CREMICAL INVESTIGATION

’g MO AN0 gracht
Lt @EheT
ADDIS ABABA UNINVERSITY
LIBRARIES

A THESIS
SUBMITTED TO
THE SCHOOL OF GRADUATE STUDIES
ADPIS ABABA UNIVERSITY

PN PARCTIAL FULFILI MIENT OF
THE REQUIREMENTS FOR THE DEGKEE OF

MASTERS OF SCIENCY IN CHEMISTRY

8Y
ANNAH '-"JAMBU!’EEIGE
JUNE i9%0




CHEMICAL

INVESTLIGATION

OF

VERNONIA FMILTGEKRA

by

Annah Wambui Keige

Chenistry Department

Science Faculty

Approved by:

Nr. Berhanu Acegaz

Advisor

Prof. 1. Kashman

External Exaniner

Dr, Brmias_ Dagne

Examiner

Pr. Tarckegre Urbreyesus

~ Exzminer

Dy, Dirshave Menhueru
s . 48 ca il ———— ——

Examiner




YEDICATION

To my parents, Teresah 2nd Joseph Keige, for understanding my necd fo. education

and making it possible.



2,

Acknowiedgemams
List of figures
List of schemes
List of 1zbles
Abstract
INTRODUCTION
1.1 Objective of the project
BACKGROUND
21 Flevonoids
211 Clossificntion
2.1.2 Structural variation
213 Biolupical activities
2,14 diowrtiests
2.L.5 Ideznriicaiion
2131 {welour reactines

21582 UV spectroscopy

2154 PO NMR spectioscapy
2035 Miss spectroseopy

The Flavonedds of the genus verwel.

22 FRREE OIS

3.3 Proioia NMR speciroscopy

TS

rage

v
v
Vi
Vit
Vit

1

10

R
-9

11



&

-in

3.

i d A n..:,'.'f.l’fi»'- 1

28l Mrbginval viversity

a2 Uharacterisation

Lol Bsiusyrritesih O e pEncils

2235 Sesguiterpeas izctonds

2246 Biosyntaesiz of seseuiterpene faclunes
2.2.7 Siructural derermination

223 Sesquiterpene lactones of the genus Vermonia
RESULTS AND DISCUSSION
31 General eviraction
32 Chavaciersation of 3 methvl quercetin
43 Churacterisation of vernoiepin
34 Characterisation of vernodatn
EXPERIMENTAL

4.1 Piant mateviads

4.2 Maerials

4.3 Dxnaction sud purification
4.4 Physiochemical diaa

4.5 Acetylatizn of compound 2
4.6 Demethylation of compond |
AFPENDIX

REFERENCES

.-
- %



ACENGWLEDGLEMENTS

I would like to express nuy gratisude to my advisor Dy, Bechanu Abegaz for his advise
and assistance in the course of this work,

My appreciation and thanks also go to Dr. Ermuas Dagne and Dr. Tarekegn
Gebreyesus who were assisting me when my advisor weit on sabbatical leave ubroad,
and to Dr. Mesfin Tadesse for identifying the plant material.

I also wish to express my thanks to Dr. Gezachew Alemayu for translating a German
text for me. Iam also grateful to Dr. Wandimagen Mamo, w/t Yordanos Woldu, Ato
Naod Kebede and all those who assisted me in various ways in the course of this work.

Lastly, I wish to acknowledge and thank the DAAD/NAPRECA Scholarship
Programmme for giving me (he scholarship that enabled me to pursue this research and

for their financial ussistance,

v



2

"W ONAME or ceraodalin

B¢ MR of vernotiin

FEST OF FIANES

". ‘,"‘ ‘

s



48T OF SUHRLEES

Poomatioa of coumand CoA

Hivsyathesis of chalenne

Bingenetic refarionships of flavoooids
Biosvnthesis of sopentenyl pyrophosphate
Terpenoid blosynthesis

Formution of coswunlide

Formation of the iactone rins
L)

Bingenctic reladonships of sesquiterpene faciones

Isomerisation 2f AtL12 {0 A 211 iactones

(PR |

G

8

19

20

=

{



@ N g w

LIST OF TABLES

BC NMR resonances of zing C

'H NMR of 3-methyl quercetin

"C NMR of 3-methyl quercetin

"H NMR spectral data for vernolepin

"C NMR spectral data for vernelepin

'H NMR spectral data for vernodalin

C NMR spectral data for vernodalin

Solvent systems used for column chromatography, preparative
and centrifugal thin layer chromatography

Vi

Pauge

43



ABSTRAT

Chemical Tnvestigation
Vemaonta figera
oy
Anpah Wambui Keige

Pesearch advisor: Dr. Berhanu Abegaz

Cheinical investigation of the avrial parts of } ermonia filiger: resulied in the isolation
of 3-roethyl querce i, vernolepin and vernodalin,  These compounds have been
previously 1sotated “rom other sncvies of the geous,

Structures were estabiisned wsing IR, 'H NMR, C NMR, and muss spectral
iterpreteiion and comparison with literature values.

BC NMR of vernolepin and vernodalin is reported here for the first time,



The genay & o e Pupest gann of the  tribe  Vernogose
(Asteracens = Compnitae ) and one of the tareer geoera of Towering plants," The reibe
Verionieas s alngn SO spectes wi b mene by TN peion i o the $1E TS
Yemoma® Vermonio s mainly tiepical and is found I the ©omer fegan of both
hemisplicres, with many of it's species growing in Brast and trepicsi Africa.? There are
more than 308 wpecivs in Africa ang Azt at bvast 398 i Mexien, Cenical sar South
America and about 16 in the United States?

Division of the {ribe Vernonicue into sutaribes and genera is still very uncertain,
with probiems in Vemorie trom specific wpre generic fuvel.?*

Chemical evideace especially the sesquierpese iovames wndd avonoids support the
hypothesis that the genus has two denires of ongin, ane in Aftca und the other in South
Americe.” I can also be useld o datinguish hetwsen (e new and the old world
species ™

Chromoson count alse supports and arap!ivies 1te = conditions -new world = 17,
old world u=9, 10.° The walosicnl diflerance wae tsed 0 divide the gENUS 6D Two
subgetiera, aoe each for the mew gl the old world® Palvnclogical studies o support
this distinction, However, ife fuorcid and sermerpens factores provide evidence
linking the nea aod oid word speci-s,

Severul Veirtonia sprcies ove (een found o be of variow: ecenondie importance.
Some die troublesome . weeds, nehndirs U babdidad of Nortis America and V. cinerea,
& pan tropical weed '

Toe speciv: Vi anthebnintion and V. guiumenss have beecn exainined as possible

-



H H Py 4 = . . . = ; 5 -
ot se=d cron planis® Zoth ronair wernone S0id cresent as g ipglvearide Tiesroliin,
i i e K A ap T FIVIE. Pl S e PR 1 ket . g2 i e .
FRGNGRE DL CRG0 AT 4 Mas e In patm end coan N FeatIA T urrther experarental

anc breeding work still pe Yy carcied vt un ¥ gadaee s which was fouad o bave

& beiter seed relorrion angd & Nishoy o contos:

A sumber of Verroana species hove Deen widaly used in rudiinal medicine. ¥
antheimintica has been used o5 an aniselminne and for westment of asthma and kidney
troubles,® ¥ angigedion tas been wad in treatmen: of fevers, siomach npsets,
schistosomiasis snd also as food” V. hindebranti was reportedly used for arrow
poisoning.” Other species have been used for treatment of malaria, cough, snake-bites
aid abdominal painst

Some of the species of Vernonia have been shown 1o contain active compounds
which possess cyrotoxic and antiiumor activity,*'®* antiviral activity,™ prant growth
regulatory activity 1 jnsect and herbivore feeding dererrents,™ 5 Most of these
activities are aiributed o sesquiterpene lactones (2g. Verrolepin®'® vernodatin,!
glancolides™ ™ and some 1o the presence of flavonoids {ez. 3-methyl quercciin'?),

Chemical studies on severz! species have revealed that ragether with sesquiterpene
lactones which are the major constituents, other compouids are also present including

flavonoids, triterpencs, sterols, aceivlenes ang veenolic acid, 18

2



L1 OBIEC LVE OF THE PRadBCT

A survey of literature on Verioniz showed that most o (i chemical iwvestigation
ol the geaus fas fakent place aver the st tar deoudes. iloaervis, owl of e 1000
species, fass thar 150 have been thorough'y cazmined. Taterest i the genus was spatked
off by isulation of antiume: sgents. Due to the complexity of the genus and interest in
their sesquiterpeny luctones, ous faberatory set oui to siudy the chemistry of the
Vernonia of Ethiopia. A sevies of such siudies ure curiently underway.

There are over 60 species listed for the vanus Vermoniz in Ethiopia. They are found
from sea level 1o an altitude of 3000 10."%® Very little chernical investigation has been
catricd sut ex the HMenmonia of Exhiopia

V. filigera is distmetly endemic of Eihiopia™ It is found between >00-3000 m
altitude.® Todate, no chentcal fnvestigarion has beer reported on ths plant,

This project “enls with the investizuion of I Rligera. The objective 1s to under ake
chemical screening of V. filigens for it's chemical constituc s especizily the sesquiterpene

lactones and flavonoids,



2. PACKCROUND
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Flavoneits make up one of the lurgest group of rziurally oceuring phenolic

componnds.” They occur mainly in Oowering plants and ferns. In plants they are

found 25 aglycones, O- and C-glycosides, sultates and bilavonoids, >

2.1.1. Classificguion

Flavoneids contain fifteen carbon atoms in their busic nucleus which are arranged
in & Cg-Cy-C maanner ie. twe aromatic rings connecied by a three-carbon unit which
may or may :i ot form a ring 3% TT'": rings are labelled as A, B and C and the carbon

atoms are numbered us shownin 1. A modified numbering svstem is used for chalcones

as in 2.

2.1.2 Structural variation
Various structural variatiens in flavenoid aglycones are caused by hydroxviation of
the aromatic rings, methylation of the hydroxvl grous, or of the flavoncid nucleus,

-~ 24

g!ycos}iation, prenylaticn, dimerisation and bisu'fate torvation



The osidaticn state of ihe three varhen link forms the basis for clussification of

Havonads, The g Cusses ace Bsted bedo,
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2.5 ihwological aelivity
Severz! {lavonoids bave been fornd t¢ have some imeresting biclogical uctivity.

Some known !;iologzcal activities of flavonuids include activites such as nector guide

M A SR 4 TP .
components,™ % anti-inflanatory and anti-oedima,® cardiovascular.™ # inkibition of
aldose reductase,™ pliyloaiexing,” antimicrobial,® ™ * unticancer™ and
antifungal,”=

214 Biosynthesis of flavonoids

All ciasses of flavonoids are biogenetically related by a common biosyntetic pathway
which inc orpomtcs precursors from both the "shikimate” and the "acetatz-malonate”
pathways.*** The C,-C, unit of ring B and ring C, for which phenylalanine is the
precursor, is derived from the shikimate pathway.® The Cg unit of ring A is formed
from the head-tail condensation of acetyl CoA, the precursor of the acetate-malonate
pathway.® The first intermediate formed immediately after the confluence of the two

pathways is thought to be a chalcone, IL

Schome 1: Formation of coumaryl CoA
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Scheme 2 Bissyuthesic of chalcone
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Scheme 3 Biozenetic relationships of flavenoids
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2. L5.0_ _Lojer seasdiong

Flavomond ¢etoire veuctions offer ouly a broad adivation of e flavonous i
ecause viiun iy piven ol tee colour prid sced depunds rn che oonanos paitein®

Expusure of favonoid Tid o ammoni: Snet canses morked calonr chiagms
especially witen viewed asder UV light. Relation verveen the spot apocarence and the
flavonoid struciurs can be made.™

Sorie flavonoids yive chargcerisic colpurs on rrduchon Mt mggitest on and
hydrochioric acid {Shunda's ceapent ).

When an extract is made aikaline by addit'on of aquenns sodiuim hydroxide, vanous
coiour changes nre observed which can provide informiztios about the basic sructure of
the flavenoid, However, in flavoroid miaturee Cange. due o moe aipnt b mnsked by

those of another ™™

2,152 Ulra-vighe ! vistule spositoaty
UV-Visihle speciroseapy s 2 very asaful ectindguie i Qavoec.d straciural analysis.
It aids both in the identificatinn of e Navopoic type und the defination of the
! ‘Ji} ’ - [ e ol At . . . .! A .“ - i
oxvgenation pattein,” The spectos i wsumly ran  mtnae Use of shifl reagents
heips to establish the focaion of the sk situted aydesy aronps #% The <hift
reagents used ae swliom meihe o (eI s seetage {(OaCAL), sodium

acetate/boric acid (NaCAGHEO  alvmonig chlorrie (AL Lyoand atvinimum

chioride /hydrochlozic acid (AIC, RO



‘Toe favonoi! speciram corsists of two alserption rusxima in the reyion 240-550

nin. 2%

These are referred to a5 bund § (300-550 ) and band I (249285 nm).”
ttarnd 1 s associated with the B-ring cimamioyl swster (21) aad band 1T with A-ring

benzoy! system (26).

