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Iia&Mia pinnata Roxb. syn. Kingiodadrru, pinnatm 
(Roxb.) Harms (Malay&m, Tam2 Kdoou) is a huge 
handaometreegrowingwildlyintheevergn?cnfon?stsof 
WestanGhatsofIndia.‘lXetree,ontapping,ykldsiu 
largequaatitks,adarkorreddishbrownokore.& 
(balaam)?llmugh,theoleoresinhasbeeasubjectofa 
few previous inve&atioM,‘” these were restrkted to 
the steam-volatile UMqonents only. The pre!3ent in- . . 
e&g&ms,whkhwerepr&rilyaimedatthehigher 

&ene c4mlpoMnts, have shed additional light 011 the 
conpositioaOfthCesseatialOilandhaVClCdtOthC 

isohtion seven new dhtpmoii from the resin part. 
The present culnmunica~ describes the 
isolation/idc&catiotification of these sesquiterpene and diter- 
pene components and unfolds evidence kading to the 
absohItestereostnKtureoftbemaindi&peMii,anacid$ 
which we name hardwickiic acid. 

llleduKe8inwasse@e@edintoacidk(-6o%)and 
neutral(-4096)frStimuandthelatterfurtheJqarated 
into steam-volatik (90%; esamtbd oil) and steam-oon- 
VOllltibportiona 

Byjudi&uscombinetioaofgk;tkoverSiOrgeI- 

z2z!ti c 
WY ova S *AgNok 

compoMntsofessentialoilweresepan&dand 
identifiedbyusual compukon * au&& sampka~ 
andtheliualessentialoilcomgosttronwasfoundtobez(m 
orderofincreasingGLCretentiontin~)(-)copaeae 
(4.5%). ( - Mu~ophM (75%). humukne (13%), ( - ). 
caropbynene oxi4k (25H6 caryophylkne alcobd (1%). 
lmmukne oxide-1 (0.5%) humukne oxide-II (05%). cary- 
“phyl$ol-I and caryopbylknol-II (0.2%). besides at least . 

zoofCa&ylknealcobal(lyis’--‘~~ 
nlubmkd CompoDmts (alDolmt to~496). TIN! isoh- 

rs $UI aciddalyzcd hydration product of caryophyl- 

Itiscoaceivabkthatthisalcoholisaproductofa 
llOlMlXptiCreaction,~theCXlK&tCfnwthCtneis 

rich in acids and caryophyllcne, and contains Sony 
wate~.Asurveyoftbelitaatunshowedthatcarycphyl- 
knealcobolhadbeenpfeviouslyisoktedfiumMintha 
oroeni8~andMmt/u8pipeM&9butsiaccitsisoUicm 
fromthesesourcesentaikdtreatmmtwithbolicacid 
andtheoilsalsocontaincaryophylkne,itwas,inall 
pMMilhy,anartifact. 

I&wise. from the timn-volatile neutral fraction, 
besides @tosterol and clovanedioV” (3). two new 
diterpene al&ok and a diteqene methyl ester (Tabk 1) 
werekokted. 

I E a 

ApreliminaryseparatioaOfthe&WU6Mtcarried 
outontbehMisalsoMlitycharactaisticsofthe 
sodiumaalts,andtbl?atheappropriatefm!c&sfurther 
sege@edandre8olvedintopurecompoaeats0io 
cyclohexylamine salt formatIon, suitabk solvent extrac- 
tialorchromo@raphyoftlKdeJivedmdhyil?dtefs.In 
this way, live new diteqa~ acids could be i&&d. 
Tabk1listathesecomponnds,alongwithsomeoftbcir 
cheractaistics and approximate relative pacen@s, 
whkharebasedongk. 

moaobd caboxytic acidh& 1661cm-’ 
$z2ka-yl fmKtiim); cyclobexykmiDe salt (m.p. 
143-1449; mdhvli( estsr (GJ&OJ, M+, m/e 330; IR 
C.XX$ce7~an~~aao hydroxyl faactioo (IR, bfe 

2Ml 



2302 R.?dLmerd. 

T~1.Ditupm&fromtbeokwtidH-~Roxb. 

