton agar (BBL-USA) plates wells were dug in

the agar with the help of a sterile cork borer. Stock solutions of test compounds or crude

extracts containing 2 mg/ml were prepared in sterile dimethyl sulfoxide (DMSO).

Dilutions of the stock solution containing 50. 100. 150 and 200 ug/ml were prepared in

DMSO. 100 pi of each dilution was then added in the respective wells. The plates were

then incubated at 37°C for 24 hrs and zones of inhibition were measured in millimeters.

Ampicillin, amoxicillin, cephalexin and tobramycin were used as standard antibacterial

antibiotics to compare the extent of activity of the test samples.
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]F-3
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(31:70)
(20:80)

F»

(impound 49
(11.9 mg)

Conpound 52
(21.9 nig)
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(8.3 mg) J

Schcme-4.4

4.3 Plant Material

The whole plant of Wilhania coagitkms was collected (250 kg) from suburban areas of

Karachi city in April, 1990 and October, 1994. The plant material was identified by Mr

Tahir AJi, plant taxonomist, Department of Botany, University of Karachi and a voucher

specimen was deposited in the herbarium (KUH-46528) of ‘he University. The plant

material was air dried under shade.

4.4 Extraction and Purifaction

The ethanolic extract (150 L) of the air-dried whole plant of Wilhania coagulans was

concentrated to gum (1.8 kg). This gum was re-dissolved in methanol (MeOH) (10 L) and

defatted with pet-ether (10 L). The defatted MeOH extract (1.4 kg) was again evaporated

and partitioned between water (10-15% acetic acid- H20, 1.5 L) and CHClj (5.0 L) at

different pH values. The chloroform soluble fractions obta ned at pH 7.0 (762 gm), pH

2.0-3.0 (920 gm) and pH 9.0-10.0 (435 gm) were loaded on silica gel columns.
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Subsequent TLC purification of various column fractions afforded pure compounds. The

detailed fractionation procedure is summarized in Schemes- 4.1-4.4.

4.4.1 Coagulin (34)

The chloroform soluble acidic extract “F-2” (Scheme-4.1, page 172) was loaded on to a

siliva gel column (920 gm). Elution was carried out first with //-hexane then with

increasing oolarities of chloroform. The fraction collected with //-hexane-chlorofonn

(10:90) were combined on the basis of their behavior on ccmparative TLC and labelled as

F-, (Scheme-4.3) and again loaded on to a small silica gel column (0.5 gm) and eluted with

chloroform by increasing the polarity with the gradual addition of methanol. The fraction

(20.8 mg) collected at CHCI3- MeOH (97:3) from this column was further purified by

preperative TLC on silica gel pre-coated glass plates in //-hexane-acetone (60:40) to afford

a new withanolide, coagulin (34) as white crystals (4.9 mg, 1 ,9x 10 <>0/o yield).

Spectral Data .

[a],”: -11° (c = 0.0062, CHCh+MeOH).

UV Xn„x (MeOH) nm: 226 (a,P-unsaturated lactone).

1R (CHClj) cm'1: 3348 (OH), 1704 (C=0), 1692 (a,p-unsaturated lactone).

'H-NMR (400 MHz, CDCI3 + CD3OD) 5: see Table-3.1.

13C-NMR (125 MHz, CDCI3 + CD3OD) 8: see Table-3.1.

HREIMS m/z (rel. int., %): 468.2559 (CagHjsOe, calcd. 468.2511, 19), 327.1952

(C21H27O3, 8), 169.0930 (C9H13O3, 14), 141.0638 (C7H9O3, 11). 125.0601 (C7H9O2, 45),

121.0695 (CSH90, II).
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4.4.3 Coagulin E (39)

The chloroform soluble extract, “F-2" (Scheme-4.1, page 164) was loaded onto a large

silica gel column (920 gm). Elution was .arried out first with /i-hexane and then by

increasing polarity with the addition of chloroform. The fractions collected with //-hexane-

chloroform (35:65) which were combined together (F.<, Scheme-4.3, 1.2 gm) based on

TLC comparison and loaded onto a silica gel column. This column was eluted with n-

hexanc and polarity of the eleuent was increased by the addition of acetone. The fraction

(27.3 mg) collected by elution with /i-hexane-acetone (30:70) was further purified by

preparative TLC on silica gel pre-coated plates in //-hexane-acetone (80:20) in the

presence of NHj vapours to afford a new withanolide, coagulin E (39) (16.3 mg, 6.52 x

1 O'Vo yield) as white crystals.

Spectral Data

[a]D27: -21° (c = 0.0113, CHC1.,).