The position and intensity of the maxima varies with the relative rcst:;mnce
contributicns of theww systems. Changes in the' A ring substitution are refiected in band
IT absorption while changes in substitution of B- and C-ring ure reflected in band 1
chsorpticn, Increasing oxygenation in a ring causes o bathochrowmic shift in the relevant

band. Melyution and glycosvlation causes a nypsochromic shilt,

2,1.5.3. Preron NMR gjectzercopy

Provon NMR s veiy uselul i the swetore elucidation of Livonoids. The proton

signals genernily oceur in the range of 0-9 ppm.™

Lering rrorons
“or Javonss, flavonols and isoflavoues with S,7-d:thydroxyl groups, me C-0 and C-8
protons give rise to two doublets (J=25 Hz) in. the range 5.0:6.5 ppra. The C-6 double!
occurs at consisiently higher field than C-8 dus the ortho effcet of the hvdroxyi
groups. I 2 sugar is attached to the C-7 hvdroxyi groap, both siguais are shified

downfield 2%
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these prowons i: characieristic of ihe substirution pattery of the ing
1 s (] .
L-ing pretons
3 . pnp— Y Plae £ P
In flavonss and tavonpols .2 prowon appears as a singlet ce Ly ppin and s
therefore LISl UOM L 6 and C-8 protoas which occur wn the same repon
Iﬂ ESWH-:‘.'\!S.'L*S. :}'J {-‘=2 UFOLON s al B -posil m o 1 d Jrpe, y e =
; L B (RN 18 =22 Ul OCCUTS 11
the range 7.6-7.8 ppm,
.‘.-\ «} -'-;-'.",v- n i I3 $ v 0 i B 1 b L LA A r . ] f . !
For chaicones, the Hae and Fip PECHONS appear as gesiitiets RENRNTE 3 M 1 the
.y T e L I
range 6.7-74 ppm and H-8 in the the ranee 7.5.7.7 i
The aurone beazvlic protons sonear o o «ing'os cr £ € v 39
! bty e LY 1 SRERILS WM I « S RSI7EE: s L 2=) }1“ 1
In Savanones the © £ et (§ a doutlegjpuble al nt while C-%
N ~OTi R s 4 sypaid e M iir ] .I,'. vVe Vrise, 4 o b Yhoe IR | g 3
pl’OlGl... AU &5 VO N ..T.!_ba. ¥ 3G & RS i <t + Dbl e N L~ proion ot
dihydroflzvonei: necur 25 a doublel (J = i1 1) naur § 2 Pt ahide O3 proton doublet

appeéars near 4.3 ppm.

3.~ 5T F 37 Feees IR " . gty I
L NMR of flavonoids can oo usetef o SpECtal cases, SITGOUEN he resonagnces of

the arowmatic CAlOCT GY0I08 Cuihol be usad 1o g Lngunsh hetween the differem tvpes of
shavonuids, phe sirieal shifts of the theee carbons of ring C are s ay quite disting
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Table 1: ¢ N LEsonaices of fing (Y

- —

| Flavonoid type | .2

1 5 I s
I T s

| chalcones

1166-128

18R8.6-194 5¢

| tlavanone ! 75.0-80.3 ¢ 428446 1 189.5-198.5 5
{ flavones i 160.5-165.0) » 1201118 d 176.3-1840
| flavonois ! 145- 150 136- 138 172-177 |
 Isoftavones | 149.8-155¢ f  1223-125.4 174.5-181.0 5 I
| aurones ! M6 1-1477s 11161349 ¢ id2.5-182.7 [
| prerocarpans | 664665 ¢ 395402 ¢ TH.4-78.5 d |

P S KON e e e o e s st i il e |

2055 Mass spectroscopy

The Jirsi objective in interpretation of mass spectrum s the identification of the
unfragmented molecular ion. Other mjor fragments are reiated 10 ghe molecalar jon
by rationalising theic loss in molvcular weight raung recognisabie fragmentation
pathways ®  jn the mass spectra of uplycones, the molecular ion ApPPCars us a major

peak, Ity measuremen: vernits the calculation of 1's elemental composition.



dogdlly 2-1100  mygmentation
The fragmeniation of the molecular ion into A- and Bering contatung fragments

ety ed Ve 5 » " - . .
provide wseful strirctural information. Fragmeattion follows one of the wo comptin
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2.1.6 Elavoncids of the genus Vemoeria

Mos: of the flavoneids isolated from ihe genus Vernonia cre based on the flavones
(apigenin and luteolin types) und the flavonals (kacmpfercl and quercetin types).? The
compounds include the aglyconcs, their methviated derivatives aad their O- and C-

giycosides. Exceptions inciude the flavanone hesperitin isolated frem V. brevifolia® und




-

tavonmd

s 4 primitive chargcter. This reduciion

L g e . aval ¢
'&E.,-.i' i -‘:'-.-(:!U:;“l‘. hh eEn QDservesl i several cases.

In addition, new world species show the most comp
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22 TERFLNOIDS
I L1 e I ¥ . .
. G il sl . Tl IO LCES Waich | i i
wineg evatewse . ive! ¥ Tl gt F : ! b T}
imn._, Ry sleim metlcing plaais, VERIEL, INGNINe OIYmusis and (ns cts.’ iiey have «
VNI TN Wineomtbhat: a Y. . - i . ’ . = "
common woesyrient ongin vased on the mevelonic acid-derived  isonentenvi

pyrophosphate.® Their carboa sheleton is built up trom the umon of two or more of the
isopentenyl uniis which are usually linked in a head-tail manner, with some notahle
exceptions.*

Studies of terpenoids have been stimnluted by thewr wide range of biological
activities, These inciude activities such as aliergenic agents, ™% cytoroxic and antitumor
agents,’*"® regulatirs of plant prowih,®™ anischistosomal sgents, antimicrobial
agents and accessory pigments in photusynthesis.® Moooterpenes und sesquiterpenes

are also major components of essential oils.™

2.2.1 Classiication

Terpenoids are classitizd on ihe basis of the number of oprere units in their

" v '

assemnbly.” Thoy fall tamaly intu the ciasses ol hemiwrpenonds {C,), mouoterpenoids
(_(.w}: scaquiterpenoids (C,.), diterpenoids (C,,), sesteipenaius {C,g). triterpenoids and
=

} .(',”'[I{("r .|‘ I ""}) HLALe .u. ‘_l_{!.‘ 11l N \r 3 W,

sterpids (€,
-
The sesquiterpenoids provide a remarkabic dwersiiy of the carbon-skeleton

compated to the vther classes.” They are aise the most imporiaat class of terpenoids

in the Asteraceae {=Camposiae) femily,




4.2.2 ptrscupal diversily
The aliphatic preanser in ternenoid biosymihesia is coaveriond 1, oveli rerpenes
through one or wore cyclisation ftups™  Other straziurat aadiic cions Invoiving

Toesa h 1 . =iy . " Y an
vl OF SI08 S el Y OO el i WlD SIS

rearrangeraents. oxidation, noy o avags,
of other biosynthetic origin provide « vide range of structi, | diversity

lsomerisation s alsy common ameng erpenoids. In addivon. they ure usually
alicyclic and sitice the cyclohexane riug is usvally twisied in e "chair” form, different
geometrical conformers are possible depending on the substitution around the ring,*
Sterecchemistry of cyclic terpenoids is therefore highly involved and niter difficult o

15

detcrmine.™ This has been espenially the case in sesquiterpene lactones where the

stereochemistry of several compounds had to be modified recemly, % 7488260

2.2.3 Charagtetisation

Detection of ierpenoids 18 usually difficult since all of them are colourless evcept
carotenoids. The e is 1o universa! chromopenic reagent specific for terpenonds

Dresection is usvally carried out by spraying suiluric acd or vaniliingsuifuric acd on
TLC plates and hieating.

