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SUMMARY

sent ilicsis is divided into two paris. the first pari entitled "Studies on chemical

.nils of Pluchea aryyta Boiss (Compositae)" describes the isolation and structure

on of seven eudesinane typcjejquiierpenes in which live eudesmane sesquiterpenes are

•,se are as follows:

CM,
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J. Nat. Prod. Lett., 1(3), 225 (1992)
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H3COCO
/

‘I'-Taraxasteryl acetate (Pseudotaraxasteryl acetate) 3fi-Acctoxy-18aH,

19a-igrs-20-ene

two known sesquiterpenes, lj-aceloxy,3’-chloro,2,-hydroxy-4-epi-argulictnin (3a, 4a,

roxy-6, 7-dehydro eodc.sman-8-onc) (6), isolated for the first lime from this plant

arguta) fJoiss, and £,niceloxy-3’-chloro-2’-hydroxy argulicinin (7) was also isolated.

lis a triterpene.. "taraxasler; 1 acetate (scudotaraxa steryl acetate) (3p-Acetoxy-18aH,

-20-ene) (8), which was also not reported from the whole Genus of Pluchca. The

ol' these compounds have been elucidated on the basis ol’ modern spectroscopic

nchrding UV. IR. Mass and NMR (M l, I3C and 2D).



4

iid |>:irls of ill** thesis etui I In I "Studies on Chemical C.'onslitucnl.s of I’luchca lanccolala

J Hicrn (Compositae) led lo die isolation of two eompounds, p-sitosierol l24(-stigmast-

»l) (9) and propyl 4-hydroxy benzoate (10). Which was not previously isolated from

and not from the Genus I’luchca. these are as follows:

HO

p-Sitosterol (9)

O

c— o— CH2— CH2- CH3

OH

Propyl-4-hydroxy benzoate (10)

1
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l.,l General Introduction

The subject Phytochemistry [I] or Plant Chemistry developed as a distinct

discipline, somewhere in between natural products organic chemistry and plant

biochemistry and is closely related to both. The phytochetnical studies on

medicinal plants served the dual purpose of bringing up new therapeutic agents

and providing useful leads for chemotherapeutic studies directed towards the

synthesis of drugs modelled on the chemical structure of natural products.

Moreover, they promoted studies in the correlation of chemical structure and

physiological activity through functional variations in the active constituents of

the plant material.

Chemotexonomy or chemosysteinatics is also the study of the distribution of

characteristic chemical constituents found in related or supposedly related

plants. A survey of the literature (2-4) shows that the secondary plant

metabolites, or the plant extractives are most suitable for chemosystematic

investigation, and the groups of chemically, or biosynthetically, related

compounds give more useful data than do single compound. Alkanes and

waxes, acetylinic compounds carbohydrates, cyclitols, cyanogens,

isothiocyonates, flavonoids and other polyphenols, and the terpenes are the

groups of compounds which serve in such studies.
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1.2 Significance of Natural Products in Organic Chemistry

Plant and Plant products have been used as drugs for thousands of years and in

recent history they have provided definite stimulus for the development of

natural product chemistry. Since time immemorial, indigenous plant materials

have been explored, processed and utilized for medicinal purposes. Historical

references show that even 5000 years ago, people in China and Egypt were

well aware of a large number of drugs and poisons, some of which like opium,

aconite and croton are still in use in classical as well as in modern system of

medicine.

Many drugs from plants, used extensively in modern medicine, have their root

in the ancient herbal drugs.

Economically, organic natural products of commerce e g. sucrose quinine,

antibiotics are no match in value for the tremendous empire that has resulted

from organic synthesis. Natural products continue to hold a unique fascination

in their relationship to the organisms from, which they are derived, not only

because plants that can photosynthesize possess synthetic power that by far

surpasses that of man, and also due to their potential usefulness to men in their

natural form a templates for organic synthetic analogues but chiefly because

each new structural type reveals some thing of nature’s molecular architecture

and possess new questions of how and why these compounds are produced.

The compelling curiosity is to discover what compounds nature provides, but

to 'obtain this information, itimecessary to isolate compounds from their natural

source and to determine their structure.
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1.3 The Terpenoids

The diverse, widespread and exceedingly numerous class of natural products

that arc derived from a common biosynthetic pathway based on mcvalonate as

parent are synonomously named terpenoids, terpenes or isoterpenoids, with the

important subgroup of steroids sometimes singled out as a class in its own

right. There appears to be no agreement on the basic nomenclature, and the

other subgroups are often given the -oid or -cne suffixes interchangeably. Here

we shall use the -oid suffix for the class and the subgroups except where, for

example for the rubbers, this system of naming is rarely used. This is the logical

system, as used for the alkaloids, flavonoids, etc. The -enc suffix should be

restricted to the unsaturated hydrocarbons of the class.

These compounds are typically found in higher plants, mosses, liverworts, algae

ami lichens,- although some arc of insect or microbial origin. Steroids occur in

both Animal and Plant Kingdoms and also in most microorganisms.

Members of the class, as components of oils or in extracts, have been known to

most people since antiquity as ingredients of flavours, soap, narcotics,

perfumes, drugs and pigments. Camphor, easily obtainable virtually pure as a

crystalline and very aromatic solid, was introduced into Europe from the Orient

in the eleventh century A.D. and in the later middle ages many essential oils

(i.e. essences) from plants were used as perfumes and in folk medicine.

Consequently, the lower terpenoids have been the subject to study from the

dawn of modern chemistry. Mono- and a few- sesqui- and di-terpenoids were

isolated and studied during the last, century and by 1887. Wallach could
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propose his rule that the simpler members were constructed from isoprene

units. Carotenoids had been recognized as plant pigments during the same

period, although their relationships to the lower terpenoids were not

appreciated. Slow progress was made in the understanding, widening and

correlation of1the classes until the period following 1945, when the general

application of newly developed chromatographic methods of separation and of

spectroscopic techniques for structure determination led to a steadily

accelerating increase in knowledge of structure, biosynthesis and ultimately of

thdir biological significance that has continued to the present day. Over the last

60,years, the terpenoids have provided substrates for numerous studies on the

fundamentals of mechanistic org ianic chemistry, e.g. on the nature of

carbocations and their rearrangements, on the relationship between colour and

structure, on conformational analysis and on the Woodward-1 loflinann rules of

correlation and orbital symmetries during organic reactions, They have also

become important articles of commerce, especially in the perfumery and

flavouring industries. More rccen'ly they have become implicated in fields as

diverse as mammalian sex hormones, pheromones, plant hormones and plant

taxonomy. General surveys of terpenoid chemistry and biochemistry are

available, but a complete upto date compilation of types, reactions and physical

properties has been precluded by sheer weight of numbers. Many thousands of

naturally occurring terpenoids have probably been isolated and characterized

with varying degrees of rigous, and dozens more are reported weekly: the

complexity is illustrated b> the estimates that over 500 iridoids (a subclass of

the monoterpenoids) have been discovered and that no less than 38 and over
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200 skeletal types have been found for the monoterpenoids and

se,squiterpenoids, respectively [5].

The terpenoids are generally lipid soluble and are located in the cytoplasm of

the plant cell. The essential oils some times occur in special glandular cell on

the' leaf surface while carotenoids are especially associated with chloroplasts in

the leaf and with chromoplasts in the petal, the function of terpenes in plants is

not understood. It is generally accepted that they are metabolic end products

and hence they may be considered physiologically stable. Terpenoids are

normally extracted from plant tissues with light petroleum ether or chloroform

and can be separated by chromatography.

I
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Figure1: Branching from the general terpenoid biosynthetic pathway.

AeSCoA

MVA

MVA-5-PP

| DMAPP IFP |

GPP MONOTERPENES

TRITERPENES
STEROLS

SESQUITERPENESFPP

1

'f

CAROTENES GGPP DITERPENES

V - acctyl-SCoA ; MVA = mevalonic acid; IPP = isopcntcnyl-PP; DMAPP = diinethyl-
GPP = geranyl-PP; FPP - farnessyl-PP; GGPP = gcranyl-geranyl-PP.



12

1.4 Classification and Occurrence bf Terpenoids

The terpenoids are built up of Cj, units and the names of the main classes

together with the parents of each are shown in Table 1, which includes the

subgroups. The table also indicates the distribution of the various terpenoids

within the tissues of higher plants and in certain extracts therefrom.

Although the structural types of terpenoids are most diverse, consideration of

biogenetic ideas has provided a unifying principle for the whole class. In the

early years of the century, Wallach’s original isoprene rule was extended to

include the necessity for the component isoprene units to be linked ‘head to

tail’ to yield, for the example of monoterpenoids an initial 2,6-dimethyloctane

skeleton. Subsequently in 1953 Ruzicka put forward his ‘Biogenetic Isoprene

Rule’ which was based on the fragmentary knowledge of biosynthesis available

at that time, but which has proved to be brilliantly correct in its conception.

This rule, in effect, stated that each class of the' then known terpenoids was

derived from a single parent compound unique to that class, and the subsequent

plethora of structural and skeletal types within each class was derived from

sample functionalisation, cyclisations and rearrangements (or this parent and its

derivatives) well known from physical organic chemistry. All these steps were

correctly presumed to be enzymically controlled and Ruzicka identified the

parents and defined many of the branching routes to products derived from

them.
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izika’s idea can be summmarized as

imber Number Name of Class Main types and ocurance

of

>prene Carbons

its

Detected in Haniamelis japonica

leaves

C5 Isoprene

Cio Monoterpenoids Monoterpenes in plants essential oils

(menthol from mint)

C|5 Sesquiterpenoid Sesquiterpenoid

C20 Diterpenoids Diterpenic acids in plant resins

gib flic acid)

.C25 Scsterlerpenoids

C30 Triterpenoids Sterols,Triterpenes.Saponinsand

Cardiac glycosides.

C„ Polyisoprene Rubber(in Hervea brasilionsis)

ble I ; "flie main classes of plant terpenoids
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OPP OPP

2 DMAPP; 3,3-dimelhylaIlyl

pyrophosphate

P:Isopcnlcnyl pyrophosphate

OPP

OPPuiy) pyrophosphate

4 FPP; 2E,6E-farnesyl

pyrophosphate

OPP

OPP

2E,6E-Gcrwiylgerynyl

pyrophosphate

6GGPP;2E,6E,10E14E Gereuiylfarncsl

pyrophospliate

II II11

44

8 Lycopene : (all H)jalene (all E)

II II

OH

10 Rubbers (E.Z)
L9 Phyloeii

Name and siruetuies of the parent compounds ol' die central terpenoids pathway.



15

Stated in present-day terms, Ruzika’s idea can be summarized and extended

thus:

The parents of the various classes of GPP, EPP, GGPP, GFPP,

squalcne and phyioene, respectively as shown in Table 2: in the latter

the parents are displayed in conformations that suggest the daughter

skeletons).

(1)

(2) The central or ’core’ pathway up to C2s compounds is formed by

sequential addition ofCj moieties derived from IPP (1) to a starter unit

derived from DMAPP (2) and,

The patents of the C3o and C2J compounds (7-9) are formed by

reductive coupling of two FPP (Cu-: 4) or GGPP (C2o-: 5) moieties

respectively.

(3)

The rubber (10) and the relatively (in comparison with other types) few

polyphenols were not considered by Ruzicka and are constructed from repeated

additions ofCj units to a starter or initiator unit. For some time the starter for

the rubbers was thought to be DMAPP, but now it appears that the GGPP unit

(all E: despite the subsequent double bonds being Z in natural rubber) may

function as such. C25 compounds are rare and C3S compounds (not shown in

Table I) are even more so. Consequently, the implications is that the

condensing enzyme systems have evolved to couple two equivalent units only

(i.e. 2 x Cu or 2 x C20). When the C25 and C3} species do occur they probably

result from sequential chain extension.
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The resulting central pathway as described above where the common origin of

the class from nicvalonatc (MVA) is displayed. This pathway is present in

animals and most microorganisms as a route to the physiologically essential

steroids, but it is virtually only in the Plant Kingdom and for some

microorganisms that the side branches occur: (located at different intracellular

sites: Kleinig, 1989) to yield accumulations of the derived terpenoids [5],

1.5 The Sesquiterpenes

As the present work deals with the isolation of sesquiterpenes, they are

discussed here in detail. The sesquiterpene family of compounds provides a

seemingly inexhaustible supply of biogenetic problems and variations. A rich

range of sophisticated reaction processed and utilized by nature, including the

use of non-classical cation, molecular rearrangements hydride ion on methyl

group shifts and anti Markownikoff additions.

The sesquiterpenoids are a widespread group of substances occurring in many

different organisms and these compounds from the largest class of terpenoids.

More than 100 sesquiterpene skclela are known, and several thousands of

compounds of the class have been isolated and indentificd. A large number of

their structures have been determined in the last 20 years as a result of the

technical development of new chromatographic and spectroscopic methods.

The sesquiterpenoids are defined as the group of Co compounds derived by the

assembly of three isoprenoid units and they are found in many living system of

which higher plants are the principal member. Their structures present a
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bewildering collection of acyclic, monocyclic, bicyclic, tricyclic and tetracyclic

system and its is only within the “Original Oiogenetic Isoprene Rule [6-7],

The sesquiterpenoids are formed by condensation of isopentenyl pyrophosphate

with 3,3-dimethylallylpyrophosphate to give geranyl pyrophosphate. Further

addition of a molecule of isopentenyl pyrophosphate from 2£,6Zi-farmesyl

pyrophosphate, which has the 15 carbon atoms characteristic of

sesquiterpenoids. These two steps arc catalysed by the same enzyme.

