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ABSTRACT

Tll. Bceh wk idcludcd in rhc lBdt disscnaion is mainty focused on rhe

isolation dd shlcru. clu.idation of puE ch.nical corstire.rs fom the s.leded

planB bclongiq to tryrrrir4 ,,/ptorDu .nd ,torrfi gen E. Motuvei, biologicat

eiivirica havc ako bccn incorponi.d for the kolalcd comlobd! Tha de rhrc.

4.in p&rs of tb. diss.tudon;

P.n-A: Phylo.hcmi$y &d Bioctivity of ccnu ,,/lratr

rad-B: Phylochmhry of C.nB t prorrid

P&t-C: Pnyto.h.mi$ry a.d Bi@ctiviry of OmB Sorrs

Thb p.n d*ib.s th. phtr@hoiot i.qdg.lion on EryttuiM sub*6a

(Pl!iliomo.), ! crlrjrlt d oDm.nrst ptdt i. ?stirt n. Six kmm compouds

i*ludi.s allaioidi (69-93) .tong wirh a loou isonaw@ (94) s@ ier.rcd too rhc

pl&t Vdiou sper!$opic ldhniq@ erc ucd lo ch@clqia 6eir srrnctues.

Alk'loids 89 &d 90 @r rl$ l6rcd fo! $.ir diollric prcpcnis (O!i,. xow

20r1, J,r, 808-8t l) in two EltkroM rcsrs ofadicty-rhc cl.vaicd plu.ha& (EpM)

qd light dst tasirion nod.l (LD]]vt).

Peri-B

In ihis pan of thc wrk, rhc discussion is aimcd at desdibing tbe isolalioi.

puifi€tior ed sriuctud clucidarion of cighi icw ditcDcncs (9S -t0.z, phltochenistry

2012, r,153-158)&d ninc hom compounds (103- l)fiod Euphafiia nqiif.tia



(Eophorbirc*). DifcMt physic.l chsacrqistiB ed ex€Nve spectroscoljc

ltudies *e!. ued fo. &e shucruE clucidsrion oflhe jslated dd puin€d codpounds.

'!i"*
,i\6

l

prn_C

Itis is rhe ls$ pan ofttl di3!.!r!rion, d.scnbirg &. phlrcl@istry ot Snft6 taadta

(Ros4). Fou nee coE?oud! (r Ul r) 
"d 

.l.E tooM cohpow& (116-126)

wele isolated ton l,'le s€lecEd pl. . Advanced s!6^hoMph tecbdquG w.F u.d
to dccrmine tE shuctuts ofthc.. compoundr. tle isolat d comlounds vEn slso

d.lur.d ror then ndical $Mging stivitiar b lhc diphqylidyllrydFryt (DppID

.sy GiDg Mrbic &id E ! sr.ldard,

"'81r"i,X
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Chrptcr: I



IE pldt kingdom, a peciou gin of alnighy AIbn, p.ovid* lhc bsic needs of life

such 6 food, mcdicinq &d sh.tt.r ro $c hlllfu beings, Today, vdious bdigercs

syslos of mcdici.es (ay$rd4 Chin6., Honcopathic, Atlopldic rnd l]fuy noE)

e 6idg PLnB a $l!6 ofdtugs.

lvlodcd drug systcm is bed on mcdicinal pldls ed ptays a viiat rcl€ fo. the

d.vclopn.nr of ftw drugs. A nMbd of ptants eEoing progms have !m,

d6isn d 1o di$or* rle bioactiv. chcmictt coBritlst! in m.diciEl pldls. TtBe

moleulB hav. b.a sttuctuEl, chr&tcriz.d by wious physic5t ed chmi@l

ncthods. Thc modh &ue syslch us.s rh.e nol*d6 in th.ir rcip.s 6 @1ive

pridciplca, Als. vdious syntheiic plojdt! e dsign€d b build rhcse biotogiauy

acliv. condjtuc s in rh. labo6ro.i6 in ordd ro hak lh ir avaitabitily esie ed

It ug of plsG fo. the rraftEnt of difl@nr dis€.s h!v. b.o i. pEclice in

dilreht culhrcs of lhe wrld. Ev.n difi.rcnr 6imls bgv. . tcnddcy ro rreat

thems.lvls by utilizjry Erios podions ot son. medicinel planlr. For exdple, ue

of 8n scs by sick doss for producing cnsis ed Du8arion dd rhe u* of,4qria by

fddc chibp.@6. ,i,!p,&d ws llrd on found ro @niiir kacnic &id ed

gtudiooric lcid which d poEnr l|inul.toE olltdine conhctions.l

The history of d!'igs is broadly divided into vaiou stasd. 'ne crcek, tndiaa

Chind., SMoiai, EsFti.! and Asydd civiliatiG nqk rle edlid si6se

follo*ld hy the Rob,r, A6bi6, M.di.vd, a Mo<Lm pdo&. Ris v.dl MiGn

b€twn 4500 sd 1600 B.C. is coDidccd to bc the e&liei r.cord of nedic'nal u6



Itc pnctic. of CE.k ncdicinc! oriSinal.d eound 460 B. C. Hippocntcsr &d

Th@pndGa did the major cdrribuljoB to rh. crct sysh ormcdicine followd

by Diosqid* (60 A, D.), who tuhiihld . highly inpondr ,n@acologic tre.ri$

orlhc Gek m.dicin6. FunlEftoE thc cEckt did 6 inporl, phmacolog'cal

conpilation of37 volunes of'Narusl Hhiory" by Biny lhe etdd (23-79 A. D.) ed

lle tadirionrl sysrem of Chincsc mcdicjnca cb bc rraccd boct ro Chen Nug,67 rhe

Chjn€* dpdof in 3000 B. C. H. pojntcd out h&y drugs md loisoN, qnich were

conpiled in '?.n T$o" mceing ..Th. creal H.rbal". lie al$ @orded his

obs.mtioro abou rhe diaphoEric ed $imutarory .ffccb of rhc dtus "Ma H@g'.

Na€ai! wr fic pclson qho isohlcd alkaloid cphcdrine Aon oc sane dng about

AEbE gaE doth.. dir.ction io rh. Ueld of m.dicin.l scidc6. Islmic mla of

hysimic If€' @ @inl, basld on ALQutu ed Sur$h dd @ .au.d ljbLAl-Nabi.

GFel( ststd of b.dicioB povidcd a bs. kJ ih. AFb ncdicina ed a nMbd of

Mslin sierfisG wca lhous in ltris filed. Rh@ had a g@r infl@Dce or this ase.

His gork E publNhcd by thc ndc "Alhvi Kabcci, or ..Con1erc6 of Rhdet'.

Avicim eothq fmous physicie 6d philosolhd erplained 760 hdbal drugs in hjs

book "C€nod of Mcdichct'. 'ftjs book rcnaincd as Gxrbook of nedicines in Empe

till l7d cdtua. fl* sdc book scwcs 4 the b4se of $e ..crco-Ambjc,, systen of

oedici.6 knoh 6 '"Tibb-.-Ur&i'_ Arorbd fdou pbm&in ftn AfBait&

ile.qibed th. ua of a nmbq of medici.al pldrs in bir books ,.Kiiab al-Mushnj tial

AdwiF al-Mufind." {d aotlb .tJui fi.t Adwiya rt-Mu6!da1



fte d€velopm.nt of chcmotheraty at rhe sian of this ccniury Ied to d incrc$in8

chdgc ioq.Ids srrthctic drugs bui non celrty, ! considcnbL intcrcst has &.n

d.EIoFd in D.tur.l pmducis becaue of th. inportdE of $ne consritudb &on

m.dicinalplanb fo! rhe rreabrcnt of cadiovdcule disesscs, borar disordds ed

Lits of cllo.t$ Iavc b€d donc in tndlpatisr.n ro orymj2e lhc audy of

phmcochemical pFpenies of physiologicaUy &tive constiluenrs in plek. rn this

context,l}e tust i.hoo I of nedicinc M *iabtisied in Catcutra by Coto.el R. N.

Chopd Lder @ ! ltsfuh i.srirurc *ae .srrblished jn t 930 udcr lbe $pdision of

gFd physician Hrtjm Ajbrl Khd in Unani Tibbi Coll.8.. Dehi. Dr Sdinlzar

Siddiqui did his cseamh in rhir in$itulc ed isotared a lalge number of alkaloids fmn

Rauryia &rpenina 8d Hol@rhena antidrenbica. AlMgtrt6., ajmaline sdics of

llkdoids b..r!ic fdou for rhc trorndt of cddiovrscullr di$&s od mcnlal

disod6. Tlis wolk bro!8ht a Evival in ihe neld ofhsbal nedicin$.

The discovery &d iopodace of dribiotics such s cycldpodn€ A nevinotjn and

ivcrmectj! by narul products scteening appm&h€s $imulated d exrdrsior of

dtu6l pFduct-b's.d dng discov.ry .ffons in the phamaccuric.l i.dusq. Thc

najor fiDction of naruEl !@ducls in drus dhcov.ly dd d.v.lopftot has been

@iz.d i! Gvi.H p@tcd by Clutro i. t996 ed CEig ct al_ir Sooc of rhc

oon R.d public ions deDdding a progB in rhc ficld ol n.r{rl toducls inctud.

"seeking dtugs in natudl poducls",rarr ..n.w l.chnologi* and approaches in naural

pFduct ddg discoldy" ' dd 'natwl prcducrs for the iDpolen€nt ol lhe quliy of



The nMbd of conloun& isoldred fton pldrs dng.s in thousards. ft6e include

sondrry n tdolits slch 6 @unui6, oavonoids, isoft.vonoids, tigMs.

saponitu, glyccides, lc.F.noids, alk.loids, essenlj.t oils elc. Naturat lroducls

chmist e @i! y int Bt€d in dploring bioacrivc conpouG vilh rh.Ep6utic

.ft€crs. A v.ry smatl nmbd ofplsh out of 250,OOO-'OO,OOO hav. been subjccrcd to

phttochdical invesrigarion &d bioto8icat meni4. As Eacn prer nay cofiarn

lholedi of conpouds silh di1l.Enr biotoejcal acdviii6, & iderdt erisE i.
scening plmrs fo. 1h.ii th.dp.uric agcnrs. Far rhis purpos, n is requiql to isolare

pm conpouds iFn plet by difreEnt scpmrioD l.chniqu.s such 4 rhin lsycr

cbronaloslaphy (TLC), High rerfondce Liquid Chshdrosnphy (HpLc), cotl:m

ChrcoatoFphy, c6 Liquid Clronalo8bphy (GLC) ctc ud ch@ieizc rh.m

struct'lally. Aho, chdial lrathesis cd be ued to nalc rhose compouds {hich

e n nmo! douG to make lhd avaitabLe fot phm@thal indusrry. Thc

mmbi!.d.ffon ofpltlo.hcnical invcatigadons md sFtt€ric ch.nisrry led lo ite

d.velopn.nt of phme.ulical indlstiia all oyd lb. wo.ld.

Ou co.linuous efons @ dir.tcd 10 inBriCare th. indigenou 1to6 eroich.d wirh

veluable chenicals ofnediciMl imponece. lood, @snetics dd ncw haieriats. The

rlsc@h prcposal of this PhD disertation is focu.d on pb'tochemisq and

bioactivity of sone selccted llants beloiging to thEc genda nanrely t/l,rrrta.
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Chadez Bi8futti:t

2.l.Alkaloids

T!. vord "ltkaloid" I su8g.stcd by Mcbn r in 1819. Ttre oligin oflhis {od lia
in rhe Asbic *od 

'l-qsli, 
rh. !M. ofth. pl6r from which sda M rns! obraine{r.

Initially t€ word alkaloid wa! lpplied fo! rlt i.\ore orsbic cohpobds tavins b6ic

pbpdljes. Alkloidi hive highly complcx moleclld struclues wiih nosr of then

havingsignificdiphmacotogicsl rcrivities,

A*aloids h6vc bd clasifi.d inio thc followi!8 c.t.gorics:

PtridiFpipdidir. r&up

2.1.1. Biosytrthesis of benzylisoquinoline atk!toids

winteffein ed Trid'' prcpo&d that norlaudEnosolin. (7) is lhe pfcuso, foi

benzylisquinoline alkaloids. Norlaudeosolin cu b. derived fion dopaninc (4)

ed l, 4dihydroxypherylpyruvic scid (3) or 3, 4 dihydoxyrhcnylac.tardehyde (s).

*bich aG ddivcd AoD ph.nylala.ire (6) or Ltylosine (r) ar shoM in 3clen.-2.1.



Robin5oDD hiShlighted iie Elarioship h.lv6 rbc srenc or mrraudeo$linc

(?). hrdrophmrtFne (8) sd rne .porpnin. (9) .lkrloids (Scl.oe2.2). E also

!repo*d $ th. NdN of rcr$lydbpoiobabaine (10) B Et.t d ro lh.

st l.toc ofprctopine (12), phharid.i$quinon!. (r4) &d b.nzophornlhridino (13)

Th. ht?oth*i! of WinlcBi.i! dd RobiDon hs been prcv€d rltrolgh *v@l
isoiopic lab.[!g o(Fim &rr A re C.-Cl uirs e {taiEd film ryrorin i hae
thc Edioacdyity shodd cnt$ rwo sit.s in thc sketeron of t\rse atkaloids. Th.

pEdictcd Iabeling paft.n qrs !!om wh.n adi@riv. b3s we i$hr.d fren [c-

'{Cl Dl'tyrosiac fed plhl!. Radioactiv. sMple or pdpav*inc (15),r, nolphbe

06)' srd i&.oriE il{,ltdEn fi@ pdpMr eh,ilMi th.bain. 04 6!n

Pdpd.l bra.t..1thib hydlsii.e 09fr ud bc$erine (20)t fton lhdr8lis

Crrr'd.rriEld chlidoniE (21F fr6 Ch.lidoniun tujs w drgd.d lnd in ah
c$c ddioaclivity k co.fir.d ro ndkad {.) pGitions (Schon}2J).



"r_j

I

I

rldql*dr'eiq'dirJrjo'dlndfu|i*l

Sch6F2l: fod.rio! of no .udaMolin ;. polentid prEu6or of
b.nzylioquinolin .lkoloide



f.itsrr o dMidrrlmF

ScheEF2.2: Iomation ofpmlopinc, phthatideis.quboljnc and bcl?oDhena tnidinc
alkdoids



Chodt2 Di*wth2lis

rr,

Sch.Dc23: lsotopic hbclinSofd,fi.n al&rloids sins [d-LrCl DLryrcsinc



2.1l. Biosynthesis of erythrinr alklloids

B!i6a ttd Cohen propos.d thc firsl bioaynthdic pdlsay for lhis class of altaloidi,&

sd oblcFcd by qFridcnls $!r dytuim dkdoids e fomed by the skclctal

It€lfu8d.ni of b@ylisoquinolinc alkaloids.':? Iley al$ poposcd that (s)-

iorprotolinom.nine (22) is the pFcusot of rhe spilocyclic alkaloid qythnline in t
./,na-aatl,. However, Fmt md Terls acnonsrnta ly Uionim.tic aynuresis that

(t)-nortticuliic(21)aposition.lisosdof norpolosinondin suld moclik lybe

a Ftcursor in e'r,rnl,a altaloidr biosyn$esis, which m hnher supponcd by Ulich

.r dlF (SchGdF2.4) wlto cadcd out rrclabelins studies to iD!.srigare rhe

biosyn66h of such clds of allcloids dd ob*fled a .on{andom deposition of

4livity at posilion C-l0 ofthe ie!.tnoleculc ed i eatinely no label was fohd at

C-E position, which sdd hav. b€.n *p.ctcd io th. p@ce of noryrorGinonerirc

s a pltcutsor in thc biorFlhelic Fthwly. Th@f@ thc dincne of a syhnerrical

inrcmcdiar. of drph€.quinone rlTc can b. rcgaied in the biosynlh6is of ertlhrid

\.

lo
rs|\u@hondn. ct! R . H: R:. Rr
(stN.Rbrh ort Rr, R.. CHrr n: - H: Rr ' oH: Rr = H



Clatu 2 Di^dh6i'

l-*

0l{ OH

(

Scl.bc2.'l: Bi@Fihdn of dyrhnlift



ildulry a p@efutives dd a navodng agor and ro emc qrent in

lhmedicals. Thc composition of thcs volatiL oils cfrc unqe! drcGrrc

inrcstisEtion in rhe 19o mntury, 'Dr.h conposition F@led diat dey m hade up of

a $n.s oI isondic hydocebon unit of fomula CmH6. This bn vs rmed s

ler!.ne becaE. of ns 66oci6tion *ith luQe inc, Edlier investisarions Egardins rh.

srlcNre of ilE terpene un (CDH6) indiat d it lo be a diner oI dE five csbon

conpound isopene- A 16t najorily ot rcrpen l isol.tcd Eom plmB posss fomulae

wnicL G inl€grd nultiplc of Crotlr Th.FfoE, lcQenoidr tu be d.lln.d d

2.2. Terpenoids

Th. ftagi'c iion n&y pldrs is mairly ryiat d *irn vobtile liquids knoM s
*orirl o volaiile oils. Tlr6c oile e us.d in pd irdurlr, 4 solrenr, in aood

> Fomatior ofiepmt nc unii.

> Iomqlio! of acyclic Tdp.noi& flom isopcnlde uit.

> Crdiatior ofaclrlic lcrpcnoids to fon di- rnd tri-t rp..6.

ntualy @@ing conpoudr @.t i ng a 6bon ftbcsrk bas€d on tqo o. nor

isoprere (C5HN) uirs. Tc@loids c& b. clNified into hcDicrp.aoids (Cr = I x Cr.

donotelp€ncr(Ctr-2xCr),srqlillrrcn r(Cs=l rCr).direrydes (Cr=ax Ci),

$siE peo6 (Ca = 5 x Cr), iiietlencs (Cro = 6 r Ct, let fldpenes (C@ = 8 x Cr) and

pollt rym.s(Co+!=I+nxCtbascd onrhenunbaofisolrneunirslheyusd.

2.2.1. Biosyrthdis ol diterpenoids lrd triterpenoids

T.rp6oi& ce b. biosyd!*iu d h tb.. @jo. sl.ps:



Ac.ryl-coenzyne A ddivcd fron fals, carbohydr.|es or cenain dino acids

n trtolis fmishcs ac.tate ion which h conv.rtcd inlo mevalonic eid thoueh

&€toacetyl coenzymc A a (.t).3+ydroxy-l'ncthylSlularyl-coA (HMa-coA).

HMc-CoA is Edu€d to (X)"mevalonic rcid(24) byNADPHd (nicorinamid adenine

dinuchodde phosphate; reduccd fom) (S.h.Ee'2.5). 'It (R)-f!om of nevllonic acid

is th. only eactive lpcci$ ahd cm b. used by th. orgdis 10 produce tegenes

*hfts lhe S-fom h h.t bolically in.n.

2.2.1.r. Formrtion of isoDenten€ unit

+ 2CHjCO-S6^ +

I

I

I

sc[.dc2.5: Fomarion of (X]b.valoiic acid (24)



'[tc isopentcne bit is synihqlized foh (X)-oevalonic rid (2i) ttrcush ihe pafiway

shom in (S.h.ne2.6). Ttis o.vmior neds rhe los of one carboD .ton ad
isotop. labeling .xperim.nrs shoqed lhat rhe @boxylic &id cebon aioh is tost

duing rlre sequcne.5rGrJ Mevatonjc acid (24) titsr ud€lgoes pnosphorylaron to

ploducc Edrloaic eid-5-phospb'tc (25) followld by furtnq phoslhorylation io givc

Mcvalonic acid.5,ptrophosphate (26) TN molecules of ATp are udized during the

whol. p@ess dd sub6cqu. loss ofqarr dd CO, motculcs poducc 3.ndhytbur_

3anyl plrophdphare or Alispc cnyl pyophcphar. {IPp) (2?). rpp cd lher

und.Bo a sldosleilic isonenanion lo fom DMApp (3. 3 dinedytaltyl

pyophosphal. (28)J5 CoNcqu.nrly, a les Eaoliv. noleoul. is convcicd inlo a

molftule which cs! 6ily .ftack on nuclcophilic sir6.

R"

Scbebe2.6: Bicynrhqis of DMA?P (28) ftod (x)-ncvalonr acd (2a)



22.1.2- trorhatiotr ofacyclic terpeooids frod isop.nt ne uDit

'IXe IPP (27) &d DMA?P (28) oolecuhs ude.so a condcsatioi reaction in a hedd-

tGlail fashion io foir a Mit of neryl pyophosphale (l{rD 09) dd gemyl

prphospharc (GrP) (30) (schens2.?). Isolopic labcrinS cxpeinrinls with labeled

&€lalc to Sivc citroncUdl (31) (Sch.Dez.E) connn thr validi9 of !ch.ncz.7. IPP

(2?) on turmd cond.nsalion *idr GPP (30) (ScbcDc2.9) tunishcs fdesyl

pylophdphst (FPP) (32) in 
'11 

raanonieudlion.r6a FPP (32) is Gearded 4 rh.

ion dial| p@!sr of Fsquirerpenca ed irs dindiarion in a b.ad-to-bil nmer

@ erv. squalerc O3trr': (sch.bF2.9), which is a precuisor of ftiterpenoids.

leayl Fyophcphalc (FPP) wh.n adds on a Cj uit, gcmyl semyl ptrophosphat

(GG?Ptr (34) is foned (ScL.nts2.l0), which is fidhs convened into ditel!€ns by

Scn.E.-zJ: Formation ofN?P (29) and GPP (30)



. fl. fiH3C-C-CH2-C-OH

I

{
H:Q

o

.llHrC-C-Ot -

' = isbpic hb.ll.d cthon

Schd!2.E: Forlrilior ofcitro..llal (3r) h isotopic labeliDg qpcrim.nt



sch.b42.9: Fomarion ofFpp (32). squatene (33),nd ccpp r34)



Cotrversion olacyclic (erpenoids ro diierpetres

Th. biosyni!*h of nonocyclic dnery.ncs involv. ihe heteolylic clqvag. of CH,pp

pan of Gc?P (3rJ 5nd a cdbori@ ion is eflela!.d yhich lcets $rh hopropytidene

uit Esulting in cyclialion. CeDbercnc (35) has b.en suggesred 10 mise fioh J4 in

thc sd€ parhwy. Th. nacrcyclic dng cd udereo funh€! cycti2adon dd

rlmsd.ni to fom v.rricillol (36), csboe (3?), lelhrrl (38) ed phorbol (39)ar.

rr (S.hd62.10), while a dired clrti2.rion of CGpp (34) nDish.s bicyclic

dii.rpcnq such 4 ndool (40), el!rcI {4r) and isonclic labd'Is (Sch.me2.tr).

Th. judion b.rw.en lins A dd rins B of all t.hdes dd ditcQoes wnh moE

numbd of rin$ t alwars /ras. Thus, ihe rarr rinS jDction is a funclion oI lhc

Flariw orioration of ri. ctrtizing doubl. bod! in e op.. ch6in pEcu*or on d

'nE polrnic chain Etai6 a chairch6i confomalion duins cycli2arion Fo@s. This

confomalion nay be found in rwo cmnoneric fom 42 od 43, which will

uhihslely giv. tm e@nriondic lsbd.n. sk.lcroN 4rr ald 45. As a nuhb€! ofti-,
lclE- tud !.nk{yclic dit.lp.rs e dcrived fron llbdo. dir.rpc.6. hc,ce $ch

colnpouds de also distibured iiro lwo endiooeric series.

'Ilc ticlrlic dicrpeaq such abierare (4?) dd caleinc {aD havc pin&anc skelelon.

phich e denv.d frcn nlamot (40) by filllhq cyctianion rhrough ibe inremcdon

bctEn @bocdlion (4t) ed E, i 4doublc bond vi! 46.{ (s.b.be2.12)



Chde 2 Biswthesi.
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sch@62.10: Fomtid ofenbEnc (35), vcdicillol (35), c.asbcnc (3?), la0rrrl (38)
andpho ol (39)



Chatu 2 Aiotuth5b

ScheE.-2.11: convcBion ofcclP (34) 10 slelol (41), md@l (40) and labde€s
(44t 45)

^l u
I

20



S.n.bc2,l2: Convdion of M@l (40) io abnbdid. (a?)and cselne (a8)



'ft. lctra" dd Fnla-cyclic dilcrp€nls also b.long lo ih. pinar.lc eri6 which e
fom€d throud a lolalNical pim&$e carb@ton (18)_ This carion (4E) c&

collaps. in a nMbd oI wys io podu6 bcyrne (49), kaur.nc (50), atisiroe (sl).

phyllocladrne (53) dd pdtacyclic llachylobee (s2) sk.l.tond? (S.[eme2.l3).

The kaum€ skcl.ton cd giv. ris to th. tct&ydic *!i6 ofditerp.nesr'!&re such as

gibb.dlmc (s4). sny&otoid. (ss) &d cMcdc (56) (s.t.r!2.14).

2.2.1.4, Conv€rsiotr ofacyclic terpenoi& to triterpenes

Ttrc biolosical prcsor ofau llir.rpdEs is hda-@ all-oa,r squalen€ (31) Thc

didt cyclizltion of 3qulm. or it3 .poxidc givcs fiDdmdrll t itcrFnes. Thcs

ifitc'!6s e ihcn sub-divided into Sroups occodi4 1o th. cycliz.rian path followed

2.2.1.4.1. Cyclizatior iNolviog oxidatiod of th. tc.niDal part of
squ:lcDc

A number oftetd" dld penta-cyclic lrircpenes @ delived froh oxidalile cyclizrrion

of 2,3€poxy squalene (s7) bd claified a@dding ro squalen€ epoxide

confo@tion. Thu, squd6. .pond. confomation in chliF.h.irchan'b@r lom

give d$ to tctEcyclic tritcp.nes such d dame.stdiol (5t),$r €uphol (60) md

rirucallol (61f:t! (Sch.nr-2,15 and 2.16) &d pentlcyclic lriloq.noids such a5

lupml (62), ftnx$t.lol (63),s d-arnydn (64),5r tadcol (65)," f-*ito 1eo;,'""

fti.dclin (6?).nd &dydn (6E)rr (Sch.ne2.U md a1q. A chair'boat{hai'-boll

conromario! (59) pFducs leostml (71) ud cyclodninol (?2) (S.[.nF2.r9 and

2.20).Penta-cyclic trit€.pmoids sucb d hopdone (?4), dborchol (76) md morecnol

(7E) a.e fo.n d fom squaloc cpoxidc uing confotuEioff chairchair'chair-ch.ir

2t



ChMa 2 Bi'Mtta;l

(?r, cnajr-boal-chrir-chair-bo{ (75) ed cban{h.ir-chai{han-bod {??),

ldpetivcly (Sch.D62.2r).

Schdc2l3: Convelsiotr ofpinaruc c&bocation (46) lo bcycrcnc (ar, kauftnc
(50), atisimc (s1), phyllochdarc {53) dd poEcyclic $chllobane (5r)

--....:'

,2.../
,)'

I

.!8ihc (5r) trsryrou,ne (51)



Y
{,,/?

,/i\1.\ lroX

Schcne2,l4: Co qsion ofkduranc !o sibberelle (51), giayaftbxane (s9 ud
cm.ec (56)



| -l.--,-o '!*i{dJ .H./A\Y-u-1t-//'-"'-/ | \
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sc[dd2.l5: conrdid of lqudft.porid. (s7) ro rt nmtu.dior (s9)



SchdF2.l5: F@tion of .uehol (60) .d tirucluol (61)



"'.4r4f-v\;

scb.d+2.1?: Fomlriotr of lup.ol (62), l'l'rur.rol (53) md a-mrin (6a)



S.[.nF2.l] ForEation oftrnxcbl (55), r-dydn (50. ti.d.line (67) &d ,-
my,in (6E)



Sch.no2.19: lomalion of lanostcrol (71)



Sch!m.-220: Forna on of cycloanenol (72)
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Sc!.Dc2.21: Iomtion of boDsdoic (74), eb.drcl (?O &d motuol (73)



2.2.1.4.2. Cycltatior *itholtoxidliion olihe ieminrl pan of squalctr.

Tnlapcn6 such s rrdymdol (so)rt bd diplopt n. (sr)o @ fomed by rhe non-

oiidative cyclization of lhe iedinals of squaloe (79) lype of cyclizarion which is

l*s como. $o oxidativc pdhyay (Sch.n62.22).

scb.od2t2: Fomrtoo of Gr.hynmol (E0) ed diplopRn. (El )



2.2.1.4.3. Cyclizrtion at both t.rmiml double bords of squrlene

Th. biosr{rh.dc asrhwy of o!)oqin (82) ad anbtin (83) oeur in two epaatc

cl..ltlphilic atlacks or both dds of 0l€ sqlrleoe bolecde. fte two att cks de

oxidation €rctios for onocdin md no oxid ion occurs in c6e ol ubcin. A'y

infomation lbour thc sibultlDcily of tie two lnacks is nol knoh 50 fd {Schene

Schde2.23: lomtro! of onocrin (82) ed anbEh (E3)



23. Biosyrrhcais of liCDrN

Monoligrols espccially corifdyl alcohol d ihc

'nE* pEcls6 e fod.d in rh. gendl

plthwy'q' 6 slbM in Sch.oF224-

prcued of ligM biosyrlbsis.

phentlpropeoid and monolignol

Sch.nc2.24: Phenylprcpooiddd nonotignol parhvay

Thc poposd pathvay for thc biosynr!6n of podophyllotoxin (PTOX) ,nd rh€

lelated 6-m.rhoxypodophyltoroxin (6MPTOX) 16 devetoped by feedihg ofporcn al

pffi6& 3hom in S.h.4F215.

: i*"

.rlr-('"'"^'t""
5'Tf g i*

**iil"



Clq<c 2 Eidd}al'

T l rodry olt GI)NA! of tb ftr tiflFhc q. Lv! b..a ctd.d.o C@iH

.k eol 01) (2 db) cootu b &.E pi![aiol (tEI. dp lidtin d br r. o
c.lLd dnis.d For.ii"s ft. (+htddDt Ot b 66 r!&n d ro (-)ts

*coilollicl|.dml (87) dmt{h (+Hdrhot (E6) by lirds'irol-tlrirjt!.iiDl

r!d!.bs .nd luhcqu€rdy oxidiz.d to (">a|llir!!irol (88).6 ft. sbp! o$rud! SS

d! nody lyponr.dcd h.cnltc dry sl(! Fo!b!.d .ffa tcdilS of Flnatc

htc&dincr b,{,nbitdqr'.|oiic

Tle blorydtaic f.$uy. t! rb. tomdou of oA& E!e, c! arlo D.li.v!d ro

iDvolE lt ra. ftd .!ps of 6ffii6 ot c.aiGlyl .lcotol to tur.iFd@t.

lidir.ribl b c@id.|!d io tc r ctnt l ilEEdilF ilYoh,ldhtLc forbotio, ofdt

dtial lirDn lto.nrn (8.t r}2.?6I



d
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(

Pe+!-tFlrn^{'rbldbt.llld!4k

@tq r bsFddvrbxh arrdqrc
FB8.6n dr.rr6b.+'dqk
,.t&T€r.l. bFiriciadr6r.e

'i"

ScL.dF2.25: BiosFlldic p!(h{y ofp.dophyllotorio dd El4.d ligMi



Cb.fr. 2 AiNwtl$is

Clp.dorrryii*hi R|- H

jqticidin BiR' - OCH]:R,- H
iloJGrlcldin B: R = H:R,! ocHl

C}6n.d'oD?ododrylloldlij Rr-

S.l.Da2:6: LiSn&! poetibly d.ri!,cd toD Eltlit6inol
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3.1. FcnilyPspiliooace{e (Frboideee)

Fe y Papilionecae is a ldge fmily of le8minou pldls wiib 480 gcoe6 sd

12000 sp.cica.6i Th. pl&ls ofthis fanily de nos{y ldbs, sluubs o! t.es occuliins

ir aU tyF of climli. colditioB but i6ll, bet@n dd Nud thc rropics.nd e

Bo€ abundanl h the old wo.ld the in lhe New wodd. Ir is an qllmely imlorranl

fmily with reeEd. to poducing nutitiou food, [bq, shelter, valuble Fedicines

!d also vi.ute toisonl' The Denb.ls of lbis fuily dcnostral€ a variety of

F.psni6, fd exmplc emc e€ anylac.ous (slNhy), other oleaginous, mmy yield

Bint balss$ hd dya!, r few ac 4!insc.l, a$id and bits, nd.olic ed

poi$mB. @dic &d purgire, tonic dd E{oratirc. Thc wds @ ofi.n dti p.riodic

md ihc Dors elhelminlic,

3.2. GeNs Erythinn

TIE g.nus rrylr/i,a is codpnscd of ove! I I0 sprcies ]raving otuge or red nowds,

occwbg ar trees, shrubs and herbaceous phrs. coral tt€ is a colleclive namc for

rhc pt&$ of lhis gou' Thc ecnu i5 found dlou8llod inc uolical dd sublropiel

Egions ofthe world .ln Palisie this geNs is EpEsenlcd by 3 species which de

cuttiv .d 8 oMcnrd 1r.B .hcllt Et thtina ebqda, E Clabft&.na ^d 
E

3.3, EAthinr subetNa Roxb. (Gul"€-Nishtar)

E sr6'osa is dltiwtcd id P.kisld 3s ommmral pl.nt I1 is a tre of mcdiun siz€

wirh a hciSht mginS fton I l- 17 d, Thc bmftbes of thc irce tre aded wnh prickles

,nd frlls of sad tu thi.d ye. L.avB e rrifoliatc; llo{4 & ttd in @lor 
'@g€d



Ch@ter 3 lntrcdtctian ltart-Al

in f.$ils of l-3. Fruits e stipiLt baaing.ld81h of l2.sl5-0 m .nd conrlin 2 5

3.4, Pbrnnacologicrl lltrporl3trc. of g€nu! Eryrr.Dir

Thc plets of &nE &/ii'ta have bca hoM lor $cn phmtcologicrl aciivitio.

