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poimning,7 Other spede~ bav\.;. :lecn u\e;U for treutm(-!it t'f miliaria, COllgh, ~n ::kc hl1!!s 

and abdominal pairts. l 

Some of the :\p"\..i(;.~ of V.:'n101;ia hz\t: i en ,ho""n to Cflnt.:W! aCllw comppufllJs 

whirh P()SSCS~ cyt(JI(),xic;: and anr: lumor activi ty,,,,IP, ll uuuvirni a~tI ·"ltYI' !~ pb nl growth 

regulatory f'H.r ivity : n:1 ji·:,et;t and hf'ibivorl". fee~int ~ejc l ren! 5; . ~ :;·14 ~ Mo~t of these 
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ftm :.d z.::> a,;!yconcs, O· and C·glycl)~idc~. ~ 1.I1t3te\ Ol.nJ t'lJP r!voIt' J:ds 2J 

Fl:r,:o;1c; ~:: CUll:<.. in fi~rccn cilrbon atom~ in thei r has!c nucleus ,., .. hich ,I:-C arrangcti 

i!l •• CaMCs,r-s n: uonrr I.e . two ;,twnutk r i n.;~ comieded h:. " thr: ~ carho:) unit Wlik:l 

m:l)' or n:.::v P')! for" J dng, .. 3,;:'; T\"'~ 'in;;s "re labclleo;,to; A , ;1 al:u C ::l1d !hc C;}rnOll 

~Iwm~, •. ~c ":·,~:.:·~:.':el ;:5 shown in 1.. A 1ll0(lified numbering '~ys lcm is U!,..:t! fo r chalcor.es 

:1::. !ll 2. 

Various qructu fi~1 variations in 11<':1 I)noitl .ig J yl~() l1e~ Jre C:1'J.,eu bv byur,)\\!<.!tion of 
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SeV~' I~!l r: .:vnooid, "ve I,n· ·n fv' 'n" (" h,,"/ '-orr ,',. -e ('" " ,., I '( ""(' 'J 1..: .. ... '" '" ....." I,t.:- ::"'f, •• t .. JQ,L: ,I _ I" ) . 

SUin i; kuuw[, ~ iologl caJ a<. lh'iti es of fldvont-llds include actI~ .. jtes !iud, Lb n(a: lOr guide 

A l l cias<:;es of nU'Ionoius arc biogencl ically related by a common bio!'iynlctic p:ltllway 

which in:orpof.':!!es precursors from both the "shikimate" Jnd the "acclate-m~lonatc" 

palhway~. 22.23 Th Ce-CJ un it of ring B and ring C, fo r which phcnylalilnl1lc is the 

precursor, is derived from the shikimate palhway.38 Til! C6 unit of ring A is fo rmed 

from the h!J<.!-tail condensation of acetyl CoA. the precursor of the accIJte·m i.\ l on~ le 

pathw~y.38 T:1e first intermediate formed immediuu.:iy after the ('onfiuence of the two 

pa!!l'l\'~ys i:i ;::-:ougbr to br a caaJconc, It 

~d : ~ ; n ~.J...: : ;.:,m.:> l:oll al cuumaryl CoA 

Glucose - - - ~ 

ShikimlC acid 

4·,crmmaryi '::oA 
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The posi'tioll und intensity of the maxima \'arie::. with the relative re~Ollance 

l.! ah:orpt 1oi' \ hite ('11Jnges in 5uhslltutio ·, of B· and Coring ~r" re flected in band 1 

";' <"1", ,15 0'· .. ·(· " -" '-" cur :r' "',,., "~'e .j 0-9 I") ';'1'~ .,:;. .... ;:, .... . . _ .. 'J ,,,.. I.' -~. ';.> ... . 

grcups. ;r.! ~ugar h attache •. ·0 tht O C-7 ~\d((")i. ~,rl'l!. h, '1\ igu:t;, :.ail" .:~ift·_';J 

do\Vn fi~IJ ... 3,:,-g 



I: (',-,~ I' 

~ of: "r. it. I 

I.',. C ··. t '-'.0 ,' ...... '" ,', "''''P'' • I' , I (J' "J " I h ,. 
- . ' I.y ~" I~ i1. " \.'"'1.1 Ie '-. 1.1., '.t~ , {;) (I' () l"H.p ;j!~ :.jc.i'V(;;:1J 

the r~.mEe 7.6-7.8 ppm, 

range 6.7·· iA 'ppm and H..J3 in Ihe Ii.\: mlJg': 7.--:' 7.7 ;,pm 

dihydrofh,;("Jnol- f\('wr ~ i! otmbL .. (j " I: 11 .. ) .1 .'li 52 ;.;--.,,: · .. hdt C"'~ proton doublel 

appears JH.:3r 4.3 ppr:r. 



, -·'----·---··~--f -.-------__ ____ ____ __ .. __ . ____ . ____ _ - , 
C-2 C·] ( -4 

f------ --+- ____ . ________ __ . _______ ______ -j 
I chalcone!' 136. 9-140.4 d l Ie, b· 12P. , } f')8.6 .. ; t,l4.5s 

I flav~ nonc 75.0·Sn.1 47>'1 44.h : t~'J.5- i ()~" ~ s 
i flavones f 60.5 ·16~ i.I), nl ll-ll L~ J }7f,3· 184 11 "i 

, flavol101s 14;-15(j 136· l;i:; r :2· 17 J 

! l50HavOlle.:; I ;~. 8- I "5_ ' 223- 125."; J'i.J.5 ·t8Lr' li 

I aurones 
1.jf, I 14i 7, 111 0-11 I 'i d i<'2.5.1R2.7 

I pterocar pMl.i 

L. _ ___ .. _ .. .... __ ~ 
• -. -. ..- .• - . . ... _... ----- --.- --_ __ • ...1 

I 
2_1.'5.5 

111r i11'51 ObjCrl}\'c if1 interpr el a " c)lI d ma~ ':pectrum i5 l h t idell t1ficauon o~ the 

unfragment~ti molecular Ion. Othe, '1laj(\r fl'agllll':1ts ;lre rt; ia.t~o iO Vic nlt ,ie..:u!ar JOn 

ptlthway;.23 
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Mas: cf the fhlV0:10:d .. lsolatcu from Ih: gert;s Vemonia i- , t! txt~cd or. the O.wones 

(ap;genin a~d It.lteohn ~ypcs) tlnd t ):e tluvonols p,Jcrnpfewl and ~uerce:in types).) The 

g;;C"l:~ ice~ LxccptiOl':; induJl' t1 ... tLvar.')J~~ h~~lJ t.'" itin isobte ,j fr r fll V. urel/jv!:,,';) \l.nd 
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.li .. <11'-:< iJ i· .... 'j' ',f' I~ 

n-4). . IiJrgt: numbt-. (,f tluH,W)ich :ipre~l r a:~ II prir:1liIH: .:h,\r~l'ter 'i his r(,t.hlc';nn 

tr ni l in evolution ha~ Il('l;;u oh~'f" r\'ecl in several ca'ics.n ' .... 

