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GENERaL RoMaRKS

L. The figure (spectra) numbers, chart numbers, scheme
numbers ani reference number etc. given in each chapter refer
tu that particular chapter only. The references anA

figures are given at the eni of each chapter.

2. The temperatures are given in centigraije scale.

3. 4ll the solvents were distilled before use. Petrcleum-
ether refers to the fractiocn boiling in the range 60-80°.

4, Unless ctherwise menticned all the column chromatographc
separations were carried cut using the TLC grade silicagel
using the 4ry coclumn technique. The silica gel used hail a
particle size range ¢f 200-300 mesh. The silica-gel was
activated at 300" fcr five hours before using for
chrcomatography.

5. The thin layer chromatographic (TLC) ani preparative
TLC plates were prepared by spreading an aquecus suspension
cof silica-gel (200-300 mesh, ccntaining 13% CasO, as binder)
uniformly cver glass plates using an applicator.

Layer thickness: TLC plates: 0.2 mmj preparative TLC:l=1l.5 mm.
after initial 4rying at rcom temp. the plates were activated
at 100° fcr one hour before use.

S. Unless otherwise menticned, all TLC ani preparative
TLC were run using mixtures of acetone ani pet.ether as
solvent. The percentage composition is given in parenthesis.
(For example, eluent: 40:60 mecans eluent sacetone-pet.ether

40:60),



Z

7. ofter development, the spots ¢cn TLC plates were
visualized by exposing them tc iodine vapours ani/or by
spraying with 2 mixture of Ho504-HNOg (l:1) followed by
charring in an oven. In case of preparative TLC plates the
banis of compounis (after developing) were visualised by
spraying a dilute sclution of icline in CHClg to the sides
(after covering the major central porticn with a glass plate).
8. All the melting puints'yxxn&s repcrted are uncorrectci.
9. Optical rctations were measured in CHCl3 sclution
using sclium light (5893) as the scurce cn a Jasco Dip 181
digital polarimeter.

10. The UV spectra were recorded in ethanol sclution on a
carl zeiss 'specord' UV-visible spectrophotometer.

11. Unless ctherwise stated, the IR spectra of ccmpounds
were recordei in nujol mull with sclium chloride optices.

The IR spectra were reccriei vn Perkin-Elmer 599B anA
Perkin-Elmer "Infracori" 137B mciel.

12, Mass spectra were reccried on a CEC-2-110B jouble
focussing spectroumeter using direct inlet system at 70 eV.

13. 4ll the 1y NMR and 13C-NMR spectra were reccried 4n
CDCly soluticn ( 10%) using TMS as internal standard.

14 NMR chemical shifts are given in 6-scale. Most of the

lH NMR spectra were recoried at 90 MHz on a Bruker WH-90
(spectrouspin) spectrometer. 60 MHz lH-NMR spectra were

recorded on a Varian T-60 spectrometer.



14, The 13C-NMR spectra were reccriei at 22.63 MHyz ¢n

a bruker WH-90 spectrometer. all 13C-NMR spectra were
recorded twice as (1) proton ncice decoupled cr single line

spectrum ani (2) single frequency offresonance decoupled
(SFOD) spectrum.



CHAPTER 1

SESQUITERPENE LACTONES OF COMPOSITAE




INTRUDUCLION

Sesquiterpene lactones are a class of naturally
occurring plant terpenoids formed via head to tail
condensation of three isoprene units and subsequent
cyclization and oxidative traasformations to produce a cis or
transfused lactone ring. Sesquiterpene lactones are common
constituents of most genera of compositaeewith the exception
of the evolutionary advancedi tribe the tagatael. They are
also reported to occur sporadically in the genera of
Umbelliferae, Magnoliaceae, Louraceae, winteraceae,
Illiciaceae, Aristolochiaceae, lMenispermaceae, Cortiariaceae,
Acanthaceae®.

Reports dealing with the isolation and structure
¢lucidation of these compoundis hsve increased dramatically in
last two decades. Two reascns can be given for the strongly
increasing interest in this group of natural proijucts.

First: sesquiterpene lactones have been successfully used as
markers in the biochemical systematic (chemotexanomy)

studies mainly in compositae3‘8. Second: more recently a
number of compounds received considerable attention due to
their various biological activities, which resulted in an
additional increase in the biological activity relsted
publicationsg'l4.

In addition to above s3id reasons, the recent advances

in the isolation techniques such as adsorption chromatography,



gas liquid chromatography and high performance liquid
chromatography and the developments in the physical methods
for structure elucidation such as IR, WNMR, 13¢ NMR, Mass
spectroscopy, X-ray diffraction and CD also have a marked
effect on the increase in the number of publications
related to isolation and structure elucidation of these
compounds.
_ CLASSIFICATION

Sesquiterpene lactoncs are colourless, bitter,
relatively stable, lypophyllic constituents which are
biogenetically derived from trans-trans farnesyl
pyropnosphatel5 following an initial cyclization and
subseguent oxidative modifications!®. The major types of
lactones resulting from such enzyme mediated cyclizations are
classifisd on the basis of their carbocyclic skelcton as
g ermacranolides, eudesmanolides, guaianoliijes, pscudo-
guaianolides, eremophilanolides and xanthanolides. The less
common classes of sesquitcrpenc lactonss are secocudesmanolides,
chrymoranolides, bakkenolides, secoambrosanoliies anid
sccohelenanolides. Germacranclides are considered to be
the biogenetic precursors for all other classes of
scsquiterpene lactonesls./ The various classes cf
scsquiterpene lactones and their biogenetic relationship are
represented in Chart 117.

The germacranolides are characterizei by a cyclo-

decadiene skeleton with double bonds in C-1, 10 and



2
(>
|70
|

(A\ 0 6
- ]?=o

Ty / o

ELEMANOLIDES SECOEUDE-=MANOLIDES

q s ——

EUDESMANOLIDE EREMOPHILANOLIDES BAKKENOLIDES
% % Cﬁg( _— c(:%
!!RMACNANOLIDEG CADINANOLIDES AMBROSANOLIDE® SECOAMBROSANOLIDES

\OUAIANOLIDES XANTHANOLIDES
SECOGERMACROLIDES HELENANOLIDES SECOHELENANOLIDES

CHRYMORANOLIDES

CLASSIFICATION OF SESQUITERPENE LACTONES




C-4,5 positions. Depending upon the configuration of the
double bon']s18 the germacranolides arc reclassified into

four subgroupslg’20

, namely (i) germacrolides (ii) melampolides
(iii) heliangolides and (iv) cis-cis germacranclides. Among
the fcur germacranclide subgrcups the germacrolides

represent the largest sub-group although an increasing number
of melampolidesel and heliangolid6322 have been isolated.

The cis-cis germacranolides rcpresents the smallest

sub-group, members of which have been isclated only

recentlyes’zs.

The Chart IIA shows the basic ccnfigurational
t ypes.

The eudesmanolides are based on the eudesmane
(selinane) skeleton with double bonis in 3,4, 4,5 or 4,15
positions whercas the guaianclides and pseudcguaiancliics
are based upcn the 5,7 ring skeleton. The gu2iancliies
contain methyl groups at C-4 and C-10 positions, whereas
in pscudcguaianolides the C-4 mecthyl grcup has migrated
to C-5 ring junction. The pseudoguaianolides are further
classified into twc subgroups i.e. (i) ambrosanclides and
(1i) helenanolides (Chart IIB) both of which possess a trans-
fusicn of the 5,7 ring system. The ambrasanclide skeleton
typically contains a C-108-methyl grcup whereas in
helenanolides the C-10 methyl grcup is «.
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EXAMPLE

SKELETAL STRUCTURE
AL N WITH REFERENCE
1) Germacrolides | trans trans ) Costunolide
%
0
—_— 4+ -
2)Melampolides cis trans Melampodin - A
3
0
L . 0
3) Heliangolides | trans cis Heliangin
4)cis cis Germa-
cranolide cis cis Melcanthin—-A

0

Ambrosanolide

Helenanolide
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biogenatic theory assumes that the biosynthesis of
sesquitcrpencides involves modifications and/or cyclization
of pyrophosphate esters of trans-trins faranescl, cis-trans
farnescl or nerolidol (1)26 wnich in turn has its bicgenatic
origin from the acetyl co-enzyme A, as depictel in Chart III,
Scheme I, The initial step in the biogenesis is the
cyclization of (1) into a 1,(l0),4,5-germacradicne caticn
(2) which latcr undergoecs varicus oxidative modifications and
recyclizations to give various types of sesquiterpene
lactones (Chart I).

Formation of the Y-lactone, typical ¢f ccmpeositae
involves (Chart III) oxidaticn of side-chain ani intrciuction
of lactonic oxygen at C-6 or C-8 and cventual ring closure
to form either a costunclide (8) or inunclide (4) respectively
which represents the mest elemantary cyclic sesquiterpenc
lactone, since it retains twoc ¢f the three 4.uble bonis of
the farnesyl pyrophosphate in the trans-trans configuration,
Ihe details cf this process are not known although twe
pussible bicgenatic schemes have been suggested. The first

of th35327

may well be responsible for the occasicnal
vecurrence of the lactones cf type A (Chart III, Scheme II)
in these plant groups which normally claborate furanc-
scsquiterpencids (bauraceae, Senecicnae) although its
rclevance to the formation of type B lactones so prevalent

in Cowmpositae is less clear (Chart III, Scheme II). 4n
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alternative pr<,pus-31.L28 (Chart IIL, Scheme III) invclves
oxidation of isoprcpenyl sidie-chain of sesquitcrpenes
followed by introducticn of oxygen at C-6 ¢r C-8 presumably
after cyclization of germacrodiene and lactoune ring closure.
This mechanism appears mcre attractive as a general route

tu sesquitcrpene lactones since the epoxides, alcohols,
aldehydes and acids listed in the scheme, scmetimes already
oxidized at requisite ring position are widely distributed

in nature and since the pgstulated interucdiates ccecasionally
accompany the lactone eni prciucts.

It is not yet clear whether the four subgroups of
germacranovlides (Chart IIa) are biusynthesised directly
from the dcuble bond isomers of farnesyl pyrophosphate
or the dcuble bend isomerizaticn of the germacrclide
skeletcn takes place at a later stage. However, the
co-uccurrence of more than one skeletal type of germa-
cranclides in scme speciesgzv?4 and the fact that almcst all
the melampolides isclated so far have their C-14 oxidized,
indicatc! a probable interconversicn from one skeletal type
te anvther during or after oxidaticn of C-14 ani/or C-15.

Among the other major classes of sesquiterpene
lactines, cudesmanclides 2nd guaianolides are formed by
cyclization of germacrancliies cor their precurscrs while
further modification by methyl shift in guaianclides
lead to pseudoguaianclides. Eudasmanclides (7) appear

have their crigin thrcugh an acid catalyzed cr cnzymatic
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Markownikow criente¢d cyclizaticon of 1,10 epoxygermacrancliie
(5)29’30 (Chart IV, Scheme 1). A similar cyclizaticn cof a
chair-foulded conformer of 4,5-cpexygermacrolide precurscr (8)
followed by addition of wsater to the resulting guaiasuncliide
cation (9) is the probable bicsynthetic pathway for the more
commen cis fused guaianvlides c¢f type (lO)31 (Chart IV,
ocheme II). un the cther hand, the precurscr (9) can
undergo a double hydride and methyl shift to give an
ambrosanclije precursor which has a transfusei 5,7-ring
system with a B-criented methyl group at C-10. The latter
intermediate then preferentially lactonizes with a 6-P-
hydiroxyl group to give a 6,7 cis-lactune (11)31 (Chart Iv,
Scheme I1I). The less ccmmon trans (i.e. H-1p, H-5«)
guaianvlides (l4) appear to be originated from an aciAd
catalyzed cyclization of melampclide 4,5 cpoxide (12)
through the cation (13). The inlicated shifts in the cation
(13) can lesd to formation of helenancliies (15)32 which
have a transfusei 5-7 ring system with «-crientei methyl
group at C-10.

Uther mincr classes of sesquiterpene lactones
probably arise from further mciificaticn (such 2s uxidation,

ring fissicn etc.) of the major types or of their precursors.

ISOLATION

The shaie iried plant material is ccarsly powdereAd
before extraction. Chlorcform is the mest commonly used

sclvent for extraction of sesquiterpene lactunes frcm plant
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CHART 1V
HQ
) H
w* -n*
0
(5) (6) (7)
SCHEME 1

(15) (14)
SCHEME 1III



material. However, other sclvents such as methanol,
ethancl, acetune, 1dichlorcmethane, ether, ether:petrol,
ethylacctute, benzene e¢tec. are alsc uscl fer extraction.
Masceraticn, percclaticn ani scxhlet extracticn 2re the most
ccamunly empluyel techniques fur extrscticn. The residue
cbtainel after removing the solvent from <xtract is usually
subjectel tc column chromatographic separation. Silica gel
(60-120 mesh size, cr 200 mesh) is mest commenly used ss
adsurbant, however alumina is alsc us<i cecasicnally. A wiie
variety of sclvents (ranging in polarity frcm pet.ether to
methancl) in variovus proupcrticns have been us:1 in the

column chromatcgraphic separaticn of sesquitcerpene lactones.
The choice of the sclvent system depenis mainly ¢n the nature
anil polarity of the compouni to be separatcd. The residue,
befcre subjeeting tc the chrematcgraphic separaticn, can be
treated with 4% lead acetate scluticn s¢ as tu remove
unwanted material anl then subjectel tc the chromatographic
separationss. The progress <r the carumatographic
separation is monitored by thin-layer chrumatcgraphy (TLC).
The sesquiterpenc lactunes are idetecto1 by placing the plate
in a chamber containing crystals of icdine or by spraying

the plate with reagents such as 2-3% aqg. pctassium permanganate
sclution, councentrated sulfuric acii (follcwel by heating)
ethanol-hyirochloric acii (heating). Recently Picman g&_a;.34
have suggestel a spray reagent ccnsisting of 5% vanillin

or p-dimethyl aminobenzaldchyie, 5% ccncentratsi sulfuric
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acii anid traces of acetic acii in ethancl (95%). This
reagent is sail to be very sensitive ani gives characteristic
cclours with jiffercnt sesquiterpcae lactouncs.

yMcre recently high performance liquil chromatcgraphy
(HPLC) has received consiicraple attenticn as a methed of
choice for the separaticn of complex mixtures of
sesquiterpene lactones possessing the same carbocyeclic
skeletcn but differing in nature ¢f the siile chain. Fer
example repenilins A ani B(16) (Chart V) isclatcl as a
mixture from Tetragonctheca repenia have been separatel by
HPLC on a pcnlapak C-18 cclumn using UH3CN-SM phosphate
buffer as the eluent35. Similarly melnerins A and B ani
their 9-acetouxy derivatives (17) (Chart V) isclated frcm
Melagpe iium leucanthun®® ani melcanthins D-G (18) (Chart V)
isclatel from M‘gingxggg37 have becen separated by
Bonipak C-13 reverse phase cclumn using msthancl-water (1l:1)

as the eluent.

CHEMLCAL_TRANSFORMAT IONS

(A) Germacranoliles: Hyirclysis ani Relact.nization:

In the course of structure eluciiaticn alkaline
hyir.lysis cof sesquiterpenc lactencs is frequently Jesired.
A liistinct 1ifference in the ease of hylrclysis of various
ester side-chains attached te germacrancliic was Jescribei
by Herz ani Sharma®8. The authors leaonstratei that a

sulution of KoCOg in methsancl water at rcom temperature

hyirolyzes 3-hyiroxy, 2-methyl, but-2-cncate in 20 tc 30
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CHART ¥
CO,CHy H CO, CHy
!OR \‘R!
Osar OR,
0
OH 0
HO
(16) 0

(17)

Repandin A R =i-Bu Melnerin A R"' iI-Bu, Rg-N

Repandin B R =Me-Bu Melnerin B R,= Me-Bu,R,=H

9a-Acetoxy Melnerin A R= i-Bu,R,=0Ac

9 d-Acetoxy Melnerin B R,= Me-Bu,R,=0Ac

CO,CHy
H OR,
OR,
HO
H 0
(18)
Melcanthin D Ry= Ac , R,= Meacr
Melcanthin E Ry = Ac , Ry=i-Bu
Melcanthin F Ry = Ac , R,=Me-Bu
Meicanthin 6 R, = Me-Bu,R,= Ac

547 913(04-3)
SoH




minutes whereas the iscbutrate, “-methylene n-butrate,
tiglate ani angelate give no reaction unier same ccniitions.

Mili hyirclysis with AZUOS of cnicin (19) prcviies
sclanitanclide (20) without cpeaning the Ylactone ringsg.
Hewever treastment unier stronger z2lkaline coniiticus
followel by acitificaticn resulicl in formation of C7-8
lactunized germicranclidic artemisiifclin (21) (Chart VI,
Séheme 1) similar relactonization of 7-6 lactonized
germacrancliics to C7-8 lnét;nizei germacrancliies have
been repcecrted for chichuanuin which can be converted to
chumiSSuninBQ, the lilactuncs clephantopin and elephantin
to C-8 lactunic elephantvlﬁo. The Jatn presentel above leAd
te a general relactenizaticn rule for germacrancliies
ccntaining both C-6 anl C-3 cxygen functicns. The rule
states that upcn strung alkall treatmsnt follcowel by
acilificaticn, this type .I germncrancliies alwoys

39

relatonize to C-8%".

Beducticon and coxidation:

Generally catalytic hyircgenation of sesquiterpene

Lactones with P1/C as catalyst as well 2s cheaical reiluction
with sciiumborohyiriie in wcthancl proceeils with cose to give
the ccrresponiing ll,13-1ihyirciecrivative (saturaticn of
exceyelic methylene)., The epcxides are reduce? to alkenes
by using either Zn-Cu couple4l’42 cr CrClg3 2s reiucing
agents. Linilerane (22) was courrelated with linderalastene(23)

by reiuction of liderane (22) with Crily in 50% yiel143
(Chart VI, Schewme II).
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Uxiiation reacticn have been frequently appliel in
structural eluciiation of varicus types of germacranclidies.
Mn02 cxilations gencrally transform primary allylic alechols
t¢ «,B-unsaturate] aldiehyies. This rcaction can be useil fcr
making cunfiguraticnal assignments tc dcuble benis in cyclo-
fecalicne skeletcn, ani for siting OH grcups at C-14 or C-15.
Herz ani oharma44 have pointel _ut that the NMR chemical
shift of aliehyle protons in «,B-unsaturated melium ring
aldehyies depeni upon the configuraticn of carben carbon
icuble boni. Compcunds with trans icuble bcnis generally
cxhibit NMR chemical shift for allehyie protons at 1o ppm ani
rbove where as for cis configuraticn the NMR abscrptions are
near 9.5 ppu. Aliehyle shift of germacrancliie derivatives
obtainel frcm 14 hyiruxy coustuncliie (24)45 anl from
3 desoxysalonitanclide (25)%% are in geol agreement with the
prelictel values (Chart VI, Schemc III).

when 7,6-iactunic germacrancliies are cxidizel with
per aclids the 1,10 epoxiles are fourmel preferentially. For
instance ccstuncliie (8) is convertei t. aciid labile 1,10
cpoxide (5) with m-chloroperbenzeic acii in chlorcfornm in
presence cf sciium acetate as burferd”, Withcut buffer the
epexide cyclizes unier the reacticn coniiticns forming mixture
of euiesmancliies?®, Epoxijation of 7,8-lactcnizel
lesacetyllauranobiclide (26) which exhists in equilibrating
mixture of conformers49 results in mixture of twc 4,5 epoxide

lerivatives (27), (28)50. The preferential 4,5 epoxiiaticn of
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lesacetyllaurenobiclide might be due tc anchimeric
assistance of the C-6 hyiroxyl group in parent compouni
(Chart VI, Scheme IV).

gyclization resctions:

Lewis acil catalyzei cyclization reactiouns of cyclo-
iecaliene system or 1,10 anil 4,5 epoxide derivatives play
an important role in the structure eluciidatiocon of many
sesquiterpene lactones of germacranoliie claSSSl. In
general cyclization of germacradiene proviies eulesmancli les.
Thus costunclide (3) when treated with a cation exchange
resin52’53 or HClO4/AcOH54 unlergoes an acii initiateqd
cyclization via cation (29) tc give eulesmancliies (30, 31)
(Chart VII, Scheme I). Analogus reacticns with varicus

lewis acii catalyst are known for arctiupicrinss,

57 58

chamiSSUnin56, ncvanin®’, tulipinoliie and epitulipincliie”®,
laseruliie59, Laurancbicliﬂe6o anl cther germacrancliies.

The conversicn of dcuble beni into an epoxiie function
either at 1,10 or 4,5 pcsitions of a germacrancliie
increases the resctivity, the regiospecificity anid the
sterecospecificity of cyclization reactiunssl. Pyrethrasin
a 1,10 epcxiie (82) cyclizes by an acii catalyzei
Markovnikcov type attack of C-5 at C-10 to form a cation (83)
(Chart VII, Scheme II) which is stabilizei by the uptake of
acctic acil to give the eulesmanoliie (34)62-64, In ccntrast
BFg catalyzel reaction of 4,5 epoxile 1ihyiroparthencliie (35)
proceeds in a Markovnikov type attack of Cl at Cg tou form a
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guaianolide (36)%° (Chart VII, Scheme III).

@}

ope Rearrangement s

Cope rearrangement of germacranclides have been
reviewel by Take1a®€167, Theraal rcarrangements of
cyclodeca 1,5-1ienic sesquiterpene lactones proceel in a
highly sterecspecific manner through a chair like
transition state resulting in a divinylcyeclohexane skeleton.
Thus thermolysis of 4dihyirotamaulipin A acetate (37) at 220°C
fur five minutes gives a 2:3 equilibrium mixture of starting
material anl 1livinylcyclohexane derivative (38)68 (Chart VIII,
Schene I1).

Linjeralactene (32) on thermolysis gives an
¢clewadiene compounl with an «-mcthyl group at C-1l0 angular
position (40)°9 (Chart VIII, Scheme II). This change in the
sterecchemistry of cope recarrangement proiuct was ascribeid
tc¢ the presence of 4,6-lactone ring which prohibits
conversion intc a conformation analcgus to (37) (dihyiro-
tamaulipin A acetate) by rctation of 3louble bcni. When the
lactune ring of linderalactcne is reductively cpened the
resulting iiol (4l) can ai.pt a transition state similar tc
(37) to proviie the clemaiiene®® which has the same sterec-
chemistry at C-5 ani C-10 (42) as in (38) (Chart VIII,

Scheme II).
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(0) wmudesmanolides: Dehyiration, Hydrogenation and oxidation:

Fyrolysis of alantolactone (43) 2nd isoalanto-

Lactone (44) at 350o in presence of P31/C or sclenium results
in the naphthaline derivative cudalene (45) with loss of
C-1C aethyl group70 (Chart IX, Scheme 1),

More r-cently Grieco7l described a noval =nd useful
dchydrogenacion process involving the conversion of
«-methyl Y-lactones into «-methylenc Y-lacton-s. Gonzalez
§§_3£;72 applicd thils method to determine the stereochemistry
of artcain (46). Artemin 2fter exposure to diisopropyl
amide (IDA) and subsequent ireatment of cnolate with diphenyl-
disclenide gave the phenyl selanide {47), the selanide was
then oxidized with 3202 to (43) which unidcrwent spontaneous
¢ limination to give tanacctin (49) 2 compound of established
3t¢ruochumistry73. Reduction of compound (49) with sodium
borohydride resulted in arteamin (50) which e=tablished its
entirc stercochemistry as (5C) since all sodiumborohydride
reductions in this series proviie a C-ll-methyl epimer74
(Chart IX, Scheme II).