NO. lrlvial nam. Rdya* MT+ PlOl. formula n.p. 4” [aI .o* npprox. 
re1at tve 

% (CW 

Illcohola 

1 Kolav.nol’ 0.70 - w3 40 1.5166 -42.0° - 

2 Kolav~lool’ 0.76 - C20”34” 1.51m -3fl.80 - 

Acida/na wtora 

3 Kolavonic acid+ 
(me ester) 0.74 n.70 Cl 9”3 003 1.5114 -144.60 5 

4 Kolavenic acid’ 
(no eater) 1.13 0.83 c21H~402 1.5136 -65.6” 20 

5 Kolavmolic acid’ 
(Ra aster) ‘21”3 6”3 95-960 - -45.0° 7 

6 Yarduickiic acid 1.10 1.no C21H2E03 116-1n7o - -173.90 50 

7 Kolavic acid’ II.64 1.m C20H3004 ZZR-230’ - -115.0° 7 

l TLC, R, uith resoect to Sudarl IIT: l iliza nel G n.3 mm laymrt 
solvent system, 2q EtnAc in C&t6 (for alcoholsj, C6H6 (for 
methyl wtera of acids). 

+ ‘;LC, relative retw7tio-i time of Ra estsrr: 2f$ silicone Sg-30 or) 
60-SO mesh Chromosorh U: column, 150 om x 5 mm: temp. 250 : qas 
Clou. 50 ml H2/min. 

* Solvent, CHC13 except for kolavic acid, for which EttlH uas used. 

’ Names rlerivnd from the local name (kolavu) OC the tree. 

1560, 1500, 877cm-‘. PMR:” fi’-proton. 1 H, m, 
6.12ppm; u-proton, 1 H, bs, 7.05ppm; a’-proton, 1 H, 1, 
7.20 ppm, J = 1.5 Hz) are clearly indicated. From its PMR 
spectrm& the presence of two Wtiary methyls (3H 
~at0.80andI.nppm)andone~(3H.d, 
0.8s ppm, J = 6 Hz) is also evident. 

The umjugation of the COOH and the ole5nic 
function is inferred from the position of the GO ab 
sorptionandtheintensityoftbeC=CstretchiqintheIR 
spectraoftheacidanditsMeester,aswenasfnwthe 
UV absorption-(Me ester, A- 213 nm, E 12560; sum- 
mationoffuran~aDdcg+MturaM carboxyl este? 
absoQMs).Thisisfurtherblmleoutfromtheexpec- 
tedup6cAdshiftoftbe(IrctfabsorptioninthePMR 
spectraingoinefnwthcacid(~nppm)oritsMeester 
(6Srppm) to the derived (IAH nAction) alcohol 
(hardwickiol, 5.43 ppm). 

Prom the above data, besides the presence of @- 
substituted furan moiety, part structure 4 can be 
conch&d,keepingiomindthemultiplicityofthe~ 
sigaal. 

Methyl ha&vi&ate. al quantitative llydRq_ 
over 5% Rh-C or Rh-Pt abso&ed two mole equivalents 
of hydrogen to furnish a tetrahydrodcrivative, C&Ah, 
in which the fuctioo 4 was still ill tact: uv (A- 
215nm. c 6%0), IR (GO 171Scm-‘; C=C. 1635cm-‘_). 
PMR (lH, t, 6.Sppm, J=4Hz). W 
dcgadation~ of tetrahydrohardwickiic acid fur&W? 
expected, a ketone, which from its carbonyl frequency 
(1718 cm-‘) is clearly Cmembered. Thus, part sbuctue 4 
canbeexpalMMto5. 