In miilitioll, new \H);"ld speciz ... h~· (tit" n~t comph \. nll'\l (.noi<.\ p<.iw.:rn'i ".h,!c t )~d 
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;j t: t •• :~ I II} 

pyroph05phnte,"" Their c:!rhuo. sLdetun is buil t up !rom the unum (If two r nlure uf Ihe 

isopen t.cnyl unij1J w~, i ch are uMmlly linked in n hc:uI·(uil maiHler. with '\onlc notJhlc 

exccptic.n5.~~ 

aCIJvities Th~sl! lnciudc actkities $ul'h ·t ~ l)llclgcnir ·lgl:i'II~,.~.41lJtOW~ 1C dnd .Ulti t 'Jmor 

~tgent~ . 1 0,1 ' t,a r egu lllt ;. r~ of pIallt gro,-,.i~."')SC a .l t i t ..; hi~tc.~·{,;l'}~\ l ;Ig"nl!,'\l i. l!li nlicrohial 

:I re also majm c(,mponents of (''.sel.l i(tl pil~.o\;' 

The ~esqui tef1Je. llojd<.; plOv'de n ret'!'ulkatlic ,llversiiy of the- (~~l.xl IH·, kc.:lClnn 

compared to the otl\er dUS\es.OOI Th'!)' :!.,.' :!It the mml Imtx'lla,ll cla&.~ of lerpC IlOi(h 



"" r'" ' :.:'i 

C" '",,, '., ',,' "",', '~ I , ' "n' ""O'V,' "" "" .. "', '" "., 

gcomctric::.l conformers aw p~.,jble d~ penuj nb (\0 the !'uh1-o tlHnion <trnund rile r ing,":; 

Stercochemisu y of t)'clic terpefloid~ b theld ore highly involved Hild n l tf.' I' difr';l..ult tLl 

~ t e reGchcmistry of :-.e.vera) ,.'ompoumls n:Jd to be modit'o d f{;IJ.mtl,.!06, '\7,66 .54110 

Dett~'iol1. of ,!;fpel10i . I~ lIMHJ:liy diffit-"J il Sin c al! (If thcm are ,-'() J uur~c:,~ except 

'ftc pla tes and heal ing. 

conraimng COIJ)POIJ[JG1 can Pc ,detcctt..d using iodine while 24...,jil:i tr (lpnenylhydr.:lzme 

is :;sed fOf k:;tcne !;fOt;p .... c __ 

Structure elli cjtj~ti ~) (' j<'j .:arrio!(\ '.hl! t .'illlg sp<-;..:trosclJpic l edllHque~. namely IR. 'n 

NMR. 18C N:-.fR atlJ mt!:: .. stl~c:rl :~n.>py W~~(', II ; -r wl lh t iogt!lle lic ,oIJs id~latlOns. ' ~:.1y 

Cf~ '·;j al!ug iapJiy\ :llthut"}lh n')1 a imril,e and s'mpk t,..:h~;qUt· provides iJ l1equi\lo(:al proof 

o , I .. ' . ' :.1 ::\(u.:-: ,,; ,.c" .lIC Ih" r.~ (.rt l ':" fJ": I,~ I ,l/."l I) . 
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p)'j"(\PhO':< i: !1.1~~.4·i lhi h ~(/nnc(l from .teetyl roA. .... i}t r,leva! rmu. ;u .. i-.j ';1 '1,.: l'll ~ 'ng of , 

5teps in the biosYnih(,~si~ im·olves l:}disati«1n an..! Q)JrJ1.tion 01 (,I her structured 

modifications which introduce func lion~ \ groUps.4~!i5 

Scheme 4: Biosymhesis of Jsupemen}! pyropho!:phntc 

31 
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i"CP'~llt e'n)J pyro ~I,si.·b·(· 
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~P ______ / 
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,. ) 34 

2 isopeHI~n\'1 

pyropho~phate gerJnyl p)ropho~ph.l it: 

c" t,-( _ ~ I C(.. 
~U'J6 

di [erpenoids ! 

scranylgernnyl 

pyrophosphate 

X.:'! 

{Jil- tad 

Iwnd-taij 
~---

i ht: <~(Ha;! 
" ~"') ----'/ C" sesqlli terpenoid, 

~0p 35 '"'1' "1I ne;yi p~rophosph"!e 
OPp I 

x2 
1.1 d-lJii 

2.~.5 SESQliiT";RPENf~ LACfON ES 

f here ha~ btcn a dr-amali... I'le'(.;!,e rt. thl~ L'lmhel ()t rcpor:::. de:,tmg with iso lat ion 

.tnd st mctu rc: eluddut icn of -tsquitcrp..!iiC' lJC,.wnc:, over the. I,Lst t·~,o decades. This 

j ncre~t.d ;r!~.erest ha~ b.ecn dee ~t.,)' 

b) their V'lriOU"i biologica: Jf11vitie\. 

Sesquiterpenc Jact<Jnc :; He 10:)]<' to occur m plants rind fu ng, .~ 't TIley are tbe major 

constitul.;n:s of the eine Verne ieae c:nd tht" gents Vemoni~. 1\ recel}t reporr indicated 

tha t the !lumbt!! of sesqu!terpcne bCto:les bola ted trorr: the tribe Vcrnonieae gees up to 

236,'" 
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eiemanolides / sec') ellde~mdnolldt:s 

guaianotilies 

\ 
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Scheme 9: Isomerisation of 611,11. to.6 7,11 
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2.2.7 StOlrtllre tle1cnniruu.iW) 

. ,. 

63 

.1 I .. 

, . 

•.•• OR 

Structure elucidation of sesquiterpene laclOnes is carried out using spectroscopic 

techniques. UV s~clroscopv usuaUy gives end absorption while lR spectr(hcopy is used 

for ~ur.~t.d l1<..i.J troup id..!nlification. 

21 
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,S ,. .C I! • , I ~ (" I ' j\..i;,' tiOh 

80[ diffuci.ce speclroM:opy has also been .!pplit'd in structure dete rmination :'l.nd 

hus proved e-specialiy u~du l In st.~ !eo,hem}str)' . It h~ r~silltt'd in oume mnLgu r(1ll on 

rt: <1~sjgamc;n, hnd jn l<l;iug CUI of some gU!deJjne~ on the bdSic structure of ~e~4uilcrpeI:e 

lactones from Ve rT'oweae.S8 

!"MH t.pt"cfml data. In(ornlation on ti'e \';:\ri(Hls I)-peS of c~Tbor. present is generally 

obtai nt.~o in p "oto:1~noise dt:.l'Dup!ed e"T'edmeIl 1~ Th i~ yicld~ lI11ormntioo on the numher 

of hyd~'ogen at f:a"! 1 carbon ~fOm ~In{j al~o alloW'> the d.l,~ignmenl oj tnt C<i flon ~[Ums.el 

2.2.73 ~~~.Jrusr..QP:i 

Ma.'\s ~~~tTO:'<:Opy is thUg"y rC:ttric ( (~d to flll ui~l. the arent ion and detection of the 

t''' lu 5~de , nam athiched (u· rhe main skeleton. In c:ompulJ!ld~ cont:.unif'lt; hydroxvl 0'" 

ester func tions, the pare:11 ion p-eak i~ u~ually missing due to los" of w~UeT or the ester 

side ch:::h to) McL .. ,fferty r.~~. r[;b)l:..('; iJ le llt.<:l f'l "U( II C1l:)eS, l fl e c~ttr group" obsef\.;!d 

22 
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',".·" ,jl",·I.'-{'·~ 1(" 1(,"', ,'," "Id , ,~ .•. l ' " h ~ .. ....) !~ ".,<" .:':u I: ,,- ,....p. rhl ~~' .. :.11'711;"'. t t '\, h'lve 

Gem1acranolidc ripe lact on~;\ .ne the hugest cla'i.\ f ~uilerpelle Juctonc" !o\md 

lil the genus Vem(ll'tiv. l'"1JancnHde·typ<'. 1 ,~ ct(Jn('~. \vhilh contam an c d(ji,:ydic ~ 7,(11) 

il,6-unsaturatcd i.-:ctone ill which C·l3 i<; ot. idi7ed and usually bems an acetate group 

art', c.h:tracletis.ic of thi .. genu,,;.62 

Among the new \\<orld spt~cics examined sc, far, th~re lHe m~tny reports vr gl:.tuculiues 

(A 4 lrans) and hir iut ino1ide~ (g!aucu!ide~~ with h 5 and a 1,4 ether tillki.lge l ,t1.2 

Guaianolidc!! have aiso been reported, but nt.n·glllucolide type gertn,u'rnnol icJcli alc rare. 