UV (MeOH) nm: 228 (a,P-unsaturated lacione).

IR vm.„ (CHCI?) cm'1: 3384 (OH), 1706 (C=0), 1692 (a,P-uasauirated lactone)

'H-NMR (400 MHz, CDC1.0 8: see Table-3.5.

13C-NMR (125 MHz, CDClj) 5. see Table-3.5.

HRE1 MS m/z (rel. int , %): 436.258S (C28Hj604, calcd 436.26134, 19), 418.2517

(C2gH3403, 17), 311.2007 (C2,H2702, 33), 267.1700 (C19H23026, 26), 169.0918 (C0HI3O,,

8), 125,0695 (C7H902, 96), 121.0810 (CSH,;0, 37).
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4.4.4 Coagulin A (41)

The chloroform soluble extract, “F-2” (Scheme-4.1, page 164) was loaded onto a large

silica gel column (920 gm) and elution was made with ti- hexane-chloroform (0-100%).

The fraction F5 (Scheme- 4.3) collected at //-hexane-chloroform (50:50) were subjected

again on to a silica gel column (9.48 gm) and eluted with //-hexane-acetone. A fraction

(59.4 mg) collected with n-hexane-acetone (40:60) was subjected to preparative TLC

using w-hexane-acetone (88:22) which showed one major DragendorfTs active spot along

with three minor spots. DragendorfFs active spot indicated withanolidal nature. This led to

the isolation of a new withanolide, coagulin A (41) (23.9 ng, 9 56 x lO-6 % yield) as a

greenish solid.

Spectral Data

[a]D27: -61°(c = 0.0137, CHClj).

UV (MeOH) nm: 224 (a,(3-unsaturated lactone).

IR vm,1x (CHCh) cm'1: 3376 (OH), 1703 (OO), 1698 (a,(3-unsaturated lactone).

‘H-NMR (500 MHz, CDClj) 6: see Table-3.7.

,;C-NMR (125 MHz, CDCI3) 5: see Table-3.7.

HREl MS m/z (rel. int., %): 436.2575 (CÿO.;, calcd. 436 26134, 24), 416.2513

(C2aH3.,0:„ 8), 311.1999 (C2|H2702, 76), 267.1964 (C19H2?G, 32), 169.0904 (Cÿb.-.O.,

79), 125.0676 (C7H,,02, 100).
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4.4.5 Withapakistanin (43)

The chloroform soluble fraction, “F-l" (435 gm, Scheme-4.1, page 164) was subjected to

column chromatography on silica gel. Elution with //-hexane and then with hexane-

chloroform yielded several fractions. A fraction (Fs. Scheme-4 .2. page 173) obtained by

elution with //-hexane-CHCb (20:80) was further separated on the basis of solvent-solvent

extraction (Et20 and CHCI3) and fine crystals of withapakistanin (43) (8.3 mg, 3.32 x 1 0“°

% yield) were obtained.

Physical Constants and Spectral Data

M.P : 203-204°C.

[a]D25: 42.3° (c = 0.0041, CHC1?).

UV (MeOH) nm: 227 (a,3-unsaturated lactone).

JLR vma., (CHC1.0 cm'1: 3374 (OH), 1706 (C=0), 1696 (a,P-unsaturated lactone).

’H-NMR (300 MHz, C5D5N) 5: see Table-3.9.

1SC-NMR (125 MHz, CDCI?) 5: see Table-3.9.