Souo! Atrricas Bed thc .xttub of thcse plots as d@e poisons, 6 antidote

lgrjnsr sfrrhrirc or s hypnolic ed D$cpilepiic.e Thc hydrGdcoholic qald of

rh. seds at E, aneti.atu vs shoM to havc m rctivity sinilar to tubocuEine.

wlEr adninbl@d in dilr.mt dG6.ro rrrdrcidilc E lh. f$r cryslallire

lhmeologicaUy aclive .lkaloid isl ed fon 4 an.hL,,atr ed rh. mne

.rytl$jdinc wB $gg6Ld by Al|nido fd s untloM @nstituent oI lh. tue

planr. Later on this conslitu.nt pbved io b€ a nixtuE of ts! ilondic alkaloids: 4_

S*dal try,,t,te sp€cies e us€d in lFditio.al n.di.i.es 6 .v.w8nes, ddsinS of

muds, s cli.v6 of joids priA or s calning dd rldinS lsots-t'rhc baf

*](*r ot E. vrieeata h.s be6 lound to po35.$ hPoglvcenic tclivi9 ln

srrlptozorociFinduc€rt dilb.tic Bts,lr thus sldning llc folk !s. of lhis pla.l in

trcaling diabctcs. The alkaloidal cxnacts of ,' tdl88?/, showd d.ptessed EcdYnv of

$. c.nt.l edos sysrd (CNS) 6 wtl6 eli@nqdsiE activitv. Thev havc ale

b..n foud lo infte p. obdbilal hypnosis, dd iDhibil th. ac.tvlcholinc_induced

3p6m. The .thdolic *tracl of the lc.v6 of 4 idica, whjch Eaitlv consists of

alkaloids, v6 shom to havc @lidinhcal eif€cls in dinals,r' lhus suppoding the

tadilional ui. of ihe piet for conirollinS the disee, Th *uacls of A vstu r'M hd

E lai.aa,a wF E.oldcd tot then spanol'aic ed &tin@pldtic activiti.srtT6

R.c.ni vorb by utili2ing @de exlrscls md lue conpouds of t az.ri.ad.



indicated a Edudion i. th. aseBivc bchavior in Frs. TIE facror espociblc fo!

thse .ffccls is a! inlalaction beiw*n ihe cholindgic ed GABAelgic rcepro.s.

Anongrt all tI€ alkaloids lestcd, rhc a. dd &cr}1hrcidines welc shou o havc

higheit activincs.'r Thc ,-dynwidirc ed its norc poEnr (2,?)-dihydrodcdradve

hav. b..n i! clinical tials 6 ruscula reldants,to e acdvill rclaled ro ihc

dtagonistic &tion of d'c dihFrodcdvadve eilh lhe ni@tiiic rceFo6 ol

,ceryicholinc." r' Elysodin., m alraloid oblained from nany ry,/,rira species, has

b€m poven lo be a .onp.tiliw, pqsibl. dtaeonin of lcotine.induced dopminc

Elcde od \E fohd d potdt 4 dihydro-Aerylhloidin ed cah prole to be dn

idpondi rool in chdct.rizing nicoiihic ac€tylcholinic receptots.3o llE hydio-

alcoholic extr&rs of X rdm€! dd puiilied coDpouG fron $. noven ot $e

pldt wqc t.$ed for rhcf aniioli,lic lilc p$penies using lhe elcvaicd T-dde tcsr,

dd rhc liglt dek bdnsition nod.l.u A nod@tc aclivity rc ob$rycd, *hich

.xplaid thc folk ue of L\is pldl to dlm aerlalioi &d for th€ tr. nent ol oth.!

ndt6l dh.ses- R*errly, ou collabonlive redch on lne alkaloidal constituen$ of

E eD.E' h4 show lh.t .rys.dinc ud .rrsotin poss jsnifi@l diobtic

propeftiB wh.n $bjccl.d to th. tevo ldls of diety-lhc .l4a1cd Plu$nec (EPM)

ud rhc lighvdrk tdsition modcl (LTDM).rl

In addnion 1o phmeological aclividca du. ro lhc PEscne of alkaloids, Ertrhrina

pltut5 allo shov biologicll prcp€rtica du. lo ehcopoteiis or leclins having good

sgglutin&l edtiy on hund dylh{dLs A, B, &d O.rs Antimh.iar eponins.

$ch 6 siSFoidin C &d D wr isoldicd lon rh. st.n bdt ofa r,sr.rddaxr while

sisD.isid. E a rrn.r!..oid sFnin ohain d iiom lne s4. plmt sho*d

dtihaci.lial &tivity,!6 Petlocarpds such d cist&a4in, {yslagallin dd

lheouidin ohained fiod f, alirta-salli rl a thyloaldis md ako show shong



&tidiftbial lcrivity agaid G@-Fsilivc bad.riart Th. .ryri.gaUin-A obraincd

ftom the slem bdk of t urteaaro h.s beh found acriv. ir .o eicdcer aey

!8dnn bEan chcq T47D c.I-linca ,, vt'o ad drinoldiql @nvjry lgaiN

Pldnodiun lslcipafunin ybo." eryoisragaltin, a pctocurpcnc isolated fron 4.

nitdbr@dii,o w epoflcd for n3 dd-ioflamdory adivity by inlibiling

amhidonic acid meralolish tfougn rhe slip.xy8.ne parh*y

Cui dd cem*.E obbincd !.d chdcrcrizd fou chil@nes; abFsinoncs A-D fbn

4 ,rrrrsu,cc. These cohpouds Me obsrved wilh Eodente c,,tororiciiy against

Caco2 ccllinB of hujfu @loGidl mccr'$

several flaeonoids,'qr'e isoflavonoids*s ed pelrcca.D6n$'?'r exnibit anlimicotic

dd Dtibaciqrjll ldivitid. The hearoFoi€crivc popcnics of inc E. seneAaleilis

n v. b*! studicd 6 b€ou$ of thc F6.nc. of pEnyli$flcvonoids, *hich er a

oov.l !t1vl Folcse inlibiloF,E

3.5. Liter.lur. survey of geans Erythrina

Ln ratuE swly showd a gtar do!n1of Nrk on gmus trlrltrta The list of

cohpou.!. povided in T.bl63.l, indi€t s the veicry of Mstit!.nrs found i! rhe

sp.ci.s ofg.nus tryrlrt a

T.ble3.r: Iehr.d contoeds &on e.n8 E'titi"o

s,

2 cnHro'
3 crHao?

5
6 c#rror
7



E
E.

t0 ctHcor
il DihydNalpinmhoflrvonc clHror
t2 caHrOr
l3 CzHxO6
t4 ErysbinB E
l5 crlLor
16
t7 r

E
l9 2,1-DihydE-2ro-E.rhylauliculaun E.
20 2,3-Dihydmauricula$n E
ll crHrot L
22 C-HlOr E.

Bidwnld I
24 Bidwillon C crHroi
25 crHror
26 Bumi@l D ctHror
27 ctrH, o
28 3-D.mdloxy.rnhdidiDone cr!lJ!Nor
29 2,3-D jhyd!o-5,7.dihydrcxy-2-

(2,2,9,9-t tm.ttryl-2H,9!r-
b.do[2,rb:3,a-b]di?F6-5-yl)-

CdJaO6

i0 l,+DihYdio-2?.dincthyl-7,7'.
d'hydoxylrpEnyl-3,61-bi,2H. I

c)5Hno.

lt
)2 4rGM.thylablsi@e W
ll ?-Hydnxy-l'{3-h}dm)q-3-

ncutyl'l'bulcnyl!4'-methoxy-s'-
(3.ncthvl-2-butcnYl)fl aveone

34 4',?-Dihydrcxy-3'.5r E

35

36 EryvsiD S T.
l7 Endwbvsin Il CxHrO
l8 Ea{&in, crr{xor
l9 CTHIO'
40 Ervb'ledin C cxlLor E

cxHrol
42 Erwalin E CIHIO4 E
4J 2-(3'Hydioxy.5-m.thoxDhcnyl)'5- crJr0r

crHro.
45 Erytbidin E crsHuor



Cr0HaOi E
49 crHoor E
50 crHoor E,
5l 4',7-Dihydoxy-lrpEDylnavanone croHrO L
52

41O-Mdnyhcobavarsfl avonc
54
55 E

Bidwillol B
51 3-Hydroxyn 0'(3-hydbxy-3-

58 E.
59

60 EDDoeein H crHrol
6l EDryen D crHror

Erlpo.gb E

E.

E.
65

66 E.

67 E,
68

69
10

1l
12 Croli2Oa
73

crJrd.r:or
15 D*dboncihoxlqmelethinc crJlN:o
76 crrHrrMOr
71

19

80 c#tuos
8l clHror E.

82
83
84 crJ{re}ror
E5 cDI{ZNO.
86
87 CrLHrailroi
88

89
90
9l CL!Hd,lOl
92 crcHr+ro:
9l CoHoNOl



94 I W-Hydmxycrysotram'din crrtrNor L
95 I W-Mdhoxy.ry$|ratridin crH or E
96 E4rrcdotidido@ crH,,N0r
97 c,,H)rNOl
98 clH,rNO?S
99

100 E
t0l c,;HnNO.
102
t03
104 c|!il!Nor
105

106 CDHnNOTS
t07 crHrNOr E
r0E callyNOr
109 ctrHDNOl
110 c,#DN0
lll cFiJDNoj
lt2 I o-gy&oxy- I l-oxary$tritu CDHINOI
l13
ll4 Erysbgallin C
l15 C!H,oOa
l16 c$HDNOI
t\7 creitnNoa E.
llE crdtrNor
l19 I lr-Methoxycrflhnlrc N-oxide cDH''NO,
120 Erydbidinc B crxlJ,,N0r
l2l CLTHTNO E
122
t23 8 Oro€rld6lin. cpoxide
t24
t25
126 c,,H,NO:
127 cEHaNO4
128

t29
t.t0
lll
132 CIHINOA
ll.l I lr-Methoxyelucoelysovine crHrNOr
134 I l,&MelhoxvducoclYsodin€ c!H:rNor E
135

I16
t)7
ll8 cLsHzNOl

Erysotine crgnrNor
140 CuHrNOr E
l4l I0,l l-DioxocMlntid mDe CDHDNO6



t42 lq!!DDso.2..picoa,lmnd'ne c,,H,,N06
l4l 2+!'qyilhddrr. creu,No.

Erylqsdvinone c,sH,,NO.
E

r46 E
E4@'idird. c,rHDNOl

148 caltr or
149 c,sHlNOi
150 c{t{:rNor
t5l
t52
l5l
154 E
155 c,6llL'No.
lt6 c6itnNol E
157 c,Jr,eNor
158 &Oxo{ayduoidinc epoxide c,rHrrNOr E
159 crHro: E
160 E$hbidin C
l6t
162 CTHDO6
163 Irrry'rin B c8Htro.
t64 Errvdin F csHrr06 E.
165 E rrysn G
166 Errryditr I
t67 E yvain O c,H,o,
168 Eryvrin Q
\69 CuH.06
t70
l7l
t72 E
r7l
t74
175 Eolubin D E.
t16
177 c,H ro?
118 E.

119 E
180 E
l8l
132

183 CrHuO
184 8-(ltHydrcxyp.nt dccy}?-

Dcthoxy-2HJ-h.nzoD}m-2-on.
lE5 crHr06
rE6 tHydrcxy'9-(4'hydroxrthenyl)-

2,2.dimcthyl2H, loH.be'?otl,2-
b:1,+b'ldiDFa- 1o{nc

crHL60l E.



i87 d-Merhoxy-NN-dineriyl-t H-
indol.-3-ptopeeide, 9Ct. 3-( t H-
Indol3-yl)-2-ner^hyrNN-
din€thylpropddid.

c,4H'N'O:

188 I,LHydoxy-g,1 r{dad.cadi.noic

t89 ErnMnain.tc B
E lllleEatalEI90 Erlahlinsicte C E

191 Ery3!r-! E !!u%.1' ''t92 qry!4n P CnlJror
193 Hyuphodn. E
194

195 crHao?
196 Errtrivaonc B E:!!.eddl
t97 lrysubinA
t98 E ytuinin C
t99
200 Lotrche.rpol D lJ6cx"
201 lL'lrn c E.
202 crHro
201 Sishoisid.A
204 SismoiEide B
205 rglsnqhid. E E
206
201 23-A(c9.rrrhr.diol
20E llamoisid. F
209 SisDolid. C
210 $8rnolidc D
211 l2-Oles.n-3{1, prcpyl e$.r
2t2
2ll
214
2t5 crrHuro.
2t6 E.
2t7 2'-HydloxyJ'.me$oxvbiochsih A c,H,.o7
218 2',4"5,5'J-

Pentahydtlxyiefl avdooer 2,,4',5'
crHro?

2t9 (x)-23-Dihydrc-7-O-

220 7-De-O-m.thylrcblstismin
221
222
223 Erylarilrin B
224
225 coHzr|{or
226 crH,LNOl
227 Ildicinin B C)LH[06
228 C LOI



229 clHr06
230 c!H!o4
231 CDHTNOI
232 csHeo6

234
235
2)6
u1
23E Signoidin G
239 SigmoidinE
u0 Sigmoidin E; 3',4lDihydro, 3'+

241 Sictnoiditr E; l',4'-Dihydrc, l'64 t- E

?42 Signoidin Fi 1 ",2'LDihyd.o,
l "E?"qdihydrcxy

24J 2:,3,3rTctrirhydm-5J,8r
Eihrt$xy-2?ldin lbyll2,6'-bi-
4Hl-berzoD]ml-4,4 iioD.

c{Htrot

244 SiEroidin H
245
246
241
244
249
250
251

252 cxH.o7 E
253 crHrO
254
255 crltroJ
256
257
25E

259
260
26l. cnHro6
2A
263 8-!mylul6lin; 3 LMe ethet, 7-A

I/'D'slucopy'&osyl(l i3)'d-L-

264 Eoaoesin C c!Hro6 E
265 CrHrO6
266
267
z6E EryvailN CaltaOr
269 3',5,7-Tdhydbry4.nethoi'y-t



270
211
272 l',7-Dihydioxy-4',tdimclhoxlJr

273 4rO.lvlethylElrrynhisonavon. crHxo6
274
215 4-GMethylabysrrcn. VI csHxo,
215
217 4LAMelbylablsiron. v
2?8
n9
280
2El
?82 cnHros
283
284

285
286 Eryzenn B CxHr0Oj
281
28E cnHr06
2E9
290 l-MelhoxYervtrabvsin ll clHlos
291
2v2
297 Eltz.nn E crHros
294
295 CrdlrO!
296 c,Hzo,
297 tDeoxyrbyssinin Il E.

298
299 2rHvdrcxbeobaBi3ofl aveonc
300 cnHEos
301 Si!noidinl C:rHrOs i
302 BidwiUol A c!H,or
301 CrHrOr E
304 2',7-Dihydsxy-4'-n thoty-s'-

105
306
107 cnH)ooj
30E Erydridi! B CXHtrOJ
309
I0
llt
lt2 EDlhbidin D
113

48



3t4 Elvlbri!-rbim crrlrrNG
315 N,N-Ditrr.tlylEyDto!hd crHrN:Q
315
317 C6g?606
tlE c#&or
319



Chepten 4



chaptiJ tens dd diwi@ lPdrll

This cha?td dcacrib.s th. sttuctLrc duoidalion of nrc knoM alkaloids (E9-93)

togcrtd wih th. knoM isoflEvoE (94) fton thc 0owB ofE e6.'ora. Thc ddcd

'!d 
clushed flov6 q.rc cxtacred wi0r 95% eth&ol and alkdoidll fielion va!

3?!6r€d tuough ! suddd Fe€d@ ton lb. .tb@Uc cxrer Pw ll€loids

s@ obLin d fton ih. lieiion thrcugh chNDatogaphic tcchdqucs dd th.n

litucrld llnblth.d sitl lh. h.lp ol .dvm.d NMR 6d bg sFcEospic

LchdqE' Th. llcloids errlodi& (89) 6d d]"sti!. (9{) lw lcrl.d for djolrtic

.divity dd wE fobd to lhow sigiic&t diolybc .f!€cls in th. 1wo l*ts of

.dictr-rrE Glcvlr.d plu-t|@ (EPM) ed 6. lidt d!'r ltsirio hodd (Lm$.



Chapd J n.!nh! ora ditwion 0o1-t)

4.1. Structur€ clucidation ofthe isolat€d compoundsfiom Erytlhrint

4.1.r. Erysodine (89)

HrCO
8

1

HrCOt'J

89

Compoud E9 w63 obtained 6 whil. n.edl6 md showcd positive r.action wit!

Dngendorff rdg.rt ildrcaing ils alklloidal .alw. 'Ih. uv sFctrum showcd

lbso+tion Dqid at 231 &d 284 M, inplying tt€ dist ncc oI enadc rirS in rhc

moleule. The IR spectllm idicared rhe absorltio. bmd for hydoxyl crcup a13555

@r. fte nol*uls fomula of 89 M det.mined s CIHDNO] on tle basis of rH-

&d ltc-NMR rcch qucs &d EIMS, vh.n nolecdd ion pcat B ob$d.d al r/z

2ee ur.

Th. NMR sp.dtal data (Trble4,1) of cohpoud 89 ws simild to L\e wlunoM

aualoid crysdioc.2?6 In rll-NMR of 89, ibe obeFtd sigills belohg.d to teo

dnaric pot@s !l ,{ 6.63 0H, s, H-14) md 6.73 (lH, s, H-r?). pslons ol

conjusaled double bonds at A, 6.51 (lH, dd,J= 10.0,2.5 Hz, It-l), 5.91 (l H, d,J=

10.0 Ha H-2) ed 5.66 (lH, br.s, H-7), two ndhondc ploton3 at rH 1.26 (lH, s.

Ct{'G3) dd3.71(3H, s, CHrO-I5),0ad nin aliphatcp'oroil.



ch6bt R.s tt ad dhtssinn Out-,t)

'rC-NMR (BB 
"od 

DEPT) spcct-a of89 sllomd €ishrc.n carbon nlorErces tdr rwo

nEthoxyl, fou ncihylcG, s'x h.thi.., aDd six qu..t mrry ca$o! ltons. nE NMR

aig.enE v@ confm.d wih thc hclp of two diosiod NMR tchiqB $ch

$ COSY. HMQC, HMBC dd NOISY. Amont t ibDo.t&l HMBC (Fis!re-4.I)

coFhtioB lea thos b.tG! pretoE d rH 3.25 dd 3.71 to C-3 dd C-15,

lspcriEly. 'tll $rongd cftl.ri@ of Hl7c-l5 4d Eka corcl.rion of H.

l,VC-15, h.lpcd in d.ciding rhe exacr posirion ofth. ndloxyl grcup ro cl5. Thus

rbe structuE of conlound E9 6 ll!@biguBly lsigrcd s .qual ro that of

HrCO

ti,cos

Figure-4,1: S.l.cred HMBC inl@tion5 of .ry$dine (89)



chatu* t R*vle Md d^dsid /Pd/-^r

E9) in CDCL
C. No. C-NMR (6)4 Multidicity

(DEPTY'
'fl-NMR (6) cotplilg

T.U.{.I: |H-NMR (500 Mli?) dd rrC-NMR 
025 MH2) chrnicd shitu of

I
2
3
l-ocEr

5

6

8

t0

t2
ll
t5
l5€cHl
l6
t1

125_4

I lt_5
76.1
J5.7
41.3

68.0
1422
t22.8
57.1

44.Q

23.9

121.3
t30.2
108,5
144,8
55.8
t44.3
114,5

clt
CH
CH
CH:
CHI

c
c
clt
CH?

CH:

CH:

c
c
CH
c
CH:
c
CH

6.5l,dd(J= 10.0,2.5)
J.93, d (J= r0.o)
1.97.D
3.26,s

1.82,m

3.48,D
3.68,n

2.E5, n
2-.51,n

i,,.
6.63. s

o. B'oaa Btud: b. DE?l: c.tE-NMX; d. HSAC i,ttuctioN

4.1.2, Erysolrioe (90)

Conpowd 90 6 i$larcd 6 bbM oil &d gavc posirivc Esuh for alkiloid witn

DlaS.ndolfeagcnt. Thc Uv spectlln showed obsolption ar 230 ed 280 m,lypical

of ayulinn al}roi&. Tlc lR sp6lM show.d C=C rh.lching vihration at 1600 cm

r. Moleule fomula of 90 E .srina&d N cFHlNOr from rH- ed rrC-NMR dlra

{d EIMS analysh, wh.c a nolecular ion pear app.ded ar b/z 3I3 [Ml'.

a compEien of rhe NMR data (frbla4r) of @npound 90 wirh erysorrine,'$ a

knom alkaloid, clcely indicared fic aimildity b.lw.o thcm.rH-NMR dala of 90

(Trbl.-4.2). consistcd of signals for te eomatic protons at rts 6?6 (lH, s, H-14)

.rd 6.56{lFl s, H-17), Fots of €onj!8!Ed doublc bon& d rH 6.sl (lH, dd, J =

53



l0O Z0 Ha Il-U 5.95 0E 4 J = 10.0 Hz, H-2) 6d 5_56 (lB, br.s H-4, rhE

ll.rhoxid. potons .r & 3-25, 3.69 .!d 3.79 (.sch 3E s), dd ,ioe .tipblic plor.N

Nilct o cabon 160@6 wr. obsdcd in rrC-NMR $6run of conDoud 90 6
!8.inn $d of 89, wh@ rhcE llE only rwo mdhoryl goups. Thd. c5lbon ligDat6

i.dic.t.d tle. a.thoxy!, fou d.ihylcB, !i\ Rrhi!6, ed six quatm.ry c&bo4

d 0E b.rir of DEPT s?@bd rDlysis" 2DNMR bchriqB $cb .! COSY, HMeC

!!d NOESY re 3l$ u$d ftr lrlctunt r$ies@rs of tupoEd t0. a[ rh. NMR

r$igl|et3 E! i! Frfd .gr.ffirt io rh.t of crylorriE.,n

IIrCO

HrCO

90



Trbb4:: ri{-NMR 
{500 MHz) sd I C-NNIR (t25 MH4 chemicd shrns of

90) in CDCI
c. No. "C-NMR (5f MdripticJty -r+NMR (j.to,efid
, .-- - (DEIT)& coisreG rH Gr;)d-r 125_5 CH 6.5r,dd(J- 10.0,2.0)2 lll.l CH 5.95, d (.r= tO.O)3 76.1 CH 4.0r,n3-OCtt 55.8 CH: 3.26, s4 41.2 CH: 2.47,n

l.E2,n5 58.0 C
6 142.2 C
7 122.7 CH 5.66h{.s8 55_6 CI{: 3.49, h

3.65,nl0 43.5 CHz 3.51,n
2,88,nrr 23.8 CHr 2.94.m
2.51,mt2 126.3 c _

t3 131.t c14 109 4 CH 5.76, sls t47_7 C -r5-ocH3 t5.9 CH: 3.79.s16 147_l c -lGOCHr 56,6 CItj 3.69, s17 t11.5 cH 6.56, s

a. Bro&l Bdd: b. DEPT: c.trLNMt: .t HS@ irat@tib

ar3. Erythsrbim (9r)

Compound 9r *n obtai&d frm ft. atkrloidd filcrio. r, yclowish brcwn $tid.

Th. uv specirM indicalcd cheddisric ob3oryritu (266, 259 md 2!4 h) of

dtt bi@ rfbbid5, lR s?erM sboeld c&noryl RDcdo. !t 1690 cn.r. A nolecutd

ion !.el at D/z 32t IMJ' M ob!ftd ir rhc EMS dd tlol@uld fohda

C$Hrrl.lO. B erlbfisned thusn NMR s!.cE.l &6tyld in conbimtion ro EIMS



Chdt.7 J R4tts dnd disculi.n lPdi4)

ril-NMR d.ta of conpoud 91 (T.blc4.3) qhibii.d poron sisnals Glar.d 10 rwo

amm.tic prtoB siDglds (rH 6-7? and 6.9r), dE prelon of oj!8ncd doublc bonds

[& 7.07 0 H. dd, J= 10.0, 2.0 lt?. H- I ), 6.2t 0II, d, J= 10.0 I{2, H-2). and 6.08 (l H,

bls, H-?)1, proro6 of a doublc bond conjuslicd b $. enalic ri.g ldr 6.E3 md

6.25 (.6ch I H, d, J = 7.2 Hz, H'I0, I I )1, pmlons of l,bree bedloxy groups singlcts (rj I

3r4, 3.?1, and 3.EI), and $8. aliphsric pmlons. 'rC-NMR spcctlm (T.bl.-43)

showd rin.tcr ceboB @.e6, which wd. idddfied 6 t[ne edhoxy, one

dclhylcn., cight mclhje dd w.n qlat mary @bon arotr on rr. brsis of DEPT

stetEl s.ltBis. HSQC snd HMBC NMR rp.ctls we Eed 10 @nfim lhe asigned

srruclue. Tle sp*raldala ofconpomd 9l was in compleie aeEencnt ro the tnoM

HrCO

r!co

3

9l



T.bLaj: 'H.NMR (400 MHz) ed rrC.NMR (too MU2J chemic.t shins oi

C.No.
9l) inCDTCOCDT

c-NN,rR (6I H-NMR (6) Couplns
DEPT)*

l
2
3
3-OCHt

5

6
7
8
l0
ll
t2
I]

l5
l5-OCHr
l6
l6-OCEI
\7

t24,4
138.8
75.4
56.2
41.7

664
157.1
120.4
159.t
12t.4
113.5
125.0
125.9
108.2
t49.t
56.2

56,2
lll.8

CH
CH
CH
CH:
CHr

c
c
CH
c
CH
CH
c
c
CH
c
cHl
c
cHl
CH

? 07, dd (J= r0 0,2 0)
6.25,d(J= 10.0)

3.24, s

l.l6,n

6.08- brs

i.rr.o(r=r.r)
6.43,4U=1.2)

i"'
3.El,s

d Broaa 4a"d, b DEPT,c.'E-NMR:d ESQC iate.Eho^-

4.1.4. Erysotrrmidin€ (92)

Conpoud92 a i$lai.d a bbM oily slbsnne fton lb. altoloidrl fdcdon. uv

sp.ctom dhilit.d lborprion @ina at 212, 236, 257 ed 316 m. IR spertun

displ.ycd rh. pEs.nc. ofc&bo.tl fdclion a1 1665 cmr. EIMS savc a nol.cule ior

pat d n/z 327 M', codspo'ding to d. noleculd fomul. C$II,,NO..

Tn. NMR spectra of92 kE simila! to conpoud €rtlhdbine (91), sxcept for ihe

lbsdc. of one double bo!d. The |H-NMR of92 showd ts domatic protons at rH

6.86 (2H, s, H.14, l?). prord$ oi co.jusaled double bond ar dH 6.9? (lH. dd.J=

l0-0,2.0 Ha H.l), 6.a0 (lH, d, "r= 10.0 Hz, H-2), ed s.95 (lH, br.s, H"7), prctons

ofthc nelhoxys singlets rl & 3.3 t, 3.68 and 3.7E and s.v€n aliphatic plotons.



rrC-NMR IFCEM CLbr.-4.) of I $rs foud ideoricsl io th. liou altaroid.

HrCO

HrCO
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T.bb{41 rH-Ni,,IR (400 MHr) &d rrc-NMR (t00 MHz) chenical shins
92) in CDTCOCDT

c NMR (6)"C.No. Muhiplicity
.DEPT)"

'H-NMR {5) Coupling

I
2
3

t24.6
131.1
?5.E

56.2

158.8
t20.4
171.0

37.8

27.4

124.6
121.7
110.0
148.4
56.2
t49.8
56.2
113.7

CH
CH
CH
CH:
CHI

c
c
CH
c
CH,

CHr

c
c
CH
c

c
cHl
CH

6.97, dd (J= 10.0,2.0)

3.OCHr

5

7
8
r0

ll

t2
l3

l5
lJ-OCH3
t6
l6-OCHI
17

6.40,d(J= 10.0)
l.E2,m
l.3l,s

1.58, n

: ss. urc

3.54.n

Ll0. n

6.86, s

l.6E,s

3-7E,s
6.66, s

a. Etood Ba l: b. DEPI: c.'11-NMR: d ES@ interrctians

4.1.5. Erythrartitre (93)

Conpound 93 w oblaid.d a boM solid subst nc. non lle rl*iloidrl fdction. Uv

sp.ctiM sltowd aberption 
'uima 

al22? ed 2?5 DI! indi@tirg th. pr.e.c. of

c@jugstcd doublc bonds- IR spetuh.xhibicd ab$?lion band for C=C sr.crching

at 160? cm|. The moL(ul& fomula of 93 was deduced a3 CDHTNO, rhrcuch

ESIMS (nolecular ion peak ar RVz 130 [M + ]l'in posftive node) and NMR

In comparbon or'H-NMR drin (T.ble4.s), 93 was fomd iddrical lo cryuranjnc,re

a kno*r alkdoid Thc rw 
'llmtc 

prolons singl.rs *w ob$ped at ,r 6,85 (Hn4),



dd ?.00 GI-u). Ptob drb coiqg*d do{bL badr rldd r & G.61 (trt d4

J - 10.0, 2.0 lL Hn), 5.05 (l& 4 J. 10.0 Hr fi-2). .d 5.75 (ltl br.!, H.A 1ll.

tG. Dd!ry, lilgln ft'. ot .rv.d a & f2, 3.?E, od 3.9. h .&frio b fr.r,
d8h dbtdc Flb rigDL rq! oh..flld i! IE-NMR ?c(tE of cqoud! 9J.

t0

N
E

7
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Chd er4 n.sulbardd1lc,$ion /Ptt/t)

93) itr cDCh
C. No. C-NMR (6). Multiplicity H-NMR (6) Courl$g

T.U..L5: 'H-NMR (400 MHz) and ''C-NMR (100 MHz) chehical shitu oi

DEPl)-

5

'|
8

I
2
3
I,OCRT

t0

l1
t2
l3
l4
l5
ltocHr
l6
l6-ocEi
17

125.3

lll.2
75.6

40.t

66.2
141.7

58.8

51.2

64,J
r28.3
t29.4
108_6

14E.0

55.E
I4E.2
55.8
110.2

CH
CH
CH
CH:
cHz

c
c
CE
CH,

CHr

CE
c
c
CH
c

c
CH:
CH

6.6l,dd(J= I0.0,2.0)
6.05,d(J- 10.0)

3.32,s
2.42,n
1.88.n

5.?5.br.s
3.98,n
3.87,n
3.59,n

4-.n,n

6.85.s

i.rr,.

3.91.s

o. B.@d Baad:b. DEPT. c.tH NMR. d. HSQC nktaction-

4.1.6, Alpitrrmisofl ivorc (94)

6'

Hrct



Conpoud 94 m isolat d 6 yeuow nccdl$. 1i5 notsuld fomula 6 deduc.d

fr.n ESIMS (n/z 33? lM + ll) dd NMR s?€cr,?l Mlrs' w absoarioh naxima

wd Ecod.d ai226, 280 od 340 m, showing 4l-weruated kcr.ne ed domaric

dng in Li. doLc'nc. IR absoAtion bdds we€ dctccl.d d 3414 bd l?22 cmr tor

hydroxyl e<l kelonic nnctions.

In 'E-NMR speciru of @npoud 94 (Trbba.6), $. Fob. GoDn@ al aH 7.Bl

(lH, t wd ssi3ned lo H-2, which is a chMct.ristic pca! for iso0avone sl€lc(on

The Foton lig.ds ar 4r 5.51, 6.?4 (.ach I H, d, J = 10.3 H2), dd a six poron singl.r

{ d! 1.48 wo. Nig6blc ro 2,2-din.ihylpymyl ring. Sinilaly, an A,Xl aomalic

systn could be eslablbhed flom chmical sbjff valu* at ,H 7.18 (l H, dd, .i = 6-8, 2.4

Hz) ed 6.8E 0 H, dd, J = 6.8, 2.4 Hz). Thc pcsacc of ! chelared hydroxyl s6!p ar

,n l3.l dd onc poton singlct dt rs 6.35 implied $. exisknc€ of a chronen ring

fisd b rh. @matic rins in lil)fu f6hjon. Il se chamlerisliq of compobd 94 in

combimlion wi& rrC-NMR sp.ctal dala ed two dim.nsioml NMR lNhliques such

as itMBC (Fig!rc4.2) colfimcd rhft 94 is

HrQ
o

(,

rl
o)

Figure4.2 Selcclcd HMSC intsm'.or s of alpirFi.o navonc /o4)



chddd t n2"nb d,a dituls /pd ll

9a) i! CDCI
C. No. C-NMR(6t MulriDlic!ty

IDEPf)-
'H-NMR (D couplirg

Trbb{6: |H-NMR (400 MHz) snd 
rJc"NMR 

000 MHz) chenicrt shitu of

2
l

5
5-OH
6
7
8
9
10
f
1
3'

4'4I{
5'
6
I

5'
6',

t52.6
t23.0
181,0
156.9

105-5

159.6
95.0
't51.3

106.1

t2x.5
130.3
115.8
155-9

58
130.3
78.1
t28.2
115.5
28.3
2E.3

CH
CH
c
CH
CH
cHr

ct{
c
c
c

l3.l.s

'

7.18, dd (J= 6.8.2.4)
6.88, dd (J= 6.8,2.4)

5.24. br s
5.88,dd(J= 6.8,2.4)
?.38,dd(J=6.8,2.4)

c
c
CH
c
c
c
CH
CH
c

5.61, d (J= l0.l)
6.74,d(J= 103)
1,48, s
1.4E-sCH

a BrcadBdnd; b DEPT: c. 'H-NMR: d. ESQC anqctioa



Chaptd t R.ldk ud din*ion lPott-A)

4.2. Anxiolytic activity of erysodine (89) ard erysotrine (90)

'IlE ethdolic exrEct qd iactionat€d ed subjected ro clrcmatographic techniques,

Fsultilg in th€ ielrtion of alt loid codpouds 89 ard 90, which *r identilled d

.fyedine (69) and dysotrin (90) by conpdhon of aetal dala (I.ble 4.1 & 4l)

with ihose Eponed in th. lild!tu&. Th6. tm coipouds w.e $bjectcd ro tvo rests

of dicty-$c.le6t d ple6e. (EPM) and lhe light ddk tmition nodel (LDTM)-

4.2.r. El.vrted plus-nrze (trPM)

rigur. 43 shos $c effects of.rysodin. (89) (0, 3 or 10 n8/k& 4o ), clyslrine (90)

(0, 3 or I0 nS,kg, p. o.) and dilzepd (DZP) (2 m8^g, i.p.) on lhe b.havior oi mice

in rh. EPM. OFvly ANOVA Evcal.d sisdfi@r diff.Ence oI l@lmenl on %

o!c. ms tio. [45,5t = ]2rlr P < 0 0ll and % open Ms enries IF(5,5t =

I ?.59: p < 0.011. Post hoc conpari$ns Fvc.lcd lhat $e sigtr6cdr diffeenc6 wde

produced by DZP trealtne ii boih pdmelqs (, <001) ddbv erysotrine (90) (10

ng/ke) in the % op.n ms entri€s (P < 001) Onewav ANOVA followed bv

Dsc&'s lcst rlso EEded lhat DZ? tatmt sigDficd{v d@.d A.$.ncv oI

dosed ms.ntri* [F(5,55) = 2.78iF 0.03]

4.2.2, Light dark trlrsitio! model (LTDM)

Figrlrc 4.4 shows ih..tr cts oferysodinc (E9) (0. I orl0ne^g,zo), ervsohine(90)

(0, I or lO ne^g. p.o.) ald Dz? (2 ns&c, i p ) oi in b.halior of nice in L\e

LDTM. onrway ANOVA Ev.aled signiljcd diflden€s oftreahentonrrnc spenl

in $e illlnind€d conpartm.nt [I\5,55) = 2,68; / = 0 0]l sd tansniont bcrNcen

bolh conp.ltne s [F(5,55) = 3,19:, = 0 0]1. Posr h@ conFnsons Evcaled tbat



Pttrlts mdds.'star tPan i)

DZP ed erysodine (10 ns&s) lreared ani@ls spent sore time in the illmi.ated

comFnmmt (, < 0.05). Du@'s tsi.le r€v.d.d sigDlfitur difi.Mcs of

rr€atmcnt on rhe nMb.r oI tr"sitions b.t*td both conpannots of rbc LDTM for

ery$dinc (89) (10 E!i&g,r-0.02) dd kysolnne (90) (3 nelke.p < 0.01).