11u;) ure repolted in only ~i~ OU f of th~ 53 of the new wurld specie). proollcing 

B;' contra5l. [ 'vth gJaucoHde. and no -gl:.1Ucoiide- type germ3craflolide~ have heen 

rep~)rted from th,~ aid world :;: pecie~. iu Hddition to eudesmanolides. guahl110lidcs and 

elcm'Jilolidcs,fU 

It had befn ob::en'td tHat ri mi tlvc sfPl.des con ain gum3cranolides such as 

giaucoHde A u H, , ... tlile mOle recentJ· tvoived "pede~ comajn slruclUTally simpler 

compounds or lack ses{!uiterpene lactonc5 . .t:·64 Reccl1tty mi Ll tt' quanlhles ~ere isolmw 

from SPCft( s I!lhich had earlier been reported a~ lacking sc~uitctpene lactones.
66 

Thir. 

!:lay be ~i1 indi('atloTl that. for chemola,l(onomic purpn"ec., a more c~~ful fe-jnve. ligation 

may be ;·· e(P.:s"~ry in speci'-') where !'It) lacthnes have been reponed. 

t\.itho\.i.gh 3c:squilerlh~·r.e lacton~s of the Poew world species had been reported to he 

c.ll ffi:i e~i.ly dif~cjcn l in:'tLll .h~I.;;'· of !!L old \\urld l'pcdt"~.2 3 :nvcstigatioo of ~\lrral South 
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1' ,., •. :,,:. -, ,- 'V "J' , . ....... , II •• r (j " 
••. "- .0,.1. ,)_1 •• (~ l ____ .J ~ . .n o'.' _.C CO e"U;\I h.llTj '::1 ~ r'S.1 nCfH ItlC "J t~I' ~tSf'r .. tlIr 

III ]\(~"l,;mhe: J9XS-. lOCI gm of tht ail dried plant ma:er,il l \\JS (;Atfar:ed by ~u'lllilg In 

pelrulcl' ffi ,;ther: etr:y; Ut.:eUHc; mcrhntloi (J :I: I} for fi.'e day~ III d. j'tidge 20G mi 

lIli:lhanol was add~d to the tlried extract, shaken overnight and filtered 0:1 to remo\,c 

the fatly mate jal.;, After cY~!1UtarlO!1 foume bcfl'J.ene wa" added, $wir'ed ;l nd e\Ob.poratcd 

to remove water. 

Applica!ioa of YdC'Uum liquid t'hrom~to~raphy {VLC),column Ch fUll1l1tO&raphy, 

preparative thin h)'er chromatogj·<.tphy (pTLC). emu c..;n trl fugal (hill layer 

vernodatin JS tic."tai lc<1 in the ey.pcrim·::ntni sedon. 

»pectmftl (MeO~ 1) g\.t"'e two p~i1~ a~5Jgneo it.! t-t):,},j H, 2. 8 nm ann h~od I, 360 om. 

Stull (~~ugel~t:, .~r..:: vfly u~~hl { in a~5it,:tjng ti ,,,;: d:n;: rmjn~(ion of the Q,tygenarion 

pattern of fhvonoid;;. rh~ reagi!nt!' u\ed mcllJ.!e ~aO~~e. Ni'lO, C, NaOAC/Hi~OJ' 

'\' CI AI( '",'" "I " ,'" ." J. . 3{ n '_ . 

NaOMe 1.'< a St'(ol1g ~)"a."'t; and J{H1me:: 11) ,s~mlt" extJ,; l1t ail phenolic hyd roxyl groLlpS.23 

It iii !he:-eflil e a goud "(if gerprm~' indic3tor of th: hydr(1xylatio!1 pattern of the flm·ollviv. 

Fo:r lh,: r,lw:,; an,j f1~~vnno!s. ':\ b?thothrom:," sh\ft of 40-6,5 nm in b...'l.ld I is djag{l~tjc of 

25 
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fbvOl~CS ond :;j",mols (1)llt<lining B·ring ortho-dihydroxyl group.s. 
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Adt:it ion 0 1 "odium Ij1 ethoxlde to this compound gave a bathochromic shifl cf 48 mn 

iH bo:.nd ~ \,iih;:r;' ''': ·,2. r.ghg 11":(: }ntt;:ruj~:. This is iJldbn;ve of the pr~scllce of 4-hydroxyl 

Oit~l)-diil'!'~;w ... :-r: f rnll;"l:-' i n firig R C'ompari"on of Ihi: AIC':J. AiClJ HCI ~mj mli:thaIlO! 

spectra ,;ho'J.cn. ~re<·er.fr! f;i' j,}'.\'dro(yl groufl and on}lO-dit.yumx;rl groups m ri ng G. 

The H: :pc ~ttu,;-: (KP.!') ~h()wc.;.: pCJ.ks a~ 344() i.dlt} J2GO em" illdiculive of tilt! 
, 

chc lah~:~ k,'.\ ~r:.J'~ / C0r41rmir~g e p:e"'en(,t' of S ·bydro~:)'l gIr. l.lp whkh IS clJe!:llcd to 

the C-4 I.do gmi:p. The aromat1c pf'a ~s were o\)':en1ctl at 16W. J560,l5uO and 

1450 err,", 

Tje 90 ;V.Hz H NMk ~pectrul!l was tnke:n in aalOuf;-d6/MeOD m~xlUre This 

corr~"ror :ls 1 ~1 b.·~ ,l;:6 H-ts oi iJa\t(H,C~ ,C-~ p~ I..'f lVt· I~. A :;t.l" W'llen dOlloii!t 1t 6.9 ppm 

('utr'~:Oj)cnd'j to H·~j ' 'In :k th~ ":1': Pl"J.('\;. t.itlUt)ld a( l.'!J ppm \Vol:; l!%:ga!?cJ to ' -j ()'. 
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" r~ .... " 

i\ ,; I'( -~'{L 

.. -,' '.' ;1, .j .d· .' 1;- ( ,., '. -, • - ~.. ' .• ' -.. 1',. " ~ ;.' ,,' " ; [ " fr . • .., ..•• J ••• 

:II. 11-'"',:. f; l~';(~t H-i, H·b), 6.u5 (d, n~, H-\J), J.b2 (s. 3H, OCH.
l
), 

lh:: 1.1,:: i\ ~<;r{ of [h is Cui -:poilnd g1 .... C 16 '-<.11 /)0<1 :\ioms. The DEPT spectrum 

shawe-d pr{;:,~n('~ o~ 5 methine groups \CH), two ofwI1l<:;' are eq~i"a!eut. one melhoxy 

T!lc l JC ;l!-:si~!1n!e nl of the C:lrbO~l ~hifls of fla .... onoit!s is based on [he lise offl:.tvonc 

v;.J~ ... t!p~or:cd hy tb:! ~~C in "I.·hid} the methoxy signal appeared downficld at 60.5 pprn. 

