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IN an earlier communicationl, we reported on the structure elucidation of hardwickiic
acid (I) and some other related diterpenocids, all constituents of the oleo-resin of
Hardwickia pinnata. However, biogenetic coneiderations were invoked for the placement

of the angular methyls asz shown in I. We now describe degradation work, designed to

provide experimental support for the location of these quaternary methyls, as also to
elucidate the absolute stereochemistry at the various asymmetric centres. This work

provides conclusive evidence for the absolute stereostructure II for (-)-hardwickiic

acid.

HO ]

Evidence for the location of methyls at C.* and C.
_— 4 7

Ozonolysis of hardwickiic acid, followed by oxidative (HZOZ) work-up of the
ozonide, furnished two major products (isolated as Me esters), formulated on the basis

of their analytical and spectroscopic data, &s III and IV, in terms of structure I for
hardwickiic acid. Oxidation of IV with NaOBr gave, after esterification (CH2N2), III.
The methyl ketore ester (IV) could be prepared more expeditiocusly by the ozonolysis of
kolavic ucidl (v).

The PMR apectraa of both III and IV show one of the quaternary methyls downfie.u
(at 72 ¢/8 and 71 c¢/s respectively) as requirod3 for a methyl group & to a carbomethoxy
function, thus supporting the presence of a quaternary methyl at c5 in I.

»

The location of a quaternary methyl at C_. is evident from its chemical shift data
collected for several derivatives of hardwickiic acid, in which the olefinic linkage
and/or the carboxyl group had been chemically modified. This aspect will be discussed
in the detailed communication to be published later.
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Bromination of IV with NBS (in 0014) or with Bra-Etao conplox# (in ether)
yielded a bromo derivative which on dehydrohalogenation with CnCOB-DMF5 gave an off ~
unsaturated ketone: ZBCoU 227 mu (€ 6200); IR: -CaC-Cs0 1695, 1645 cn™ . Its FMR
spectrum shows two olefinic protons as an AB guartet centred at 380 c¢/s IuB" 16 ¢/s
and JAB/(SB' SA) = 0.47? , a finding consistent only with fully substituted cg. as
shown in VIi. This placement of a Me at 09 is further supported by the position of
its PMR signal (in VI), which as required by its being on an allylic carbon has now
surtered a downfield shift (57 ¢/s as compared to 50 and 49 ¢/s in III and IV res~
pectively; the other quaternary Me signal remains essentially unchanged, i.e. at
73 c/8).

These conclusiens are further corroborated by the transformations described
below.

Ring-fusion

The triester III on Dieckmann cyclisation (NaH, xylene) gave a f3 -keto ester
(yield ~ 78%; deep blue colour with FeClB). which on acid hydrolysis (HCl-AcOH aq.)
gave, as expected, the cyclopentanone derivative VII (after esterification with CHZNZ)z
230 1.4923,00 22 -52.4° (cEC1,), iie 1740 ca™}; 2,4-DNP, orange-yellow needles,
meDe 173-174°. This ketone shows in its circular dichroisa (CD) a strong negative
Cotton eitfect (ll€}°1 -2.49, Tax 36 mu ; dioxane), which is almost a mirror image
(except for reduced intensity) of that observed for a normal 17-keto-steroid, e.g.,
3 p -bydroxy-5 o ~androstan-17-one (At 300 +3.26, T'= 34 mam ; dioxane). Thus, the
two rings in VI must be trans-locked, like the C/D rings of an androstan-l17-one, but

COOMe COOMe

(o]
vi vil

with opposite absolute stereochemistry, as shown in VII.
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Configuration at 69
The above keto ester (VII) was ketalized (2-methyl-2-ethyl-l,3-dioxalane and

p-toluene sulphonic acid), the ketal exposed to excess CsﬂEMgBr and the resulting

) 29 ., o ., EtOH
carbinol dehydrated with HCOOH to give VIII ([d]D9-12.7 R CHC13). An-x 252 mum
CHs
COOMe COOMe
CeHs

vil X

¢ 12900; "i:: 1740 em™}; BMR: C,,~CE, (2H doublet cemtred at 131 c/s, J= 8 c/s),

clz-C§ (1H, triplet centred at 362 ¢/s, J = 8 c/s). The ketal derived from VIII, on
treatment with NBS gave the allylic bromide , which was solvolysed in buifered aq.
dioxane to yield a hydroxy derivative. The latter was directly oxidised with Ru0“7 to
give an acid, which was isolated as its methyl ester (IX): ngo 1.#870,[#357-640;
2,4-DNF, yellow needles, m.p. 173-174°. The positions of the quaternary e reso-
nauces for this bisnor-keto ester (IX), as well as the related compounds III, VII and
VIil,are given in Table l; the assignmnents are obvious from the respective structures.
It is clear frow this comparison tiat the carbomethoxy group at C9 in IX has no
shielding eifect on the C5-methyl and hernce it must be ﬂ-orii?ted as shown in X,

as in the alternative & -coanfiguration it will have 1,3-digxial relationship with

the Cs-methyl whicn will then be subject to the shielding cone of the carbonyl 3roup8-

TABLE 1. UATERNARY NETEYL RESONAKCES IN IX AND RELATED COiFOUNDS

Compound guaternary methyl
C5 C9
111 72 50
VI 58 50
VIII 54 47
ix 55 64

As expected X, like its parent ester VII, shows a strong negative Cotton effect

in its CD: AL 302-2.91, T = 37 m (dioxane).

Configuration at CS

The unsaturated keto diester VI was oxidised with RuO4 and the product hydro-
lysed with 1% KOH-MeOH (1 hr) to give a monoester dicarboxylic acid, which in view of

our previous conclusions, can be formulated as XI. This, on being refluxed with AcZO.

MeOOC Mée00C

XI Xil X
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tollowed by distillation at A¢2000/2 mm gave the reyuired ketone XIl: ngol.h659,hilgl
+20°(CH013). Its CD shows a positive Cotton eriect (‘52296-506 .10, T = 38 mm
dioxane)/as expected for XII (cf. X); this provides furtner eviuence for tue configura-
tion at 09. as already deduced. Tne PuR spectrum of XII snows tne Cc-metnyl resouance
(C5 and C9 quaternary me siguals occur at 53 and 72 c¢/s respectively, as a doublet
centred at 71.5 ¢/s8 (J = 7 ¢/sj. In all other compounas described so far, the Co-we
doublet is usually centred ~ 50 ¢/s. This large paramaznetic snift in XII must have
been caused by the keto group, with which it has a 'peri' relationship. Siuce the
carconyl group can deshield ounly those protons winich lie in its plane, tae Cé-metnyl
must be eguatorial, as shown in XIII.

ithese experiments enabie us to uniquely describe the absolute stereostructure
of (~)-nardwickiic acid as 1I. ‘+The absolute stereochemistry of kolavic acid (V),
kolavenic acid and kolavenol follow from their relatiouship with hardwickiic acid.
Acknowledgeuwent - Tne authors are yrateful to krof. ‘. Ourisson for providing the
CD data.
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