The first scsqiiilcrpenokls studied were those obtained more than a century

ago, together with monpterpenoids, from the essential oils of plants. Clove and

cedar oils (obtained from Eugenia caryopliyllala and Juniperus vivginiana,

respectively) were initially studied (Etting, 1834; Walter, 1841). Later

patchouli oil was obtained from Pogoslemon patchouli. Some characteristics of

this oil were reported giving it the molecular formula C15H24. Subsequently it

was suggested that the sesquiterpenoid structures can be considered to be

derived from the union of three isoprene units and that the basis of fundamental

skeleton was the nephthalene nucleus. Wallach 1887 studies on terpenoid

substances of other classes led to formulate the isoprene rule. In 1913 the

structure of flirncsol (I) was determined thus indicating that the

sesquiterpenoids can be acyclic compounds. Later Ruzicka and co-workers

determined the structure of the aromatic hydrocarbons cadalcne and eudesmol,

respectively, using Vcsterbcrg’s sulphur method. In 1922, Ruzicka applied the

isoprene rule for the first time to a, sesquiterpenoid in order to determine the

structure of eudalcne (Ruzicka and Stoll, 1922) and one year later elucidated

the structure of ncrolidol (2) (Ruzicka, 1923). Subsequently, the structures of
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.

a-bisabolene (3), obtained from opopanax oil, and zingiberene (4), isolated

from ginger oil, were determined (fluzicka and Gapato, 1925: Ruzicka and van

Veen, 1929). The structure of the dimeric sesquiterpene gossypol (5), isolated

from cotton seed (Marchlewski, 1899), was also determined Adams el al„

1938). Ercmophilone (6) was isolated from Eremophilla milchelli and its

structure was solved. This was the first natural sesquiterpenoid whose structure

violated the Wallach rule. Later the positions of the double bonds in cadinenc

(7) and eudesmol (8) were determined [5],

The known naturally occurring sesquiterpenoids isolated from the plant can be

classified as follows [8]

The eudesmane

The guiane

The germacrane

The drimane

1.

2.

3.

4.

The formation of the compounds ortype 1-3 may be rationalized by assuming a

cyclization process that is initiated by ionization of all fra/w-farnesyl

pyrophosphate [6,9,10], Although this scheme has not yet been documented

experimentally, the labboratory conversions of some germacrane to eudesmane

[11-14], and of a germacrane to guaiane [15] ofler support for step c and ji_of

scheme 2. The direct conversion of farnesol derivative to a germacrane (step

a), eudesmane (step fc>), or guaiane (step e) has not yet been realized scheme-3

[8].
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On the other hand, the drimanes of which only a few example are known, may

arise by the electrophile catalyzed cvclization of famesol pyrophosphate typical

of di- and trilerpcncs (scheme 4; [10], A laboratory analogy is known [16J.

1.6 Biosynthesis of Sesquiterpenes

The biosynthesis of cyclic sesquilcrpcnoid has been explained using

hypothetical routes with formal cationic inlcuncdiale and is based on cyclisation

of farnesyl pyrophosphate (by the 2D, 6E and 22 and 6E isomers) or of

nerolidyl pyrophosphate. Intramolecular attack bf the cationic centre, formed in

the solvolysis of pyrophosphate.

On one of the double bonds that are not allylic to this group, followed by

furthler cyclisation, rearrangements, deprotonation, etc., could lead to the

formation of the large variety of compounds characteristic of this group [5],

Some examples are given for the conventional plan cr representation of the

cationic formation of these substances.

The carbon atom skeleton of almost all the known sesquiterpenoids [17] can be

derived from trans-farnesylpyrophosphatc (2) and the cis isomr 1, through

appropriate cyclisation and rearrangements ci.v-FPP should be derived from

fr*tw.9-FPP via (reversible) mechanisms very similar to the ones connecting GPP

to NPP. The schemes for sesquiterpen<?biogenesis, has many similarities to

those i'or the cyclo hexane monoterpenes.
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The departure of the pyrophosphate anion from 1 and 2 leads to the six

possible monocyclic cations 6-1 1 through the nonclassical cations 3 and 5. The

stabilization of such classical carbocations, either through loss of a proton from

the adjacent carbon atoms, or attack of a hydroxide ion, produces compounds

referred to as primary skeletal.
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1.7 The Eudesniiine (Sclinamc)

The logical precursor of ihe group[ [18] is the cation 1 1 (Scheme-2), which can

undergo a favourable cyclization to the tram declin systems, exemplified by

crytomeridiol [19], Originally this group was characterized by the formation of

eudalene on dehydrogenation.

1.8 Biosynthesis of Eudesmanc

According to biosynthetic point of view the eudesmane group of

sesquiterpenoids is derived by cyclization of a germacrane other derivative

formed from tranx, //w/.v-farnesyl pyrophosphate (2) [20],

Thermal cyclization of elenol (14) produces a mixture of hedecaryol (15) and

starting material which undergoes silver ion-catalyzed rearrangement to a-

eudesmanc (16) and p-eudesmane (17) [21]: Elemol (14) and the eudesmols

co-occur in the cilronella oil (Ceylon variety) and this may indicate that a

biosynthetic relationship exists between them Scheme-4 (a) and (b), 4,11-

Epoxy-cis-eudesmane (19), the defence pheromone of the West African

termite, has been synthesized from 10-epi-r-eudcsmol (18) by means of an

internal oxymercuration reaction [22],

Simple functional group transformations also from the basis of a reported

synthetic route from the known dienone [21] to intermedeo! (26) via the

naturally occuring diene (23) [23] (Scheme 5).
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Several synthetic routes to (±)-occidenta!ol (29) have been reported. The key

feature of a new synthetic route to (±)-occidentalol (29) is the cyclization of a

suitable substituted cyclohexadiene aldehyde (28) derived from the toluic acid

[24] (Scheme 6). It seems reasonable to assume that modification of this

approach would be valuable in the synthesis of eudesmanolides and

germacranolides: An interesting new approach to a-substituted acrylic ester

(30-31) has been successfully incorporated into the first total synthesis of

allergenic acid sesquiterpenoid fmllanolidic (32) (Scheme 7) [25]. Related

studies have shown that the butenolide derivative (33) can be used as an

annulating agent in the Synthesis of linear tricyclic a-lactones (36) and (37)

and it is expected that this methodology may be applied to the synthesis of

naturally occurring eudesmanolides [26], i

A very neat intramolecular Diels-Alder route has been developed for the

synthesis of the ketone 38 which can be converted into selina-3,7 (Il)-diene

(39) (Scheme 8) [27],

The biogenetic type syntheses ofoccidentalol (40) a cudesmane found in Thuja

occiJenlalis that possesses a c/.v-ring junction, were achieved [28] (Scheme 9).

Cuauhlemonc (42), a plant-growth inhibitor isolated from the Mexican

medicinal shrub ’’cuanhtcmatl”. [Tluthca oilorata (Compositae)] has been

synthesized starting from the monomcthylene kelal of cyclohexane-1,4-dione in

racemic form by the sequence of reaction outlined in (Scheme-10) [29],
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1.9 SELECTION OF PLANT

Dr. N.J. lie Souza [30] in his review screening of Indian Plants for

Pharmacologically interesting compounds observed that a large number of

plants which were not used as medicinal purposed have been found to conain

pharmacologically interesting compounds.

The above observation of Dr. de Souza was further justified, when we see the

phytochemical report of “Prosopis juJiflora". The plant which was not

medicinally important, but the isolated alkaloids were pharmacologically active

[31-35],

In the light of above observation, we selected a plant (I’hichea argula) for

phytochemical studies, although no medicinal value of the plant is known.
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2.1 BOTANICAL DESCRIPTION OF PLUCHEA ARGUTA

Pluchea arguta Boiss (Syn. Conyza odantophylla Boiss.) is a member of family

Compositae, about 1000 genera of this family are well known in the world. The

plants of this family, are easily identified by their characteeristic capituleen

infloiwence, and hairy papus [36], This genus Pluchea also belongs to tribe

Inuleae, is composed of 50 species distributed in the tropical and subtropical

regions of the world (37J, out of which only 7 species are found in Pakistan

[38], Pluchea plants are usually shrubs, or under shrubs, rarely herbs, often

woody below, pubescent or toinentose.

Pluchea arguta Boiss. is one of the common shrubs of the sandy plains of

Pakistan [38], It has many branches, glandular pubescent, with ofTensine small

upto about 50 cm tall The leaves are obovatc-oblong or oblanccolatc, actually

serrate or dentate, 2.5-5 cm long and 2.5-22 mm broad. The violaceous or

pinkish heads are 8-12 mm. Pappus hairs are shortly baibellate [36],
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2.2 Medicinal Importance of Pluchea species

The leaves of Pluchea lanceolafa Oliv. and Hiern; are used as substitute or

adulterant lor Senna [391. The plant is used in Ayurvedic system of medicine in

various clinical condition. It is used as a bitter, a laxatine, an analgesic, an

antipyretic and a nerve tonic. It is used for .

dyspepsia and bronchitis [40], A decoction of the plant has been reported to

prevent the swelling of joints in experimental arthritis [41], Extract of Pluchea

lanceolafa Oliv, and Hiern; have shown uterine relaxation activity at low doses

[42], It also showed both anti-implantation as well as abortifacient elfects [42].

the treatment of rheumatism,

The roots and leaves of Pluchea tnthca Lees possess astringent and antipyretic

properties and arc given in decoction as a diaphoretic in fevers [39], In Malaya

the leaves juice is taken for the treatment of dysentry, and the leaves are used

as constituent in tea for slimming. In Indo-C|hina the leaves and young shoots

are crushed, mixed with alcohol, and applied to the back in cases of lumbago

and also are used for rheumatic pains and in baths to treat scabies [43],

Leaves of Pluchea inJica Less., also served as remedy against leucorrhoea

[39].. In Thailand and Java, the leaves and roots of Pluchea inJica Less, have

been reported to possess astringent and antipyretic properties and are used as a

diaphoretic in fevers. Fresh leaves are used in the form of poultice against

atonic and gangrenous ulcers [44], Cigarettes prepared from the chopped stem

bark of Pluchea i/ulica Less, are smoked to relieve the pain of sinusitis [45],
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In folk medicine Pluchea sagittalis (Lam). Cabrera is used due to its toxic,

sour and digestive properties. Infusion of Pluichea sagiltalis (Lam.) cabrera

have been described as coiagogue and clioleretia when given to patients with

liver and gall blader problem [46], It is also used for the preparation of a

digestive liquor and apartif

P/uchea odorata (L.) Cass, is known as “Shiiiapata” which means “Women

illness” (from ‘sihua and pate)’ 147], In Central America and Caribbean, the

reputed cmmcnngogue [48-50] and aborlifacicnt [51-52] activities of P.

(xJorata (L.) Cass, are known.

The flavoncs.of Pluchca chingoyo D.C. [53] exhibited in vitro inhibitory

activity against human carcinoma cells, with 5,7,4’-trihydroxy-3,6-

diinethoxyllavone being the most active of the anticancer agent.
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2.3 LITERATURE REVIEW OF PLUCHEA

The cthnoincdical properties of Plnchea prompted the investigation of the

gensus, from chemical and biological point of view. Dasgupta has reported the

isolation of P-sitosterol, acclylcholinechloride and a quaternary base plucheine

from Plnchea lanceolala Oline, and Hiern. [54], later on quercetin and

isorhamenlin were also reported from Pinched laneolaia Olive and Hiern; [55],

Bohhnann and Grenz found small amount of a sesquiterpene lactone la-

angeloxy-3,4-epoxy-a-hydroxy-a-cyclocostunolide (I), and a thiophene-

acelylen compound (2) from Pinched dioscoridex DC. [56],

The isolation of a-pinane, camphenc, cineol p-cymens, linalol, l -camphor, a-

terpineol, borneol, caryophyllene and humulene from P/nchea sagittalis (Lam.)

cabrera were reported [57].

The presence of P-amyrin acetate and compsterol jo Plnchea odorala (L.)

Cass , has been cited by X. Domingues and A. Zamudio in 1972 [58].

The isolation and structure of cuauhtemonc e(3) from Plnchea odorala (L.)

Cass, was confirmed through single crystal X-ray diffraction techniques, which

showed that the compound has trans .fused cyclohexane rings with a,P-

uniaturated ketone moiety imparting biological activity [59], Nakanishi el al.,

isolated the cuauhtemone (3) and its acetate, epoxyangelate derivative (4),

from Plnchea odorala (L.) Cas [60],
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Bohlmann and Zdcro investigated the roots of Pluchea adorata (L.) Cass, and

isolateed, in addition to thiophenacetylene compounds, a 5-(angeloyloxy)

carvatogeton (5), thymohyJriiynontfdimethlether and 3,5-dimethoxyphtalsciane

dimethyl ester, while the aerial parts of Pluchea odorata (L.) Cass, besides the

known cucuhtemone (3) and 3a(2',3'-epoxy-2,,3'-dihydroangeIicate)-4a-

acetoxy cuauheinone (4), contain cucuhtemone-3a-angelicate , (6) and

cuauhtemone-3a-(2'-3'-epoxy-2,3-dihydroangelicate) (7) [61].

In 1974, Talenti, and. Ediberto reported the occurrence of Iannis steroids,

piiytoslerols, flavonoids, saponins and j essential oil, among which
, i

phyrocatechol, resorcinol and pyrogallol were identified from Pluchea

sagitlalis (Lam.) cabrera [62], The same workers also reported the isolation of

quercitrin and quercetin in addition to above mentioned compounds from

Pluchea sagitlalis (Lam.) cabrera in 1976 [63], Martino et al. reported the

isolation of a 3,6,8-trimethoxy flavone (8) from Pluchea sagitlalis (Lam.)

cabrera and this was the first report of this compound as natural product [64],

Cliiang and Silva in 1978 reported the isolation of four 3,6-dimethoxy flavones

as anlicanccr agents which characterized as, centaureidin, 5,7,4’-trihydroxy-3,6-

dimethoxyflavone (9), axillarian and 7,4-diIiydroxy -3,6-dimethoxy flavone

from the leavees and stem of Pluchea chingoyo DC. among which 5,7,4’-

trihydroxy-3,6-dimethoxy flavone (8) being the most active anticancer agent

[65],

The isolation of eudesmanone, 4a-acetoxy-3a-(2'-methyl-2',3'-cpoxy-

butyryloxy)- 1 l-hydroxy-6,7-dehydroeudcsman-8-one (10) together with
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known cuauhlemone derivatives 3,4,6,7 and alkynylthiopenes were reported by

Bohlmann and Malianta from Plucheafoetida (L.) DC. [66],

In 1979 Cliiang, Maria, Bittner, Magalis, Silva, Watson and Sammas reported

the isolation and structure elucidation of Plucheinol (1 I) and cunulitetnone (3)

from Pluchea chingoyo DC. [67J, continuing their studies the same workers

also reported the isolation of Pluchein (12) from stem and leaves of Pluchea

chingoyo DC. [68], Isochlorogenic acid which is a mixture of 3,4;-,4,5-; and

3,5-dicafleoyIquinic acid isolated from Pluchea sagillalis (Lam.) cabrera and

this is the first report of 3,4-dicafleoylquinic acid as a single product [69],

The cuauhteinoncs 13, 14,15 and eudesmanes 16,17 were isolated from

Pluchea xnaveolens (Veil.) O. Kuntze [70], X. Domingues, R. Franco, G.C.