~.~ l'~:ll)X'.· ':,:lJ. jOltS lli-~H.~i!y resor:alc at 55·56.5 jJpm l-Iowevcr a dOWHficld shift to the 



f fabic 3: ':'.Ie NMR Chemi 'ai ~tHft a~JgntJic!:( for 3#nlethYl qucrc..::tin 
(~O MHz, "' cion" d,/MeOlj) 

r---- ·---· r- --- ----I 
! J ppm I 
~._ .. _. __ . ___ ... __ .. ____ J 

i C-2 I 15~.z I 
I C~3 1 nt.'.7! 
I C-4 179.9 I 

• 

I C·, 1~3.0 I 

I 
i I ,C'O 9Q.:l I 

C 7 If)).~ , 

('·3 I ''1.S 
C-9 I i 57.) 
':-10 <&ld 
(:·1' I 1~J . 2 
C2' ; ilv.ti 
C;t: , ~16J 
C4i i i4'''.6 

I C-<' ! li 6 6 
I C-v' ! iZi4 
l OCH, i . 115 
1 ____ . __ ..... _ .1..-.. -_._-_1 

7:1 
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\ · Tf:f'~.'.!P';!1· .;~, i::~, hr(.(f <l '" r;'J~'II ": !!=': C"'.";;'I ':'. (.~ - le li Jr t Pl lLur ; i~-I iii' (hr.l"i!:l- lW). 

if i=::l.vC . -'i:'::"\ 1 .... :- :it:. l tl:tj[ ! f: (c '.', ), nt·t~HH·('·, ,_,\' .'I)'("lwm iMe(,H} tOl't. dn end 

hydroxyl ;flOUJi!ol (OB)~ 2.940 em' l attciuulCU to uOSJtLlrateo !1le[ hyl~ne (=CHOI ), 1760 em" 

indicalive of y . lncwnf' and :720 em'1 ~ttrib:; h:d to .u 6 -!:ctopc. A peak m 1640 em'! 

\l.HS attrihmcd to a ca·bon·caroon GOllble bend. 

1" "c -- < lie ~ i'!!\'t sh~ed preSe:no~ of m t!cn carbon atom.~ indicating the- compounu 

ttl be a ~e:'(\!J! terp(''lc. Two fif the~ are .carbonyl carbons. DisIllrtionleS5 enhancement 

by poi:.!.ril.ati()ll tr:HS!:-! (DEPT) spc rum indicated 1h:.u there were 3 quartenary 

cart-lOll::., 5 methir.e (CH) <.And:' mClhy!('n! (CHz) group:.. The.\c were shown IU include 

3 te"'''l'a! ",<llly/e"e.; (= CfI.). nne double bonded m,-thin, ( " CH) (Uld twO double 

bonded qU,M;OIi.I~'Y !:(:l rb-f : n~ . 

Chc- ,nical innilalio[l mb.% "pectru (~fMS) gave a mnlel.iJla r ion peak of m/z 277 

(M + 'I) . ~ Cc; r~s~~oJ: diilg to tbe molecular rr<-n1l.l1ar ('H~"' ~\)O~, No majur frogmenlS were 

1'h(>', }CO Y~HL ~ H NMR spectrum Mhib!ted a pair of ~oublc(s . one proton eOlch. 31 

62 and 6.i)1 rpm (J ::.:JJ Hz)~ The~l~ M e;: indkati '/c of the presence of a methy lene 

group !·X(J-:.j',·!i(' W 3. .!actone. A p .. ir of broad si ngJ~:rs ill 6.7 tmd 5.92 ppm. each for 

vne pH.it{l~1 \,:lS- a~;ributed 1,) t!1~ preser.c~ of:i second methyle,ne group exocyclic 10 

f (,,(Ct.; ~eHI"ri' of 1fT ~MR spectnlffi 0f .. e~qlJiterpene lactol!S wntaining an 

'l.'ne';''(--!tf t.v r.~ rT'!r.ie!y i f.; tt"Je (~ l;pl .. arence of two donb!els (.) =- 1-4 Hl), usua!lly 



I 

I, ... '."", ,,~, :>I\.M ~~" 'Ve" (0 [) 6' T h 
a'~ L· .... ·/ · .' "~ .,.' ,b·,_, I ~nL ,(",t !fr. d'JC to !lie two (>1J I" ~e-:hylene 

proton~ :nc J), 'k:d ...!t"'Jf0l1')n i, du~ to rl.e Orot ;,il uriel1 ld tll'.~<t.C$ tl 'o! 1 ... (lOne 

(,; c~_'upiiog .IS d z t,; 3!.yiic ·lI:::ffl..:tILn bCI 'een th:! prOlon:. at C-7 

Gc;,.:{~' CJir linf \1,.., O.7~2.0 Hz) between lh(; twn C·l3 l.FO\;)iI' ·o"eILt. .... II~ " 

?J. . ... :7l~g."'.;:k sll;fl of H-13:: to be~ow 6,0 !?m is obS(..rv(;J in gl.~nIJ,:"[J.,10!j. ') wb'cl 

WnW!h an Q·hyd~-oxyl grau? at C- 8 iii 6,12·lactonised con'pounds. rhe~c ;liC J!tribl.[cd 

to V~!n c!er waals proximiry effects of the hydroxyl group 'Jpor. :he bonding iJWiiah (If 

H·13a. The effecl~ can be helpful in stereochemical and conformauonal a5:-,ignrnems.6 · 

Other olcf:nic prown signals were (,xhibited ar S.7t ppm (mJ IH), :md 5.26 ppm (m, 

2H). These were attributed to the pres.::nce of an ethylene group. Other proton ~ ignals 

"ere exhioi led at 4.' S (d, IHj. 4.19 (dd IH). 4.04 (m, IH), 3.91 (t,IH) 3.15 (d,IH), ~ .65 

(u,IE), 2.24 (a,Ili' , 1.95 (dd,iH), and 1.64 (m,2H) ppm 

\~'om!)ariso'1 of 90 MHz lH NMR spectrum of thb compound in (!eulerated 
• 

ch:orofoiLj with uat reported by Kupc.:han el. ,1[",.10 and L.t~ keman cl all I fcr vt:rnoJcpin 

69, at 100 i..,,1Hz l'"in~ :l!e ~ame s01"ent gav(;. a good <lgret.n . ..:r'~ C\C~PI fo· the twO 

prelims n C·15, 1'11(,5(, :: rc n::por!cG 'l})p:!arirg :.:'i do Ib1et (~ • J Iz) for e~\ch protoll 

Tho 'OD "<ll '1~' \,{l' <"ec' ''wr: ,"'ilS ahc in "ood agr(;Cm~il l ''''ilh th~ <.tbv\'c 1\\'0, , .... ,) .\>! £ •• ;1i1" "'r- .j • t> 

but gave bettu resolution for each i:-,.I:' v;du:i,[ pntull , :.llthollgh it :115(1 g,iVe !'\mglets for 

the C~ 1:) pr0wns. 
I 

1~ , 

31 
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I. \\;Jo'-' w~, ... ,1 .,., • • IO"b'e · ... , .... "" ....... I I 

·,,~--!··t~<1110U·· ·1!· "·" ' d 
., - ... " .'< n ; \1' I.fi W(;lS T(;C\l(.! ' tv II 5.it1 '.kt the Ut.'II"!'· .itJ.-tllet dl 1.9 ,~ 

trmdjat iuil 0.- HMlh~ (1.95 f'tlm) showed it to Co t'Oupled hJ ~l1:e multiplet at 4.~ppm 