4.2.3. Exphmtion ot rerults obt iDed from EPM and LTDM

Ite r.$lG oflhe pr.s.nt sludy denoBralcd that acuL p€! oral (p.o.) t atn.nt wnn

th. E rurr.ord alGloids, .rysdjoc (69) sd crysotrinc (90), poduced auioltricite

ef.crs ir nic. qpos.d to a two wid.ly used diety t.sts, the elev.€d pls-nu.

(EPM) .nd rhe lidt{dk rr&sirion bod.l (LmM). In th. EPM, oily erysodi.e (10

ndks) in Es€d p€n.nt of oDen m cntri4 dd tendcd lo in@re pereot of oD€.

m tine. the lwo conventional n$ures of ui€ty in the EPM. Laportmdy, lbe

Niolylielikc .fi.c|3 of 89 gft *lccdv. for diety n.sei sne thk alkaloid

did not chdge clo$d as oties, ihc iesw widely used a d hdcx of Seneal

In thc LDTM, both crysodin (89) sd cr'$tine (90) Poducd tuxiolyticlitc

c6.cts, How.va, wnit cry$duc (10 nges) iMc6cd both tine spcnr in lne

iltsimt d conpdtndt ed lhe nunbd of hesitiotu btuen coopartndts.

erysotitu G 6s&s) hcEed de nMbd or 1la.siriotu ody. Nwedhelcss, ir mun

be cmphsized that ih. lowd doe of .lysodine {3 mg^g) ed tbe two do$s of

erylotinc (3 ed l0 no libo brded (, < 0.06) io inclt& th.limc apcnl in the

avc$ive plac€ (i.c.. lhc illuminal€d conp€rtnen0. h lddinol! alhough boL\

alkrloids have incftased the nun$er of ta$itions belwcon compartnr€rts, which in

turn could also bc int!ryEt d 0s m cllcd on locomotor b€haYior, neitnet €rysodine



nor crysolrirc chhgcd loconotio! (i..., d:. nmbd of clGcd m enriet in ihe

EPM.

Evidclcr sw.sdrg lha plra AoD gqur &ltr, h!v. .lri.@jery.ff*t! hlE

bccr ddoliErrcd cls€1r}@."&rttl For i!51aDc., Ecmtly tlalsino er a!.tr havc

ftpon d lhat a lw cryrhrini.n allaloid, (+)-l l.a,hytLoxycryrlviE {OH-Etr), and

th. l.tto rroM .ryU.i!i!! alkdoi.b, dtr.vi!. (Ery) ald (+Ir-hydroxy.rroritr

(E!y$), i&ld.d frqn E rdiusl iEDoicd thc i.bibibry lvoidee acquisitior of

the open aiiN in the elcvatd T,!0a2e, rn animal model of rnxi€ty validaled for ratsrs

ed mice.':n tl.lsiro !, qld ale obervcd $ar elll. r.o tt atbdt with 0E

dkdoidr dy'nnviu. ud (+!11-cltyd.oxy.rrrbRi* lroduccd uiolrric.ficct in

th. LDTM.

It ir @Lrorthy thlt 0F b.!@dbapin. di.z.idn, ! claic diolytic &!g 6.r w

u*d a pcitie cdrbl gFup in rh. tGa|r lrudy' .l$ .tt .!d.d Niet lfuq

in both tens. TlEs. s'Its stongly suggcrl fiai l|e sloloid! .rrlodire ard dystiine

e @lcdly invol*d in t[. ad-qicty !.tiviti6 of lll. A e}.rda.
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R.rnB @d d\ctsion tPTtl)

r50

00-

E h. of drsodiE {89) (0, 3 o. I0 mg&& pa), .rr$Einc (90) (0, 3
or r0 ds/t&p4) a'ilDZP Q6&ke, i.p.) on th! bahavior of nicc
in ihc EPM. Data @ EFreni€d d o@ + SEM, N = 812. .P <

Llghl Datk Transltlon Model

01
E 50

0-

5

= 
tr\

€ 10

Ef@ts ofcrrsodinc (89) (0, 3 or l0 b8/q, pd), crysotrine (90) (0, 3

orl0Es/k&p4) edDZP(2ns^c; i.p.)onthc bchavio of nice
in th. LDTM. Dala @ rDEsdled d nee + SEM, N = 8-12. rP <
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Cl@ptt 5 E etumbt tpfu-Al

5.1. G.r.ral erperined.t cordirions

5.1.1. Physicsl corstr!ts

Mclring points (comi.d ud urcoreted) vcE mcdsuEd

usin8 Buchr tl5 m.fing por app@tu' Oprica okhol,

ADP 220 poldimcte! a1 589 M.

5.1.2. Specr.oscopic teclniques

Ulraviolct sp.ct* (UV) w.e blen on Hirachi U.j200 spemopnoroncrer E,ng

E.$dol ai solvcor. IR sFcba woe obrained using a pqkin.Elner FT-IR insh umcnt

for coopouds nourd dicc{y on lh. dianond cen. rH_, |C- ed 2D-NMR

l*llrqu.s Mr Ecord.d on vdd 400 MR, Vdia 500 MR ant Brokq AV 400.

Low Eelution ct(ftn idp&t ionianion ns speron ny (LlMs) was done wilh

L\c help of JEOL .IMS6O0 iffrmcDr. Elecftospruy ioni4lioo mass specrornery

(ESIMS) was done wirh ware^ nssdiEcted autopuriJtcation sysren (wat.s

Qlalio Mic!o). usine $!vemcohbinarions ofHPLC Srdde HrO + O.O5% fomic acid;

solvd B, rlPLC sad. CH3CN).

5,13. Ch.onatographic tec}niques

Colu@ chronato$aphy wa done on M.rct< sitica gct (200 rm). M.nk kchel set 60

F254 ple-coaled silica gel glass ptat4 wcrc uscd for eat',licar dnd pr.palarive TLC.

TLC Plat* rcE visrauzd und.r Uv tighl (t = 254 M,366 m) o. by heating aicr
qniDs wii,! 15% aqu6s sultuic &id satudred *ilb cerjc elfale. Dssendorf

rcag€nt \|$ used as spraying sgent to visualize slkatoidd comlounds. HPLC

separations wue peformed 0n a vaten masdirccted autopunnca{on system

69



cotrsisting of a watcrs 2?6? auosmplc!, \vct R 2j45 pump sysremj a phedo,nen€x

LINA col@ (5[, Ctr, lO0 A, l0 x 250 M) .quippcd wiih a rncnohenq Secuiry

Guad !Ecol!@ (Lua Cr 300 A) clurins d 4 numin. Sotv. ,\ HplC grarle H,o

+ 0.05% fomic acid;Solvcnr B, HpLC gmd. CHrCN + 0.045% fomic acid or HPLC

gdde cssoH + 0.045% fomic &id. The polt{oludn Uow M spln (loo:t) and rhe

minority now w4 nade up wirh MCOH + 0.045% fonnic acid ro I mUnin for

simulla$ous aftlysis by diodc amy (Wai.rs 2998), cvapoEtive lishi earerins

(\vatds 2424) md ESI ns$ spcfton.try in positivc and ncssrive mod6 (Wareu

Quat! Micb).

5,2. Erythina srb.rcsa

5.2.1. Pl.nt nrteriel

T e nor'6 of Erthtir. turqM w€ collecrd in Aprit 200? Eom lhe tupu of

UntuEity of P6ha*r, l*b.w, p.Iista wh.E n is olivar.d 6 m onomr.l
pldt A voEha slEcih.n (ES.l23) of rh. d.at p!.b ha b.m id.niiUed by Dr.

Smin Jd, Bisret pof6or, Isluia CoU.8. Uni6ily, peshaltr, pakist n dd

deposir€d ro th. h.dariD !r bbni! Colcg. Uriv.tsi9, pBhavlr, ?atiste.

5JJ. Extraction atrd isolrtion

Dried flow6 (4.5 kg) wc cxr.ct.d widr erhdol uing cold percotadon nerhod

(Sc[eE6s.l). Ti. slvcit wa3 rchoved undcr Fdued pressue to afio(t a cnde

diftt (715 g). Th. crudc cxrad was lh.n disolved in 800 mL of n€thdor/waler

(8:2 v/v) dd acidifi.d to pH 2 wirh lN HC]. Thc acidined solulion was exlFcred wirh

edryl acetlte (3 x 800 mL) to give fdction tL and rhe resulrot hydrcchloiic mid

sbno! *6 ther m.dc alkalinc (pH l0) using concmrrard NH4OH. Aier ihat, ir



Chdr'.r 5 E peinentatt?*LAl

wr. le{xrac&d eirh .rhyt ac.htc (3 x 730 nL) io allord fnction F, vhich ps a

hixle of crud. alk.loids (3j 8).

TIE alklloid.l fdcrion F: (35 d ws applicd ro collm ohroharography (CC)

(ScheE..s.2) ovd silica gcl (200 4n, 25 x r cm) .lured wirh a gEdienr of

dichloomcrharc-mdhanol ( I0010 r 99.5:0.5 j99:l j9E.j:1.5 j 98:2-97.s:2.5

3 97:3 +96,5:3.5 + 96:4 r95,5:4.5 j 95:j - 94:6r 93:7)toyicld rj frddio.s

(AI lo Ml, 15 h! eeh). FmiioE DI_K] \@ pool.d bsdnq (9.6 d o. d. bsjs

of thcir TLC profihs and rh.o slbjdr.d to &o$.r collh ch&Daroenpny ov.r

silic. gcl (200 /.r, 23 : 5 o) with a gisdicnr cturion lsilg cuobfom,nerhdol

(100:0 - 99t - 98' i 9.3 r 96:4 - 95:5 r 94:6 3 93,?) yictdins E fEcrions

(A2 ro H2, 15 mL.qch)_ nr frrctios D2 ard E2 vE E-chreDarogalh.d or silie
gcl using a solvot cohbimrion of ,.h.xanc-a@tonc (95:5), atroid.d composd 89

(aa Dd dd 90 (t80 bd, EsFclivdy. Fdction c2 s alrticd ro pepsntiw

cn'bmlocdpht on lilim gcl F!{ot d TLC gl$s ph.s ald .lutcd in a elvcfl
gradidt of ,-hcxe-acclonc (r:8), yi.ldcd coDFu& 9r (a.2 hd 6d 9 (4_5 ng)_

Fdction tD e!$ pwificd thFugh HPLC m.ss.di@ted pt!?&lrivc syst m Gins H:O-

McOH a ! nobilc phl*. 200 /l vle inj6i.d duin8 succdive ounG of a ZO

,nnucs pm8rlm (0 hin, 50% B; 13.00 min, 80% Bi l7 r!i[ 90E B; 20 ni!, 50% B)_

As a Esull compound 93 (3.2 mg) $t' obbircd .ner dryirg tE @ ect d f.actioG

undq higl) !elM. cohpoed 94 ( 12.5 m8) clyst.lli4d ou1 6 ycttow n*dlB in L\o

$Lfilcdod colhctcd .nd rilicr s.l CC of fedon !r clur.d wirh ,_6qdc.u!yt

rc.hr. (90r10) a lolst syst n.



(750 t)

S.tr@es.I: Exlncrion of atiloidal f@tion ftom dE crodq *lracr oft. sr.raa
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Chnti i E perik.,kt /prt-4)

siri.. l.t cc Bins DCM-M.OH

siric' g.l cc 6iil cflclrM.oH

SchcE'5.2: Isoladon of alklloid conpouft (89-93)



ctn4t 5 Etuituntol /Pa/-,11

5.3. Charrct rizz tior of krowtr cohpourds frorD .E. rrrriiM srrerosa

s3,r. Ery.odi!. (89)

lht5ical Stat : whji. n..dle

Uv l- in EloH:23t m

talfi= +24f (. 0.5, Etolt

IR (XBr) !'-: 3555 cn l

EIMSj m/z 299 M'
lH- ed rrC-NMR: 

S.c T.bt -4,1

HSQcSe T.bl.-4.r

532. Erystrinc (90)

Pb)Eical Statc: B.own oil

Yicld:180n9

Uv le i! EOH: 230, 2E0 ftr

lali= +140' (. 0.4, E!on)

IR (Xgr) D-, 1500 @r

EMs:D,/zl13 M].
tH- md rrc-NMR: se T.brr4.2

HSQC: s* r.bb4,



s33. Erythrrbirc (9r)

?hylicd Srai.: YcllowiBh broM solid

Yi.ld: 4.2 ms

UV llo& in E!OH: 256, 259 &d 234 tuu

lalit = +s61' (c 0.1,cHcl3)

IR (KBr) \..: 1690 cn''

EIMS: E/z325 Mr
'H- .!d "c,Nt,rR: se T.blo4.3

HSQC:Sc. TrbL-4.3

5.3.4. Ertsotr.Didine (92)

Physical SnE: Coloul$s oil

l'v tunrx in EtOHr 212, 236, 257 md 316 n n

tal3= +l4o' (. 0.4, EroH)

IR (KBt D^: 290, 1665 ud l5lE cn I

EIMS: r'lz 327 M'
Itt- rad rrc,xtr,l* sc trttc-r.l

IISQC:S6 Trblc(.|



Ch@1.t5 Fsoe keaat pm.4)

s.3.s. Erythnrth. (93)

lhFidl Stilq Dtlm solid

Yi.ld:32 dg

W rN ir ErOH: 227, 275 m
IR(KBr)qE: 160?ch'r

E5IUS (+): !&2 330 [M + I ]+

'lI' and '3C-NN{R: sce TrbL-4.5

HSQC:Sce Ttbhas

53.6. Alpinrmisofl.vo!. (94)

Pbysiol St lc YcUownddLs

l-rctl l2J ng

trv rda h EtoII 226 280, 340 M
IR (KBr) !r: 1412, 29!5, I2, 1466, 1384 dn
ESIMS: n/z 337 M + ll'
rH- &d 6c-Nl,ll. se T:bL-4.6

HSQC:SCe Table-r.6



5.4. ADriolytic lctivity

s,4.1. Subjects

Twclvc goups (n-8.lzg.oup) of S{iss bale rnic€ fom Sno plulo Siare

UnircIsity4,'IlEsP, SP, Bluil, weighiDg 25-15 g wcn houscd in grcups of l0 per

c!8. (41 x 14 x 16 cm) &d naintain d uder a nomal l2-h lishr cyctc (tiBhb on

07:00 h) in a lehp.Bture/huidity conholted arrcmcnt (2t + 1 oC/55 4 5%) u,irb

frcc dcccs to food bd ute. A1' aninak weE expcnnentally naive. Expciimenhl

psc.<lures *er. ir codplidce *ith rh. US Nalional tturi$tcs of Healrh Onidc for

CG dd Use of llbohtory Arinrls md kE apprcv.d by rhe t cat Erhiet

CoMittc€ C-NESP-Ar@qu{a/Sp, tu l5/2OOa)

5.4.2. Codpoutrd rdnilistmtiotr

Erysodire (E9) dd cry$tin. (90) wcE swcnded in eline (NaCr A.9%) + t%

dimcthyl sulphoide (DMSO). Aninals ME ontty lilarcd by gavag. rh these

.ompou& (3 dd l0 ngeg). IEs does were bed in rlt. prcvious studies ftom

our labodiory.""r A Fsitirc @nIlol goup Eeiving inbap.dron€l injecrior of

dirzepd (DzP, 2 ftgee) wa aho included in rhe study AU @mpounds wei.

lddinisiftd l0 nin b.for resling.

5.4.3. Apparatug

Th. EPM conpdsd two opcd ms (30 x 5 cd) dd two closed bs (10 x t I 15

cm) thit extoded from a comotr cenarl plalfod (5 r 5 cn). The app@ru B
construcrcd fton Skrs Gled walls) and wood (n00t and elevated 38.5 cn !bo!e

0oor Lvcl. TIe LDTM was a n€nglas bor (44.5 x 3? x 25 cin) divided by a banier



{ill! a door my (7 x 7.5 cm) tmwh wfich nice could cN betwecn tuo chanb€rs,

on. dddc by stitc valk (27 x l7 r 25 cn) dd illuninakd by a ehirc righr (500 lu:
illuminard conpanmcn0 and onc mad! bl btack walls (t7 x 37 x 25 cm) and

illui lcd by a Ed light (25 tq, dst cohFtiDcir).

5.4,4. Procedure

The nic. BrG tieard wilh.rysodjrc (89) or erysotdne (90) (0, 3 or lo ec&si p.o.)

ed 30 ninut s lare!, lh.y v@ individully dpo!.d i. rhe EpM or LDIM. EpM;

Elch eii.l v6 pLcd in 1h. cdrEl 3q!e t cing m op.n 'm, dd allow.d lo

ftely exploe the EPM, Th. fouowins spariGtcdporal

dEing ! 5 nir r6t trMb.r ofop.n od ctos€d !m .iti6 (am drry: ar four p.ws

into e sn), % olen otli* l(op.rftoral) x lool, dd % opo iidc [(tiDe opei4oo) x

1001. PcMnt.g. oper h .ntri6 dd p.cnlagc opcn d doc w.rc ued 6 mxicry

i lic6, dd fEqudcy of clo$d a@ cftri.s ws u$d * t@oolo! acriviry. LDTM|

E:ch ninal B d@d ai i,\e c.iler of th. iltMinard conparlidt ed, si.r lhe

firsl pN8. to lhe ddk compnrrnen! lh. belEvior of rhe alm,r ws vdeo Ecord.d

for 5 ni! to tudlf ealysis of lhe trmbd of lrasition baveen cobp€fuenrs ,nd

lh. tin. sp.nl h 6e ill@jmrd cohDqnn dr Entry ido a @mpdrn€nt vs
rccorded wh6 rhe rdmal crc$ed wirh slt fou law ine Ine rlat separard rhe rwo

5.4.5, St tistics

All Bulrs wF subDin.d to one*y eatrsis oI vdisce (ANOVA), fo ovEd by

Dmcd's Multiple Comporison Tesr whcn signitcut. In atr cases ap value S (].O5

*!r coNiddd significlnl.
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chad4 6 ttu ddion tPa/-B)

6.1. FrDily Euphorbirceae

Pm y Eulhodiac.lc k on. of lh. ldg6t fmili* of ilc phyluh Anthophyla

conpdsing of300 goq! dd 5000 sp.ci.s.)s The nm. oflnis fdily kas coined by

king J$r II of M!ui6!i. (25 B. C), who dis1ftd ! srcculht pr&t sd nded it

Elpholbia in nonour of his physici6!, Eupholbos.r3t abc pknt A@ies of thc fanily

havc b..n *noM to b. poisDors to nulm bcirgs. Th.y d 0ft6 found iivolv€d in

poiening of liEsro.k and u5!d d coNirudtl oI arc{ poiens HoMver, a wide

mgc ofp!@acotoSiclt screenings c.di.d out nost Ec. ly have shovn thd sohe

of ol?n aE quite us.tut for thc rEalnert of a !.ariety of eilnents tjk. 6cer,

rhlurutisn, neumlgi4 ssthm and bdc(cri.l i.fectioN.,{ A rhber of speics have

also b.cl in us in agiculrue, s EsouE6 for @ddin techjolosies and ohanental

plait! in horticullw. llcsc dd ndy orh€! us of rtr. sFci6 ofdis fdily hlve

gcn dlcd a wid. irl.c$ in rhet thlochdisrT &d . votmiaoq work on the

islation rnd shuclull elucidrlion of diflccnl l}?$ of chcnicar co,stiruents has so

6.2, G.nB Euphoftia

Gdus ElprorDd is rh. lalg€sr gennj ot rhe fmity Euphorbiac@ having DoE lha

2000 !Fci6 in the fom of lalicif@u hcrbs, slnb6 &d sn'll te*, occurinS in rbe

tmpical ad lenpenlr zoncs of Asia fid olher pans of lhe rorld. The chcnical

studid of rqr,frio species slrn.d s f& bac! s 1834, when Roe ed

FluckigJed isolared a .ryst lline cohp.ud dphodorc fom rhe tanice of $h.
of ih sp€cies. Baur .nd Schenlel':6r obrained o usaruared atcohol eupho$ol fton

cupho$one i! l92E. Latcr or! they found lhal this alcohol was a mixture a-euphorbol

along *ith a to{ m.lring at@hol.P Subscqudrry, a hrgc nuber of chmical



constitucna, $ch as Elpenoi&, sretoidx dd flavonoids have been isolarcd froo rh.

sF.ci.s of rhis genus. In rhis pan ofih.lh.!is, w. s. rdinly co.cened wilh d! dd
trir.4Enesr hehc. a conprchqtuiv. rcvicw of rbc di 6d ti-t rp-es isolatcd so far

hom i,rrc sp€cid of gd$ .E lro.ria is 8iv.n in itc Tlbh 6.1 dd 6.2.

6.3. E|phorbio neriilolio LiDD. (Hedge Eupho.bia)

e ,rif,Iia is d aE r shDb wih a h.igh ofup ro 4 o. fte st n tis.s ae ncshy

and slighdy succulot. Th. lrcn ed blechq haye no adjcllaton ed b.ars 5

indistinct &gl.s ed spheshjctdr jn 5 rows. Thc leaves qE usualy teminal.,6r

6.4, Pharmacological import 
^ce 

oI Euphoflia neriifotia

E r..r/rlta piot brs bc.n u!.d in rrdifiond nedkinB in dtreur vays. Fo!

.Mplc, the latd ii led ro tE.r ob6tirar. onsliplrion ed othd abdoninat

condi{os includilg jNdie &d eir.._ Ttr I.c, is al$ us.d for lhe nlalnhr of

hcnorrhoids, istuta,iro,'?ff obadurc ekjo djs.s* &d uinary {tto,<ters iocludine

diab.r.s.25r TIE Mt hixed rith black p.pp.r is appli.d to ou. srukc bn.s,ra Ttr

.qubus *t6d of th. latcx is u$d for th. helins of sugically pede.d cuaD€ols

wouds whd€by it incE !. the icNile sr.ngd, DNA conlen( epilheliation and

slgioscn sis:& 'fte qract fton thc hav.s of t ,./itotiz ha ben slDwn to

poss.$ lnlanxieay, dti-psycbotic ard driconruts€ll acriviri6 in Dice e.d

6rs,r6}t ?0D,6 v/v hydb-at@holic qrtlct ofrh. l.av€ ofdE prdl h6 b.cn Eponcd

lo 3how gEler dd-ilflamabry dd sal86ic etre.t rhm standdd do$s of

indoh.rhein and diclotmac sodium.d Tn .rhyl eelare q\s1ot E. Miifolid

dmonsrrated signiicdt cfoioxicnids aSaimt ite cell lin s: lewis lung cdcinona,

Bl6Fl0 meleom! md Sw480 humrn colon aden@ddnona iD a dos. dcpend.nr



!)]md. Th. cth&olic d[acr of lh. love dd !.uoLu cihd qltuE of lhc podr

orE ,€/iiblid wrc shoM lo bc .fcctiv. in iinjb'ting lhe gbvrh of A .otl x,

T.blF6.1r List ofditopenojds isolalcd ton Eous ,lprol,ia

s.
No
I ?-Aceloty ingdo!520niedai.-3-

egchr.
2 l 5-O-Accrytl-O-beMykhm;;t3;

3 | 5-Ac.tyl.l.b.n&yqotk,nol-5,6-oird;
J - O- Ac ct y t- | 6- o.hebyrn o. l(?r L
m.rhyl-2.burenoyll t6-hydloxy inrcnol

c looq

5 2trO-Accryl-3-O{2, 4,2r)d.c!dimyr

20-O- Ac.rrt-3 -o -eE,4A-2,4,6-
deetri.novl-insenol

1 I 5-O'Ac.tyl.5l,hydNxy-isoch{eiol-3-

8 I tO-Acdyl,5&ny&oxy-hochd&iou-
Nobutwa!.

9 15-O-e.cctyl-51-hydrcxy-isoctramioL:-

l0 20-Ac{yl-in8.ml.ldgclar.
ll 20.Accwhngcnol-l{.aiicnurc crHsor
t2 20-Ac.tvling.ml-3stcnoarc
I3 8-Ac.iyf irsol. | 2rigtBlc

I tAcdyl3-isobulrryl-jolkinol-5,6-

t5 2-Acctyl-3-tobut1ytl5-nicdrinoyl-r
hydro,(tjolkjDols,5{xide

crrlll,Nor E

l6 3- O- Acrlrl-z0 -O -L(+2in.j\tt-2-
blcnoyllinaool

crH$o,

t7 I 5-Ac.tyl-3-ni@tinoyt-jottinot5,6- c4H$N06

t8 l5-o'Acclyl-3-o-pFpiodyt-.ndaciot
t9 I s-Ac.ryl-3-popionyi-jolkinol-5,6-

20 20-O-Acdyl-ehifemot-9, I 3, | 4-

2l l5=O-Acctyl-l-O"tisloyl-c!@iol-5.6,

23

3-Arselyl-20-drcxyine.nol clHr0J
25 C.udicifoline c:oI{:ror
)6 l.O.(2I,4anaadirfl ovlirrhol csi{qo6
27 l(2.4,5)d.cadnoatal&dcdvlDeool



l(2,4,6)d.carie!orr.-mscnot croHoos E t!K,,t*
29 3-A -Q 8,44.2,t,6 Aeca!ilrcytfr

o@xy-uaool
l0 5 - O- (8,44-2,4,6 -d..alli.nayt20 -

de0iyrry9nor
crHroor

.ll :-o'nlocca-: j,e-triooyrll?71fr -
eethyl-2-butcnoyll-l 6-hvdoxv-inrcnol

c$r'L6o!

12 l2.D6xy-16-hyd6xy-phorbo!13-
ms.lare-l 6-ilobutyoic

l3 r z-oeoxy" r o_tryiircxfiE6i6iiliI
eB€tarc- I 6-isobur.gtc-2o.dc.ralc

c!H{0,

l4 c?oHro4 E:!9!rnteiul5 zu-ucoxyrna.not-J-o-anEctarc cnHr4o5
36 5.Deoxyangcrcl3,2o-dtacclalc

E !yiskt$'"I2-D@xy.phorbol
zu-u@xy,pnor0or-t r-(rF-
rccroxyph.wlac.rarel-2o.accbtc

CnHnOe

39 | 2-D.oxy-phorbol-ll.eeclarc
40 r :-ooxv-ohoruor- r 3rdtiiiiri;ii

l2-D6xy-4roH-phoibot- I l2G

42 | 2-D6xy-phorhot- I t3oni;A;i;
43 r z"ocoxy</oH-ph-rnolTl

r 2.pcoxy-pho'bot- I f.isbuilEa
I 2-D@xy-pholbof I 3.isoburtBG-Zo. crdli6q

| 2-D@xy-pho.bol-l 3-(2.
nclhyl)but}latc

47 l2'D.oxy.pborbol I 3.(2-
nclhyl)blbrare,20-ac.rare

c,Hno,

4E 1 2'Doxy4foH-phorbol- Roiraroarl-

49 4,Dcoxy.pno$ol- I 2-o.rarJ-did;;i; crrl:or E.

50 +-oeoxy-phorro!1 2.ooa-2,:-Oieiiii
I 3-i$b!tFarc-20-!cdai.

crtloor

5l 4-L\€oxy-pborbol I 2-ocia-2,3.aicnoare
l!:Liop&oatc-20"ac.rarc

52 l2-D.oxy,plorbol,l3-phenyk;raic,2o- E

5l l2-Deoxy-phorboll 3^phenla;Eii-di

I 2.Deoxy-pholb.l-I }tcts dlceosre
55 I 2-Deoxv-pnorbol-l hiStaG E.

ls,tr-oi-o-acctyl-3-O-ciffii;liiii
hvdloxy-tokinol

cnH{o,

51 1,7-D,acetyl-inrot: | 2-riitiac
7,8-Diuryl.insol-12-tighatc

3Z



59 3.12-Dieeryl.ini9l-l2n'sli.r.
60 l.l?-Di.O-acqtyl.insot8.ristEr.
6l 42qDid@xy,photol,l 3{r.laie E t!'ki/e#"'
62 l2,2GDidcory?horbol-ll.boburyrd. E
6l I Z-Deoxy-phorbol-ll-isoburyralc CrHa0.

41Z.l,e,r;Dodccaaumovr-ir[cnol crtr.ror
65 6r0-Epoxv-latrml c{Hno.
66 620-Epoxylathy$l-3-ph.!yle.iai+ caHror

61 Es'e, b clHror
68 crtuOn
69 IsuloneB
7Q crHsoI
7l Euphohelne B Cr'HoOr
'12 Euphoheline C coHoou
73 Eulhohdine D cIHrom E hel

Euehohe!ift E
ElpLorbia rddor RLl4 cnHrr06

16 crtloor
77 c lror'6 cnH4or
79 fu,homir B c:rHaOr
80
8t
a2 Expho$op'nc B c$taoq
E] Euqscopinolidr A caHaor
84 clHror
85 clHror
86 2GH.Ed.*r9.t6ins.nol
a1 J-tGradcceo.r.-idsHol
88 l-Hdtuoyl-2o-d.oxy-inr6ol
39 I6-Ilydoxy-12-d@xy-phorbof t312-

nethyl)2-buidoate,l 6-isob[eoac
CsH{Or

90 I 6-Eyd!oxy-12-d@xy-l 312-ncihyl)-2-
buleode,l 6-tobuleoate-2o-acellte

crHdo,

9l l6-Hyd!oxy-i!genol-3.5,16,20-

92 | 5-Hydmxy-p*udjolkjnoliae B crHao5
93 crH)so5
94 c:oEro; E
95 c!Hxol
96 Insenol:l20.dtsisobu1yr.tc CdlaoOt
97 crrHro06 E
9E CnHsod
99 bgeDol,l.h*.dec.loalc
100 croHxo6
t0l hpol2o isobutyErc CraHro6
102 Cnfi4O6



t03 In*6ol-5-!.rdat
104 !rye!9lr:pal'i6t
105 lnsml-l-po!snoalc-20-isoburyEt
t06 Ins6olJ,F!peoar620-(2-

4euDlqdo.L
t07 bAe0ol-l-plopeare-4,5,2o.rrieet'lc
108 llg6ol-Ar.nadcce2J,6,8,t G

t09 Ingeno!3r.tradcca-2,4,6,8,1 0, cxxdo.

ll0 IlsetuL3,5:o,triaceiatc E.
lll rnsenol-7-p-(nefi oxy)ph.nyhc.ral.-

|2 Irgenou-phenjkceute-3,8,it-i@erore
l13 InAo!3,7.8, | 2netlaectar. E.
I14 InAol.3,8.l2-Fiectatc-?-a;cct6te

Ineof l,?.12-kiscclarc.E-nicotimre CrHrNOre
I16 lnAo!3,q,12-lrieetate?-irslate
Il7 l2-O-isobutylphorbol-13-a@tate-20- cr&2o,

Il8
ll9
I20
t2l
t22
123
t24
lu l-o'(z)-2-mcthyl2,bddolyll,20-O- caHror

126 3-O-(a-2,nerhyl2-bu.notyu- tGO:
&etyl-20deoxy- l6-hydtory-inq.nol

t27 3-o-t(a-2-methyl2,burcnolyll- I 6-O-
bdzoyl- l6-hydrcxy-inrcrcl

128 3-O-[(a'2'methyl2-but.nolyl]- I 620-
diaetyl I 6-hydloxy-inpenol

t29 3-O.[(a-2,me0ry1-2-butenolyll5, I 6,20-
O-tiacetyl-l 6"hyrlroxy-ilrcnol

c!rdooLo

ll0 8-O-dEfty]-insol.l2-!cetale.7-$qelab CIILOOI
lI 8-O-nerhyl-insol-3,1 2-dieeiat -7-

B2 8-@6ethyl-in8oll,r2di&.taie-?- cxH{o6

133 8-Gmlhy|-i!eol-3,lznLcclltc-7-

ll4
ll5 Milidi!. E cynorzs
ll6 cr6lrioNo{
Ll7 12-AeZ,aDO.ttiji6yl4- csn4oor



lt8 \2-Aez4Doct^di.nrl4-
deoxr?hdbol ll2onirc.rllc

l]9 l2-o-(22.4t)Octadi6yl.4-pho!bol crH.rG

l'r0
I4l E
t42
l4l

t45
t46 3-Tetadft dodl!-ire.nol.t,2o,atrelrtc
t47 20-TeD-ade6gaqirsenol-3,5.d8ccrar.
148 $qaaemoarergenot-3,2onmw
149 r,/, rz- rnacerytsu-dtrsclyxnrcl
150 3t,12-O,ti..ctyl.&O-b@otl-18.

hldoxy-ineol
l5l 5,15,17"8i,O-acctyl3-O-b.Eoyt-17-

152 l,7.l2.Fir.tyl-8-bemoyl-insol
153 3.7.8-bi,ceql-ingol-t2.rigliar. E
I54 2,5,8, I 1o-ti&cryl-n'cotinoyl-2,5,8-

EintdFxy-iechdciol-3-&Eo{.
cr'ltrNoD

155 a5,8,1 5-O-triac.tyl-.icotiroyl-2 J3-
q!rydsxy-i$ch.fuiol-3-risti.r.

c
156 l,7,l2-Firc.ryl.8-tislirl-imol
157

T.bl..6.2: Lisr olrriidr.noids isohkd filh g.nu tlrhorria

s.
No

c:ollno

crHro
4@Fm* E.

clorlsor

l0
II
t2
tl

t5 E.

t7
l3 Cyclod-23{De3l,25n,ol



l9
20 Cvdo.!caknql
2l CYcloeuphomol
22 CnHrO t e&rciIotdn
23
24 qr!9ro]ldol

(E.a2.4.D.odiooyl-ldosr.Fl
26 (2f2a2.a.6.Deo-Fjooyl-t&ast ol
27 ,.Dihldto-tucwel

Epis.m.!icol ! t!!!.ilohd:5
29 Epif!i.d+linol
l0 Ep!!!4Iorcl C:ollso
3t Euphol
12 A/.Euphol E !!!t!,if*i"3l cnH'o
t4 luhorbol
l5 l&lhorhol
36 !E!phorbol
37
38 Elllhoron crHao
l9 crHoo
40

Fi.deldJr-ol E
42

c'}tao
Ohi-5(6)+nld{l croHro

46 clut.5(6){n-3l{l crHro
Glut-tcn.l.one

48
49
50
5l HoFml.B
52 cxHeo
5l

Up!!r9nc
55
56
57 CaIl50O
58 4-M.thyl-cycloaJt-22-on+lA2tdiol crH*or
59 24-M.thyl.!+cycloanenol
60
6l

63

65 (, 42,a-OcladhDyl-cldodmol
66 (E4-2,4-Odadift yt reroeBol



67 Ol.!r-13( I 8)-cn-3{n. CrortuO
5E Olcuolic acid c:ottoo: tu*"
69 Spiqu!ieorcdiol

E lst,t "
10 crllloo
1l c'orr.p !.t!o,pu,a"
72 Tarr6ylEctlr. crrtuOr

C$Heo
cuHoor

75 T'Ncdlol csttso
76
n Ur$lic rcid
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chnta 7 RAl,k and dir4lion Dal-B)

Ilir cb! cr d.!crib6 ow cotbbo.lrirt lt.*$clt sott otr rhc hotalion, purifierio.