Romelia Villarreal, B. Maringanti and F. Bohlmann reported the investigation

of the aerial parts of Pluchea rosea God frey, which afforded in addition to 3a-

(epoxyangeloxy)-4-a-acetoxy cuauhlemone (4) three more eudesmanolides

which are 8,12 lactones 8,9-dehydroixthixochilin (18), 8,9-dehydroixthixo-

chilin-4-O-acetate (19) and 8-hydroxyixhtixochlin-4-0-acetate (20) [71].

A chemical investigation of Pluchea sericea showed in addition to tessaric

acid, quercetin-3,3'-dimethyl ether and , taraxasteryl

sesquiterpene. (I IS)-1 1,13-dihydrotessaric acid (21) [72], F. Bohlmann el al.

repqrted the isolation of thiopheneacetylene, and a new eudesmanolide, 1B-

angeloxy 9a-hydroxy-a-cyclocostunolide (22), from the aerial parts of Pluchea

dixconJies (L.) DC. [73 J.

acetate, a new
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F.J. Arriaga-Giner el al. investigated the leaves of Pluchea odolara (L.) Cass.

and reported the isolation of two 3-metlioxyflavoncs, artemetin (23) and

herbacetin-3,7-dimethyl ether (24), and five, 3a,4a- 1 I-trihydroxy-6,7-

dehydrocudesman-8-one, 9,25,26,27,28 [74J.

In 1983 M. Sibrata et al. reported the isolation of 3a-(2',3'-diacetoxy-2'-

methylbutyryl)-cuauhtemone (29) from Ph[chea intlica Less. [75], From the

aerial parts of Pluchea dioscoridis (L.) D,C in addition to the isolation of

thiopheneacetylene and eudesmanolide (22) other five eudesmanolide 9a-

hydroxy santamarine (30) the corresponding 1 1 p,13-dihydroderivative (31) 9a-

angcloyloxy ludovicin A (32) the corresponding isovalerate (33) as well as the

3-methylvalcrate (34) and from the less polar part thiopheneacetylene

derivatives were reported [76],

Martino ct al. reinvestigated the Pluchea sagillalix (Lam.) cabrera and reported

the isolation of 5,7,3’,4'-tetrahydroxy-3,6,8-trimethoxy flavone, 5,7,4-

trihydroxy-3,6,4-trimethoxy flavone and 5,3,,4'-trihydroxy-3,6,7-trimethoxy

flavone from the chloroform extract, isochlorogenic acid from the ether extract,

and chlorogenic acid and caffcic acid from ethyl acetate extract [77],

Isolation of a-amyrin, taraxasleryl acetate and stigmasterol were reported from

Pluchea udorala (L:) Cass. [78J. The composition of the leaf resin of Pluchea

odorata (L.) Cass, was studied from plant material collected in Tnmaulipns,

Mexico. It mostly consists of trilerpenes, phytosterols and eudesmane type of

sesquiterpene and very small amount of ten different 6-mcthoxyflavonols. A
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comparison with material from Elsalvador shows that the latter contains, a

lesser number of tcritepenes and flavonoids but more sesquiterpenes [79],

Two eudcsmanc derivatives, pluchcinol (l I) and its mono- ester derivative, 3a-

1 1 -dihydroxy-6,7-dchydroeudesman-8-

one (35) were reported from Salvadorian Phtchea odorata (L.). Cass. [80],

The chloroform extracts of Phtchea sagi/falis (Lam.) cabrera was investigated

and two methylated flavonols 3,,5,7-trihydroxy-3,6,7-trimethoxyflavone

(chrysosplenol D) were isolated [81],

In 1985, A.A. Dawar and M. Metwally reinvestigated the Egyptian Phtchea

dioscoridis (L.) DC. and reported the isolation of 15-hydroxyisocostic acid

(36) the corresponding aldehyde (37) and the cudesmanolide (38) together with

known compounds 22,32,33,39, including thiophenacetylenes [82],

The isolation of two pairs of similar cuauhtemone 3,6, 13 and cudesniane

compounds 40,4 1,42,<13,44 was reported from Phtchea symphyiifolia (Miller)

Gills, by Bohlmanel el al. [83], The latter compounds are I l-hydroperoxy

derivatives, together with already known thiophenacetylenes, and 5-

angcloyloxy carvctogclonc (5), pharmacological investigations of water soluble

extracts of Phtchea lanceoktla Olive, and Hiern; indicated that, it had two

primary actions, acetylcholine-like action, and smooth muscle relaxant

spasmolytic action, on different muscle preparations. The drug potentiated the

barbiturate hypnosis of the central nervous system [84],
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Pluchine isolated by Dasgvipta [54] from Pluchea lanceolata Oliv. and Hiern;

has been found by Prasad [85] to have antiinflammatory action in reducing

carragenin induced inflammation in hind pa|w of albino rats when compared

with cortisone taken as standard.

3,6-Dimethoxy flavones isolated from Pluchea chingoyo DC. [65] exhibited in

vitro inhibitory activity against human carcinoma cells, with 5,7,4’-

lrihydroxy,3,6-dimethoxy flavone (9) being the most active of acticancer

agents.

Cuauhtemone (3) isolated from Phichea odora/a (L.) Cass, inhibited the

growth of corn and bean seeds, and it is proved as a plant growth inhibitor

[69],

V.U. Ahmad and K. Pizza [86J, T.A. Farooqui [87] and A. Sultana [88]

reported the isolation of several eudesmane and cnouhtemone (45-61)

derivatives, along with known tcrpcncs, from hexane, ether and ethyl acetate

extract of Phichea arguta Boiss.
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3.1 Structure Elucidation of 4,5-Epi-Cryptonicridiol (1)

The 4,5-Epi-cryptomeridiol (1) was isolated from Pluchea arguta and its

structure was determined by spectroscopic method.

4.5-/i/?/-cryptomeridiol was separated from the ethyl acetate soluble portion of

plant extract. After the extraction of plant with hexane it was soaked in distilled

MeOH. Alter the evaporation of the solvent, the residue was extracted with

ether. The ether-insoluble portion was partitioned between EtOAc and H20.

The EtOAc layer was separated atid the residue from EtOAc-solublc portion
\

was chromatographed on a silica gel column chromatography as described in

experimental portion which led to the isolation of compound I. It was eluted

using pure chloroform and was further purified by repeated flash

chromatography. The compound I was obtained as white crystalline solid m.p.

I04°C. It was optically active having [a]029 + 66.66 (c=0.015, CHClj). The

purity of compound wn also checked on high performance thin ' layer

chromatography (I-IPTLC) plates (chloroform-methanol, (95:5). The E1MS of

compound did not show a molecular ion peak at m/z 240); but indicated a

prominent fragment at m/z 204. The base peak at m/z 149 was attributed to the

loss of substituents at C-4 and C-7. In the hrms of compound, a fragment ion

was observed at m/z 204.1879 corresponding to the formula CuH2,» (ealed. for

M-2xH20) , 204.1877). The field desorption mass spectrum showed a peak at

m/z 222 suggested the loss of one H20 molecule, whereas in the fabms a peak

appeared at m/z 241 which confirmed the presence of two hydroxyl group.

!
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The molecular formitla, C15H2KO7 was assigned to compound -I.

The infrared sped rum (Cl ICI.x) of I exhibited bands at 3500 (OH), 1385 (gem

dimethyl) cm'1.

The proton NMR (CDCU, 300 MHz) spectrum of 1 exhibited four methyl

singlets at 5 0.89, 1.08, 1.26 and 1.27 due to Me-14, Me-15.. Me-12. Me- 1 3

photons, respectively. The spectrum also "indicated the absence of olefinic

protons and melhinc proton on a carbon bearing a hydroxyl group. A double

doublet was observed at 8 1.63 (J=5.2 and 1 1.0 Hz, H-5), and two multiplets

were observed at 8 2.01 and 2.05, for H-6a and H-60 respectively. The results

of 2D 'H-nmr experiments fully agreed with the proposed structure of the

compound 1. A pair of cross peaks were observed at 8 2.01 and 1.63 and at 8

2.05 and 1.63 showing the coupling interaction of H-6a and H-60 protons with

those of H-5. A corresponding cross peak between H-6a and H-60 was also

observed in COSY-45 spectrum. It also showed vicinal coupling interaction of

H-6a and H-60 with H-7 at 8 1.65. The C-l protons at 8 1.15 are vicinal to the

C-2 protons at 8 1.48, and the latter showed vicinal coupling with C-3 protons

at SI.34.

The stereochemistry of compound as a ci.s fused declain system, was

ascertained by nOe difference measurements. Irradiation at 8 0.89 (H-14)

resulted in 7.14% nOe, at 8 1.63 (H-5), and irradiation at 8 1,08 (H-15)

resulted in 2.82% nOc, at 8 1.65 (H-7), which confirmed that the methyl at C-
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10 and proton at C-5 were P and methyl at C-4 and the proton at C-7 were a-

oriented.

Two dimensional proton NMR spectrum is very helpful in assigning the

chemical shifts of proton signal. The multiplicities of overlapping proton signals

were determined from 2D J-resolvci spectrum while the COSY-45 spectrum

established the coupling interactions among vicinal protons. The

stereochemistry at key point was determined by NOESY and NOE studies.

Heterocosy (HETCOR) experiments were carried out to identify the

relationship between carbons and their respective protons.

The I3C-nmr spectrum of compound 1 exhibited 15 carbon resonance. Four

methyl, six methylene, two methine and three quaternary carbon signals were

observed in agreement with structure. Compound showed four methyl signals

in l3C-nmr resonated at 6 29.54 and' 5 29.84 (gem dimethyl), 5 18.66 and 5

21.9'5, assigned for Me- 1 2, Me- 1 3, Me-14 and Me- 1 5 respectively. Compound

I showed signals of quaternary carbons at 5 72.65 and 74.7, indicating that

hydroxyl groups were attached to these two carbons and another quaternary

carbon signal appeared at 5 34.34 (C-10). The relative configuration at C-4

was confirmed by comparison with 4-cpi-pIuchcind [89], The different values in

the "C-mni sped mm at C-4, C-5 (90-91) revealed dial compound I was- an

isomer of cryptomcridiol [91] as shown in table-1.
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Tablc-1

I3C-NMR chemical shift for Compound 1 and Cryptonieridiol (CDCIj

100.6) MHz)

CryptomeridiolCompound 1Carbon

41.47 41.1C-i

20.2C-2 20.28

C-3 43.65 43.6

C-4 72.65 72.3

C-5 48.84 54.4

C-6 20.69 21.5

C-7 41.98 50.7

C-8 21.40 22.5

C-9 4 1 .65 44 7

C-10 34.34 34.60

C-l I 74.7 73.0

C-l 2 29.54 27.2

C-13 29.84 27.4

C-l 4 18.66 18.7

C-l 5 21.95 22.7

1
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3.2 Structure Elucidation of Pluchargutin (2)

Pluchargutin (2) was isolated from the ethyl acetate soluble portion of the

extract of Pluchea argtilci. After the plant was extracted from hexane, it was

soaked in distilled ethanol (EtOH). After evaporation, the residue was

extracted with ether. The ether-insoluble residue was partitioned between ethyl

ac'etate and wafer, the ethyl acetate soluble portion, which was a gummy

material, was chromatographed on a silica gel column chromatography. The

sesquiterpenic fractions, eluted with chloroform-methanol (80:20), were

subjected to flash column chromatography, which led to the isolation of

pluchargutin (2). Further purification of the compound from oilier minor

compounds was carried out by repeated colum chromatography using flash

silica (270-400 mesh). The purity of compound was checked through high

performance thin layer chromatography (HPTL.C).

Compound (2) was obtained as light yellow gum, optically active having

La']i>w-83.3° (c=0.12, ClIClj). The high resolution mass spectrum of compound

showed the molecular ion peak at m/z 402.1799 and 404.1806 (M+2) were

attributed to fooHjiOÿCl and CftHuOt ,7CI, respectively. The field desorption

mass spectrum showed molecular ion peaks at m/z 402 with an isotopic peak,

30% of the peak at m/z 404 corresponding to molecular formula C2oHj|06J5CI.

The presence of this isotopic peak indicated the presence of chlorine moiety in

the molecule.
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The infrared spectrum (CHCI3) of 2 exhibited bands at 3400 (hydroxyl), 1725

(C=0, ester) and 1650 (a,P-unsaturaled ketone) cm'1. The ultraviolet spectrum

(MeOI I) showed a maximum at 237 nm indicating the presence of conjugated

carbonyl group in the compound 2.

The 'H-NMR spectrum of compound 2 in CDCIj (500 MHz) exhibited a

characteristic signal for the olefmic doublet at 5 7.0 (J=2.05 Hz), which was

assigned to the proton at carbon-6. The stereochemistry at C-4 was established

on the basis of chemical shift of Me- 15 (51.25) and the chemical shift of H-6 at

5 7.0 which revealed the a-orientation of the OH function at C-4 because it is

known in the literature [92] that when hydroxyl group at C-4 is a-oriented the

chemical shill of the olelinic proton (11-6) and Me- 1 5 are shifted slightly

downfield to 5 7.10 and 1.45 respectively. The chemical shill and coupling

constants of the signal of H-3 at 6 5.05 (dd, J= 3.8, 9. 1 Hz) indicated that ester

side-chain attached to carbon-3 was P-oriented and proton at the same carbon

occupied a-position. The stereochemistry at C-3 was also supported by the

multiplicity of 'H-nmr signal for H-3 at 8 5.05 which is a double doublet with

coupling constant 3.8 Hz and 9. 1 Hz respectively.

The chemical shills for 1 1-3 and 11-15 were very similar to those reported for

odonticin [93] which confirmed the suggested stereochemistry at C-3 and C-4

respectively. The H-5a resonated at 8 2.74 as a doublet with coupling constant

of 2.0 IIz, implied a /m//.v-fused deealin. [94-97], The two singlets which

appeared at 5 1.42 (3H) and d 1.43 (3H), were assigned to the geminal methyl

attached to carbon-1 I. Two doublets appeared at 8 2.65 and 2.80 with

:
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coupling constant 15.5 Hz each, and were attributed to the geminal protons at

C-9. The downficld shift of these methylene protons were due to deshiclding

effect of adjacent carbonyl group at C-8. An upfield singlet at 8 0.98 was

assigned to the Me-14. The methyl of ester side chain at C-2' showed a singlet

at 5 1.48 (3H) and the doublet resonating at 5 1.49 (J= 9.0 Hz) was due to Mc-

4'. The downfield quartet at 8 4.25, for H-3' (J=6.05 Hz) was assigned due to

the presence of chlorine atom attachcAto it. These assignments suggested that

compound 2 is a di-epimer of a previously isolated compound 2 [96],

The two-dimensional ‘H-NMR spectra fully agreed with proposed structure of

compound 2. The 2D J-resolved spectrum determined the multiplicity of the

proton signals, while the coupling interaction were established by COSY-45

spectrum. The structure 4a-hydroxy-3p-(2'-niethyl-2'-hydroxy-3'-chloro-

butyrloxy)- 1 l-hydrnxy-6,7-dchydrocudcsmnne-8-onc was suggested for di-

epimer of deacetoxy 3,-chloro-2'-hydroxyarguticinin, which is pluchargutin,

compound 2. The above observation led to the conclusion that the isolated

pluchargutin-2 is a new chlovo cudesmnne derivative as it is a di-epimer of

deacetoxy 3'-chloro-2’-hydi«yarguticinin [96],

The NOESY spectrum served to determine the stereochemistry ofkey points.