Examples demonstrating catalytic hyirogenation of
cudesmanoliic are the conversion of reynosin (51) to C-4
cpimeric mixtures of tetrahydroderiv-tives (53) and (54)
with Pd/C and the formation of (54) and isodihydro-
derivative (52) upon reaction with Ptogs (Chart IX, Scheme III).

4 nuaber of other conversions involving hydrogenations

and oxidations with various resgents arec known76.
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Budesmanolides have been frequently uscd 2s starting
matcrial for chemical and photochewmical rearrangement
processes which lead to other skeletal types of
sesquiterpene lactones. Dihydromicrocephalin (55) on
treatment with CHBSOZCL/Py forms a mesylate (56) which then
undergoes the antielimination with 2,4 lutidine to give the
pro'iuct77 (67) (Chart X, Scheme I). 1In contrast the 4ihydro-
cyclopyrethrosin (58) takes the d4ifferent course. The
compouni (58) upon tosylatioun forms a C-1 B-tosylate (59)
which in contrast to previous <xample has no proton at C-2
wnich is antiperiplanar to tosylate leaving group to permit
anticlimination. Instead, the stercochemistry is
appropriate for elimination rearrangement reaction which
occurs upon treatment of (59) with collidine to give a
guaisnolide (60)62 (Chart X, Scheme II). Hendrikson anid
coworkers’® have prepared a pseudoguaianolide (63) starting
from «-santonin 4,5 epoxide (61) which forms a cis decalin
type pbromolactone (62) through a series of steps. Sterco-
specific rearrangement of (62) resulted in formation of
pseudoguaianolide (63) (Chart X, Scheme III).

The base promoted conversion of «-santonin into
santonic acii elucid:ted by woodword ani co-workers79, the
acid catalyzei rearrangement of santonin yiecliing
icsmotroposantoninao ani the photochemical transformations
07 santonin to luamisantonin, photosantonic aciid ani iso-

photosantonic lactonegl’52 are allitional important ¢xampl=s
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of chemical and photochemical transformations of
euiesmanoliijes.,
(C) Guaianolides:

Correlations by simplc chemical moiifications have
been frequently used in structurec c¢luciiation ani making
sterceochemi cal assigﬂmcnts in guaianoliie series. The
stercochemistry at C-10 of art=bsin (67) was dectermined
by a sequence of reactions whnich are outlinci in Chart XI,
scheme I. Isophoto %-santonic lactone (64) a compound of
known stereochemistry was converted to spiroepoxiie (65) by
SUClz/Py mediatel elimination reaction followed by per -
acid oxidation. OSubsequent catalytic hyirogenation over
P1/8rC0z gave the tetrahyiroartabsin (66) with a C-10-OH,
a compouni also obtainedl by saturation of two double bonis
of artobsin (67) with Ho/Pt in acctic 2¢ii83, thus
¢stablishing the stereochemistry at C-10 of artabsin.

The only naturally occurring guaianoliije in which
the seven membered ring has uniergone biogenetic ring
contraction is chlorochrymorin (68). The biogenesis of which
most likely involves the C-10 to C-9 alkyl shift of C-184.
As outlincl in Chart XI, Scheme II Rabi ani cowork.rsSSs86
stulici the lewis acii catalyzel rearrangement of 9,10
«-cpoxiie (69) which was obtainci from eremanthin (70) by
peracil oxiiation. Treatment of epoxiie with one equivalent
of BF3Et 0 111 not give (71) an analogue of chloro-
chrymorin but resultel in an aliehyiec (72) iderived from
shift of C-8 to C-10.
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Chemical transformations as well as NMR stulies of a
number of lO-hyiroxyguaianolidds were reportel by Vokak ani
SameK57.

(D) Eseudoguaignoliies:

A number of e¢limin=ation reactions arc usel as simple
laboratory moiifications in structurc elucii=tion of a
number of closely relatel ambrosanoliies ani helenanolides.
Treatment of helenalin (73) or ambrosin with mineral aciis
resultel in epim=rization of C-1 position88'89, helecnalin
upon treatment with HCl in mcthanol gave epiallohelenalin (74)
which is the proiuct of C-1 ¢pimeriz-otion anil relactonization
to a 7-6 trans lactone. Acil trcatment of helenalin unier
jifferent coniitions afforiel 1ifferent proiucts,
mexicanin 4 (75)58 anil the ether (76)90 a2 compouni whose
structure was established by X-ray crystalographygl (Chart XII,
Scheme I). Acil meliated elimination of the epimeric
angular C-1 hyiroxyls in parthenin (77) ani hymenin (78)
provi ie the same loubly conjugated ketone (79) thus allowing
correlation between hymenin ani known partheningz (Chart XII,
Scheme II). Treatment of the tosyl derivative of
ambrosiol (80) with 1iilute sulfuric =2cii resultel in
tamsin (8l) a compoun? with known stercochemistry, thus
¢stablishing five chiral centers in ambrosiol®3 (Chart XIII,
Scheme I). The B-hyiroxyl group of bipinatin (82) was
¢liminatel unler mil] acetylation coniitions to provide

amorosin (83)°% (Chart XIII, Scheme II).
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Coronopilin (84) when heatel with H2804 in acetic aci?
gives coronopilic acil (85)95~96. Since this reactioncannot
be initiatel by 50012 in pyriline, a wagner-meerwin type
rearrangenent by lirect migration of C-6 to C-1 can be
excluiel. Insteal an elimination substitution reaction is
more likely involvel in formation of coronopilic aciil (85)
as inlicated in chart AIIL scheme III iehyiration of
coronopilin proviles the alkene (86) which attacks C-6 after
or unier simultaneous lactone ring opening to form the
cyclopropane ring (87). Stabilizati%n of the cation (87) by

o

loss of proton from C-6 ani clevage/C-1-5 bond results in

coronopilic acii (85).
PEYSICAL METHODS FOR_STRUCTURE ELUCIDATION

The introiuction of new physical methois such as
uv, IR, NMR, Mass spectroscopy, L-ray crystalography ani
C.D. has revolutionizei the subject of natural proiucts
chemistry anil opened up a new c<ra, not only by speeiing up
the work, but also by making it possible to 1eal with smaller
quantitics of material ani by providiing detailed informations
of kinl not previously obtainable, for example certain
aspects of stereochemistry.

The variety ani scope of these physical methods are
vast snl each has its own particulsr sphere of application.
although in some respects the information proviied by one
methol siaply confirm that obtained bty another, it is

usually desirable to have all svailable, since each has



certain specific alvantages.
U.V. Spe 0SCOopy

The U.V. speetra of sesquiterpene lactones offer
very little structural information, as almost 211
scsquitcrpene lactones exhibit a strong enl absorption or
waxima in the 210-220 nw region. However, compounis
naving atliitional conjugatci system show characteristic
absorptions at higher wave lengths.

I.R._Spectroscopy: .

Ix Spectroscopy helps in ilentification of «,B-
unsaturated Y-lactonc, presence of which is a characteristic
featurc of most of the scsquiterpenc lactones. «,B-Un-
saturatel Y-lactone show a strong carbonyl absorption 'band
aroun? 1750 to 1780 cm -.  Iu ailition to this IR
spectroscopy also nelps in iientification of the presence or
gbsence of the functional groups, such as hyiroxyl groups,
e¢sters, cyclopentenone or cyclohcxenonc systeuws, unsaturation
ete,

N.M.R. Spectroscopy:

a) Proton spcctroscopy: The proton wagnetic resonance spectro-
scopy is the wmost important anil most commonly usel tcchnique
in structurc eluciiation of secsquiterpene lactones. In
general consiiderable structural information is obtaine?l

from proton spcctra together with the application of double

resonance eXperiments. In adiition NMR spectra of scetates



unl other derivatives of hyiroxyl cont-ining compounis strongly
assist spcetral Interprcetations. Trichloroacetyl jsocynate (TAI)
n2s been introiucel for in situ reactions with alcohols for NMR
stuiicsg7 anl has been recently applicl to sesquiterpene
l@ctonesga-loo.

The typical feature in the NMR spectra of sesquiterpene
Lactones containing the «-methylene Y-lactone group is the
appearence of two doublets (J = 1-4 Hz) gencrally onc below
anl other above 6 ppm, Which are duc¢ to two C-13 methylene
orotons, the low-fiell absorption being due to the proton
crientel towaris the lactone carbonyl group. This coupling
is Jue to the allylic interactions between H-7 ani the C-13

~thylene rrotonlel"loz. Ancn an «-hyiroxyl group is present
2% C-8 in a Cp_g lactonized compounl 2 geainal (J = 0.7 - 2.0 Hz)
pbctween the two C-13 methylenc protons together with a para-
magnetic shift of Hjg, (partial structure (a) Chart XIV,
ocheme I) below 6 ppu is observe 1103-104 For <xample
solonitenolile (20) 2nl tetriiine A (88) (Chart XIV, Scheme I)
¢Xhibit 1ioublets of loublets between 6 ani 6.5 ppm. It has been
sroposel that the geminal coupling anl the concurrent para-
magnetic snift for Hyg, wainly results from the Van-der-waals
proximity tffectlos'lOG of the C-8 «-hyiroxyl group upon the
bonding orbital of Hjgg. The paramagnetic shift ani the geminal
coupling Jata can be used for the following stercochemical

assignment107~
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The stercochemistry for a C-8 hyiroxyl group in
C-6 Y-lactones which belong to either th: culesmanolile or
the elemanolile class can be assignel. Fer <xample a
positive shift (in the range of 0.4 - 0.7, average 0.5 ppm
relative to chemical shift of H g, in 2 compouni without a
C-8 hyiroxyl group) with concurrent gcuinal coupling for
H)g, lenotes an «-orientation for the C-8 hylroxyl group
anl negative result determines a B-orientation. The rule
alsc agperrs tc be applicable to the Cg Y-lactones of
germacrancliie ani guaianoli e classes.

Basel on the size of the allylic coupling between
the C-13 excceyelic methylene protons and H-7 SqmcklOl has

proposet a2 rule for deteruining the stercochecuistry of

a8

«-methylene Y-lactones which states that trans lacton:s have

larger allylic couplings than cis lactoncs, the allylic

couplings in trans lactones being equ=2l t. or greater than

3 fp whereas the allylic couplings for cis lactones are = 3Hz.

Jtrans = 3 Hz = Jecis

The rule is basel upon the correlation between the
allylic iihyiral angle an?l the magnituie of allylic
cuuplingsloz, certain charscteristic J ranges for Jiga.7
anl Jjgp.7 can be expectel with maximal couplings when
§ = 90% (Chart XIV, Scheme II, Fig. 4). The above rulec is
applicable toc a number cf sesquiterpence lactones incluling
most of the 7,6-germacroliies, mclampoliies ani

eudeSmanuliiele4’l08’log.

Herz ani Whalbergllo pointed out
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that heliangoliies constitute an exception to Samek's rule
ani show J7,13 values between 1.5 ani 2.5 Hzlll'lla. The
jifferences can be explained as follows:

Basel un X-Ray results, 7,6 trans lactonize?d

114,115 .13 their 4,5 epoxiie

germacroliics and melampoliies
“d1erivatives prefercntially aiopt a conformation with

d R<120¢ (Chart XIV, Scheme 1I, Fig. B) ani H_ ani f, in an

6

antiperiplanar relaticnship with Jg_p =10 Hz which is

ccumonly observel for gergacroliies ani melampoliﬂeslls.

In contrast heliangolijes 2iopt conformationsil? with R >120°

(Chart XIV, Scheme II, Fig. C) narrcwing the angle between Hg

and Hp to nearly 90 thus giving Jg.7 values 3 Hz. In all

cases the J values J6-7’ J7,13 ani @R are strongly

interrclated anil 7,6 trans lactonizedi germacrclides with

§n<‘120 should genernlly give values Jo_g > 10Hz an3 J7313>3Hz

(germacrcliles 2n1 melamgoliies) and lactonss with OR 120

wouli result in Jg,7<3 anl J7’13 £ 3 Hy (heliangoli’es)lll.
11,13-Dihy iro-cuilesmanoliies ani e¢lemanolies cften

give rise to a broalened triplet for the C-6 lactonie

proton c.g. <=8Santonin (89), ciclartin (90) ani saussurea

Lactone (91) ete. (Chart xIV, Scheme III). This phenomenon

apperrs te result from long range coupling between the

B-C-6 ani1 B-C-ll proteons, since nome of the NMR spectra for

the 11,13 unsaturat:i analcgs exhibit the broaieninglil8.
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(5) L3¢ NMK Spectroscopy:

although the jotential utility of 13C NMR was
recognized very early, essentially no application of 13¢ NMr
appeared in the literature prior to 1966 anl 95% cf the
¢xisting data are less than 10 yecars cli. The initi2l slow
grecwth hai its causc in inaiequate instrumentation,
insufficient sensitivity being thc mein obstacle. With the
alvent ani commercial availability of broal banl excitatiocon
anl fourier transform methcis, the situation changeid
irastically, giving natural abuniance 13¢ nur ani its
numerous chemical apgplication a tresmenious impetus. Several
introluctory review articl.s have appeared recently to
jemonstrate the usefulness of 13C NMR for structural
analysis of natural proiuctsllﬁ-lzl.

In general, information on the varicus types of the
carbon present in sesquiterpene lactones is obtained by
proton noice decoupling experiments (PND) in which non-
equivalent carbons resovnate as separate single line which
yiell chemical shift infcrmation. With the sii of single
frequency off rescnance iecoupling technique (SFOD), resiiual
carbon hydrcgen splitting 2llows Jeterminatiocn of the number of
hyircgens at each carbon. Selectively deccuplei spectra
rermlt assignment of non-protoun bearing carbonst22
FoW. Wehrli ani T, Nishi1a'®® have reviewel the use of
13¢ Nur spectrosccpy in naturzal proiucts chemistry and have

13,

given the spectral data for all the major classes of

sesquiterpence lactones.
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Mass_Spectroscopy:

Due to the great variaticn in the skeletal
substitution patterns within the sesquitcrpenc lactones, the
mass spectral fragmentation vary ccasiderably ani 4o nct
allow the pgresentation of an unifiel picture. The use of the
mass spectra of sesquiter_.cne lactones is ccmmonly
restricted to the finiding of the parent peak ani/or detection
of eertain side chains attached tu the carbocyclic skeleton.
Frequently the parent peak.is missing in the ccmpounis
countaining hyidrcxyl anid/or ester function due tc loss of
water ani/cr the ester siie-chain by Mclafferty rearrangements
(M—RCUOﬂ)lzq. In such cascs the acylium icn of the ester
group is usually cbservel as an intense p:zak ani very often
represents the base peaklzs’lze.

peetros :

Application of circular dichrcism (C.D.) has been of
great value in determination ¢f the stercochemistry of nany
sesquitcrpycne lactones., 4 large nuaber of sesquiterpene
Lactoncs cuntain «-methylene-Y-lactene groups whieh are

cptically active. Geissman 2ni co-worker3127’128

analyzed
the cctton effect in the range of 245-250 na duc te n—>1*
transiticns of this chromophcre in a number of known
sesquitcrpene lactuncs and sug.estel 2 correlation between
the sign cf cottun effect ani stereochemistry of lactone ring.

Their rule rzlating the sign ¢f the CE ani pesiticn (6 or 8)
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an 1 sterevchemistry of lactence ring fusion is summarize?
in Table I.

A number of germacrancli jes exhibit two strong bonis
of opposit sign at two low wave leungths. A pusitive CE is
usually cbserved near 220 nu 2ni 2 negative bani at 200 nm or
pelow. These banls are highly characteristic of
humucunjusaticnlgg betweea the crossei 1,10- anl 4,5_trans
jouble bonls andl indicate the chirality of the 1icne system.
The banis have been ascribel to the axiton splitting caused by
cbiral cverlap of homoc;Ajugatcl isuble bonis in the eyclo-
jecaliene systeml3o.

lable L

The Stocklin-Waldell-Geissman gule

Predicticns of the type of lactonizaticns from the sign
of CE of N—m* transiticas of sesquiterpenc lactones.

Lactone position Lactone ring fusicn
cis trans

C-6 + -

Cc-8 - +

X-Ray differactions:

In recent yecars an increasing number of sesquiterpene
lactunes have been analyzed by X-Ray liffracticn mgthoisl3l’132.
The germacrancliies have attractel special attention due to

their cunformaticnal ani configurational variations.



T wREOCHEMI STRY aND POSITION OF aT1 ACHMENT UF

By the combincl use of the Iy NMR spectroscopy 2ni
the CD spectruscopyy one can assign the stereochemistry anAd
the pousiticn of attachment (i.s. whether a 6,12 oliie or a
8,12 olije) of the lactcne ring. Based cn the size of
allylic coupling between C-13 excmethylene rotons ani H-7
the stcerecchemistry of the «-methylene Y-lactone coull be
Jeterminel. The trans lactcnes always have larger coupling
than the cis lactones. fhc allylic couplings in the trans
lactunes being equal to or greater than 3 H, whereas allylic
ccuplings in the cis lactones is equal tc ¢r less than 3 Hg
(SAMBK'S Rule)lOL. Further more the cocmpounis having
trans lactone ring gencrally show larger ccupling (J =10 Hg)
between the lactenic proton ani the H-7, whereas in the
compounis having cis l:ctone the coupling bstween the lactonic
groton ani the H-7 is always suall (J = 3 Hgz).

W. Herz g&_g;.lOlq has pointsi cut that in eules-
wancliies guaiancliies 2ni pseulcguaianclides, a suall
couplings (on the crier of 1-1.5 Hz) between H-13 ani H-7
protons were characteristic of C-8cis lactonizeAd
eulesunancli les anl1 that somewhat larger couplings 2-3 Hgp
generally 2.5 - 3 Hz) between H-13 anid H-7 were cheract:ristic
of guaianocliies, pseculoguaiancliies ani C-6 trans lactonize?l

culesmancliiles.
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Unce tne stereocheamistry of the lactone ring is
knewn then by application of circulariichroism it is
cossible to ilentify the position of attachmnent of the
lactone ring. 4 large number of sesquitcerpenc lactones
cuntain «-mcthylene Y-lactone group, which shcws a cotton
¢ffeet in the range of 245-250 nm jue to n—7'transitions of
this chromophore. Basei c¢n stereochemistry cf lactone ring
anl sign of cotton-effecct the position of attachment cf
lactune ring could be icterumincelt. (The Stocklin-Waidell-

l27’128. Since the lactones cis(trans) fuseid

Geissman rule)
1t C-6 2arc pseuloencntiomeric to those cis(trans) fused at
C-38, vne expects oupposite CE signs for th: lactones
cis(trans)fusel at C-6 anl C-8 respectively. This expectation
2sumes that the asymuetry of the chromophor: or asymametry
immeiiately surrouniing the chreumcphore is responsible for
the sigu of the G&. Thus a cis C-6 fuse] lactone snows +ive
CE, whereas the cis C-8 fusci l=2ctone shows the -ive CE.
Similarly the trans C-6 lactone shows -ive CE aad the trans
C-8 fusel lactone show +ive CE. Structurcs of scme of the
sesquiterpene lactones lemcnstrating the usefulness are
given in Chart (AIVa), whereas Table II gives the CD of the
CD of the N—rn*transiticn of «-mecthylene Y-lactoncs
chromophore of sesquiterpene lactones.

Out of the twenty two sesquiterpenc lactones listel
in the table only five showel CE sign opposite that preiicted

by Stoucklin-waldell-Geissman rule, all other compounis showed



Table CD of the n— ™% Crznsition of the
«-pethylene Y-lactoaz chromophore

e ——— - o — —

Compounc. lactcae C CE
Predicted Found .
R e max 07
Ludesmanolides:
Douglanine Trans C-6 - 250 -2780
Cyclized chamiss-
cnin diacetate Trans C-5 + 255 +1280
Artecalin Trans C-8 - 257 -1210
Arbusculiin A Trans C--€ - 253 -3620
Finnatifidin Cis C-8 - 269 -1210
(8t0H)
Guaianglides:
Cumambrin B Trans C-6 - 260 -2920
Canin Trans C-6 - 250 -2870
Fieniradin acetate Trans C-8 + 253 +5600
Kupin 4 Trans C-6 - 250 -2660
Ambrosanolides:
Apoludin Cis C-5 + 2556 -1030C
Ambrosiol Cis C-6 + 255 -1870
Ambrosiol diacetate Cis C-6 + 246 -2370
Neoambrosin Cis C-6 + 255 + 320
Damsin Cis C-6 + 250 + 496
Coronopilin Cis C-6 + 246 +1785
aanthanolides
Lanthumin Cis C-3 - 256 -4730
Xanthinin Trans C-8 + 255 +3280
Germacragolides
Baileyin Trans C-8 + 255 +1550
Costunolide Trans C-68 - 261 -5460
Parthenolide Trans C-6 - 250 -1400
Chamissonin
diacetate Trans C-8 + 248 ~-3630
Heliangenol I'rans C-6 - 249 +3210
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the same CBE sign as prelicted four the compcund. Out of the five
cumgcunis, shuwing CE signs o.,csite to that cf prelicted,
three compounis a, clulin (92) 2mbrosiol (93) ami =2mbr-siol
fiacetate (24) (chart XIVa) all contain 2n uxygen function
near the ring oxygen of a C-6 cis fusel lactene., It is possible
that this oxygen functicn is respounsible for this 2numaly. 4
similar invertel CE has been founi in 17-cxc-stercids cont2ining
a leB-acetoxy group.

A second group of i1eviations centain two compounis
chamissanin diacstate (95) an5 heliangencl (96) cf germacranoliie
tyge. Thne conformational flexibility of the leo(l),dﬁﬁ—
cyclolecaliene ring may be res,onsible for these excepticuas.
More rccently it has been shown that the heliongoliies
anl some melauwpoliies with 7-6 trans lactone ring fusion
constitute the major classes cf compounis which lisobey the
Stocklin-waddell-Geissman rule.

An explanation of these observoaticns can be founi in

Beechan's suggestionl73

that the sign of the cctton effect

of the «-mcthylene Yelactone chromcphore is ictermined by its
chirality. The conformations of the varicus types cf
germacranclides lepenil mainly on tha cis cr trans nature of the
1(10) ani 4,5 double bonist 74, Since the exceyclic

€3~ CLL‘C|2=° torsion angle depenis on the eniocyclic
Cll-C7-Cs-0 tcrsicn angle (or Cll-C7-08-0) a change in cyclo-
lecadiene conformation can result in change in chirality of

the C=C-C=0 chromcphore ani there for in the sign of cel?,
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Hence the absolute configuration of sesquiterpene lactone
can be determinad if the CE ani torsion angles of lactone

176 compared the

chromophore are known. McPhail and OUnan
X-Ray derived C=C-C=0 torsion angles of the germacrolide
eupatolide (IIIa) with torsion angles of the heliangolide
eupaformonin (III) ani found that they were of opposite sign
thus leading to opposite cotton effect in accordance to
peecham's rule (Chart XIVb).

Generally heliangolidjes: show CE's of the same sign
(positive) as that of eupaformoninl77'l79 indicating that
the conformations around the lactone portion of the medium
ring are similar.