(Jj.8). Ihe J",10'·,t at 2.24 !'Pm (OH) a"d the "'"~I iplet .. 1.64 ppm (H-9h) 

Ktlpc}}C!!1 et af·10 ... howe.i vtrnuiepin to be a ~squi te rpene diJ3(.10ne by carring 0111 

the l~ctOtH>ti tti.!tion ';xp~rime!lt. A. solutiun of lhe luctone in 1.0 N aqueous sodium 

hydn,,: i(k; i,( ~V,1;10t:::cd to df)'nc~s Uii:Jer r;!du~d presq!'e and the resit.lue db.SO! ed in 

\!rater and :itr:J tf:cd wIth J cid.~7 Verno:tpin consumt'd 2 mole e(luivalent of h:tsc. 

liId i (,~ li ng Jjr,'s~m;e ot tv'J() la~:one funtt1o~1~ 1 group~, 

r,"q~~"11 ct .il~·~(, .,)1 3,) rep,1r1!~d that acetylariOl, of v('tnoit:pm resuhed in a prodllcl 

(73, v.. fi,,;..;;· we MHz If;\" M!Z s,Jl/~ a multiplet al 4.5· to ppm inte~rat in~ for .1 proton 

(l·lJm~t:l(~.j t(~ '. ~Oi ... em;·: !~·p ; nJ "~'hib a new 0110 orown multipl(t W3!1 ollserv d ..It 5.1 

ppm ftH ir~ pn.tnn t;.n the acetate l)e-:\rhI3 cmboll. 'nle d ublet at 6.f}3 ppm (H-13a) 

w!.,p s:·dftt.·~·j to ~;,6t ppm nmi h! ac:: t:ne peale. appeMcd as a SI1lg1Cl (3H) cd 2.12 ppm. 

ThClt W::S D'J D;rO c,~:cb,:H1ge1bk SigflJl:i a-;, h;:fd been ob!'~ r' .. ed for vernolepin. 

f\Cd) J.[;{:n it) this work shQv .. cv similar char.~,cs. The 90 MHz 'H NMR of the 

a .... :::tvia~t'(i j:-rod~ct -shvwcd that tl't ~ deuhl ";: l at 6.05 ppm !lhift~d to 5.6 ppm, an acetate 

pC'~k wrt." nh.;~{\!ed (7J pprr., $, JH), tbe mlltt!r~ .C at 4.2 ppm intcrgrated for 3 protons 

\ .. hih ;h ~r(: W J!. ~1 n~,v H{)J1tiplet at 50 pp111 for the proton orr Ihe ace tate bearing 

t 
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. cc~d J~C!c!'~ (lie 6 A b~t~ne) _ ,_;:' dr'~lbJcts for the meti.y ienc conjl.!,tw h.,d W lhe. • 

ilcruu' \\erc' replaced i":~' a 3 O!Olf.:~ (Iouolet tIt 1..;9 ~rp;n (J "'" 7 Hz) fm the ne\\ Iy tormeJ 

melhyl ';~(!l;p. D.i~appca!'ilj}ce of me :; p:-r>i.on multiplet at S,LI ppm was inwrpretcJ .l' 

ir:Jicr. :;'/I.' q [ nl~ ;m!se!lcc of [.I monosu~f;li tl1ted tluLlhle bonO, T b WU) ,\upr;uncJ hy tf-I.' 

3 ' :, 
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stlggcs!in.raf! e :emanc: skeleton. 

Vernoicpin wa~ 1150 fOilnd to readily undergo transesterification reaction ill acid ic 

rr:.ethanol to give the methanol adduct 72. 

~ , ...•• OH 1% MeOB/ HCI ., 

69 
71 

eaaM. 

Tne lH N~lR and the 13C NMR, obtained in this work agree with the vc rnolepin 

stnlClure. The 'H NMR showed (he presence of 7 olefinic protons; 4 of these were 

assigneu to the two methylene groups exocycJ ic 10 the !:J.ctones and the other 3 were 

assigned to the monosi.lbstituted ethylene. Thc.)e also <lccounted for the 3 olefinic 

methylene and one olefinic me,thine signals in the 13C NMR. A doublet at 4.38 ppm 

(IH, J =2.09 Hz) was assigned to H-14a whi le a doublet at 4.19 ppm (I H, J =2 Hz) was 

assigned to H·14b. This cO.Jpling pattern results from the two protons coupling with 

each other. 

From the irradiation experi ments the signal at 4.04 ppm (m, IH) was assigned to 

H-B. This appenrs .lS a multiplet due to inler..:ction with the two protons at C-9 :.tnd the 

proton at Co?~ The triplet at 3.91 ppm was assigned 10 H-6. H-6 occurs as a triplet due 

to COupling with H-S and H-7 wbich are equivalent. H-7 appp,ars a!:. a triplet of a triple! 

(2.65 ppm) due to coupling with H-6 and J-J-8 and the sportial 'nfluence o~ the C-D 

methylene protons. 
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TIll.! 13:: ),'"v,R. d:Ha of vemolcpin is reponed here for the r. ' . 
ti f S! time. Assignment of 

the ca. r:f' ;'1 shifts wa:- Jone by compL' risOi1 with the 13C N I" 0' th . 
1 ,\. • 0 er non-glaucoJ.r.!e 

'an .1'-le s· crermnc. j ;.H • 
o 

1l1e stereochemistry of vcrnoJepin was astablished by McPhail and S' . X ' 1m usmg -ray 

ci)·st:.LJlogr~?!l) of vernolepin bromobenzenesulfon ic acid 73.93 

., 

This w~s pre::>~red by treatment of vernoiepi n with p-bromobenzenesllifonyl chloride in 

pyrid ine at room t( npcralure. 

VernoL: ~:.jn bas previously been isolated from V. hrmenolepis,9.10 V amygdalilla,12 

anu V. guii1I'.:n5i -.. 7:> It :lJ~ also been reported to have cytotOxic : . .lIlU antitumor 

activit\, ~.10 .. , . 

3S 
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I H -': ! ) .~' 1 i tn. Hi j 
H ','. .; : ',' I Ia, ?:H ! 
ns -' I., J d. IH I 

J 11-0 :t ':)1 I L n: ,I 
I 1-1'''' ,.'1': rt, IH 
I l'l-S ~.r.4 I m, 1lI I 
I ll-Ya 1.95 111, I H I' 
i H·9b j 64 in, !H ' 
I H·13 6.2 d, IH 
I H-13 1\.01 d, iH 
I H 14 430 ~, !H 
! H· 14 • . 19 dti,l H 
I H· IS 6.7 br',m I 
I lH5 I 5.1)2 : Dr "lH I L ___ ~-4 _ _ · ______ _ _ _ -J 
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r h ! j ::r ,;. td .!;i f' ~(' : rj I CHe l,j} :,t:.hib itc>1 t..adOS .i. t :,{,:;O <r i" ..::b r.:clcrist!c :)f hyd 50xvl 

(
f " ' , l " .... . ' 7 ')c n~ 1 ·'nd "') ,- 1 group ..... j~ ' .', ,~ , I , v .. , • • j ..... r rtl ;I i !:" Ol1k.il tu car >Ofh:i:t ,'hm: c! 1).lblc bonu , u pcnl: 

at 17~D c:m" St,ggl..-, :h ..;, \1 f an ..: f la:<;;ll'Jrateu t ·Ji.l ctrne.':md::u 17-1-0 em'! :!uglie.\i,J ve of 

the prl.!s.:!f1ct; oi t. !: !!COftJ lactor-e. 'nl..! 1R spect rum wa ~ lii r:1i lar to that (If var.' llcpin. 