The stereochemistry of compound was further confirmed by NOE difference

measurement. Irradiation of Me-14 (5 0.98) resulted cross interaction; that was

13.07% nOe difference with 9|3M (5 2.65) and Me- 1 5 (8 1,25) 11%, while

irradiation of II-5a (8 2.74) showed 15.3% enhancement at 8 2.80 (H-9a),
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25% nOe enhancement was also observed in ester side chain between 11-3’ (5

4.25) and CHr5’ (5 1.48).

The ';'C-NMR spectrum of compound showed the presence of carbonyl ester

group at 8 174.08. The a,P-unsaturated ketonic group resonated at 8 199.89.

The two sp2 carbon at 8’ 142. 19 and 145.09 were assigned to C-6 and C-7. The

signals of oxygen bearing carbon atom appeared at 8 71.41, 78.05, 72.04 and

71.14, assigned to C-4, C-3, C-2' and C-l I respectively. In ,JC-NMR the C-2'

and C-3' gave signals at 8 72.04 and 8 62.55. Typically when the carbon bears a

chlorine atom, its signal is shifted downfield due to deshielding effect. The

assigrhents of these two carbons were confirmed by DEPT experiment.

The chemical shills of all carbons except C-3 and C-4 were nearly the same as

in the reported compound [96], The differences observed at C-3 and C-4

carbons in compound were that the C-3 signal appeared at 8 78.05 and the

signal at 8 71.41 wasossigned to C-4. While in the reported compound 2 [96],

the |VC-nmr signtjfor C-3 aand C-4 carbon were observed at 70.01 and 80.61

respectively. This established the stereochemistry at C-3 and C-4 and

confirmed that the compound 2 is the di epimer of reported compound 2 in the

literature [96], Assignment for C-l, C-2, C-3 and C-9 were 8 32.37, 27.74,

50.12 and 57.78 on the basis of their chemical shift and multi plicity by analogy

known compound. The geminal methyl carbons C-l 2 nd C-l3

resonated at 8 28.61 and 29.39, respectively. The three methyl protons showed

high field absorption and hence resonated at 8 18.0, 18.05 and 8 22.68 and

with
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Table-2

NMR Spectral Data for Plucliargutin (2)

Carbon Proton ppmPPm
32 86 1.22,(211. t.JN 17 llz1 1-1I

1.55 (211, m)23.74 11-22

H-3 5.05 ( l H, dd, Jja,2(i=3.8 Hz and

J.V.2a=9. 1 Hz)_3 78.05

71.41 H-44

2.74 (1H, d, J= 2.0 Hz)H-550.125
7 0 (1H, d, J= 2.05 Hz)6 142.19 H-61

145.09 H-77
199.89 H-88

2 65 and 2.80 (2H, dd. J= 15 5 Hz
cadi)_57 28 H-99

10 39.09 11-10
71.14I 1 11-11
28.6112 II-12 1.42(311, s)

13 29.39

18.00

11-13 1.43 (311, s)

14 H-14 0.98 (3M, s)

15 22.68 H-15 1.25 (311, s)

r 174.08 H-r
2’ 72.04 II-2’
3’ 62 55 H-3’ 4.25 (111, q, J= 6,05 Hz)
4’ 18.01 H-4’ 1.49 (311, d, J=9.0 Hz)

5’ 18.01 H-5’ 1.48 (3H, s)

'' C-NMR was accorded at 100 Ml lz in CDCI*
'H-NMR was accorded a( 500 MHz in CDCl.i

.
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assigned (o C-14, C-4' and C-15 respectively. Complete assignment of all

carbon atoms are shown in Table 2 for uC-nmr.

The multiplicities of each carbon were determined by using DEPT experiment

with polarization pulses at 45", 90° and 135°. These experiment revealed six
i

methyl, three mcthylnene, three methine ! and six quaternary carbons in

agreement with structure of 2.

All the assignment of ,JC signals for cuauhtemone skeleton as well as side chain

ester have been made by comparison with the literature data [97], The

HETCOR experiment were carried out to identify the relationship between

carbon and their respected proton

The above observation led to the conclusion that the isolated compound

pluchargutin (2) is a new chloro cudesmane derivative as it is a diepimer of

deacetoxy-3’-chloro-2,-hydroxy arguticinin [96], The structure 4-a-hydroxy-3P

(2,-methyl-2,-hydroxy-3,-chloro-buty. )-l I -hydroxy-6,7, dehydroeudesmane-

8-one was assigned for pluchargutin (2).
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3.3 1 Structure elucidation of iÿacetoxyOÿ-di-epW-cliIoro-l'-
liydroxy argulicinin-(3)

The scsquiterpenic fraction, isolated by silica gel column chromatography with

chloroform-methanol (70:30), from the ethyl acetate soluble portion of the

crude cthanolic extract of Phichea urguta Boiss, was a mixture of several

sesquiterpenes. The fraction was subjected on flash column chromatography by

using hexane, chloroform, chloroform and methanol (in different ratios) as

mobile phase. The chloroform : methanol (70:30) eluate3compound 3. It was

obtained as light yellow gum and was purified by using repeated flash column

chromatography. The compound was optically active, having optical rotation as

[a]R25 + 235 (c=0.017, CHCI\). The purity of the Compound was also checked

on 1IP1LC plates (hgli performance thin layer chromatography (chloroform :

methanol (90:10). The field desorption mass spectrum of 3 showed a peak at

m/z 447 [84%, C22Hj.i07 '7Cl + I IJ‘J, 445 [100%, (C22H.,30755Ci +H)‘ and 444

[56%, C22Hm07,,CI)J indicating that the molecular formula of the compound

was C22H33O7CI. The presence of isotropic peaks indicated the presence of

chlorine moiety in the molecule. Besides, peaks were also present at m/z 384

and 386 due to the loss of acetic acid from the rrjolccule.

In the electron impact mass spectrum of the compound, a fragment appeared at

m/z 235.1332 with composition CuH2302 due to the loss of side chain of ester

and another ester group from the molecule with the formula C7H|0OjCI. The

high resolution mass spectrum of the compound gave a peak at m/z 444.18928

attributed to the molecular formula.ChIÿCÿCI. The calculated exact mass of

the compound was 444. 1 9 1 59.
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The infrared spectrum (CHClj) of the compound exhibited bands at 3350

(OH), 1725 (ester C=0) and 1655 (a,P-u‘nsaturated ketone) cm'1. The

ultraviolet spectrum (McOH) showed a maximum at 234 nm, indicating the

a,P-unsaturalcd ketone moiety in the compound.

In the 'JI-NMR. (CDCL, 300 MHz) spectrum, the signal for H-3 which

appeared at 5 5.93 (dd, J= 6.0 and 9.1 Hz) indicated that an ester group was

attached to the C-3P position. The stereochemistry at C-3 was also supported

by the multiplicity and coupling constant of H-3 signal, which was also

established with the help of 2D J-resolvei studies. The H-5a, which resonated

at 8 3.02 as a doublet with coupling constant of 2.1 Hz revealed a Irons fused

decalin* system [94-97], The two methyl signals which resonated at 8 1.41 and

1.44 were due to the geminal methyl at C-l 1. The singlet for methyl at C-14

appeared at 8 1.00 and a doublet of methyl at C-4', appeared at 8 1.58 (J=6.6

Hz). The proton attached to C-3' showed a quartet at 84.25 with the coupling

constant J=6.0 Hz.

The relative stereochemistry of the molecule was resolved by analysis of the

NOESY and the NOE studies and the J coupling pattern. In the NOESY NMR

spectrum. Me-14 (5 1.00) showed interaction with Me-15 (8 1.29) and CH2-9

(8 2.03). Protons at C-5 (8 3.02) showed cross interaction with the protons at

C-9 (8 2.03) and H-3 (8 5.93). An olefinic proton at 8 6.90 showed cross

interaction with the protons, H-5 at 8 3.02 and with the protons of carbon-13

resonating at 8 1.44. Lack NOESY ntnr of interaction between Me-15 and H-5

suggested the P-orientation of Me- 1 5. Interaction between C-12 and C-l 3
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protons and the clear NOESY interactions were also observed between protons

attacked at C-3' and C-4' protons of the side chain ester. NOESY interaction

between CHj-13 protons and 5 1.44 with H-3' at 5 4.25 was also integrated in

the NOESY nmr. A strong NOESY relation between C-3 proton and C-5

proton also suggested thee same orientation ,of these protons (a-oriented).

NOESY interaction between CHrl5 protons anc!'CH3-14 protons proved that

they occupy the same side (P-oriented) while lack of NOESY interaction

between CH?-5‘ protons with H-3 and H-3' also confirmed that CH3-5' was P-
oriented.

Stereochemistry of the molecule was also proved by NOE experiment.

Detection of a 4.2% NOE on Me-15 protons, 4.4% on the proton at C-9 and

4.0% NOE effect on Me-5' upon irradiation of 14-Me indicated that Me-15 and

Me-5' of the side chain were P-oriented. Irradiation of the H-3 (6 5.93) resulted

4.0% NOE on 11-5 (5 3.02) 3.7% NOE on H-3' (5 4.25) which confirmed that

protons at C-3 and C-3' and C-5 were a-oriented 8.64% NOE on H-6 (5 6.90),

3.7% on H-9 (5 2.32) were observed upon irradiation of H-5 (5 3.02) and

irradiation ofl l-13 (6 1.44) also showed 9.0% NOE effect on H-6 (8 6.90), 5%

H-12 (5 1.41), 4.5% of H-3' (8 4.25) and 4.4% NOE on acetate methyl proton

attracted to C-4 (8 1.95).

The chemical shift of protons were very close to those of a previously isolated

compound [96], but NOESY NMR and NOE experiment results closely

indicated that compound-3 is the 3,4-di-epimer of 3’-chloro-2’-hydroxy
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arguticinin [96], These assignment suggested the compound 3,4-di-cpi,3'-

chloro-2’-hydroxy-arguticinin (3) was the new compound.

The two-dimensional 'H-NMR spectra fully agreed with proposed structure of

the compound-3. 2D J-resolved spectrum determined the multiplicity of the

proton signals while the coupling interaction&were established by COSY-450

spectrum.

I3C-NMR spectrum (broad band and DEPT) in CDCIj (100.6 MHz) showed

the presence of a conjugated keto group at 6 199.89 ppm, the two sp2 carbon

atoms at 8 141.11 and 145.68 which were assigned to C-6 and C-7

respectively. The signals for the carbonyls of ester group were observed at 8

169.09 and 172.89 in The signal of other oxygen bearing carbon

atoms appeared at 8 77.23, 81.85, 73 94 and 71.74. These were assigned to C-

3, C-4, C-l l and C-2. In the ’’C-NMR, the chlorine-bearig carbon resonated at

8 62.13, this downfield shift of C-3’ was due to the deshielding effect of the

chlorine atom on that carbon.

The chemical shifts of all carbons are nearly the same as those of 3'-chloro-2'-

hydroxy arguticinin [96], but a significant difference was observed at C-3. In

compound 3, the carbon-3 signal appeared at 8 77.23, while in 3'-chloro-2'-

hydroxy arguticinin [96], it was observed at 73.98, where the side chain ester

group attached to carbon-3 had ah ct-orientation.

Assignment for C-l. C-2. C-5 and C-9 were 8 32.48. 22.74. 48.79 and 58.05,

respectively on the basis of their chemical shifts and multiplicities by analogy
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Tablc-3

NMR Sped ml Data I'orÿ- jiccloxy-3,4-cli-c|)i-3’-cliloro-2’-liyclroxyarguticiiiiii
(3)

Carbon ProtonPP'» ppm

l 32.48 H-l
1.57 (2H, m)22.74 H-22
5.93 (III, (Id, Jjj, <eq = 6.00 Hz)
and hn.2>* 9. 1 Hz)_3 77.23 11-3

81.58 H-44
3.02 ( I H, d, J- 3.0 Hz)5 48.79 H-5

H-6 6,90 ( 1H, d, J= 3.00 Hz)6 141.1 1
7 145.68 H-7

199.89 H-88

2.03 (2H, db, J~ 2.5 Hz)58.05 H-99
39.15 H-1010

73.94 H-l I11
1.41 (3H, s)12 28.78 H-12

1.44 (3H, s)13 29.33 HI3
IS.02 H-l 4 1.00 (3H, s)14
18.95 1.29 (3H, s)15 H-l 5

c-r 172.98 H-l’
C-2’ 71.74 H-2’
C-3’ H-3’62.13 4,25 (q, J= 6.0 Hz)

C-4’ 1.58 (3H,d, J- 6 6 Hz)1823 H-4’
C-5’ 2.3.07 H-5’ 1.49 (3H, s)

OC'OCHj 169.09 OCOC/7, 1.95 (3H, s)

3C-NMR was recorded at 100.6 Mhz in CDClj

l l-NMR was recorded at 300 Mhz in CDCI
i

-V
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with known compound. The gcminal methyl carbons C-12 and C-13 resonated

at 5 28.78 and 29.33.

Complete assignment of all carbons were shown in Table 3. These assignment

were confirmed by a DIZPT experiment which revealed seven methyl, three

mcthinc and seven quaternary carbons in agreement with the structure.

Heterocosy experiments were carried out to identify the relationship between

carbon and their respective proton, also helped to confirm the proposed

structure.