C.D. Data within the melampolide series are inconsistant.
A number of compounds relsted to melampodin A (1l08) exhibit
relatively strong positive CE's near 245 nm ss exemplified by

180-132

melampodin 4 Other melampolides such as uvedalin

(109) and polydalin (110)183 exhibit negative CE values but
rcverse their CE sign upon epoxidation of 4,5 double bondlae.
BIVULOGICAL ACTIVITY
(A) antitumor activity:
T'he availability of modern, refined methods for testing
anticarcinogenic agents has encouraged the systematic search
for cancerostatic agents among natural products. Many of the

sesquiterpenes in compositae family, chiefly sesquiterpene

lactones from germacranoliies, guaianolidje, pscudoguaianolide
and elemanolide class show antitumor activity. The structure

of the cytotoxic sesquiterpene lactonzs show considerable
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variation in carbon skeleton ani contain a variety of
combinations of functiocnal grcups. However, it has been
possible to lemunstrate that cyctotoxicity is primarily
iepenient upon the presence of a frec conjugatel «-methylene
Y-lactune grouping. Mciification ¢f the «-nmzthylene
Y-lactone results in iiminiticon in cytotoxicity cr leis to
de¢rivatives which are essentially innctivel33,134, Accoriing
to Kupchan gt _al.t3® for the in vivo tumor inhibiting
activity, prescnce of a scconl %,B-unsaturatci carbonyl
function in sesquiterpene Lactone skeletcn 1s essential.

It is believedl that the mechanisu by which these
compounls exert their biclogical activity, iepenl on an
interaction of «-mcthylene Y-lactones anil other conjugated
systems with biclogically important sulfhyiril group of
enzymes, as the double boni ¢f the lactcne ring reacts
extremely casily with the sulfhyiril group of cystin at pH
7.4L35-l37. The testel sesquiterpenc lactones were active
against 1ifferent tumors e.g. in vitro against human carcinoma
of nasopharynx (K.B.Cells) He La cells (carcincma cervicis
uteri), normal raboit kilney cells R.K.B., Ehrlich ascits
carcinoma cells anl in vivo agoinst walker carcinoma-256 in
the rat, P-388 lymphocytic leukcmia in the mouse or sarcoma
5a-130, Bhrlichascites carcincms anl exulative leukemia
L1210 in the mousel34, 138,139

In recent stuily of bakkenovliles from Petasites_albus

E.fragrans ani P,hzbg;iusl40 it was notel that bskkencliie A




(L20) (Chart XV) a B-methylene «-lactone (which Jces nct have
an O=C-C=UH2 system) gave results agrinst cells ierived from
human carcinoma (HEP-2) similar to that reportel for othor
sesquiterpene lactounes. This recent finiing sugrest that
other structural parameters must be taken inte consiileration
when evaluating the cytotoxic potential of sesquiteryene
lactonces. Chart AV shcws scume of the sesquit-rpene lactcones
which are reporteld to be cytotoxic .
(B) Microbial grewth ipnhibitoer: (antibictics)

some sesquiterpene lactones have been shown te possess
antibacterial, -fungel or helamintric ;ropsrtiesl4l. The
germacranclides mikanolide (121) anid Wihyircamikanclile
(Chart XVI) frem Mikania monagasensis inhibit the growth in
culture of a bacterium, staphylococcus ani alsoc of a yenst
caniiia algjgagsl42. Helenalin (71) a pscuioguaiznoliie
common in species of helenium, was shown to exhibit activity
against the human pathogenic fungi, Trichophyteon mentagra_hytes,
T. acriminatum anl epiiermcphyton sr.143. Parthenin (77)
the major lactone from Parthenium hystero horus was reported to
inhibit s.orangial germination anl zoospore mebility in

Scleros, ora graminicolal44.

(C) Allergic contact dermatitis in man:

Sesquitcrpene lactounes form 2 major class of allergens
causing allergic contact iermatitis in humanl45,147, over 68
sesquiterpenes were usel in patchtests to icteramine the

allerginic potential 2ni the prescnce of an «-methylene group

oy |
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exocyelic to Y-lactone was shcwn tce be the principal

immunc chemi cal requisit for the prolucticn of 1ermatitisl48'lso.

Partheniun hystercphorus an extrzoriinary aggressive weed was

accidently intfoiucei into Indiia frocam america in 1956 2an1i in
certain citics of India e¢.g. Poona allergic contact dermatitis
from P.hysterophorus has become an important iermatological
anl public health problem. Parthenin (77) a pseuloguaianolide

is the major allergenic lactone in P,hystercphorus Frullania,

many varieties of chrysanthewmum, sassurea lappa 2ni Laurus
nobilis are the other important plants res.onsible for dermatitis
anl all of them are known to have sesquiterpenc lnctonvsl49’151'57.
Chart XVI shcws scme cf the sesquiterpene lactones responsible
for dermatitis.

All the known sSesquitcerpene lactones resicnsible for
jermatitis contain e€xoecyclic «-mcthylenc Y-lactone function
which may conjugate with sulfhyiril grcups of proteins in cells
by a michel type aliition to fcrm complete antigens capable of
prolucing cell meiiated contact allergic reactionl®8,

(D) Inscct feeding leterrants

Stuiies on Vernonia sp. provilel an experimental eviidence
that sesquiterpenc lactones act as insect feeling i3eterrants.
Larval feeling experiments were ccniluctel on Spodoptera erii
S. frigiperia, Diacrisicn virginia, Trichcplusia ni ani
S._ornithogalli to letermine whether the feeling preference of
the six species was relatel to the presence of glaucolide A (124)

(Chart XVII, Scheme I) the major lactone in numercus species
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of.lernon;alsg. Supplementing the ager melium with
glaucoliie-A resulted in greatly reiucel larval fecling;
feeling was inversly proportional tc the concentration of
glaucolide-4 in the meiium. Further mcre these insects
selectel Vernonis flauiiifolia meiium (which jces ncot ccntain
g laucouliie-4) in preference to the same diet containing the
lactunelsg. In aiddition to glaucolide-A, parthenin (77)

a pseuioguaianolile ani alantolactone (43), (Chart XVII,

Scheme I) are also reported tc show antifeeiant activityleo'e}

(B) Plant growth inhibitors; (Phytotocxins)

A variety of sesquiterpene lactones of 4ifferent
skeletal types have been reportel to show plant growth
regulatory activitylsz. Heliangin’(izs) the majer
germacranclide of Helianthus tuberosus, inhibits the
elonguation of Avepna coleoptil secticns but promotes
adventitious root fcrmation of Phaszolus cuttingl63.
Promotion of alventiticus root formation wzs reliuceil by the
allition of cystine or by hyirogenaticn of exccyeclic

methylene group. Vernolepin (116) an antinecplastic agent

from Vernonia hymenolepis inhibits growth of wheat coleop’ ile

scctionsi®4, Similar results were notci fecr parthenin (77)
cn EngﬁggLug_xn;ganlglGS anl the crop plant Eleusine

agracanal®6.  The sesquiterpene lactones arbusculin-a (99)
achillin (126) deacctoxymatricarin (127) viscidulin-B ani C

obtainel from Artemisia tridentata vareyana anl other species



of Artemisia were shown to inhibit lateral rcot growth
but stimulate respiration in ngum1§_§31113g167. alanto-
lactone (43) was shown to ce a potent inhibitor of seced
germinaotion anl of seedling growth. It was postulateld that
the lactune inhibits the c¢nzymes associstel with the
jegralation of starch (auylases) an3d of protein (proteases)
but th-re is nc eviience to support thisl68. Chart XVII,
Scheme II gives structures of the active compcunis.
(F) Vertebrate pouisoning:

Live stock poiscning from feraging on bitter
" testing plants of coampositac is well Jocumented in

agricultural literaturel69’l7o. Hymenoxys olorata is an

important livestock toxicant that affects sheep ani goats.
Chemienl stulies on pymepoxys clorata have shown that
hymenoxin (129) (Chart XVII, Scheme 1I1) the major
sesquitcrpene lactene in populations of H.olorata is the toxin
involvel in the death cf shea;sl7l. Similar poisocning
(vomiting iisease in shecp) has been noted ameng sheep
grazing on Scuth african speeics of Gejgeria which contain
the compouni vermeerin (128)172. (Chart xVII, Scheme III).
Besides their toxicity to sheep anl goats, plants containing
lactones when eaten by deiry cattle, impart a bitter taste

to their milk which is thus reniecrei unpalﬂtablelGQ. The
lactune tenulin (130) (Chart AVII, Scheme III) a constituent
of Helenjum amarum impartel a bitter taste to milk after oral
aluinistration tc lactating cowl7o.
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CHAPTER 1l

CHEMICAL INVESTIGATION OF CYATHOCLINE

PURPUREA
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I NT RODUGCT I ON

Tae genus gyathocline 6ass. belongs to the tribe
Asterac of fawily Compositac. It is an anual herb, four
species of which are known to occur in Southern 4sia an3
sthiopia. The total number of Astereae today is 135 genera
with about 2500 species. <The Astereae can be characterized
by the styles of bisexual disc florets which have distinct,
linesr to triangularn sterile appendages. The main centres
of distribution of this tribe ére both Americas ani Southern
africat, while the other centres of distribution being A4sia,
Australia and New sealand.

wobt more than 10% of the 2pproximaotely 2500 species of
the tribe Astereac have been investigated chemically. Most of
the work done so far has been confined largely to the root
conStituentsz. Polyacetylenes, polyenes ani related
substances are characteristic constitucnts of roots. In
certain groups the coumarin are very choractcristic®. Less
wijely distributcd are the diterpenes of labiane ani

clerodane types's.

mpigeal parts have been stuilied only
sporadically. As a result, the - information on distribution
of flavanoids ani other low moleculsr weight secondsry
metabolites is very spotty7‘9. However rarity or absence of
sesquiterpene lactones and alkaloids appear to distinguish

Astercae from several other tribes of Compositzs. A stereo-

isomer of coumambrin B, isolated frow Haplopappus rigidifolius,
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is the only sesquiterpene lactone so far found in
Astereaelo

So far only one specics of the genus Cyathocling

11
has been investigated chemically i.e. O,0. Devangan ¢t 33~

isolated a monoterpene alcohol iyratol (Ia) from
Cyathocline Llyrata.

PRESEAT iU

Cyathocline purpureca is a slender, dclicete, ercct herb,

1-2 ft. in height. The ste: is branched, grooved more or less
pubescent. Leaves sessile, 1-5 inch long, pinnatified with
loothed segments. Leaves also are more or less pubescent.
Flowers (both ray and disc floret) rose purple, in heads
1/6 inch in 3iameter, arrangel in small rounded corymbose
panicles.

he cnromatographic scparation of the acctone extract
of Cyathocline purpurea rcesulted in the isolation of four
new sesquiterpenc lactones, two gusienolides (I) and (II)
(Chart I) closely relatecd to <ach other an3 two closely
related eudesmanolides (IV) znid (V) (Chart II). In 2ddition
to these compounds one more sesquiterpenc lactone of known
structurc ivaagustin (III) was prescat as a2 msinor constituent
in the extract. Compound (1) was present as major
se¢squiterpene lactone and was obtained in 0.22% yield

(basedi on dry weight of plant), whereas compound (IV) was



obtained in 0.062% yield (based on Ary weight of plant). The
other sesquiterpenc lactones were present as minor
constituents. Syructures of all these compounis and their
transformation products couli ove clucidated by extensive
spectral studies of compounds =ni their transformation
products. Lfhe structure elucidation of these compounds is
iescribed below.

Compound (1):

Compound (1) m.p.115-16° («)32 - 111.8° (CHCLLC = 0.5)
snalyzed for CLSHLSOB which was supported by its mass
spectrum which exhibited “B" peak at w/c 246.

1K spectrum of (I) (Fig. 1) suggested the presence of a
hydroxyl group (bani at 3230 cm_l) which was furthar
confirmed by appearence of a 020 exchangable signal at
2.46 ppu in the Ly NmR spectrum of (I) (Table I, Fig. 2),

2} m-ﬁ20 pe3ak in its mass spectrua and its conversion to
monoacstate (VI) on treatment with acctic anhydride in
pyridine. The i nvr spectrum of (I) also showed a Jouble
ioublet at 3.68 ppm (one proton) which suggested the secondary
nature of hydroxyl group. <This was further supported by the
L4 Wik spectrum of monoacetate (Iable I, Flg. 4) in which

the signal asignable to proton on carbon carrying hyiroxyl
group shifted to 5.16 ppm from its position 2t 3.68 ppm in

1

the

d Nig spectrua of acetate (VI). The 5FOD 13C NMx of the

acetate (VI) (Izble II, Fig. 5) showed signals at Sc 76.29 (1)
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130 NMR spectral data of compouni (VI)

(in CDClS, at 22.63 MHz, TMS as internal
staniari. Chemical shift in 8c ppm)

Tapble II)

carpon No. Chemical shift Carbon No. Chemical shift

in S¢c ppm in Sc ppm
c-1 46.0L (1) C-10 137.06 (s)*
c-2 30.15 (t) c-11 150.97 (s)
c-3 34.05 (t) c-l2 170.27 (s)
C-d la4.14 (s)™  C-13 125,17 (t)
c-5 51.79 (1) C-l4 111.71 (&)™
C-6 76.29 (1)™*  C-15 112.83 (t)*
C-7 54.65 (1) Acetate carbonyl 169.49 (s)
c-8 75.12 (1)7" Acetate methyl 2l.51 (q)
c-9 39.70 (t)

Note: (1) s
q

singlety; 1 = doublety t= triplet;
quartet. Signal multiplicity in single
frequency off resonance decoupler
spectrum (SFOD)

(2) Chemical shifts with similar marks
(i.e.r4+ « etc.) are interchangable



ppm which was in good agrecument with the above statement.
The acetate (VI) in its 1y nog spectrum showed one acstate
methyl singlet at 2.06 ppa ani its IR spectrum (Fig. 3)
showed b:nds at 1720 cw~*t 2nd 1240 em~! for th- acetate
group, ocut it 4id not show 2ny nyiroxyl 2bscrption bani
which showed that (I) contzined ouly one hyiroxyl group.
IK Spectrum of (I) c¢xhibitid a carboayl absorption
band at 1735 cm"l and exom=thylene absorption banils at
1630 2ani 385 cu~t wnich suggested the presence of an
«,B-unsaturst <3 Y-lactons moicty in the compound as
represent<d in partial structurc (4). I'his was further
supported by the appearcence of 2 two proton quartet at
6.3 ppa in the 18wk spectrua of (I) (fig. 2) and signals
1t §¢ 170.27(s), 125.17(t) and 150.97(s) ppm in the SKFUD
130 wHi spectrum of the sectate (VI) (iig. 5) s well as by
conversion of (I) into piperiiine adduct on treatucat with
piperidine (VIII). The *H wii spectrum of piperidine
adduct (VILL) (fig. 9) 4i3 not show quartet t 6.3 ppm

observeld in 'LH N spectrum of (I).

A)
O

I'he lactone function ani the hyiroxyl group accounted
for all the three oxygen 2toms in the molecular formula

Gys) 05 Of (1).
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Appcarence of doublet at 4.97 ppm and a brosd singlet
at 5.08 ppa (4 protons) in the L4 nur spectrum of (I)
suggested the presence of two exocyclic methylene groups
(in addition to lactone exomethylene). The molecular
formula CjgH 304 and the presence of threc double bonds
(one lactone exomethylene and two exocyclic methylenes)
suggested a bicyclic skeleton for the compound (I).

Critical comparision of the 1y Nmw spectral data
(Table I) of (I) with those of numerous known compounds
suggested that it belonged to guaianolide class as the sign=als
in the 14 nme spectrum of (I) were similar to those of
chrysostomalide (Ib)lz. The position of attachment of
various groups in (I) could be deduced from careful decoupling
studies of its acetate (VI), the i wmr spectrum of which
showed well resolved signals. The proton on carbon-7 (i.e. H-7)
could be located as a four-fold doublet centered at 2.93 ppm
as the irradiation of this signal collapsed the two Aoublets
at 6.08 ppw and 5.43 ppm into signlets. The two doublets at
6.08 ppra 2nd 5.43 ppm are duc to the lactone exomsthylene
protons and the multiplicity of these signals is known to be
juc to the allylic coupling of these protons with H-7 protonl3.
The same irradiation (i.e. a2t 2.93 ppm) 21so collapsed a
four-fold doublet at 4-43 ppm into doublc doublet and the
double doublet at 5.16 ppm into a doublet. The former signal

(i.c. at 4.43 ppm) could be asigned to lactonic proton, whereas
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the latter signal (i.c¢. at 5.16 ppm) could be asigned to
proton on carbon carrying the acctiate grcecup. The above
decoupling stulies suggestci that these protons are on the
carbon ztoms vicinal to C-7 i.¢. they =2re on the carbon
atoms 6 & 8. Thus the partial structure (4) for

compound (I) can now be extendedl to (38).

OAc

o (B)

Based on the observed couplings of above two signals
it could be proposei that the proton on carbon carrying
lactone oxygen is at C-8 ani the acetate group is present at
C-6 i.e. the lactone ring is C-8 fused. This was further
confirmed! by decoupling stujies. Irrajistion of signal at
4.43 affected the multiplicity of twc proton double joublet
at 2.5 and 3.13 ppm ani the same decoupling ~lso affected the
multiplicity of a signal at 2.93 ppm (i.e. H-7). Irradiation
of double Joublct at 5.16 affected the multiplicity of signal
at 2,3 ppm (one proton) as well as of the multiplct at 2,93
ppmn (i.c. H-7). Based on the above iiscussion the partial

structure for (I) can now be further extendeci to C.

OAc (C)
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The twu exocyclic mcthylene groups in the compcundis
have to be present at C-4 and C-10 positions cn biogenetic
considerations. Thus by summing up all the above data i.e.
guaianolide skeleton of the compouni, partial structure (C)
and two exocyclic methylenc groups at C-4 ani C-10, the
following gross structure (D) could be written for

compound (I) and its acetate.

(D)

Lhe stereocheaistry of compound (I) at various pcsiticns

was propcsel on the basis of coupling constants in its NMR
spectrum. The hydrcgen atum at C-7 has tc be «-criented

in accoriance with Hendricksont'sl4 bicgenetic generalization
that all sesquiterpenes have C7B-substituents. The ccupling
Jo_g anl Jg_g ( ani1 9 Hyz) suggestei the presence of a 8,

12 cis-lactene ring system. The negative sign of the cotton
cffect supported this assumption. A large value of J6-7(10 Hz)
inlicated that H-6 is B-crientei ani hence the hydroxyl group
is «-orientedi. The 1,5 ring fusion has to be cis based on
biogenetic consijerations. Thus the structure and sterco-
chemistry of the major sesquiterpene lactcne fronm

gyathcegling purpurca can be depicted as in (I).
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Compound  (I1):

vue to very clcse Re values of (I) and (II) and the
paucity of the compouni, (II) could not be purifiel by the
usual chrcmatcographic techniques. However, it was obtained
in fairly pure form as its acetate (IIb) (Chart I).

The acetate (IIb) m.p.lé2” (“)So - 117 (CHClg C: 0.2)
analyzed for C)-Hyd04 (M™ at m/e 290). 4 carbenyl absorption

1 jn the IR spectrum of (IIb) (Fig. 10)

band at 1780 cm”
suggested the presence of a Y-lactone moiety in the
coumpouni. IR spectrum of (IIb) alsc shuwed banis at

1720 en~t ani 1240 cm'l, which suggested the presence of
acetate group in (IIb). This was further supported by the
appearence of a three proton singlet at 2.02 ppm (acetate
methyl) in the Ly Nvg spectrun of (IIb) (Fig. 11). The

lH NMR spectrum cf (IIb) alsc showed a cne proton multiplet
at 4.5 ppu which suggested the scconisry nature for acetate
group. The two oxygen atcms in the lactene ring and twe in

Che acetate group account-1 for all the four oxygen stems in

the molecular formla (01732204) c¢f the compcuni.



4 clese cumparision of the L8 Wik spectral data of
(IIb) with that of the ascctate (VI) (acetate of compouni 1)
(Table I gives spectral data of bcth the compecuni) suggested
that ccampcunl (II) is a Aihyircicrivative of compouni (1)
and cuntainel a saturatcd Y-lactone function instead cf an
«-mcthylene Y-lactcne functicn., The only 1ifference in the
18 nwg speetrum of (IIb) ani (VI) was that the twe cne-
proton doublets at 6.08 ppm ani 5.43 ppum for the excmethylene
protons cf the «-mecthylenc Y-lactone in 1y NMR spectrum cf
(VI) were absent in.YH NMK spectrum of (IIb). Instead it
showed a three protcn Joublet at 1.19 ppm an) a one proten
louble quartet at 2.57 ppm for a scceni»ry methyl group.
Thus basedl cn abuve 1iscussicn the structurc ani stereo-
chenmistry fcr the ccumpounl ani its acet-te could be

Jepicted as in (II).

The structure ani stereochemistry proposei fecr (II)
on the basis of avbuve cbservations is tentative since
further structural studies were not possible duc tc the

paucity of the compouni. However, in view of its



cu-uccurrence with (I) and its spectral similaritics,
(LI) is the most porbable structure for this minor
constitusnt from Cysthocline purpurea.

Cumpouni III:

Attcmpts to isclate (III) ss such by chromatcgraphy
were unsuccessful bzcause of the prosence of overlaping
cecopeunis anl the paucity of the coapouni. However,
purification of the ccmpouni (ILII) cculd be achievel by
converting (II1) into its pip riidine aiduct fellowed by
regensratiocn of compouni (III) by the methcd of Jain et al.ls

The compcund (IIT) w.p.l2l-123" analysel for CygHnq04
(1" at /e 248). The spectral Jata anl the melting point

revealel that (1II) is 2 Kniwn sesquit.rpenc Lactone

ivangustin, earlicr iscletel from Ly gngggpiﬁaliglo.
OH

un

Compound 1V:

Because of the very cluse ke values of (III), (IV) anA
(V), ccmpcocunl (IV) could not be ubtaincizgurc form by the
usual chromatographic techniques. However (IV) could be

vbtainel in pure crystailline form via its piperidine ailuct.



Cumpounti (IV) m.p.l4l-142°, (“)go + 123.4"
(CHCLg C = 0.26) snalyzed for Cpglga0g (M at w/c 248)
IR spectrum of compounl (IV) (Fig. L4) shcwel a ban! at
3620 em~d which suggest -1 the presence of a hyiroxyl group
in the ccagpouni which was furthir supports1l by the
appearence of a 020 exchangable signal in the lH NMR spectrua
£ (IV) (Fig. L5, Table III) an} M-Hg0 pcak in its mass
socctrum. On acetylation at rooa geaperature (IV) gave a
monuacetate (a). The IR spgetrum (Fig. 17) of which

1

showel acetate carbonyl banil at 1740 ce™ as well as a bani

2t 1240 Cr:l-l

, but it 1i1 not show any hyiroxyl abscrptiocn

banl, which suggestel the presence ¢f unly ¢ne hylroxyl group

in the ccmpounl. That the hyircxyl group is sceenidary was

proposed by appearence of a one proton louble dcublet at

3.46 ppm in the LTH NHK spectrum of (IV) which shifted tc

4.76 in the 1i nuk spectrun of 2cetate (X) (Table III,

Fig. 18) 2anil1 alsyu by the appearence of a ioubl t 2t 6¢ 76.68

ppn in the SFOD 13C NMR spectruw of (IV). (T2blc IV, Fig.l6).
The carbonyl abscrption ban? at 1780 e~ and a band at

1650 en~d for unsaturation suggestel the presence of an

«-methylene Y-lactone wmoicty in the compcund (partial

structure 4) which was further supportel by ap.carence of

two characteristic one-proton icublets at 5.56 ppm anA

6.11 ppa (J = 1.5 Hz) in the LH NMR spectrum of (IV). This

was cunfirmel by its ccnversion into its pipzridine
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Table IV 13C NMi Spectral jata of compouni (IV)
(in CDC1l,, at 22.63 MHz, TMS as internal
chemical shifts in Sc ppm)

staniar i

carbon No.