(rther methods of deteetisa that can be used inciude spizying with % amtimony
chionide in chivroformn o 0.2% aquecus ootassium penmaganate.  Double bond
containing compounds can be detected using imiine while 24-dintrophenythydrazine
is used for ketone groups.*®

Struciure elicidation is carrisa oul uuing spectroscopic technigues, namely IR, 'H
NMR, B NMR and mass spectroseopy ogether with biogenetic considerations, X-ray
crystallography, althuugh not  rowtine and simple (echnique, provides unequivocal proof

of atruczare including steveochermistiy,™



224 Fosynthesis of terpenowls

The fuvivo precursor in biogenesis of terpenoids is not isopiene hut isopenteiyi
pyrophoszhata.* This is tormed from acetyl CoA vin vaevalonic acid.” e Unking of
isopeitenyl pyrephosphate gives rise to the varions clasies of 'ervenoids.  Most
terpenoids are cyclic with one or more functional groups. This bnpiies that the final
steps in the biosynthesis involves cyclisation and gudation or other structural

modifications which introduce functional groups,*%

Scheme 4: Biosynthesis of lsopentenyl pyrophosphate
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Schema 50 Terpennid Liosvathesie
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225 SESQUITERPENE LACTONES

There has been a dramatic in¢ case 10 the numbes of reports dealing with isolation
and structure elucidaticn of sesquitcrpene luctones over the last two decades. This
increased interest has been due 1w

a) their successful use as taxonomic markers

b) their various biological activities.

Sesquiterpene lactones are found to oceur in planis and fung.” They are the major
constitucnts of the iribe Vernonieas and the genus Vernoniu. A recent report indicated

that the number of sesquiterpene lactones isolated irom the tribe Vernouieae goes upto

236.%

17



L Hagenesiy Of wamniiarpeie Jacionss

Sesoverpeanids are derived from farnesyl Pyrophosphate ™ Cyelisation of inais,
frans wrnenyt prrophosabane towlts Th the tormiatioa of funs, trars-germucradiens
pitermendiol Enzymatie  weidative rogification ¢ s wlermediale  prowrdes
SPTaCranolides, the simplest of which is costinofide 395" Ouwner sheietal types of

sesquiterpene lacton:s are derived from germacradiene,
Scheme & Formation of costinolide

IS W,,\D’L(_____,Q

rans, rrans-
wans, trans-iariactyt pyrophesphite fermaciadiene !

e

I e
Couumm

Two pussible rowtes have been prososet for the ermation of the lactone ring,

resuiiing i the formation of 6,12 a5 well as 812 connected Iactone rings.® The C-6
connected lactones are formed predominaniy because position 6 is alivlic 1o a double

bond imaking it more favourable to hydroxylation compared to C-8.
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Schem=: 8: Biogenede relationships of susquite rpene lactones
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Iromerisation ol £1L13 10 A7,1! in germacianolides v accomponicd by cxidation
(o Produs. gla 1coiid lype permacranciide: *4 [his can ocour thi ugh tWo
roules,

1y allylic oxidaticn fallowed by rearcungemsnt

2) reacticn with oxygen followsd by reduction

Scheme 9: Isomerisation of 4 11,13 toA 7,11 -
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: 62
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227 Stucture determination

Structure elucidation of sesquiterpene lactones is carried out using spectroscopic

techniques. UV spectroscopy usually gives end absorption while IR spectroscopy is used

for functiona! group identification.

21



22300 Pr 3o NG 4K, Spectipn ooy

Pedds speaeescorpy § ahe el oetamiaily used (goiidgae i atuctire ebidstion
of sesquiterpene laciones. A lot of simewre wfarmation is obtwined frum "H NMR
spectra togather with double resonance experiments  In addition 'H NMR of derivatives
such as acetaies and use of shift reagents assist in specira interpretation,

WOE difference spectroscopy has also been applied in structure determination and
has proved especialiy useful in stereochemistry. It has resvlted in some configuration
reassignmen: and in laying cut of some guidelines on the basie structure of sesguiterpene

lactones from Verroniese,*

2272 FC NMR speciinscopy

The requitement of retatively large samples has restricted the availability of C
NMR spectral data. Information on the various types of carbon present is generally
obtuired in proton-noise deconpled experiments, This yields information on the number

of hydropen at eash carbon atom and also allows the assignment of the carbon atoms.®'

2273 hiase speciroscopy

Mass speatroscopy is usually restricied to finding the parent ion and detection of the
ester side chain attached (o the maia skeleton. In compounds comamning hydroxyi or
ester functions, the pareat fon peuk is usually missing due 0 toss of water or the ester

side chain by Mclafferty rearrangement.” fn such cuses, the ester group 18 observed

a8 an iintenss peak.



228 Eowouterpene lactonss of the genus Ven ol

Sesquiterpone lactones are widely distniboted i the Astersccae family. ‘They have
proven to be of corsideriile imomomic value i understandine the evolutionary
relaiionship zmong popalativn, species and genera of this family **

Germacranolide type lactones sre the largest class of sesquiterpene Jactunes found
tn the genus Vemonia. Glancolide-tvpe lactones, which contain an endocyclica7,(11)
a,B8-unsaturaied lactone in which C-13 is oxidized and usuatly bears an aceate group
are characteristic of this genns

Among the new world species examined so far, there are many reports of glaucolides
(A4 trans) and hirsutinolides (glaucotides with 45 and a L4 ether linkage)®
Guaianolides have also been teported, but non-glaucolide type germacranolides are rare,
They ure reported in only six oot of the 53 of the new world species producing
sesquitcrpene lactones, 02630485

By contrast. toth glaveolide and non-glaucolide type germacranolides have been
reported from the otd world species, in addition to sudesmanclides, guaianolides and
elemanotides

It had been observed that primitive species comiain germacranolides such as
glanecolide A or B, while more recently rvoh'eq species contain structurally simpier
compounds or lack sesquiterpene lactones.“%* Recently minute quantities were 1solated
from species which had earlier been reported as Jacking sesquiterpene lactones.®® This
ruay be an indication that, for chemotaxonomic purpses, a more caraful re-investigation
Inuy he recessary in species where no luctones have been reported.

Aithough sesquiterpene inctones of the new world species had beesn reported to be

(.. 238 -t
aufficiently different from those of the old world species,” investigation of several South

23



Alricas spesies lave thown a doss relmion 19 the Ameiican speries, 5/ 669 Species

G Malow Sewever gave snllicently dil.creat Tecraiterpeny lactunes ™

Ve pig divessily in the genus Vemoniz and the pronounced dificrence in the

chemistyy of ditforent sdecies may o

explatned by tee degree of evolution ja the

genus.™



3. RESVIYS AND DISCUSRION

The weslal ports of ¥ _ilipera were collecied from Geizrsa near the waier SESeTVOIr
wm Novemnber 1989, 200 gin of the air dried plant material was extracted by sonking in
petrelenm eiben ethyl scetate: methancl (L1:1) for five days m a fridge. 200 mi
methanol was added to the dried extract, shakea overnight and filtered oif 10 remove
the fatty materials. After evaporation some benzere was added, swirled and evaporated
10 remove water.