The above observation led to the conclusion that the compound 3 is a new
1

endesmancs sesquiterpenes as it is a di-epimer of 3'-chloro-2'-hydroxy-

arguticinin [96], The structure 4a-acctdxy-3P-(2,-methyl-2,-hydroxy-3'-

chlorobutyrloxy)- 1 1-hydroxy-6,7-dehydroendesmane-8-one was suggested for

diacetoxy-3,4-di-epi-3,-cliloro-2'-hydroxyarguticinin (3).
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3:4 Structure Elucidation of 3,4-di-epi-odonticinin (4)

The closely moving sesquiterpenic mixture obtained from silica gel column

chromatography of the ethyl acetate (EtOAc) soluble portion of the plant

extract, using chloroform, methanol (80:20) as eluent was repetitively .

chromatographed, by flash column chromatography with hexane, hexane-

chloroform in different ratio of solvents, chloroform : methanol (70:30) as

mobile phase afforded 3,4-di-epi-odonticinin (4). The compound thus obtained

was a yellow gum It was further purified by using flash chromatography in the

solvent system as chloroform : methanol (70:30) as mobile phase. The purity of

compound was checked on HPTLC plate chloroform : methanol (80:20). The

isolated 3,4-di-epi-odonticinin (4) was optically active and it has [a][>23 = 160°

(c=0.025, CHClj). The compound was soluble in chloroform as well as in

methanol. The field desorption mass spectrum showed a molecular ion peak at

m/z 384 (29%). High resolution mass spectrum gave a peak also at m/z

384.2183 while calculated mass was 384.2210 corresponding to the molecular

formula C20H32O7.

The mass spectrum showed molecular ion at m/z 384, attributing to the

molecular formula C20II32O7.

In the electron impact mass spectrum of the compound (4), the base peak

appeared at m/z 235 (100%) which was attributed to the ion of formula

CHHIOOJ formed by the loss of [M'-side chain-CMj], The fragment at 217



95

CH3

hi CH3 O

CH3
In3c-c-c —c —cr i

’ÿ
H H OH

H3C OHOH OH H3CH

3, 4-di-epi-odonticinin (4)



96

(58%) was attributed to the ion formula C14H17O2 formed by the loss of [base

peak-H20]‘.

The UV spectrum of compound 4 showed absorption maxima at 238 nm in

methanol, indicating the presence of a,p-unsaturated ketone, the IR spectrum

exhibited the bands at 3500 (OH), 1725 (0=0, ester) and 1645 cm’1 (a,p-

unsaturated ketonic group).

The 'H-NMR spectrum (CDCI3, 500 MHz). Table-4 of 4 exhibited a doublet

at 5 7.02 (J=2 0 Hz) which was characteristic of an olefmic proton at H-6. A

doublet of doublet observed at 8£/<?(jt-$lwith coupling constant, J=8.40 Hz and

3.5 Hz. TWO singlets at 5 1.41 and 5 1.42 were due to geminal methyls at C-l 1.

The upficld singlet at 5 0.92 (3H) was due to Me-14. The methyl of the ester

side chain at C-2’ exhibited downfield singlet at 6 1.31 (3H), while a

characteristic doublet at 5 1.55 (J= 7.0 Hz) was due to Me-4\ The quartet of

H-3 appeared at 5 3.95 (J=7.5 Hz). These assignment suggested that 4 was di

epimer of odonticinin [98],

The relative stereochemistry of the molecule was deduced by NOESY NMR

studied. In the NOESY NMR, interaction between Me-14 (6 0.92) and Me-15

(5 1.19) were clearly observed. The proton at H-5 (6 2.84) (J= 2.0 Hz) showed

interaction with the proton at C-3 (5 5.10), The NOESY spectrum further

revealed interaction between H-3 (6 5.10) with CHj-5* protons (8 1.31) and

also with H-3’ (5 3.95) indicated that they were a-oriented. Strong NOESY

:
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interaction between CH3-5' protons (5 1.31) and H-3' (5 3.95) confirmed that

they' situated at the same side in the side chain of the molecule.

The absence of interaction Me-15 (6 1.19) and the proton at C-3 (5 5.10)

suggested that Me-15 and H-3 were not present on the same face of the

molecule. The 'H-NMR resonance, 7-coupling of the proton at C-3, 5 5-10

(1H, dd, J.3JX.2.X = 8.40 and Jj.x.2 «, = 3.5 Hz) and the NOESY NMR also

confirmed that ester side chain at C-3 in the molecule was p-oriented.

The,l3C-NMR (broad band and DEPT) in Ct>CIj (100.6 MHz) presented

signal for conjugated keto group through a peak at 201.11. The other oxygen

bearing carbon atoms resonated at 77.23, 72.48, 73.51, 72.35 and 70.16 were

assigned to C-3, C-4, C-2, C-3 and C-l 1 respectively according to their

multiplicities and on the basis of dept experiment. The two sp2 carbon atoms

resonated at 5143.28 and 5 144.94 were attributing to C-6 and C-7 respectively

on the basis of their respective milliplicities. The UC-NMR signals at the

chemical shifts 5 29.69, 25.81 and 5 57.76 were assigned to methylene group

for C-l, C-2 and C-9 respectively. The signal at 5 48.89 and 39.14 were

assigned to carbon-5 and carbon-10. Two geminal methyls C-12 and C-I3

resonated at 5 28.83 and 5 29.36. The upfield signals appeared at 5 17.78,

21.43 and 22.4 1 which were due to methyls at C-10, C-4‘ and C-4 respectively.

The assignments for ester side chain were made according to DEPT

experiment. The ester carbonyl appeared at 6 175.36, while the assignment of

all carbon atoms are shown in Tablc-4.

a
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Tablc-4

NMR Spectral Data fur 3,4-di-cpi-ocJonticiniii (4)

Carbon Proton ppnippm

1.24 (2H, m)1 29.69 H-l

1.35 (2H, m)25.74 H-22

5.10 (IH, dd, J3i.x.*q = 3.50 Hz)
and = 8.4 Hz)_77.23 H-33

72.48 II-44

2.84 (IH, d, J= 2.0 Hz)48.89 H-55

7.02 (IH, d, J= 2.00 Hz)143.28 H-66

144.94 F-77

8 201.21 H-8

2.67 (2H, br, s)9 57.76 H-9

10 39.14 H-10

70.16 H-l 1II

12 28.83 H-l 2 1.41 (3H, s)

13 29.36 H-l 3 1.42 (3H, s)

16.42 0.92 (311, s)14 11-14

15 17.78 11-15 1.19(31-1, s)

c-r 175.36 H-l’

C-2’ 73.51 H-2’

C-3’ 72.35 3.95 (IH, q, J= 7.5 Hz)H-3’

C-4’ 21.43 H-4’ 1.55 (3H, d, J= 7.0 Hz)

C-5’ 22.11 H-5 1.311 (3H, s)

'ÿ'C-NMR was recorded at 100.6 MHz in CDCI3
'H-NMR was recorded at 300 MHz in CDCIj
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The evidences so far described are fully in agreement with the structure 3p-

(2',3’-dihydroxy-2-methyl-butyryloxy)-4a-1 1,dihydroxy-6,7-dehydro-eudes-

man-8-one of 3,4-di-epi-odonticinin (4), which is a new compound.

.
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3.5 Structure Elucidation ofzÿ;jcet(?xy-3,-chloro-2,-hydroxy-
3-epi-argutrcinin (5)

The ethyl acetate extract, when chromatographed on silica gel column

chromatography with chloroform, methanol (80:20) furnished a sesquiterpenic

mixture. This mixture was subjected to repetitive flash column

chromatography, hexane, chloroform, chloroi'orm : methanol as eluant,

compound-5 was obtained with two other minor compounds in chloroform :

methanol (70:30) and it was observed on TLC and HPTLC in the same system

of solvent. Compound-5 was separated from other two compounds by

repeating chromatography using small column with silica of mesh size 230-400.

The pure compound-5 was.eluted with chloroform : methanol (75:25) as

mobile phase. The compound-5, (3'-chIoro-2'-hydroxy-3-epiarguticinin) was

obtained as yellow coloured gum, soluble in chloroform as well as in methanol.

The purity of the compound was checked on HPTLC in the system of

chloroform : methanol (90:10). It was optically active having [a]u23 = 235 (c =

0.013, CHClj).

Field desorption as well as positive ion fast atom bombardment mass spectrum

showed molecular ion at in/z 444 with an isotopic peak, which was 30% of the

peak ait m/z 446 (C22H33O7 J7CI), while high resolution mass spectrum exhibited

exact mass measurement at. m/z 444.1628 suggested the molecular formula

C22H33O7CI. The presence of the isotopic pekk indicated the presence of

chlorine moiety in the molecule.
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The infrared spectrum (CHCIj) of 5 showed bands at 3400 (hydroxyl) 1725

(ester, OO) and 1665 cm'1 (a,(l-unsatuuratcd ketone). The ultra-violet

spectrum (McOH) showed a maximum at 237 nil), indicating the a,P-

unsaturated ketone moiety in the compound.

The proton NMR (CDCI3, 300 MHz) of the 5 exhibited the characteristic signal

for H-6 at 8 6.88, which revealed the stereochemistry at C-4 as in other

compounds of this type. It is known [92] that when H-6 signal is shifteed down

field from 86.89 to 7.10 ppm, the a-orientation of oxygen function at C-4 is

confirmed. It is due to spatial relationship between oxygen at C-4 and olefinic

proton at C-6. The a-orientation of oxygen at C-4 obviously causes deshielding

of H-6 proton. The H-6 nmr signal for this compound appeared at 8 6.89,

deduced the [1-orientation of acetate group at C-4 which was also accompanied

by slight upfield shift of acetate methyl at 8 1.95 and methyl-15 signal observed

at 8 1.27. In the nmr, the signal for proton at C-3 appeared at 8 5.98 (dd, J=

3.98 Hz and g-9 Hz), the multiplicity of this signal indicated the a-orientation

ofl l-3 land the fi-orientalion of ester moiety at C-3, which was also confirmed

by this multiplicity of the nmr signal. The H-5a resonated at 8 3.02 as a doublet

with a coupling constant of 2. 1 Hz implied a transfused decaline system as

reported in the literature [92,96-98], two methyl signal resonated at 8 1.40 and

8 1.43 were due to gcminal methyl at C-U. The methyl-14 appeareed at 8

0.98. The methyl in the ester side chain was resonated at 8 1.58 as a cjoublet

(J= 6.6 Hz) assigned to CHj-4'. The proton at C-3’ gave quartet 8 4.25 (J= 6.0

Hz).
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Table-5

NMR Spectral Data lorÿ- acct0xy-3'-cliIoro-2'-liydroxy-3-cpiarguticiiiiii (5)

Carbon Protonppm ppm

1 32.48 H-L

22.74 H-2 1.51 (2H, m)2

5.98 (IH, del, J,„.eq=\98 Hz)
and J?3X,2cq = 8.9 Hz)_

3 78.01 H-3

80.01 H-44

48.79 8.0 (111, d, J= 2,51 Hz)5 H-5
6 141.01 H-6 6 89 (1H, d, J= 2.91 Hz)

7 145.06 H-7
8 198.89 H-8
9 58.05 2.87 (2H, br, s)1-1-9

39.1510 II-10

11 73.91 H-l 1

12 28.78 H-l 2 1,40 (3H, s)

13 29,91 H-l 3 1.43 (3H, s)

14 18.00 H-l 4 0.98 (3H, s)

15 1861 H-l 5 1,27 (3H, s)

c-r 173.98 i-i-r

C-2’ 71.74 H-2’
C-3’ 62.74 H-3’ 4,25 ( I H, q, 6.6 Hz)

C-4’ 18.50 H-4’ 1.57 (3H, d, J= 6,6 Hz)

C-5? 23.89 H-5’ 1.06 (311, s)
OCOCHj 169.01
OCOCTlj 22.71 OCOCHy 1.95 (3H,s
'C-NMR was rpeorded m 1.00.6 MHz in CDCK

'H-NMR was recorded at 500 MHz in CDCI,
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The stereochemistry of compound was also ascertained by NOE difference

measurement and also with the studies of NOESY-NMR spectrum. Clear

NOESY interaction were observed belwcecn the proton at 5 5.98 (H-3), 8 3.02

(H-5) and 8 1.27 (CHj-15) conformed that protons at these position were

occupied the same side of the molecule. Other NOESY interactions were

determined in the ester side chain as in between CHj-5' and H-3' protons at 8

1 .6 and 8 4.25 respectively.

The lack of NOESY interaction between CHj-14 (8 0.98) and CH3-15 (8 1.27)

indicated that the orientation of both methyls were opposite with respect to

each other which was also proved by absence of NOE effect between these two

methyl groups, as when CH3-14 (8 0.98) irradiated, no NOE enhancement at 8

1.27 (CH3-15) signal was observed. While 8.9% NOE on H-3 (8 5.98), 4%

NOE on 11-6 (8 6.98) and 3.8% on the ClIj-13) (8 1.43) were observed when

Cl T.i-15 (5 1.27) was irradiated, which clearly showed the orientation of these

proton in the molecule as they were situated at the same side of the molecule.

The above asssignment led to the conclusion that the isolated 3-chloro-2-

hydroxy-3-epi-arguticinin (5) is a new dicstcr. It was also the epimer of

compund-3 at position 4 The structure 4P-acetoxy-3P-(2'-methyl-2'-hydroxy-

3-chIorobutyrloxy)-1 1-hydroxy)-1 1 -hydroxy-6,7-dehydrocudesmane-8-one

was suggested foiÿ-;acetoxy-3-chloro-2'-hydroxy-3-epi-arguticinin (5) which

was a’new cudesmanc sesquiterpene.
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3.6 Structure Elucidation of

epi-arguticinin (6)

The sesquiterpene mixture were chromatographed by hexane, hexane; CHCIj,

CHCI3, CHCIj, methanol,. MeOH. The compound-6 was separated from this

mixture in chloroform methanol (90:10), and further separated on flash column

with chloroform : methanol (95:05) as mobile phase. The compound was

purified by using small flash silica column chromatography with chloroform. :

methanol (70:30).

The mass, infrared and ultraviolet spectras of compound-6 were identical with

reported spectroscopic data of compound-7 in the literature [92],

The proton nuclear magnetic resonance and ,JC-NMR spectra of compound 6

in CDClj (300 MHz) was very much similar to the reported values [92], The

complete assignments of l3C-NMR are given in Table _.

The stereochemistry at the key points of the molecule has confirmed by NOE

and NOESY NMR spectrum, which was exactly tthe same for the compound

reported in the literature [92].

In order to confirm the structure of diacetoxy-3,-chloro-2’-hydroxy-4-epi-

arguticinin 6, the above spectroscopic data werÿ correlated with the known

values cited in the literature [92], The correlation of the values proved that

compound-6 is a known eudesmane sesquiterpene, which is isolated for the first

time from this plant.