On further hydrogenation over Pto2 catalyst, methyl 
tetrahy~hardwickiate absorbed oae mole equivalent 

‘ReductioaoflatC8,foUow~byin~otasuitnbk 
kdhggfUp(e.g.OX)atC-5ca0~amitabkpremmx 
for 11. cf e.g. ditqate alkabii tbelepogh.~ 

of It to furnish a hexahydroderivative, which was 
devoidofanyokAnicuns@ration(UV,IR,PMRand 
t&an&methaae test). Ihlls, it is clear that hardwickiic 
acidhasatotaloftbjteC!=Clinlregesaodbeing 
GHAandincorporatmeacyclicether(furan)and 
carboxyl fuaction, must be bica$gclic. 

On catalytic dehw ovc~ lO%PdX, 
hardwickiic acid gave, besides other non-aromatic 
prodocts, an approximately 8% yield (oa weight basis) of 
a 3:2 Qlc) mixhue of @dimethyl and l&Mrimethyl- 
nepbt@=s. 

FromthenumberofMegroupa(frecandWnctional- 
isc#)itisckarthathardwickiicacidisabic&ocyclic 
diterpenoid.Whilelookingforasuitabkframeworkfor 
thevarioussmKturalfeatures,itbecameclearthatbo~, 
a secondary Me and an ad-unsaturated cerboxyl 

function, coMot be Bccommodetcd ia a normal biiyclic 
di&rpeWframcwork@)withfuraninthesidechahl.lhis 
dictates a rchmgcd bicyclic skeleton for the lltw acid 

an~gmistruchue10,~canbc~geaeratedfnw 

ion 7 (Fii l), the accqtaF biogenetic progenW for 
many bicyclic diterpene types, app=ed most ag 
propria&,asitnotonlymeetsalltbestructuAre@re 
ments of hardwickiic acid, but would also account for 
the preferential formation of 1Wimethyhuphthalene 
during &hydrogenation. Anotbcz possibility (II), which 
canalsobeacWmW&d’inthe~tic1sopreoe 
R&, is considered less likely in view of the dehy- 
drogenatioil results. 

To prove unequivocally, the gross structure 10, it is 
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hardwickiic acid. As expectd, NaOBr oxidation of W 
fllkhat after *este?iti* 14. nc formation of IS 
du$u=&:s wdt-;EtiT,i 

from partial ozoadysis~ rilg at &3w16), 
lead& to a fl-kcto aldchydc (aftez hydrolytic loaa of 
HCOOH), which by a retr~+alM -tation 
generate3 15. 

ThePMRapec~ofboth14andwsbow~~~2)one 
of the tutiary Me’s downfield (at d 1.20 and 1.18ppm 
respectively) as rquir@ for a Me gnmp a to a 
carbomethoxy flmctiollq thus supportiag the presence of 
atcArymethylatC-5inl&Thi8conclusionisrein- 
forcedbycomparisonoftbedvalucsfortl$wotatiary 
Me’s in difIen?nt dHivativca of ha&i&c acid (nble 
3).TheupficklshiftobscrvcdforoDeoftbetatiaryMe 
in going from methyl hardwickiate to its hexa- 
hydroderivative (loss of olctinic bond) or to hcxahydre 
hardwickiol(kMsof&llnicbo&dalldreductionof 
CooMe to CHZOH) is My coetult with that Me 
bcblgoIlthecarbonototbeolcfmiclinka@,nasistbe 
L+CwithStWURlO(l.UUMckiicacid). 

Compound15camehandyinlocat@thepos&llof 
tlEsccundtcAaryMc.Brominatiollof15withNBsur 
with BrAit~0 cunph~,~ fur&bed a bromo derivative, 
which on aehydrohabgcnation with MB,-DhU,” 
gave all a&lmsaturatcd kctoE A, 227 Ml (t 12#0); 
R GGGO 1695,164s cm-‘. Its PMR spechum shows 
two oldinic protons as an ABquarW c&red at 
6.33ppm, Jlu= 16Hx, J&B-&)-0.47, a ibtding 
coasistclltoalywithfully~~),asshovmiu 
1(.nisplaceml?ntoftbetutiary&?atC(9)L3fiuther 
suppoed by the position of its PMR signal (in 16). 
whichasnquircd“‘byitsbeiagooanallyliccarbonhas 
now su!Iercd a downfield shift (0.95 ppm as compmed to 
0.83 ami 0.82ppm in 14 and 15 nqcctively; the other 
Fm)& signal remains essentially uuchangcd at 

. 