Th ·~ l J,~' i'- \11< :ndiCJ.!ed the prc~ente of 19 carbop. atoms, suggesting thai Ihe b:lsic 

sl;e:!et(,:: :-:: :hJ : o! ;" "esguJ lerpei.1e. it showed 3 of the carbons as c~rbonJI gr,mp'" The 

DEPT :ipCCt!~l IT' ,;1o·.·.,,:;d the pr~e.nce of 7 methylcll;! (CH2), 5 methmc (CH) aull 3 

Cj :J : ;t ..:.r:~~ ry c'-!i.Jon<.;. Four of the metbylene carbons were fount! to be IcrmLlil ! 

CT::' ~~iV,,; U motecu bJ.r ion peak at m/z 361 (M + 1);' , v.'hid l was ;.lso the b~sc p~ .l!; . 

Ti ,i ~ ;~ (\ ... ,.i " t( r~l ':. 1 ~h t::\; 1I !()!e(:l.i lar fo:-mll iar C,sH:"1l0 r Other peaks i ndu{~cu: :0. : ... lIz 

(r ~ l.~i; ': '.; ;: ::,,',~ ~i:l'J .n : t ... O%), t03 ( lO";'l), un\j 85 (5%). Tile peak ::1277 wus [a:~t. 11 iU 

:,.:,"'r ~f'., , •. :. ,. , " -) . ' "r. ,-" " ';u"o ella,', (C:I 0,) Ic,,\ ing un hn sin;iiar iO vern"lcp;;l. 
" ....... ... • • ." .. ," , J ,. , } ... , . .; " ... 

'rl · ·· t ' 't / ' 0, " (-C O-(' ,' o, .. 'Il fr·' ,'n."fl! .11:0:1 :,. n ~ \;. " .... ,.' ~ . ' " ~'· ' .- I "'" ," ... ,) , "' u"" "e () , ' l} ~' '''~ a rn z ('~ " " . 0 .. ., ' . .. , ,,' '.", .. , ..... J ... . ~ .... . '... 11 .. . . 
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I 

, 
'. ',J< ,t>.~ {. ,; ,'VI." " " , 

-:.. . ". 3' t '!\:i 5.0; 

(J3 '''' ppi.l '= • .!.. ~~) ; .. !i ... ailng \.. '- i'""; ,~: ..... ~ of ... rr, tllyi~;:;: ~ ';..:; clic to 3)-!Jt:tone. A pair 

ComO':1[l\on of c 'H NMR obt<!ined fv~ ""t'rnu\lalin 7-1 Ni th tila! obw;ned rOi 

VernodaEn \\ as ~uspc.1..tc d LO be till ester of VCfltO~~P!n, Vernodalm spectrum showed 

extra peaks at 6.3 ppm (br s, lH), 5.92 ppm (d, 2H, one of which was assigned to 1'1-15), 

4.37 ppm (d. 2H) and a tnplet at 2:.2 ppm attnbuted to a hydroxyl..,group. These. signals 

conespond to t!1osc of hyoroxymethacrylate side chttin. This was confirmed by the 

nrescl~cC' of a peak at ;n/z 85 in the mass spectrum. , , 
Kupchan et ~j l' observed that llydrolysls of vcrnodalin wi th acidic methanol )ieldct! 

" . 
an adduct ';'2 idcmical wi th that obtained from the hydiOlysis of vcmo!cpin. 1l1is 

CO:1f:u,·,'.:-J r,e sU:i;~ eClCu similari tv of their ~csGu ite rpc ne lactone skck tones. 

72 
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IL rOLbj~ [!J -.: 1 0! I
a2 ~hov.ed tlml Jr, dw"en- 'tloll 'I' I" 

..., " v \le rnOl ; •. 111 Ir. 

methanol \\'.h ~0~& :;_~:J~! iU nl··on-cf·o.rcozl yi>;;:! wed i rni>.tul e O~ l\\'U prOducts 75 and '"6. 

The major ~!,O ... :J.:t W~·'" -he octo:~\'dm- !erivJtiv(' 75. It'~'H N\ iR. showed no sign<.ils 

for olefinic prow"',,:: bLt tOol! new signals at hi£her field. A tripie t at 0.92 ppm (3fi) 

similar to that of it trahydrovernolepin 71 indicated an ethyl group betv,een C-l :md C-2. 

Three-proton doublets at 1 40, 1.28 and 1.18 ppm 'corresponded to secondary me thYl 

groups faimed by reduction of the two double bonds exocyc!ic to the lactones and th<.i.t 

prese::t on the ester. The mass spectrum of 7S gave peaks at m/z 59 and ~7 due to 

fragmentatior:s c and d, confirmrng the change in the hydroxymeth:.tcrylate si C!~ chain. 

The SCCO:1 U hydroge~ution product 76 gave peaks in the mass spectrum at GI/ z 43 

and 71 corres!)onding to fragmentation c and d. These together with a mo!ceulur iO:J 

peak at m/z 352 indicated that the h) droxy! group of :he side chain b d bee:1 

hydrcgenolysec! to gh'e dn isobutyrate eSTer. Similar h)'<.!rogc~a; ion results are also 

prcp:lI ed compound 76 from verno!ef.l in by hyd~oge n<! t ;on \\i 1. :. 

pa!!ndi , "'1-0 ~ :1:-, ( 

"I' . .1' . r(" I,,, .• -,'_ l.'iltica! to t~l"" "ee ty ~~o.!, . ' :i n), '.:ync anHydride in pynul nc: to give a p ............ - ~ 

obtained ;:-(l;~ hvj-o?enation of vernodalin. This cstC'.blbhed the C·6 closure of tho! . ., 

laclone ~ n \·er::cd~.l;n and confirmed the skeleton of the original e.5ter . 

:-i,jPd-C ... .()H 

o ) H • 
'0 

77 



I . ~, •. -_ri:f' ; . ~ . .,; ." ,'1, f';' "',. t "-. , .••••• has 1(: .. :1 ).; . -

Table 6: 'H NMR 'fh'-tr ,(", fr-r vemod'till (3011 MHz, COO,) 

-- - -.-----=1= I ~pm 
I f- - - - - --

I \-I-I 5.74 n, IH 
I H-2 i 5.33 m, 2H I 

I I n··5 

! 
3.0 In, 2H 

I H-b 4.04 t, lH 
! IP 3.0 m,2H I 
I n ·[: 5. i8 n1, IH 
I I ~ -~h 20 ~lH 

! )1.% ~ 65 m, lH 
! fI-13:. 6_22 d, lH 

B-l3b 5.63 d. lH 
H· ;., 4.43 d, IH I 
1I L~ 418 (!ci, tH I 
E -J' 6.1 t)r s 111 , 
H· ;.'i ~ .Y5 TIt,2H ! 
f ' ,! .:.37 d, 2fi I 1-.) 

i--;·3 ' 4.37 J, 2H 
• )1-4' 113 brs, !H , l ' jl 5.95 m,2H A 1- , 

I 0 11.1 22 · m L______ __ _ .. ____ " _ .... _~ J 
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Vernonia iifigr. is a " .an. uistillCdy er:dcmic of Ethiupia. It has been reported to 

occur in Shoa. \VeJega, Gondar and GodJam adminisrratjve regions, The aerial pans 

of V. jiiigera were cOllected from Gefersa near the water reservoi r, about 80 Km south 

of Addis Ababa, in t<ovember 1989. The plant was identified by Dr. Mesfin Tadesse 

and Mr. Mi;(:! Giibert at . l!e National ~ erbcdum, Addis Ababa University. A voucher 

specime-n i:; depc.~;t~d 3T the Herberiun",. After collection, the plant material was air 

dried u,nd .. h{'n ext racted. 

