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TBE CEEHISTBY OF THE OLBO EE8I.H 

FROM HARLMICKIA PINNATA s A SRRIBS OF NW DITlEU’ENOIDS* 

R.Msra,'B.C. Pandey and f?ukh Dev 

National Chdcal Laboratory, Poona (India) 

(Received 23 October 1964) 

TIiIP oleoresin of Hardvlckla Pinnata has been shown to 

consist of a series of closely related sesquiterpenoids 

and a series of closely related diterpenoids. 

The sesquiterpene portion, which constitutes ~40% 

of the oleoresin has been found to consist of copaene 

(4.5%)) caryophyllene (75%)) humulene (13$), caryophyllene 

oxide (2.5$), humulene oxide-1 (O.E$), humulene oxide-11 

(0.5$), #s-caryophyllene alcohol (1%) and unidentified com- 

ponents ( 6, 3%). 

FFOQ the diterpenoid part five new compounds 

(totalllng -70% of this portion) have been isolated 

(Table 1) and we report on the structures of four of these. 

Rardwlckilc acid 

Hardwlckiic acid, C20H2s03 (cyclohexglamlne salt, 

m.p. 143-1440, [%I, -100.3’) is a monobasic carboxyllc acid 

*Communication No. 733, National Chem. Lab., Poolla. 

+All rotations have been measured in CHC13 solr*tlon, 
unless stated otherwise. 
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( uczo 1681, ycxc 1629 cm-l. Methyl ester, C21H3003, 

b.p. 15C-152°/o.1 mm, I+) 30 1.5237, [<I, -ll3.5'; vFo 

1715, PC=' 1635 cm-', no OH stretching) having a g-mono- 

substituted furan ring [+ve Ehrlich test'; IR2 (Xe ester): 

1564, 1503 and 880 cm"; NMR*3 (Me ester): 370 (IX), 420 

(lH) and 439 cps (lh, triplet) due to one g and two d,d’ 

protons on a furan nucleus]. The presence of two,quater- 

nary methyls (sharp 3H signals at 48 and 76 cps) and a 

&,-$-C grouping (3H doublet centered at 51 cps, J = 6 cps) 

was C clear from its NMR spectrum. A triplet WI) centred 

at 406 cps (In Me ester at 394 cps) is assignable to a 

vinyl hydrogen $ to the csrboxyl group; this is confirmed 

by the NMR of the derived alcohol (LiAlH4 reduction, a- 

dinitrobenooata, m.p. 118-119') when this triplet, as ex- 

pected, shifted upfield (to 326 cps). The conjugation of 

the -COOH and the ethylenic linkage was further borne out 

from UV absorption of the Me ester: & 213 mu (C,12,560), 

being a summation of furan and d@-unsaturated ester absorp- 

tlons. 

On quantitative hydrogenation over Rh-C, the 

30 
ester yielded a tetrahydroderivatlve, C21H3403 (nD 1.5137, 

cd], -89.19; yczo l?l5, #=’ 1635 cm-l) with the coaju- 

gated oleflnlc linkage (& 215 IW, C, 6960; NMR: Ui 

*The NMR spectra were taken on lo-20% solutions in 
CC14 or CDCl on a Varian A-60 spectrometer; the slg- 
nals are ret rded in cps from tetramethylsilane (inter- 3 
nal standard) as zero. 
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triplet at 390 aps, no f&ran protons) still In tact. 

Further hydrogenation yidded a hexabydroderivative (n F 

1.5024, [Ml, -sS.sO), wf?ich was fully saturated (W, NMR, 

tetran$tromethane test). It is clear from these results 

that hardwlckilc acid has only three CG bonds and con- 

sequen~ly mst have two carboayclic rings. 

Hardwickiic aaid on dehydrogenation with 10% Pd-c 

yielded 1,2-dlmethyl-and 1,2,5-trimethylnaphthalenes in a 

ratio of 382. 

Theaboveresults can beaccommodated&ina 

*rearrangedt bicyclic 

turo I is diatated by 

diterpenoid skeleton and the struc- 

biogenetic considerations: 495 

Kolavic aclq 

Kolavic aaid, C20H&,04, is dicarboxylic ( uwo 1660, 

Y c=c MS0 cm-l. Dimethyl ester, C22E3404, b.p. 193-B%'/ 

0.4 1Ip) lx? 1.5179, [MID -1260; ;c=o 

i 

1720, Ip= 16x, al?). 