Chewical shift Carbon No.

-~

Chemical shift in

in ppn ppm
C-1 76.68(1)* c-9 40.81 (t)7
Cc-2 36.91(t)" c-10 32.23(s)
c-3 120.49(1) c-11 142.26 (s)
G-t 133.61 (s) c-12 170.6 (s)
c-5 36.39 (i) c-13 120.94 (t)
c-6 27.03 (t) Cc-14 11.04 (q)
C=7 44,19 (1) c-15 20.79 (q)
c-8 76.29 (1)"
Note: (1) s = singlet, 1 = doublet, t = triplet,
q = quartet.

Sicnal multiplicity in single frequence off
resonsnce lecoupleil (SFOD) spectrun.

(2) Chemical shifts with siuilar marks (i.e. x,+etc.
are possibly interchangable.

T



aljuct (AIII) (Chart II), the *H NMK spectrum (Fig. 6,
Table III) of which 1i1 not show the signals jue to
lactone exomethylene at 5.56 anil 6.11 ppmn. The SFOD

130 NMR spectrum of (IV) (Table 1V, Fig. 16) which showed
signals at sc 170.64(s)s 142.26(s) 2n1 120.94(¢) 2lso

confirmed the apbove statement.

(A)

The lactune moiety ani one hyiroxyl group accountei
for all three oxygen atoms in the molecular formula
Clsﬂzoos of (IV).

The presence of a double bordin aidiition to the lactone
exomethylene was suggestel by appearence ¢f a three proton
loublet at L.62 ppm (J = L Hz) (methyl cn double boni) in the
1y NMR spectrum of (IV). The 1H NMR spectrum of (IV) alsc
showed a cne preton broai singlet at 5.31 npm, which
suggestel the trisubstitutel nature for the 3jcuble boni.

This was further confirmeil by the 14 wug Spectrum of
cpoxile (4I) (Fable III, Fig. 22) in which the signal 3jue to
methyl on Jouble bonl at 1.62 ppn in the YH NMR spectrun

uf (IV) shifted to 1.24 ppm an ! the signal Jue to vinyl
proten at 5.3l ppm hal shifted tu 3.00 ppm 2as the epoxiie
yroton.  In aiiition tc this *H MR spcetrum of (IV)
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exhibited the presence of an angular methyl group as a singlet
at 0.86 ppm. Appearence of signals at 6c 133.61(g),
120.49(d), 20.79(q) and 11.04(q) in the sFOD 3¢ ik
spectrum of (IV) (Table IV, Fig. 16) supported the above
statement.

I'he molecular formula 015H2003 and the presence of two
double bonds (one lactone-exomethylene and one trisubtituted
double bond), one angular methyl group and one methyl on the
double bond suggested a bicyclic skeleton for compound (IV).

Ccritical comparision of the lg NMR spectral data of (IV)
with those of known compounds suggested that it belonged to
an eudesmanolide class as the signals in the 15 nmg spectrum
of (IV) were very much similar to those of alantolactone (XIV)
and ivangustin (II1)16s17,  The _osition of attachment of
various groups in (IV) could be deduced from the extensive
decoupling stuiies of (IV). The proton on carboﬁ—7 (i.e. H-7)
could be located as a three-fold doublet at 2.99 ppm as the
irradiation of this signal collapsed the two doublets at
6.11 ppm and 5,57 ppm into singlets (13 and 13' protons of
lactone exomethylene). The same irraiiation also collapsed
the three-fold doublet at 4.55 ppm into double doublet and
also affected a two proton multiplet at 1.33 - 1.95 ppm. This
suggested that these two signals are due to the protons on the
carbon atoms viscinal to C-7 (i.e. they are on carbon atoms
6 and 3). The former signal could be assigned to a proton

on carbon atom carrying lactone oxygen whercas the latter



signal is due to a -CH.- grouping. The observed chemical

2
shift and the multiplicity (4.55 ppm ) for the proton
on carbon carrying lactone suggested a C-8 fused lactone
ring in the compound. Tae secouplin, stuiies also were in
good agreement with the above statement, which showed that
the irraiiation of the three-fold doublet at 4.55 ppm
afrected the myltiplicity of three-fold doublet at 2.99 ppm
(H-7) as well as affected tre aultiplicity of two proton
Joublet at 1.45 an? 2.60.. Based on above discussion the
partial structure (4) now can be extended to (B) for

compound (IV).

(8)

Irradiation of ‘'broad singlet at 5.31 ppm collapsed
the doublet (J =1 Hz) at 1.62 ppm into singlet and also
affected the multiplicity of the signal at 1.95 - 2.30 ppm,

the same multiplet was also affected by irradiation of the
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signal at 3.46 ppm (proton on carbon carrying hydroxyl group),

which suggested the presence of partial structure (C) in

compound (IV).

)

OH
CH3

(D)
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based on biogenetic considerations, the double bond
in eudesmanclides is normally present cither at 03,4, 04,5
or at C4,L5 positions, A5 the double bond in (IV) is
trisubstituted it has to be present at C3’4 position
and thus the hydroxyl group should be present at C-1 .
Thus based on above discussion following gross structure (D)

could be written for (IV).
OH

(D)

The 1H NMR spectral data of the compouni revealed
that the compound (IV) is a double bond isomer of
ivangustin (III). Instead of a tetrasubstituted double
bond in ivangustin at C4_5 Position, compound (IV) contained
a trisubtituted double bond at 03’4 position, other
structural parameters and stereochemistry »t various centres
in both compounds being same, hence th: name isoivangustin
was coined for compound (IV). Thus the structure snd

stereochemistry for isolvangustin could be depicted as in (IV)
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Compound V)

Attsmpts to isolate ccupound (V) in pure form by
chromatography were unsuccessful because of the very close
Re values of compounds (III), (IV) and (V). However
compound (V) was isolated in fairly pure from as its
acetate (Va).

The acetate (Va) m.p. Ll6.0O (“)go + 80.00 (CHCl3
C = .003 g/ul) analyzed for 0;752404 (M™ 2t m/e 292). The
Ik spectrum of (Va) (Fig. 27) showel the acetate carbonyl
band at 1720 ca™t and a bani at 1240 co~! but it 4id not
show any hyiroxyl absorption bani. The presence of the
acetate group in (Va) ani its secondary nature
aerplXaoxe was suggested by the appearence of a three proton
singlet at 2.00 ppm (acetate methyl group) and a one proton
double dcublet at 4.7 ppu assignable tc the proton on the
carbon atom carrying acetate group in its lH NMR spectrum
(Fig. 238).

Band at 1760 cu™% in the IR spectrum of (Va) suggested
the presence of a Y-lactone function in the ccmpounid. The
Y-lactone and the acetate group accounted for all the fcur
oxygen atoms in the wmolecular formula C17H?204 of compouni
(Va). A close comparisicn of the g nug spectrua of (Va)
with that of acetate (X) (Table III) . revealed that the only
difference in the lH NMR spcctrum of twe compounds was that

the two one proton doublets (J = 1.5 Hz) at 6.11 and 5.58 ppnm

cbserved in lH NMR spectrum of (X) were not observed in



L4 Nug speetrum of (Va). Instead the 1H NMR spectrum

of (Va) showed a three proten doublet (J = 8 Hy) 2t 1.19 ppa
and a double quartet at 2.6 ppu. assignable tc a secondary
methyl group. This suggested that the lactone ring in (Va)
is saturated and thus it is a 11,13-dihyircierivative of
acetate (X). By cowmbining all the abcve data, the follewing

structure could be written for compound (V) and its acet=ate.

OR
O
(V) rR=H
\Vﬁ) R =Ac

A direct correlation between coapound (IV) and (V) was
achieved by converting the 2cetate of iscivangustin inte (Va)

by selective hydrogenation of excumethylene 4ouble bond.
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Plant material.

Ihe plant Cyathocline purnurea was collected from
Lonavala (Maharashtra) in pecember 1979 ani was shaie dried.
Lxtraction:

The shaile dried and coarsely powierei plant material
(¢ kg) was extracted with acetone in a soxhlet apparatus on
water-bath, The extraction was continued till the solvent
rewoval from the tesSZ?fég ml) Left no or negligible residue.
The solvent was then rscovered from extract by distillation.

tne last traces of the solvent were removed under vacuum to
obtain a dark colourei gummy residue (300 g).
chromatographic separation:

The acetone extract of Cyathocline purpurea (200 g) was
then loaded on the‘column (L5 cms long, andi 9.5 cm in 3ismeter)
for separation of its constituents. The column was packed
with silica gel (200 mesh, 3.5 kg). The elution was starteid
with acetone: pet.ether mixture (20:30) and continuei with
successive increase in the percentsge of acetone. fractions
of 150 wml size were collected. All fractions collected were
evaporated to iryness and examineil on TLC for their ccmposition.
The fractions showing similar chromatographic pattern were
pooled together to obtain nine major fraction (4-I). The Aetails
of the chromatographic separation are suamwmarized in Chart (III)

and Table (V).
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Table V Column chromatographic scparation of acetone
extract of Cyathocline purpurea

Fraction EBluent Total volume Net Approxim?te
No. collected weight composition
of
fraction
(4) Acetone (20) 150 ml x 3 25 g straight chain
- hyirocarbon
Pet.ether (80)
(B) Acetone (20) 150 al x 4 22 g Complex mixture
- of uniienti-
Pet.ether (30) fiel compounis
(C) Acetone (20) 150 ml x 4 24 g Mixture of
+ unidentifiel
Pet.ether (80) compounis +
sterol
(D) Acetone (20) 150 ml x 5 23 g sterol + un-
- itentified
Pet.ether (80) compoun?
(B) Acetone (30) 150 ol x 3 10 ¢ sterol +
+ compounis (I)
Pet.cther (70) anl (II)
(£) Acetone (30) 150 ml x 7 35 g Mixture of
+ compounis (I),
pet.ether (70) (I1), (II11)
(Iv) an3 (V)
(G) Acetone  (40) 150 ml x 4 4.8 g Mixture of
- compounis (III),
Fet.ether (60) (IV) ani (V)
(H) Acetone (50 150 ml x 4 5g Mixture of
. + compounis (IV)
Pet.cther (50) (V)
(1) Acetone + MeOH 150 ml x 10 45 ¢ Plant aciis ani

sugars




Rechromatop raphy of act Fe

Thin-layer-chrumftpgra_hic‘uxaminntiun of fraction (F)
revealed that it was a aixture of ainimum five compounds having
very close Re values (eluent:30:70), The fractiocn was
rechromatcgraphed on cclumn (silica gel 1 kg). Elution was
started with acetonespet. cther mixture (20:80) with successive
increase in proporticn of acctone. Fractions naving similar
cuomposition were combined to obtdiﬁ seven major fractions
(Chart III1 Taole 1IV).

Isylation of compound (I):

Fraction (III) from rechromatography of fraction (F) gave
compound (I) as a greenish solii (16 g). The compcuni (I) was
further purified by its crystalization from benzence to get
colourless erystalline sclid (15.5 g) m.p.115-16%

Analysis: Found C, 72.93%; H, 7.41%
C5H1803 required C, 73.15; H, 7.37%.

(“)32 = - 111.8Y (CtiCl3 C = .5)

ULV, : end absorption.

nujol

IE_ (Fig.l) Y cu~! 3280 (0H), 1745 (lactone carbonyl)

max
1630 and 805 (unsaturation)
Mass: (n/e, rel intensity).
sglaticn o 1118 s
Compound (II) was obtainel as 2 mixture along with

compound (I), as bcth the ccmpounds had very close Rp values.

Further purification of compound (II) by chromatographic



Table VI Rechromato.raphy of Fraction F

a9y

Fraction Eluent Total volune Net Approximate
No. collected weight composition
of
fraction
(1) Acetone (20) 50 ml 5 g Straight chain
+ hyirocarbcns
Pet.ether (80)
(1I) Acetone (20) 50 ml 3 g uniientifieq
+ compounis
Pet.ether (80) sterols
(I11) Acetone (25) 50 ml 16 ¢ Compouni (I)
+
Pet.ether (75)
(1v) acetone (25) 50 ml 2 g Compounis (I)
+ ani (II)
Pet .ether (75)
(V) Acetone (30) 50 ml 2.3 g Compounis (III),
+ (IV) ani (V)
Pet.ether (70)
(V1) Acetone (30) 50 ml 5¢g Cocmpouni (IV)
+ ani (V)
Pet.ether (70)
(VII) icetone 50 ml 2 g Plant aciis
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techniques was not possible. However, compound (II) was
obtained in fairly pure form as its acetate (Ila). For
acetylation, a mixture of compound (I) and (II) (200 mg) was
dissolved in pyridine (2 ml) and to it acetic anhyiride (2 ml)
was added dropwise at room temperasture. The mixture was
allowed to stand at room temperature for 12 hours. The usual
work up of the mixture gave a mixture of two acetates (210 mg).
I'ne two acetates weré separated by preparative TLC

(eluent: 30:70) to get the acetate of compound (II) as

colourless crystalline solid m.p.l62-63°.

30 _ 0 (onel. 6 =
(w) = -LL7° (Coly G = .2)
[is (Fig. 10)YP230L ¢u=L 1740 (Y-Lactone) 1740, 1240 (acetate)

max
1650 (unsaturation).

Isolation_of compound (III):

fraction (V) from the rechromatography of fraction (F)
725 a mixture of three compounds having very close Rf values
(LLC eluent: 30:70). The fraction (V) (2.5 g) was again
cubjected to column chromatographic separation (silica gel,
209 uesh, 100 g). Acetone-pet.ether mixture (20:80) was used
as eluent, with successive increase in percentags of acetone.
Fractions showing similar composition werc mixed together
(I'LC cluent 30:70) to obtain five major fractions (Table VII).
Compound (III) was obtained as a gumay solid from fraction C
(Table (VII) (.8 g). The compouni (III)was further purified
via its piperidine adijuct. The compound (III) was dissolved

in ethanol (1O wl) and to it piperidine (15 ml) was added
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Table VII Column chromatography of Fraction (V)
from rechromatography of fraction (F)

Fraction Bluent Total Net Approximate
No. volume weight of compusitiocn
collectel fraction
(a) Acetone (20) 251 x % .3 g uniientified
+ Pet.ether compounis
(b) Acetone (20) 25 ml x 4 .3 g compound (III) +
+ uniientified
Pet.ether (80) compounA
(c) Acetone (25) 25 ml x 6 .8 g compound (III)
+
Pet.ether (75)
(1) Acetone (30) 25 al x 3 .2 g ccapouni III, IV
+ anl (V)
Pet.ether (70)
(e) Acetone (30) 25 ml x 4 .6 g compouni (IV) ani
+ (V)

Fet.ether (70)
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dropwise at room teuperature. The mixture was allowed to

standi at room teunperature for 12 hours. The usual werk up of

the reaction mixture gave tne cruile piperidine adduct (0.6 g).

The crule adduct was purifiei by its preparative layer

chromatography (eluent: 40:60) to obtain pure piperidine aijduct

as viscous oil (0.54 g).

IR: ))z:iOL em~1 3260 (0H) 1745 (Y-lsctone) 1640 (unsaturation)

'8 Nug: (COl, soln.) 1.l (s, 3H H-14) 1.66 (s, 3H, H-15) 3.83
(LHm d-1) 4.4l (L4, o, H-8) 1.60-2.5 (-CH2-) of

piperidine ring.

The coupouni (III) was regeneratel from its piperidine
adiuct as described below. To the piperidiine adduct (400 mg)
in a round~bottom flask, methyl iodide (6 ml) was aided ani
solution was stirred at room temperature for 1/2 hour. Soiium
bicarbonate solution (5% aquecus, 50 ml) was then 21iied to the
above suvluticn ani it was stirred for adiitional 24 hours.
Reaction mixture was then 4iluted with water and extracted with
chloroform (20 ml x 3), the chloroform extract was washed with
water (20 ml x 3) 4Aried over anhyirous scdium sulphate ani
sclvent removed to get the cruie compound (III) (300 mg) which
was then crystallised from acctone:pet.ether mixture to get
colourless crystalline sclid, m.p.121-123° (200 mg).

IR; (Fig. 12)))2:£°l
1650 (unsaturation).
Mags: w/e (relintensity) 248 (M%, 68) 230 (M-Hzo, ol)

206 (M-Coz, 20), 31 (100)

ca~t 3300 (0H) 1750 (Y-lactone)



Isolation of compound (IV):

Fraction (VI) from the rechromatography of fraction (F)
(Chart III) gave cocapouni (IV) as a wixture along with
compouni (V) (TLC, eluent:35:65). Attempts to purify the
ccmpound (IV) by chromatography were unsuccessful due to the
very close Ry values of compounis (IV) and (V). However,
compound (IV) was obtainel in pure crystalline form via its
piperidine adiuct. The mixture cf (IV) and (V) (.8 g) was
1issolvei in ethancl (25 ml) ani piperidiine (L ml) was adied
to it at room temperature iropwise and the mixture was
allowel to stand at rooam tenperature fcr 12 hours. The
mixture was then workel up to get piperiiine adiuct (950 mg).
The crude piperiiline alijuct (XIII) was crystallizel from
benzene pet.sther mixture to gst cclourless crystalline
solil (.75 g) m.p.160-61°.

IK: (Fig. 25) yf;:icl en~t 3620 (UH) 1770 (Y-lactone)
1650 (unsaturaticn).
Mass: w/e (rel.intensity) 333 (M¥, 100), 248 (M-85, 48)
230 (248-04 12.5) 215 ¢248 - H20 - CHg, 10).

Compouni (IV) was cbtainei from its piperiiine alduct
as lescribel for compound (III). The ccmpouni (IV) (0.5 g)
was crystallizel from acetcne pet.ether mixture to get
colcurless crystalline solil, (.4 g), m.p. 141-142°.

)% =+ 125.4 (cHol, C = 0.26)
UV: eni absorption.
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IR (Fig. 14)\;;‘]‘;{“1 cn™! 3620 (0H) 1770 (Y-lactone) 1650
(unsaturation).

Mass: w/e (rel. intensity) 248 (M', 68), 230 (4-H0, 2l)

o 20), 8L (100).

Isolaticn of compound (V):

Compouni (V) was isclatedl from the mother liquer of

206 (M-CO

piperiline ailiuct (XIII) (please see isclaticn cof the

cumpouni (IV) by its preparative TLC (eluent: 35:65).

Ccmpouni (V) (150 mg) thus ubﬁainei still contzinel sane
cverlapping impurity. The atteapts to purify (V) by
chrumetcgraphy (column, PLC) were unsuccessful iue to cver-
laping iwpurity ani paucity of ccmpouni. However (V) could be
isclatel in fairly pure form as its acetate (Va). For
acetylation, the ccmpcuni (V) (150 mg) was iissclved in
pyriline (1.5 ul) ani to it acctic anhylrile was ~ilel Jropwise
at rocm temperaturec. The mixture was allowed tu stanl at

rocm teuperature for 12 hours. The usunl work-up of the
reaction mixture gave the cruie acetate (160 mg). The
resulting acetate (Va) (160 mg) was purified by its

preparative TLC (eluent: 30:70) to get pure acetate (Va)

(130 mg) as a colourless crystalline sclifi, m.p.ll6c.

(q)go + 80.00° (CHCl, C = .3).

3
IR: (Fig. 27) V f;:)-i{ol cn~L 1760 (Y-lactone) 1720 ani
I

1240 (acetate).
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Chemical transformaticn preiucts of compouni (I):

a) Mong acetate (VI): Compouni (I) (10O mg) was iissclvei in
pyriiine (L ml) anil to it acetic anhyiride (1 ml) was adied

at rcum temperature and mixturc was allowel tc stani at rocm
temperature for 12 hours. The usual wcrk up ¢f the preciuct
gave cruje mono-acetate (110 wmg) as crystalline sclii, which
was recrystallizel from acetune to get colourless crystalline
solid (95 mg), m.p. l28“.

t«)io -128.0 (CHCLl, C = 0.17)

3
( n in

L8: (Flg. 3)Y JWob op-l 1785 (Y-lactone), 1740, 1240

(acetate), 1650, 335 (unsaturaticn)

b) Hexahy irvmogoacetate (VII): The umoncacetate (VI) (50 mg)

was catalytically hydirogenatei at atmespheric pressure/room

temperature using pallailium/carbun 10% as catalyst, to cbtain

hexahy ircacnoacetate (VII) as a thick liquii.

nujol

max

1240 (acetate).

Iransformation projucts_of compound (IV):

Letranydro compound (IX): Compouni (IV) (LOO mg) dissolved

in ethanol was stirred in atmosphere of hyirogen at atmospheric

IR: (Fig. 6)Yy cat 1780 (Y-lactone) 1750 and

pressure and room temperature in presence of P1/C 10% as
catalyst, till there was no absorption of hydrogen. The
usual work up of reaction mixture afforiei tetrahyiro-

compound (IX) as colourless crystalline soliAj m.p.151-1520.

Li: (Fig. 19) y Z‘;f{“ cul 3620 (0H) 1775 (Y-lactone).
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Mass: m/e (rel.inteunsity) 252 (M7, 100) 234 (M-H,0, 10)

219 (234-Me, 8) 208 kM—CUQ, 18) 193 (208-Me, 83).
Monoacetate (4): Compouni (IV) (LOO mg) was 1issolved in
pyridine (1 ml) ani to it acetic anhyiriie (1 ml) was alded at
room temperature. The reaction wmixture was allowed to stani
at roowm temperature for 12 hours ani it was then worked up
as usual, to get cruie monoacetate (L) (110 mg) which was
crystallized from ethanol to get colourless crystalline solid

(95 mg) m.p.166.6o-

()30 =+ 158.66 (CHCLy C = 0.15)

IR ¢ (Fig. L7)) EZiOL em~+: 1750 (Y-lactone) 1725 and 1240
(agetate) 1650 ani 880 (unsaturation)

Dihyidromonoagetate (XII): Monoacetate (X) (50 mg) was

selectively hyirogenatel, by stirring ethanol solution of
monoacetate in hyirogen atmosphere at room temperature/pressure
in presence of palladium hydroxide on calcium carbonate as
catalyst. Tne usual work up of the proiuct gave (XII) as
colourless crystalline solii (46 mg) m.p.ll6.8°.

30 _ O (r~u _
(“)D = + 30 &anlS C = 0.3)
. 3 nujcl -
Ir: (Fig. 23))) mai cm 1 1750 (Y-lactone) 1725 ani

1240 (acetste) 1650 (unsaturation).
spoxide (AI): The compouni (IV) (80 mg) was dissolved in
ainimum amount of chlorofcrm and sclution was ccoled to O°
in an ice bath. To the above ccld solution, m-chloroperbenzcic

acil (240 mg) dissclvel in winimum amount of chloroform was
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ailed sluwly. The mixturc was allcwel to stan3 at O° for
48 hours with occasicnal shaking. The reacticn amixture was
then washed with water till it was free from acii (pH 7),
iriel over anhyircus solium sulphate ani sclvent remcvel

to get the product (A£I) as coclourless crystalline scliA

0. p.148-50°.