0 

n 
Ii 

MO 0 
Qf+ %. 

u 

Thedataobtai&sofar.su&!eforulo6rmatiauoftbe 
gross structme 10 for hardwickiic acid Transformations 
dcaaiibelowmttoalybc4paltoestaMishtbeab&tc 
stasocbemistryateachoftbcchiralceatre,butalso 
fUltlW-tbeabovC- 

i?ingfimctionThetri~14oa~~cyclizg 
tion 0 gave, as expuztcd, the cy&pelltaMne 
carboxylatccstcr17(cpim&mixturc),whichonacid- 
hydrolysisfurni&dtbcrcqui&ain&cy&pcntanouc 
daivative18(IR174ocm-).niak&onelIbmvsinits 
CD curve, a strong negative Cutton e&t (Ae30~ - 249, 
1=36nm; dioxane, F’ig. 2). which is almost a mirror 
imagc(excaptforredW!diutalsity)ofth0tobacrvedfor 
a l’l-keto_staoid e.g. 38 - hydroxy - k - a&aetan - 
17 - ant (19) (&300+3.2s, r =34nm; dioxme).” 
TbisimpEeathatthetwofingsin18mlMthctrrms- 
lock&likctbcC/DliQgaofan aadm&m-17e, but 
withoppoa&absoh&8tereochanishy,M8hawninaL 

Cim&nzMutC(9).Toobtaininforma&mabout 
thecan&m&natC!j9),tbeketoestcr26was&tably 
degnxkd(Pi~3)tothebis-norketoastcr24,byemploy- 
iqg lIKM&d vaioo of Barbieweland 9 
wbichwaI3rqnntalsomcycamago.~Ruo4oxi&ioa 
waafomMltobcmorcconveilientandexpcdi&&thall 
tXboxidat&Proma comparisoaoftbctatisryhae 
rssonances (Miary Me’s at G5 and c-9 rcspaztively; 
tbeaas&multsarcobviausfromthelWJpe&estntc- 
turea) for the bianor kc& cator 24 (0% 1.07) and the 
related compou& 14 (1.20,0.83), I (0.97,0.83) and 22 
(030,0.78),itisck!arthattbecarboaaethboxygnnlpat 
ce,in24hMlitticio&nceontbcqWAcaQdhaW 
itmustbc/&lrMcdsssbavnbl25,asintllealtcmGve 

caafismrtioa,itwillh8ve1~rdotiaashipwith 
L!(*MMvhichwilltbmbesub~tothe*~ 



No. Compound 

Harduiokiio acid 

Wthyl harduickiata 

Mthyl tetrahydro- 
harduickiata 

Rmthyl haxahydro- 
harduickfata 

Harduiokiol 

Harduickiol acetate 

Hexahydrohartiickiol 

L(PP=) 

&- ma-i- CIa-CH c-CH 

(a! (x! 
~,Jclr6HZ) (t.3~44Hz) 

Nran-aH furan&H Puran-C)H 
(t,Ja 

Othara 

1 .ws) 

1.27 0.60 0.65 6.77 ?.OS(ba) 

1.27 0.60 0.65 6.57 7.1 ?(ba) 

1.22 0.73 Il.60 6.50 

Q.96 0.70 

1.06 0.75 

1.05 n.73 

0.83 0.70 

0.77 

0.77 5.45 ?.O?(ba) 7.20 

0.60 5.47 7.05(m) 7.10 

0.79 - 

7.20 6.12(m) ll.Q(ba, 
COOHJ 

7.32 6.1?(m) S.BS(a,COOe 

3.62(a,COORR 
3.05-3.90 
( =. c$20C$) 