!Fhe LTV absorption of the acid (& 216 mu, B 21,000) and 

its QStQ.l' '&_ 217 W, C 21,400) indicated that both the 

carboqa functions mst be $~-unsaturated. On ca$aJ.ytic 

hydrogenation over Pt it yielded a tetrahydro acid (m.p. 
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223-225’, [41D -42.3’1, which gave a negative tetranitro- 

methane test. Thus, kolavic acid must contain only two 

ethylenlc linkages. On dehydrogenation with Pd-6, kolavic 

acid, like hardwickiic acid, yielded both 1,2-dimethyl 

and 1,2,5-trimethylnaphthalene in a 1:l ratio and, hence, 

must be closely related to hardwickilc acid. 

The NMR spectrum of dimethyl kolavate showed the 

presence of two quaternary methyls (Sharp 3H signals at 

46 and 74 cps, a &-CH-C grouping (3H doublet centred at 

49 cps, J = 6 cps), o ii e methyl on an olefinic linkage (3H, 

doublet at 128 cps, J = 1 cps) and two -COO& (6Ii sharp 

signal at 217 cps); in the vinyl proton region a singlet 

(essentially) at 333 cps and a triplet centred at 392 cps 

serve to elaborate further the nature of the oleflnic 

linkages, deduced earlier, to II and III respectively: 

“C = CH-COOMt 
/ 

C’ 

c=c 
H’ \ 

COOMe 

Keeping in mind the structure of hardwickilc acid, 

the above data for kolavic acid lead to its formulation 

as IV. The stereochemistry of the side chain has been 

deduced from the chemical shift of the allyllc methyl 

group (128 cps), which must be cis to the carboxyl 



3756 

function6”. 
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Kolavlc acid was, then, correlated with hardwlckllc 

acid as follows: Methyl hardwlcklate on hydrogenation OVBT 

Pt 81 AcOH (at 250 and 710 mm) took up 3.3 moles of hydro- 

gen to furnish, besides other products, an ester alcohol 

Q0 ,, 1.4226, yc=’ 1730, #II 3400 cm-11 in 50% yield. 

This on LiAlIi4 reduction yielded a mixture of a solid 

(m.p. 131-133’) and a liquid glycol in approx. equal 

amourits; the latter was converted into Its diacetate and 

chromatographed to yield a pure diacetate (np 30 1.4669, 

tM$., -20.7’) which was found to be identical (physical 

properties, IB, NM31 with V, obtainable from tetrahydro- 

kolavic acid. 

Kolayrenic acid 

This could be isolated as its methyl ester. From 

the spectral properties of the ester &,_ 219 IW, 6 16,600; 

I2: ‘9 ‘=’ 1733, v”” 1660 cm-‘; NMR: two quaternary methyls 

(3Ii singlet at 44 and 62 cps), one methyl on a methlne 

carbon (32 doublet c&&red at.46 CPS~ J = 6 cps), two 
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vlnylic methyls (3H doublet at 94 and 128 cps), one 

-COO& (217 cps), one vinyl proton (broadened triplet) 

centred at 307 cps and, another vinyl proton (essentially 

a singlet) at lower field strength (334 cps)] and keeping 

in view the spectral eharaateristics of hardvlckiic and 

kolavic acids, structure VI follows for the new acid. 

PI PII 

The structure (VI) has been confirmed by 

direct correlation with kolavlc acid through the 

its 

hydro - 

carbon VII (np 1.4851-1.4857; identical NMR, IR). 

It may be pointed out here that the shift of a 

quaternary methyl signal from 76 cps in hardvickiic acid 

to 59 cps in kolavenic ester is in accord with the proxi- 

mity of that methyl to the C4 carboxyl function. As ex- 

pected8 the signal shifted to 47 cps in tetrahydrokolavenlc 

ester . 

Kolav en01 

From speczra.l characteristics and biogenetic con- 

siderations, this alcohol (3,5_dinitrobenzoate, m.p. 105- 

106’) was assigned the structure VIII, which vas confirmed 

by Its preparation from kolavenic acid by LiAlH4 reduction. 
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Other c#onstituents 

GPldence has also been obtained for occurrence of 

the g,Y-isomers of hardwickiic acid and kolavenic acid and 

the tertiary allylic alcohol corresponding to kolavenol. 

These will be discussed in the fuller communications. 

The isolation of all these compounds, which repre- 

sent different stages of oxidation of a "rearranged" bi- 

cyclic intermediate, is most Interesting from the point oy 

biogenesis. The simplest member ol this series, viz., 

kolavenol can arise directly from the species IX resulting 

from the cyclisation of geranylgeraniol precursor: 

Ix 
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The determination of stereochemistry of these oompounds 

should provide further support to 

certed methyl migrations, already 

friedelin' and recognised in some 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

the above scheme of con- 

well-established for 

10,11,12 diterpenolds. 
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