. jol
IR : (Fig. 21))):;“ cn™t 3600 (0H) 1760 (Y-lactene)

1650 ani 875 (unsaturation)
Piperiiine aijduct (XIII)

tor preparation of piperiiine adiuct an? its sepctral

1ata plecase see isolation of compcuni (IV).
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CHAPTER 1l

CHEMICAL INVESTIGATION OF CYATHOCLINE

LUTEA



INTRODUCTTION

Cyathocline lutea Cass, belongs to the tribe Astereae
of family Compositae. It is a small herb 4-9 inches in height
with a scape like stem which is very slenier. Leaves are
sessile, glandular, bipinnafified, mostly radical and are
forming a stellately spreading rosette. Heads are 1/8 - 1/6
inch in diameter few and arrangei in a branched ciorymbose
panicles. Flowers are bright yellow in colourl.

The species Cyathocline igggg has not been investigated
chemically. As mentioned in previous chapter so far only one
species, Cyathocline Lyrata of the genus Cyathocline has been
nvestigated chemicallyz;

PRESENT WURK

I'he chromatographic separation of the constituents of
acetone extract of Cyathocline lutea resulted in isolation of
two new sesquiterpene lactones (I) and (II) belonging to the class
germacranolides. The compound (1) was a major sesquiterpene
lactone obtained in 0.3% yield (based on dry weight of plant).
Whereas compound (II) was obtained in  0.175% yield (based on
dry weight of plant). The structure elucidation of the
compounds isolated is described below.

ompound :

Compound (I) m.p.136-8° («)go + 53,33 (CHCly C = .6)
have molecular formula C15H2204 as indicated by its elemental
analysis and also by the mass spectrum which showed M* at

m/e 266,



139

Fresence of an hyiroxyl group in the compouni (I) was
suggested by hydroxyl absorption bani at 3300 cm'l in the IK
spectrum (Fig. 1) of (I), which was further confirmed by the
appearence of D20 exchangable signal in its lH NMR spectrum
(Table I, Fig. 2), M-H50 peak in its mass spectrum ani its
conversion to monoacetate (IV) (Chart I). The compound (IV)
showed the acetate methyl signal in it Ly amg spectrum
(Table I, Fig. 7) and showed banis at 1720 ani 1240 en~t in its
IR spectrum (Fig. 6) which 1i3 not show any hyiroxyl
absorption bani. This iniicaéei that compouni (I) contained
only one hyiroxyl group. The secondary nature of the
hydroxyl group was iniicated by the appearence of one preton
signal at 4.12 ppm in the ‘H-NMR spectrum of (I) which shifted
to 5.36 ppm in the lH NMR spectrum of acetate (IV), as well as
by appearence of a doublet at 6¢c 74.47 ppm in the 5FUD 135 nuR
spectrum of (I) (Table II, Fig. 3). This was confirmed by its
conversion to oxile (V) on treatment with Jones reagent.

IR spectrum of (I) exhibited a carbonyl abscorption banAd
at 1760 cm'l and an exomethylene absorption at 1660 cm'l,
which suggested the presence of an «,B-insaturated lactone m~iety
in the coapouni (partial structure A). Appearence of two
joublets (J = 3 Hz) at 5.4l and 6.13 ppm in the LH NMR spectrum
of (I) as well as the signals at 6c 169.42 (s), 140.31 (s)
andi 118,99 (t) in the SFOD 13C-NMR spectrum confirmed the

in
presence of «-msthylene Y-lactonele). Ccnversion of (I)
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Lable 1I 13¢ v spectral data of compound (I)

(CDClg, I¥S as internal sstandard, values in

6c ppm)
Carbon No. ppm Carbon No. ppm

c-1 35.13 (t)* c-9 82.66 (4)"™""
C-2 30.93 (t)F c-10 26.06 (d)
c-3 38.47 (t)** . ¢c-11 140.31 (s)
C-4 80.54 (s) c-12 169.42 (s)
~-5 74.47 (4) C-13 118.99 (t)
Cc-6 82.47 (4)*+* Cc-14 21.77 (q)
c-7 42.30 (d) c-15 25.21 (q)
c-8 39.13 (t)*"

Note: 1. Spectrum recorded at 22.63 MHg

2. S

1l

quartet

3. Chemical shifts with similar marks

singlet, d = doublet, t = triplet,

q
Signal multiplicity in single frequence off
resonance decoupled (SFOD) spectrum

(i.e.. +, ++, +++ etc.) are possibly interchangable.

3
e
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intc its piperidine adiuct (VII) (Chart I) suppcrtei the

above statement.
O

(A)

Two oxygen atoms in the lactone ring ani one oxygen
in the fcrm of hydroxyl group accounted for the three cut of
the four oxygen atoms present in the mclecule (mclecular
formula 01552204)' As the IR spectrum of the acetate (IV)
3id not show any hyircxyl abscorption bani, the remaining
cXygen atom has to be present cither as an epoxiije or an
ether bridge. The observed cne proton multiplet centred
at 3.71 ppm in the lg NMR spectrum of (I) suggest=1 that the
remaining oxygen atom is present in the form of an ether
bridge and nct as an epoxiie, asalmust all the sesquiterpene
lactones of known structures having epcxide rings show signsls
for the epoxide proton in the regicn 2.7 - 3.00 ppma. This
assumption was further supportei by the fact that all the
known methois for opening the epoxite ring c.g. treatment
with (1) formic acii (2) lithium ethylanine (3) mineral aciis,

(4) BF, ethrate ani1 (5) with lithium liquii ammonia failed to

3
cpen the oxirane ring. in (I). In ccntrast, the observed
chemical shift (3.71 ppm) was in gcod agreement with the
ohemical shift expectei for protons on carbon carrying ether
3

bridge. The SFOD i -NMR spectruam cf (I) showel a Adoublet

at bc 82.66 anl a singlet at Sc 80.54 ppm thus supporting



the presence of an ether bridge in the compound.

The molecular formula C;gis50, (4T at m/e 266) and
appearence of one secondary methyl and one methyl on ether
bridge suggested a germacranolide skelecton for th: compound(I).
I'he position of attachment of various functional groups coulil
be deduced from the detailed spin decoupling studies; The
decoupling experiments were carried out mostly with
compound (I), but as the signals due to the proton on the
carbon atom carrying hyiroxyl group ani that of the
lactonic proton were overlaping, to deduce position of
attachment of hydroxyl group, spindecoupling experiments
were carried out with the mono-acetate (IV), the LH-NMR
spectrum of which showed very well resolved signals.

The signal of H-7 was located as a multiplet
centered at 2.85 ppm, as irradiation of this signal caused
collapsing of the two lactone exomsthylene doublet
at 5.4l and 6.13 ppm into singlets. The multiplicity
of these exomethylene signals is known to be due to the
allylic coupling with - H-7 proton%. The same irradiation
also converted the double doublet at 4.12 into a doublet
and also converted multiplcts at 2.05 and 2.22 ppm into
broad singlets. This indicated that these signals are
due to the protons on carbon atoms viscinal to C-7 (i.e.they
are on C-6 and C-8). In the g NMR spectrum of oxideQégglg’I)
the double doublet abserved at 4.12 pom in 15 N spectrum
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of (I), sniftel 1own-field an) appeared as a lcublet at
5.3 ppin (J = 10 Hg). Further mere the LTH NuR spectrum cf
vxite (V) alsu showed that the signal for methyl on ether
briige shiftel to 1.33 ppm frum its pousitiovn at 1.2 ppm in

14 NMR spectrum cf (I). This inlicatel the presence of

i
|
— ? type of grouping in the ccmpound. This
H NS
/C\cxaz

was further supported by the carc<ful spin-lecoupling stuiies

() ——

—_—

0
i

G
I

oo

CH

with the acetate (IV). Irraiiaticn of signal at 4.03
cullapsel the ioublet at 5§.36 (J = 10 Hy) into a breaid
singlet 2ni also affectel the multiplicity ¢f signal centered
at 2.920 (i.e. H=7). Irraliation of signal at 5.36 (signal
iue to proton on carbon carrying acetate group) ccllapsed

the louble dcublet at 4.08 ppm into doublet. No cther signal
was affectel by this irraiiaticn. Basel on above liscussicn
the partial structure (A) couldl be extenied further tc

partial structure (8).

OH

(B)
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Irraiiaticn of the signal at 3.71 affectel the
multiplicity ¢f a twe proton multiplet centerci at 1.66 which
ccllapsel intc a dcublet. Same irraliaticn 2lsc collapsed
the cne protoen multiplet at L.77 into a breai triplet which

suggestel the presence of a -CHQ-UH - CH type ¢f grcuping in

0
the cumpocunl. Irraiiaticn of signal at 1.77 collapsel the

threc proton lcublet at 0.38 into singlet an? twoe proten
aqultiplet at 1.66 into bru=1 icublet. In adiition tc this
same irrailistion alsc affectei the multiplicity of a one
prcto-multiplet at 3.71 ppm. Based ¢n abcve iiscussion
partial structure (C) coull be written for the other part of

cecmpound (I).
CH3
I3 |
- Q\: CHy - CH, - Cd - CH
0/
(C)

By comining the two partial Structures (B) 2nil (C),
twe probable structures (D) anl (E) coull be written for the
cempeund (I) Prouf for the correct gross structure in faveur

of E was cbtainel as fcllows:

OH

OH

D)
: ey °
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The position of attachment cf lactone ring in
ccmpound (I) cculd be leduced by the usc of its CD spectrul
pased ¢n the sign of the cotten effect anl the stercochemistry
cf loctone ring, the position of attichment Of lactone ring
coult be determinel frem the stucexklin-waliell-Giessman rule5
(please see Chapter I page No. ). Cuompcun? (I) shcowed a -ive
cotton-effect ani the lactine ring in transfusel as indicatedl
by the large ccupling (J = 10 Hy) between the lactonic proton
anl H-7. Thus aecording to the Stocklin-Waddell-Geissman
rule compcuni (I) shoulil be 2 tfans 6412 clidie ani hence (E)
represents the ccrrect structure of compouni (I).

The stercochemistry of coupound (I) at varicus positicns
was proposed on the basis of ccupling constants in its HﬂrMMR
spectrun.  The hyirogen atom a2t C-7 (i.e. H-7) had to be
«=-orientel as is known for all naturally cccurring sesquiterpene
lactones frcom higher plants. A4 large coupling constant (10 Hz)
between H-7 2ani H-6 requirel that the latter is B-criente?l ani
thus the lactcne ring is transfusei to C-6. Similarly
the large value of Jg.g (1O Hz) iniicated that H-5 is
«-orientel ant thus the hyiroxyl is B-oriented. Thus the

structure anl sterecchemistry c¢f the major sesquitcrpene lactone

from Qyagthcecline lutea can be iepicted as ih (I).




Cempound (11):

The cempeuni (II) a thick il, (d)go + 75.66
(CHClg C = 0.7) analyzel for Cpglo0g (M* 2t m/e 250). The
presence of an hyircxyl group in the cimpeuni was suggested
by appearence cf a hyircxyl abscrpticn banl at 3300 cm'l in the
IR spectrum cf compeund (IT) (Fig. 14) anl was confirmedl by
appearence cf M-H20 peak in its mass spectrum. On acetylaticn
at rcom temperature compouni (II) gave a moncacetate (IX)
(Chart II). The latter ccmpcuni in its Ly nMR spectrum
(Fig. 19, Table III) shcwel ore acetate methyl signal. The IR
spectrum of the acetate (IX) (Fig. 13) showel carbonyl

L ani a band at 1240 ca~! but 113

absorpticn bani at 1720 cm”
nct show any hyiroxyl absorpticn bani which indicateil that
ccmpound (II) cuntained only cne hyldroxyl group. Ap.earence
cf a vne preton iouble doublet at 3.56 ppm in the lg-NmR
spectrum of coumpcunl (II) (Table III, Fig. 15) ani its Jcwn-
fiell shift t¢ 4.71 ppm in the L4 nur speetrun of acetate (IX)
in! ccompoun is € asy cxidation cn treatment with Jcones reagent
iniicated that the hyidroxyl group is secuniary.

- an1 a bani

The carbonyl abscrption bani at 1745 cm”
2t 1650 cm™t for unsaturation in the IR spectrum of (II)
(Fif. 1l4) suggestel the presence of an «,B-unsaturated lactcne
function (partial structure A4) in the compouni. It was
further confirmel by appearence of twu characteristic

\oublets (J = 3 Hz) at 5.5 ani 6.16 ppa in the “H-NMR

spectrun ¢f (II) ani its easy reacticn with piperiidine to
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from a piperiline alduct (XI) (Chart II).

(A

Two cxygen atoms in the lactone ring ant cne oXygen
atom in form of hylroxyl group accuuntel for all the three
oxygen atoms in the molecular formula of ccmpouni (II). The
14 §MR spectrum of ccampeuni (IT) (Table III, Fig. 15) shcwed
2 brceai icublet at 5.17 ppm (cne prcton) and 2 dcublet
(J = 1 Hy) 2t 1.76 ppm (three prctens, methyl on dcuble beni)
suggeste1 the presence of a trisubstitutel icuble boni in the
compeuni, The signal at 5.17 was nct cbservel in the
18 wmr spectrum cf the hyircgenated projuct (£) (Table III,
Fig. 21) as well as the signal at 1.76 ppm in lH NMR spectrum
of (II) hal shiftel to 0:.92 ppm (1, J = 6 Hz) in the 1H NMR
spectrum of (X) which supportel the above statement. The
g NMR spectrum of (II) als. showed the presence ¢f cone
seconlary methyl group at 1.03 ppn (J = 8 Hz). The molecular
formula ani appearence of one seconlary methyl anid cne methyl
cn Jcuble bonl suggestel a germacrancliile skeleton for (II).

The position of attachment ¢f various functicnal grcups
c.ull be lelucel from the extensive lecoupling stuiies carriel
sut with the wmencacetate (IX), as the Ly nuR spectrum cf

mrnoacetate showel well resclvei signals., The signals for
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AcO H

o CH,—N )

X1

CHART 1



Taple 111 1 NMR spectral datz ¢f compound II and its
derivatives (in CDCLg, I[MS as internal
standard, chemical shifts in 6 scale)

(values in parenthesis are ccupling constants in

Hy)
(11) (VIII) (IxX) (X)
H-1 - * * *
H=-2 * 3.17 m - "
H-3 3.56(44)(10,3 Hz) - 4,71(434) 4,02 (m)
. (10,3)
H-4 - - - *
H-5 5.13(4a) (10 Hz) 5.30(4) 5.17(4) *
(10 Hz) (10 Hz)
H-6 4.53(t) (10 Hz) 4,57(t) 4,.55(t) 4,02 (m)
(10 Hz) (10 Hz)
4-7 2.26 (m) 2.28(m) 2.28(m) 2.3(m)
H-8) ™ * * -
H=9 * * - «
H-10 * * « -
H-11 - - - «
H-13 6.46(d) (3 Hz) 6.22(4) 6.22(4) ¢
(3 Hz) (3 Hz) 1.11(4)(6 Hz)
0-13'5.5(d) (3 Hz) 5.44(4) 5.57(4) §
(3 Hz) (3 Hz)
H-14 L.03(3) (6 dz) 1.03(4) 0.91 (4) 0.91(4)(7 Hz)
(6 Hz) (6Hz)
H=-15 1.76(4)( 1Hz) L.62(4) 1.82 (1) 0.93(1)(6 Hz)
( 1 Hz) ( 1 Hz)
OAac - - 2.04(s)




H-7 was locatel as a amultiplet at 2.28 ppm, as irraiiation

of this signal causel the collagsing of the two lactone
exomcthylenc loublets (J = 3 Hz) at 5.57 anid 6.22 ppm in the
singlets. The same irraiiation also convertel the jouble
ioublet centerel at 4.55 ppm into 2 Joublst anl also collapsed
a mltiplcet at 1.66 ppm into broai joublet. This inlicatel
that these signals are due to the protons on carbon a2toms
viscinal to C-7 (i.e. they arc on C-6 anl C-38). The double
ioublet at 4.55 ppm could be assigned to a lactonic proton
whereas the multiplet at 1.66 ppm coul? be a ssigned to a

—CH2- grouping. Irraiiation of 1louble .loublet at 4.55 ppm
affected the multiplicity of signal at 2.28 ppm (i.e. H=7)

as well as collagsel the broail loublet at 5.17 ppm into broai
singlat. The broail doublet at 5.17 ppm coull be assignei to
vinyl proton. Irraliation of the signal at 5.17 ppm
collapsel the 1ouble loublet at 4.55 ppm into loublet. The
same irraliation also collapsed the Youblet (J = 1 Hy) at
1.32 ppm (methyl on iouble boni) into singlet. From the above
iiscussion it couli be concluieil that the lactonic proton

anl the vinyl proton are on the vicinal carbon atoms.

Bansc1 on biogenesis of the germacranoliies the double
bonis in the germacranoliles are generaliy present at Cl,lO
inl C4_5 positions.  As the compouni (II) contains only one
iouble bonl which is viscinal to lactonic proton, the 4double
bonl must be present at C4,5 position with a lactone ring

fusion at C-6. Basel on above Jata the partial structure



(&) now could be extended to (s).

> (8)
The 1k spectrum of the oxide (VIII) (Fig. 16) showed

=L which suggested the

a carbonyl absorption band at 1890 cm
presence of an «,B-unsaturated kctone (in addition to
«-methylene Y-lactone) in compound (VIII). This was further
supported by the LH-nMg spectrum of oxide (VIII) (Table III,
Fig. V7 ) in which the signal®due to vinyl proton had shifted
to 5.30 ppm from its positioh at 5.13 ppm in the ly-nNMk
spectrum of (II). The UV spectrum of the oxidje (VIII) and

(1I) was in good agreement with above statement. Thus based

on above discussion it could be concluied that the hydroxyl
group in compound (II) is present at C-3. The above statement
was further supported by the decoupling studies carried out
with the acetate (IX). Irradiation of the doublet

(J = 1.0 Hz) at 1.82 ppm affected the multiplicity of the
four-fold doublet centered at 4.71 ppm. The signal at

4.71 ppm could be assigned to proton on carbon stom carrying

acetate group. Same irradiation also converted the broasd

doublet at 5.17 (vinyl proton) into sharp doublet.

By combining all the above data i.e. presence of
partial structure (B), hydroxyl group at C-3 position and
presence of one methyl on the double bond and one secondary

methyl group, following gross structure (C) could be written



for compound (II.) and its acetate (IX).

RO
© ° Ll

The stereochemistry at various position of (II) was
praopaosed on the basis of coupling constants in its lH-NMR
spectrum. I'he hydrogen atom at C-7 (i.e. H-7) has to be
«-oriented as is known for all naturally occurring
sesquiterpene lactones from higher plants. A large coupling
constant ( 10 Hz) between H-7 and H-6 required that the
latter is p-oriented and thus the lactone ring is transfused
to C-6. Similarly the large values of Jg_g ( 10 Hz)
indicated that H-5 is « oriented. Thus the stereochemistry
and structure of compound (II) from Cyathocline lutea can be

depicted as in (II).




EXPERIMENT AL

Plant Material:

Lonavala (Maharashtra, India) during December 1979 and was
shade dried.
Bxtraction:

The dried and coarsely powdered plant material (4 kg)
was extracted with acztone (40 lit) ia a soxhlet apparatus.
The progress of the extraction was monitored by taking out the
test sample of extract (lOO ml) and evaporating it to dryness.
when the residue left after evaporation of solvent from test
sample weighed negligible the extraction was stopped. The
solvent was recovered from the extract by distillation. Last
traces of the solvent were removed unier vacuum to obtain a
dark gumy residue (200 g).
ghro raphic_separation:

The acetone extract of Cyathocline_lutea (100 g) was

loaded on a column (size 100 cms long and 6 cm in diameter).
Packed with silica gel (200 mesh, 3 kg). The elution was
started with acetone-pet.ether mixture (20:80) with successive
increase in the percentage of acstone. Fractions of 150 aml
size were collected. The fractions showing similar
composition on TLC plates (eluent: 30:70) were mixed together
to get eight major fractions (Aa-H). The détails of the
chromatographic separation are summared in Chart (III) and

Table (IV).
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Table IV Chromatographic separation of acetone

extract of cyathocline lutea

Fraction Eluent Volume Total Approximate
No. collected weight composition
(in gms)
(4) Acctone (20) 150 ml x 3 20 g straight chain
+ hydrocarbons
Pet.aether (80)
(8) Acetone (20) 150 ml1 x 8 31.5 g straight chain
+ hydrocarbon and
Fet.ether (80) other unidenti-
fied compounds
(C) Acetone (20) 150 ml x 4 10.5 g sterol + uniden-
- tified compounds
Pet.ether (30)
(D) Acectone (25) 150 ol x 6 9.0 g stcrol +
4 compound (I)
Pet.ether (75)
(E) Acetone (30) 150 ml x 2 5.3 g iompure compound
+ (1)
Pet.ether (70)
(F) Acetone (40) 150 ml x Lo 4 g compound I +
+ compound II +
Pet.ether (60) unidentified
compound
(G) Acetone (50) 150 ml x 10 5.0 g 1impure compound
+ (II)
Pet.ether (50)
(H) Acetone (80) 150 »1 x 13 13 g plant acids anid

+
Methanol (20)

sugar




Recrhomatography of fraction £

fraction ¥ on TLC examination showed that it was a
mixture of atleast three compounds, compocund (I), ccmpound (I1)
and some uniijentified compound having very close Re value.
To isolate compound (I) and (II), fracticn (F) (& gms) was
rechromatographed on silica gel (200 mesh, 200 g) using
acetone:spet.ether wmixture (20:30) as eluent with successive
increase in percentage of acetone. veven ma jor fractions
were cbtained as shown in Tablg V. Compound (I) was obtained
in pure crystalline form from fraction (III) (lg ) whereas
fraction (VI) afforded compound (II).

Coppound L:

The compound(Il) was cbtained as a crystalline solid
from fraction (II1) (Table V). The solid obtained was
recrystalized from acetone:pet.ether mixture (70:30) to get
colourless crystalline solid m.p.136-8".

(«)go : + 53.33 (CHCla C = 0.6)

UV: end absorption  gD: (MeCN) * 258 - 0.92.

LB_(Fig. 1) ))Z‘;i“ ca~l 3300 (CH), 1760 (Y-lactone)

1660 (unsaturation).