&d sttuctuF .luciddion of ejght ncw diteryercid! (95_r02)rr, tud nine roon€d

coopou r (l|)3-ru) fon rb. sl.n ttu u.3 of Eryrd.rio E r,rri4 ft. sL|n ttusB

of the plad w!l! sh.de dtj.d uder open lir ed ihen dullrcd vjth cuenol. Ttre

.th@lic qtr.r @ @nq r.Ld Edk i!.l|h Tb 64birFd .xr.cr sls rhen

fr.diomted ilto r-heJie, .ttyl eltat. &d &builnot t@tioB. Ihe elhyl .cciate

6l.rid B $bjcl€d ro . l!s$d of clDBrlogrrttic te.hDiqu.s, 6utti.8 in rhc

puificarion of comporErd! (95- l). nr. nokcutd sr.ucturls of $c lwified

@Utu lt a@ d.i.@i!.d wih lh h.tp ofdss.d ?@r!sop,c r..bniqu6.



7,1. Strucirr€ €hcidrtion of ncw diterp€noids frorn t n erirrtia

7.1.1. Ent3,4-seco-4,161,17-$hydroxykaumF3-oic lcid (95)

OH

HOOC
3

.,,,,,,CgrOn

t1

(9s)

Conpound 95 was obtaincd as colourtcss crys1ats. Thc nolcculai ionula of95 was

dcdu..d 6 C:oHlOj fron iB HRESTMS (lv,t+Naf nr/z 377.2a08; @lcd 377 2404),

indicating four dcgrees of unsaosdon. The IR speru of 95 showcd absolptioo

bmds of hydexyl 8tuups (34,16 hi) ed a *boxylic acid (2929 and t ?04 cd,,).

Tn |H-NMRsp.ctrhof 
95(T!btc?,I)showdsinglctsfor$Eereniarynerhylsat

dH L25. ] I0 &d l.I 8. Thc prctoN ofthe oxygcndl.d m€dyl.ne grcup appem€d at ,jl
3.30 (d,J= 10.5 Hz H.l?) dd I42 (d, J = tO.5 Hz, HrtT). The BC,NMR 

(BB and

DEPT) spe{rh (Tabh-7.I) indical.d thc pEscncc of rhee ncrhyh. nine merhytencs

(onc oxygemt d), thE ftcthincs, 4d tjlc quarcmry @boro (one @rboxyr acid). A

compdhoo of the 'H- and ,rC-NMR 
data (Trbte.zt) of compoud 95 wilh rhe

klDh coftpound (5/,16a)4,16,t?-i.ihrdbxy_1.4-s@9hylt@ladm-l{ic acidnr

inplicd that thcy shded identical NMR sp.cn?l dard. Howvci tbe s&reochebisrly of

95 yls o<&tly opposir.lo fic rponed conpound which B confimcd rhrcueh X-



Ey3 single-crystil exldin ft Gigrc?,I) Also, thc !!..itc mrotiom *cE opposilc

i,. [d]X of95 s cqual io -ae.o.c, *hir.lali' of(5p,r6aF,r6,17_r.ihydmxy_3,4_

sophyllocr&t6-3-oic @id EIDi.d s +49.62 .c.s ThG1o. sEuciurc or 15 ws
.lsid.t d a.rr-3,4eco4,1 6f,l?,ltihydroxykalm-3_oic &id,

riglrF7,r: X-ny silgl. crynat stluctu! ofonpounrl (95)



r.tL-a 
lt:B$DCo0 

MHz) 
"d 'lc-NtvtR pj lrorz) ct Ejc€r sbjtu or(e,

I

c. No. C.NMR ( Muldplici3 H.NMR (6) Col4liDg
__ _ EFerf co"",,,Bj; atF.

2

3

5
6
7
8

9
l0
lt
tz
tl
l4

15
l6
't1

l8
l9
20

35.5

30.r

t79.1
76.2
52.6
25,2

44.9
49.8
43.7
19.8

2E.l
a.l
39.0

9.9
80.9
m.6

2Et
fz.a
t_5

CEI

cHr

c
c
CH
CHI
cE2
c
CH
c
cHr

cIt:
CH
CIII

CHr
c
CHr

CIl'
ctt!

2.34,t|
2.16,m
2-42,m

1.42.n

1.36,n

\.29.n

i.*..
1.98,m
1.82,8
2.05, b
l-lE,h

:ro, u 1r- to., ,o1
3.12, d g= 10.5 H2)
1.25,3
1.30,s
l-18,s

a Bnd Ra'.I: b. DEPT: c. 
tfl-NMR: d !86 i,ttutiot



7.1.2, E ht -l 6 P -\r d. oxy k^\nn-3,t-lactobe (9O

OH
20

'''.,//cH1oH

t7r0

5

"2
l8 t9

(96)

'nF nolecula! fomuls of 96 was found lo b. Cr0BnO., bas.d on HRESIMS

(tM+Nd'rr'z 159.219t; €rcd 359.219E), indicarjrg fiv. d.gt€6 of uetlnlion. Tne

IR sp.cEum sho*td absorflion F.Is for hydrcxyl gmup6 (j486 and jj65 cn) and

a c&bonyl goup (1712 cn').

Th. |E-NMR d.la (t blet2) of @mpoud 96 coublcd of proron E$.dq ar dH

1.,14, L36 ed 1.20 (.!ch 3H, s), for th. rtue mcihoxyl gbups !r lositioE 18, l9 dd

20, Esperircly. Thc PtoroB oflhc hydroxrrcrtylcne gloup app.rEd ar ,r 3.45 d.t
3-36 (dch lE 4 J= I0.8 nz). Tn porons ofd. n rbyld,c s@up a@b.d ro ih.

@boryl gmup appc@d d ,B 2.61 &d 2.45 (ach I H, ddd, J - 13.8, t 3.6, 4.8 Hz).

The "C-IIMR speti!,n shok.l a total of rw.ng cebon signals which wee

clssifi.d inio thre b.tiyk. nirc mcihyl.ncs, lb.. mcthincs ed five qur€tuy

cdboN on th. b6is of DEPT sp.ch.l salysjs, T1u.. nciiyl sblps Bonat d al ,c

30.7 (c-18),26.6 (C-19) and 20.5 (C-20). Funhcmorc, rhe NMR specllqt data of96

sho$td thc pFsence of orc carbonyl csler or acid (rct?5.4) ald one CH,OH gloup

(dH 3.4J, lH, d, J - l0.E llz, H,"t7i 3,36, lH, d,.t = 10.6 Hz, Hb-t7,rc 69.5). A

92



compdison of th. rH- ed 'rC-NMR dara of 96 wirh thos. of 95 sueg6ted rhar

conpobd 95 w clo$ly simils ro 9t qc.F rhat coBpoud 96 in@cd onc

d.sR or usnlstion &d los m cighr.en nol*ulr wjSbt (Hro molecul.). Ii
addirion, t. p.ak of C-4 (rc 66.0) {ne shiffed dorrnetd compaEd with $e carboh

si8!r1a1rc 76.2 in 95, ed the lak of C,l {rc t75.4) war shined upfield coDp&cd

*nn Oe clrbon at ,c 179.1 itr 9s. Ths rcve.r.d that conpoud 96 B a lacronc

'Irre HMBC NMR coretarioB (Fisurr7.2) funi6 con5med rh. $rucruhl

asigMdtl IlE *irr.tr. of rhe lsdd. rirg s cdfimcd i.b rhe HMBC cros

p.!k for H-5 io c.l8 bd cl9 ed H,l8 to c-5. similsly, $. prolons of th.

oxy8@ated n thyhne at ,H 3.45 ed 3,35 shoyed HMIC corctatiotu ro C- r 3, C- r 5

udc{6.

Il!@foE, bdsld on th. abore d8M6ts, conpoud 96 s ched.ii4d 4 er_ t 6/-

hydrcxyk.lr.F3,4.lactone.

'nr€ Elarive @nfigudtion of lhe hrdrcxym.$ylb.

confimed fFm $c ROESY coelatio' (Ficur7.3)

paonfisuarion for rh. OH grcu! an&h.d ro C- 16.

8 foud io be a which M
of l{"13 to H- l 7, thus tealilg a



ngue7.2 S.l..tcd IIMBC coEladoB of mpound (96)

FlgurFTJ: S.l..rcd RoESY @ftldioN otcmFud (9O



ctdrf 7 N.db aa dituk, tPet-&,

96) i! CtlCc.No. "CNMR (6f Muxiptigq 'H-Ntff.G) c.,piGforroe coooars.l""clitd-I 39.8 CH, liTn -.=-
l-8?, m2 32.1 C& 26l,ddd(J- l3_s,
13.6,4,E)
2.45, ddd (J= 13 8,
13.6,4.8)3 175.4 C -4E6.0C-

5 52.2 CH l.7q dd (J = I I 4, 2.4)6 24.9 CHr 1.42, m7 36.9 CII1 l_88, nE43.3C-
9 55.4 CH r23,at0 40,7 c -11 19.5 Cli: 1.52.n

2.02,mt2 26.4 CEr 1.52, n
l_79,b'tJ 40,2 c$ 2.09,n14 39.9 CH, 1_39,a
1.57, nl5 51,6 Cn ljt,ot6 79,4 C -t7 69.5 c& 3.45,d(J- lO.8Hz)
336'd('f= 10 8 Hz)l8 30.7 CH: l_.K,,

!2 25.6 cH, 1.36,,20 20.5 CHr l.2q!

.. &oad gdd: b. DEPT: c. tH-NMR; 
d. ]ISOC id*acti6

T.r,b-73: jE-NMR (3m MHr) dd '3c-NtR 05 rrlz) ch.sictl shit! of

95



7.13. 13419-Dihydroxt-3,Itdioxortis-lGetre (97)

(9?)

Conpoud 9? E isolatd ts colort.ss crysllls. Its doteuld fomda E foud

ascaHro. which B dcrc@incd by HREstMs {tM + Nal",/:355_188q @rcd

i55.1685) ed idi@lcd s.n dcg6 of unsloBrion. Thc Uv sFcrih oI 9
show{t nqiD@ ltsorFio. .t 216 m, indiqtiD8 lh? p'!ge of a @njugated

double bond. IR s!€crrun Ev4tcd sbcorprion! for hydrcxyl soups (J544 dd 1434

cdr), tl! @bolyl greups ( l?tz ed l6?3 cir') srd e ol€fin {t 459 cr,)

IE IH-NMR darr (TrblF7.l) of 9? dhibired pmlon siSrals for rvo nethyls at ,H

1.09 dd 0.91, a hydioxyD.lhyl.oc ar ,H3,42 (tH, d, .r = .4 Hz. g!19) bd

3.90011, d,.i- I1.4 Hz, H!-19), a hydrcxyhcihinc at dH 3.83 (tH, d. J = ]o l.tz. H,

l3) ed a lemiml ol.finic n.thyhn. .r r{4.79 (tH, s, I-irr?) dd 4.93 (rE, s, Hr

17).

ln dE rrC-NMR (BB ed DEPT) rpectra of@mpoud 97 {T!bta?.3), twhty cebon

6omca *E obe cd vhich wdc arsigDcd 6 1qo nedyts, eigbl nethytenes.

fou Eethincs md six quarmary cdbos. Six dcshicldcd sig.als in the 'rC-Nr\&

3Fcrrm [dc 219.2 (c-r5);21?.a (c-3); 145.1 (c-16); llt.2 (c,rl; 76.4 (c-l]);



chapt..7 R.tutlt and aicdsion tpd -B)

66.2 (C-19)l w.E a$i8!ed ro tuo k.rons, ore remi,al olcfin, one oxrseoatcd

m.rhire, ard oE oxygoat d nelhyl.nc. Th.sc obewlrioD i.dicaLd of lhe prcsencc

of fou .inss in 9?. The co&DEirc! of ,rC,NMR dar, of 9? wilh rhose of lh.

alboalisin A,re showcd il to b. an disec dcdvalive,

The EMBC aFcrrud (Fig{G?.4) of rT ihow.d @fthios bcrren Hr/C,1, H-

ZCJ. Mcl8/C-3, dd berwd H-7lC-15, I{-9lC-15, H-14/C-t5, indicadng rbal a

ketone ldc 217.a (C-3)] w6locared dt Cl dd lhe orher [dc 219.2 (Cr5)] wis

locrled ai C-15. Also,lhe coEelations b€!w@r H-5/C-19, Mct8/C-19, Md H,l/C.

13. t{-]l/C-16 provcd rhat tvo hydroxyl Stoups l@ local.d at C 19 ed C-ll.

The plaliv. stftochcmislry of 9? ws d.i.mined by X-6/ single-otsral srtucruE

d.tmi tion (figucTJ). Firally, th. sEuctE ot 9? w idodied a r34l9-

dihtdnxt-3,1 5iioxollisl6-mc.

Figun-?.4 Seled.d HMBC coF.hrioN of compound (9?)



chadt T R4utb uddi!@sioh tPd_Bt

Fi8uro-7.sr X-ay singl. crysrat srructuF ofconpound (r7)

T.bL-73: jH-NMR 
(3oo i4lzl Dd rrC-N,i4X, (75 MH4 ch.msl shrtu of

c. No. Muripli9lry
9) i! cDroD

C-NMR (6f H-I{MR (6) Couplbg

l
5
6

8

9
t0
u
t2
l3

l5
l6
l7

t8
t9

18,9

16.6

2t1.4
55,1
58.4
21,5

32.6

52.9
19.2
21.4
41.6

76.4

219.2
145.1

llt_2

2t,5
66,2

15.0

ct{,

c
c
CH
CHr
CB,

c
CH
c
CH:
C}tI
CH
CH:
c
c
CH:

cHr
CH,

clI,

l.l8,n
1.92.h

:.*.^

l.t6,n

2.32,m

16?, dd(J= u.2,?.6)

2.61,N(J= 11.7,4.2)
3.81,d(J=3 0)
2..28,n

1,09,s
3,42,d1J= lt.4)
3.90, d (.,r= n.4)

70

a. Brca.l Baad: b. DEPT: c.|H-NMR: A HSOC inte ctiod



7.1.4. l3l-Hydrory-3,15-dioxo.tis-16-ene (98)

H

(98)

Codpoud 98 a rlso obaincd d colotls c.tslats .!d dr Dotculd fomula

(CroHrOt s dd.min.d by HRESIMS (M + Nal) r, 339.l94O; c€lc<l tl9.I 936).

Uv lp.ceu.li+hFd ruihM.berprion .r 235 !,r! indi{rijs rn pE*.cc oa!

cotrju8.t d d@blc bond. 'Ite lR lD.cnm @Bisrd of ah6.prio6 for ! hydrcxyl

srcup (3432 di), tlo csbotrrl gmu!6 (l?26 uit 159? h-r) sd & oLnn (136?

'fh. 
'II-NMR data (T.bl6?.4) of 9E showd linil& poron sisnsh * ih.r of

cohFud 9?. 'ft. singl.ls of rhnc m.thyh wE obs..r!d ,t ,Ht .08. LO ed 0.84 6
comp.rcd to @nposd 97, *hich slFw.d signale for only two nethyl soups.

FunhcmoF, th. lirnals for ! hydoxymcthin .r rH 3.84 (lH, d,./ = 3.0 Hz, H-ll)

ad a tcmimlolefinic ncrhyl.ne a14r4.93 0H, s, HrtT) ed 5.02 (lH, s, Hrl?)

Ihc rrc-NMR (BB ed DE?T) sp.crE (Trble7.4) of 9E slowd lwcnty carbo!

ltons, which consisted of thfte nethyls, s.v.n mc$ylen*, foui metbibs ed six



Chapt r 7 pruth and ditu,ion /pan_r)

qutcmary cebon!. Tlc rrC-NMR sp.crrun of 98 showcd cdbon signsls for two

ketodd .i 4 216.1 (c-3) dd 218.2 (Cn t, onc redinal obnn ar & I42.5 (C-t 6) tud

ll1.3 {c-17) ed one oxygdat.d n.thine ar ,c75.j (C.13). A conpali$n of rhe

sF.toeopic dara of 9E eith rhG. of 97, .ompoud 9S B Ioud vcry siDit& b
@rnpoud 97, except that rts hydrdyo.ttyl.ne at Cl9 (& 66.2) in 9? w6 Eploed

by ! neihyl (dc 26_4) in 98. All th. sigMenrr wr. co imed thtuugh 2D,

lechtuqud luch a HSQC sd HMBC (figuru_7.6). Bs.d on rb. spechal d.tE. tne

shlcnn of98 Bs cnsacl.n4d s Ur.hydoxyj,l 
'.dioxoans 

l6{ne.

risurFT.6r Sele.tcd HMBC corctatioB of cdpoud (98)



chatu7 R.rrta dd dnmsid tPd-Rl

T.Db7,t: 'H-NMR (300 Mltz) .!d 'rc-Nl,R (75 trH2) chhical shito of
98) in CDCIj

C. No. NrriR (tt B-NMR (D Colplpg

ct|l

cl!
c
c
CH
c&
cHt

c
CH
c
cE
Ctr,
CH
CHr
c
c
clll

ct{,
CII:

l

5
6
7

8

9
l0
l1
t2
l3
l4
I5
l6
t7

36.9

34.1

216.J
47.7

n.2
30,6

41,5
51.3
37.E
25.6
45.0
75.3
41.9
218.2
t42.5
| 11.3

2:t.l
26A
13.9

I3a.n
2.01,m

2.58.n

1.50,m

0.87, n
2.42,m

L74. dd (J= I 1.2, ?_6)

t.ta, ^2.E0, n
3.81,d (J= 3.0)
2.30,m

4.93.3
5.02, s
l-08,3

0.E4,3

IE
l9
20 CH

a, Brcad Bod b. DEpt: r,IH"NMA: .t FS1C kt tu latu



7.1.5. 16417,19-Trihydroxy-3-oxo-!tisane (99)

l
H

9

(99)

Conpound 99 M i$l.d s a whilc po*d., d{i irs fomda ws dsiSned 4
cxH,or by HRESTMS (M + N a). .1/z 3592193i cdcd 159.2198) The rR specrfln

shokd aborpion p.aks of hydFxyt group at j409 cm.r and cdbonyt group dr l7O4

Thc IH-NMR sp.criu {T.bter.S) ot 99 dkplayed rt. pEsrlcc of tqo medyt

gFups sinslcts rl dH Ll2 od 1.24. a hydmxydcrhylene gioDp at r!3.4s 0!t. d J=
l0.8HaH.-lOdd 1.520H,4 J= l0.8rLHrl7)edaseon<thydrcxyn.thylene

at rH 3.34 (lH,4J= I t.4 H4 HrlS) dd 4.M (lF,4J- 11.4 Hz, Htrr8).

TlE 'jC-NMR (BB dd DEPT) specrra of coDpoud 99 (T!ble7.s), hdicar.d lhe

pFtuce of two Dahyl rcn hcrhylenc, rhEe nethin. dd nve quaiemary cdbon

llomr. IE m.rhyt g@ps Een.i.d al & 20 6 &d 14.8 &d th€ prc*nce of ft€ two

hydoxyn thylen ceboB wa coDfined non lhct cdbon shin vab6 ar a.c 65.8

(C-l?) dd 69.7 iC-18). Tn. dolaficld sbjn v.lue al ,c 2rr.s. csrabtish.d fic
prctuce of i,he lcbnic c4bon (c_l) in rhe nolecule.



Chndo I R.,,tb ord tuion /pd-Bt

1} NMR dat! of 99 w de io rblt ofri. dis@ .titdpac, .,r_l6at Tdhydroxy,

3{ft (103).3u crc.lr tur the prsme of$e !yd&xyh.tnyj6. soup (c_18) in

99i6t.d of thc Deilyl g6up ar ,H LO3 in 103, All thc NMR o3lietuds i!
@opoEd I q@ vqificd silh rt! h.lp ofcosy, nSeC &d HMBC (FiguE ?.7)

NMR aFi66t3. Ttll+ chpo!trd I s EubiguoBly lr3igrcd .! t6r,t7,l9-

rdtrydroxy-3-oxo-ni3&e.

rtrrF7.7: Sel*Ed HMBC coftlalioN ofcoblound (99J

101



tu
cr@ta,7 neh, dd a@id tpd-rl

T.e-7.* 'n-N R (300 Hz) ad rrc-Nr,R 
05 Mgz) chcroicd slito of

3

5
6
7

8
9
10
ll

l4
l5

t6
t7

12
l3

l9
20

41r.4

36.0

217.8
55.9

20.9
40.8

33.9
52.8
38.6
244

332
u.6

28.5
53.!

75.2
65.E

59.7

Ctlr

c
c
CH

CH,

c
c!I
c
Ctr,

CH
cH2

CH:
CH:

c
cHt

CHr

CH:

1.12, E
1.95, -
224,n
2,?8, F

i.nt. -
1.66, D
1.E2, n
l-22,m
2.06, b

l.0l, dd (J = 9-9, 3-l)

3.lE, d (J= lo.E)
3.52, d (J= 10.E)
3.34 d (./= I1.4)
4.04,d(J=lla)

IE

d Brcad Ba,4 b. DEPT, c. |H.NMR: a HSOC intqktio^

LI2,s
1.24,s



7.1.6, 4,13/-Dihydroxy-1+oxo-3,4-secoaris-16-.n-3-oic acid (100)

HOOC

OH
(100)

Conpound l0{ a obtaircd a ! yhir powdr md i1s molecule fomula u
d.Lmin d s Crollror by ltr€SrMS (M + Nof '/r 373.20 ; catcd 373.199r).

Th. IR Aetu of 100 display.d abellri@ bads for hydoxyl sreups (1421 c;),
a ceboiylic &id (2939 ed I ?20 coi) 4d d otefin (! 438 mr).

Thc |H-NMR data (Trbt.-?.6) of conpoud r00 shoeld sinsler p.aLs of rJre.

nedryls.t & IJ7,l,l? dd 0.E0, d ol.linic ne$ylen a1&4.83 (tH, s, H,-17) md

5.00 (lH, s, Hrl?) dd a hydrcxynoilinc al dH 3.84 (tH, q Enl). The ch.mical sbjn

Elue .l rH 1.40 (lH, m) &d 2.?8 (lH, d, J= 2.4 Hz) *cE Nis..d to H,5 &d E-

12. Bt cliv.ly, o. th. haib of HSQC @ss pealc for thes polons lo their

coft spondi!8 cabon 8tons.

Thc 'rC-NMR (BB ud DEPT) sFctrz (t brs?.O cihibired twnry carbon siemh

which wcrc idddfied a! tlNe nahyhi scvcn melhylcrcs, four merhinc! and six

quarco.ry cdbo6. Th. upficld choical shin valu* !r dc ta.2, 27.5 and 1?.9 weE

6sier.d lo Mel8, Mc.l9 ed Mc-20, resp*dvely. Th. olelidic ncrhylene md



oxyg@Ld m.thine wd. otw.d at d. I t0.8 sd 74,9, GletiElt. Siniltut!, th.

t.ronic dd cdboxylic rcid tu'criotu wce idcitined by chdiclt shin va1u6 ar &

218-5 sd 179.4, Esp.ctivcly.

The NMR data of 100 r,@ cohpdablc lo rhose of utiquolin,r& *cc!r that lhe

$bof,yl grcup 3l t 216,0 dd a qutcmary C-aron ar & 4?.t in &riquotinr& ME

cpla@d by ihc ceboxylic atonyl grcup at rc 179-4 ed llc oxygemrcd qutcmary

C{tom !t ,c ?5.8 in 100. Ar no otner unsatuat.d tunclios exceF {or rhe COOH

group (dc l?9.4) appeed in rhe rH- dd rrC-NMR specr.a, 100 should lare a

iricyclic atnclw, which ned3 that ring A a clovcd. L rhc HMBC specrtud

(Fl$r.-7.8), qos lals wft obwed bct*ecn H-1, H-2 md COOIJ al ,c 1?9.4.

dd bctw.en H-5 @d lh. oxygcnat d quatmqy C.aton at tc 75.8 These indicated

rhal drg A C op.n betw..n C-3 md C-4, C-3 bcing oxidied ro lh. COOH goup, and

C4 bcing ihc oxyg.iat.d qut mary C{toh, ROESY coftlatiois (Figuc?.9)

b.t*En lt-9/H-5, d wcll B Ms20/M.18 Me20A4*19 Blablished th. ,-

confglFlion of H{ ed th. d-confi8u.lioi of Me20. Ihs, compound r00 @

.lsigrcd s 4,1 3rdihydroxyl4-oxcl J.$csiis- l6{nl{ic 4id



FlgrF?l: S.lectcd HMBC coElrrioN of c@poud 000)

Figure?.9: RoESY condaiio.s ofcompoud (100)



O00) ln CDCI'
c. No. "GNMR (6f Murrpqqt rH i6to|4E;-

(DEpT)- CoD3tdBJHH0r?)'

Trr,b?.6: TH.NMR (300 Mltz) !d ,rc.Ni,fi. (7t lvo{z) ch.oimt slitu of

3

5
6
1
E

9
t0
ll

32,3

2E.1

119.4
?5.8
51.2
22.7
30.4
47.2
44.9

25.0

44.8

2t8.6
43.1
\4.2
110.8

312
n.5
t1.9

CH:

c
c
CH
CH,
CH,
c
CE
c
crl
CH
CH
c
CH:
c

CH,
cH!

216, rD

2.60, n

1.40, n

i.rq,^

l-7E,m

2.78, d Q .2.a)
3.&,3

22E,s

4.83,3
5.00, s
1.21,t
l-19,s
0.80,s

t2
l3

l5
t6
t7

tt
l9
20 c

a. 8tud Bar4 b. DEP|: c t H-NMk.l llsoc htda.rbB

103



ctfldt 7 R.suh! oht di,.8k' tPa -Bl

7.1,7. 4J3/-Dihydrory-l+oro-3,+se.oatis-t6en-3-oic acnt
esterflol)

3
HTCOOC

OH

o0r)

methyl

Compoud l0l rc obtlinrd s a qhire powda ed ils nolauts fo@uta N6

dcrcmjled s CIHTOT b! HI€SIMS (M + Naf r/r 38?.2150i calcd 38?.2147).IR

spet m dhibitcd atcorptios Felk a1 3496.nr orydroxyl group). l?2a cnl

G&bonyl s6up) hd 1438 ch''(olcfn).

'n. IH-NMR sp.cau (t.blc?.7) of l0l indicrt.d th. lc.ncc of foE mcthyl

grups al dh 1,26, l.l1j 0,80 (eon 3H, s, Mr18, 19 ed 20, Esp.crively) md 1.64

Og, ., CII3O-3). ft. lrotod oJ lhc oLfini. mcthyl6. v@ ob*dcd at d a.82 0H,

s,H,-17)ands.00 (lH. s, Hrl?), wble that ofoxyeenaled n.t\in atashiivalwof

dx 3.E4 (1H, d, J = 2.7 Hz).

llE rrC'NMR (BB sd DEPT) spetra (Trble?.7) of 101 showcd rhe !6once of thc

cdbou of lou octhyl groups ar ft 34.5 (Me-18), 27.9 (Mel9), lE.1 (M.-20) ed

51.8 (orygenated) The pr*ence of olclinjc nethyhn cebor *r, eviden€d at rc

I lo.E (C-17), rtd.as t\c estcr ald tctonjc caftonyls qrE obaePed at ,c 175.2 (C

l) and 2l8.5 (C-l4), rcspeclivcly.
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Ch@td 7 t6'r's @td dit@kh OtuA)

I! c@Ddis of its rn- ud |,C-NMR dili wiltt $c spcr{ dltl of l0O i ti@t d

rhdtr !o b. sinild, cx@pr $ cohpoud l0r had !! lddilioDal ndlDxyl goup at ,c

51.E, dd dcductd ltE -COOCHT ar C-2. All u. NMR signmcnG Mtt also

confim.d by wins 2D-tehliqucs slch as COSY. USQC ed HtvGC (Figurc- 7.10).

Thus, th! sirucrE of 101 w6 sri8led s 4,t3r-dihydexy-14-oro-3,4_sco.tiet6-

a-3-oic ai.l d.thyl estd-

HrCOO

riguFT.l0: Sd.ctcd HMBC comtauons ot @mpound (t 0l)



TrDbTJ: 'Hn0rR O{0 MHz) rad rrcmm. pr ratl "r-;"rt .g5 o4
dorl hcDo.cNo. qc{r.{n(6f L4ddFF TII.NiAGG,4E

- __ @g,p& qesEi.Jildtf-

l.(rcHt

5
5
1
t
9
l0
ll
12

l4
l5

t7

2366
221,6

ico,'

r.{O,n
1.49, n

i.z.^
1.7& h
r.90, e
2n,dU-2.1)
t.4dQ-2.n

2$,.

4r2,!
5.00,s
1.26 !
l.lt,r
0.E0, t

2

3

r8
l9
m

28.9

t752
51.8
75.7
5t4
B.l
306
OA
45.0
41.5
u3

152
7'32
2lt5
111
142"5
u0J

34.3
n9
ll.l

clt

qt

cIL

c
Cxir

CH
CH

cqt
crt

CIlr

a. MW h DEn: c' +tY{. A llloc btudta

111



7.1.8. laJa-Dihydroxy-€Ilrbiet -804),r30+dien-l6,l2-olide (102)

CH:
20

2

l
HO\\s

H

8

002)

Conpoud r02 was obrained as a *hite posdd. Irs molcculd lomula ks
esrablished a! CxHrO. by TRESIMS (M + Naf r/z l55.t88li @hd 155.1885).

The Uv slectnn showd abso4tion mdiFw at 291 m. indic.rins lne p8ence of

conjugaled doublc bonds in rhe Eolcculc. Thc IR s!@rrun of 102 showed absorprion

bdds of nydroryl 8lorps (3,134 cn r), . .dbonyl Bmup (172? cm ) and two cdbo.-

cdbon doubl. bonds (1662 cr' ed I608 cd ').

Fod terriarr ncthylsingleh ar dr l.89 (CHrl7). 1.24 (CHll8), 1.23 (CHr t9) and

1.09 (cHrlt) @c obwed in th. |H-NMR sp.crnh (ftbtF?.q of ro2. Tnc

orygdltcd de$jlca @rared al rr3.85 {lH. dd. J= ll.l, 3.9 Ha H,l),I63 (lH,

d&.r= 12.0,3.9 Hz, H-3) and 5.23 (lH, dd, J= 13.1,4.J Hz, H'l2).nd m olefiric

ploton appeand at dr6.30 (l H, s, H- 14).