HREI MS m/z (rel. int„ %): 450.2577 (CÿHj-A, calcd. 450 25117, 11), 432.2465

(C28H3204, 37), 299.1716 (C19H2A, 23), 169 0902 (C9H,.A, 46), 152.0851 (C9Hl202,

49), 125.0666 (C7H9O2.100).
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4.4.6 WithncoaguHit (45)

The acidic chloroform soluble extract, “F-2” (920 gm, Scheme-4 1, page 164) was loaded

onto a silica gel column, elution was made with n-hexane-chloroform (0-100 %). The

fraction F6 collected with n-hexane-chloroform (5:95) were subjected again on a silica gel

column (9,48 gm) and eluted with //-hexane-acetone. Similar fractions obtained with tt-

hexane-acetone (30:70) were comined and loaded on a small silica gel column (71.3 mg)

and eluted with w-hexane-acetone. The fraction obtained with //-hexane-acetone (50:50),

afforded a new withanolide, withacoagulin (45) (13.2 mg, 5.28 \ 10‘6% yield) as white

precipitates.

Spectral Data

[a]n20. 37" (t = 0.0081, CHCb).

UV Xm,s (MeOH) nm: 215 (a,P-unsaturated lac tone)

IR vm„ (CHC'1.0 cm1: 3538 (OH), 1706 'C=0), 1682 (a,p-unsaturated lactone)

‘H-NMR (500 MHz, CDC13) 6: see Table-3. 1 1

,SC-NMR (100 MHz, CDCb) 6: ;ee Table-3. 1 1 .

HREI MS m/z (rel. ini. %): 452.2861 (CufteOs, calcd. 452.2566). 434.965 (C28H,404, 8),

343.0228 (C21H270„, 12), 311.1413 (C2IH2702, 77), 267.1851 (CÿHÿO, 75), 185.1030

(C9Hi?04, 44), 141,0845 (C7H9O3, 70), 124.0595 (CyHsOz, 100). 109.0762 (C7H90, 85)
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4.4. 717p-hydrnxywithanoUde K (47)

The chloroform soluble extract, “F-l" (Scheme-4.1, page 164) was loaded on a silica gel

column (762 mg). Elution was carried out first with /?-hexane and then with mixture of

hexane and chloroform. The fraction F] (90.3 mg) obtained with //-hexane-chlroform

(10:90) was again loaded on a silica gel column and eleuted again with «-hexane-CHCh.

The fraction collected at /t-hexane-CHCh (50:50) was found o contain a new withanolide

(47) (12.6 mg, 5.04 x lOÿ/o yield) as white precipitate.

Physical Constants and Spectral Data

M.P.: 190-19TC.

[a]D25:42° (c = 0.0037, CHClj).

UV (MeOH) nm: 223 (a,P-unsaiurated lactone).

1R Vnjjx (CHCU) cm’1: 3422 (OH), 1694 (C=0), 1674 (a.p-unsaturated lactone)

'H-NMR (500 MHz, CDCU + CD,OD) 6: see Table-3.13.

UC-NMR ( 1 25 MHz, CDCh) 6: see Table-3. 1 3

HREI MS m/z (rel. int., %): 470.2677 (C2SHj806, calcd. 470 2668, 11), 452 2584

(C28H34O4, 8), 301.1797 (C,nH2g05, 46), I52.0S47 (C9H,202, 100), 125.0684 (C7HyO

75).
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4.4.9 Compound 49

The chloroform extract obtained at pH 9- 1 0, “F-3” (435 mg) (Scheme-4,1, page 164) was

loaded onto a silica gel column. Elution was made with #i-hexane-CHCI3 (30:70) which

yielded “F9” (Scheme-4.4, page 166)This fraction was when loaded on to silica ge!

column yielded a semipure withanolide which was further purified by preparative TLC on

silica gel pre-coated plates using CHCI-.: MeOH (99.5:0.5) in the presence of NFI3 vapors

to obtained white precipitates of 49 (1 1 9 mg, 4.76 x 10'(,% yield)

Spectral Data

[a]»20: -99" (c = 0.0064, CHC13).

UV (MeOH) nm: 226 (a.P-unsaturated lactone).

IR vm,s (CHClj) cm'1: 3440 (OH), 1704 (OO). 1680 (a,(3-unsatinated lactone).

'H-NMR (500 MHz, CDCI3) 6: 1.02 (3H. s, Me-20), 1.09 (311. s. Me- 18), 1.34 (3H, s.