Mass: m/e (rel.int.) 266.152 (M7, 7) (Cyglos04) 248
(M-H50, 7) 230 (248-1-0, 7) 55 (100)

Compound (II) (1 g) obtained from fraction (VI),
(Table V) was further purified by its preparative TLC on



Table V Chromatographic separation of

Fraction F
Fraction Eluent Volume Total Approximate
No. collected weight composition
(in g)
(1) Acctone (20) 50 wl x 2 0.2 ¢ straight chian
+ hydrocarbon
pPet.ether (80)
(II) Acetone (25) 50 ml x 2 0.5¢ straight chain
+ compound
fet.ecther (75)
(I1I1) Acetone (25) 50 ml x 5 1.0 g compound (I)
+
Pet.ether (75)
(Iv) Acetone (30) 50 ml x 5 0.6 g compound (I)
- +
Pet.ether (70) more polar
impurity
(V) Acetone (30 50 ml x 4 0.5¢ impure
+ compound II
Pet.cther (70)
(V1) Acetone (35) 50 ml x 5) 1.0 g compound II
+
Pet.ether (65)
(VI1) Acetone (40) 50 ml x 3 .2 g mixture of
+ unidentified

Pet.cther (60) compound
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silicagel (eluent: 35:65) to get pure compound (II) (700 mg)
as a colourless viscous oil.

(«)io + 75.66 (CHClg C = 0.7).

JUV: end absorption.

18: (Fig. 14)‘y°dCl3 cu~l 3300 (uH) 1745 (Y-lactcne) 1650 and
max

370 (unsaturaticn).

Mass: m/e (rel. int.) 250 (M%7, 15) (C, .4

15 2203) 232 (M-d20, 7).

Chemical transformations of ccmpound(Il):

roncacetate (IV): The compound (I) (150 mg) was dissclved in

pyridine (L.5 ml) and acetic anhydride was then added slowly at
rocm temperaturc. The mixture was then allowed to stand at
roon temperature for 12 hours and then it was wcrked up as usual
to get the crude mcnoacetate (153 mg). The cruide acctate was
further purified by its prepar=2tive TLC (eluent: 30:70) tc

obtain pure mono acetate as colourless oil.
30

(«) )7 + 26" (CHCLg C = 0.8)
) . jol _
IR : (Fig. 6)));2i0 Y 1780 (Y-lactone) 1725, 1240 (acetate).

Uxide (V): To the acetone (dry, 5 ml) sclution of compcund (I)
(200 mg) Jones reagent (1 ml) was added slcwly under stirring
at room temperature. The mixture was stirred at rocn
temperature for an additional hour. The usual werk up of the
reaction mixture gave the oxide (V) (180 mg) as crystalline
solid m.p. 195-7%
@) + ¢ (CHCL, C = .1)

) 3 '
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max.
nujol
1660 and 885 (unsaturation).

Dihydro derivative (II1I1): Compound (I) (200 mg) was

hydrogenated in ethanol solution at room temperatura/pressure

Ik: (Fig. 8) ) em~t 1780 (Y-lactone) 1740 (ketone)

using 10% Pd/C as catalyst. The usual work-up of the
reaction mixture gave crude dihydro compound (205 mg ) . The
crude dihydro compound was then crystalized from benzene:pet.
cther (l:1) mixture to obtain dihydro derivative as a
colourless crystalline solid, m,p. 65-8°.

IR_: (Fig. 4) E:i°l en~t 3450 (0H) 1780 (Y-lactone).

Dihydromonoacetate (VI): The dihydro derivative of
compound (I) (50 mg) was dissolved in pyridine (0.5 ml) and to

it acetic anhydride (0.5 ml) was added at room temperature.
The mixture was allowed to stand at room temperature for
12 hours and worked up as usual to get a dihydromonoacetate

(45 mg).

nujol
max
1240 (acetate).

LR: (Fig. 10) vy cm~t 1780 (Y-lactone) 1725

Treatment of compound (I) with lithium ethylamine:

To a stirred solution of compound (I) (100 mg) in
cthylamine (5 ml) freshly cut lithium was added (0.1 g) at 10°C.
The mixture became deep blue (20 minutes). The mixture was
stirred for additional fifteen minutes and cthylamine was
then allowed to evaporate. The usual work up of the reaction
mixsure gave the product (20 mg). The spectral data of the

compound showed that the required oxiran ring opened product



162

was not obtained.

Lreatment of compound (I) with =1 ethrate:

To a stirred solution of (I) (lOO mg) in benzene (dry)
(25 ml) bFg sthrate (.5 ml) was added at room temp:raturc and
mixture was stirred for one hour 2t room temperaturs. The
rcaction mixture was worked up 2s usual. TLC exawmination of

the product showed that compound (I) 1id not react with BF,

ethrate.
Treatment of compou with formic acid:

A mixture of compound. (100 mg) and formic =2cid (1 ml)
was refluxed on water-bath for two hours. The reaction
mixture was then worked up as usual to get the product.

The required oxirane ring opened product was not

obtained as revealed by the lH NMR spectrum of the product.
Lreatment _of compougd (I) with lithium liguid ammonia:

To a stirred liquid amwmonia (50 ml) in three necked
round bottom flask fitted with a droping funnel, freshly cut
lithium (250 mg) was added slowly (35 minutes). To the above
stirred lithium liquid ammonia solution compound (I) (100 mg)
dissolved in dry THF was added slowly and mixture was stirred
for additional 1/2 hour. Amwmonium chloride (0.5 g) was then
added to reaction mixture and ammonia was allowed to
evaporate. The reaction mixture was diluted with water and
extracted with ether (3 x 20 ml). The ether extract was

washed@ with water, dried over anhydrous sodium sulphate and
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solvent rcmoved to get the product.

Ly iR spectrum of the product showed that the oxiran
ring was intact.
uxide (VI1I): To an acctone solution (4ry, 10 ml) of compouni
(LI) (80 mg) Jon=s reagent (0.03 ml) was 2ided slowly unier
stirring, at room tempcrature. The stirring was continucd for
1dditional L/2 hour ani then the r-action mixture was worked up
25 usual, to gct cruie oxide which w=s then purified by its
preparative TLC (eluents 30:70) to gst pure oxide =as
colourless crystallinc solid w.p.
)0
Lg : (Fig. 18) )y

+ 99° (CHClg G = 0.1)
nujol
max

1650 (unsaturation).

ca™t 1750 (Y-lactone), 1690 (ketone)

r<

dass: /e (rel.inte.) 248 (W%, 20) 232 (20 181 (12), 151(75)
and 55 (100).

uonoacetate (I1X): To a pyridine (2 wml) solution of

compound (II) (30 mg) acetic anhyiride (0.8 ml) was added at

room tecmperature. Mixture was allowed to stand at room

tewmperature for 12 hours and was then worked up as usual to get

crude monoacetate (65 ag). The acetste was crystallized from

ethanol to got colourless crystalline solid m.p.129-31°.

18 : (Plg. 18) X)Z:iOl cn™t 1750 (Y-lactone), 1720 and

1240 (acetate) 1650 (unsaturation).
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CHAPTER IV

CHEMICAL INVESTIGATION OF SPHAERANTHUS

INDICUS
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INT RODUCTION

The genus Sphaeranthus belongs to the well defined
tribe Inulae of family Compositae. The main character of the
tribe is the combination of usually caudiculate ®or sagittate
anthers, the predominance of heterogamy, yellow flowers and
setose and plumose pappus elements. The tribe comprises
130-200 genera with some 2100 species having cosmopolitan
distribution. Plants are specially abundant in South Africa
and Australial.

The Inuae include a selection of plants which have been
prized by man for their useful properties. Four of the best
known, which were used medicinally in past are (i) Inula
helenium (for treating chest diseases) (ii) Pulicaria dysenterica
{in herbal remedies), (iii) Ateunneria dioica (for throat
infections) and (iv) Sphaeranthus indicus (folk medicine). The
leaves of Inula and fulicaria species have also been employed
as insecticidal sourcesl. In spite of the practical interest
in plants of Inulae, the chemistry of the tribe has not been
extensively explored. The only representative survey seems to
be of the polyacetylenes in roots and leaves by Bohlmann g&_g;.z
The sesquiterpene lactones which have been so thoroughly
explored in other Gompositae tribes have only been identified
in relatively few members. Fragmentary information on range

of other constituents is also availablea.
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The genus pphaeranthus is distributed in tropical
Asia, Africa, and Australia. S5ix specics of gphaeranthus
are reported to occur in India. Sphaeranthus indicus linn
is an aromatic herb 30-60 cm tall, found abundantly in damp
situations in the plains all over India, ascending to an
altitude of 1,500 meters in the hills, especially as a
weed in the rice fields, stem with toothed wings; leaves
obovate, oblong, serrat; flosers in heads and are purple4;

ALL parts of plants find medicinal uses. The juice of
the plant is styptic and said to be useful in liver and
gastric disorders. The paste of the herb, made with oil is
applied in chest pains, cough and bowel complaints. The bark
ground and mixed with whey is said to be a useful application
in piles. Flowers are credited with aiterative,
depurative and tonic properties. Leaf juice is boiled with
milk and sugar-candy is prescribed for cough. Antitubercular
properties have also been ascribed to the plant. I'he leaves
of the plant are mixed with paddy and rice to prevent damage
by insect pests during storages.

KoK basla56 investigated the plant chemically for the
first time in 1959 and reported that steam distillation of the
fresh flowering herb yields a red viscus essential oil which
is highly soluble in water. 4 sample of the oil
(yield 0.02% a0 0.9935; ngo 1.50553 («)g’o + 0%, acid value
5.8 and ester value 75.8) from Tambaram (Tamilnadu) obtained
by steam distillation of plant showed following constituents:



187

cadinene 15.3; «-ionone 12.6; B-caryophyllene 7.4;
p-methoxycinnamaldehyde 7.4; eugenol 7.0; «-phellanderene
7.03 ocimene 6.1; citral 5.4; «-terpinene 2.2; and an
unidentified sesquiterpene (b.p. 127-128°/10 am).

The constants and constituents of the sample of oil
obtained from varanasi were slightly different, as reported
by the same author5 (yield 0.01% («)So + 3.5, ester value
42.6). This sample of oii contained methyl ehavicol,
«-ionone, & cadinene and p-methoxy cinnamaldiehyde as
major constituents and ocimine, «-terpinene, citral, geraniol,
geranyl acectate, B-ionone, a new sesquiterpene alcohol
sphaeranthol (CygHog0 b.p.179-80°/10 mm), two new
sesquiterpenes (sphaeranthene b.p.l40-142/10 mm and
indicusene, b.p.l48-150°/10 mm) and a phenolic ketone as the
minor constituents®. Besides the essential oil, the herb
yielded 3% of fatty oil, yellowish green in colour.

4 bitter alkaloid, sphaerenthine (C)gH;gNOg m.p.166-8°
cecomp) has been reported to occur in the plant7. However
structures for the new compounds (i.e. sphaeranthol,
sphaeranthene, indicusene and sphaerenthine)werec not

reported.
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PRESENT _WORK

In view of the incomplete work on the chemical
investigation on this plant znd reported insect control
activity, we undertook the further chemical investigation.
As a result of our chemical investigation of the acetone
extract of dried plant material three sesquiterpenes (I)
(II) and (III) were isolated (Chart I and II), however we
could not isolate the compoﬁnis reported by earlier
workers®=9, The compound (I), a sesquiterpene lactone
belonging to eudesmanolide class was present as a major
constituent (yield 0.26% based on dry weight of plant) ani
the compounds (II) and (III) were present as minor
constituents. In addition to compounds (II) and (III), the
acetone extract also contained two minor compounds one of
which was identified as B-eudesmol a known sesquiterpene
alcohol and the other compound was an acetylenic compound
as revealed by its IK and NMR spectrum (Fig. ). Due to
paucity of the acetylinic compound and it unstability
structure elucidation of acetylenic compound was not
possible, The structure elucidation of compounds (I), (IT)
and (III) is described below.

Compound (I): Compound (I) a thick oil, (q)go -56.81
(CHCLlg C = 0.4) analysed for CygHyn05 (M' at m/e 248).
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The presence of a hydroxyl group in (I) was
indicated by appearence of a band at 3250 em~!l in the IR
spectrum (Fig. 1) of (I). This was further confirmed by
appearcnce of a D20 exchangable signal in the 1y NMR
spectrum (Fig. 2) of (I) and also by appeareace of M-H20
peak in its mass spectrum. That the hydroxyl group is
tertiary was proposed on the basis of the abscnce of a signal
whith could be assigned to a proton on carbon atom carrying
hydroxyl group in the lH NMR spectrum of (I) (Fig. 2)(Table I}
I'nis was further supported by the appearence of a signal at
§c 76.10(s) in the SFOD YSC-NMK spectrum of (I) (Fig. 3)
(Tabk II) a2nd also by the fact that the compound did not
react with Jones reagent and did not form an acetate even
under forcing conditions.

4 carbonyl absorption band at 1750 cm~t

and a vinyl
absorption band at 1650 cm"L suggested the presence of an
«,P-unsaturated Y-lactone moicty in the compound, which was
further supported by the appearence of two one protons
singlets at 5.75 ppm and 6.31 ppm in the Lo NMi spectrum
of (I) (Fig. 2) (Table I) and appearence of signals at

6c 169.75(s), 127.81(s) and 121.27(t) in the SFOD 13¢ NMR
spectrum (Fig. 3) (Table II) of (I). Compoﬂnds

conversion into piperidine adduct (VII) (Chart 1) on
treatment with piperidine and formation of pyrozoline

derivative (VIII) (Chart I) on treatment with diazomethane,

also supported the above statcment. Two oxygen atoms in the
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Table (II) 13¢ nmr Spectral data for compound (I)
(in CDCl3 at 22.63 MHz, TMS as internal

standard values in Sc scale)

Carbon No. Chemical shift Carbon No. Chemical shift
Cc-1 32.885 (t)* -9 26.32(t)"
c-2 31.780(t)" c-10 33.27(s)
Cc-3 38.99(t)* Cc-11 127.31(s)
C-4 145.25(s) C-12 169.75(s)
c-5 140.50(s) c-13 181.27(t)
Cc-6 81.75(d) . C-14 18.39(q)
ex7 76.10(s) c-15 19.49(q)
G-8 35.09(t)*

Note: (1) s = singlet, d = doublet, t = triplet, q = quartet
signal multiplicity in single frequency off
resonance decoupled (SFOD) spectrum.

(2) Chemical shifts with similar marks (i.e. «, + etc.)

are possibly interchangable.
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lactone ring and one in hydroxyl group accounted for all the
three oxygen atoms in the molecular formula (C15H2003) of
the compound.

A striking feature in the 1y nMr spectrum of (I)
(Fig. 2) is that the signals due to two exomethylene protons
of Y-lactone (i.e. H-13 and H-13') appezared as two singlets
at 5.75 ppu and 6.3l ppm and did not show any allylic
coupling with H-7 as is observed for almost all the
«-methylene Y-lactones of known structures having both
hydrogen at Cp and «-mcthylene Y-lactone protons in their
usual positions (i.e. H-13 and H-lB')a. Further more the
signal due to H-7 proton could not be located in 18 MR
spectrum of (I) and the signal for lactonic proton appeared
as a singlet at 5.00 ppm. This indicated that carbon
carrying lactone oxygen was attached to the quatcrnary
carbons on both the sides. Based on these observations it
was proposed that the hydroxy group must be present at C-7.

13¢ nMr

This proposal was further supported by the SFOD
spectrum (Fig. 3) (Table II) of compound (I), which showed

a singlet at 6c¢c 76.10(s), for C-7, and also by the failure
of compound (I) to form acetatec even under forcing
conditions and failure of compound (I) to give a dehydration
product with various dehydrating agents e.g. formic acid,
thionyl chloride pyridine (reflux), p-toluene sulphonic acii

benzene (reflux) etec. In all the above reactions compound

decomposed., Thus based on the above 4iscussion following



partial structure (4) could be written for compound (I).

o)

ORn (A)

Band at 1650 cm~1 in the IR spectrum of (I) and
signal at L.73 ppm (3 protons, methyl on double bond) in the
14 NMR spectrum of the compouni suggested the presence of one
more double bond (in addition to lactons exomathylehe) in the
compound. The 1H-NMR spectrum also showed a singlet for
an angular methyl group at 1.04 ppm. The tetrasubstitutend
nature of the double bond was suggeste® on the basis of
appearence of signals at Sc 145.25 ppm (s) and 140.50 ppm(s)

130 NMR spectrum of compound (I) (Fig. 3). The

in the SFOD
presence of double bond (in addition to lactone exomethylene)
was also confirmed by ccnversion of (I) into 4ihydro (IV)
(Chart I) and tetrahyidroderivative (V) (Chart I) on
catalytic hydrogenation using paladium hyiroxide on calcium
carbonate ani P1/C 10% as catalysts respectively, as well as
by compounis conversion to epoxide (VI) (Chart I) on
treatment with m-chloroperbenzcic acii. 1y NMR spectrum of
epoxide (VI) (Fig. 9) showed a signal at 1.36 (methyl on
epoxide ring) but 4i1 not show any signal assignable to
proton on epoxide ring.

That the signal at 5.00 ppm in the 1y NMR spectrum
of (I) is due to lactonic proton was supportei by the



1y Nuk spectrumc of dihydrcierivative (IV) (Fig. 5) in which
the same signal (at 4.95 ppm) showed a little breadening

(J = 0.8 Hz). This broaiening could be attributed tc the
allylic interacticns between the C-6 ani H-11 protonsg.

By combining all the above 1ata i.e. (i) partial
structure (4), (11) presence of tetrasubstituted 4cuble boni
(iii) cne methyl on 4ouble boni an3 one angular methyl grouj,
two pussible structures (B) ani (C) could emerge for

compouni (I).

OH
. oH
(c)H

@ °

Proof in favour of structure (B) came from the
L4 NMR spectrum of epoxide (VI) (Fig. 9) in which the signal
assignable to lactonic prctcn hal shifted tc 3.94 ppm(s)
from its positicn at 5.00 ppm(s) in the lH-NMR spectrum (I).
This suggested that the carbon atoms carrying the epoxiie
ring (and hence the iouble boni in compouni I) ani the
carbon atom carrying lactcnic cxygen are on the ailjacent

carbon atoms, thus the structure of the major ccmpouni from

Sphaeranthus indicus could be depicteil as in (I).
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(1)

Gompound (II): Compcuni (II) a colcurless crystalline

sol11 @.p.177-79% (€)30 - 32.8° (CHClg ¢ = 0.5) analyze3
for CgH, 04 (mass spectrunm M* at w/e 252). The spectral
jata (Figs. 13, 14 ani Table III) and the melting point
revealed that it is a knocwn ceapounl ilicic a2cid (II)

earlier isvlated by W.Herz et al.lo from ambrcsia ilicifolia,

OOH

()
13 not
The *YC NMR spectrum cf the compcoun! which has/been

reportel earlier (II) (Table IV, Fig. 15) a2lsc confirmed the
structure cf ilicic acii. V

Compouni (III): Compound (I1I) a colourless crystalline solii
m.p.i87-1890, («)ﬁo (CHCl3 C = cil). analysed for

CLSH22O3' IR spectrum of compouni (III) (Fig. 16) showed

a bani at 3500 cm'l which suggestel the presence cf a
hyiroxyl group in the compouni, which was further supportei

by the appearence cf a DQO exchangable signal in the
18 NMR spectrum (Table III, Fig. 17) of (III). The *H NMR
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Taple (1I1) 1y NMR spectral data of compound (II),
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(III), (XI) and derivatives of compound (III)
(values in parenthesis are coupling constants)

(II) (90 MHz)  (III)T(1l00 MHz) (IX) (XI)
(90 MHz)

H-2 - 3.98(dddd J= sjog(ddda, *

H=-3 * 2,75 (m) 2.68 (m) -

H=-7 2.48 (m) 2.70 (m) 2.66 (m) *

H-13 5.55 (s) 5.57 (s) 5.73 (s) 5.73(s)
H-13¢ 6.22 (s) 6.30 (s) 6.37 (s) 6.40(s)
H-14 0.94 (s) 0.80 (s) 0.80 (s) 0.77 (s)
H-15 1§ 4,52 (s) 4.57 (s) 4.46 (s)

§ 1.11 (s)

H-151) 4.80 (s) 4.88 (s) 4.76
Others 6.06(0H) 2.04(s, Oic) -

*Signals not resolved

*Spectrum in pyridine Dg
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Table (IV) 13 NMk spectral data of compound (II)
(in CDClgz at 22.63 MHz, TMS as internal standard

chemical shifts in Sc ppm scale)

Carbon No. Chemical shift Carbon No. Chemical shift
C-1 27.49(t)" c-9 26.90*(t)
c-2 20.34(t) c-10 34.88(s)

c-3 41.26(t) c-11 145.77(s)
C-4 72.78(s) c-12 171,83(s)
C-5 40.42(d) c-13 124.39(t)
C-6 44.77(¢)" c-14 18.91(q)
c-7 55.24(d) c-15 22.68(q)
c-8 43.60(t)*

Note: 1) s = singlet, d = doublet, t = triplet,

q qartet signal multiplicity in single
frequency off resonance decoupled (SFOD) spectrum.
2) Chemical shifts with similar marks (i.e. =, +)

are possibly interchangable.
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spectrum of (III) alsc shuwel a fourfcali Joublet centered

at 3.98 ppa (cne proten) suggesting that the hyiroxyl group
is secuniary in nature. The seconiary nature cf hydroxyl
group was supportel by conversicn ¢f (III) into its mono
acetate (1X) on treatment c¢f (III) with acctic anhyiride ani
pyriiine. The lH NMR spectrum of acetate showed one acetate
methyl singlet at 2.04 ppm (Fig. 19, Table III) ani also
showed a four-folai joublet at 5.02 ppm which had appearei at

3.98 ppam in the 1

H NMR spectrum of (III). The IR spectrum
of acetate (I1X) (Fig. 18) showed bands at 1750 anl 1240 cm~1
fcr acetate group but 1i4 not show any abSOrptiod jue tc
hyiroxyl group which suggestel the presence of cnly one
hyiroxyl group in compouni (III).

IR spectrum of (III) (Fig. 16) showed a band at
2700 cm~! which suggestel the presence of a carbcxylic acii
group in the compouni. Thus twc oxygen atcms in the aciAi
group and cne in form of hydroxyl grcoup accountei for all the
three oxygen atoms in the meclecular fermula 015H2203 of
ccmpound (III).

The appearence of a bani at 1630 cm™l in the IR
spectrum of compound (III) suggested the presence of Acuble
bond in compoundi. This was supgorted by the 1y NMR
spectrum of ccampouni (III) which suggestéﬂ the presence of
twe exoeyclic methylene grcups in the compound. The lH NMR
spectrum (Fig. 17, Table III) showed twe one protcn broa i

single ts at 5.57 and 6.30 ppm ani two one proton broad
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singlets at 4.52 and 4.80 ppm which suggested that one of
the exomethylene groups is in conjugaticn with a carbonyl
group (acid-carbonyl). The twc one groton singlets which
are down-field than the cther two (i.e. at 5.57 ani 6.30 ppm)
are 4ue to the exomethylene groups which are in conjugation
with carbonyl group. The lH NMR spectrum of compound (III)
(Fig. 17, Table III) alsc showed a sinlget at 0.80 ppm for
angular methyl grcup. .

Critical comparison of the 15 NMR spectrum of
compound (III) (Table III) with those cf the number of kncwn
compounds showed that the signals in the 15 MR spectrum cf
compound (III) were similar to those cof costic aeid (XI)lo
(Table III) which suggested the eudesman skeleton for
compound (III). In fact the conly 1ifference in the
lH NMR spectrum cf (III) (Table III) ani that of costic acid
(XI) (Chart II, Table III) is that the former showed a cne
proton.four-fold jcublet centered at 3.98 ppm (assignable
tc¢ proton on carbon atom carrying hyiroxyl group) which was
not cbserved in the lH NMR spectrum of costic acii. Thus
the compouni (III) is a hyiroxy ccstic acid.