Twaty cibon Esol@6 (6 " c; 6 x cH; 4 x CHz;4 x CHt lpp.arcd in rl& rrc

NMR spetlm (T.bl. ?.3)- Eighr sienls in rtrc rrC tOm rpedm trc 175.i (Cl q;



152.9 (C-8): l5?.2 (C-13); I t5.9 (C,14)i 4.2 (C-15) 75.a (Cl); ?4.9 (c 3)i ?64

(C-12)l werc dsigned to on. cdbonyl 8Dup, rwo otefiE, ao n@ oxyg.Dlcd cr{
goups. Coepdison of th. NMR dara dd noleclld w.ighr of 102 with rbose oI the

cponcd compoud hclio*opinolide A,rt7 indi€rcd ! sinit&jry of sp.cr,?l daq
qepl fo. thc pscnc. of e additional hydrcxyl group ir r0z. .ftc 

to€tion of lhe

additionol hydoxyl Stoup B assigncd by HMBC corelatons (Figurer.ll) ed
ROESY corclatios ar C-l (Figuc?.I2). Tbc l-OH w6 a_oncnted on $e basis of
ih. ROESY coRlrtioro of H.l/H-9 &d H-l/H_5, which B also suppone{t by |he

coupnDg coGteE of H-l (J r tl_I, 3.9 Hz).rr3 j-OH B also d_olic,ied by th.
ROESY comhrion of j /H-3 dd H_5/H-3 (Figure_7.12) and lhe colpling

con$ants ofH-3 (./ - t2.0, i.9 Hz). IteEfo€, cohpoud 102 Ms detemin d N

l4la{ihydroxy-erhbieta_8(14),1 3(l 5}did_ I 6,t 2_olidc.

cHr

Figuc?.t l: Selcdcd FMBC corclatio$ ofcoDlourd (r02)



chadl7 R2tu14 and dis.$!i^n tPd-\)

.,,,1r\\o1i li

4^il==

Fig!..-?.12: ROESY cofttalioN of@npoud (102)

T.Ue7r: 'H-NMR (3oo MHz) dd 'rc-NMR (75
:102)incD.N

MHz) chemicat shins of
C.No. C-NMR (6I M!ltiplicirl

|DEPNd
'B-NMR t6) C@ptDg
CoNldts ./* (Hzld
1.85. dd (.,r= I Ll,19)

8

l0
u

75.4
J9.4

39,7
53.2
23_5

37.0

t52.9
52,8
41.7
ll.0

76.4
151.2

5.9
ll4_2
175,3

29,0
I l.?
r6.0
8.4

CH
CH,

clt
c
CH
cHr
CH:

c
CH
c
CHr

cl{
c
CH
c
c
Cllr
CHr
cHr
CHr

2.27,d

3.63, dd (./- 12,q3.9)

|.16, dd lJ = 13,2,2.4)
1,82,n
2.t4,ddnQ=v.4,
14.4,5.1)

:*.^
2,38.dd(J= r L7,4.2)

4,34, dd (J = 12.3, s.7)
5.23, dd (J= 11.r.4.5)

6.30,s

1.89,s
1.24,s

1.09, s

l2
t3

l5
t6
t1
IE
I9
20

o. B.Nd 4and. b. DEPT, c tn-uun: a ttsgc int*rcnot



7J. Ktrowr compounds isotaaed f.od E. n.riilolia

7.2.L E n t-16 a,17 -Dihy droxyatisan-3-one (103)

003_)

Compou.d 103 B sepdnlcd s d while soljd &om lhc .uyr acetatc ri"crion Thc
mor<ut& fomula of rhis compomd was dcv.lop.d a5 cz0Hnor by ,H 

, ,trc-NMR

dd ESIMS &atysis *,$ch gsE a not.culor ion.dducr ar dz r43.t [M + Na]t ii

Tic NMR dara (TNble,7.9) of compound 103 was found rdenlical to $e kroM
codpoud.,r-t6a.l7-dihydrcxyaihm-l-one,rfi 

hponanr NMR a5sigmenc of 103

indude rlu€e m.thyt prcloro singld ar ,H r.to, r 06 ed Lo3. doubl.F o{ the

hydbxymcthyl.n pmrons at,H 3.42 &d 3.j6 (.,r = lo.x Hz, HrlT and Htst?,
resFcriEly) ard nulripters ofrtulc ncthines p.oroB at d! 1.40 (H_5), 1.66 (H-9) url
L86 (H-12). h r3c-NMR, 

signsh ar ,c 26,4, 2l.8 ed 13.7, werc 4si8nerl to rh. lbrce

m.thtl gD!p6. n kbne dd hydoryDcthyt.ne carboE w& toud at cabon shin
valucs ofdc 217,? and 69,2, Bpecrilrty. All orher sFcrral a$sgnhcnk weE in
rgEde to e,r" l6aj I ?dihydnxyllis.3-onc.i$



T.ttD?.9: |H-NMR-000 
MHz) snd IeNMR (75 MHz) chcoicE] shi&s

loJ) in CDCIr
C.No. C-NMR (6). Mullipticity H-NMR (6) CouPrjt

2

l
5

1

8

9
l0
II
t2
t3

l6
t7

IE
l9
20

CH:

c
c
CH
CH:
cltz

c
CH
c
CHr
CH
Ct,IZ

CE?
CH:

c
CHz

crt

CH:

34.2

2\1.1

55.8
t9_8

38.9

33.1

5l.t

23.2
32.3
214

21.4
52.6

69.2

26.4

t3,7

2.J8,m

0_78,n
2.15,h

1.66.n

i.rt,.
1.86,m

1.88, m

l.t6,h

3.42,d(./- 10.8)
3.56,d("r- 10.8)
l.l0 s
1,06, s
l.0t, s

a. &oad Band: b. DEqT: ._ tH-NMR: 
A HS}C netdnot

7.2.2. (l6X)-16,r7-Dihydroxy_en,kaurar-3_on€ 
(104)

Conpoud t04 k4 isohr?d frlh ,hc e$yt ,cekr. lrahor os white potrdd t\
nol.cur& fo.mura (c 4rot of}es *i.btishcd by uing NMR and Esrivs eatysis
(4oreuld io' addud {M + N.l' .r 343.3 in p$irivc honc).

It TH,NMR spccrnh (TrbLLl0) of 104. dispray.dprcron siseh forr}te netLyl
groups ar dH 1.06 (6H, s, CHrt8 and CHi20) and 1.02 (3H. s. cHr19) Ai AB puir

otdoublcts (,/= Il.4 Hz),ms observed ar dH 1.65 (H,"17) and t.77 (Hrt7).



ThG |tc-lnn sperM tr.b,td.t0) pos.d tvElty @bon sigI.rs. DEPT

rp.ctit ady.i. s wd b ctd!.rciiz. thc w6ry @rton sigI!]!. rhls showinS rhc

Ptlsc. of thEr mcthyh, lin tnctbyl@a, tbe d.rhir6 aDd tvc quar.nary

carbo$. Thc metyl $oup€ }trc ob3crcd to rclolarc ai r. 27.4. 21.1 and 18.0. TtE

pEs.rcc oIOe kctonic tunctio! ir lh! nolecuc *s dere.ted at carbon shit value of

,c 2t 8.5 (C-3), *hccs thc lydloxyDcthyl4 clrhor at & 663 (C-l ?). The 'H- !l1d

'rC-Nm spccta aro ot rot edt nlrch.(| wilh lhc Epo.t d conlound, (l6ilE

16,l ruihy&oxy{rr-Lrw-3d. d ttt o}lnoe.a

004)
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T.Ud,lc 'H-NMR (300 t"trIz) and 'rc.NMR 05 MHz) chcDicrl sbrns of

c. No. C.NMR (6f Msltipligity
lDEPT)-

H-NMR (6) Colplils
c6l.lts JHH (Hz)d

1

2

5

I
9
l0

l2

l3
t4

l5

l6
t7

]E
l9
20

19.1

34.2
218.5
41.3
54,4
21.8

41.0

44_6

38.6
19.0

26.2

45,4
17.0

52.8

Et.9
6A

27,4
2t.l
rE_0

CH,

CH,
c
c
CH
CHr

CH:

c
clt
c
CH:
CHr

CH
cHz

cr{l

c
CHr

CH:
cH,
cg

2.46, dd (J= 8.4, 6.3)

1.38, n

1.49,n

l.6l,n

r_08,n

1.50, n

2.05, n
1.61, D

1.39,n

ltz^
3.65,d (J= I1.4)
t.77.d (J- |.4)
1.06,s
1.02,s

a qrcad Ratd: b DEpT c tH-MnR: d HSAC intewtio4

723. Irycnol 005)

Co6r.urd 105 B obLi!.d $ wbjt. $lid &on th. .thyl -etate fr:ctior Moleculr

fmuh otui! c6Fud w &@d c Cariroj with dEn b of ,H-,rrC,r,lMR@d

ESIMS salFis, whft noLcdd ion .dducis vft da@t€d at r/z j7l .2 lM + Nrf
in pGitir& sEde &d.l D/z 34?.1 tM-ll i Eeftie Dod€. ft. ESrMS shoNd

nolcculr jo! Fa& ar D/z 371.2 M * Nef in positiv. nod€ ad ar n/z 347.I lM-l l.
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in n€gative nod.. Coft.spondine ro rh. nss (34s an.u),lhc mol.dle fomtrla of

105 Es dedu.ed s C2oH,rOr rhrcugh NMR spedFl d.la.

Fron NMR dlla (Trbtc7.ll) coinparison, ir r{s clearly nvcded thal compomd l0s
w.s sinite to rh. wllkroM dii.rpcDc nm.d jngcnolri. prctoos of the fou!

odhyls. onc hydrcxyncthyloe, lw! hydtuxymclhir$ and r*! olctiG w€rc foud ro

E$.at 
'r 

(r! r.05 (3H, s, Cli3-16), r.li (3t{, s, CHrr4,0.93 (3H, d. J_ 6.9 Hz,

cHrl8), 1.82 (3H, s, CErlg)1, [rH 4.]4 (2H, br.d. CHr2o)j, ldn 4.33 (lE, br.s, H-

l),3.?8 (lH, br.s, Hl)l ed IrH 5.8s (rH, b!.s, H_1). 6.02 (lH, b..4 J = 4.2 rL, H,
7)1. rspetiv.ty. rrC-NMR 

speclrum (Trbr._?. ) of 105 3hokd s,snats for tw.nry
@bon erons, Ahon$t rh@ kE fou! ned,yts! rqo dcthlM6, dgnl aetbin6 ed
sir qElcma:t qbons bs.d on DEPT rydral datysis. cdbon shift vatucs al dc

2E.7, 15,6, 17.7 and 15.7 wce alsigned to the four methrl @mn' wn.es rhe shit
valu6 !r di 66.8, E0.2 0!d 75.1 b.loD8.d lo o.c hydoxyDcrhylcne (C-20) ed lwo
nydrcxync$in6 (C-l md C-5), ,!s1Eriv.ty. Tqo dowdcld carbor si$als ar dc

64,4 od 208,3 le obs6d due to d oxyge.ar.d quornary csrbo! bd a kelone
c&boryl cd!or'. Especrively.

l

18rr1",,

H:C
l9

ou

00s)



T$lF?.!1: TH.NMR (3oo MH4 add rrc-NMR (75 MHz) ch.hicat slifis of
10s) in CDCI,

c.NMR(6)qC.No. Mulliplicity
(DEPT)-

'H-NMR (6) colplint

I
2
3

5

1
8
9
l0

12.

t3

l5
r6
t1
18
l9
20

129.2
140_6

30.2

?5,1

1t9.4
t27.1
44.2
208.1
12.8
39.t
3t.2
23.s
21-0
24,0
28.7
r5.6
17.7

15.7
66.8

cE
c
CH
c
CH
c
CH
cE
c
c
CH
CH:
CH
CH
c
cHr
CHr
CH:
CHr
CH:

6.02,bt.d (J = 4.2)
4.l0,brdd(J=4.2)

2.35,tu
2.24,m
0.69. dd(J= 15.0,8.1)
0.EE,n

1.0J, s
Lll, s
093,d(J=6.9)
1.82, s

7.2.4. e3A)-Eupha-E,23-diene_3ll5-diot_7,1r-dione (r06)

Conpoud 106 ru ctso ohai&d froh tic ctnyllceiai. lncti@ s rvhire powdd.

The hol*ula foduh Cxti..O.% dcteminc.t rhrcugt NMR slarEl ..alrsjs and

ESIMS ([M + N.]r ar 49l.d in Fsirirc Dode).

Tn |H-NMR 
dara (T.btn?.l2) of 106 eihjbited BoMces for rbe prorons of E

doublc bond ar ,H 5.59 (2H, n, overlapped), a secohrhry alcohol n.rhinc al dH t.3l
(lH, d.L J= 10.5, 5.6 Hz, H-3), a seondary nethyl ar r! 0_85 (jH, d. J = 6.7 Hz,

CEr-21) ard seven lenify methyh al ,s 0.91, 0.94, t.02, r.06, t.l l. 1.31 ard l.l2
(each, 3H, s).Ihc 'rC.NMR (BB dd DEPT) specim (T$re7.r2) of 106 showed

rrtrty carbon sjgnals, which wre diyjdcd ido €ight mcuryls, s.vcn merhylencl six

a ErcadBond:b. DAf c.ttt-NMN.d HteCua,a.tor,



m.t.l'insad e qua€mary cdboB arom_ Ilrc catoi! oflhc djsub6riucd doublc

bond lpFlrcd at ft 125.0 (C.23) ed 140.0 (C-24), whqos the csbons invorved in

i!. fomation of ts! conju8rd kerotrB cotud !r & 200.1 (c_?), 149.9 (c,6),

154.9 (c-9) sd 202.0 (C-ll). ln cohpdison of NMR spc*rl dau, 106 w6

iddlified to b. 3imil& ro rhc rclorred compoud, (2lr)-cLd€,8,23{iene-342rdio!

222A

006)

121



Cretu7 R&iB ard &rc/$tun OdB)

T.b|t 12: 'H-N},,fi. (3OO MHz) rd 'rC-NMR (75 MHz) cto,c.l ,irrB or
105) in CDCI

c-Nr,R (5fC.No. M!ltipligiry

1b

2b
l
5

6b
7
8
9
l0
ll
l2a
l2b
t3
t4
15.
t5D
l6r
l6b
17
IE
l9
20
2l
22^
2Zb
23
u
25
26
27
28
29
t0

t4,0

27.5

?E.0
34.7
rr8.6

35.9

200.1
149.9
154.9
38.2
202.0
51.5

45.1
4E.0
31.9

2E.l

49.t
18.8
1?.9
362
18,9
37.9

r25.0
to.0
70.9
30.1
30_2
21.8
t52
212

Cllt

CHr

CH
c
CH
cHr

c
c
c
c
c

c
c
cHr

CH
cHr
cHr
CH

clt,

CH
CH
c

CHr
cHr
CHr

H.NMR (E) CouPnng

3.3l.dd(J= 10.5,5.O

1"''

:

2.66 m

1.65. n
2.16,n
1.42. h
203, m

1-32.s

0.86 d g= 6.7)

2.25, tu

5.5q h

1.31.s
131,s
1.02, s
0.91,s
1.04 sCH

a Brcad Bdd: b. DE?T: c tH-NMR; d !r'f€ i,ttdoctitu



t8

(10?)

7.25. (?3i)-E rpha-813-diene-3lls-diot-7-o.e (r07)

Conpould 10? w$ llso ielat d f.!ft th..rhyl a€taie frscdon s while povde!. Ti.

molmld fors a Cig.'G ws d.v.lopcd ftlud NMR s!.cr.al dallsis dd

ESIMS ([M + N.]' al 479-4 in posiriv. nod.).

The |H-NMR 
data (Tabtc?.I3) of l0r showed signals for lnc porons or a doubto

bond at ,! 5.55 {2H, m, ovdlapp.d, H.23. 24), a *codary atcohol nelhine at dH t.28

0H. d4.,r = I 1.5, 4.5 Ha H-3), a *conddy n thyl ar rx 0.80, (lH, d. J - 5.7 H4

CHI2I) ald svd l.rlizry n€rhyls ar rH O.?1, 0.8?, 0.96 , 1.00. 1.02. 128, 1.28

Gach,lH, t. TheirC-NMR dara (Tabk.7.l3) otl07 showed rhiry carbon sisnah.

'n** sislals \@ divided i o eidr m.rhyr., eist h.r,\ytenc* six m.rhines sd

eig qu&mffy csrbotu aloN on rhc bdis ofDEpT sp€.tnt .Dlysis. IrE Ebois

of th€ disub$itutcd doublc hord tBonarcd ar rc 12j.5 (C-21) and ]]9.5 (C-24).

sh*cd rh. cadonr involvcd in rhc fomaion of a oonjugaFd k.tone siBnal.d at dc

198.5 (C-7), 138.9 (C-8) dd 165.5 (C-9). rn compdison ofNMR daq coopoud



chd.r 7 x@1!b od di!tusi.h tPd-B)

107 E fobd sinild b $e Eportcd cohpoud, (2tr)ap!a_s23ni€ne-3A25.diot-

r|blrF3: 'H-lirviR 000 rvtHz) &d rrC-NMR (75 lvrH2, chemc,l shrir! ol
r07) in cDcl

C. No. C-NMR (6y MultiPlici9 'E-NMR (6) Colplilg

2r
zb
l
{
5

6b
7
8

9
l0
ll.
llb
l2a
t2b
tl
t5a
l5b

l5b
t7
t8
t9
20
2l
22a
22b
23
24
25

21
28
29
30

j4.1

27.5

7E_0

19.0
4E.2

35.9

198.5
i38.9
165.6
39.4
23_8

30.0

,14.8

47.8

28_6

48.4
16.0
18.7
36.1

t9.2
3E.4

125.5
r39,5
70.8
30_0

30.1
27-4
t5.2
24.5

clL

CH:

CH
c
CH
CHI

c
c
c
c
CH:

1.67, n
328, dd (.,r- .5,a.s)

2.41.m
2.18.D

2.37,n
2-24.m

2.13,n
1.35,n

0.71.s
1.02, s
i.55,m
0.80.d(J=s.7)
r_62,D
2.j2, a

1.28,s
1.28.s
1.00.s
0.87,s

cHr

c
c
CH:

CI{:

CH
CH:
ctt
CH
CHr
CH:

CH
cl{
c
CHr
CH:
CH:
CH:
CH 0.96-s

a. Brca.l Band; b. DEPT; c. tH-NMR; d HS?C inteructiot



7.2.6. 3,7,12-TriacetylS-benzoytitrgot (108)

l6

"ts"\'
(r08)

H

Conpomd 108 B obtained s whnc towd.r &os thc edyl acelar a&ion. NMR

dat8 in €mb'mrion ro EslMs e.lysis (nor.cu!& ion addul ar d/z 619.3 IM + N4'

in posiive node) deduc.d a hol*uld fom!|. C,HoOr

NMR dara (Tabk-7.14) ol 108, wh.n cohped virh d pEliousry repoded

compoM4 3,7,12-hiacelyl-8.beMoylingol,re: dbblished thal tiey @ ide icol. The

|H-NMR s!.ctM indicarcd lhc prcFme of three e.ryl soups (rH 2.0r. 2.ll ed

2.21), one bei?oyl gmup (& 7.42. 7.57 and E.00), a tdsubstit!€d rlouble bond (rH

5.63), fou nedrin* co@cctcd to cslcr c.lbonyl grcups (d! 5.20, 5_36, 4.82 sd 4.90),

a vinylic nerhyl (rH 2.09), two r.niary odllls (6n 0.81 and ] 19) md re sconddy

metlyls (rH O-99 hd LO8)- In ItC-NMR sF.t o. (T"blo?.14), $irty thrce c&bon

si8ruls wft deleded Thc hultiplicni$ ofd.se 6bons wr detenined vil\ rhe

help of DEPT speclral malysis. thus indicatin8 d. pr.eace of eignt netlyls (rc 1l.7,



Cttuti 7 t6',ja ad ditsi@ Od-B)

16.4.17.2,17.6,20.8,21.2,21-3 dd 29.a),oE d.lhylcn (4 31.6)dn. Dcthin s (rc

25.3.29.6, 312, 4X.2,70.9,'r3.7,75.5,11 .7 tt r17 .2t &d fra. qulcrn ry @bos

(rc 19.8, 71.3, '72.2, 140.1 and 207.8). All th. NigMent! Mre coofim.d ihroush

T$b7.11: 'H-NMR (300 MHz) sd 'rc"NMR (75 MBz) cbeEical shilts of
108) in CDCIr

C. No. C.NMR (5I Multiplicity H.I|MR (6) couplins
DE
cH:

CH
CH
c
CH
c
cg
clr
CH
c
CH
CH
CH
c
c
Ctlt
CHr
cHr
CHr
CHr

I

2
3

5
5
7
8
9
l0
!l
t2
l3

l5
l5
t7
l8
t9
20

oRl

ll.6

29.6
11.7
12.2
\7,2
t40.t
?6.5
70,9
25.3
19.8

3t.2
73.1
4t.2
207.4
1t.3
t6.4
t7.5
29.4
t1.2
t1.1

170.0, r70.6,
170.8
20.E,21,2,2r,3

t28,7, 179.8,
110.0
1333

| 71.d(J= r4 4)
2.E0, dd (J= 15.0,9.0)

5.36,d(J=8.?)

5.63,s

5.20,s
4.82! dd (J= ll,l,2,D
t.60,n

4.90, dd (J= l0 8.3.9)
2.98,h

0.9. d (J- 7.6)
2.09,s
LI9,s
0.E3,s
1.08,d(,r-6.9)

2.07 (3Ir, s), 2.13 (3H,s)
221(3q,s)

7.42 (2H, E),7_57( l E,m)
8.0 @rl, n)

.. Btuad Bard; b. DEPI: ..
gtorp:trB.tuo|l gtoup

|H-NMR: d HW it .tuno6:e.1 .!yl

1?6



7J.7. (+)-Dialyrirgsresinol (r09)

ocHl
009)

The elhyl acaar. facion yi.ld.d @mpoud 10, in *lil. morphou posder fo@

olr l!. bsis of ESIMS 6.lysis (moleutd ion adduct ar ,Vz aal_2 [M + Na]. in

posirivc bod. d.l .r n/z {l?.5 [M ,l] in n.8ariv. modo folov.d by NMR dara

interpFlarion, th. oolccll& fomuh of6. .onpound vs d.duccd 6 C,HrOs.

h compdison of NMR d.r. (TrbleT.ts), conpound r09 b idcmified 6 a

fietuMic-typ. li8@, k on s disylingd€irot (+),rq ppiously i&tar€d ftom

Ca'sytha jtik/hit. Tht |H-NMR spechm cl.ety showed $e disr€nce of for

met\oxys I& 1.88 (12H, s)1, lrc hydbxys [rH 5.57 (2H, brt] dd rwo paiB of

equiv.lat ,e&atic poroi! Idk 6.sE (4H, d, J = 6.0 H2)1. The proton chenical shins

ir lhc rmg. dH 3.00-5.00, inpli.d rh. disrcnce of bis-r.Lrtydrcfum dng of a 2,6

diaryl3.?-dioxabicyclol3.3.0]octdc.rype li8nb. Thc ceco'liguntion of Cl dd C-

5 ws appaMr frcn proton shin lalu€s al rH 3.08 (2H, .n) fo! H-tand H-5 and 4.72

(2H, d, J = 4.2) for I1-2 ed H-6.Tho two aohadc nngs wE Fosnioned ro C-2 ad

C-6 in axiaUaial orie.t.atiol. whe.ele lhc absolure coifi8nFrio6 ar c-1. C-2, c-5

drl C-6 w€rc Bsigncd q X, s dcduccd fDn posidrc opticat obion, cdpoud

r2l



T.Db7.r5: |H-NMR (300 MHr) dd rrC,NMR 
05 MHz) chcnicat shifis of

C.No.
roD in CDCI

C-NMR (6)' 'H.NMR (6) coupling

2

5
6
8

54.5
86.2
1t.9

54.5
86.2
11.9

132.2
102.8
1473
56.5
134.4
'14r.3

55.5
102.8
132_2

102.E
t41_3
56.5
134.4
t47.3
56.5
102.8

CH
CH
CH:

CE
CH
CH:

c
CH
c
CH:
c
c
cttr
CH
c
CH
c
CH:
c
c
CH:
CH

l.0E,m
4.12,d(J=4.2)
4.28, dd (J = 9.0. 5.9)
3,9l,dd (J= 9.0,3-3)
1.08,m
4.12,d(J-4.2)
4.?8, dd (J = 9.0, 6.9)
r.9l.dd{J=9.0,3.1)

6.5E,d(J=6.0)

1"'"

3-88,s
6.58,d(J=6.0)

6.5E,d(J=6.0)

3.88, s

i.rs.'
6.58, d (r=6.0)

2'
3
l.OCHI

t
5LOCHT
6

7'
3-
3'-OCHr

5"
t"ocrt
6'

o. Brood Bo"4 b. DEPT: c 'U-ttUA: a. nSgC inu*no

7.2J. Prlmruinyctu JCZ (lr0)

Compoud 110 vas obbincd s a whjl. elid. NMR sp..hl [1eryreladotr dd

ESIMS Mlysis (hoh@rd ion adduds ar ntz 3l5. r IM + l f sd 357 L {M + Nal' in

posiiiv. nod. and a1b/z 133.0 [M-l] in nce.liw nodc) 6tablish.d its noldl&



Th. NMR dah (I!bl.-?.lq of 110 wc siEilar to a knoM dcoxypreussohefin

clll.d pdntuy.in JC2.rq Likc palmrumycin JC?,rq conpoud I lO showed $e

pEsenc. of lhlee dohatic syst.tu. Thc ploons of the @na1jc rinSs were found to

rlsot te in$cmse b.N@n 6fl 6.81-74t. An AB pair ofdouhle doublets (J= 18.0,

3.3 Hz) rcenared ar 
'q 

2.92 (H,-2) dd 3.22 (H!r). rE psence of a

hrdoxrd.iNne couphd io both H-2a od H-2b, Ms dedlced tion probn signat at

,fl 4.56 (l H, dd, J = 6.6, 3.3 tla H-3)- The !soc. oI a bold s'n8ter ar ,H 12.3 \E
indicalive of lbe existcdce of a chelated OH group ir d. notecute tn 'rC-NMR

sp..tM of conpoud 110. thc 6bore 6t lh. @mali. ri.8s sigtul.d in rhe rDse

bctwcen d. 109.0-162.2. IE caibon clMical shiffs at rc 201.1,41.5 dd 57.2 wc&

asisn.d to C-l, C-2 and C-3, t'pectiv.ly.

l0

ot0)

i,s
o

OH

r29



T,bETr6l TH.NMR (3oo Mfiz) Md ,lc-NMR (75 Mr{,) ch.nicat srur$ or
ll0) inCDCll

C.No.

3

5
6
1
8
9
10
l,
2
3

5
6
1

E'
9
l0
OH

201.3
41.5

67.2
98.8
138.1

121.5
l3?.3
t20.0
162.2
)2t.2
t@.1
127.8
I l8.l
)44A
113.2
t47.2
115.4
121.8
109_0

134_3

c
CHI

CH
c
c
CH
CH
CH
c
c
CH
CH
CE
c
c
c
CH
CH
CH
c

q-NMR (6I Muhi!licity
D

'H.NMRl6) Coupling

2 92, dd(J= 18,3.1)
3.22, dd (J= 18, i.l)
4.56, dd (J = 6.6, 3.3)

7.26, dd (J = 8.0, r.0)
7.45, t (J= 8.0)
7.00, dd(J=8.0, L0)

7.4?, dd (J = 8.0, r .0)
7.40, ! (J= 8.0)
7.0s,dd(J- 8.0, r 0)

6.8r, d4 (.,/ = 8-0, r .0)
7.33,t(J=8.0)
7.47, dd (..I= 8.0,r.0)

12.3 Or.s)

a Rrcad Band: b. DEPT; c. III-NMR; 
d. HSQC int.ruction!

7,2.9. (3r,5x,6i,7, )3,5,6-Trihydrory-?-mesastigin€tr-9-one (111)

Conpoud lll ws isolated f6E thr dhyl ac.(ate liaclion d colou 6s oily

substancc. I$ nolcculd fomula (CuHrO!) M dsigled 6!ou8h NMR sletral data

cocponding to a hss of 242 a.m.u (molecular ior adduct was obsewed at nvz

265.1 M + Nal' in ESI positiv? nodc).

A .onpdison of rll. NMR d!r! (I.blc?.I?) of 1ll *nn tnc knom noliepEnoid,

nd€ly (3,{,1x,6x,78 )3,5.6-Tiihydroxt-7-negstigmd-9-onqre5j$..r"tti"t'.d ri.t

rhcy @ lhe she The |H-NMR specnan of lll, indjcat d the pesence of sirslds

fo! fou methyls (rH 0.E6, i.17, 1.28 dd 2.12), fou aliphalic prctoN (JH 1.60-1.88,



Chdt 7 nqtu dd dirBid 0d_81

D), . hydroxyh.thyl@ plolo (rs 4.16, r\ H-3) ed leo rdr.ot.finic lroto$ (rx

6.37 dd 728, ..ch UI, d, J- 16.2 H2, H-7 sd H-8, EsFctiv.ly). r3c_M!m (BB

&d DEPT) spccb| (T.btc7.l?) lhowed a iobl oflhjn@ calbon signab elich ilr
idc'litr d r! tuur ndhrb (& 25.8, 26.E, 2?.6 ed 2E.0), two Ecrhyla.s (& 45.4 e.l
45.O, . hydioxyEclhiG (& 64.4), tso olcfric c{t@ (ft t3t.j ed 149.0).lhc

qudemrrycdboru(t 40.3, ?6.6.dd 78.j) rut on calolylsbon (& 198.3).

orr)

rt1



c[e6,, d,dttut9r,lPeE

* r, filffi,@ ed Ec-M,rx. 
05 Mr,) d6ic,l lbb or

c.No. '?rME-lEIEry----E- 6i6!iE
, ,u_ gxsrf 

' 
lr*mj,r'diF-

3
45.5
tt{
15t

?tt
7t.5
149.0
13l3
1903
25.8
28.0
n5
26.8

cg1 1.60,mqI 4,16ncll l.Eo,d
1.88,m

5
5
1

9
l0
II
LZ
ll

c

cII
CH
c
cr6
(x!
(tf,

e.t,ag-tu.4
728.d U - 16'2,

2.32,.
0J6 r
lra.
LU,.

B hud b4 h DEF[: c 'H.lIuE d. WC Nodi<'t"
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Chat4 8 Ebai@ntot 0d a)

8.1r G.nersl .+dmcDr.t colditiotrs

8.1.1: Physicql corstatrts

Optical rolations wqc dc!.min.d on ! !c*in-Etn* 34t potrinetq. Xdy
difnetior data was acqui*d on Brula difl@ionctd .qlirpcd wilh SMAI{T APUX

CCU ea d.rcctor lsins Mo trd lsdhtior I - 0.?1073 A.

8.1r: Spectroscopic techdques

UV sp*tn wF obt i!.d on ! Hjlachi U.3200 IV speropnotoncrs o hdh&oi s
solEat lR Accid w.E obtaiD.d sing a Ni@lcr FT-IR spehophotodeld NMR

sletra wE hodcd oD a aruId AMX 400 iErM.nr sing etvd rjt6 s
ErctuG. tlisl csotution .lenorpFy ionianion mlss sFct oncrry (ESIMS) wE
ftorded on a Midhs Q-Tif Clobdl mG sp.crDncrd &d elerroslmy io.ianior

mss spectonery wd Frfoftcd on . BDla EsquiF 3000 ?lE speFoncrer_

8.13. Cbro[letognphic r€chniques

CbsmalogFphic s€pdhrioE q.lc Ffomrd by lsing siti€ gel {20G300 eesh,

Qingds Maline Ch.micll Ud., China) RpnS (20-45 ra, Iuji Sitysia Chdical

Ld..), $phad.x LH-20 {2ct00 /n, phamacia). Itin layd clulmroeralhy (TLc)

ws pe'{omed on cF254 sith. gcl plat* (yanisi Hliyou Inc., china). AI solvdis

sed wee of cheniel 8!adc sd purcb4.d fon thc SheSlai Ch€nnal ple!

rt3



8-2. Euphorbio neiifotioLinn.

8,2.1. Pl.!t Daterial

Th. rt ms of f. ,rr!/o?,ia ME @llect d fFn Nont W@irisrzD FATA patjstan in

July 2009. Tuonomic identilicstion ws donc by prot Dr Abdu! Rsbid,

Depaiticnl of Bor&t, Univ€Giry of p6havar, pshawi., talisrd. A voucler

sp.cimm iunbq Ladf-622(pu) ws d.posned in the ldDdM at Dcpaflmenr oa

Bol&y, UniE6ny of pcshak, p.sha@. pokisran.

8.2.2. Extraction ard isoration

11. stqh ftru6 (5 kd w€E 3h!d. dncd 4d crushed. fte cosbed dricd sreds vde
exrractcd lhF. tines with ed&ol-watd (t x 5L) at @h lempfrrurc. Thc combined

dhd € concdrla|d udd rcuu ro girc a <tdk 6idE (646 g), which v6
susp.nded in war! ud |il6 slcc*iv.ly pafiiiioned wiih perrot um elhc, ErOAc,

dd ,-BUOH to affod petrcteum erhcr, EtOAc ed ,-BuO|l loh$tc fdctioc

(Sch€De8.l) The EroAc fraction (105 s) wa subjecred ro corlm cnomatogiaphy

(CC) ord silica g.l elurcd wilh perotcw .thd,e.lon€ (9orl0,l0:90, v/v) to obrain

six nsjor filclioB (A,F) (S.r.!.-92). A, B ad c ww nnihq ,ldticd rhNuch

flah colum chbnaiosFphy o, . Rp.l8 colum .lded wirh CHjOH.H:O (40:60_

45:55, v,!), thu fredon A yi.ldcd 95 (45 mg), 104 (t4 mg) ed l0S (10 ns).

fnction B yield.d 96 (15 Ds), 108 (6 ng) dd t09 (7 mE), fEction C yicld.d 9? (55

ng).98 (25 md, 106 @0 nc) dd l0? (15 ng)_ rrcrion D ed E vcrc p.sd
throlgh a S.lhadex LH-20 olDm {M.OH), ud rhq $qieed !o siti@ sel cc

McOg-HrO (45:5t65:35, v/v) ro eiv. 9 (r8 Ds), lol, (20 ns), tol (40 mg), lto
(ll nd ed lrl(1? ng). rnction F w6 fiBl dppticd ro a Rp-18 columh MeOH-



Chtutz,8 E Nnnentat tpod-Bt

HrO 05:25, v/r, follos!.d by puincation with a sahadd tJt_20 olum (McoH),

to .fiod 10r e3 bt) ad r02 (20 nt).

th.n ftd.d *jrh p.rblum .rhd

Sct.bF&l E\r&ton lld 6rcr 6znon fton E Ntiilolia



chrdea E mtikdtat tPdLB)

Silj.r !d CC Btis p.rEhor
dhc.{,o.. (micr0:e0,v^}

Sch.n}8.2: I$lation ofpur. compoun6 fign .thyl acaar i?crjon of E. aeriifoLia



&3. Chrrederizatior ofnew compou sfronn r.rirl.rlra

83.1. nnl.3,4-s€co-4,16417-trihydroxykauran-3-oic acid (9S)

Physicd Stat.: Coloules ot'srats

lall= -49.0" (. 0.4i, McoF)

IR ((3r) !nq: 3446, 2929, 1704, 16?5,

1452. I278, 1199. 1022 cn I

ESIMS: d/z 37? [M + Nlf
ERESIMS: rtz 37?.2408 [M + Na]]

(calcd for Cr0H3rO5Na, 3??.2404)

'H- ard 1rC.NMtu 
Se. T.blts7,l

HsQc:SdT.ble?.1

8.32. E t-l6p-bydrorylqu.rF3,4-llctoD€ (9O

Physicd ShE: Coloules lowdd

Yield:15n9

tdl#= -3E.0" (c o.oss, M"oF)

IR (Klr)!.*: 34t6, 3365. 2917, 2869, 1712.

t,146, 13?5, l2EE, I I 12, I022 cnl

ESIMS: nr'z 359 [M+N.f

I.IRESIMS: 
"z 

159.2195 [M + Na]+

(crlcd fd CxHnOaNa 359.2198)

rH- dd BC-NMR| S!. T.bt6?l

r$Qc:Sc T.blc7.2

137



833. 1341!Dilydrory-J,l$dio$rti!-tG.oc (97)

Ph)sical Stats Coloulers crysrats

Uv lnu in M.Ol: 236 m

tclil= +ao.o" (c 0.035, M.oH)

lR (KAt !.-: 3544, 343a, 299, 2869,

1712, 1673, 1459, 1403, 1062,540cltr'

ESIMS: nt 155 M + Nal'

HRESIMS; nt/z 355.1889 lM + Naf

(calcd for CaHsodja 355.1885)

rH- ed rrc-l.n"fR: sft T'bb7.3

HSQC:S4 T.blF?3

8.3.4. l3f-Hydrory-3,r5.diolosrtu-lc€D. (98)

Physical Statc Col@l6s crygsls

Yi.ld:25n9

Uv ld i! M.OH:235 m

lali'= +a6.d (c o.oss, M.otD

IR (KBr) !m: 3a32, 2937, 2656, 1726, 1697,

1608,136t, rlr4, r0?2,906 cnr

ESIMS: ntz 339 [M + Na]'

HRESIMSj/Z 339.I940 [M + Naf

(calcd for OotlaorNa, 339.1936)

'H- ond 'rc-NMR: See TabtG7.4



chadiS E ptrthantal cdt-Rt

HSQc:S.e T|bla7.4

83.s.r6417,19-Trihydroxy-3-oxo-stisane (99)

Physicd Sut : Coloul6s povdd

lal'J= +14.0" (. 0.05, McoH)

IR(KBt lndr 3409. 2954, 2869, t?04,

1450, 1376, 1278, 1033cm l

ESIMS: rvz 359 M + Nal'

HRESIMSTn/z 3592191M + Nal'

(cdcd for C!HrO.r{!, 359.219E)

rH- ed rrc-NMRi 
see T.bte7.s

HSQc:Sa T.ble7.5

PhFi.d Stlc: Coltul.$ powrler

Yield:20h9

[a]il= +10.tr (c o.l 15, McoH)

IR (KBt !nr: 3423, 2939, I 720, 143 8,

I195,1070,756c4'

ESIMS: 
'n/z 

173 M+N!l'

HRESIMS: r'r 373.2011 [M+Naf

(@lcd rd cxHxorN4 373.l99D

rH- mdrrC-NMR: S€c Trbt.-7.6

ttSQC: Sa T.bb7.6

8.3.6.4,13/-Dilydroxy-14-om-3,4s€coatis-lGer-3.oic acid fi 00)

139



8.3.7. 4,13/-Dlhydroxy-14-oxo-3,+s€coerb-16-€tr-3-oic !cid metbll
crt r(tor)

Physical Stdte: ColouLs powdd

Yi.ld: 23 ng

luli'= +r 3.d (c o.oss, Mcolt

IR (K3t !-: 3495, 2952, I ?24, 143E,

13E2, 12E6, 119?, l072ch'

ESIMS:ntz387 [M + Na]'

HR$SMS; D/z 387.2150 M + Nrl'

(calcd for CrgrONa 187.2147)

'H- dd 'rc-NMR, s* TrbloT.?