Application of vacvum liguid chromatography {VLC),column chromatography,
preparative  thin  layer cliromatography (PTLC), and  centrifugal thin layer
chiromatography resalted in the isolavom of J-methy! quercetin, vernolepin and

vernodalin zs detailed w the enperimental section.

33 Chargcterisation of 3-methvl quercetin

S-wethyl quersetin was isolnted 4s veliow crystals of meitiog point 262-4°. The UV
specirim (MeGll) gave two peaks assigned as bend i1, 258 am and band I, 360 nm.

Shift raagents are very ussfuf in assisting the detzrmination of the oxygenation
pattera of flavonoids. The reagents used include NaOMe, NaOAC, NaOAC/H,BO,,
AlCH, AICTL/HO L2

NaOMe s a sirong base and lonoses 1o sume extent all phenolic hydroxy! groups.®
fis therefore a good “fingerprint” indicator of the hydroxylation pattern of the flavonoid.
Fur Ravones and flavono’s, 2 bathochromic shift of 46-65 nm in band  is diagnostic of

.,
the presence of 4%-hydrosyl gioup.™



egroditon O S SaCCHUm with Gme S 4 goed indieator of atkali sensitive sroups
ot e

NadAT & & weiked bodo tan NaOMe and ionises only the most acidie of o
fovopoid hvdrosy! zrovps (.7 or 4-OH). N is vsed primarily for the detection of
P-hvaiayt gitaps,. s fisvones and tlavenols with ?'L:_.i.;:‘f.'-x}': KTOUDS, i1 casses o
hothoehrornis niaft 50 5-20 n in baad Y1

Boric awd cielates wo ortho-hydroxys groups in nresence of NaOAc. tesulting in
u dathochromnie shiti. A baithochromic shift of 12-30 nm in band 1 is observed for

{lavones and favonols containing B-ring ortho-diliydroxyl groups.

NaOAe/HBO,

Muminium ehiorxis forims acid-abile corplenes with oriho-dihydroxy! groups and
acid steble comiplexes with hydeoed groups at ©3 o C3.7% An AlCk spectium
therefore rearesenis the iotal effect of all the complexes wiile the AICL/HCI spectium

represents onlv e affecrs of the hydroayl-ketn complex due to the acid stabiliyy of the

Lv)

complex hohwzon the C-4 keto function and C-3- or C-S-liydroxy! group.™

A hypiochromic shift of the AICI, spectrum {af about 30-40 nm; is chserved in
band [ due to e decoruposition of the ortho-dikydroxy! complex when HCl is added.
Ay shift ramsinins after the addition of HC! s due to the presence of 3- or 5-hydroxyl

Fen e iTNGE
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Addition of sadium methoxide to this compound gave a bathochromic shift of 48 nin

i band £ withon: changing the intensite. "This is indicative of the presence of 4-hydroxyl
group in the Ravencid nuclevs. The sodium acetate spectrur gave 16 no bathochromic
shift of hand i¥ indicating the presence of J-nydroxy! group., The NaOAC/H,BO,
spectium showed o bathuchromic shift of 18 am suggesting the presence of
ortho-diftydrony! groups in ring K. Comparison of the AlCH,, AICL/HCH and methanol
spacira showed presenve of 3-hvdrosyl group and urtho-dikydroxyl groups in ring B,

The 18 pevinn (KPr) chowed peaks at 3640 und 3206 cm™ indicative of the
presence ol hydroxy! groups. A peak at 1660 ot was puributed to the presence of a
chelated keto crunp, confirming the presence of S-hydroxyl group which is chelated to
the C-4 ketu group. The aromatic peaks were observed at 1610, 1560,i500 and
1450 en ",

The 90 itz 'H NMK spectrum was taken in acstone-d,/MeOD mixwre. This
showed broag sinziem 2t 618 and 6.4 ppm intergrating for one proton euch. This

Corvespords to $1-5 and -8 of flavoues respeciively. A one prowon doubler at 6.9 ppm

-

' 1
‘orrespends to H-57 while the sae-proton doubiet at 7.53 ppm was assigned to H-0.,
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niirung the presence of S-ObL Other signals were sound to ggres with
the abeve ovser Glinns as loilows, 745 (& 1H, H2Y) |, 732 {dd, 1H, H {'."}, 6.75 {br d,
3. H-E 615(d, 18, H-8), 6.05 (4, 18, H-6), 3.62 (s, 31, OCH,).

The MO NMR of this compound gave 16 carbon atoms. The DEPT spectrum
showed presence of § methine groups (CH), two of which are equivalent, one methoxy
{OCH,) and 10 quartenary carborns.

The VC assivament of the carbon shifts of flavonoids is based on the use of flavone
as @ mocel and additive substituent parameters for benzene. Presence of a C-3 methoxy
was supporied by the C in which the methoxy signal appeared downfield at 60.5 ppm.
Methoxy carbons usuzily resorate at 55-56.5 ppro.  However a downfield shift to the
renge 59.5-63.6 pom is observed when the methoxy group is di-ortho substituted by a

bulky subsaiuent ke ~OH, -OMe or a ring junction,

o

Tiw ‘11 NMR and 0 NMR support the structure of 3-methyl quercetin 68,
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3.3 Chargaenzation of verunienis

Viernoizpia was solnted ac eatouitses erastal, of mietiing poins 3781797 (lin179-180).
i gave optent rolativn faly +87 (0 L15, acetone). UV spacrrum (MeGH) gave an enl
absorprion a: o 8o

Infrared speatruin (KBr; ¢<lubited bands at 3587 and 3490 e’ characteristic of
hydroxyl zroups {GH), 2540 cm™ atuibused to unsaturated methylene (=CH,), 1760 cm™
indicative of ¥- lzctone and 1720 om™' autributed to a &-lactone, A peak 2t 1640 om
was attributed 10 3 carbon-carbon double bend.

The "C NME showed presence of fifteen carbon a1oms indicating the compound
to be a sesquiterpenc. Two of these are carbonyl carbons, Distortionless enhiancement
by polarization transfer {DEPT) spectrum indicated that there were 3 quartenary
carhons, 5 methine (CH) and § methyiens (CH,) groups. These were shown to include
3 ermipat methylenes {=CH,), one double bonded methine (=CH) and two double
bonded quaricnary carbons.

Chemical jonization mass specira (CIMS) gave a molecular ion peak of m/z 277
(M41)," corresuanding to the melecutar formutar CyH, Op No major fragments were
observed since this is 2 low energy fragmentation.

The 300 MHz 'H NMR spectrum exhibited 2 pair of Goubiets. one proton each, at
6.2 and 6,01 ppm (3=3.3 Hz), These are indicative of the presence ol a methylenie
group sxoeyelic 1o a -lactone, A peir of broad singlets at 6.7 and 5.92 ppm, each for
one Proion was atributed 1o the presence of a second methylene group exocyclic 10

anather facione.
i Seamre of 'El NMR spectrum of sesquiterpene lactonss containing  an

A ypicai
: B i3 . X 1z), usuallly
a-metl ylone¥-tactone moiety is the appearence of tWo doublets (=14 Hz), .