1 •. e rpepj.lg pc itS \"~:~e dCl~rmined on Ka rl Kolb D-6072 rapid mel! Jnt.! J"" nO[ 

corrc;:[ed i.. V 'Iv.'I eLordhi on UV Beckman DU-65 spectrophotometer. IR Wa5I 

re...:o,'d('j .)n Q. ~)el'kir;-Elmer 727B mfrared spectrophotometer. Optical rotation .... 'as 

detcfn ,t:ii.ea (;ll 3. }erkin.E~mer 241 polarimeter. Proton NMR and 13C NMR were 

determir-. c OJ. a .I .. )d iO ;.J:-{z ~pecl(Gphotometer and also on a 300 MHz. Mass 

spectr:.:rr, oA/;IS ;-~'c()rdeu on a chemical ioniU1[ion mass spectrophotomeler . 

.o\tld. ,,-tic:!. TLC w .. ,s d'.me un 0.1 mm thick la)er of si lica gel 60 F;254 preco3ted sheets 

(MCf('k' D .... lt'~~.;,)n \'.J.s dOr).e using vani lhn/s~lfuric acid and heat or using UV. 

Prepara!'''e ,nir. lay;;-r -hrl)matography (pTLC) was earned out using 2 rrun thick layer 

of siliea ~.'d r-lF ::'S-1-,:x n 1e; .... k) znd detection under UV. Column chromatography was 

<>Jrried 0"' ll-t' _ ,.jice geJ60 (70.230 mesh) and also sephadex LH 20 Centrifugal thIn 

I . d . g 2 rom thick layer of silica 
.:.ye- l.hrull<.t'.' g[8P~ly (~'hrom;i:ot,on) was carne out usm 

42 
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i __ I'):) ~) N: *y'r2.cted· , 
..... . 0, SO:: lCtg .:n 3 Elre~ 0f VelroL 

Diefhy~ ell Cf. J. !' ,,! 
I. i I ,.! idge ft)r fiVe: da~ . lne e"'act " 

r .~.- ... i'S e\>aporaied . . L ~t m.} \ dS adl..k:d anJ sr.aken ov.<>rnlg It Th' . - -. c m!Xlu:-e ",it, 

filtered an(J Ih(. uL . ...;. 1!; juf lkd ~lnder r~l.Jc~d pressure. Benzer:e (2,) ml) was adceJ, 

sWirled ;.md t'I,;;~or;;:tG 11-Ji:-. yil~!ded 4 g of the crude extract. 

The crude CX[ , Sct U~ g) wa;; adsorbed on 30 g silica geL This was applied to 300 g 

silica gel and .... :..:.i.'LU~n :iquid cllromarography (VLC) carried OUi using petro!: ethyl 

acetate (9: 1), (l.l). <til I _ce:ate (100%) and ethyl acetate: methano.! (9:1), A tOtal of 

25 fractions of .23', T.l "'~:b w("~e ';LIJected. These were combined on the basis of TLC 

(Q yield 6 fraC!I\.\!'"L. I r3t:t.( n~ ! ,L.,3 ... nd 6 were not analysed further. 

Table 8: Sf)!".: ... I ~)-' "''T!' l';;I;'J:O cn!uJ'.1n d::-orr;atr.graphy, prepamtive and cenrrifugal 

thin layer CP~i.;n'df( ~' 

r--- -. 

C ·oi Irf71 metho1.1ol 2:1 

2 < (); I rretl.ano{ :1:1 

.1 ?C' <1. 
, acetate 1:1 ;:: '/ 

1 "C I';:' erlw! acetate "2 

, 
h ... nt. " . :et, j lC 4: ! 

-

f di Cl ~ OFJJn~t .-.ane e.t .yl ac(.;tlte I 4:1 

______ ..II_-- -J 

I 



I 
I 

F- .. Co' .. LH 2u CdlL ,m ;j :,':P ~OIV"' '''' .. r-e 1 . ~ - .. ""'1,. :-y .. L m h 

yielded .. 
, 

.! 

system 2 tv ~;h _ u. 

1 ;,1:.\ ! eft\!:- sep~ adex LH 20 elution 0 ': fraction 4. AK .. 3t-9, 

was pass~d tnr'H D :J.d~ '( a s~rond time to give a ierpene fracl:on and ::!llavonoid 

fraction. AK-32-.:!. The temene fraction was similar to AK-38-11. AK-32-14 was 

purified by pr~t':~r,-~·iv( t'Le u-iing solvent system 2 to give compound I which was 

identified as 3-:TI(" hy q!Jer:.::etin. 

Fraction::; wa' ;~ .. e through S phadex LH·20 llsing sdvem system i to yie ld 3 

fractions The ~~rst )[ L, -:,e AA..-j l i 1, w~ el ut~ litr,)ugh a silica gei column USing 

solvent s)'$i.em 3 i'..; ~_v, I-i..k..·32 ...... and AK· 2 .. 17. Pun:i.catlOn or AK-32-4 by several 

column chro;r .. : to::;LJ:)i:k:- .!p5. on sil ica bel and pTLC yieide~! .-\K·37<~ which WCi~ simIlar 

to compound'":: r'u, C,.·'0;' of AK _.2- J7 US~l]t. simri:lf pp)(,~dur~s yrcided compound 

44 
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·"." .l'J •... d-. ,'., ./ " , •• ", ., I L ~: I ' " j,<'.~ _ _ . _ -=-- ,_. __ ..:,_, _ ..... .- _\.\., h), '! 

, 
. ·.::!( ~rac : i n' 5 days in fridge ,L ,' r: EtOAc: MeOH (1:1:1 ) 

I I 
Marc E"uact 

I MeOH, ,hake overnight 
I 

Extract 
I 
\ Benzene. swirl 

Ex ·,~.!ct 

Vl_C: !"'trol: EtUAC (9:1), (I: I), 

EtOAC (100%), EtOAc:MeOH (9:1) 

l -r -rJT'-
6 

___ I Ll 
seph"dex 

column chromatography t 

4 1 

pTLC 

ChromatotrOn 

..------.,--' 

I 
' ·met!,yl V~rnodalin 

I 
Vernoda! in Vernoiepin 

Cmp<! .1 cmp<' 3 

Cmpd 1 
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4.'+ 

'I, r 262-4' - , .•.. ', _'0) .11T .• li{ (dlr). <m '; 34"0, 3100, lObO 1610 , , 

!COJ, , , 1" '.; C 12.,0, ;~'2(, 1180: 'H I'<MR. (CDCl.lDMSO-d 

" .' 300 "IH" o. 2.5 i, .1, . 7.~5 (d,1l-!),7 .32 (dd, lH), 6.75 (hr d, IH), 6.IS (d, 

H' ,,\ 'j' (}L' 1 "C 'MR' , d I 1. tJ.v. \~:... I .' " ... . 1 • .~., acelOne- 5 MeOD, 90 MHz), ppm; 179.9, 

165.5. 163." ; - I ' " 1";.1,. W>.3. 139.7, 123.2, 122.4, 116.7, 106.1, 99.S, 94.S, 

60.5, 

M.P. ,78·'" . 