The above obse.\,jion concluded that compound 6, which was eudesmane

3a,4a, 1 1 -trihydroxy-6,7-dehydroeudesman-8-one is a known sesquiterpene.
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Tablc-6

NMR Spectral Data for (6)

Carbon Protonppm ppm

32.30 H-ll '

22.72 H-2 1,51 (2H, m)2
3 74.02 5.92 (1H, d, J=3.0 Hz)H-3
4 80.58 H-4

3.0 (1H, d, J- 2, 1 Hz)48.705 H-5
6,90 (1H. d, J= 2.1 Hz)6 141.16 H-6

7 145.68 H-7
8 199.80 H-8

58.039 H-9 2,32 (2H, db, 2,4 Hz)

39.0110 H-10
1 1 71.03 H-l I
12 28.78 H-l 2 1.43 (3H, s)

13 29.30 H-l 3 1.44 (311, s)

16.3114 H-l 4 0.98 (3H, s)

15 18.01 H-l 5 (3H, s)

C-t’ 172.79 H-l’
C-2’ 71.72 11-2’
C-3’ 62. 1 I H-3’ 4,24 (IH, q, J= 6,60 Hz)

C-4’ 18.21 H-4’ 1.54 (3H, d, J=6.6Hz)

C-5’ 22.87 H-5’ 1.50 (3H, s)
QCQCH.i 169.41
OCQCHj 22.09 77-OAc 1.96 (3H, s

l3C-NMR was recorded at 100.6 MHz in CDClj
'H-NMR was recorded at 300 MHz in CDClj

i



112

3.7 Structure Elucidation of . -4- ;ace(oxy-3'-cliluro-2'-Iiyciroxy- -
arguticinin (7)

The compound 7 was also obtained from simple column chromatography of

ethyl acetate soluble portion of the plant extract. Compound 7 was eluted as

yellow colour gummy material with chloroform : methanol (70:30) by repeated

flash column chromatography It gave positive test with Ehrlich reagent. This

compound was also optically active, having [a]i>29 = 17.52 (c=0.2, CHClj) and

was soluble in methanol as well as in chloroform.

In the field desorption mass spectrum compound-7 exhibited a molecular ion

peak at m/z 444 with an isotopic peak at m/z 446 (C22H33O7CI). The mass,

infrared and ultraviolet spectra as given in experimental section are identical

with previously isolated compound (diacetoxy-3’-chloro-2’-hydroxy arguticinin

froiyi the ether soluble extract of the plant Pluchea arguta during previous

work [96],

The 1R spectrum at 3500 (OH),, 1730 (a,p,-unsaturated ketone and 1660 cm

The 'H-NMR spectral data and lJC-NMR spectroscopy further proved the

structure of the compound by comparison of spectroscopic data with known

compound [96],

The NOESY, NMR and NOE spectra were used to confirm the

stereochemistry of the compound.

All the above spectroscopic information proved that compound 7, is 4P-
aceffcoxy-3a-(2'-methy]-2'-hydroxy-3'-chbro-butyryloxy)-l 1-hydroxy-6,.7-

dehydrocudesmane-8-onc. It is a known eudesman sesquiterpene isolated from

the plant Pluchea arguta during previous work [96],
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Table-7

NMR Spectral Data Tor diaccloxy-3'-cldoro-2'-liydroxy nrguticiiiin (7)

ProtonCarbon ppm PPin

32.41 H-l1
1.57 (2H, m)H-22 22.85

5.92 (1H, t, J=4.0 Hz)73.98 H-33

81 59 H-44
3,01 (1H, d, J= 2,2 Hz)48.6 H-55
6,89 ( 1 H, d, J= 2.2 Hz)6 141.22 H-6

H-77 145.40
200.07 H-88

9 57.94 H-9
10 39.14 H-10

I I 76.76 H-l I
29.27 1.45 (3H. s)12 H-l 2

13 28.57 1.44 (3H, s)II-13

18.01M H- 14 1.00 (3H, s)

15 18.92 II- 1 5 1 38 (3H, s)

c-r 172.92 11-1’
C-2’ 71.93 H-2’
C-3’ 62.13 H-3’ 4,25 ( 1 H, q, J~ 6 0 Hz)

1.55 (3H, d, J= 6,6 Hz)C-4’ 18.19 H-4’
C-5’ 22.19 II-5’
OCOCH3 169 19
OCOCH, 21 65 H-OAc 1.97 (3H, s

'"C-NMR was recorded at 100.6 MHz in CDCI3
'II-NMR was recorded at 300 MIIz in CDCI3

I

1
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3.8 Structure Elucidation of (p-Taraxastcryl acetate (Pseudo
taraxastcryl acetate (3p-ace(oxy-18aH,19a-urs-20-ene)
(8)

This compound was also isolated from ethyl acetate extract of the plant.

(Plucheci argenta). The residue obtained after evaporative of this extract was

chromai tographed on silica gel column chromatography with hexane, hexane :

chloroform in different ratios and with pure chloroform as the solvent used in

mbbile phase. When the column was eluted with pure chloroform, it furnished

campound-8. Further purification of the compound was done by repeated
i

column chromatography using flash silical The purity of compound was

checked on high performance liquid chromatographic plates (HPTLC). The

compound was soluble in chloroform as well as in methanol. It was also

obtained as yellow gum. It gave violet colouration with ceric sulphate.

The field desorption mass spectrum gave a peak at m/z 468, the high resolution

mass spectrum also showed molecular ion peak at m/z 468.3995 corresponding

to the molecular formula CuHÿCÿ. The IR spectrum revealed the presence of

acetate groups as it showed a band at 1725 cm'1 and 1320 cm'1, another

stretching band were observed 1640 at 880 cm'1 indicated the presence of

endocyclic double bond in the molecule.

The 'H-NMR (CDCI3, 400 MHz) exhibited a double doublet at 6 4.45 with

coupling constant 9.9 Hz for axial-axial coupling of H-3 and 3.9 Hz for axial

equatorial coupling of this proton which confirmed the equatorial position of
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acetoxy group at C-3. A singlet appeared at 5 2.08 suggested for the methyl of

acetoxy group.

The 'H-NMR showed nine methyl groups signals in which one was secondary

methyl signal appeared at 5 0.97 assigned for CHJ-29 and other methyl group

signal observed at 8 0.37, 0.88, 0.97, 0.92, 1.01, 1.02 respectively assigned for

methyl-2, 25, 29, 26, 23, 27 respectively.

The mass spectrum of compound-8 exhibited fragmentation pattern of

pcntacyclic taraxastane type triterpenc with saturation in the ring A,B,C and D

[99-100],

The I3C-NMR (CDCIJ, 100 MHz) showed thirty two carbon atoms signal and

the DEPT experimental revealed the presence of nine methyl, nine methylene

and seven methine carbon.

The compound-8 was identified as <p-taraxsteryl acetate through direct

comparison of physical constant and spectral data wih those reported in the

literature [101-102



'

'

4.0 EXPERIMENTAL

i
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4.1 General Note

The column chromatography was performed on silica gel 60 (70-230 mesh, E.

Merck), while coated aluminium cards (E. Merckhe column chromatography

was performed on silica 60 (70-230 mesh, E. Merck), while for thin layer

chromatography (TLC) silica gele F254 precoated aluminium cards (E. Merck)

was used. For confirming the purity of the samples, high pet rformance thin

lay$r chromatography (HPTLC) silica gel 60, F2j4 precoated glass plat' es

(nano lie, E. Merck) were used. Solvents used for different chromatographic

purposes were mostly 'analytical grade of E. Merck.

Flash column chromatography was performed, using silica gel 60, 230-400

mesh size (E. Merck).

The; mass spectra were measured on Varian MAT-112 and MATO12

spectrometers connected to MAT-188 data system and PDP 1 1/34 computer

system. Optical rotations were measured on pdlatronic-D polarimeter.

The ultra violet (UV) spectra were scanned on Shimadzu UV-240

spectrophotometer and the infra-red'(I.R) spectra were recorded on JASCO A-

302 spectrophotometer.

The 'H and nC-NMR were scanned on Bruker AM-300, Bruker AM-400 and

Bruker AM-500 Nuclear Magnetic Resonance Spectrometer.1
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The melting points of a solid crystalline compound was determined on

Gallenkamp melting point apparatus.

The sesquiterpene were detected on the plate with the help of UV lamp (254

nm) while one of them was not absorbed, Ultraviolet light and could only be

detected by spraying ceric reagent (100 ml solution of 10% H2SO4 in water

added in l gm ofCeSO.i).

Ehrlich reagent have also been used and spot or indication of compound on

TLC plates were observed when healed at I00°C after spraying with reagent.

Most of them gave purplish pink and violet colour. Some time in some

compound blue colour was also observed.

Ehrlich reagent 25 ml 36% of HCI + 75 ml MeOH + one gram of 4-

(dimethylamino)-benzal.dehyde [99],

4.2 Plant Material

The fresh plants material of Pluchea arguta Boiss. was collected from Karachi

region in the month of August. The idenlilication and authentication of plant

material was canicd out by taxonomist of Botany Department, University of

Karachi.
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4.3 Method of Extraction and Isolation

The fresh plant material of Plucheii avguta Boiss (20 kg) was crushed, soaked

in hexane and homogenized with an Ultra Turrax homogenizer and the

homogenate was kept at room temperature for about 1 5 days. After removal of

hexane extract (twice) from the homogenized material of Pluchea. argtila, the

plant was soaked in distilled ethanol and kept for 15 days at room temperature.

The ethnnolic extract was taken and the solvent was removed in vacuo, the

re sidue obtained was extracted with ether. The hexane and ether fractions

were already investigated by Miss Kaniz Pizza and Mr Tanveer Ahmed

Farooqui [86,87], The ether insoluble portion was partitioned with ethyl

acetate and water. The ethyl acetate layer was separated and the aqueous phase

was further extracted with ethyl acetate. The ethyl acetate-soluble portion was

evaporated in the rotary evaporator. The gummy residue (20 gm) was

chromatographed on a large silica gel column and eluted with hexane, hexane :

chloroform mixtures, chloroform and chloroform methanol mixture by

gradually increasing the polarity of mobile phase. 1'hc lion-polar fraction

obtained mostly contained kqown trilerpenes and sesquiterpenes, which were

already rcp -orled in literature.

;

4.4 Crude Scsquiterpcnie Mixture

The fractions, which were eluted with chloroform, chloroform-methanol, gave

positive test of sesquiterpene by Ehrlich's reagent. These fractions were

separately chromatographed by Hash columnn chromatography using mixture
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of hexane-chloroform, chloroform, chloroform-methanol ns mobile phase. 'I'lic

fractions obtained by column chromatography using flash silica of 230-400

mesh size (E. Merck), were purified by repeated column chromatography. The

isolation process of individual sesquiterpene is mentioned separately with each

compound.



122

4.5 Isolation of 4,5-cp!-Cryj)tomcri(IioI (1)

4,5-Epi-ciyplomcridiol (I) was isolated from EtOAc1soluble portion. After the

plant was extracted from hexane three times, it was soaked in distilled '

methanol. The residue was oblainced after removing MeOH in vacuo. The

residue obtained was extracted with ether. The ether insoluble portion was

evaporated in the rotary evaporator and partioned between EtOAc and HjO.

The EtOAc layer was separated and the residue was chromatographed on a

silica gel column chromatography by using hexane, hexane:chloroform,

chloroform and MeOH as mobile phase. The compouund 1 was eluted in pure

chloroform by repealed column chromatography using flash column’s silica as a

stationary phase.

4,5-epi-Cryptomeridiol-(I) thus obtained (40 mg) was crystallized from

methanol as white crystals, melted at I04’’C; the purity was confirmed on TLC

and. HPTLC chloroform-methanol, (95:05). The isolated pure 4,5-epi-

cryptomeridiol (1) vvas soluble in chloroform as well as in methanol.

Compound l was optically active, and has [a]o29 + 66.66 (c=O.OI5 CHClj).

Biological activity

Preliminary screening of compound-1 exhibited significant antibacterial activity

against Klebsiella ozaenoe Proteus vulgaris and Streptococcus lactis.
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4.5 Cliiir:iclcriz:t(ion «r4,5-c|)i-Cry|)tonicridiol (1)

UV (MeOH): Xm„ 273 nm (log e 4.26)

1R (KBf): vnm 3500 (OH). 1385 (gen? dimethyl) cm’1.'

'H-NMR (CDCIx, 400 MHz): 5 0.89 (s, 3xH-l4), 1..08 (s. 3xH-15), 1.15 (m,

2xH-l), 1.26 (s. 3xH-12), 1.27 (s. 3xH-l3), 1.34 (m, 2xH-3), 1.48-1.52 (m,

2xH-2), 1.63 (dd, Jifia = 5.2 Hz. = M .0 Hz, H-5), 1.65 (m, H-7), 1.72 (tn,

2xH-8), 1.78 (m, 2xH-9), 2.01 (in. H-6a) and 2.05 (m, H-6p).

,}C-NMR (CDCIj, 100.64 MHz): 6 C-l) 41.47 (2) 20.28 (3) 43.65 (4) 72.65

(5) 48.84 (6) 20.69 (7) 41.98 (8) 21.40 (9) 41.65 (10) 34.34 (1 1) 74.7 (12)

29.54 (13)29.84 (14) 18.66 (1,5) 21.95).

EIMS: m/z (rcl.intensity %) 204 [(M-2H20)]‘ (24), 189 [M-2H20-Me]' (21),,

163 [Me2COHJ* (10), 149 [M-GH,,©*]’ (100),' 135 [M-CjHÿOz] (30).

Positive FARMS: m/z 241; FDMS m/z 222

HRMS: m/z (rel.int. %) 222.1985 (60) (ealed. 222.1983, CuHzeO).
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4.6 Isolation of l’luchnrgutin (2)

Fractions obtained from silica gel column chromatography of ethyl acetate

extract using hexane, chloroform; chloroform-McOH (80:20) as eluant which

contained closely moving sesquiterpenes were combined, concentrated and

repeatedly chromatographed by flash column chromatography with

chloioformnn : MeOH (70:30) as eluant, furnished PIuchargutin-2. It was

isolated (17.0 mg) as light yellow gum, soluble in chloroform as well as in

methanol. The purity of compound was checked on high performance thin layer

chromatography. The compound possess chiral centers, and have [<X]D29 = -
83.30 (c=0.12, CHClj).