HSQC: SccTablc?.7

Physical SLqi.: lvbite .noohous lowder

Yield: 20 mg

UVLr in MloH:281m

ldlff- +?4 d (c 0.05, M.oID

lR (KBt !-: 3434 291?, 2875, l?27,

1662, 1608, 1452, llE8. 1022ch l

ESIMS: dr/z 355 lM + Nsl'

HRESIMST nvz 155.l88l [M+Nd'

(c.lcd f.r CbsnO.Na 155.1885)

'H- !"d 'rc-lll'R: se T.blo?.8

HSQC: S..T.b167.8

8.3.8. ta3a-Dihydroty-dnnlbietr-8(14t13(r5!dietr-r6,D-olide (r02)



8.4. Chrract riptioD ofkno*n conpouDds fron E. n.'ifotta

8.4.1. E rt-|6l,1?-Dihydrorylii..r-3-one (tfi !)

Physicd Sl.1.: whir. elid

Yield: 40 ng

ta#= -3zf (c 0.5, cHct3)

IR:3379,l7O2dl

ESIMS: nvz 341.3 IM + Nal+

ril- {d r3c-NM& 
scc r.b167.9

HSQq Sc T.Dle7.9

8,4t. (l6i)-16,17-Dihydroxy-€n&k rr.tr-3-onc 0(X)

Pbysicd Srar.: \rhirc povdd

ESIMS (+): tr/z 343.3 M + Nrl'
rH- ed rrc-NMR: se Trbl+?.to

HSQC: Sc T.blc7.lo

8.r3. IDgerol 005)

lhFical Slat : Wlitc elid

tcli= +ao.f (. o. r, MeoH)

IR (KBr)!h-: 3352, l?lO, I623, 1460 ctuI

ESIMS: n/z l?l.2 M + Nnl', 347.1 IM'll'
rH- ad rrC-NMRr 

Sec Ttble-7,11



HsQc S.c T.bl6t tr

E,a.a. @3t)-Euphr-E,23-dieD6.3pr5.diot-Z, -diore (106)

Physi.2l Strc: Vhiie Io$da

Ylcld: 20 hg

UV 
^ry 

in M.OHj 2?0, 202 nn

talf;= +6.80 G 0.15, M.oH)

IR: 3450, 1565,1460, 1380dn

ESIMS (+)i n/z 393.4 M + Nal'

rg- oa 'icllw: se rrtpztz
HSQC: S.. T.blc?.l2

8.4.5. (23E)-Euphs-8r3-diere-Slrsdiol-7-on. (r07)

Physicd Stlt : White gl|my sotid

Yi.ld: 15 mg

UV lm in M.OH: 260 @

tclf= +14.80 (c 0.21, M.olt

IR ((Bt qBr: 3412, 1652, | 456, l37E cr'
BSIMS (1): rvz 479.4 M + Nal'

rH- strd 'rC-Nli,IR S€. T!blc?.13

HSQC: Sc. IiblcT.rl



8r{.C 3,?,r2-Trisetyl-8-be.zoytiryot (r08)

Physical Si .: whitc pow&!

tatr- -62" (c 0.5. cHc!)

ESTMS C): r/z 619-l (M + Nal+

tH- ed rrC-NMR: 
Se. TlblF .l4

HSQC: 56 T.blezl,l

8.4.7, (r-Dtuyringrr.rinol G09)

Pbysical Stltq Whit. aruphos powd.r

Yi.ld: 7 mg

Uv rJn in M.OH: 210, 238 nn

[d]f= +l r 0o (. 0. r, csc\)

IR (X!t;il: 3380, 1600, 1508 cnr

EsIMS: 441.2 M + N!l', n/z 4l?.5 M nl'
!H- ed lrC.NMR: 

see Trbl.-7.15

ITSQC: S.c TrblF?.ls

5r"t),+"



8.4.9. (3R,5R,6R,7E)35r6-Trihydroxy-7-megisrignen-9-ore 011)

8.4.8. P.lharrmyciD JC2 (ll0)

Phtricrl Stater Vhite $lid

tolf;- +l3l.eo (c 0.5, cHclr)

lR: 3t39, 1655. 1609, 1515, 1454 cm l

ESIMS: n/z 35?.1 [M + Na]', 333 0 [M - I ]'

'H- end "C-NMR: sa T.bt6?.15

HSQC: S.. T!ble7.l6

rxr""rr-,"""\-.i-

PhFicd Sl.t : coloules oil sbsrdc.

Uv tJu ii McoH: 232, 206 m

IR (KBr) !tu: 3110, 1723, 1467 cn l

ESIMST n/z 365.1 [M + Na]'

rH- dd rrC-NMR: 
See TabteT.u

HSQC: So. ItbleT.lt

8.5, Sibgl.-crystal X-ny stru.tur. dererDiDtioD of .rr-3,+seco_
4,16417-trihydrorykrurrn-3-oic acid (9t

C&lllaor. M = 354.24j onhorhohh. spa@ gbup p2 
r; a =?.219(3) A. b- t ?. I I 8(?) A,

'- r8.863(8) A, d-90.00",p- 90.00.,/-90.00., /=2143.7(t7) A3, z = 4, d =

Ll86 y'cd, cryltal dinuiors 0.r5 x 0.18 x 0.17 m wqe u.d for n.asu@ent

on N SHELXL-97 wirh a snpldrc Donoctronaro!, Mo IC ndialion. The lo|6t nuobe!

of Eflfttions ncisur.d Rr 11, 301, of*hich 5046 wqe ob6dod, I > 2r(4. Iinal



ChatterS r,.etihulaltpa .B)

indices:.Rr =0.0519. rR,=0.1295. Thc crysrat srlclue of(95)ws elved by diecl

m.rhod snELxs_97 (sheldick, 1990) ald expdded usinS difeEnce Fouie!
ithliquc, rcind b, ric pmgism SHELXL_97 (Sheldliclq 1997) &d rhe tull,malnx
r.lsl sques cahlrarions. crysraloghphic data fof lhc $DcrE of (95) havc beo
dcpositcd in thc Cmb dge Crysirllogiapbic Dsra Ce re (dEFE$roD number: CCDC

84926).

8.6. X,ray litrglecrystrt srrucrur. derermD.riotr
orbydroxy-3J 5_diorortisl6ene (971

Cr0HrOa, ,U= 332.I9; odhorhonic, sp&. goup p2r; d =t 0_64(2) A ,= 8.0120 7) A,
. - rr.12 (3) A, a = 90.000, / = 91.98(ro, r, - 90.000, i/ = i I \ 6{4) A). z = 2, d =
1.341 g/cmr, crysral dintuions 0.25 x 0.20 x 0.20 mrn we!€ used to! melsuEnenr
on a SHELXL,97 silh a gphit€ r0onochsbalor, Mo tC radjarion. The robt nuDhd
of renedions mcsen d ws 4156, of lrhich 3603 ltE oDsepe4 / > 2,(r. Fii,l
indices: ,t = 0.07Et. ylr= 0.2358. The dysral slrudw of (97) w4 solved by diEct
chloDfod SHELXS-97 (Sh.ldtic( t99o) dd qpsnd.d ut.g d,narcnce Foqier
t.ruique, n:filed by the prcsr.m SHELXLg? (Shel&icL, r9r) ald rhc tun_harri,
le$r-squares catculatioN. Crysidtoglphic ddA fo. dc ahncr@ or pD 6av€ b€en

deposircd in fte Ctulbrjdse ClysrallosEphic Daia Cent!. (deposirion numbd: CcDc
84mT.

or r3p,r9-

145
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Plrylocheiltltq arrd Bfuradivw of
Sorbas hmn



Softw Iatu (D. Don) Schauer
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9.1. Fanily Rosrcele

Rosc€a€ @ a nedim sizd fanily compoed of.bour 3000 sp€dies 6d 95 s.neE.

Ite fatuily ha a cosnopotir& disdiburion od dp@!rcd j, patislan by 27 ecnera

dd .bout 160 s!.ci6, D4rjch dc derer.en o! dccidlous r*q shrubs, s!ftenrous

sbubs or p.Emisl hcrtc.rrt ttc fmily hs b"* diedql inlo f@! slbfanili6
nm.ly Roejddq Spia€oidae Matoide& and Ahrgd.toidea.. Th.lag.sr B.ncn
of thc flDily artr Al.hdilla (270 s!6i6), Sorbus (260 sr€ci6), Cd&su (260

sp€i.t, Cot@ster (250 sFci6), Rubus €50 s?eci6)s and ptuus (430 sp.ci.r.
S,'r,r is ! wlt-troq 8a$ oI Ros4.e foity vitn Ddy sp.crs find,ng lhcir lse
in t didolrl nc<ticina,rD

92. celus So/16

.t rr,r is a l'ge sds virh.bour 260 sp.ci.! conisring or &ca or shn6s. Tt y e
mairly distribut d i. lhe NonlEh Hhispb@ with a cmunborclr disrr.ibulion

(EmF, Nodlt Afic4 Asia ad nodhd Nodh ADaic!).rd Abour 70 speci.s of
.So',a hav. nor be6 .nEltigal.d 

for tn.ir cnmjcjt conmruenls, .xc.pl for rhe

speics virh v.ll-kmM dlmo€dicinat u4 $ch s S .ahrri?, a, s. .ohdi,ta, s.

atcnpaia. S. @.ticha 6d L dr.a,a, .ra,t!, spc.i6 hav€ b.o rcporr.d for lh.n
&lioxidltiE,{r{o a.ri{th@eaic.aff .hti,inllllmatory.s antiniabed.,.ts

vrepioicctive ed vasoclaxant@ acrivitis. ,nrcs. 
bio&tivilie sc consideed d due

ro rhc pEsene of phcnolic constituenrs. Nume.ous sleci.s of lhc Senus have been

'F€sligal€d 
for dtioxidadvc capaciti* due lo rheir torst ph.nolic conteds or.@trd

'rh* phclotics inctudc simpt. phcnolic aciG, thei! estds qn quun &id (no$ly
..frcoylqliniclcidt, navonots (querccrjn, kcdpfcrot ard snogulecrin),



Chap@g tnfuduction /pa "C)

athocyuirq (cyeiding

PoetbocyuidiN.{r'{@4

ddiv0livca) a.d laDn-rypc

9.3. Sr'6ar lanard (D. Do!) Schauer

So.D6ldera lho looM 6 hriry row whic.h is a sm.ll lrlc qirh whileruo y

floM clu.GB, foud ir th. HimalayB (Afgheist n 10 Ncpat). ftc loB @ tal8q,

elliptic-obovgl, with sh.llow &ture ed loorhed lobcs. Th. lcav6 ot1h. ptut ar.

hairl€s dbovc wh.i EdE, ud gEyish-while *oolly b.low, o. soherines had.s.

'ft. now$ @ whic, sce .4 l_3 o eN. p.rals e hsidcsi s9t6 e dem.ly

w@lly in dr. lMr h.ll The €diblr fruit ir tlUowish-Ed.

9.4. Plalmacological importroce of genus,torrrrt

'Ire cenu.Sofrlr h6 eidc tugiu phmroroeical appti€rioir. vdiou Sdrrls

sp€ciq hav. b..n L\.d for a wid€ variery of etbnoacdiql plop.nies, such s anri-

diarnoeal, dilEtk, altiinflabmarory, anti-dialclic, vasopmlecrve, bNncho and

vboreruMr lctivitiq, ud atso s por.ni &ioaidet agot3.rorr8ttl S. candntca

ha beer Epon.d for dE rqrnor of.ou8h, sslbDa dd olhd boncniar di$rdc6.rs

.S. d..ora Las bsn ued b h..t sylhptoN asocialed wiUl diab.r.s me itN.4rr Bdk

iea of ,t 44drDidana is lsed for thc tEarnenl ofnasea dd thc beris ee ch in

vilmi! C, hqrc. us.d ro rc scuva.i. ttc tu* orS aaarcrus rs a rmedy for

cowh sd it dliE c !*d ro hr srdc {BF.iall, }..n di@3) ed p6in Gon

ld€E @u&, whil. 1.a md. ioE il! bd* is sl$ E.d lo rFat EBea ad ro



9.5. Litenture survey on .50rr1rj tdrara

Ar tu &s liteEtw swey is concemcd, rc ph9och.mjql study h4 been Epon.d on

S. lorara. As a naner of fact, the whol. gens is linle *ploEd ed !p ril now only

2l @nFuds hav. ben ielnr.d nom 0!. @de gGN. A! lpdated di.v of the
conpoun& is pDvid.d in the Trbl69,1.

T.bl69.l: Ust of@mpou& ilola&d ila saB.rd6o
s.

23 -Dihydoxy.3',5,-
4149@(yb!!h.nyl

2 2,6-Did6lhoiy-.4-(2-
qqLoxylh.nyl)ph6ol

3 4-Hydrcxy-lJ',5-

!(]'!Dibedbxyphelyl)phnol crH"or
5 l,tDiDerhoxy-4-biDbcnllol crrHtrG
6 5,6'DihydrcGm.Oyl-2H-Dymn-2- qH,q s.

1 D4lEitol clH !06
8 2,4-Hqadidoic scid-(2t 4S).fom c6&q
9 L.ldirol c&,{,ro.
l0 Kmpf.mll.s.ntiobiosidc
ll crHaOr
t2 t
l3
t4
l5
l6
11 3-4t&D-GlucoprI!4yt{l-2}

l8
l9 S.xegulderm.3.slucoside
20 3-(4-Hydrcxy-3,5-

di@iboxr?h.nrlh&p@al
crLHtro. .t

2l c$ueor



Chtdd9 kbduli,, Ad-Cl

9,6. Structures ofcompouDds fuoht.d froltr gcDrs.Sodus

2,rrDnrydrcxt.3 . t nid.&oxybiFhotl 2,6Dmcddy-4-C2.mc$orylhcnytrh.nol

o

ttl

\o

4-HydFJs-1,1'J.tidhdrbiplayl

t.GD !'no-6rFdryl.2H-p'ra-2o.

.,\..\-l""

1.5-Din drdy-ltipn.nylol

H

2.aH.bdimh eid-(28 r6).fom



3+l'.D6l@',rm.r(l-2lr.DdFpyfl oid!)

t50
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Chepter: l0



Ihis chlpc! d..5crib6 inc ilotatio4 puiificslion, $ucnft .lEidati@ a.d diioxid..r

.uluriotr of fou na chmi@t coDsrituob (trtrrs) .long with etcv.tr Eponcd

(l 15-126) @mpou& Aon the wood ofso,r6 /@la Thc eponcd @npounds \@
holated for {r trsr Une ftom i.lE genB.ta,rrr with l]le cxeliion of conpou&
(r2r.-t24).

TIE plotoool foltowd for exrariotr iiln th€ po$deicd wood ol,r, taara was bsed

o. nudlrd .xtr&lion qit h.rhdol dd panitiodnS of th. Esltdt meth&otic
q!!cr wilh ltcx&., c|nobfom. crhyl acdarc lnd ,-bu(!nol, The crhyl &€rate solubtc

Eadion % rhd subjecd io a vuicty ofchronatognpbic n oods lor $c i$lsion
.nd pldliotion of.oDpour{r A,mbf of adtued sp..lrspic techniqu* krc
csricd oul ro chrEctcrize thc puifie<t coDpounds. TiG ,ujli.d @npouds q@ ate
ddut d for rhen biologicd sdvity i! the Diphoyhoyhyd.rzyl (DpprD Fdical



10.1. Structureelucidation

10.1.1. Sorlrnin (112)

of new compoundsfrom S. /arala

QcHr

3

5'
I
o

c

o

(t\2)

Io
H

ocHr

Conpoud 112 re obtajncd a ycllorish sllmy etid. Irs nolcd& Iomula

CrHuO6 war ba!€d on ll\e posinve HRISIMS (ntz 417.1293 [M + Na]': calcd

417.1314), lupponed by 'H-, 
rrC-NMR sp.cl6l dar.. The Uv spccrrun of lt2

shoxld maxinud absorprio! b6nd ar 274 nrn siric! is checte.isric of conjueared

doublc bondr. 'ntc IR sp.cmm sto$d absor?don p€at(l al 3393, 29j 7 and r 596 cn I

for OH, C.H .lipn ic ad C=C arc@dc sc.t hjng vibariotu resFcriv.ty.

The rg-NMR sp.clrum (t.bl. 10,1) of 1r2 shostd th€ pEssc. of h AX sonatic

systcn (iins A) *ith two Dcta couplcd proroB at ,H 6.78 (lE, d. J = 2.0 Hz. H-6) dd

dH 6.90 (l H, d. J = 2.0 Hz. H-8) including I nerhoxy srcup ar ,! 3.9? (jH. s, OCHr,

5) 6d m AMX dohdic sys€n (ri.g B) appced ar & 6.96 (l H, d, J - 2,0 Hz P,-2)

dd fi 6.9? (2H, n, H-5', H,6) along wirh a D.thoxy grcup ar ,B 3,92 (3H, 3, OCHr-

3).1a 'H-NMR spccrm nftlr.r showd (omatic p66n si8Mls ar d!7.32 (1n, n,



!ta"), dH 7.41 (2H, n.Ii-3 ) snd dH 7.55 (2rI, n, H-2,) ildicrtng rbe pB.!c€ of!
p!@yl goup (rins D). An additional 1tuce carbon sequencq CH(O)CH(o)CH:O wq

d.dued by th. pltfuc. of a do!b].r aenadns sr ,H s.ol (J = 8.0 H2), duhiprets al

dH 4.07, 3.59 dd 3-90, wbich w6 6ig!.d to H,2, EJ and gmiBt ncthyloe

ptutons E-9, Especrively.

Prcron-ploton coftlaiion sp.ctrcsopy ('HrH-COSY), hetdonuclear rutipte bond

corcl.tios (HMBC) and hamnucla 2-bond cofthtioN (E2BC) specrla w€E

helpful in dtablishing ine !re*nce of a phenyl proldc$': ui in rlz The rwo

d.shi.lded sisnrls at rH 5,05, a typical benzylic n.thirc md & 4.0? couptcd to sach

other, iEplying thc qisi.ne ofr l, 4-dioxm noict (nng C) berweo hro phenyl

Ihe rIC-NMR (BE dd DEPD specra (T!brelo.l) of ltz sbowcd rwo nethyls

(bol\ oxygemtcd), onc nethyl.D. (oxys.nated), nvelv. m.r.1tii6 (qo oxysenared),

dd eidt qut @ry aboc (fve oxysedd). Ahonse th.*, not ble sigMelrt

included tie dotrdeld sigDrls at d. 6l.?, 76.5 dd ?8.7 for $e oxye.hared cabons of

pllps. noicry tcH(o)cH(o)cHrol dd @bon shift valu.s at ,c 56.4 'd 56.2 for

thc Dcthox)s ol mg A .nd B 
'lsp€ctively.

I1E nigndadon tFlguGro.2) of @npoud U2 in rhe LC-ESIMS als gavc $m.

cluca about rh. baic sk.lcton of the nolccul€. AhhouE! aery fcw ft.8o.nt ions vere

s! in lh. ESI mss sFcldn! mc obso€d fr!8ndlt w supP.niv. of rhe

st!@r@ d€drc.d ibm NMR speiroscopi. rldr Th. G.end1 
'on 

al n/z 363 0\4 -

HICOHI- surDort:d thc ptsnce of the bydmxyhethylene goup i. lhe conp.ud

vhilc lhe fragrne ioD !t rdz 175 M - I - HrOl- wrs an indic ion of the lo$ of

*"ter Doleclle fiom tle sarne hy&oxymcthyldc 8mp. Finally 0rc DN p€ak al



ttlzv9 [M - I - CBHuOT] implcd a l€lro-Diek-Aldd qF ofnagmdr.tion ir l,4-

dior@ rins (rins A) ofUE pEdicr.d srruct!&.

Figurlr0.r: Scl6rcd HMBC dd H2aC @nelrhN of sldin ( I r 2)

riFcroJ: M6 fFtncntdion Plnm of $rlmin 0t2)



The abovc obscRarions sunDdiz€s ttrat u2 conujncd a phenyt eroup bridged ro a

phdtlpropao mil rlhugh a 1,4-dioxmc noiety, Tho tintrage b.rween the llo
ph€nyl ercups rbFuBh d l, 4nioe. bndge es inpo$ibl. to d.tcmin frcb d
HMBC spectM nle. ar notual.I,val!e (8H2). Th@foE, rhe J 

"alue F r.,r 
{C. H)

for r long-trge coupling a r€duced ro 4 Hz hd only rhd the HMBC cro$ p€aks

for H-ZC-8a &d E-3/C-5 w.rc obsencd.{J

The sL6cn nisry olH-2 @d H-3 mud tn chiEl @!r.6 ofrhc dioxdc rilg ws

d.d@d ro b. lra sing the valuc of couplins 6n51am (J = 8.0 uz) and rhcn

confmed tbrougl a two dimensional Nucled OvelharM Erect (NOE) NMR

dpcrimdr.!31r:' Thu l,}lc strLEtur! or comporhd 112 was decided ro be a1@&lR)-

l{hydrox}Tlthyl)-5-nelhoxy-?-phcnyl-2,3dihydmb€nzolblI I ,4]dioxin-2 yl)'2-

,.o

FigurcloS: Sclected NOESY 6E.ladom ofsondin (l 12)



T.ttrlo.t: |H-NMR (400 MHz) dd ,rc-Nr!8. (lo0 rdD) ch.micd shfis
$,l.!itr Ol2) i! CDCI

C-NMR (6f MultiplicityC.No. 'H-NMR (6) Coupliq
DEPTl*

2
3

5
5-OCH!
6
1

E

9

I

3',

l10cH,

6',

76,5
18.1
t32.7
149_0

56.4
103.6
t14.2
IOE.E
144.8
6t.1

128.2

t09.8
147.0

55.2

146.5

ll4E
120.9
140.9
127.0 x2
128.9x 2
t21.2

ctt
cu
c
c

CH
c
CH
c
ct!

c
CH
c
CH:
c
CH
CH
c
2xCH
2xCH
cll

t,ol,d!-/=80)
4.07, n

3.970H,t
6.?8. d (J= 2.0)

6.90,d(.r=2.0)

3.90,d

,.",t

6.97. n

7.32,n

. Br@.! Eand: b. DEP'.: c.tH-NMR: d HSQC intd@tnr

r0.r.2. P6h.we.h (rn)

Conpound (ll3) E isldcd 3 ttllowish horyhos Povdc. Ia tulauld fomda

cr{gaor v6 d.in c.d frcD flREslMs (tM + N!l' !t d/2 461 120? cdcd

461.1315), indicrlirs fouri.c! dcges of Bl!ftatior Thc W sp@tru showd

cndddimc .b$rpliod of dib.@nlls { 230, 262 trd 2t1 m's Tnc R

sleuu idlicdcd atqo+lio! tuina for lhe F.cM of hydnxvt (340I cr), C n

.liphrric (2935 m r) ald tronatic stEtchilg viu.lios (1605 h_')

r5t



llrco

013)

oll ocHr

'fte 'H-NMR dai! (Trbb10l) of 113 B qlire sinit& to c@lobd trz with

cFct ro ihe Fe@ of sigDds tor a ph.n propd. Eoicq_ Th. pes@ of s
AMX mmlic sylt n (dng E) wd d.dred from lhc plolon ch.nicat $iAs al

dH6.96"7.01 (3H. m, H-2,, g-s' dd H.6), irchdns a.tioxy srcw d dts3 .91 (lH, s.

OCHrS} The rh4 F.los of tnc AvO( srsrd (.ing E) arFsEd at rcry ctoe

chenicll shili valu6 and *@ 4signed to lheir epe.rive cdrbotu oo $e bdis of

h.conucLr singlc{umtM cofttalion (HSeC). Ttlc p!.qce or a rhG cdboo

scqrcE. tcs(o)CH(o)Ct{rol of a prcpan. moiet, Es d.duc.d by rhc obemtion

of 
jH-NMR 

sisnats r6o.adhs ar rh 5.06 (lH, d, H-2), rH 4.r0 OH, m, H-t), dH 3.65

0H. m. Il.-12) ed ,H 3.91 (Ifi. d, HFr2). Morcvc,, six additionat signals

,pp.ard in ih. proron sDeeu Gdt+10.2) ar &4_08 (tH, ! OCHr5), ,H4.ll
(3H. s,0Cb6), rH7.51 (1II, n,It-8), dr 7.40 (lH,n, H_9), dH?.32 (tH, n, H-lO)

dd d!8.06 (lH. n, H-ll). Thse sisnsjs wse identical io fie pturo! sisnsts ofe
pyrotun , ! dibenzofinn ppiouty isolat d tw Dru coru,,ir.ii

Thc 'C-NMR (BB dd DEPI) speoirufr (Tabte-10.2) of conpound llJ showed

includhg rhR ncrhoxys. ooc hvdroxyncr.\y.tue, nincnerb-nq



(t*o oxygenalcd), ed elev.n quaremdy cdbons Gisht oxyg€Dakd). The cdbon

signals at ,c 6l .9, 76 7 lnd ?8. I were dsigned to rhe oxygenat€d carbons of propde

doicry [CH(o)cH(O)CHro]. 'fhe doM,j.ld Fsondccs ar dc 142.4 (c-6b) ed 156.2

(c-7a) *cF duc rh. tqo cabone of Ue dibcEofine bddgcd $rcueh m oxyeen

A close coftl.tion ws foud bet*cen t]lc 'rC-NMR sLifl vrlues of tl3 and 1.2, 4,

hinelhoxydibenzotumj-ol (f-pymtue)4r6 wir,\ rwo @in diffeiences in chenical

sbins at dcll7.7 (C4a) atrd rcl20.4 (C-4b). Thse two 6sigmerh requi* rhe

ca$ols (borh 4. md 4b) to b. oxygcratcd in addilion lo rne two adjace cdbons (C-

5 &d C{) b.dils th. n.rhoxy sioups on rhc em. ring.

Illc nagncnrarion pan.n (ri$relo.4) of 113 w$ alno$ siroilai io cornpoud I12.

Thc fia8mor ion ar r/z 40? IM - I - Ecolll- sl?lon d thc pr*cn@ of dje

hydrcxynel,\ylene group ir lhe cohpound whih ihe tuslent ion !t nV2 419 lM - I -

HrOl_ $€s sn indicatioo 10 the loss of wter dole.de ton th€ sd€

hydrcxym.rhyl.r. srup. Finrlly thc nN pcal at r/z l?9 [M - I -C,4HbO,]-

inplied ! @to-Di.ls-Alder tt?e of fragm.ltation in th. l, 4dioxm. dn8 Ging A) of

HMBC NMR .xpdinml w scd i. conlmins th. !r*.nc. of vanous fraSncols

dd th.n comcctivity in Ltt dolccule, Tn€ HMDC c@larios (Fisfielo 5) of

ncrhyl@ic polon at dH 5.06 (H-2) io thc @E!dc nne (nns D on o.e hdd and to

rhc cdo.s of th. plopdc ercup on thc othd hdd, n lped in e*abUsning Lbe

pl.nylpropdc patl oflhe nol@lc. Sine il va not po$ibl. to *lablish d1e lin],ce

of th. dibauotra ald ph€nylproptc mils fton a nomzl HMBGNMR d!.dnhl

cadcd oui ar J = 8.0 Hz llcleton, te NMR exp€dmc r 
'as 

run tor thc conpomd



ll3 aftcr oFinizing thc J valuc for a loigjeSc coclarion to 4.0 Hz ard a dose

pear fo! H-3/C-4a wa obsed.d. Also, lolgjmse conelatiom w.e foud fo! the

lFrons ofthc Mo meihoxys lo c-5 6d c-6 on lins B.

TIcs obswations l.d s to prcpo$ thal conpoud U3 is a dibe@f@n-

phdyblopm. coE(Gd throud d l, 4-diox&e.ing. As in c6e of 112, lhe l|a6-

sleicochcnhtry of the protons dound $. chi6l cenlcs of l, 4 dioxm€ moiety ws

deduced ton "/-valuc compa.ison bd 2D-NOESY NMR expennent (figuret0.6).

'ntc coupling constml (J= 8.2 Hz) dd the NOE coftlaiion beNeer H-3 md H-2'

clearly shows lhe tarr-conligulaion ofthe chjlal ce eN ofthe 1,4. diorane iis.

Thc srfutw ofpesh.wrin wa thus chdaci.nrd d 4-((2X,lR)-3-(hydroxynethyl)

s.6-dinethoxy.2,ldihydrcbeEotblll,4ldioxino(2,3-elbeuofutu'2-yl)-2-

n.rhoxlThdol. a la€c mber of mlural ploducls havc b€en found conllininB

aioxme moieryJrl$lro ou kaowl.dce, peshawerin (113) is th€ nst eamplc ofa

dibei2otu@ linled throud a diode ing.

HrCO
401

3l
oH'.

t1

ocHt

Figur.- 10..r: M.ss lragne adon Panem ofP4h.wrin (1r3)
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FiguFlo.s: Sel4tcd HMBC corclatioB ofp*h.wnn (113)

FiguFI0,6: Sel.cted NOCSY cod.ladoN ot Deshawr (ll3)

I6I



Cl6b' l0 x.-.\,6ad,astd .tea

rl) in cDC
C, No, 'H-NMR (6) Coqtrg

@Erilf

It'lr; 'H.NMR 6(x) li.qt) dd DC+ n 025 ld&) .r'-"i-r ihilb of

cII
c
c
c
Cq'
c

cxr
cltql
c
cxt

clr

ClIl

cll

2
3

4b
5
tocqt
5

6b
GOC|Itt

9
l0
u
tl.
tz

I'

1'.Ocflt

5',

76.7
7E.l
t37.7
lm-4
137.8
513
l30l
lll.?
t1\1
516
t552
IIIT

13.0
tz23
123.6
61,

l2&0
1099
147.0

lt5.6
ll{E
121.0

C96m
?.01. D

cli
cll

5.04 d 6r= 8r)
+10,n

Itoro

1'Orro
753, r
?.o'r
732.a
1.06 E

365.D
3.93,6

5.99,6

3.t'3 Otl, s)

o, 8lood Bndi b. DBPT: c' E'X]l/,; d. IEQC tit o.tto'r,
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r0.1.3. Sorbrtrin (l1a)

OH QCH:

HrCO

3-

(l|4)

Sorbdin (lr4) qa obrained as a wbile anDDlrous solid rith rhe molecular lbm la

CaHliordeduccd froh HR.ESIMS (tr2 449.i561 [M+Na]'r calcd 449.15?6)

indicating t{clvc degccs ofustuarion. The UV spect:ub of 114 sho*cd haxias

dbsorytion of26? m, a ch@cienstic of conjugaled double bonds. The lR spcdrurr

displd) cd .bsoDtioN ar 1195.29i? aid 1600 cs-r, $hich drc cbaEctdisric torOtl.

C'tl uliphatic ard C-C ftotudtic nrclching vibstnls €sp.cti!cl!

Thc 'H-NMR spedrun ofrr4 vas iicl in siglak fo! arcnalic prcions, Tnrcc iypis of

emdc prrcns could bc dcduc.d fron rhc NMR d:ra G!b1610.3) i.e. a phenyl

geup, e AMX t}?. ed the onc witn stme$ical substilulion on it, The prctoN oa

i,'r phcnyl slolp showcd mulriplcls donaliDs at ,H t.l7 {l H, H4'), 
^7.45 

(2H,H-

3"', 5"1 dd d! 7.55 (2H, n-2"', 6').d? 'nF pl!g@ of d AIo( edatic st5td

wd rationalized fon pmron Bom€s at ,q 6.90 ( lH, d, J = 8.0 Hz, H-5'), ,H 6.98

(l!t. dd, J= 8.0,2.0 Hz, H-6) ud rH 7.00 0H, d, J= 2.0 $2, H_2) including e

ematic n€lhoxy at di 3.9r (3H, s, CHro'l).'ntc shield.d isolttb.d si'glet dr dt 6.82

(2H. s. H-3", 5') ed th. lrolon sig.ab ofte Nmtic icltxyl grcups esnadng



3s a singlet at ds 3.97 (6Il' cE3O-2", 5') implied rlc distcnce ofa sytuelricaly

substituted @naric rjng,4i5 In addiiion to mmaic sigbah, non-do

w.re also obs.Red i.lle poron specru. Thcse siguls de rx 5.07 OH, dJ= 9.0

Hz, Hl), tH 3.94 (lH. n, H-2), JN 3.35 (lH, m, El) dd rH l.6l (lH, m, H-t.Ite

dcshieldcd signal app.ding at ,H 5.07 (H-l), a rylical of m oxysdated benzytic

ncthinc. % foud couplcd Io rhc Dullipler at ,H 1.94 (H-2) vhich in tD was

@upLd io th. g.niml pmloB of& oxyS@lad n.lhyl€nc ai ,x 1.35 (H-3) od dH

1.63 (E-l). It. intdouplins of the pDro4 va coi6m.<l coo COSY sp€ct@

asU. ThB fi. pG.nce of a tlue cafton s.q!.@ tCH(O)CH(O)qlol sinild to

conpouds 112 and 1r disclssld in sedions 10.1.1 dd 10.1.2. The couplins

constart bctu!.! H-l hd H-2 va 9.0 Hz, d.molshting tft$orie ed hydrcgs

arons. Thc sigrrls nost p.obably &ising fom the Fotons of r.\e hyddyl eroups id

l]l. r.olccule wclc obscry.d a! dH 4.35 md & 5.59 in rhc TH.NMR sp(tun.