79'0 . _'":' ,l/!.". 

IH ;. S -'(~ .. c 

IH), ; .0' . 

CU(".I' ::: .... ~ ~ 

164C1.;O, L)tJ 

(br s.1H} .) ~ 

(m, If-<! .. 

'H' .. ' ... .;f -~j 

""'} OJ (I , /' - • ,~U LV ,MeOH): nm, 218; IR: (KBr), em''; 3580, 3490, 

" 

' .• ' 'J. 'j 10,1370,12%, li70, 1050, 970; 'H NMR: (CDC1, 

. ), \. ,e, 1hi. o.Gl Id IH), 5.92 (br S, 111),5.71 (m, 

, {C, , 1,,4. 9 (C, !H), 4.'l4 (111_ IH), 3.91 (t,IH), 2.95 (d, 

1"" .,< (d",IHj, 1.64 (m, IH); '"C l'i MR (300, MHz, 

M ),' rl" 212: lR' (CHO,), em·',3000. 3050, 1790, 1740, 

". . j' ,', In (CDC',- 100 MHz). ppm; 0.7 (br s, I H). 6.3 U, ·".11 1',_ , ,., 

• I; \.9~ (r.', 2H), 5.74 (m, !H), 5.b} (d, I H), 5.33 (m, 211), 5. 18 

o "H' 4 '8 c'd' H' 4.04 (r, !H), 3.0, (m, 2H), 2.2 (t. 
. ) \'..... h ._ \ ,1 J. 

.: m.lH) 



1 - ,"'''. .1' 1\ r .... , ') .. .) ..!l.~'-=-' -.lli,. ___ \ !.llI"'--" • .:..:...."'- •• 

10 mg of compound 2 wa:; di~~olved in 2iJ ml of l:lct:tic anhydride and 2 drops of 

pyridine weer: added. 'nle rnixttlP" was stirred at room temperdture for 6 hour~. fLC 

of the mi.X ture shoved..;. higher RF (solvent system 3). 

The mix!!.Jle \, as pO'Ht:d ~ r .. J c'L.~heG ICC, shaKen d nd I,,:{I ov~rnigb l to hydrolyse the 

acetic a~hydr de Soj; ~.m hy -h'Ogen canonate (NaHCO,J was added umil bubbling 

ceased. The 'lii.>L . .lre '~as eA~racted 3 times with chlorofOlm. The chloroform eXlraClS 

were cr1til.bined £,ni e', apGn\ted u;'Ger vacuum. 'I1:e ft:s ldue was applied on pTLC and 

developed l.iS;~g :;;J./~~nt sy.:;! ~n 3. Thl~ yielded HLe a~el}laled pmdud. 

IH l\,m :iYX" • 'Hlj, 6.; k s. ,Pi, 6.25 (0 iH). 6.05 Id,1H), 5.95 (br s.lH), 

5,4 ("', ,;I). 1 \ r 'r: ... 2 )< (m, cHi, 2,1 (s,3H), 1.61.\\, 2H), 

5 rng of (");;;PCc.:10 I ",:a.1i mixed wim 10 ml of 48% hydrobromic acid. This was 

refluxeo fer [!lL.'e h'_l;~'-~. .'fe spurting u::.ing solvent liystem 2 showed decrealied RF. 

S .. . -h ' ture was [""~isci ble wi lh ethyl cperati . .J!; u i ~he _ r()(ulC;' proved dtfflcult smce ~ e mlX 

:..du(;.'_ .. r.l1 t.he mixture wa£ extr<.tcled wl1h ethyl acet.ife. TIus 

W , d Co-s:'Y,uing the prod;J~t with as uri~a ""·Il. ,',dh, n "'.Jlpi!a,c; and ti,(;1i cvaporatf' . f'~ 

- -
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AppC; ~(, I .'. 
: .. : 

" Lu,:;O. ! 

64 

78 

79 

RO 

el 

" u_ 

S3 

S-~· 

86 

L:.:-:c., .n 

-
LU!~~l ''-n- i '0" -\ii, leth· ~:her 

l: ........ l!ir. I - :illetr.y: dht:f -' -, 

LL ~ ~u;;" " _i,,2-'1\1 c ( r~r 

_(I~ " - --C,I." c:!l~r , -
.' I ".' 

!....l'~(: , '"; ,'" .. . -. -'--' g!~I~"<' .;,;. 

L!: : ~ . -~ , ' " ',. ,- " _','"l "!l!C{;~IL C 

n 
- ;i(., --0-

~ 

• •. !:.. 

SpeciL.~ 

Ie parens 73 

V. f1exuosa J4 

V, llC'.Iufis -' 

I~ b:t!dwillii 
, 
-' 

V wWlfis 3 

V :;1fI ~'rea i3 

l ~ ba/J ;. ' ,111 3 

1 

,,~ arbuscu:(l 

1 '.:moll il •. 3eri ;:, ~ 3 

50 
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sS .\;!.gr.::-, 

.\p;gel~,r:!· - r:.~I]·. 
, 

89 etnL r 

90 Apige ()- I' 

91 6 "'=c:c-';-'0 • 
:1- -iTIt.;,h -, c:l...:r·4· 

gh.iC \).:;;.1 a l-t0~id t: 

Quercetin deriv3tives 

92 

68 

93 

94 

95 

97 

98 

99 

3-0<:,.:), cue:;'(e,i. !.7 ,31·d1methy! 

" 11'1.", • ~_"I-, ... ",-·;tl .. 
~ •..• _ 0" ""~'''''''' 

I... ~ . .::-.::t: .11 ,-3-0-~il:!!l1nogIHcos i de 

QC!cr.:o,;n -7 -O-digluc05ide-3-0-

O:.:~ :-ce: i;j-~ -O-d i;;! ucoside-3-0-

l' (lIISIlMif?/.'u 

V. arkfl!lS( UlCl 

V Jrz.IC:ctlara 

H 
H 

V. patem 

V brefolic 

" 

V. cim:re(l 

v aflVI1 I1 l//f({ 

V. abyssillicu 

V. breviJO!ja 

V. brevifoli(j 

len ? ,l , , d- I - 7 0 I 5'-G'e V. nutii,fJora 
.>,,', _, ,_ k.(V quercetIn· - -g lICO 
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120 I" .. 
121 Ac 

122 .. 
11' . _ j J: 

( 
HO. ···. 

["0 
'--I 

'-- . 

'O~ ;;: 

R' R" 

Meacr H V. angulljolia 

Eme acr H " 

~.'leacr H " 

Emeacr H " 

" 

" 

I', 
I " 114 ' . E;r. e:~cr H " 

125 ' " C} !L1e:.:.cr 11 : ~ h~-s/lra 

" " 126 i.,::, ;"e~cr OH V. vli~occpll(fl!J 

, D~/ ('y' ., ". r""'';.. , 
I vJ 

c;/-::Z. ''0 
"'0- o::z 

"D 

.( n' 
" 

S. }\ ~r;.;:.l " 
127 V poskemw 0' 

Ac 4·E yse n 

" " 
128 l .c Sen var. poskeana 

" .. 
129 Ac \1eacr 

, , 
DC '.' , " .... . 'yscn " 

, , 
]3 1 ! .C 5-AcJng V. posJ:cnna 

" " 
132 Ac 5-Hysen var. chl%/cpsrs 
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