Biological Activity

Preliminary screening of compound-2 showed significant antibacterial activity

against Klebsiella ozaenoe, Proteus vulgaris, S. pyogenes and li. anthracis.

i.
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4.6 Characterization of Pliicliargutin (2)

UV (MeOH)ÿ,„: 237 nm (log ).

IK (CHCI.,)W. 3400 (OH), 2850 (OH), 1725 (C=0, ester) and 1650 cm-1

(a,P-unsaturated ketone).

'II-NMR (CDCIj, 500 MHz): 6 0.98 (s, 3xH-l4), 1.22 (t, 7= 1.7 Hz, 2xH-l),

1.25 (s, 3xH-l5), 1.42 (s, 3xH-l2), 1.43 (s. 3xH-13), 1.48 (s, 3xH-5’), 1.49 (d,

J- 9.0 Hz, 3x11-4'), 1.55 (m, 2.\H-2), 2.65 and 2.80 (dd, 2x11 , J= 15.5 Hz.

each 2x11-9), 2.74 (d, J= 2.0 Hz, H-5). 4.25 (q. J= 6.05 Hz, 11-3'), 5.05 (dd,

- 3.8 1 Iz and Jx,,,*,53 9. 1 Hz. 1 i-3).

IJC-NMR (CDCI.A, 100 MHz). 5 C-l) 32.86 (2) 23.74 (3) 78.05 (4) 71.41 (5)

50.12 (6) 142.19 (7) 145.09 (8) 199.89 (9) 57.28 (10) 39.09 (11) 71.14 (12)

28.61 (13) 29.39 (14) 18.00 (15) 22.68 (!') 174.08 (2*) 72.04 (3') 62.55 (4')

18.01 (5’) 23.20.

KIMS': m/z (tcl.inl %) 384 l(M-II2OJ' (13), 369 [M-Me-H20]' (99), 235 [M-

RCOOH-Mc] (100), 217 [M-RCOOI 1-Me-H20] (40), 149 (C„,HnO]‘ (90).

FDMS: m/z 402 [C2(>H,„<V5Cl, 35%] m/z 404. 1 806 [C20H3,(V7CI]M+2.

HUMS: m/z (iel.ini. %). 402.1782 (32) (ealed. 402.1799, C2»I1.„06,5CI) and

404.1813 (18) (calcd. 404.1806, C2),H„Or,J7CI).
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4.7 Isolation ofy:tcetoxy-3,4-di-epi-3‘-cIiloro-2'-
Iiydroxyarguticinin (3)

Fraction obtained from silica gel column chromatography of crude ethyl acetate

(EtOAc) extract using chloroform, methanol (90:10), as eluant, which

contained closely moving sesquiterpenes were combined, concentrated, and

repeattfdiy chromatographed by flash column chromatography with chloroform,

chloroform : methanol in different ratio, chloroform : methanol (70;30) as a

mobile phase, furnished 3,4-di-epi-3'-chloro-2'-hydroxy-arguticinin (3). It

(23.05 mg) was isolated as light yellow gum and soluble in chloroform as well

as in methanol. It ,Kas chiral centres and was also a asymmetric molecule

having optical rotation [cx]»25 = + 235°(c=0.017., CI'IClj).

Biological activity

Preliminary screening of compound-3 showed antibacterial activity against

Shigella boyilii, Staphylococcus aureus, Klebsiella preumorial and

Escherichia coli.
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4.7 , Characterization of diaccloxy-3,4-di-<cpi-3'-cIiloro-2'-
hydroxyarguticinin (3)

UV (MeOH)A.„,lv 234 nm

IR (CHCI,)vnl„: 3350 (OH), 1725 (C=0, ester) and 1655 (a,p-unsaturated

ketone), 1370 and 1130 cm
i

'lI-NIMR (CDCk 300 Mliz): 5 1,00 (s. 3x!M4), 1.29 (s, 3x11-15), 1.41 (s,

3xH-12), 1.44 (s, 3xH-I3), 1.49 (s, 3xH-5’), 1.57 (m, 2xH-2), 1.58 (d, 7= 6.6

Hz,. 3xH-4‘), 1.95 (s, 3xH-OCOCH3), 2.03 (d, 7= 2.5 Hz, 2xH-9), 3.02 (d, 7=

3.0 Hz, H-5), 4.25 (q, 7= 6.0 Hz, H-3'), 5.93 (dd, J3.x.2c, = 6.0 Hz) and (J3„.2„

= 9. 1 Hz). 6.90 (d, J= 3.00, H-6).

'•’C-N1V1R (CDCU. 100.6 MHz): 5 C-l) 32.48 (2) 22.74 (3) 77.23 (4) 81.58

(5) 48.79 (6) 141.1 1 (7) 145.68 (8) 199.89 (9) 58.05 (10) 39.19 (II) 73.94

(12) 28.78 (13) 29.33 (14) 18.02 (15) 18.95 (!’) 172.98 (2') 71.74 (3') 62.13

(4') 18.23 (5‘) 23.07, 169.09 (CH.,COO), 22.74 (ClI3COO).

EIMS: m/z (rele.int. %): 369 (M-HOAC-Mej* (96), 333 [M-HOAc-Me-Cl]‘

(18%), 235 [M-Ac-RCOO-Me]* (90), 217 [M-HOAc-RCOOH-Me]* (40), 233

|M-C,H,.0>C!-AC-Mc| (50). 149 [M-Cf.nM,02Cll ( 10), 1 19, 95, 83, 57.

FDMS: m/z 444 (C22H.UO7CI) [M*J, 445 (M‘+l), 446 (M'+2).

11RMS: m/z 444.1892 (40) (C22H.WO7CI), 369 (95). (ealed. 369.1499 for

CI9H2603CI) [M-CH,COOH-CH3]\ 235 (CUH19OJ. ealed. 235.1332) [Mr

(0H)-CH3C00-C2H603CI]' .
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4.8 Isolation of 3,4-di- epi-odonticinin (4)

The identical fraction of sesquiterpenes obtained from column chromatography

with chloroform MeOIl (80.20) were combined and rechromatographed on a

small column of silica gel using hexane, chloroform, chloroform + methanol as

eluant, by increasing polarity. This column chromatography furnished similar

fractions of sesquilerpenic mixture. These fractions were combined and again

chromatographed on flash column using chloroform, chloroform : methanol

(80:20) as mobile phase. The fractions, which gave positive test of

sesquiterpene without streaking, were again combined and further purified by

using column chromatography on a small column. Pure compound 4 was eluted

with chloroform - methanol (70:30) as eluent. The purity of odonticinin-4 was

confirmed on the HPTLC (chloroform, methanol 90:10). The compound 4 was

soluble in chloroform as well as in mcthanpl. The compound was optically

active having [a]025 = 160 (c=0.025, CHCI,). •
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Cluirncteriznlion of 3,4-di-cpi-Odoiidiciniii (4)4.8

l!V (MeOH)Xn„,: 238 nm.

1R (CHCK)vn,„: 3500 (OH), 1725 (C=0, ester), 1645 (a,P-unsaturated

ketone) cm'1.

'Il-NMR (CDCIj, 500 MHz): 5 0.92 (s, 3x11-14), 1.19 (s, 3xH-l5), 1.24 (m,

2xH-l), 1.31 (s, 3x11-5'), 1.35 (in, 2x11-2), 1.41 (s, 3x11-12), 1.42 (s, 3xH-!3),

l.?5 (d, 7.0 Hz, 3xH~4'), 2.67 (s, br. 2x11-9), 2.84 (cl, J= 2.00 Hz, H-5).

3.95 (q, J= 7.5 Hz, H-3’), 5.10 (dd, J,„.2„ = 8.40 Hz, H-3), and (J,„.2«q = 3.50

Hz, H-3), 7.02 (d. J--= 2.00 Hz, H-6).

,3C-NMR (CDCl.i, 100.6 MHz): 5 C-l) 29'.69 (2) 25.81 (3) 77.23 (4) 72.48

(5) 48.89 (6) 143.28 (7) 14,4.94 (8), 201.21 (9). 57.76 (4.0) 39.14 (II) 70.16

(12)28.78 (13) 29.36 (14) 16.42(15) 17.78 C-l’) 175.36 (2) 73.5 1 (3') 72.35

(4‘) 21.43 (.V) 22 41

EIMS: m/z (rcl.inl. %) 384 (C2ljllj207) (15), 235 (CuHÿOj) [M'-side chain-

Me-H201 (base peak) (100), 217 [M‘-base peak-H20) (50).

FDMS: m/z 384 (C2(,H.,207) (29%).

I1RMS m/z (rel. int. %): 384.2183 (C2oH,207, calcd. 384.2210).
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4.9 Isolation ofÿ-'acetoxy-3’Chloio-2'-liydroxy-3-
epinrgulicinin (5)

Silica gel column chromatography of crude ethyl acetate extracts witli

chloroform : methanol (80:20) afforded fractions contains a mixture of

sesquiterpenes. This mixture was subjected to repealed flash column

chromatography, with chloroform, methanol (90:10) as eluent, the last few

fractions furnished compound 5, which was given the name 3'-chIoro-2'-

hydroxy-3-epi-arguticinin as it was the epimer of compound-3 at C-4. The

purity of compound 5 was confirmed on TLC and HPTLC using chloroform,

methanol (90:10) as mobile phase. Compound 5 has [a]u2S = 220 (C=0.0I3,

CHClj) showed that it was optically active and possess chiral centres, the pure

3'-chloro-2Miydroxy-3-epi-argulicinin was soluble in chloroform as well as

methanol.
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4.9 Characterization of Lj-acetoxy-3-Chloro-2-hydroxy-3-epi-
arguticiiiin (5)

UV (MeOH): 237 nm.

IR (CHCI.i):vnwx 3400 (OH). 1725 (ester, C=0), 1665 (a.p-unsaturated

ketone) cm'1.

i II-NMR (CDCl.i, 300 MHz): 5 0.98 (s, 3x11-14), 1.27 (s, 3x11-15), 1.40 (s,

3xH-13), 1.43 (s, 3xH-12), 1.57 (d, J= 6.6 Hz, 3xH-4'); 1.60 (s, 3xH-5’), 1.95

(s, 3xlI-OCOC//j), 3.0 (d, J= 3.0, H-5), 4.25 (tj, .1= 6.0 Hz. H-3), 5.98 (dd, J=

8.9, 5.98 Hz), 6.89 (d, J= 2 91 Hz, H-6).

"C-NMU: 8 C-l) 30.62 (2) 26.02 (.1) 78.01 (4) 80.01 (5) 48.00 (6) 141.01 (7)

145.6 (8) 198 89 (9) 57.76 (10) 39.14 (11) 73.91 (12) 28.78 (13) 29.91 (14)

18.00 (15) 18 61 (1*) 173.98 (2’) 71.74 (3') 62.74 (41) 18.50 (51) 23.89, 179.09

(OCOCHi), 22.71 (OCOCH,)

EIIMS: in/z (rel. int. %): 369 [M-HOAc-Me]’ (89), 371 [M-HoAc-Me]‘ (50),

235 [M-Ac-RCOO-Me]' (90), 217 [M-HOAc-RCOOH-Me]* (95), 135

(MeCHCl ClOl lMc C=0]‘ (20). 149 [M-CfiHn.OÿCl]* (17). 119, 107, 109, 95,

57.

FDMS: m/z (reie. int. %): nv'z 444 (C22H3,07 C!) (80), [M’J, 446 (M‘+2) (50).

HRMS: m/z (rel.int. %) 444.1902 (CzzHÿCl) (40), 369 (C19H2»OjCI)

(calcd. 369.1590, CÿHMOJCI), 235 (C,.,H,903, calcd. 235.1332).



132

4.10 Isolation of tj-,acetoxy-3'-c!iloro-2'-liydroxy-4-epi-
arguticinin (6)

The crude sesquiterpenic mixture obtained from column chromatography by

chloroform - methanol (90.10) was chromatographed again on Hash column

chromatography (95:05), chloroform-methanol as mobile phase. The first few

fractions gave positive test of sesquiterpene with Ehlrich’s reagent. These

fractions were concentrated in vacuum. The small amount of the compound

was purified and obtained as major sesquiterpene. The purification of the

compound was carried out by using flash column chromatography in

chloroform . methanol (70:30) as mobile phase. The purity of compound was

confirmed on TLC and of HPTLC (chloroform : methanol 90:10). The isolated

pure compound (6) was optically active and have [a]u25 = 20 (c=0.1, CHClj).
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4.10 ClianictiTizatioii of «liacc(o*y-3,-cIiloro-2’-liy<Iroxy-4-cpi-
argiiticiuin (6)

UV (MeOH)Xm,,: 238 nm.

IR, (CHCI3)vnl„: 3350 (OH), 1725 (C=0, ester), 1650 (cx,p-unsaturatcd

ketone).

i H-jNMR (CDCIj, 300 MHz): 5 0.98 (s, 3xH-14), 1.36 (s, 3xH-15), 1.42 (s,

3xH-I3), 1.43 (s, 3xH-l2), 1.50 (s, 3xH-5'), 1.51 (rh, 2xH-2), 1.54 (d, J= 6.6

Hz, 3xH-4‘), 1.96 (s, 3x11, OCOC//j), 2.32 (d. J= 2.4 Hz, 2x11-9), 3.00 (d. J=

2.1 Hz, H-5), 4.24 (q, J- 6.60 Hz, H-3'), 5.92 (l, 3.0 Hz, H-3), 7.02 (d, J=2.0

Hz, H-6).

I3C-NMR: 5 C-1) 32.30 (2) 22.72 (3) 74 02 ( I) X I r>K < S) 48 70 (i>) I II l(» (7)

145.68 (8) 199.88 (9) 58.04 (10) 39.15 (11) 71.03 (12) 27.78 (13) 29.32 (I I)

16.31 (15) 18.02 C-l') 172.29 (21) 71.72 (3’) 62.11 (41) 18.21 (5') 22.87,

169.41 (OCOCH3), 22.09 (OCOCHj). '

EIMS: m/z (rel.int. %) 444 [M*J 369, 371 [MÿHOAc-Me]‘ (100, 36), 235 (M-

Ac-RCOO-MeJ’ (90), 217 [M-HOAc-RCOOH-Me]' (40), 135 [MeCHClc

(OH) MeCO]' (10), 107 [MeOH Cl (OH Me*J (30).

FDMS 111/z. 444; Hi ms m/z (rcl.inl. %) 444.1892 (C22HO7CI), 369 (calcd.