5.65(a,COWFl 
3.m-5.87 
(a, c$Ocyz) 

6.10(m) 3.95(ba, 
Cti20H) 

6.10(~) 4.4O(b8, 
Ct120Ac) 

1.95(.,~0) 

5.05-3.60 
( 6w~20% 

C!!2F!2) 
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Ractioa2~ 
lOondx#) mixt&, r&cted 
ltmmlx24 0.81R.imDumkokvdool 

Pmctka3cgi6 100mlx24 0~~ methyl 

Frdba4 l%MeoH 100mlx40 473~awdekoiavalol 

lCJIll& IIDS 15114, [ah*- il4.k (c, 0.71463. ‘(I&& c 
74.1% w, 9.37. t&I&o3 ll!&n?s: c 74.e H, 9m%). 

‘Ihescmi-ddNamlts(from2#)goftbcokmmin~wcrc 
dissolvcdinwam(mml).acmalwitbculcHCIaqcon8o 
rai)andtbc~t8kalllpinefbcrdhalmmlx4~.).The 
dbcr extr&?b wm walibat with watm (lOodX3~, brim 

did&i &p. 1fni-l9@~1.5mm; JID’O isl30) aud a?balYgd by dc 
(Tabkljdtk$~ecaqonam bavingRRT(~napcu 
to mtbvl bdw&atd of 0.M 19546). 0.14 ml. 023 f?ms%I. 

symp (!J6 s>: b.p. 2iB-215X.7 x lo-’ nma, [a]*: le. 
T0tkdidalmxlllctf613dindwhcxane(150mD,ssola 
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d this lllatcd (14.6s) fllebed ill the light pet ehtw 
(1aomlX 1); after reiccbisr ht 100allx5 alb) 4.756 d pure 
(tk, plc) methyl eeer af kdaveaic ackk b.p. 179-18WAmar. 
n,‘” 13136, [O]D-6.6 (c, 4.7%). (pamd: c, 79.47; H. 11.01. 
cJi.& lmpims: c, 79.19; H, 1676%). 

MUh~konhudathtc.~rdd(lJI)in~~Smn 
wMc?ltasdwilhmetba~af~2ilBtharup?wryrPd 

thWO&CdUptOpivethCmdhyleda:~liad(lAs~ 
b.p lSO-152W.l mm, no* lS237, &= l~l5, MO 93s (aled. 
94.4). rag- 114.6 (c, 3.4%). IRZ 17ls, 1635, 1564, m 1385 
lzn, 1235,1200,1165,1OQ 1067, lms, m 62z 790,762&m-‘. 
Maaa (VaLa MAT, CH7, fo eV): m/c m, @f+, 46%), 283 (ls96), 
235 (58%X 194 (58%). 151 @%A 139 (mm % m%), 81 m%)s 
69 (62%); 35 (33%). @am& C, 763 II, 9.27. GJW3 quks: 
c76.32AL9.u96).~~J-rai~~+ 

viuxnuliqnid(l3Om&,b.p.Xl&2l(r~.2mn.Tidapodod 
waBLxmvthdintoibaallkLwbazms@yridiormetbod),al.p. 
232-2w.(Pomd:c,68*H,9.tu.C&&N3rc4&nY:c 
68.n; I& lOB!J%)s 

Tbehvc$c&ahaw(O.5I),~rdd(1~r),rrta 

(403mp): b-p. 1s1w (batlm.1 mm nd 1.5065. IolD=+ 17s 
(c, 53&u. IR: 171% 1387, i3u, lzsa, 1210. ii& 11% 1067. 
1055.1020.977.952 925,9lOcm-‘. PMR: bk-C=Q H siu&ts at 