Me-19), 2.0 (3H,s, Me-28), 4.20 (IH, dd, ,/22.23u = 13.3, Jn.2.ÿ ' 3.10 Hz, H-22), 4 33

(1H, ABd, = 7.1 Hz, H-27), 5.57 (1H. ddd, J\ = 9.7, h ‘ 4 8, ,/3 = 0.75 Hz, H-3),

5.63 (1H, dd,./, =4.8, J2 = 3.0Hz, H-6). 6.01 (IH, dd,./, =9.7,.A - 2.5 Hz, H-4) .

,3C-NMR (125 MHz, CDClj) 8: see Table-3.17.

HRE1 MS m/z (rel. Int., %): 470.2670 (C2SH36Of„ ealed 470 2668, 26), 452 2524

(C28H30O5, 8), 329.2004 (C21H2903, 12), 185.0928 (C9H,304. 77). 141.0583 (C7H903, 75).

125.2425 (C7H902, 100).
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4.4.10 Compound 50

The procedure described (page 169) for the. isolation of coagulin E (39) and withahejrin

(48) also yielded semipure compound 50 which was purified on TLC cards using n-

hexane/CHCf? (35:65) in the presence of NH5 vapours afforded withanolide 50 (15.3 mg.

6.12 x 10ÿ% yield) as colourless amorphous powder

Spectral Data

[a]D25: -62° (c = 0.0083, CHCh).

UV Xm3x (MeOH) nm: 226 (a,3-u.isaturated lactone).

1R vni„ (CHClj) cm'1: 3490 (OH), 1718 (C=0), 1684 (ot,p-u isatui ated lactone).

'H-NMR (400 MHz, CDC13) 6: 0.83 (3H, s. Me-18), 1.09 (3H, d, ./ = 6.9 Hz, Me-20),

1.28 (3H, s, Me-19), 1.87 (3H, s, Me-27). 1.92 (3H. s, Me-28). 3 17 (1H, d, .76p.7U = 3 8

Hz, H-6), 3.31 (1H, d, J] = 3.8, J2 = 2 2 Hz, H-7). 4 28 (1H, dd, J22.nu = 13.4, ./22.2S|;

3.5 Hz, H-22), 5.80 (1H. ddd, ./, = 9.8, J2 = 3.5, Jy = 1.2 Hz. H-2), 6.57 (1H, add. ./, -
9.9, J2= 5.1,./}= 2.4 Hz, H-3).

13C-NMR (125 MHz, CDClj) 6: see Table-3.18.

HREI MS m/z (rel. int. %): 470.2625 (CÿHjgOe, calcd. 470 266822, 11), 452.2631

(CzgHisOs, 14), 311.1852 (C19H2504, 52), 153.0851 (C9H,302, 44), 125.2524 (C9H902.

100).

4.4.11 Withansominiferenc-A (51)

The chloroform soluble fraction obtained at pH i-6 (762 gm) (Sclicine-4. 1. page 164) was

loaded onto a silica gel column and eluted with increasing polarities of //-hexane-CHCl.
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4.4.10 Compound 50

The procedure described (page 169) for the, isolation of coagulin E (39) and withahejrin

(48) also yielded semipure compound 50 which was purified on TLC cards using //-

hexane/CHCb (35:65) in the presence of NHj vapours afforded vvithanolide 50 (15.3 mg,

6, 12 x 10ÿ% yield) as colourless amorphous powder.

Spectral Data

[a]D25: -62° (c = 0.0083, CHCIj).

UV A.™* (MeOH) nm. 226 (a,P-u.isaturated lactone).

IR vm„ (CHCb) cm'1: 3490 (OH), 1718 (OO). 1684 (a,P-unsaturated lactone).

'H-NMR (400 MHz, CDC13) 8; 0.83 (3H, s, Me-18), 1.09 (3H. d, J = 6.9 Hz, Me-20),

1.28 (3H, s, Me-19), 1.87 (3H, s, Me-27). 1.92 (3H, s. Me-28). .7.17 (1H, d, ./6fl/7,i = 3 8

Hz, H-6), 3.3! (1H, d, ./, = 3.8, J2 = 2.2 Hz, H-7). 4 28 (1H, dd. ./22.2,u = 13.4, ./2?Jt(;

3.5 Hz, H-22), 5,80 (1H, ddd, Jx = 9.8, ,/2 = 3.5, J? = 1.2 Hz. H-2), 6.57 (IH, add. ./, --
9.9, ,/2= 5.1,7? = 2.4 Hz, H-3).