A0
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Soae desoughing 2apesitaents were alio vaderiaker. ireadiativr of 1.8 (4,04 ppm)

Yoy Tepr 4300 i : iy ‘ rrnipd ag ) [\"a i (8- 7 1 whie!
i PR U 1) witie!s wag on 1o & doublet,

R TR

~

oYy 3 TR 1 ey FEEEY o hils - .
the dout =7 @i 234 neon (OR) wiiich was reduced 1o a sinelei, the dondle doublet at 198

. o T T . P 8 2 o Binacladns o nd she 1) . v
.l:p_-l‘l_ :J"E iy St Weolk s TO0Wwad O agmntes ¥ _l'J -,h.* m?"]!l::\[;-; &i j-i."'l ;::,“ ’.'”-'_:?t‘i «."rhich

frradistion o H-3 (3.i5ppm} showed i o be coupled to the triplet at 3.91 ppm
(H-6) which w i reduced 10 a douhiet

frradiation of H-9: (195 ppm) showed it to be coupled 1 the multipler at 4.04ppm
(H-R8), the deeblet at 2.24 ppm (OH) and the multiplet at 1.64 ppin (H-%b)

Kupehan et ai """ showeid vernciepin to be a sesquiterpene dilactone by earring out
the lactone-titration experiment. A solution of the lactone in 1,0 N agueous sodium
hydrovide s cvapoizted to dryness unger reduced pressure and the residue dissotved in
water and titrated with acid™  Vernolepin consumed 2 mole equivalent of base,
dicaiing presence of twe lactone functional groups,

Kupehan et a1 also reportad that aestylation of vernolepin resulted in a product
(70} whoss 160 MHBz 'H NME gave a multiplet at 4.5- 4.0 ppr integrating for 3 protons
fovmparsd 16 4 Tor vernolepin) while a new one oroton multiplet was observed at 5.1
ppm for ibe proton on the aceiate bearing carbon. The doublet wt 6.03 ppin (H-13a)
alse shifted 10 5,62 ppim and the acetate peak appeared as a smgiet (3H) at 2.12 ppm.
Thete was no D0 exchangeable signals as hud been observed for vernolepin.

Aceiy‘ation in this work showed similar changes. The 0 MHz 'H NMR of thc.
acetylaied praduct showed that the doablet at 6.05 ppm shifted 10 5.6 ppm, an acetate
peak was observed (2.3 ppm, s, 3, the multiplet at 4.2 ppm intergrated for 3 protons
while there was 4 uew nmbiplet at 5.0 ppm for the proton On the acetate bearing

carbon,
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Hydrogenation of vernolepin by Kupchan et al * *° with 10% paliadium-on-charcou]
catalysi was erminated after the rapid uptake of 2 mole equivalent of hydrogen to give

hydrovernaliepin Th

The W NME of 71 showed signals for cnly two protons in the vinyl region (d, J=1

Hz, 6.7 and 59 ppm) indicaiing that 71 hud oniy the double bond exocyclic to the
second Instora fthe §-Jactone), The doubleis for the methylene conjugated 1o the -

lactene were replaced by a 3 proton goudlet at 1.39 ppin (J=7 Hz) for the newly formed

3 ; ) - . L 1 Y 3 o as
methyl graup. Disappearance of the 3 proion multiplet at 5.4 ppm was interpreted

.l an s % " 3 is was ried by the
indicative of the presence of a monosubstituted double bond. This was suppo Y

. w y =8 Hi)t om, indicative of an ethyl
appearince of a distorted 3 proton iriplet (J=8 Hz) at £.92 ppm, indical )

| sne in vernolepin,
group,  This impiled the presence of a monosubstituted ethylene ! ;

LY

tad
| I



sugeesting-an elemane skeleton,
Vernolepin was also found to readily undergo transesterification reaction in acidic

methanol to give the methanol adduct 72,

1% MeOH/HCl

The 'H NMR and the ®°C NMR obtained in thislwork agree with the vernolepin
structure. The "H NMR showed the presence of 7 olefinic protons; 4 of these were
assigned to the two methylene groups exocyclic to the lactones and the other 3 were
assigned to the monosubstituted ethylene. These also accuuﬁted for the 3 olefinic
methylene and one olefinic methine signals in the "C NMR. A doublet at 4.38 ppm
(1H, J=2.09 Hz) was assigned ta H-14a while a doublet at 4.19 ppm (1H, J=2 Hz) was
assigned to H-14b. This coupling pattern results from the two protons coupling with
each other.

From the irradiation experiments the signal at 4.04 ppm (m, 1H) was assigned t0
H-8. This appears as a muitiplet due to interaction with the two protons at C-9 and the
proton at C-7. The triplet at 3.91 ppm was assigned to H-6. H-6 occurs as a triplet due
0 coupling with H-5 and H-7 which are equivaleat. H-7 appears as a tripiet of a triplet
(2.65 ppm) due to coupling with H-6 and H-8 and the spartial influence of the C-13

methylene protons.



.. B NVR a of ve “nin i
The ¥C NMR data of vernolepin is reported here for the first time Assignment of
: o

the carbon shifts was done by comparison with the *C NMR of other non-glaucolid
A e
germacranslides.
The stereochemistry of vernolepin was astablished by McPhail and Sim wsing X-ray

crystallography of vernolepin bromobenzenesulfonic acid 73.%

This was prenared by treatment of vernolepin with p-bromobenzenesulfonyl chloride in

pyridine at room terperature,
2 e g : LV e . 91 v o0
Vernolepin has previously been isolated from V. h)1':memofepfs,9 ° V. amygdalina,
and V. guinvensi=’® Tt has also been reported to have cytotoxic and antiwmor

€

activity. >
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The iafraesd spectra (CHCL) exbibited bands at 3600 ong!' chare cteristic of hydsoxyi

reat I VIO oA ..-1 * ] Al ol I
group (GHL: 3070 con” and 1040 e’ antvibuted to carbon-cachon double bond, o peak
ar 1770 om” auggestive of an e 2 unsaturated ¥-lactone and at 1740 em” suggesiive of

the presence ol © second iacione. The IR spectram was similar to that of vernolepin,

The MO NMR indicated the presence of 19 carbor atoms, suggesting that the basic
skeleton iz that of o <esquiterpeae. 1t showed 3 of the carbons as carbonyl groups. The
DEPT spectrum saowed the presence of 7 methylens (CH,), 5 methine (CH) and 3
quaternary cuibons,  Four of the methylene carbons were found to be terminal
methyizre {=CH,), one methine (=CH-} and three quaternary carbons are ulso double