That the hydroxyl group is present at 2 positicn of
costic acii was proposed on the basis of the observed
chemical shift anAd multipliélty of the signal Aue to protcn
on carbon atom carrying hyiroxyl grcup, which was very much
similar tc that of Ivalin (x)ll (Chart II). This was
further confirmed by the decoupling stuiies on the
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compound (III). Irraiiation of the fcur-fcld doublet
centered at 3.98 ppm (assignable tc¢ prceton cn carbecn atom
carrying hydiroxyl group) affectel the multiplicity of a two
proton multiplate centered at 2.75 ppm as well as affected
the multiplicity of a two proton signal at 2.15 ppm which
suggested the presence of a Cﬂz-gfil-CH2 type cf grouping in
the molecule. Irraiiaticn of the broad singlet at 4.51 pom
(15-H) sharpned the muitipléte centered at 2.75 ppm thus
indicating that the signal ‘ue to 15-H ani that due to
yroton on carbon atom carrying hydroxyl group are coupled
to the same -CHy- group (al.ylic -CHp-). Thus based on
above data, structure and stercochemistry for minor
constituent from acetone extract of Sphaeranthus inilicus

is tentatively assigned as in (III).
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EXPERIMENT 4L

e

Plant material: The plant Sphaeranthus inidicus was ccllected
near Lcnawala (Maharashtra, India) Auring December 1979 anAi
was shade dried.

Extracticn: The shade dried ani coarsly powilerei plant
material (3 kg) was extracted with acetcne (40 1lit) in a
soxhlet extractcr on water-bath. The progress cf the
extraction was monitcred by taking out the test sample

(l00 ml) from the extract ani evaporating it tc Aryness. The
extraction was stopped when the residue left after evapcrating
the sclvent from the test sample weighed negligible. The
solvent was recoveredl from the extract by Jistillation on
water-bath, the last traces cf the sclvent were remcved unier
vacuum tc get a dark colourei residue (150 g).
Chromatographic separation: The acetone extract cf
Sphaeronthus indicus (100 g) was aisorbed ¢n minimum amcunt
of silica gel (200 mesh, 250 g) and then was lcaded cn

cclumn (115 cm long andi 9.5 cm in iiameter) for separaticn of
its constituents. The column was packed with silica-gel
(200 mesh, 3 kg). The eluticn was started with acetone;
pet.ether mixture (20:80) and was continued with successive
increase in the % c¢f acetone. Fracticns of 150 ml size were
ccllected. The progress of the column chromotographic
separation was monitored by thin layer chromatcgraphy of the

fracticn. Fractions showing similar composition were mixed
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Table (V) Chromatographic separation of constituents of
acetone extract of Sphaeranthus indicus

Fraction Eluent Total Net Approximate
No. volume weight of composition
collected fraction

(4) JAcetone (20) 4 x 150 ml 10 ¢ straight chain
Pet.ether(80) hydrocarbons
(B) acetone (20) 6 x 150 ml 25 g Mixture of
Pet.ether (80) unidentified
’ compounds
(C) Acetone (20) 5 x 150 ml 7.4 g mixture of
Pet.ether(80) unidentified
compounds and
sterol
(D) Acetone (25) 4 x 150 ml 3 g mixture of sterol
Pet.ether (75) compound (I)
(E) Acetone (25) 8 x 150 ml1 10 g impure
Pet.ether (75) compound (I)
(F) acetone (30) 4 x 150 ml 6 g mixture of
Pet.ether (70) unidentified
compounds
(G) acetone (40) 4 x 150 ml 2g compound (II)
Pet.ether (60) (impure)
(H) Acetone (60) 4 x 150 ml 2.5 ¢ compound II +
Pet.ether (50) unidentified

compound (III)

(1) acetone (50) 10 x 150 m1 23 ¢ plant acids and
Methanol (50) sugars
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together tc cbtain 1 .nine major fractions (4a-I). The
jetails of the chromatographic separaticn are summarizei
in Chart (I1I) (Table V).

Rechromatography of fracticn (E): Fraction (E) (10 g)

contained compcund (I) as major compoundi along with scme
impurity (TLC:eluent 30:70) to isolate compoundi (I) in

pure form the fraction (E) was rechromatographed by Ary
cclumn chrcmatography using'acetone:pet.ether mixture
(20:80) as eluent with successive increase in % of acetone.
Fraction (II) frcm the chromatography afforded compound (I)
in fairly pure form, The details of the chromatography
are summérizei in Chart(III), Table (VI).

Table (VI) Rechrcmatography cf fraction (E)

Fraction Eluent Total Net weight Approximate
No. volume of fraction composition
collected
(1) acetone (20) 2 X 50 ml lg unidentified
- compounds
pet.ether(80
(II1) iAcetone (25) 4 x 50 ml 8.5 g compound (I)
+
pet.ether(75)
(III) Aacetcone (30) 3 x 50 ml 0.3 g mixture of

* unidjentifiecd
Pet.ether (70) compouni




gechromatography of fraction (G): Fracticn (G) (2 g) was a

mixture cf two ccmpounis (II) and (III) alcng with scme
cther impurity. (TLC, eluent 40:60). To iscl=ate
compound (II) and (II1) in pure fcrm fraction (G) was
chroumatographed on silica-gel (200 mesh activated, 200 g).
Elution was started with acetonespet.cther mixture (30:70)
with successive increase in the % of acetone. Fractions of
50 ml size were collected. Progress of the chromatographic
separaticn was monitcred by TLC (eluent: 40:60) 2anAd
fractions showing similar eQmposition were mixed together
to get three major fraction (a-c). Fracticn (b) gave
ccmpound (II) as crystalline sclid where as compound (III)
was obtained in fairly pure form from fraction (c). The
details of the chromatographic separaticn are summarized in
Chart (III) ani Table (VI1).

Table (VII) Rechromatography of Fracticn (G)

Fraction Eluent Total Net Approximate
No. volume weight of composition
collected fraction

(a) acetone (30) 0 x 50 ml 0.2 g mixture of un-
+ identified
Pet.ether compounis
(b) dcetone (40) 3 x 50 ml 1.5 g compounl (II)
*
Pet.ecther (60)
(c) acetone (50) 4 x 50 ml 0.3 g compcund (III) +
+ unidentified

Pet.ether (50) compound
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Compound (I):s Compouni (I) (8.5 g) was obtained in fairly

pure form from rechromatography of fraction (E) (Table VI)
Compound (I) was further purified by its preparative TLC
on silica gel (eluent = 30:70) to cbtain compouni (I) as
yellowish viscous oil.

(«)3° - 56.8L (CHCL C = 0.43)

Ov: ABYOH any absorption .
max

IR: (Fig. @) ) ZZiCl cat 3250 (0H) (1750 (Y-lactone)
1650 (unsaturation)
Mass: m/e (rel.int.) 248 (M*, 20), 233 (M-CHz, 18)
215 (2838-H50, 43) 204 (M-CO2, 13) 117 (100)
Compcund (II): Ccmpound (II) (1.5 g) was obtained as a
crystalline sclid from fraction (b) from rechromatography of
fracticn (G). It was recrystalizei from ethancl water
mixture tc get compcund (II) as colourless crystalline sclid
(L.2 g).
m.pe. 177-9°
)50 - 32.8 (cHCL, C = 0.5).
IR: (Fig. 13) y nujol cp=1 3300 (0H) 2700, 1710 (aciAi
::ibonyl) ani 1650.
Mafif: m/e (rel,int.) 252 (M*, 9) 234 (M-H,0, 100)
219 (234-CHg, 85), 205 (50)
Cempound (IIT1); Compound (III) (.3 g) obtainei in impure
form from fraction (c¢) from rechromatography of fracticn (G)
was further purified by its preparetive lager chrecmatograchy

on silica-gel (eluent 40:60) tc c¢btain ccmpound (III) (.06 g)
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as colourless crystalline sclii. Compouni (III) was
crystallized from ethanol water mixture tc cbtain
compound (III) as colcurless crystalline soliA.

m.p. 187-89°.

. jol
IR: (Fig. 16) Y 2:;” can~l 3350, 2700, 1690, 1630 ani 890.

Chemical transformaticns ¢f compcund (1)

(1) Dihyircierivative (IV): Compouni (I) (100 mg) was

hyirogenated at rcom temp. ani atmes heric pressure using
paladium hydroxide on calcium carbonate as catalyst
to obtain dihyiroderivative as colourless crystalline
sclid (95 mg) m.p. 143-5".
Ii: (Fig. 4) Y 29990 ool 3300 (0) 1760 (Y-lactone)
1650 (unsaturaticn)
Mass: m/e (sel.int.) 250 (M", 10) 235 (M-CHg, 50)

217 (235-Hg0, 25) 189 (20) 149(50) 104(50) 44(100).
(ii) Tetrahydroderivative (V): Cocmpouni (I) (100 mg) was
hyirogenated at atmospheric pressure (room temperature using
P3/C 10% as catalyst tc cbtain tetrahyircierivative as
colcurless viscous oil.
IR: Flg. 6) )7ZZi°l cu™l 3500 (OH), 1765 (Y-lactone).
Epoxide (VI): Compound (I) (80 mg) was dissolved in minimum
amount cof chloroform and was cocled to 0°C. fo the above cclAd
sclution im-chlcroperbenzcic acid (120 mg) dissclved in
minimum amount of chloroform was adied slowly. The mixture

was then allowed to stand at oY for 48 hours with
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occasional shaking. It was then worked up as usual to

get the epcxiie (85 mg) as crystalline solid m.p.
nuj

jol "
max
Mass: m/e (rel. intensity) 264 (M*, 5) 246 (M-H50, 5)

IR: (Fig. 8) Y w=L 3300 (0H) 1750 (Y-lactone).

231 (246-CH3, S5) 221 (100)
Piperidine adduct (VII): Tc the ethanol sclution of

compound (200 mg) piperidine (2.5 ml) was adied slowly at
room temperature, the mixture was allowed to stand at rcom
temperature for 12 hcurs ani then excess of piperidine was
removed unier vacuum to obtain the piperidine aiiuct (250 mg)
as viscous oil.

Pyrczoline derivative (VIII): Compouni (I) (100 mg) was
dissclved in minimum amcunt of Iry methancl ani to it ether
solution cof diazomethane (preparel from 200 mg ¢f nitrosc-
methyl urea) was alied at 0-5°C. The mixture was allowed to
stand at room temperature fcr 12 hours. The sclvent was then
removed to obtain pyrczcline derivative (VIII) as a

yellowish crystalline sclii m.p. 145.7C (with 1eccmposition).
IRk: Fig. (11) P09l op=1 3540 (0H) 1750 (Y-lactone)
Chemjcal transfoizzticns of compound (III):

Moncacetate (IK): Compound (III) (50 mg) was 4issclved in
pyridine (0.5 ml) and to the abcve solution acetic

anhyiriie (0.5 ml) was aided slowly at room temperature. The
reaction mixture was allowed to stand at room temperature for

12 hours ani was then worked up as usual to cbtain the
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acetate (I4) as a colcurless crystalline scliil (yield 52 mg)
mo‘}/- 24‘5"6U0
30
()}
IKk:s (Fig. l8)~))m‘1"]".’l cu~t 1750 (acetate) 1700 (acin
max

carbonyl) 1650 (unsaturation) ani 1240(acetate)
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CHAPTER V

STRUCTURE ACTIVITY RELATIONSHIP OF

INSECT ANTIFEEDANT AGENTS




INTRODUCTTION

Pesticiie chemicals have played a significant role
in increasing agricultural proiuction ani productivity.
However the continuous use of insccticidies has not only
caused leath in man through poisoning but also causel
resistance in pest population ani destroyel parasites,
preiators and pollinators. In these circumstances research
needs are aimel at establishing alternative means of insect
control i.e. non-insecticidal ap.roaches. OUne of the wisest
a uroaches to alternative insect control wouli come from the
usc of the knowlcige on natural proijucts able to influence
inscct chemosensory behavior as attractants, repellants,
stimulants, antifcelants ani arrcstants.

stulies of natur2l phenomenon of antifceding (i.e. no
consumption of plant material by insect) couli reveal the
presence of new antifeeding substances in plants and proviie
correlations between chemical structure ani antifeeding
activities. antifeeling could be of great value in
vrotecting crops from poxious insects as alternative
insect control weans to insecticiies.

The feeding behaviour of the insect can be iivided iato
four steps: (1) host plant recognition ani orientation,
(2) initiation of feeling (3) maintenance of feeding ani
(4) cessation of feeding. Antifeelant is concernei with

steps (2) and (3). The term antifeedant is definel as
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a chemical that inhibits feeding but does not kill the

insect dAirectly, the insect remaining near the treated

leaves and dying through starvation. The term relative
antifeedant is used for compounis retariing the feeding of
larvae only for lefined time, whereas the term absolute
antifeedant is used for the com.ouni whose activity is not
limited to a short span of time, insteai the larve eventually
starve to ieath. Gustatory repellants, feeding deterrants

ani rejectants arec synonymous with antifeeiants.

BIVASSAY UF 4NTIFEEDANTS:

a) Electro physiology: The most revealing bioassay for the
phagostimulants an? deterrcents is that of electrophysiology
with the eight sensilla at the tip of the maxillary palp which
correspondl to test buisl. 4 microelectroie is insertei into
the maxillary palp and another into the one of the sensilum
The tip of the sensilum is brought into contact with the filter
paper impregnatel with the test solution an3i the scoring,
which is recoriel as impulses per seconi, is donc with

an oscilLoscopel.

b) Leaf 31isk method: the leaf iisk methodl is the most
conventional methoi of bioassay of antifeeiantsz. The metho i
is shown in Fig. l. Leaf 1isks maile with a 20 mm cork, borer
are immersei in test acetone solution for two seconis.
Immersion for longer time shoulil be avoidied becsuse the
phagostimulants are extractel out. These leaf disks are

placel in a petridish with control lcaf iisks ani the test
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Leat disk Test Test insect larvae

Sample in acetone

Control

O O

Acetone

FIG-1  THE LEAF DISK BIOASSAY A CHOICE METHOD
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insect larvae. This constitutes a "choige" test, wherecas
the tests performed by putting the treate1 leaf iisks ani
thz control in separate petriiish constitute the "™po choice”
test. The scoring is carried out over a periol cf upto

2 days depeniing on the antifeedant potency.

Alternatively the sample solution can be applieil
lirecctly onto several leaves of plants in a pot ani scored
against control leaves,

The antifecedant chemicals show a wile range of
structural diversity. 4 large number of compounis belonging
to different classes such as terpencils, coumarins, flavcnoids,
quinones, lignans, phenyl propanoiis steroiis ani mstal
complexes are shown to possess the insect antifeedant
activity. A number of review articles on various aspects of
insect antifeeiants have appearei in last 3ecaie or so°-12,
It is beyond the scope of this small review to accommocdate all
the classes of insect antifeeclants, hence we will r:zstrict
ourselves to description of the (l)- sesquiterpenic,

(2) 1iterpenic anl (3) aromatic insecct antifeedants an? the
change in the activity in relation to the structure.
1) $esguiterpenes:

Not many sesquiterpenoiis arc known to exhibit the
antifeedant activity. OSome cf the sesquiterpenciis which
show antifeelant activity are Jiscusse¢i below.

Polygoiial (1) uganiensiiial (2) ani warburgnal



(3) Chart I) isolatel from the bark of Warburgia stuhlmannii
anj u‘gggnien§1§i3 showel antifcedant activity against
gpodoptera exempta. Out of the three compounis isolated,
warburgnal (3) is by far the most active antifeciant. Some
structurc activity relationship stuiies carriel out with
polygoiial (1) revealel that the activity was lost when one
or both aldehyle groups were reiucel to hyiroxy groups

or oxidized to carboxylic groups. Epimerization of the
equatorial 9B-CHO to more stable axial 9«-CHO also resultel
in loss of activityle.

Shirxrwvmodiiol iiacetate (4) shiromoliol monoacetate
(5) ani shipomool (6) (Chart I) threce sesquiterpene alcohols
belonging to germacrane class, isolatei from Parabenzoin
trilobum WNakai are repcrteil to show feeling inhibitory
activity against Spodoptcra liggc;ali§£4. Other examples of
sesquiterpencidi antifeelants arc the antifeeiant activity of
a secoarumalenirane type sesquiterpene (7) (Chart I) isolat=A
from Plagiochilla sn,ls against Spodoptera exempta ani the
antifeelant activity of nerclidcl a sesquiterpenc alcohol
isolatel from Melaleuca leucaizniron against gypysy moth
larvaelG.

The feeling 1eterrant activity of glaucolide A (8)
(Chart 1) a sesquiterpene lactone isolateil from Vernonpia
gigantea ani V.glauea against the larvae of 8pcicptera
eridanja, S, frigiperia ani S,thjthcgalljl7 is perhaps the
first report on the feeding leterrant activity of sesqui-
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ter.ene lLactones. In aliition to glaucoliide-4 (8)
parthenin (9) a pseuicguaiancliie an? alantclactone (10)
(Chart I) are also reportel toc show antifeelant activitylS’lg
2) Diterpenciis:

4 nuaber of literpenciis having clerci2ne skeleton
are reported to possess inscct antifeeling activity. Clero-
lenirin 4 ani B (12) ani (L3) isol-tel from clercieniron
tricetomun thunbergzo’zl, clerciin (13)°2 caryoptin (14),
Jihyiroclerciin (17), 4ihy‘irccaryoptin (18), cleroiin
hemiacetal (L2), carycptin hemiacetal (20), carycpitinol (15)
anl lihyirocaryoptinol (21) isclat-1 from Caryoptegis
jivaricata Maxin©912% anil 3-¢picarycptin (16)25 isolated
from Clercieniron clamitcsum all shcwel a strong antifeedant
activity against Spodoptera litura. Chart II gives
structures of all the compounis (11-21) an? the Table 1 gives
activities of all compounis.

Table L antifeelant activity of compounis 1ll-21

Compouni prm? Compouni ppm®
Cleroienirin A 300 Dihyiroclerciin I 50
Clercienirin B 200 Clerciinhemiacetal 50
Caryoptin 200 Carycptinol 200
Dihyirocaryoptin 80 Dihydrocarycptinol 100
Garyoptin hemi-
acetal 200 3 Bpicaryoptin 200
Clerodin 50 3 Egiiihyiroceryoptinb 100

as: The concentraticns of the sample solution
showing 100% antifeeiling activity within 2 hr.

bs: Catalytic reluction proiuct of (21)

a8



(13)
(14)
(15)
(16)
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R'= R =H

R'= OAc, R*=H
R'= OH ,R°=H
R'=H,R’= Ac

(17) R'=R’=H, R’ =H;

(18) R'= Ac, R®=H,R’=H,
(19) R'=R?’=H,R =OH,H
(20) R'=Ac,R®=H,R’=H

(21) R'=0H,R*=H,R’ = H,
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The antifeeling =activities of a series of cleroiin
lerivatives are much stronger than (Table 1) those of the
caryoptin lerivatives. The 1ifference in the activities may
be attributeil to the presence of 3B-ac-toxy groug in ring 4.

It could be concluiel that the functional groups in the ring 4
contribute greatly to antifeeling activity of these diterpenes.
3) Aromatics: (a) Furapgocoumarins:

The furcucoumarins constitute cvne ¢f the major classes of

inseet antifeedants isclatel from plants. Several furc-

ccumarins isolatedl from Orixa japonica showel potent anti-

fecelant activity against Sugjgg&;ng_ii&gx326. The phloroc-
glucinol type furccoumarins which bear 1,3,5-trihyiroxy-
benzene mciety in mclecules e.g. isopimpinellin (22)
bergapten (23) iscvbergapten (26) ani pimpinallin (27) showed

antifeedant activity against Spcloptera litura with low

threshholl concentraticns over the range of 5 -100 ppm, but
byakangelicol (24) ani byakangelicin (25) showz1 no activity
although they also containel the same 1,3,5 trihyircxybenzene
woiety in the molecule. The absence ¢f the antifeciant
activity in (24) anl (25) ccull be attributei to the presence
of bulky substituents cn phlorcglucincl type molecule as the
cther structural features of these compcunis are same as in
(22), (23) etc. The pyarcgallol typec furoccumarins (1,2,3
trihyircxy benzenc type) e.g. Xanthotoxin (928) anl resorcinol
type furocoumarins (1,3 1ihyiroxy becnzene type) e.g.

angelicin (20) psoralen (30)ani pauceianin (31) exhibited
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antifeedant activity to Spodcptera litura only at higher
concentrations over the range of 500 - 1000 ppm (see chart III
for structures of all ccampounis).

It has been reportel that many cxample s of inscct
antifeeding substances carry furan or satur2ted furan ring for
¢.g. cleroienirin 4 ani b (11), (12) clerciin (13),
caryoptin (14), piperencne (54), ueliantricl (83)
azalirachtin (55) ani pinguiscon (56), (Chart IIIb) besiAdes

27'29. It shows

furocoumarins, furoquinolins ani khelin
that possibly the presence of fufon group is necessary for
the insect antifeedant activity in such type of compounis.
K. Munakata g;_gl.zs examinel the antifeedant activity of
simple coumarins e.g. S-methoxy 7-hyiroxy coumarin (34),
5-methoxy 7-acetoxy coumarin (35), umbelliferon (36) ani
coumarin (37) (Chart III) which 1ii1 not contain fusedi furan
ring ani founi that none of the compounis showel remarkable
activity. This showel that the removal of the fusel furon
moiety in furoccumarins is possibly requirei for having the
insect antifeclant activity. These results were in gool
agreement with the above statement.

The activity of the 1ihydrcisopimpinellin (32)(Chart III)
is almost same as that of iscpim.inellin (22) ani that of
iihy iroxanthotoxin (33) (Chart III1) is abcout two times as
large as that cf xanthotoxin (23). Thus saturation of the
fused furan segment in furococumarin mclefules dces nct
reduce the antifeedant activity in S.litura. These results

are in gool agreement with antifeeling activity of kokusagine
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(88) anl lihyircsxckusagine (39) (Chart I11)26,
(b) Phenyl propanciis:
rhenyl propanciis are a class cf aromatic natural
prctucts having a Ch2-0H=Gd2 sile chain on arovmatic ring.
4 number of compounis belonging tc this class are reporteid
toc be having insect antifeeling activity. 4. Iscgal gn_g;.so
isclatel a number of phenyl prcpanci's (40-52) (Chart 1IV)
from nutmeg. A4ll the compoun'is were testel for insect
antifeelant activity against the silkworm larvae Bombyx mori_L.
All the test-1 compounlis shouwel antifeciant activity
with the scle exception of dehyiroiiisceugenol (52) which
1i 1 not show any activity cven at concentrations as high
as 500 ppm. The compouni (50) showed most striking
activity causing ieath in all fourth instar larvae of silkworm
Bombex _meri L. in 3 42ys lue tu starvation at a dcsage of
300 ppm in iist, whereas compouni (43) revealei 2ntifeeding

effect on larvae at 50 9pm30.

Iscasaron (53) ani piperencne (54) (Chart IV), twc
phenyl propanoiis isclated from Piper futckazura shcowei
90 to 100% antifeedant activity against Spgojoptera litura
at concentrations of 0.5% ani 0.005% respectively3ls32.