UC-NMR (125 MHz, CDClj) 6: see Table-3 IS.

HRE1 MS m/z (rel. int. %): 470.2625 (CÿgO*, calcd. 470 266822, 11), 452 2631

(C28H360s, 14), 311.1852 (CisHÿO.,, 52), 153.0851 (C9H„02, 44), 125.2524 (C7H902.

100).

4.4.11 Withansominiferene-A (51)

The chloroform soluble fraction obtained at pH >-6 (762 gm) (Scheme-4 1, page 164) was

loaded onto a silica gel column and eluted with increasing polarities of //-hexane-CHOl.
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The fraction F2 (Scherrie-4.2, page 173) obtained on elution //-hexane-chloroform (30 70)

on further purification by preparative TLC using chloroform-methno) (98:2): NH-

(vapours) as the developing solvent afforded withanosomniferine-A (51) (6.0 mg, 2.4 x 10'

6 % yield), as white amorphous solid.

Spectral Data

[a]D25: -52° (c = 0.0034, CHCh).

UV (MeOH) nm: 225 («,p-unsaturated lactone).

IR v„ux (CHCh) cm'1. 3422 (OH), 1695 (C=0), 1685 (<x,p-unsaturated lactone).

‘H-NMR (40( MHz, CDCI3) 8: 0.76 (3H, s, Me-18), 1.10 (3H, d. J = 7.07 Hz, Me-21).

1.33 (3H, s. Me-19), 1.87 QH, s, Me-28), 1.92 (3H. s, Me-27), 2 40 (1H. m, H-23), 2 42

(1H, m, H-23), 3.15 (1H, d, J= 1.9 Hz, H-6), 3.52 (1 H. dd, J\ 3.6, J2 = 6.1 Hz, H-7),

4.35 (1H, m, W\a - 2.2 Hz, H-22), 5.53 (1H, dd, = 1.7,72 = 2 1 Hz, H-4).

I3C-NMR(100 MHZ, CDCIJ) 8: see Table-3.19.

HREI MS m/z (rel. int. %): 454.2730 (C2gH3g05, calcc. 454.2719, 26), 439.2498

(C27H35O5, 29), 207.1023 (CMHUOJJ, 31) 195.1023 (C„HlsO,, 23), 167.0708 (C9H!602,

77), 125.0609 (C7H9O, 75), (CgHirA. 100), 109.2898 (C7H9(), 1 I )

4.4.12 Compound 52

The chloroform soluble extract, “F-3” (435 gm) (Scheme-4.1, page 164) was loaded on a

silica gel column and eluted with //-he,\;.ne-rl ICIv The fraction. "F<>” (Scheme-4.4, page

174) (1.12 gm) obtained with w-hexane-CHCl? (30:70), upon further purification by
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preparative TLC on silica gel plates using //-hexane-acetone (65..15) afforded compound

52 as white crystals (21.9 mg, 8.7x1O'6 % yield).

Spectral Data

[a]o“5: -61 ° (c -0.0123, CHCI, + CHjOH).

UV XWM (MeOH) nm: 223 (a,P-unsaturated lactone).

(CHC1?) cm'1: 3420 (OH), 1690 (C=0), 1675 (a,P-unsaturated lactone).IR v,

'H-NMR (500 MHz, CDCl_\ + CD-.OD) 5: 1.02 (3H, s. Me-18). 1 19 (3H. s. Me-19), 1.32

(3H, s, Me-21), 1.79 (3H, s, Me-27), 1.86 (3H, s Me-28), 3.8 (1H, m, H-3), 4.86 (1H,

dd, J22.23« = 12.2, ./22.2.ip= 4.2 Hz, H-22), 5.55 (1H, ddd, ./, = 6.6, J, = 4.7, ./, - 1 .9 Hz. H-

3).

1JC-NMR (100 MHz, CDCl.i) 6: see Table-3.20

HREI MS m/z (rel. int. %): M*-18, 470.2677 (C2,H3«06. calcd 470.2668, 11), 301 1797

(C19H2503l 44), 267.1537 (C13H2?04, 15), 169.0894 (C9H,j03l 45), 152.0847 (C9H1202,

100), 125.0684 (C7H9O5, 75).
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