OULS gave 4 molecular ion peak at m/z 361 (M+1)*, which was also the buse peak.
This is oo nsistent with the molecatar formular C,gHgQy. Other peaks incluced; M+ i/z
(refeiive nfersing} 277 (409%), 103 (10%), and 85 (5%): The peak at 277 was ien 10
represeat e toss of an esior side chain (C,1,0,) leaving an ion simifar to vernalepin.
This was ro- Semed by the presence of a pé:zk :{t m/z 88 according to It gmentation L.
A secomd weak al mjz 105 was atiributed to the loss of CH,0, according X

oty tntine
uvagmentiation b.
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The 300 373 11 8 Ve 3 UK 'utlets | e Preton cuch, at 6.2 and 5.63
J=3.7 Fizj indicaiing the presesce ieethylene exooylic
5 (3 g p of a methylene excoyvelic to ay-lactone. A pair

Lennrl Sint s ot 6 ‘ and S | vy - B . ]
(}f Do (S 4 S PR, ong pPreiecn. eacihn ,,‘_'!L'}.i.fed the prosence ‘of a

methylene 0, 2B 1o 7 SOCRIC Janiohe

Compzrison of the 'H NMR obtained for vernodalin 74 with it Ub!u.ne{, for
vernolenin 7 supgesied that both had similar sesquiterpene lactone skeleton.
Vernodalin was suspected 10 be au ester of v'cmu!.:pm. Vernodalin spectrum showed
extra peiks @t 6.3 ppm (br s, 1H), 5.92 ppm (d, 2H, one of which was assigned to H-15),
4,37 ppm {d, 2H) and a (riplet at 2.2 ppm attlrihuted to a hydroxyl group. These signals
correspond io those of hydroxymethacrylate side chain. This was confirmed by the
presence of a peak at m/z 83 in the mass spectrum.

Kupchan et ai "' observed that b.;_.fd.mlysis of vernodalin with acidic methano! vielded
an adduct 72 identical with that cbtained from the hydrolysis of vernolepin. This

confirmiad the suspected simitarily of their sesquiterpene lactone skeletories
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Kupchan et ol and Toubiavd ¢t 2 showed that fydrogenation of vernodalin in
methanol with 109 palladium-on-charcoal yislded & mixture of two products 75 and 76,
The major product was the octahydro-derivative 75. It's 'H NMR showed no signals
for olefinic protons but had new signals at higher field. A wiplet at 0.92 ppm (3H)
similar to that of ietrahydrovernolepin 71 indicated an ethyl group between C-1 and C-2.
Three-proton doublets at 1.40, 1.28 and 1.18 ppm '-:orreSponded to secondary methyi
groups formed by reduction of the two double bonds exocyclic to the lactones and that
prese:t on the ester. The mass spectrum of 75 gave peaks at m/z 59 and $7 due 1o
fragmentations ¢ and d, confirming the changle in the hj;droxymethacrylale side chain.

The second hvdrogenation product 76 gave peaks in the mass spectrum at £1/z 43
and 71 corresponding to fragmentation ¢ and d, These together with a molecular ion
peak at m/z 352 indicated that the h}-dr;}xyl group of the side chain hud been
hydrogenclysed to give an isobutyrate ester. Similar hydrogcnation results are also
reported by Toubicne et al.

Kupchar et al™' prepared con;ﬁﬂlund 76 from vernolepin by hydrogenation wit.
pa”a(':lg‘.ﬁ.:‘__..l T i""'.:_""‘-f 0 _\'ier hcxahydmvernolepin 77. ‘This was then
acetylater v A isolutyric anhydride in pyridine to give a procuct identical to taui
the

obtained frory hvdrocenation of vernodalin. This established the C-0 closure 0.

LYl {

" . . T | 5
lactone in vernodalin and confirmed the skeleton of the origina: ster.
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Table 6: 't NMR spectiwn for vernodatin (300 Mz, €DCl,)
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874
5.33
30
4.04
3.0
5.18
20
163
6.22
5.63
4.43
4 28
6.7
595
.37
437
0.3
5.98

m, 1H
m, 2H
m, 2H
t, 14
m, 2H
m, 1H
LiH
m, TH
d 1H
d, 14
d, 1H
dd,1H
by s iH
a1, 2H
d, 211
d, 2H
brsiH
m, ZH
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4.1 Plani maieriy]

Vemonia jiigrs s & plant distincily endemic of Ethiopia. It has been reported to
occur in Shoa, Welega, Gondar and Godjam administrative regions. The aerial parts
of V. filigera were collecied from Gefersa near the water reservoir, about 80 Km south
of Addis Ababa, in November 1989. The plant was identified by Dr. Mesfin Tadesse
and Mr. Mike Gilbert at tue National Herberium, Addis Ababa University. A voucher

specimen is deposited ai the Herberium. After collection, the plant material was air

dried and then extracted.

Tie meiting points were determined on Karl Kolb D-6072 rapid melt and 2.« not
corrected. UV was ecorded on UV Beckman DU-65 spectrophotometer. IR was
recorded on 2 Perkin-Elmer 7278 infrared spectrophotometer. Optical rotation was
deterrined on a Perkin-Elmer 241 polarimeter. Proton NMR and °C NMR were
determined on a Joel 30 MHz specirophotometer and also on @ 300 MHz. Mass
spectrum was recorded on a chemical ionization mass spectrophotomeler.

mim thick layer of silica gel 60 F g, precoated sheets
sing UV.

Analvtical TLC was done on 0.2

is done using vanillin/sulfuric acid and heat or u

M avs i i :
(Merck). Deotection wa

of silica gel HIF,. , . (Merck) and detection under UV, Column chromatography was

carried out usina silica gel 60 (70-230 mesh) and also sephadex LH 20 Centrifugal thin

laye chronaigraphy (chromatotron) Was carried out using 2 mim thick layer of silica

gel 60 PE sag {Merck).



aader vacuu Aern =ood 7200 mi) was added and shaken overni
filtered and (he 4 a7e evaparated under reduced pressure, :,-_,=
swirled and evaporatec. This yielded 14 g of the crude extrac

The crude extract (8 2) was adsorbed on 30 g silica gel. T
silica gel and vacuwm liquid chromarography (VLC) carried
acetate (9:1), (1:1), ethel acetate (100%) and ethyl acetate

25 fractions of 207 m! each were ccllected. These were comb

Table 8: Solveni sysiems used for column dtromuggﬁpﬁy, T

-_ i "".'I‘I' -

thin layer chromazc gronhy

L TR
; o i
Mo | sulvent systems | ratio
= i I
| 1 | chivcoform : methanol | 21
| 2 ' chiorofory - methanol {0 9]
[ 3 | pewok ethy! acetate Pt

o4 | bhenzenc : ethyl acetate L | 32

| s | benzece : acetone | 41

I 6 | dichtorometnane : ethyl acetatcl 4:1

b 3 e
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was pa_;@s--':] inr

fraction, AK-32

purified by p
identified as 2
Frac:i»,\.:w 3

fractions. Tlic

solvent sysiem 3
column chrom:
to compound *

2 which was idenutied

give AK-32-4 and AK-3

15 and taen through sephadex LH-20 using solvent
~ Was Dassaq il“ -(”“,LI CUTOIDALArOn 1unss g ]
¢ dascu BHOUEN CUroInaisoon wigs IEHE seivenl
- . virhat ook P P L - > 3
i unill > wWiley was igepinied as vernodalin,