4Ll active compounis (40-53) contained a CHo-CH=CHo
grouping in the mclecule which suggests that the presence of
a CBZ—CH = Cﬂz sije-chain in phenyl propanciis is essential
for the activity of these compounis.
¢) Qther arcmaticss:

In a3dition to furocoumarins ani phenyl propanciis, a
number of cther classes of aromatic cumpounis such as
quincnes ani lignansaa, flavinciis anl isoflavonoiis ani

benzoic acid derivatives alsc show insect antifeedisnt
activlty34’35.
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PRESENT WORK

In our stulies directel towaris the isolation of new
insect control agents such as (i) antifeedants, (i1i) repellants,
(iii) juvenile hormones (iv) antijuvenile hormones,

(v) ovicidals, (vi) oviposition ieterrants (vii) antigonaiials
and (viii) insecticides, we screened a large number of plants
belonging to family Compositae. The present work leals

with our investigations on isolation ani biological
evaluations of constituents of Caesulia axillaris Roxb

an1 some structure activity relationship stuiies carried out
with Y-asarone ani some substituted cinnamic acids and their
cyclopropane analogues.

The plant Caesulia axillaris Roxb is ¢f botanical
interest since it represents the only known species of the
\ genus Caesulia®®2 (i.e. mono-typic genus). It belongs tc
tribe Inulae cf family Compositae an?' is a succulent ,
prostrate or suberrect herb 6-18 in high. Stem stout, more
or less brancheil, steriate ani glabrous. Leaves sessile,
lanceolate, acute, 1istinctly serrulate, narrowel at the base
and glabrous. Heais axillary, sessile, flowers pale-blue or
white. Involucre large anAi me mbranous°oP,

The acetone extract of the plant showei a strong
antifeedant activity against the larvae ¢f jchea janata
and showed gooi JH activity against Dysdercus koengii. To
isolate the active components the acetone extract was

subjected to cclumn chromatographic separation ani six
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fractions, 1-6 were collected (Chart VI) ani bic-assayei,
when fractions 2 anl 3 only showel the antifeedant activity.
Rechromatcgraphy of above two fractions afforiel the active
comgouni: (I) (Chart V) as an yellow oil, b.p.145-7°/2 mm
(bath temp.). The IR aﬁi NMR spectra (Fig. 1 ani 2) of the
active compouni (I) revealed that it belongedi to a phenyl
propancil class of natural proiucts ani was identified as
Y-asarone, a known compouni earliar isclatel by Devangan
gg_g£§7 from the same scurce. K. Matsui g&_g;§1’32
isvlated the same cowmpouni Y-asarcne from Piper futokazura
ani reportel that it showel antifeedant activity against the
larvae cf Spodoptera litura.

In aiiition to the testing of Y-asarcne for antifeeiant_

activity against the larvae of 4chea janata ani Musca

lomestica, we alsc testel it against Spcioptera litura to

31’32. It showel

confirm the report of earlier workers
60-70% antifeedant activity against the larvae of

achea janata (Table II1) and no activity against the

Musca jomestica adults anil this is the first report of these
jata. That it showed 100% activity at 0.5% concentration
31,32

as reported earlier against the larvae of Spcioptera

litura was confirmedi by us.



OH

(1Y)

(V)
(V1)
(¥m)
(VL)
(IX)
(X)

: COOH

3 F l‘
4. 8

S

2
(X1) OCH;
(X1) H
(X1) H

2 3 4
OCH, H  OCH,
M OCH, OCH,
bi 0-CH;0
OCHy H  OCH,
H H H
H H H
4 5
OCH;  OCH,
OCHy; OCHy  H
0—CH,—0 H
CHART V

I I T @

I I T I X

I T T T O

.,



219

Table II1 antifeedant activity of Y-asarcn
against achea janata larvae

Compouni % dose mean % area
eaten after
24 hours
Y-asarone - 1.0 35.07
Control 1.0 92.49

Fourth fraction of the column chromatography of
acetone extract of Caesulia axillaris showed a very good
JH activity against Dysodercus koengii. Hence it was again
fractionatel ani bioassyed to pinpcint the JH active
component . Due to paucity of the compouni, its structure
elucidation was not possible, however from the 1y NMR
spectrum (Fig. ) of compound, it is suspectel that the
JH active compouni is most probably a straight-chain
unsaturated compouni ccontaining a carbonyl group.

Y-4sarone is the major constituent. of the acetone
extract of Caesulia axillaris ani was isclated in 0.41%
yield (based on 4ry weight of plant). In aiiition of
Y-asarone, the extract also furnishel a crystalline
compound (II) m.p.l52-4° as a minor constituent. The IR
and NMR spectra ~ (Fig. 3 ani 4) of the compouni (II)
suggested that it is a 2,4,5 trimethoxy benzaldehyie

anl was confirmed by comparing the Jdata with an authentic



sanmple, Compcuni (II) could be an autc-oxidaticn proiuct of
Y-asarone as the same aldehyie is obtainei by oxidation of
Y-asarone, Thus compouni (II) may be an artifact.

4 large number of phenyl propanciis having
-CHp-CH = CHo, site-chain are reportei to show insect anti-
feedant activity30-32, It is assumed that the presence of
a =CHp-CH = Cﬂz sile-chain in such type of compocunis is
pcssibly requirel for the insect antifeedant activity. The
structure activity relationship stuiies carried out with
Y-asarone showel that the presence c¢f a -CH-CH = CHy siie-
chain is requirei atleast in the case of Y-asarcne as none of
the compounis (II-V, Chart V) is which side-chain of
Y-asarone was moiifiel either to an allehyie (II), saturate?
to get compouni (III); cenverted tc alcohel (IV) or
cenverted to an acii (V) (Chart V) show any appreciable
activity against Spoloptera litura or Musca jomestica.

It is interesting to note that the «, ani B-isomers
of Y-asarcne (54,55) (Chart Va) isclatel from gccrus calamus
by B.P. Saxena gt_g;.as showel antigcnaiial activity
suggesting that the cis counformation of the Acuble bond in the
side-chain is responsible for the antigonaiial activity.
While the trans conformation of the icuble boni in the siie-
chain of asarone is responsible for the antifeedant
activity. In asarcones ani sume other bicactive compoun?
such as precccenes, the presence ani the positicn of o-methyl

groups on the aromatic ring also play an important role in
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biological activity of the ccapcunis38139 e.g. B.P. Saxena
g&_g£.38 after testing varicus compounis (54, 57 ,Chart Va)
showed that c-methyl grcup at _usition 2 in the ring is
important fer rescrption of the cceyte which is further
supporteil by the suppression in ovary Jue to o-methyl grcup
at 5 position (as in eugencl (56) anl umethyl isceugenol (57).
The suppressicn in ovary due tu c-methyl group at 5 position
¢n ring seems true cf the precocene II (58) alsc, because
removal of the c-methyl group frcm 5 position in that
molecule reduces the activity. (Precocene I (59) of

Bowers, Chart Va)39"“. Cinnamic acii is reporteil to show
insccticidal activity against screw wcrms at 0.67%
cbncentratiuns4o. Thus keeping in view the activity of
cinnamic acii ani the rcle playei by the o-methyl grcups on
arcmatic ring ani their position of attachment in varicus
compcunds biologleal activity, it was thought imperative to
prepare cinnamic aciis with Jifferent substitution pattern of
o-methyl ani other functicnal groups on the armubic ring
(V-X, Chart V) ani tc stuily the structure activity
relaticnship of these compounis, as reportes on the
biclogical activity of such type of compounis are too
spotty4l-43. The cinnauwic acids (V-X) were preparei by
the known procedure anid the structures c¢f all the compounis
were establishel by the ccaparisicn of the NMR spectra

of compounis (Figs. 9-15) with the : reportei NMR spectra of
these CUmpounis44’45. 3y4-Dimethoxy cinnamic acii (VI) is

also reportel to occur in nature*6.
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The above cinnamic aciils (V-X) were testel for the
antifeelant activity against the larvae of Spodoptera litura

and Musca jomestica aiults. None o¢f the compounis (V-x)

however showel any appreciable antifeediant activity against

Spodoptera Litura or Musca domestica.

4 number of cycloproupane compounis are known for their

biclogical activity*”»*® and it has been shown that when the
icuble boni in the active cumpcunis was replacei by a
cyclopropane ring the activity of the compcunds enhance1¥8-50
€.g8. P.O. Kalsi4® basei on his structure activity relaticnship
stuiies on plant growth reguliting activities of sesquiterpene
lactoines (60, 61) suggestel that the presence of «-methylene
Y-lactune moiety is essential for the activity. when the
exomethylene of &-methylene Y-lactone was replaced by a
cyclepropane ring the compouni showel even more activity than
the parent compouni, Similarly the structure activity
relationship stulies in natural ani synthetic pyrethrciis
revealel that the carboxylic aciid moiety in the cyrethreids
must contain a cyclopropane ring so as tc show toxicity

when csterifiel (65-67) (Chart Va), as the esters of cther
aciis which are not having cyclopropane ring (62-64, Chart Va)
111 not show toxicity er showel very little toxicityso.

Hence we replacel the 1ouble bonis in acii side-chainsg of
substitutei cinnamic aciis by cyelopropane ring employing the
known proceiure44 to cbtain the cyclopropane analogues of

substitutel cinnamic aciis (XI-XIII) (Chart V). The



structures of these compounds were deduced from the NMR
spectra of methyl esters of these compounds (Figs. 16-18).
These compounds also were tested for the antifeedant
activity against larvae of Spodoptera litura and Musca
domestica adults. However, none of the compounds showed
antifeedant activity against both the insects.

However, an interesting observation was in store for
us when we subjected the substituted cinnamic acids (V - X)
and their cyclopropane analogues (XI - XIII) for other
insect control tests. The compound (VI) i.e. 3,4-dimethoxy
cinnamic acid and its cyclopropane analogue (XII) exhibited
good growth disruption in the adults of Dysdercus koengii.
Here again, as expected the activity was more pronounced
in the cyclopropane analogue (XII) as compared with the
corresponding unéaturated analogue (VI). The other

compounds however, did not show any such activity.
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Isolation of Y-asaron (1)

a) Plant material: The plant Caesulia axillaris was
collected from Pune (Maharashtra, India) and was shade dried.
b) Extraction: The dried and coarsly powdered plant material
(6 kg) was extracted in soxhlet extractor. Acetone (40 1it)
was used as solvent for extraction. The progress of the
extraction was monitored by taking out the test sample

(100 ml) of the extract, evaporating it to dryness and
welghing the residue. When the residue left after
evaporation of the solvent from test sample weighed
negligible the extraction was stopped. The solvent was
then recovered from the extract by distillation on waterbath.
The last traces of solvent were removed by applying vacuum
to obtain a dark coloured gummy residue (200 g).

c¢) Chromatographic separation: The acetone extract of
Caesulia axillaris (10O g) was subjected to column
chromatographic separation. The column was packed with
silica gel (column grade, 2.5 kg). The column was eluted
successively with pet.ether, benzene and benzene ethylacetate
mixture (with successive increase in % of ethylacetate).
Fractions of 100 ml size were collected. The progress of
the chromatographic separation was monitored by TLC of the
fractions. Fractions showing similar composition were

mixed together to obtain six major fractions (4-F). The



details of the chromatographic separation are outlined in
Chart (V1) and Table (IV).

Y-4Asaron was obtained as a pure liquid from the
second fraction from rechromstography of fraction (B)
(Chart VI). Y-Asaron (25 g) thus obtained was further
purified by its distillation under vacuum to get yellowish
viscous oil.

b.p.: 145-7°C (bath temp.) at 2 mm.

UeVe: xi’lzﬂ 210 nm (25626), 234 na (= 11986) and
(Fig1) 292 nm (s 6406).
IR :, p“:-f““’ em™t 1620, 1600, 1530, 1500.
ma

Mass: (m/e) M* st 208.
Isolation of 2,4,5 trimethoxy benzaldehyde (II)
2,4,5-Trimethoxybenzaldehyde was isolated from
fraction (D) (Chart VI) by its r-chromatography on silica
gel (1O g) using benzene + ethylacetate mixture as solvent
for elution with successive incrcase in the % of ethylacetate.
Fractions of 50 ml size were collected. Fractions showing
similar composition on TLC (eluent 25:75) were mixed together
to get three major fractions (I-III) 2,4,5-trimethoxy
benzaldehyde was obtained from fraction (II) as a greenish
yellow solid (200 mg). The solid thus obtained was
crystallized from ethanol to obtain yellowish crystalline
solid (150 mg).
a.p. 152-4°

IR: (Fig. > )»;:i“ ca-t 1730, 1650, 1600, 1500.
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Djhydro_Y-asaron (III)

Y-aAsaron (100 mg) was hydrogenated catalytically using
Pd/C (l0%) as catalyst in ethanol at atmospheric pressure
and room temperature to get the dihydroderivative (98 mg) as
a colourless oil.

b.p. 130° at 0.5 mm (bath temp.)

Li: (Fig. 5 ) yNudol op-1 3400, 1510, 1500.
Mass: (m/e, rel.int.) 210 (M*, 80) 195 (M-15, 100)

121 (e0)
214,5 Trimethoxy benzaldehyde from Y-asaron

A mixture of Y-asaron (2 g), sodium dichromate (6 g) and
acetic acid (60 ml) in benzene (50 ml) was refluxed on
waterbath for six hours. Tne mixture was then diluted with
water and extracted with benene (4 x 25 ml). The combined
benzene extract was successively washed with water (3 x 20 ml),
10% aq. sodiumbicarbonate (3 x 20 ml), water (3 x 20 ml) and
finallzzggine. It was then dried over anhydrous sodium
sulphate and solvent removed to get the product, (yield 1.8 g).
I'LC examination of the product showed it to be a mixture of
three compound, hence it was purified by its column chromato-
graphic separation on silica gel. The 2y4,5-trimethoxy-
benzaldehyde was obtained as yellowish crystalline solid from
first fraction (0.6 g). It was recrystallized from ethanol
m.p.152-3%.

IR: (Fig. 3 ) pnudol

i em~1 1730, 1650, 1600, 1500.



2,4,5-Trimethoxy benzyl alcohol (IV)

A mixture of compound (II) (2,4,5 trimethoxybenzal-
dehyde) (100 mg), 2-propanol (200 mg), carbontetrachloride
(6 ml) and alumina (neutral, Grade I, 2 g) was stirred for
two hours at room temperature. The mixture was then filtered,
alumina was washed with methanol twice (20 ml) and solvent
removed to get the product. The crude product was purified
by its preparative TLC (eluent: 25:75) to get pure trimethoy
benzylalcohol (IV) (60 mg) as a colourless crystalline
solid, m.p.64-65.

IR: (Fig. 7 ) ))2Zi°l cw=t 3200 (OH) 1600 and 1520 (aromatic).
General procedure for preparation of substituted cinnamic
acids (V-xI)

The condensation of malonic acid with appropriatly
substituted benzaldehyde in presence of pyridine and
piperidine was used as a general procedure for preparation of
substituted cinnamic acids (V-XII*Q. The process is
described below for preparation of 2,4,5 trimethoxy cinnamic
acid.

24,5 Trimethoxy cinnamic_acid (V)

A mixture of 2,4,5 trimethoxy benzaldehyde (0.5 g)
malonic acid (0.6 g), pyridine (1.2 ml) and piperidine
(0.03 ml) was refluxed for three hours. The reaction
mixture was then cooled and poured on ice water mixture

(30 ml) containing 1.5 ml conc. hyirochloric acid. The
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resulting ppt. was filtered and dried to get the crude
acid (V) (600 mg). The crude acid was then crystallized

from ethanol to get a yellow crystalline solid m.p.

General procedure for preparation of cyclopropane analogues
of substituted cinnamic_acids (XI-4III1)

Preparation of compound (XI)
a) Bsterification: The 2,4,5 trimethoxy cinnamic acid (V)

(60 mg) w-s esterified by usidg ether solution of diazomethane,
to obtainc the methyl ester of 2,4,5 trimethoxy cinnamic
acid (V) (65 mg).
b) Cyclopropamgtion of the methyl ester: The mixture of methyl
ester (50 mg) and excess of diazomethane (ether solution)
was stirred at 0-2°C in presence of palladium acetate (2 mg)
as catalyst for twelve hours. The mixture was then filtered
and solvent removed to get the methyl ester of cyclopropane
acid (XI) (55 mg) as a viscous oil.
c) Hydrolysis of the methyl ester of cyclopropane acid (XI)

A mixture of methyl ester (50 mg), potassiumhydroxide
(0.01 g), methanol (5 ml) and water (1 ml) was refluxed on
water bath for two hours ani was then poured on 20% aqueous
solution of hydrochloric acid (10 ml). The resulting soliAf
was filtered and washed thoroughly with water dried and
weighed (yield: 39 mg).

The compounds (XII) and (XIII) were preparedi similerly
employing the above procedure. Table II gives the yields ani
the m.p. of the compounds (V-aIII).
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Table II
Compouni molecular # yield . m.p./b.p.
formula
(o]
V) Cy oH1 405 98% 172-5
(-]
(VII) C0fig0, 97% 238 - 40’
(VIII) 01151204 98% 200 - 201°
o
(Ix) G, tir05C1 93% 160 -64
(x) CotoNOy 93.6% 156-7°
140-45
(x1) 013111605 83.3% (decomp)
(XII) 0121'11404 80.4% ° 135 ~A0(decomp >
(XKIII) C11H1004 81.2% 1256 -30 (decamy)
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Testing procedure for antifeedant activity

a) Against Larvae of Spodoptera litura: A 1% solution of

test sample was prepared by dissolving appropriate amount of
test sample in acetone. A leaf of measured area was then
1ip in the above solution for two seconis ani allowed to 1iry.
another leaf of measured area was 4ip in acetone flor two
seconis and dried (control). Both the leaves were kept in
separate petriiishes ani the 4th instar larvae of Spoioptera
litura were allowed to feel in both petridishes. The area
eaten up after 24 hours was measured. The 4ifference in the
mean % area of the treacted leaf and the control leaft eaten
after 24 hours gives the % antifeedant activity of the
compouni.

The antifeedant activity of Y-asaron is given in
Table III.. Whereas the compounis (II-XII) all showed
80-90% feeding.
b) Against Musca domestica ajults

10 mg of the test sample was dissolved in 1 ml acetone
ani 0.8 ml of this solution was aidded to 3.2 yl of the stock
solution (the stock solution was preparedi from 0.1% triton x
loop + 0.05 molar sucrose solution + Q.01 g light green drye)
the above solution was then put in a small petridish ant
soaked on cotton., The Musca domestica ajults (0-24 hr old,
fed on water No. of adults/Replicate = 10) were allowed to

feed on the above test sample. The observations were



269

taken after 24 hours for the presence or absence of dye.
None of the compouni I-XIII tested showed antifeedant
activity as about 85-90% of the adults in all the

experiments showed +ive test for the presence of Adye.

c) Against Larvae of Achea janata:

For insect antifeedant activity testing against

Achea janata same procedure, as employed against

spodoptera litura was used.
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Ab ST R ACT

The thesis deals with the isolation, structure
elucidation and chemical transformations of sesquiterpenoids,
mainly sesquiterpene lactones. The thesis comprises of
five chapters.

CHAPTER I - Sesguiterpene lactones of compositae

Sesquiterpene lactones are a class of naturally
occurring plant terpenoids formed via head to tail
condensation of three isoprene units and subsequent
cyclization and oxidative transformations to a cis or trans
fused lactones. Sesquiterpene lactones are characteristic
constituents of Compositae, some of which are reported to be
biologically active.

Chapter I attempts to give a brief review on the
biogenesis, isolation methods, chemical transformations,
physical methods for structure elucidation and biological
activity of sesquiterpene lactones.

CHAPTER II - Chemical investigation of Cyathocline purpurea

So far only one species of the genus Cyathocline has
been investigsted chemically by Devangan et al.l A sesqui-
terpene alecohol lyratol (1) has been isolated from
Cyathocline lyrata.

The chemical investigation of the acetone extract of
Cyathocline purpurea resulted in isolation of four new

sesquiterpene lactones (2-5), two guaianolides 2 and 3
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closely related to each other and two closely related
eudesmanolides 4 and 5. Compounds 2 and 4 were isolated

as major constituents whereas compounds 3 and 5 were present
as minor constituents. In 2ddition to these

compounds (2-5) the extract also contained one more
sesquiterpene lactone of knowa structure (6) as minor

constituent.

=

OH

QD)

4) A (5) (6)

The structure and stereochemistry of these compounds
have been established from the extensive spectral studies
of these compounds and transformation products, which are

discussed in details.
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CHAPTwR III - Chemical investigation of Cyathocline lutea

The acetone extract of Cyathocline lutea on chemical

investigation afforded two new germacranolides (7) and (8)
the structure and stereochemistry of these lactones were
established from their spectral data and chemical conversions.

These aspects are discussed in detail.

CHAPT SR IV - Chemical investigation of sphaeranthus indicus

Sphaeranthus indicus_ comumonly called as gorakhmundi
is a medicinally important plant found in various parts of
India, It grows mainly in rice fields and is used in form
of folk medicine.

The main constituents of the essential oil of

Sphaeranthus indicus already reported are cadinene,

«-lonone, B-caryophyllene, p-methoxycinnamaldehyde, eugenol,
«-phelandrene, ocimene, citral and «-terpinene etc.? Besides
the essential o0il a bitter alkaloid has also been reported
to occur in plants.

The present chemical investigation of the acetone

extract of plant resulted in isolation of a new sesquiterpene
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(9) belonging to eudesmanolide class ani two sesquiterpenic
acids (L0) and (LLl). In addition to these compounds the
extract also contained a known sesquiterpene alcohol
B-eudesmol (L2) and acetylinic compound as minor constitusnts.
Due to peucity of the acetylenic compound =and its unstability,
structure elucidation of acetylenic compound was not possible.
I'he structures and stereochemistry of compound (9-11)

were established from the extensive spectral studies of the

compounds and their transform~tion products.

OH
s COOH

(3 €13

COOH

OH
(V) 12)

cdartiug V - gtructure _activity relationship of insect_

antifecedant _agents
Recently many insect antifeeding substances have been
isolated from plants. In our studies directed towsris the
isolation and characterization of new insect control agents
we screened a large number of plants belonging to family

compositae.,
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In the present study we isolzted a known compound
Y-asorone (l3) from acetone extrzct of Caesulia gg;i&a;1§4’5
which showed gocod antifeedant asctivity against larvae of
Spodoptera Llitura and Achea janata.

Structure activity relaticnship study carried out with
Y-asarone revealed that the presence of a -CHQ-CH=CH2 in
Y-asarone is possibly required for the antifeedant activity
of Y-asarone as none of the cohpounis (14-17), in which the
side-chain of Y-asarone was modified, showed any such activity.

It is well docum=nted in literature that the presence ani
position of c-methyl groups on aromstic ring play an important
role in biological activity of such compounis. Cinnamic acii
is Known tc show insccticidal activity against screw worms at
0.67% concentration. Hence keeping in view the above facts
a number of substituted cinnamic sc¢cids (17-22) were prepared

and tested for antifeedant activity against lorvae of

Spedoptera litura and Musca domestica adults. How=ver, none

of the compcunds showed any appreciable activity. Cyclo-
propane analogues (23-25) of cinnamic acids alsc were prepared
and tested for antifeedant activity. Here alsc none of the
compounds showed any antifeedant activity. However,
compounds (18and2a>showed a gcod growth Adisruption activity

against Dystercus kcenigii.
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