'IlE IC-NMR (BB &d DEPT) sp@!! (T.bbr||J) of 1rl .xhibn d 6bon

eo@c.r for rhd oxrlc.atcd n€lhyh one oxyg4t d m.dvl.ne, tetlv.

mclhtui ard c'ght qu.td.ry c.rbod. Thc cdbor shiff valuGs app.&ine at rc ?4 3.

89.4 dd 60.8 l,* sign.d lo C-1, C-2 and C-3 of th. pbpse noiert of the

mol.cul. bsed on I{SQC NMR coftlalions to H I, H_2 md E-3, Fspcclivelv The

double intc$ity of cdbon sigels at rc 104.6 dd 153.3 for lhe two pans of ca$ons

i... C-3", C-5" dd C-2". C-6" r€sp.ctively, was apparent fton the 'C_NMR

s!.cfum. Tlre cebons ofa phenyl substitueni wee chdadenzed bv fie chenical

shift equcncc of tE doMndd sigmls ar ,c l2? 8 (C_4'), rc129.0 (c-i "', cl"') bd

,c1272 (C-2"', C6") includDg a qMl.ealy cdbon al ,. l4l l (C-l')"rr The

signds chancteislic of 4-C-subsli$ed'2'nelhoxyphenol included thr.c aronatic

16!



mothincs at ft 109.9 (C-3 ), I20.6 (C-5') and I 14.4 (C-6) along vit\ thrc quatemary

cdbons at dc 1a5.6 (C-l), 146.6 (C-2) dd 132.1 (C-4').

TtE srNctn. of 114 was substetialed by adious n6s fragBenls obscRed in

ESIMS. ]}c mas ftasdcni ions at n/z 195 [cmH,,Oa]-, 229 [CkHuOrl, 2?l

[C6Htrod ud 409 Icr.HrOd could be hriomliad for ihe bea]rEge of $c

moleulc at vaios posirioB a shoM in rhc FiguFl0J.Thc dolccula. fomula of

U4 I dcdu@d filn HRESTMS is C!H26O?, which shows tw.lve degE6 of

D$tuEtion i... on. d.grca 16 uMtMlcd tm @npoud 112 dissed in s..lion

l0.r.1,thoeby ildicrting one of the rin$ io be opm. It wodd trot be uceAombls to

lbilk of dop.nl, 4.diordc !irg. 'IE I , 4-dioxee nng seoed to be b6ken bltveen

positiom 3 and 4 GO-CH, $t'ich 6 b. nlionaliad flom $e pGence of netioxys

!! C-2" &d C.6"-

fte'HrH COSY ed HMBC NI& sp€dral data (trigrrcl0.8) confinhed the

frngmcnb sd assigMina, Thc stfinetic5l substiMion paneh of srdngyl

systm"r (ring B) in lhe nolsulc w6 ddid.d bsed on thc aEo.s corlarioDs of th.

tw ptorotu sinelel al dH 6.E2 (H-3", 5') ro i\e 6bon .i ,. 134.9 (Cl') ad ,. 10a.6

(C-3",5") ed *.k cml6rio6 to cdboru at rc 13E.4 (c-4') dd 151-3 (c-2",6').

'Ite pFence of! phcnyl goup d part oftbe syomehiqlly subsdt ed tuhatic rinS

(tDs B) M valid'icd hy rh. IIMBC cb$'pe!k for rh. pbtons at rs 7 55 (2H, n, H_

2-, 6') wi$ Ca" (r. 138.4), vh.@ thc two n.thoxls wft firc

for a loos.6a. coftlalion t€t€en thc aix pototu 3inslet !t & l 9? (CH3O_2', 6')

to th. doubl. intensity ofcdbon !t ft 153.3 (C-2", 6').

frem thc nomd! 'H- ed !C'|.IMR (BB ed DErO spc.tral dlta ar wll ai lhe H_H

od H-C coMccriviri6 ob5ery€d in rhc COSY, NOESY 3rd HMBC, lhc suuclrE 0f



1r4*a chedcdzed s 2-((3,5!in rhoxy-0,1',biphenyll-a-yDoxy)- l,(4-hydDxy_3-

ne&oxyphenyl)prcpeel,3-diol.

9cHr

HrCO

. f'.-

FigurEl0.?: l,4N fragmenhtion paien of sorbdin (l 14)

!
!i'-

FisuF,0,8 S.l.ded HMBC .oftl.uon! o{:orbsnin (I l4)



TrU.-103: rH.NMl (500 Mnz) sd rc-NMR (r2i i,fiz) chhc.r sh,tu

C.No. c-NMR (Df Mulriplicity H-NMR (6) CouPlins

76.7
89-4
61.9

t45_6
t46.6
56.1

109.9
l12.l
120.6
114.4

134.9

l5l_l
56_4

104.6
138,4

104.6

153.1

56.4
l4t.l
't2t.2

)29.0
121.8
129.0
127.2

D
CH
CH
cHt

c
c
CH:
CH
c
CH
CH
c
c
CH:
CH
c
CH
c
CH:
c
CH
CH
CH
CH
CH

l
2
3

f
2'
2'-CItjO
3'

5',

6'

24CH!O

6aClJjO

5_07, d (J= 9.0)

3.35,n
3.63,n

l.9l,s
7.00,d(J=2.0)

6.9E,dd{J- 8.0)
6.90.d(r=2_a)

i.",.
6.U,s

6.82. s

t.",.

d. Brcad Band: b. DEPT: c. IH-NM!: 
d. HSAC istoa.tiors

101.4. Sorbrnolic acid (119

wu d.tcmincd io be CreHlOr by positive nodc

Con6ud u5 B oblain d a a vbn. doolroE powdd. It! nolcule fomula

HRESTMS (M + Ndf n/z

671l?12. calcd 6?1.3?16). Th. Uv spetun exnibikd absorytion ruima a' 218 ad

329 M, susgening the pEs.nce of u .ronatic nng in the nol.cule, while rh. !R

spBrrm display.d chdct ristic aberprions bdds oued by hydoxyl (3158 cm '),

al-u.sluEted @6onyl (1686 cmr), dd @nat c (1602 ed l516 cmr)



30

,n)t,, )l
!J

HOthh,,.

2

l
8

HO

0ls)

i
H

:
H

'nr. 
'H-NMR sp{iM (T.b16r0.4) of u5 indicatcd rhe Fsence of four tcrriary

mclhyls at tB 0.79 (CHI24), 0.96 (CHr-zt, 0.9? (CHr26) dd 0.99 (cllr2?), lwo

bydmxFethinc prctons al ds 3.32 (1H, d, J= 9.5 Hz, El) tud 3.?0 (rH, n, H-2), a

hydroxlrerhyrcn. goup Et dH 4.00 md a.09 (@ch I H, d, J = I t.2 Hz- H-2J). Tn

pEton signals cppceinS d & 4.59 (lH. dd, J= 2.3,l.3Il2,l+29).4.72 (1H,d,J=

2.1 Hz, r+29) &d 1.rl (-1H, s, Cn -lofrr in rh" rE-NI'e 
"p.crtun 

(Trbtclo..{)

dd,c I IO.O (C-29) md 4 l5l.6 (C-20) in tn'rC-NMR indi{r.d rhc prsencc of s
isoplopylidd. hoiely. Funh.more, rhcc oxygen bcding €hons at rc 68.9 (C-2).

77.5 (C-3) and 66.1 (C-21) wrn obscrv.d in the 'rC-NMR spetlm, wlich cleally

indhticd that ihc tileryenoidal moiety w3 a d.iivative of beluunic acid. The

ptls.ne ofthE. cxta aromtic protoru siSrtds al ,H 7.04 (lt{, dd, J = 8.2, 2.I Hz, H

6),,H 6.88 (rH, d, J= 8.2 Hz, [-5') and,H 7.l7 (lH, d,.r= 2.I Hz,H-2') a lraf



olefnic polos signals ar ar 5.32 0H, d, J- l5_9 H2, H,8) and 6Hj.57 l1H, d, r -
15.9 H2, tl-?l wE in ag!!4. *ith sis.als oleff€ic acid.

Ir rrC-NMR (BB rnd DEPT) sD.cL? (T!b1.10.4) of t15 showed 39 cdbons

indicaring fre d.thylsj elcwn nelhytm.s, iwtvc mctnircs ed etov.n quarnary

c{bon !lo@. Thc prcscc of fwo ca6.nyl cdbons i_e. l,\c eid sd rh. acid, wclc

coinm.d filn rh.ir sign 15 conEliDs.r & 167.1 (c-9) ed t?7.5 (c-28),

Blectv.ly, whil. rhe sisnals E$nadn8 at & 151.6 (C-20) 6d I I o.o (C-29) implied

rhc qin6c. of lhc isopbpylidcrc grcup in lhe Dol.cDle. Th. cebotu r.sonalinS at

doMfi.ld shin value of& 58.9 (C-2) a ?7.5 (C-3) ]re indicarive orthc prcscc

ofnydrcxyl sroups otr then,

Tt€ NMR Nigm.na &d comecriviies of 1IS v.E done by COSY, HSeC,

HMBC md NOESY spmsl daa analys.s. The locaton ofrhe ha,snaff.oyl noiery

a( c'23 (& 66.1) slj deduccd floa tong,tuge HIvtsc (Figucro.g) coretaro.s

betwee the gdniMl pbrons at dfl a.00 (H,-23) ed 4.09 (H!-23) !o rhc cdbonyl

sig'al .t rc 167.3, dd 10 C-3, C4 md C-5. The ra,r-ol.tric prcrotu ar rts 6.12 (H,

8) ed ,r ?.5? (H-?) also stored coftlarioM ro C-9,. The rtrtve /,4rJ-

conllguhtion of H,2 ed H,3, ws suppodcd by coupting consier (J = 9.5 Hz) ed
2DNOESY expqihot vh.Ein NOE3 wcE $o bet@ H.2 (rH l.7O) dd H-24

(tH 0.?9)/H,25 (rH 0.9?), b.twan HJ (dH 3.j2) ud H_5 (dH 1.31).No NOE crc$

Far w ob*p.d b.tM6 H-2 ed H-3, *hich @nfms ru de No p,otons ft
tully st.ggcEd to each orhei. The srereochenisby eud aI the cebons atoms ws

donc on rhc b6is of 2D,NOESY NMR dat| (Figurer0.r0). Irc spedal dal! aH ed
''C-NMR) as wll as lrolon-ploton and prcro.-carbon comcctivilies obseped b the

NOESY. COSY &d HMBC apccrla suS8stcd thlt thc sEuctuE of S as 24lA2l-
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Chtt@ to ,ad6 o'1d dt'cdtion tpd-C)

tihydrcxy.lup20(29)m-28dc &id,23{!fiede" ehich h b6si.ally r caffeic rcid

e$€r of 23{ihy&oxy-bctulinic acid eith onc ldditioml by&oxyl gbDp !| C-2.

q
7ri rfi\N.,-D

o

OH

,/'\

)S\.r

t

b\
\- lll

\l

o

OB

Ito

HO

'\w
\/)e

Frgcro.9: S.lel.d IlMBC c@LtioN of $tootc &id 0l5)



C- No-

[igurlo,lo: Seldlcd NOESY cod.tations of$rb&olic acid (11s)

!Ls) |n cDcocDr
C-NMR (6)' H-NMR (6) Coupliig

T.Db-lora: rH.NIvfi (r00 MHz) ed rrc-N\m 
025 MHz) chcnr-al shitu 0l

DEPT)-
I

2
l

5
6
7

8
9
l0
ll

t2

l3

l5

68.9
71.5
43.1

48.8
18.9
34_9

41.6

18.9
71_9

26.3

39-0
43.2

CH:

CH
CH
c
CH
CH:
CIiI

c
CH
c
ctt:

clt,

CH
c

2.01,d.l(.,r- 10.0, 5.0)

3,12, d \J - 9.s H2)

!-31,n

,.1e, t
l-28.n

2.35,m



Trbl.10.4 oodinued.

t1
IE

19
20
2l

l6

2a
25

n
2a
29

12.E

56.E
49.9

47.9
t51.6
31.4

31.5

66.1

13.6
18.3

t6.6
t4_9
117.5

110.0

t9-5
127.5
ll5i
146_4

lta_8
M5
t72.5
145.6
115.8
\67.3

c
CH

CH
c
cIi:

ct!

crl

ct!
qH!

cIl3
c
CHI

c
CH
c
c
CH
CH
CH
CH
c

1.41, m
222.b

r.6at(J- u.32.
l1.32)
3.05, xn

l,3E,m
l.9l,m

1.92, u
4.00,d(J=11.2)
4.09, d U- llrr
ojq !
0.97, !
0.96, s
0.9q s

4.59,dd0-2.4, ]4)
4.12,dQ-2.4)
l.?1,3

7.r7,.t U - 27)

.
6.86. d (J'8.2)
7.04.dd Q- 9.2.2.2)
1.51, dlJ- ts.9)
6.32, d (J= 15.9)

2'
3'

5'

7'

d. Brcad &ad; b. DEPT: c. 
|II-NMR; d IS@ btuactiw



10.2. Knowr compourds isolated from s. rd,ara

10"2.1. Polystrchyol (116)

Itrco 7

9t'"(o"
OH

ocHl
6 2

35

HrCO ocHr

OH
016)

Compound 116 vas i$larcd as a wbjlc amoryhols lowdd ftom $c c6yl a€rate

fracrion, It displryed mol.culd ion adducts ar rV? 4 t 9 [M - I ]- in ESI ncsativ. node

ed at nvz 4,13 [M + Na]* in Esl-positiv. modc. Th@foE, rhe nol.cutr. *.ighr of

this .onpound wa as!ftd ro b. 420, which oEepoDds io d. frot..uld fomtrla

ofCa&!Or.

The 'H-NMR spcctru (tablc10.5) sho{cd two sinelar ar ra 6.43 (2H, H-2 did H-

6) and 41 6.56 (lH, H-2) indhatinS l?fia and pcnia snbsrioad bc.zene ringsj

Elpstivdy, Thc aix polon singllt ar ,H 3.?3, w6 in agren.nt lo thc prca.nce ot $e

m.lhoxF on a syrndically sub3tihr.d @mrtic rin& vlilc ti. siBn.ls Eenating at

& l.r5 {lH, I CH'o,51ed 3.83 (3E s, CHJO,3), indiqr.d ofrh. pr.*ne on rr.

p.nta $bstitu:rcd eoltic ring. Thc doqfiejd signals at rH 3.57 ed 3.52 (cach 2q.



Crdt I0 tzita dd diffision Gd A

d) iEplicd th. qisr.@ of t$o hydmxyncthylcn. groups i... (E{HrOrD and {8,-

Cgrolt), t!3Fcliv.ly.

The 'rc,lIMR (BB md DEPT) dd! (I.bbl0J) lhow.d a double ini.nsitr of

@bons ar rc 14t.4 (C-3 sd C-s) dd lot.l (C,2 ud C-6), whicb indicared thd

b.ing a pan ofthc aymcuicllly substiiut d donaic ring. Tlre cdbo! resom€s ar

,c 147,? dd 147,2 Et. a$ig.d to th. ncthoxyls b.ding e.bohs i.e, C-l,ed C-5',

cFctvcly. The cdbotr at r. 64.0 (C-9) sd 66.6 (c-9) l@ cblsili.d s lydmxy

substitnt d mclhylm* bacd on DEPI spcctDl alrlysis,

The .onplde srlude of conpoud U6 wlr lrivcd a! by using 2D-NMR

ldbniq!6 ech a COSY, IISQC dd HMBC dd NOESY, in additior io the lD-

NM& cxFrim.ds. A comporilon of iB lpe.rd d.ra (|H" &'rC,NlvR) od oths

ptFiol colnds, u6 vls idaiiicd rs polysEchyol isolrtcd too ihc !!t
AphMitit poltselta.B



T.DlFl|l5: 'H-NI,IR (400 MHz) rld rrc-NMR (l0o MHz) chmicr.l shiis or

C. No.
!l!) in cDrcocDr

c-NMR(6f Muhipliciry H-NMR(5)Couplbe
DEPI)* Con$pts JHr 0l4d

2
3
l-ocHl

5
5-OCHI
6
7
6

I
2',

3',

3!OCHt

5'
5',-OCH3

7'
8',

9

t39.4
l0?.3
148.4
56.8
r35.0
148.4
56.8
107.3
42.7

64.0
130.0
l07.2
't47.1

56.4
118.6
t47_2
59.5
\26.5
33.9

66.6

c
CH
c
CH:
c
c
CHr

CH
CH
CHr
c
CH
c
ctt
c
c
CH:
c
CH:
CH
CH:

6.43,s

1.73,s

i.tr,,

4.26,d(J=6_4)
1.96,n
1.57,n

l*r'
^^-

,.ei.,

3.62.6

o Btood \ond, b. DEPT c.|H-NMX d. HSQC dkra.lio8

10.2.2. Isolariciresinol (ll7)

Conpohd U7 M obtained 3 whit. dorphou loedcr fron tE .thyl acetale

tacrion. EIMS showcd a nol@ld ion ntz 160 M'coEsponding io the molecular

fodula C?0H1O6. Thc|H-NMRsp@tum (Tabh-10.6) oflu was quire rdcntcalto

co@poud 116 discussed in se.lion 10.2,1. dcpt fd the ab*ncc of lvo melhoxyl

groups. An AMX emalic synen wrs charrcldizd fion c Foton signals ar dr

6.75 {lil, d,.r- 2.0 Hz, H-2),6.7? (lH, d,,/= 8.0 Hz, H-5) dd 6.62 (lH, dd, "/= 8.0.

2.0 Hz, H-6), includim a netndy at 3.79 (3U,3, CHjO-3).l\!o si.gleb alrH 6.6s

(ut s, n'2') &d ,r 6.19 {lH, s, H-5) *.re aslsled to the Ax donatic rins; tIe



moleculc. Thc ploton sienals of lhc two hydrcxynethytd€ srcup

& 3.11 (1rt, ltr 11..9). ,H 3.68 (lH. h, E!-9) ard ,, 3.?t (2H, h, H-9').

Ti. ':C-NMR (BB ad DEIO $@E r d.tr (LbFro.6) of u7 sls @stslc witb

r prwiouly r.porr.d conlould, iloldicirEjrol.a Tb€ o.rhoxyt 8mup6 b th.

noLculc lPpcftd ar shili ulu., of & 56.? (CH!G3) rld 5?.0 (CHrO-3), wheM

r[c h]droxyl ebatitui.d o.thylmic cdbo E$nn€d 8 ft 6l_8 (C-9) e.t 66.4 (C_

91. ft. sliphdic E {biles in {lc mol..uL llv.E $n€d our &.o.di!g io 6ho.

signrh !r & at.5 (C-4 4aE.8 (C-8) a A4l.0(c-8)_

I o)r-'i\ -/-
9

2

156

t

IH
(lr4

Il.tjco
OH

ou
HO

cHj

t76



Tdrrl0.5l 'H,NMR (4oo MHz) ed ,,C-NMR 
{100 MHz) chedical sniis

C.No, MulriPlirity
( l in CD]COCDr

C-NMR (6)" H.NMR(6) CouPtinS
qgl:q']lts JE{ (Hz).r'

2
3

3-CHrO

5
6
1

E

9

2',

I'
3rcEro

5

6
1
8'

139.0
ll4.l
148.9
56.7
144.9

6.0
t23.4
4E.6
4E.E

61.8

t21.6
2.5

145.5
5?.0

\11.4
t13.2
34.3
41.0

c
clt
c

c
CH
CE
CH
CH
CH,

c
CH
c
cHr
c
CH
c
CH:
CH
CH:

6.75,d (J= 2.0)

6.?7, d(J= 8.0)
6.62. dd (J=8.0,2.0)

1.81,n
3.41, n
3.68,D

6.65, s

3.75,s

6.19.s

a. Etoad Band. b DE?T.tH-NMR:d ttSQC ;nt.tactial!

10.2.3. Dihydrodehydrodicotriferyl alcohol (lr8)

'Ilc |H'NMR data (T!ble-1o.?) ol conpoud 116 showcd $Ee fonratic protons

signals at ,N 6.88 (l H, d, J = 8.0 Ba H-5), ,H 6.tt (lrl d4 ./ = 8-0, 2.0 Hz, H,6) ed

,H 6.95 (t H, d, ,f= 2.0 Hr, H-2), which welt Nign€d to O. rhN Folons in a I , 3, 4-

uirubsiitulqd b.@c dne, *hilc two noE em.tic singlcb appeaine at ,r 6 68

(lg. s, H-2') ard 6.69 (rH, s, lt-6) wa asered ro th. so Forons in a 1, 3, 4, s-

t tdsubsniturcd bqanc dng. Thc chemiql shii val!.s at ,r 5.s5 @d l.6l appeding

in th. 'E-NMR s!..trun qd sign d ro lhc polotu of d oxrg.natcd (H-4 &d

no6{xygd.t.d (Hi) nd.lire, Elpativ.ly. The couplins coslmt be|w.6 H-? sd

H-88 7.3 Ha *bch indiqt d a /'dr&ifis@tid ol the 1@ pr6tos. The



hydroxyrnefiyl.ne potons weE connguled fiom siSmts at dH 3.92 (lH, n, Hr9),

1.98 (1H, n, Hr9) End t.?l (2H, t, "r= 6.4 Hz, H-9). rhe rwo n.rhoxyl soups i.e.

CHIO-3 lld CH]O,3'€sonard ar rfl 3.87 ed 3.89, rslmljvely, *hile lpfietd egion

oflh€ prdon spcctdh dispht.d two nor n lhytene gblps ar & 2,68 (2H. D, H-?,)

ad I.9l (2H, n, H-8).

Tlc rrC-NMR (BB sd DEPT) specr,'u (Tabten0.r) indicated lwo

hrdoxyicthyl.nc cabos .t dc 63.9 (C-9) and 62.3 (C-9), wheEd d oxysenaled

mcihinc c&bon E foud ai re$.mcc rlluc of dc 87.9 (C.?). Funlemorc, fie rwo

ncihylc.ic ca.bo6 i.c. C-7' dd C-E'Esonat€d .t tc 32.0 md 1a.6, rspecrilely. The

E$nec. Fakr for mcthinc c&loo (c-E) ed two mcrhoxys ai Dosirion I od 3' w@

ob*ftd st @bo! shiff uluca at ,c 53.E, 55.9 rnd 56.0, 6pc.1ively.

In coEb'narion to rH and rrC-NMR dal!, rwo dine.sional rechniqes like COSY,

HSQC, HMBC md NOESY qft sed ro €stablish rbc comccriviti.s of rhe dillcrenr

fta8ndt' FinaUy, conpound 1r8 ws identified a thc selll(noM neolisnd,

dihydDd.hldhdi@nifcryl .lcohol by conparison of speclial dala with the leponed

kroq compoud in $c lite6t!8.'r_r

H

i o

o\

0lE)



T.bbl|I?: |H'NMR (500 Mtlz) &d 'rC,NMR (125 MHz) chemical shinj of
l18) s cDcll

c-NrvfR (6):C.No. Muldplicit
rDEPT\-

'H.NMR t6) co!pli!8

I
2
3
3-OCHI

5

7
I
9

2'
3
3rocllr

5'
6'

8
9',

133.1

108.8
t46,6
55.9
145.6
114.3
l19.4
st.9
53.8
63.9

t12.4
t44.2
56.0
146.5
t27.7

5.9
32.0
34.6
62.3

c
CH
c
cHr
c
CH
CH
CH
CH
CHu

c
CH
c
cHr
c
c
CH
CE:
CH,
CHr

6.95. d (.,r= 2.0)

3-E7.s

6.88,d(J=8.0)
6.92,dd("r=8.0,2.0)
5.5t, d. (.,r= ?.i)

3.92,m

3.89.s

:
6.69,s
2.68,n
1.91, n
3.?1, t (J= 6 4,6.4)

10:.4. Tubercuhttu (l 19)

Compoud ll9 M obtlin d .s a y.lloqish moehou powda. Its nol*uld

fornuls (cxttaor t w.s dctcdnjncd by 'H' and rrC-r{MR analysls, ard elechos@y

i@iadd ms sp.ctrobctry (ESIMS), which showrd pbtouLd molccule ion [M +

lf d rvz 5ll (Eslpositive) bd d€Fotonared nohcule ion lM - ll at m/z 5ll

(Esl-rcgalirc) dd a fagm.nr ion M - penroscl !t tr'/z 3?9 in Esl-ncgatvc due to

lne lo$ ofa pcntosc uit frbn rh. mol.cul..

a 8.aad Ra4d b DEPT.. IH-NMR. d. HsQci.Rtoc,ion\

Th. |H-NMR epeclruh (TrblFr0.8) of 119 sbow.d Lt. AMX patiem of, pip.rcnyl

lroup d rH 6.EE (lH. d J= 2.0 H2. H-2), ,H 5.98 (lH, d. J= 8 0. H2, Hll .nd rr



6.E2 (l H, d, J = 8.0, 2.0Ha H-6), whilc $o a@@tic singLts ar & 7.?5 ( I H, s, H,5)

and 7.1I (lH, s, H-8) iodhat d I l,2,4,5-t t. sub6iib!.d b.mc iDg_ On€ pDro.

nurliprets BoMtcd ar ,r 537 (ti,-9) dd 5.54 (HF9) which wft Nis.ed 10 the

nethylsc grcup of dactone. Thcsc siSnals suggcstcd lbe tBence of e
aryliaghthalide typ. of nucl.B.{a T11. Id.dons ot lwo m€doxy moieries (Ar 3.74

dd4.0l) on C-6 dd C-? weF contn.d on thc b6is ofHMBC specbal daia Thc

p$encc of a suSd hoi.ry was confim.d by the eonqic lioton signat tlisplayed ar

,H 5.59 (lH, t, .,r = 2.9 Hz, H- t 
,) The spli ins pancm ed coupling coNranb of drc

sustu doiety (T!bl.-10.8) clos.ly r.scdblcd ro e l-D,apio$turanosyt.,,r The

location of the suge mit ws connm.d fon a lon8-tu8e HMBC corelaion

b.twen ue mhdic prolon rH 5.59 (H.l') to C4 (r. 146.a). Au rt€ specrrat data

was &ntanou b lne eponed dala oflhe kroM compoud, tubelculatin.qt

( 9)

,c_l{?oH H



Trblol0S: 'H,NMR (500 MHz) od ,rc-NMR (125 MHz) chenical shnr of
4DqcDrcocD

C.NMR (6).C.No. MdtiPtici9
.DEPN-

tt NMR {6lCouplrg

2

5
6
rccrl
7
7-OCHj
8

l0

l'

5'
6'

t"

lt6_4
t20,7
ll0.l
l,{6.4
12E.3
r02.3
153.5
56.4
t52.0
56.8
107,5
lll.8
68.I

170.3
110.4
112.4

14E.9
148.8
t09.2
t25.2
t02,7
113.0
1E.9

E0.4

64_9

c
c
c
c
c
CH
c
cr!
c
cHr
CH
c
cH2

c
c
CH
c
c
CH
ctt
CE,
clt
CH
c
cll
CHz

-

?:1^."

5,54,m

6.88,d(J=2.0)

.
6.98,d(./=8.0)
6.82, dd (J= 8.0, 2.0)
6.10, dd ("f = 5.?, 1 .r )
t59.1(J=2.9,2.9)
4.62,4 (J = 3A)

3.94,d("/= r0.0)
4.37,dd(J= r0.0,1.3)

a. Brcad Band: b. DEPT: c. ! H-NMR: d. H30C inkta.tionr

102.5. Ov.folinh E (r20)

conpoud 120 B obGined 6 a ycllowish ahotlhou powd.r. lts moleulat

fomul8 (C2H!O, wa d.remincd br NMR sperral inrerpelation. a.d el..tmsp6y

ionizarion m$s spechohety (ESIMS), ehicn showed lbtonat€d mol.cular ion [M +

Hl* at d/z 417 (Esl-posidve) dd de!rctomted noleuld id [M - tI] ai n/z 415

(ESI-neslt'le).



fte TH,NMR sp@hb (T'btnlo.9) of 120 showd EsoMncs; one fomyl [rH 9.t6

(lH. s, H-9)1. fou oHtric t B 6.25 (2H, s, H-2',6),6.?5 (lH, s, Hr) ed 7.10 0H,

s. H-?)l and fou nedrory trH l.?5 (6H, s, CHrO,y, 51, 3.62 (lH. s. CHjO4) ed

3.98 (lH, s. CHrO'2)l pDlos. The I3C-NMR aahm (Trbl.,t0.9) displayed

tehty trc caftos includins @. fomyl (r.lt.8), foda! otefinic (rct46.8, r46.?

x 2. 145.4, 145.6. 142.0, 136.1, 134.?, t33.4, t25.9, 123,1, 107.5, 104.4 x 2), on

oxygenai.d derhylene (rc 63.9), fou! m.&oxyl (d.56.1 x 2.55.4,60.7) dd two

delnir. (r. l?.9, 42.4) cd.boa.

'Drc NMR disM.nts lm onfiD.d by 2Drcchriq!6 such a COSY, HSQC. ard

HMBC, A @mpdi$n of sFctral dara wih Eporred co$tDuod wafolinin Es

corfd.d lhe sinildity of 120 lo ovafolinin E.

HrCO

ocHl
6'

5'

HrCO ocHr

(120)

132



T.l|lltj: |H-NMR (500 MHz) sd ',c-NlvG (t2j MHz) ctmcat st"rtu of

C.No,
120) in CDCII

C-NMR (6I Mulripliciry H-NMR (6) Colpllng

I
2
2{CHl
3

4,OCHl
5

6

8
9

2'
j'
3'-Ocltr

5'
5'-0cH)

7',

8',

9',

107.5
146.8
56.4
t42.Q
145,6
60.?
125.9
123.1

146,4
136.1
192.8
t14.7
104.4
t46.1
563
133.4
146.7
56.1
104.4
3L9
42.4
63.9

CH
c
CH:
c
c
Cllr
c
c
CH
c
CH
c
CH
c
CHr
c
c

cll
CH
CH
CH:

6.?5,s

3.98,s

.
7.30, s

9.56. s

i.rt."

3.76,s

3.16.s
6.25,3
4.6E,s
1.30,m

a &oad Eond:b DEPT:c.|H.NMR:d HsQc iituadiw

10.2.6. APyrofuren (l2r)

conpoud 121 w6 irolakd nom rhe €thyl acetat ilclion h colorless crystalline

fo@. t! nolccul& fomda (C[HbOt *a dcduccd n@ EIMS oftlPonding io

noleuld ion p€ak ar it/z 274 d Eu s fDn rH- .nd rrc-NMR sp.cFal da1a.

Thc |B-NMR *s foud ro c@rain signals for fou adj&dt @naric prcloN [dH ?.50

(rH_ d, J= 8.0 Ha H-6), rH ?.30 0H, r, J= ?.5 Hz, H-t), rH ?.15 0r1' r, J= 7.s H2,

H-8) and ,s 8.00 (lg, d, J = 7.5 Ha H-9)l sd lhEe Eethoxvl cbups IrH 4 l 8 (3H, s,

Cltjo-l),3.99 (3t1, s,CHlo-2) and 4.05 (3H, s, CH'o-4). wbich qelc confimed by

HSQC NMR spect"um. The 'rc.NMR dah (rabh 10.10) of l2l was identical to $e



lFviously eportcd dib.nzofifa4 l-Pyrofin&.4. Itus, showing ihe pEsece of

t*Eh! oletuic crrboB d (r. 155.?, 143.9, 142.7, 141.5, t16.6, 12E.9, 125.6, r2t.5,

123.0,121,9,IIl2 ed I10.5) {drhE hclhoxy @bd5 d (& 60.9,6r.2 rnd 61.5).

The locations of netoxy sloups wde d.rcmin d by HMBC-NMR so$ p.ats fo!

lolg-tu9. couplings b.tEn pbto$ of the ncrhoxyl gtuupG ro oFi cofrsponding

cafto.!. Furrt @@, thc srructE of this cmpobd B.lio @nlimed fron singl.

crystal X-nys crystallogQhy (rigure 10.1r).4

9cHr

8

5

02D



Figor.-10.11; Crystal srucnG of@npoud (12r)

rzr) inCDCl
c-NMR(6fC.No. Multiplicity

(DEPT)-
H.NMR (5) cowLog

T.U+r0.10: 'H-NMR (500 MHz) dd ''C-NMR (75 MHz) clEmical snins of

I
t-ocHr
2
2-OCHI
3

4-OCHt

6
7
8

9

128.9
60.9
1t6.6

14t.5
142.7
6t.5
143.9

l|2
t25.6
123.0
t21.9
121.5
u0.5

c
cEl
c
CH:
c
c
CH:
c
c
CH
CH
CH
CH
c
c

a. Enad Bond: b DEPT. c.'H.NMR. d. HSQC DnnacnoL



10.2.7. Lyoniside (122)

HrCO

5
't u,t? H

o9l
ocH3

6'

H OH

H

HrCO ocHl

02r)

o

H

2'

OH

Conpound 122 w6 isohted ftoh lhe erhyl acetate liaciion a vhire aDorphols

powd.r. lc fonula (CrHNOn) M deduced fon rH ddrrC-NMR data ed EIMS

dalysis cod.sponding lo doLculd ion pcak M' at nvz t52, wbile thc ftagncnl ion

ar n/z 419 tM + H-penloscl', indicaing a pcntose uit in thc ooreculc.

Th. |H-NMR specrM (Trblllo.ll) ol ompoud 122 showd lwo crcmatic

sinsl.t! d 6! 6.42 (2H, ! H-2', 6) ed dts 656 (llt s, H-2) &d aou domaric

ncthoxys atr{ 3.74 (6H, s, CHrO-3',5'), rs 1.34 (3H. s, CHrO-3) and 3.84 (3H, s,

CH3O-5). 'IrE melhines of lhe Nglycone pan offic molecule werc obsc ed al ,H 1.67

0H. m, ri-E), 
'H 

4.15 0H, d, J = 6.4, H-r',) ed ,H 2.33 (lH, n, H-8',), while the

prororo or rbrce ndhyl.n6 (a8lycono wde resonat d d dH 2.65 (2H, n, H-?), d!