369.1466, CwH»0sCI) (7), 217 [M-RCOOI I-MC-H2OJ' (48), 235 [M-

RCOOH-me]* (100).
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4.11 Isolation of (7)

Fraction obtained from silica gel column chromatography of ethyl acetate extract

using chloroform, methano.I (80:20) as eluant, which contained closely moving

sesquiterpenes were combined and concentrated, find repeatidly chromatographed

by flash column chromatography using chloroform : methanol (70:30) as eluent,

furnished compound (7).

Compound (7) was soluble in chloroform as well as methanol and possesses chiral

centres, and has [a]u2’= 17.52 (C=0.2, CHClj).
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4.11 'Chsirnctcmufion ofÿ-i»cctoxy-3’-cli!oro-2-hydroxy argiiticinin (7)

UV (MeOH)X,w 238 nm.

IR (CHClj): vm„ 3500 (OH), 1730 (C=0, ester), 1660 cm'1 (a,p-unsaturated

ketone) cm'1.

'll-NMR (CDCIj. 300 MHz): 51.00 (s, 3xH-14), 1.38 (s, 3xH-15), 1.44 (s,

3xH-13), 1.45 (s, 3x11-12), 1.55 (d, J= 6.0 Hz, 3xH-4’), 1.57 (m, 2xH-2), 3.01

(d, J= 2.2 Hz, H-5), 4.25 (q, J= 6.0 Hz, H-3’), 5.92 (t, J= 4.0 Hz, H-3), 6.89

(d, J= 2.7. Hz, H-6).

'ÿ’C-NIVIR (CDCl.x, ,100.6 Ml lz): 5 C-l) 32.41 (2) 22.85 (3) 73.98 (4) 81.59

(5) 48.6 (6) 141.22 (7) 145.40 (8) 200.07 (9) 57.94 (10) 39. 14 (I I) 76.76 (12)

29.27 (13) 28.57 (14) 18.01 (18) 18.92 (I*) 172.92 (21) 71.93 (3‘) 62.13 (4’)

1 8.19 (5') 22.19, 169.29 (OC'OCHj), 2 1 .75 (OCOC'H,).

i
:
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4.12 Isolation of (p-Taraxastcryl acetate (8)

A fraction obtained by eluting the column with hexane, chloroform : hexane by

changing polarity of the solvents and then finally with chloroform. The

chloroform when used as mobile phase. It eluted compound-8 when this

fraction was checked on tic plate, it gave three spots, two of them gave

positive test with Ehrlich’s reagent while one showed violet color when

sprayed and healed with ceric reagent. It was subjected to further column

chromatography to purify the compound. Repeated column chromatography

resulted the isolation of the compound-8, when column was running in

chloroform. The purity of the compound was bhccked by tic and HPTiC in

(1.5:8.5) methanol and chloroform. The compound was obtained as yellow

gum and was optically active and showed [a]D: 53° in (CHClj).



137

!

4.12 Characterization of cp-Taraxastcrÿl acetate (8)

IR (CHClj), 1725 (acetate, C=0), 1320 (C-O), 1640 and 880 (endocyclic

dou'ble bond) cm'1.

'II-NMR (CDCIj, 400 MHz): 6 4.56 (s, 3xH-3.0), 4.45 (dd, = 9.9 Hz,

JiKe, =3.9 Hz), 2.08 (s, OCOC//,). 1.02 (s, 3xH-27), 1.01 (a, 3xH-23), 1.0 (s,

3xH-26), 0.97 (d, J= 7.0 Hz, 3xH-29), 0.88 (s, 3xH-25), 0.87 (s, 3xH-24).

I3C-NMR (CDCIJ, 100 MHz). 5 C-l) 38.46 (2) 23.70 (3), 81.0 (4) 37.8 (5)

55.46 (6) 18.19 (7) 34.39 (8) 39.12 (9) 50.2 (10) 37.03 (11) 21.62 (12) 27.0

(13) 39.34 (14) 42.18 (15) 27.6 (16) 36.7 (17) 34.7 (18) 14.87 (19) 42.2 (20)

139.9(21) 118.9(22)36.7(23)27.95 (24) 16.5 (25) 16.05 (26) 16.3 (27) 14.7

(28) 21.47 (29) 17.7 (30) 22.5 COCl ij, 171.0, COOCHj 22.5

KIMS: m/z (rel. int %) 468 (M\ C,2IIs202 (15), 469 (M‘ I) (9), 408 (M’-Me-

C2H402) (7). 386 (M'-Cr,H,o-2-Me) (6), 189 (M'-CÿHÿ-CzHnOz-CsHÿ) (18),

230 (100), 135, 109, 107, 69,95.

FDMS: m/z 468 (M*, CJZHJZOJ) (90).

1IRMS: m/z 468 (CJ2H5202) (ealed. 468.3995, C,2H5202).
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Pliytochcmical Studies on Pluchea lanceolata

1.1 INTRODUCTION

Pluchea laneolala (Oliver and Hiern.) belongs to family Compositae. It is an

erect under sbrub, hoary with ashy pubescence 40-90 cm tall, branched, leaves

oblong, pappus having connection at the base.

It is found in India, W. Pakistan, Afghanistan and N. Africa. In Karachi, it

grows in Clifton sand near the Sea on sandy and saline ground. This plant is

used in the Ayurvedic system of medicine. It is laxative, an analgesic, an

antipyretic and a nerve tonic and for the treatment of rheumatism, dyspepsia

and bronchitis [104], [

Preliminary, pharmacological investigation with the water-soluble fractions of

ethanolic extract of the whole plant of Pluchea lanceolala was done by Prasad

el al [105-106], The biological importance of the Pluchea lanceolala has

already been described in the medicinal importance of Pluchea section.

Dasgupla has reported the isolation of ft-Sitosterol, acetyl choline chloride and

a quaternary base from Pluchea lanceolala (Olive and Hiern.) [107], Later on

quercetin and isorhamnetin vvere also reported from the same genus [108],

The whole plant of Pluchea lanceolala was collected from the sandy place near

the sea of Karachi and was identified from the department of Botany,

University of Karachi.
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Phytochemical studies on the whole plant of Pinched lanceolata have led to the

isolation of known compounds, P-sitosterol (9) and some hydrocarbons, the

isolation of known compound propyl 4-hydroxy benzoate (10), is hereby

reported for the first time from this plant.

i
;
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1.2 Structure Elucidation of (3-Sitosterol (9)
|24(U)-Sligmasl-5-cn-3p-ol| (9)

Compound-9 was obtained as colourless shiny crystals from llie hexane fraction

eluted with hexane-chloroform (3:1), m.p. 136-137° after crystallization from

methanol. It is&rluble in chloroform as well as in methanol.

The high resolution mass spectrum (I1RMS) of compound-9 showed the

molecular ion peak at 414.3921 consistent with molecular formula C22HjoO

(ealed. 414.3861).

Major ion peaks were at m/z 399 [M-Me]+, 369 [M-H20]+, 38 1 [M-H20-Me]‘

and 303 [M-H20-C7H9]' which were characteristic for sterol with double bond

at C-5 [109],

The infrared spectrum showed bands at 3450 cm'1 (hydroxyl) and 3050, 1650

and 815 cm'1 (irisuhstitutcd double bond).

In the electron impact mass spectrum of 9, besides molecular ion peak at m/z

414, the major fragment ion peaks were recorded at m/z 399 (M-Me)*, 369

(M-H20)‘, 381 (M-H20-Me)‘. Other abundant ion peaks were observed at m/z

(M-CJI MIJO)’ and 303 (MÿHJ-MJO)1, which were characteristic for sterol

with double bond at C-5 [NO]. The presence of ion peaks at m/z 273 and 255

corresponding to (M-sidc chain)' and (M-side chuin-HzO)\ respectively. The

mass fragmentation pallernas well as the ,5C and ’ll-NMR data showed

identity of 9 with (3-sitosterol [111]. It was further confirmed through co-tlc

and mixed melting point with authentic sample of p-sitosterol [112],
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1.3 Structure Elucidation of Propyl 4-liydroxy benzoate (10)

The compound-10 was isolated from hexane fraction by using column

chromatography. The elution with hexane : chlotoform (1: l), using flash silica

column chromatography. The isolation scheme is given in the experimental

section.

The IR of compound-10 showed absorption bands at 1700 cm'1 (ester group),

3300 (phenolic hydroxyl group) cm.

The electron impact mass spectrum of the compound-10 showed the molecular

ion peak at m/z 180 with an isotopic peak at m/z 181 corresponding to the

molecular formula CioHÿO.x (ealed. 180.9888). Other significant ions of the

mass spectrum appeared at m/z 103 (M‘-17), due to the loss of hydroxyl group

from the molecule; another important fragment appeared at m/z 138 (80%) by

the loss of propyl group. The base peak appeared at m/z 121 (M‘-CJH70)

(100%). The RIMS also showed n peak at m/z 93 (60%) which was due to the

loss of propyl ester attached to the benzene ring.

The high resolution mass spectrum gave an exact peak at m/z 180.0790 while

calculated mass of the compound was also 180.9888 indicating the molecular

formula Ci«I IÿOi fhc I'AB positive mass spectrum gave a peak at m/z 181

which also confirmed the molecular formula of the compound was CIOHÿOJ.

Library search showed that the mass spectral data was similar to those reported

for the ester [113],

I
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The 'infrared spectrum (CHClj) of the compound exhibited hands at 3300

(olefinic hydroxyl), 169,0 (ester OO) and 1585 (C-H, benzene) cm'1.

The UV spectrum (MeOH) showed a maxima at 198 nm, indicating the

presence of benzene ring in the compound, another absorption band appeared

at 253 due to the presence of ester group in the molecule.

The !H-NMR spectrum (CDCb, 300 MHz) of the compound-10 exhibited a

triplet for the methyl group of propyl side chain at 8 l .01 with coupling

constant 6.3 Hz, another triplet appeared at 5 ;4.21 with coupling constant of

6.6 Hz and 9.6 Hz, indicated that this two proton attached to the carbon

adjacent to acetate group. The multiple! appeared at 5 1.80, suggested for the

central methylene of propyl chain. The proton NMR also showed signals for

two multiple! at 8 6.87 and 8 7.94, assigned to two adjacent proton of benzene

ring respectively.

The I3C-NMR (100.6 MHz, CDCIj) revealed ten carbon signals, an upheld

methyl signal of the propyl side chain appeared at 8 10.52. The two olefinic

carbon signals were observed at 8 115.26 and 131.91 assigned for carbon-2

and carbon-3 of the benzene ring respectively. The signal appeared at 8 123.01

assigned to C-4 to which hydroxyl group was attached.

The UV, IR, 'H-NMR and ‘‘'C-NMR spectra also supported the structure of

compound.
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EXPERIMENTAL

2.0 PLANT MATERIAL

Tlie whole plant (Pluchea lanceolata) (10 kg) was collected from Karachi. The

plant was identified by the Botany Department of the Karachi University.

2.1 EXTRACTION AND PURIFICATION

The whole plant (Phtchea lanceolata) was crushed and soaked in hexane (20L)

for four weeks. The hexane extract was filtered, evaporated to gum,

redissolved in methanol and extracted with hexane. The hexane layer was

extracted and evaporated.

This hexane was subjected to column chromatography using flash silica gel

(230-400 mesh) and the column was eluted with increasing polarities' of

hexane, hexane : chloroform and methanol. The fraction obtained by eluting the

column with hexane : chloroform (1:1) was found to contain compound (p-

sitostcrol). Another fraction which also obtained by eluting the column with the

same solvent ratio, when the fraction was checked on TLC card. It showed two

spots having difference in Rf value which were further purified by using small

flash silica column furnished compound-10 (PropyM-hydroxy benzoate) which

was further purified by passing another small flash, silica column. The

compound was isolated first time from Phtchea lanceolata as a new source.
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2.2 Isolation of (9)

Elution with hexane-chloroform (3:1) gave compound-9 as colourless shiny

crystals which were recrystallized from MeOH, rn.p. 136.5-137°; [a]u - 34.2°

(C=0.1652, CHdj).

Characterization of P-Sitosterol (9)

IR (CHCI.OX™* cm'1: 3450 (hydroxyl), 3050, 1650 and 815 (trisubstituted

double bond).

1 II-NMR (CDCU, 300 MH)5: 1.09 (s, 3H, Me-19), 0.91 (d, 3H, J= 6.5 Hz,

Mc:21), 0.82 (l, 311, J= 6.2 llz, Mc-29), 0.83 (cl, 3H, J= 6.5 llz, Me-26), 0.81

(d, 3H, J= 7.0 Hz, Me-27), 0.69 (s, 3H, Me-18), 5.20 (in, IH, H-6), 3.35 (m,

1H, H-3). .

,3C-NMR (CDC1.,, 75.43 MUz)5: 37.41 (0-1), 31.69 (C-2), 71.90 (C-3),

42.40 (C-4), 140.85 (C-5). 121.90 (C-6), 32.0,7 (C-7), 32.02 (C-8), 50.78 (C-

9), 36.60 (C-10), 21.12 (C-ll), 40.01 (C-12), 42.58 (C-13), 56.78 (C-14),

24.36 (C-15), 28.20 (C-16), 56.23 (C-17), 1 1.90 (C-18), 19.37 (C-19), 36.30

(C-20), 19. 10 (C-2 1), 34.01 (C-22), 29.32 (C-?3), 50.40 (C-24), 26.20 (C-25),

18.90 (C-26), 19.80 (C-27), 23. 10 (C-28) and 1 1.90 (C-29).

11RMS m/z: 414.3921 [M, CÿO]* (ealed. 4 14.3861.

MS m/z: 399 [M-CH*]', 396 [M-H2OJ‘, 381 [M-CH3-H20]+, 303 rM-H20-
CTM,]', 275 IM-ll20-C9ll,,]'.aiul 273 [M-C,0Hi2,]'.
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2.3 Characterization of Propyl-4-liydroxy benzoate (10)

IR (CHCh): vn,ax 3300 (olefinic-OH), 1990 (ester C=0), 1585 (C-H benzene)

cm'1.

UV (McOI l). 253 (osier C=0), 198 (benzene ring) nm.

‘lI-NMR (CDCli, 300 MHz): 8 1.01 (3H. t; 11-10), 1.80 (2H, m, H-9), 4.21

(2H, t, 6.6 Hz, H-7), 6.87ÿ1, H-l), 7.94 (m, H-2).

"C-NMR (CDClj, 100 MHz): 5 C-l) 160.81 (2,6) 131.91 (3,5) 115.26 (4)

123.01 (7) 166.72 (8) 66.45(9) 18.35(10) 10.52.
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