:.I g ‘-.:}‘ adex L!’I 20 elution of fram_iun 4‘ AK-:*I-‘),
phadox 2 second time to give a rerpene fraction and 2 flavonoid
i'he terpene fraction was similar (o AK-38-11. AK-32-14 was

CLC using solvent sysiem 2 to give compound 1 which was

through sephadex LH-20 using sclvent system 1 10 yield 3

ited through a silica gel column using

f 1h 31.1 ear
M Inese, ARN-a2L-11, Was Cillisa

-

.17, Purification of AK-32-4 by several

vie staps on silica gel and i pTLC yielded AK .37-2 which was similar

niar procs ~dires pale iced ((ﬂlp()uﬂ('t

.
yi1 of AK-32-17 using sif
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. i penal pans)
.. cxiraction: 5 days in fridge |
i .
i pet. et er: EtOAc: MeOH (1:1:1)
1

| n

Mare Extract

3-methyl

quercetin

Cmpd 1

MeOH, shake overnight
Extract |
Benzene, swirl
Extract

VLC: netrol: E1OAC (9:1), (1:1),
EIOAC (100%), EtOAc:MeOH (%:1)

sephadex

column chromatagraphy

pTLC
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M.P. 624" skt 258, 360 am: IR (rBr): cm‘; 3440, 3200, 1660, 1610,

J-l

— 0. 7370, 1510, 1280, 1220, 1180; 'H NMR: (CDOL/DMSO4,
300 MHzj. oom, 125 (5, 1), 745 (0,1H).7.32 (dd, 1H), 675 (be ¢, 1H) 618,
19, 6.05 (¢ 1H), 257 (5 3H), PC NMR (acetone-dy/MeOD, 90 MHz), ppm; 1799,
1655 1636, 1587 1575, 1496, 1463, 1397, 1232, 1224, 1167, 106.1, 998, 948

60.5,

Compoung -

MP. 17647 | jir 179-180° | UV (MeGH): am, 218; IR: (KBr), cm™; 3580, 3490,
2040, 1760, 1700 A0, 1490, 1410, 1370, 1280, 1170, 1050, 970, H NMR: (CDCly
W6, MUz} por o (br s, 15, 6.2 {d, 1H), 6.01 (d, 1H), 592 (brs, 1H), 5.71(m,
H), 526 (o, "F <58 (¢, 114}, 4.19 (4, 1H), 4.04 (m, 1H), 391 (cH), 295 (6
TH), 2.65 (- 1) © o4 1 16, 195 (dd,1H), L64 (m, TH); BCNMR (300, MHz,

ChCi,)e See 1

Amorphovs s s 1OV (MeOH) nm, 212; IR: (CHClg), e, 3600, 3050, L

1040, 1410, 13 90: "1 NMR; (CDCly, 300 MHz), ppm; 6.7 (0r s iH), 6.2
JH), 5.74 (mn, 1H), 5.63 (d, 1H), 533 2H), 5.18

), 228

(brs,1H), 6.21 ra, 1H). 5.95 (m,
(m, LH), 445 (0 1450 437 7d.2H), 4.28 (dd,1H), 404 (1, 1H), 3.0, (M, 2H
H) L0, 4y 145 (m1H) !

1 A
CNMR: see Table 10 CIVIS: M+ 1/Z 361




3

Laeslye: Tk RA L'.l‘l 28 T3 p{ES T

) mg of compound 2 was dissolved in 20 mi af oans:
10 mg of compound 2 was dissolved in 26 ml of scetic anltydride and 2 drops of

T
b ue)
O

ridine were added. The mixture was stirred at P W
pyridi EXIUTE was shired at room temperature for 6 hours, T LC

of the mixiure showed a higher RF (solvent systerm 3).

The mixturs was poured inw crushed ice, shaken and left overaight to hydrolyse the
acetic anhydride  Sodinm hydrogen carbonate ( NaHCO,) was added until bubbling
ceased. The mirture was extracted 3 times with chloroform. The chloroform extracts
were corabined and evaporated under vacuum. The residue was applied on pTLC and
developed using solvent systzm 3. This vielded the aceétylated product.

IH NMR: (T2, 0 MHz), 6.7 (br s, 1F), 6.25 (d, TH), 6.05 (d,1H), 595 (br 5,1H),

34 (m, 4H), < 2 ( mu 3K, 295 (m, 2H), 2.1 (s,3H), 1.6 {my2H).

\

S ':lii '-'_-‘i.' COMDOoUng 1 was [\]E\'._‘;d y‘.'i?_ﬂ ;C‘ ml Of 48% nydl’Obrom!C ACIU Th:g was

::_};'4 ikl 3 Nas

11C. spotting using solvent system 2 showed decreased RF.

refluxed for hirse R

B e v

jra

L2

Seperation of the “roduct proved difficult since the mixture was miscible with ethyl

deelate. Some water was added

and the mixture was extracted with ethyl acetate. This

%as dried with sodium sulphate and then evaporated. Co-spotting the product with

L ¥4

USICEUN gave simdlar RF using sobvent system 2.
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e g
e V. bald:ian 3
-
b
V. cepreaefoud 3

L]

V. arbuscuia

(e
L]

| g r = o) o
os1des Veirnonitd, stiis
Fa i
- '-/\
4l
i
-
o~



89

91

Quercetin de rivatives

93
94

95

9%

99

100

Apigean

Apigenin-7-methyl ether
Apige':hv 7-O-glucoside
apigenin-T-methyl ethicr-4- .

glucogalacioside

Quercetin
Quercetin-3-methyl ether
Quercztin-7,34 -trimethyl ether V. |
3-0-acyl quercetin-?ﬁ‘-cﬁmcth_yf )
ether _ e
Qereetin-3-O-ghicoside
"‘--.a;':rc'e'ii::-B—O-rh:lnllgogll;COSide
Quercetin-7-C-glucoside-3-O-
thamnoside
Quercetin-7-O-diglucoside-3-O-

glucoside

Quercetin-7-O-diglucoside-3-O-

diglucoside
3.3 -O-dineylquercetin-7-O-glucoside V. mu ;
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:;gpeﬂd-::' B i ' ot 15C'0%es isolnted from the genus

Sk

o - a i .
Ciyoy thers e Shedlan Vunilion within 20V ciass of ses
ere, The var.. 0 oo e b epyxidation of the Gouble bandsgj}
he classes repreacs=C Lers nclud; germacranctides (glaucatzﬁeg, i
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Yirsptino:ides r

\
R R’ R
120 ¢ Meacr H V. angulifolia  S. Aliica
121 Ac  Emeacr H " "
122 A Meacr H " _: "
123 Emeacr H s "
124 75 Emeacr H " .
125 AL Climeacr H Vo hirsuta X
126 Ac  meacr O V. oligocephala i

R R’
127 Ac 4-Hyser ¥ poskeana S. Adiic
128 Ac Sen var. poskeana .
120 Ac Meacr g )
3¢ 4-Fiysen v :
131 AL S-Acang V. poskeana ;
132 Ac 5-Hysen var, chlololepsis E
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Eudesmanc!ides
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