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Biogenetic-type Oxidation-Cyclization in the Total Synthesis of
Triterpenoid Systems

By EuGeENE E. vaN TAMELEN, MARTIN A. SCHWARTZ, EDWARD J. HESSLER, and ANGELO STORNI
(Department of Chemistry, Stanford University, Stanford, California)

WE describe a total synthesis of the pentacyclic
triterpenoid hopenone-I (I), proceeding through
B- and vy-onocerin, and featuring coupling of
sesquiterpenoid halves built up by oxidation—
cyclization of acyclic terpene.ts?

The key bicyclic intermediate (II) desired for
entry into the Cy-series was produced most
conveniently by a reaction sequence starting
with cyclization of methyl #ranstrans-farnesate
10,11-epoxide (III)?® secured by selective terminal

n

(i)

oxidation of the acyclic triene ester.4® In addition
to bicyclic hydroxy-ester (IV a-b) (22—289%, yield),

phosphoric acid (or boron trifluoride etherate)
treatment of (III) gave rise to acyclic keto-ester

C02 Me
X
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l

() (IVa)

(V), monocyclic hydroxy-ester (VI), and bridged
ether (VII). Whereas the bicyclic ester from the
phosphoric acid experiment consisted® of 139, axial
ester (IVDb), 72-59, equatorial ester (IVa)? and
14-5%, af-unsaturated ester (VIII; R=H, R’=Me);

W) (V1) (VID)

{R= [CHz]eC(Me) = CH:CO;Me}

corresponding product from the boron trifluoride
cyclization contained 29, axial, 919, equatorial
ester along with 7%, of an unknown product. Thus
the boron trifluoride procedure is distinctly stereo-
selective, providing in one operation bicyclic
system possessing the trans—anti—trans-stereochem-
istry characteristic of polycyclic terpene and
steroid frameworks.
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In order to prepare for the coupling process, the
By-unsaturated ester was isomerized to the of-
unsaturated type (VIII). For this purpose and
also by reason of later chemical transformations,
protection of the hydroxyl function was required;
and thus O-benzyl ether (VIII; R = Ph-CH,,
R’ = Me) was prepared from the epimeric mixture
(IV a-b) by treatment with benzyl chloride /sodium
hydride in dioxan. The (non-crystalline) ether
ester was equilibrated by means of sodium
methoxide in dimethyl sulphoxide; the «f-un-
saturated ester present (169,) was enriched (39%)
by chromatography, and then selectively hydro-
lyzed with formic acid—sulphuric acid®? togive (+)-
3-benzyloxy-B-bicyclofarnesic acid (VIII; R=
Ph-CH,, R’=H), m.p. 174—176°. Lithium alu-
minium hydride converted the methyl ester
(VIII; R=Ph-CH,; R’=Me) into the non-crystal-
line allyl alcohol (IT; X=OH).

COzR"

RO
i (VIII)

Coupling was effected in 529, yield by conversion
of the (4)-alcohol into the corresponding bromide
(II; X=Br) by means of 489, hydrobromic acid,
followed by treatment with magnesium in ether.
Fractional crystallization yielded (d-)-B-onocerin

dibenzyl ether (IX; R=Ph-CH,) and the meso-
isomer (X; R=Ph-CH,) m.p.’s 158—160° and
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194—198°. Although spectrally indistinguishable,
the isomers did not exhibit identical behaviour on
thin-layer chromatography; and by such compari-
son with authentic (4)-B-onocerin dibenzyl ether
(see below), the lower-melting isomer was shown to
be the (4-)-species. Cleavage of the benzyl ether
groupings with sodium in liquid ammonia and
subsequent acetylation of the diol afforded (4)-8-
onocerin diacetate (IX; R=Ac), m.p. 180—181°.
The corresponding meso-compound (X; R=Ac)
melted at 217—220°.

Resolution of (4)-3-benzyloxy-B-bicyclofarnesic
acid (VIII; R=Ph-CH,; R’=H) was accomplished
through use of its brucine salt. The non-crystal-
line (+)-acid, [a]p + 99-4°, was submitted to the
same reaction sequence described above to yield
(+)-B-onocerin dibenzyl ether (IX; R=Ph-CH,),
m.p. 135—138°, spectrally identical with the (—)-
(and the meso-) compound. After reductive
cleavage and acetylation, this dibenzyl ether gave
rise to diacetate (IX; R=Ac) m.p. 235—236°,
[]p + 117°, identical in all respects with authentic
(+)-B-onocerin diacetate.!®

As would be anticipated on the basis of earlier
observations,’® either (+4)- or (+)-B-onocerin
diacetate provided, on treatment with acetic~
sulphuric acid at 25° for 16 hr., a modest yield of
pentacyclic product, the y-onocerin diacetate (XI).
In the racemic series, y-onocerin diacetate was
obtained from benzene-methanol as colourless
crystals, m.p. 320°; while in the (+)-form, the
pentacycle melts at 333—336°.1° The infrared and
n.m.r. spectra of (+)- and (4)-y-onocerin diacetate
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were indistinguishable. Since (4)-y-onocerin di- the above synthetic operations embrace that latter
acetate has been converted! into hopenone-I (I),!2 system as well.13
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