-&&t-d-d kast 12 &xmpomsof&f&wacnmjar 
havim RRT 1 (24%). 3.5 (21%). 5.s 11796). a8 (11%). no tam 

dhclh-~~ b.p. ti @ath)/0.4mm, -&,‘O 1.6116; 
D&mtc m.u. 127-m. (lit:” TNB alamkx. ma. 147~14E 
bicnte, m.p. 129-134). Ui: A, ml (e) 22i &6sOj, 274 (4875); 
2ea(nlo),~o,3~(aeoyP~~~H,(,24ppm;3H,h 
ZJm). 

lImmterialwithRRT8.8fmn&bcdrz?vi?c#rrpkg~ 
ydbw ntuik (EtoIQ, M.P. 156-m, mixed m.p. with ul 
mtbmticsmpkofTNBcmpkxdlJ,MMuhyln&Waw 
wa ladqm&. (FolKId: c, b.Q H. 4.42. cam3 
rcqlira: c, 99.53; IL_ 4.47%). Pm 1Jstrhtbylarpbtbde 
a&a&d by rqmarboe fmm the cmpbx hmk b.p. 90-110’ 
@&@,0.4 mm, v. 30-319 flf t-5; w: 1, m (6) 230 

Ract&aJl Cd& sOOndx12 0s3&rc&ted 
l%JmAciuC& mmlx4 

Pmaial2 l%EtoAcin&& momlX8 O.rn~~l.al 
Pmhn3 2%EtoAcin&& 5OOmlx2 Oi2!B&mktnn? 
Pm&m4 2%EtoAciu~ 5OOudxu 10&7&m/0.78 
Ractions MEtoAciu~ swmlxl2 3593&R&0.61 
hctim6 2%EtOAcin(& mmlxB 6.732g,RR,O.61 

(mrpr) amlO.29 
fhuillo7 5%EtoAcioC& mhllx4 4.#&lmlixm& 

lO%EtoAc.ioC& 5OondxaD notiavertipbd 

Efrul3.Pmctial2mdhtiwoahnmirb#ll3~rvisanm 
l@id 0s w: b.p. 1&171p (brdhyol mm. a,* l.h81, [Ub” - 

666 (c, 5.85%). m 17% 1720, lzao, 1% l2u$ 1170, 1150, 
lOar,lO6& 1042.1028 cm-‘. (Pamdz C, XI.31; 219.61. C,,HA 
mph: C, 70.n; H, 938%). 

lorr, 1031 cm-‘. (poond: c, 63.m K 8.93. cl&u mlpiIw C# 
6462; R 9.@%). 
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dlAbcdrbomnusxpasdto~~KGH 
(fma~ 1OOqj KGH and 1Oml I&OH) far llu, wim ud 
WOhtpgWetbsupeeteddbdd lWM%tWY(l%ml)88~ 

faanLlllinmmial(132mg)wasmixedwithAc~(2ml)aod 
bcatuloarsteamab far1llr.AczGwMaleadimcddfram 
~dlbrthMIdthCOOkd~llliXL?dwith~llAQG(lml), 
n?hxal(1hf)lnKlfm!dofAcAcloaabcfm8odlbefcsidue 
diIfiklat1@-2ov@ath)/20mmtoflminllerude2)(75mg). 
laeprodnctwEI~OaXh@JlllI(zJP;l3cm); 
1aBloAc in c& QmlX2) alhled pare (tic) 26 (17.7@: 
b.p. l60-16Y (batb)/1..5mm, nDm 1.4839, [a]~” tW (c, 0.64%). 
m 1740, 1490, 1250, 117s. 1140, 1115 1050, 1012cm-‘. PMRZ 
&-CH(3H.d, l.l9ppm,J~7Hz).~-(3H~otO~, 
1aoppm),cooMe~H,~3.6sppm).(pooad:c,7085;H.9.65, 
Cl&G3 mpiria, 70.55; II, 9.31%). 

‘Put M: Tamhdnm 3& 1739 (l977). 
~euppleree:ZkWmkhofhf&(Rawl+hthl8),VdV, 
p.319.Chmdlaf!kimtikmdlndu&dR#arch,NewDdhi 

!kJc. &pan r, 493 (l951). 
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