3.62 (2H, d, H'9) ed rH i21 (2H, E, H-9).The Poton chcDcdl shitu and coupline

costalrs of lI. gly.one lart of $e nol.cde connmcd tn. pEs.nce of { l-D-

xylopyhosyl hoieiy in the mol.cule.'al

135



'Irt "C-NMR d4r (Lblct0.ll) B ir ! pdfer lgElot lo rh. litcatuE .!ata of

rhe prwiously Epon.d collpoud, Lyoriside.4 AU rhe NMR sigMm$ rrft st$

c@fid.d hy COSY, HSQC ed HMBC NMR .xpcrindrs.

T.b!rur: 'H-NI'1R (a00 twt2) &d 'rc.NtvR ( r @ Mttz) cbe'nicd sh,n! of

C. No,
122) in CDIOD

C-NMR (6/ Mulripli.i9

I
2
3
l-ocH,

5
5{CH!
6
1

E

9
I'
2'
v
3rocHr

5
5'{Clt
e
1',

8'

t30.t
107,8
147.6
60-0
139.9
148.6
56.6
126.4
33_9

40.5
66.0
139.4
106.9
t48.9
56_E

134.4

t4E.9
56-8
t06.9
43.0
46.1
71.0
105.5
14.9
7EO
7t2
66.9

c
CH
c
cHr
c
c
C}II
c
CI{r
CH
CH,
c
cg
c
Crrr
c
c
cHr
cII
clr
CH
cB2
ctl
CE
CH
CE
CHz

'g-NMR (6) couli,g

6.56, s

1.34, s

:
3.E4,s

2.55,d

3.52,n

6.42, s

i 2..

632, s
4.35,d(r=6.4)

3.2t,n
4.2t,dlJ=7.6)

7.32,n

3.El,n

o. &oad B4td: b. DE?T: .. 'H-NMR: .t HSN idq@rioB



10.2.8. 2'-Methoxyaucupa n (123)

023)

Cnhpoud 123 vls obl:itr d .s whjte crystals fron the cthyl aetale liaction. Iis

noleculd fomul. (CrHr6It ) M detmin d through NMR spedral Mly$s in

combidtior to ESIMS, which displ.ycd prcroMrd noleuld ion tM + ll' at ntz

361 in Dositive nod. od deprctomted nol.culd ion [M - l] .1tr/z ls9 in n gativ.

'Ile rg-NMR spcclrm (T.blFl0.rD of 123 diibitld a sioplc wMce patten

viii closc ccmblecc lo th. rcponed co6poud, 2',3,5-Fincthoxy-!,lrbiphdyll-

,Lol (2lMcthoxr$cupein).'rr TIc ihictd.d si.slct at ,H 6J8 (2H, s, H-2. 6) dd rir

ptuton singler at rr 3.93 (6H, s, CHrO-3, 5) $sg*td a sym.tricauy subslilured

b.I?6. ring. Momv{, e ABCD @uplils prtl@ in d. emaic E8ion E

obseflcd at rs 7.00 (lH, dd, J= 8.7, l.l Hz, H-3'), & ?.31 (lH, d, H-4'), dH ?.01

(lH. td, J= ?-5, ?.5, 1.0 82.l.l-5) dd rr 7.34 (lH, n, H-6) sugg€nin8 & 
"r/ro-

$bsritution on oft of the ring. TherfoE, th. ndioxy grcup .t ,H 3.81 (3H, s,

CHrO-l) w pla..d ar rhe 2lpcitior.

Thc 'rc.NMR dsr4 (rrblelo.l2) of 123 6 cotuhtd with thc rpodcd d.ra of

2 J.5-lrindhoxy- , I lbiphmyll4{l(2rMcrhoxyaucuparin).rr I



Tib!ri0.n: TH,NMR (400 MEz) and ]C-NMR (t00 MHz) chenical shfi s of

c_ No.
123) in CDCI

C-NMR (6f Muhiplicity H-NMR 16J Coupting
(DEP'I)-

I
2

r-ocHl

5
5-OCHI
6
I
2',

2.OCHl
3'-

6',

t29,6
106.5

146.4
56.3
134.0
t46.4
J6.l
106.5
t31.0
156.4
t5.6
ll 1.3
t28.3
120,8

130.7

c
CH
c
cHr
c
c
CHr
ct{
c
c
CH:
CH
CH
cE

CH

6.?8.s

3.92,s

'
1.92, s

6.?8, s

,.e3.t
?,00, dd (J= 8.7. r.r)

7.03, td (J=?,5,7.5,
1.0)

a- Brcad Eand: b. DEPT: c tH-NMR: d HSAC i'nuactifu

10.2.9. Aucupirin (124)

Th. cihyl ac.tal. lnclion rffordcd (r24) a while cry$allin€ elid. Mol.cular fomula

(CxH t) ofr're codpoud w6 dcvclop.d thrcughrE- ad irC-NMR salyses and

ESIMS, wher. nolcdd ion add@ts ME obsdrd d M + 1l'at m/z 2ll and lM +

Nal- at 251 in positivc mod. 6d [M - I ]- ar nvz 229 in nesarN. Dode.

'Ille |H-NMR dar! C[lblcl().ll) of 124 E in cohpler agrcenot with rlar of

awupein. a prcviously aponed compound.aa' A v.t1 sinplc r4onance patlem

irdicating symcrdcal sut6lirulioD E ohaeryed, Thc t*o n thoxys wcre Esomte .t

dH 3.97 (6H, s, cHrO-3, 5), whcMr dc shicld.d donalic sinBlel at dH 6.81 (2H, s,

H-2. 6) sugg6i€d lhat 1n6e re ectnoxt3 sho'rld b. phcc ar c-3 md c-5 6$.r lhd

rt C-2 dd C-6. This subsiiNtio! palid w6 also confm.d from HMBC NMR



Thc rrC-NMR drb Grblll0l3) *!, .lso idcnticd to ludp.rin.st tn conbitution

ro rH- !d |:C-NMR q@ !!ld COSY, HSQC .d HMBC !o ontim dl rh.

aigmnrs. Sinildity of lbc sFcr..t d.rs 0D & 2D-NMR) with rh. toDM

Gpo'rcd conpo! , o@pdin rub.!.rri .d thr thc st$crw ot r2a B idlnlical lo

ocHr

02{)

l2a)i!CDCI
C. No. C-NMR (6)' Multipliciry H-NMR (6) Couplils

T.i5roJ.a: rH-Nlv(R(400Mt{z)!!d rrc-NMR00oMHz)chcoiqlshinsof

I
2
3
3-OCHI

5
5-OCHI
5

2'

5',

6',

)32.9
l0a.l
147,t
56.4
t34.4
t41.1
56_4

104.1
t4l.4
126.9
t24,7
126.9
t28.7
126.9

c
CH
c
ctr3
c
c
cHr
CH
c
crI
CH
CH
CH
CH

6.81,3

Lsr,'
6.81,s

d Rtood Rmd: b. DEPT: c. 'H-NME: d. HS1C int*@tiory



10.2.10. Tetr!cosyl-3-(3,+dihydroryphenyt)rcryt.re (12s)

ro 13

o -rcHr;

(l2s)

Conpound 125 % oblained s a whit. plccipiarc insolubt. in ,relhanot. Iis

ftolccular fofrula (CrHj6Oa) m deduccd by EtMs (nohcular io! p.ak tMl'at dz
516) dd NMR speftal dara eatyses.

rlt 'I!-NMR sFctrun (t$lero,l4) of compoud 125 snowd & AMX typ. of

eb.tcaynqn*ithpmroBBo@ti!8 dH6.9E(lH,d,J=2.0Hz,IJ-2),6,8E (Irl
d, J- 8.0 Ha H-5) od 6.7a (lH, dd, J= 8,0,2.0 gz, E-6). The raB poroN ofrhe

doubl€ boid Er obsened ar rH ?.46 (tH, d,.i= 16.0 Hz, H-7) and 6.15 (lH, d, J-
16.0 Hz, H-8), while a netlyl Nltiplet app.ared at ,H 0.80 (3H, trr E-3j).

TIE rrC-NMR (aB ad DEPT) sperh Ct bFro.lr) of@mFu!.t 125 jndiancd 1[.

pEenc. of onc ncilryl, tqaty du!. ftthyl.n., fiE nerhin ,nd four qut m&y

..rbont, Th. domt.ld cdlon E$nar.d d t 168.0 ls toud du. |o aB-

u$tua'l.d c&bonyl cdbon of th. c.fcic .si.r Th. oxySen substirulcd herhyloe

cslbo! (C.10) arperEd al rc 64.6 in LrC-NMR specr.m, wheEN the remiMl

mcthyl dhph/ed at rc I1.9. CoDpound r25 wrs idcnnfied s tel6cosyfl-(j, 4-

dihydoxyphcnyl)acrylat€ tuoud cnnpelison of sp€ctrdl data wir,\ thc ljlmtulc of



Trbbltl+ 'H-NI'R (500 MHz) ed 'rc-NMR ( | 0o Mflz) chhial snifis ol
l2s) b cDctr

C.No.

I
2
1

5
6
1
8
9
l0
|-32

3i

C-NMR (6f H-NMR (6) Colpli4s
qglllint! JhH (Hdd

t26.9
I14.8
147,2

u3.8
121.8

t45.1
]]5.0
16E.0

64.6
22.6-3t.A9

13.9

c
CH
c
c
CH
ctt
cg
CH
c
CHz
CH:

6.98,d(J=2 0)

6.8E,d(J=8.0)
6,74, dd (J= 8.0, 2.0)
?.,16, d (J= 16.0)
6.15,d(,I- 16.0)

1.18.1.30. n
1.00.1.10, D
0.E0. mCH

a Btoazt Boad: b DEP|,c'H,NMR,d USeC innk'iot

10.2,11. 31j23-Dihydrory-lup-20(29)€ne-28-oic.cid-3t-csffeat. (r26)

Conpoud 125 a isola&rt a whitc dorphou F*dcr. IB moleul& fomula

(C,H!O, was oboi!.d frln NMR sp.crDt intepEtation md sSrMS, in whicb

prctonaled molccular ion peak weE noticed [M+tf d ntz 635 i! Esr-losilive and

[M-l ] ar nvz 633 in Esl.negaIv. bod€, sugg.stins a noleculr nss of 634 a.m.u

'Ite 'g-NMR sD.ctrun (Irbltslo.ls) of 126 Ev@led $e pcscnce of nve tcdiary

h.thylsiaglctsairH0.79,0.95,0.98,t.04,t.?0ddthEedohaiicprclonsarrHT.O2

(d, J - 2.0 Hz), 6.17 (d, J - 8.3 Hz) md 6.93 (dd, J = 8.3. 2.0 Hz) r.presrine l, 3, 4-

$bslirured en|tic ring. nr&ddiion the @uplirg coosd$ ofd. proio.s at dH 7.51

dd 6.22 ss found !6.0 Ha which indiotcd lh€ prqcc of re rasjlcfini.

prolors.Iom th.$ obsdadoB r d.du€d & O{af.oyl goup in th. Dol*ule.r5r

'Ile "C-NMR spdiM (TdlF10.l5) of 126 displayed o.e €$c. c&bonyl (rc

r 69.a), eiSit obnnic cabos (& l)5.2, 115.8, 116.6, 723.0, r21 .9, 146.8, 146.9 dd



149.4, five enirly herhyl sror{E (rc 13.9, t5.3, 16.8, 17.3 .ad 19.?), a carboiyric

dcid cdbon (rc 1E0.2) dd a tdninal double bond (rc lto.l). In addirion to thse

siSMls, t'qry rbn oltd crbon etoil:B q@ fould in ,jC_NMR sFcru. All

thcs. .srisMcnh r@ confimcd froh 2D-rechniqucs such as COsy, HSQC ed

HMBC. A coDp&iM of $G NiSm@ts witn OG apon d tnoM @npoud

3423-DitydbryluF20(29)d..28-oic !cid-3l{.fi.at),a!? indicakd th6t fte

stu.t@ of 126 i! iddtical ro D. looM @rDoud.

t""
zg44,n

H

H

l6

t
126)



ch@!4 t0 t&tt a,ddituie tPda

|H-NMR (500 rdlz) .!d ',cN\4R (125 MrL) cb.nic.l shjtu of
i! CDjCOCD

c, No. c+{rdR (6I MuXiplr!!ty H-NMR (6) C.uplilg. ;i; qEpif collrais {itF
2
3

5
5

7

39.8

24.4
16.0
43.2
18.2
18.9

35.0

42.O

52.0
39.E

UA
76.n

48.2
tE.9

35.0

4.0
52.0
38.0
22.3

27.0

39.5
43.8
309

33.5

57.6
50.6
18.6
t52.1
3t.9

38,3

er.E

CH:

cr!
CH
c
CH

CH,

c
CH
CH:

cHi
cg
c
CH
cH,

cfl,

c
CH
c
ctt
cq:

CH
c
CH,

cH,

c
CH
CH
c
Ctt,

CH:

crI,

1.03, d
2.33.m

4.95, n

1,50, m

2.33,n
1.7E, m

1.35.n

i*, -

2,35,a

l-18.m
1.30, n

?24'6
1.64,n
3.(l2, n

3.13.d(J- I1.5)
132,d(J=1t.5)

2
3

5

6

8
9
l0
u

8
9

ll
l5

t2

l6

t7
18
t9
20
2l

22

23



cbtu to

Trud&llt stiritd.

lt ,,h,ddiEsk[ AdC)

u
25
25
zl
T
29

13'
17,3
l5J
153
1802
ll03

t9,7
tn9
ll52
146'8
14,1
ll5.6
123.0
145.9
ltsJ
ro.4

ot
CIls

alr

cI.Ir

al

CH
CH
OT
c

0.7t, r
0.9S, g

oJE, t
1.04, t
460, dd Gr- 2r, 12)
1I2"d(Jt-24
lJo,5

?.04 d (J- 2.0)

:
5.7, d (,r- 8J)
6.93, dd (J. 8.3, 2,O
?.51,d(r.160)
6:2,d9-lCO

!0
v
!

6

v

" Mt& b. DBrX c'E4ilr; d I&C $ffit



103. Diphenylpicrylhydrrzyl (DPPH) radicrl scrverging activity

Orc of lhc wcll-hoM EqIDds b evllustc 1be erioxid&i por.rtsl is rhe DppH

hdicat $av.ngjng dey. It is d orgmic f!.. radi@l vi|h purpL colou! ed absorbs

tRinu W hdiatioN in t\e rege of 5t5-528 m. Tbe absorption inrdsity is

Edued wh6 th. hdicd @.pts m cl.chon or doth.r tE ndidl. rhs chddng

coloE Ion puple to yello*. 'tte ! icd sevengine poweB (Figure 10.12 & Trbt.

10.16) ofih. pE compouds (112126) ilolated riom the ethyl !cr{. fdction of

ao.r6 laetd ed Mrbic &i.l rak6 a standlrd wd stldi.d against DPPH €dicsl.

All the contoeds showd sav.neins scriviries w.n ar lorer @ncenrradon used ib

rh. lgy- Conpould. U5 (lce = 242 /M), 118 (lcr - 9-2 /rr.'l), \12 QCh = tt.?

/M), 125 0C$ = 33.? /M), dd 125 0C{ = 6.0 /\0 showed acivitics sup.rior ro

aolbic acid (lC$ = 33.9 /M), The $avenging activiti6 of compouds 116, ltt,
lt0, dd 124 cx@ed.d 50 % sr ibe lo*sl c@e.r?rion (5 rM) u*d. Conrouds

U2. 1t3, 1l4, ll9, 121 and 123 wee molc rcactive ai lower oncenrations ed less

@ctiE .t high€r @ncotnlio6. The ndrc€l s.rvclging activiii* of lhs
codFuds sn du. ro thcir phcnolic mtulc.



chd.r ln pa ba"ddtundryd-ct

5llM
15 FM

30l,M
mpM
125 !M
250 !M
500 ltM

T
t

I
I
I

E{

*

^dd..!!bdF!dlda.5r-n 
.ttlehdol

rrbrd.dt*di|..c.d*-.aroxet
€tu @r) | !.4r.yldrtrtu rl (o'|o 'el ErEi

ry&rEr3D6=]}t.adl.i,{e'qit .too(^'ryr!
ro/^ dil'|.&..ti dd. !d! dd. b..t- oa rqr -d dd
ei.fltnlN.c-d..,r...

1QQ.\t5s$snroggflo$ebQr
Co||poond

ft FIGD: DPIH cdiel s@giig ..tiviti6 of @roud! (l ltlra)
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11.1. Cenenl dperiaeDt l corditiotrs

11.1.1. Pbysical co0stants

Optical rctatios trre meawd Bing an ADP 220 polaideter ar 589 m, X_Ey

dirtaction das m lcquircd on Bdt.r SMART A?Ex CCD @-d.l4ror

dilEaclom.ld 6irs Mo & 6di.tio., I = 0_710?3 A.

11.1.2. Spectroscopic techriques

Uv spcctra wde obrained o. Sp.da Mal 190 in a 96,welt llaG Elder usinS

rncihNrol a solvmt IR slEclE wre obbined usins a rahn-Elnq FTIR insilumenr

fo! conpouds moulcd dneny on th. dido.d cqu. |H-NMR 
Aecla q@ Ecord.d

in dcutdaicd $lv.ds $cn a CDClr, CDOD md CDjCOCDT *i!h IMS s intcmal

sr&(lld rt 100 MIlz, 400 MfL aid 500 MHa oD Brukd AVANCE-3o0, AVANCE-

400, AVANCE-Jo0, V&id-400 lva., variarr.ssoo MR s!6toddeF. whil. oe 'rc,

NMR spcct! wE Boldcd ir th. sm. $lv.nts at 75 tfi4 I OO MHz and 125 MHz

using rhc we instrumeds. The 2D !p.cb. (COSY, IISQC, H2BC. HMBC and

NOSEY) *E tak n ar a00 MHz sd 500 MHz usine rh. .bov. tuEn.lic €soMce

sletron L6. t *-@lution €l.cr.otr ihlEct ionjzijon N sD€cra @rc Ecorded

oo fiinigan MAT 3l l eirh MASSPEC d!r! srsEm. HRESIMS wE caried our on

ar APEX Mouid-tra.sfom ion cycloron rtende i.sfusr (aold Datroni.s,

Cov.iiry, UK) uing d Apollo ESI so@.. Th. n butizd dd dryins 8ss wd

nir!69.n dr 180'c. sdples wse infused tom slution (50% MoO!TDCM) by

lynng. pump at 100 ni@litr$ pq hou. AccMte rEs€s ro within 5pph wcrc

ob$incd usin8 s boad tugc cxr.tut crtibdlion by a mixr!& of pEG polym.!



chd.ti t t &dnnehtat tpot C)

tl.l.3. Chromrtoglaplic t€chniqu€s

silic.8.l (220-aa0 nesn) w6 wd fd collEr chrcDarosnphy.nd M.rck kci*l get

60 F254 pGc@tcd sili@ sel gls pt l.s s@ wd for &atrri.al dd pEp@rive

TLC. TLCS wE(t visulized by W lighl (I = 2ja uD. 366 nD) d by hcating atd
spnying siih 15% aqueoB sdturic lcid etwrd wirh celic sulfare, Rcve*e pbde

HPLC w.e conduci€d sing . Var.$ rus-diected auropulifierio! syslem

comptiling of. War.6 2767 aurosdpld, W.r.6 2545 !m? sysl.Dj a ptenodenex

LUNA colllm (5|r, Cr 100 A, l0 x 250 nn) .quipFd virn a phcnomcncx S.cdlv

Guad pccolum (Lw q 100 A) eluring a14 hunin. Sotvdr A, HPLC s6de HrO

+ 0.05% fomic acid; SolveniB, HP|C Sndc CH:CN + 0.04i% fomk acid or HpLc

sradc CHrOH + 0.045% fomic acid. Thc post{ol@ now M sptit ( l0O: I ) dd rhe

Dinodty flow qas @de !p wilh M.OH + 0.045% fomic acid ro I mumjn for

siNlt reu! u.lysi! by diodc dy (Wai6 2998), euFDntiv. liglr sturing

(Watc6 2424) ed ESI !)A st€hohary i. posilive dd Eelrilc nod.s (Wates

ll2, Sotbus lanalt

112.1. Pl.!t M.t n.l

A*i.l pd$ Grch, lcav.s tud Auib) of Jorr6 /anad w@ cou.cr.d du.ing fnidne

session in Augst 2008 non CilSii lcgion in the north oI r*isrm. Taxononic

id€ntif€lion Me do!. !y Mi. Navc.d AlDa4 lectud i! BoL.y. d.pdlnc.t of

B!i$y, Urivdity of Pesbaw, ?.slEw., Palis|L A wuch( sp@im.o (JR-

57200E) *!s d@ositcd i! ihe h..bsriw at thc Dcpdtddr of Bor.sy, UniveEity of

P6hawd, Pcshawd.. Palislrn.



11.2.2. ExtractioD ind ilohtion from tic wood ofs. drara

IrE &icd dd croshcd rood of'orrrl l4ra,, (12 ke) y6 rcpeatedty (x3) extlacted

{Scledtsll.l) wirh ncth&ol !r ron r.npsar@. The @mtin.d ne$dolic cxlract

wc conc6F.r.rt !trdd vru 1o gcr . d&k bEM EidE (750 s). Thc Esidue *a
$spodqd in ulc! md $c€siv.ly pdniored in ,-hexdc, cthyl acclak ald ,,
but nol 3olublc flmrions. The.lhyt rc.rn. nlciion (L8o g) M tunhcr dcfatted with

hqde for scr$dl tincs. ltc defan.d cthyl ac.tare tactior (150 g) was subjected to

6ll@ chrcndogdpby ow sili6 g.l. Th. ollm M fd clur.d wirh , hexue,

cthrl ect t (10010 - 0{00) &d 0B wil! dichlorcetEc (DcM)-merheol

(M.oH) (98:2 r 90t0) d solvot sysicns. A lolal of 11 oajor tracrion$ LS 4, LS-

11, t,s-18, LS-25, LS-46, LS-60, LS-62. LS"?3, LS,8t, LS-89, dd LS-95 wE

obriined dccdding lo conpilarim bd.d on TLC proft6. tracrion !S- I I @daircd a

w[ile solid insolubL i. ocrblrot Tnc $lid hatdiat 6 filrqld &d rhc filcale wds

conc.ntral.d !.d tunld subj.cl.d to collm chmmlognphy orcr silica g.t using,-

h.ec{HCI3 (10010 - 01100) B lolvenr sysren 4d as a leslli three najor

Facdont F-5, F-26 md I-30 wcE obraincd. Fhcrion F-26 conraincd colouless

crystrls of vdios siz6 vhich w@ scpdt d fton th. elmion by deca arion The

crystak vft wlrh.d wirh *hem. (rl) lo ot'bin pN ctrsbls, dd rc-croh in a

mi,{ut€ of ,-hexde-acdone (4:l) *bich tuinished conpound l2l !s colouless

n*dles (80 ng).Thc whit sidue remov.d froo ffacrion Lsl I co ained conpoud

125 (29), which wa turrhd luificd by w.shing witn neih&ol C5) &d ils luity
va confimcd Eon rhjn Lycr ctuomlrogrlpnic GLC) rn tysis. Facdon LS-I8 {5 B)

B subjet.d io colulD chlomarosaply (CC) ovs silha s.l apptyins ,-hqee-

ErOAc (95;5) * mobil. phse ed yi.lded fivc aub-&actions (!-t, F-4, F-to, F tB.

ed l-20). Conpouds 123 (8.5 hs) ed 124 (r0.4 nd wq. obrain.d rl&uch



crn4tlt E btinenbt tPaa-cl

p!.plEtivc TLC (95:5j,-hcb.: EtOAd fioD $tsf?ctions F_18 ed F-20,

rcspetiv.ly. Fraction Ls-60 (15 g) wB apphd ro cc or flas! silic. uins . sotv.nt

syrt.h of r.hexeeEioAc (80:20-0:l O0) sd ihus obtai,erl eiclt $b-fiactions (LS-

60A2-H2). Co4poud 115 (40-3 ns) B tuFjshed trB n&tion LS-60F2 by CC

using (DCM-MCoH; 98:2-9218). Fnctio! ts.60c2 ed Ls-60rl2 w@ @nbincd

on the bais of liquid cbreE roglphy m6 spetrser, to drinarcly sJiod th.

@hbir..l fretion LS{0G2H2 vhiqh vs puifi.d iob 6hFUn& rt2 {5.5 Dd, r l3

(l3.4dd&d r1{ (3.2 ns) by Ercc! phalc WLC (&.t@ftnFEEr;95:50), ueins

. WATERS masiiEcled auiopuincadon s},srern' IF faction LS,60C2 ws also

purificd ro giw conpoud 126 (23.8 md by HpLC (acetodlllle-waq 95J0).

FEclion LS-E I (l ? g) M lordcd to on Jtash siliM (McOH-DCM; l:99- 1090). As a

r.sull fou sub-fiacdonsj LS-8lAl-D3 \@ obtai!.d. ReEM,h& HPLC

puificarion s5 pe.fom€d o. LS-EIB3, LS-81C3 and tl-slD3 Nils $. solv.nr

sy5Lm of aetonitrilcwt r (20:E0) Dd thB aford.d @npoud r20 (5.2 dO AoE

fr&rion Ls-8183, conpouds 117 (3.4 mg), ll8 (1.3 ss) md rr9 (5.2 mg) iom

fiiclion LS-81C3 6nd compoud r16 (3.4 m8) fron LS,8lD3.Tl'e f@don LS-89(r0

d wr appli.d 10 CC (MeOH-DCMi I :99{10190) sivins coDloud 122 (39.5 dg).
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113. Charrct€rizltion of rew compounds from Sorrur randta

11,3.1. Sorls n (r12)

lhysic.l Staicr Y.llowih gl:my solid

Yicld:5.5 mg

Uv lnd i! McOH: 2?4 M

lRqu cdr';3393,293?, 159E, )576,

1516, 14E8, 1456, 1435, l4l5crirr

EsIMs C): ldz 393 IM- ll , 375 tM- l- HlOl-,

163 [M-HlCOr{l, 179 [M- I {trH'oq]'

HRESMS (+): 
'il,! 

aI7.1293 IM+N.r; dcd 417.1314

,H- .nd ,tc-Nlt 
{R, S.c T.btct0.l

HiQc: Sa T.bbr0l

113.2. P.sh.wcrin (ll3)

Phy.iol St .: Yclloeish whiE povdcr

Yicld: l3.4ng

w r/E in M@H: 230, 262 &.1 291 .m

IR 6!. @'': 340t, 2935, 160t, 1516,

FJIMS (-): ,r/z 43? tM-11-, 419 tM - I - HlOl ,

407 tM- l - HCOHI" r?9 tM - 1- C|.I{,oot'

HRFSTMS (+): d, 461.1202 tM+Nal'; cdcd 46r .13

'H- and'3C-NMR: Sc. Trbbl0J

HSQCr SceTrble-10.2

15



t13.3. Sorbatrin (114)

Physidl si.!: whiE rnotp!@ sotid

UV ,qs ir M.OH: 25? m

IR h- co r: 3395, ?932 and l600 mi
ESMS (-): b/z 109 tM-H,Ol', 271 IC,d{,rO.l- ,

29 tc'1H,3orl-, r95 [cror{,,o.1'

HRESMS (+): nth 449.1563 M+Nal*i catod 449.l5?6

rH- ild 'tC-NI\,Rj S€. TrblFl03

HSQC: seTrbL loj

U3.4. Sorbgrolic Acid (115)

oxvoc',/\z\,\cfo (,

PhFicd SEr.: \'lic @orpho6 posrtlir

Yi.ld:40.1ng

Uv 
^n 

i. MrOHr 2l E, 329 n6

lR 4E crD_r: 335E, | 6E5, 1602, 1516,

EsIMs t). nt 5a9 [M'H]-

HRESMS (+): rdz 673.3712 tM+Nal'i cdcd 673.3716

'H- rnd r3c-Nl"R s€ T.broto.4

gSQq Sd Trbbror
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I1.4. Charactarizstior of ktrown coDpouDds from Sorrzs dral,

11.4.1. Polystcchyol (rr6)

Phyricrl Sbte Wtrir. &Drphou! polvrt r

uv h h M.OH: 2?7 nE

ESMS (-): E/z 419 IM-EI-

EI-MS: tr/za20 [M]'

'H- sd DC-NM& sc T.bh lol
SSQC. S.cT.bl6l0.5

rrra:, kol'Iictftrbol (r17)

PhtFicd Stat : Wlint ddDhou! Fwd.r

YrGld:3.4 ng

W l- iD M.OH: 283 r

lolD' +22.1 (McOH;.0.01)

IR qi! ce': 3400, 2SOO, 2840, | 550, 1452 mn

F.SIMS G): oE 3t9 tM-IIl-

'H- rnd "c-ln n: sa TrbltsIo.f

HsQc: S.e T$1.-10.6

(i



Cbdpll b@c'slbl Ddai)

I t J3, DiMmd.hyrttodicoDif6ryl Alcohol 018)

Plydc.l Ss: col6tc!. oib [qrid

Yicld ]J Dg

W Lk io ld.Og: 237 d

lcb - +5En 0.{.og, .{.r)

IR q- cd'r:3450, 2J4at l?@ !m't

EIMB (-): ,r'x 360 [W
rtt- od rt-re& sc T.rbrc?

HlQq s.. T.r,l&lc?

tt.4{ Trb.rcuhilr (119)

Pbdcd Sd!: Ycuosiln }!,hiE loud

fb&L 52 Dg

lalo - -10?J8 @9( lr.Otlcgdi; .l.l 12)

w l- h M{* 26it, 316 6
Il. h ca'': 3510, r7J5, 1614,961

854,827,810 cm{

m|s G) rh 512 E{f
rlt dd |tc.l,|l,ei 8.. r.U]re,
HSQC: 3c. T.bb-r0,

t

7o'



11.4,5.Ovrfoli !E(120)

Phricd Sla!.: Ycllosirb e'hic $lid

Yicld: 5.2 ng

talD - +l05.7 (McoHi co.l6)

Uv l[* in M!OH: 25d 356 nm

IR qlr cnl: 3272, 2938, 1567 crn'l

ESIMS O: r/r al5 M-11'

rH- dd rrc-Nto! s.. T.brcl0.9

HSQC: Sa T.uFr0.9

r1.4.6, l-Pyrofurll (l2l)

Phylical $.te ColoDd* crtsidtin solid

Yicld: 80 mg

w ln in EOH: 220, 22q 261, 2E9, 300 m
IR ,n cm'': 3512, 3050, 3020, 3000,

2932,283q t630,

i6oo. l5oo, 1460, 1a48, r4lodi

EIMS: ,r/, 2?t [Ml+

rH- .nd rrc-Nl,tk sE T.hlGr0.lo

HSQC| SccT.blelo.l0



Cha,@ rr htui@dot Oad-Cl

11.4.7. Lyonisid. (1?r)

PhFicrl Stdq Whitc DoDhou powdd

Yi.ld: 39.5 hg

uv rs in E6H: 215, 279 u
lclD = +43.0 (MeOH; .0.8)

EIMS: 
'./, 

5t M+, 419 tM n H - i/o!.f
rlt- and Itc-NM& 

Sec T.bl.-Io.u

HSQC: S@ T.bltsl0.U

rr.a.& 2'-M.$oryrrcuprrh (rx)

Phj/sical Sllt : Colourl* cryidliD. sotid

w rE ii 6(oH: 268, 288 @

EIMS: 2'lr 260 M'

'tt- -a 'ic-Nrc s." r.tuto.rz

HSQC: Se Tlbbro.l2

11,4.9. Aucrparb (t24)

Physic.l Siltc: Colou .ss crysbltine solid

Y'cld 10.4 ne

UV X,S h FIOH: 22E, 2?4 M
EIMS: r/, 230 M'
rH- dd ttC-NMRr S.. T.uclo.r3

HSQC: Sec Tabl.-10.13

\\ //

\\l



Chdd tI E raipe,tat OtuC)

1 r.4.10. Tetrscosyl-3{3, +dinydmrypl.Dyl)acrylate (lzs)

Phy.ic.l gaGr wlite uoryhous powd.r

Uv ln in CHcl,: 235, 325 m
IR qEcd r: 3500, l?OO, t6?0,

t600, 1510, lrt6o mr

EIMS: r/, 516 M+
rH- &d rrc-NtvfR: 

See Trblclo.l4

HSQC: S.. Trbbr0.14

L)

ll.4.ll. 34 23-Dihydrory-lup.20(29).!F28-oic rcid-31-.aff.ate (126)

PhFidl St !: {}itc uorpboE po*dc!

Yi.ld: 23.E eg

Uv l3 i! MGoH: 32E, 29E, 246 t)n

[a]D - +32.9 (McrCOi .0.9)

ESMS: 
"'/r 

633 [M'l]'
rH- &d |3C-NMR: see T.blc10.l5

HSQC: S.eTrb|ero.l5

I
, fYff""c /"tltfY t'



11.5. Diph ylpicrylhydrazyl @PPH) rsdicd-scrverying rssay

'fte DPPH ndicd scaEDgias acdviry vrr p.domed in oar bonon polFrrmc 96-

*rU nidorit r !l cs. Thc &tiviti6 wcE ndwd ly Bi'g ! modjfi€d esrabushed

n.rtrodology-a$6 To IOO pL of each 3spL at difer.nr corc@dlrioE in M.OH

wa .ildcd 150 r,L of DPPH (0.25 bM) b M.oH. thc nirnE s ohailcd s
sh.Lo tu; ! shoit rih. !t tu t.op.ilrw .nd pla.ed in thc da* for 30 nin. Ar th.

crd of$is pDdod th. $srb'G ofrh. hixrue ws nesu.d al 517 m by uing a

Spcch Md-190 96 w€ll plare Mdd. Data M proc..q!.d on SOFTmd po 4.0

$ftq@.'ft. p.lgi DPPIT Mgjrg fron ! slbplc a! a dvcn on@ranion e!5

c.lculrred iim th. ab&rb€nc. Elrling! s rhoM in tbe cq@don b.low

sclvensing % = 100-(A sdpte x 100/A chrrcl)

Th. .sys w4 c6i.d out in tiplic.l ed lhc lwlrs c qpEsd d nl4 vsluq

+ sladlrd ddiador!, TIE ICr qluca v@ cdculdl€d frlb ih. gaph by uing lincs
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