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Summary: A total synthesis of the tricyclic sesquiterpene
hirsutene is described, where all the key steps use orga-
nosilicon mediated reactions.

In recent years a substantial number of sesquiterpene
natural products having the linearly fused cis,anti,cis-
tricyclo[6.3.0.0%¢]undecanoid carbon skeleton have been
isolated.! This has spurred many interesting syntheses?
and the more general development of methods for making
fused five-membered rings.* Our own interest in this area
has been to view such structures as platforms upon which
to examine new methods in synthesis,* in particular those
involving organosilicon chemistry.?

Here we report a short, convergent synthesis of (%)-
hirsutene (1), the supposed biogenetic precursor of the
antitumor substance coriolin (2), and hirsutic acid (2a) that
utilizes a number of organosilicon-mediated steps.

4,4-Dimethylcyclopentenoyl chloride (3)° was treated
with 1-(trimethylsilyl)-1-(phenylthio)ethylene (4),% in the
presence of silver tetrafluoroborate at -20 °C in di-
chloromethane, to give the 4-phenylthio bicyclic enone 5
in 38% yield.” Despite extensive experimentation, we
have been unable to improve upon this modest yield.®
Treatment of 5 with methyllithium in ether followed by
mercuric ion assisted hydrolysis gave the known bicyclic
enone 6 in 93% yield.X® Not only does the new annulation
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reaction provide a very short synthesis of 6 in overall yield
33%1 but also confirms the structure of 5. Although the
yield of 5 is modest, the overall conversion of 3 into 6
represents the shortest and highest yielding method for
making this compound. Indeed, previous routes to 6 are
extremely lengthy and low yielding.!?
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Most of the previous syntheses of hirsutene proceed
through the known degradation product, the ketone 7, and
methenylate this material using the Wittig reaction.? Our
objective was to add to required four-carbon unit to 6 with
the requisite exocyclic methylene group in a single step.
To this end, the necessary four-carbon unit 8 is readily
available by using organosilicon methodology developed
by Boeckman.!! Treatment of 4-(trimethylsilylybut-3-
yn-1-0l with anhydrous hydrogen bromide gave the vinyl
bromide 8, which was converted into the tert-butyldi-
methylsilyl ether 9 by using standard methods.’? Con-
version of 9 into the lithio derivative was achieved by
halogen—metal exchange using ¢-BuLi in ether at 100 °C.1?
The corresponding cuprate derivative was formed!# and
treated with the enone 6 to give 10 in 70% yield. No endo
addition products were detected. ,

The -Si-t-BuMe, protecting group, vital to the success
of this synthesis, was removed using Et;BzN*Cl~/KF-
2H,0% in CH,CN at 60 °C to give the alcohol 11. Ori-
ginally we employed an -OMe protecting group, which
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under the conditions required for its removal, caused
migration of the exocyclic double bond into the endocyclic
position.
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The alcohol 11 was converted into the p-toluenesulfonate
ester 12 in the standard way and treated with lithiohexa-
methyldisilazane (2.0 equiv) in ether at —78 °C to give the
tricyclic ketone 14 (75%).

While there are many methods for directly reducing a
ketone to methylene, particularly the Wolff-Kishner re-
duction and more recent sophistications of this method,
the literature indicates that these methods might be ex-
pected to proceed in very low yield.®® The tricyclic ketone
13 was reduced to endo-hirsutene in only 8% yield.!
Consequently, 14 was treated with NaBH,/MeOH to give
the alcohol 15 as a mixture of epimers which was converted
into its xanthate derivative 16 by treatment with CS,/
Mel/NaH/THF.!7 Exposure of 16 to tri-n-butyltin hy-
dride in benzene heated at reflux in the presence of AIBN
(catgl;grtic) cleanly gave (£)-hirsutene (1) in 65% yield from
14.181

In summary, all the key steps in this short convergent
route to (%)-hirsutene utilize organosilicon chemistry. The
number of steps from 3 through to 1 is nine and proceeds
in an overall yield of 7%.
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Summary: (Pentaalkyliditin)lithiums are demonstrated to
be present in preparations of (trialkyitin)lithium reagents
(from the trialkyltin halide and lithium in tetrahydrofuran)
by direct observation (''*Sn NMR) and alkylation to
RsSn,R’ (R = methyl, n-propyl, isopropyl; R' = cyclo-
hexyl, methyl). Cyclohexylation of (/-C;H,)sSn.Li proceeds
by a free radical route. The Rg;Sn,Li species are consid-
ered to arise by oxidative addition of R3SnlLi to R,Sn,

formed by R,SnLi = R,Sn:RLi, dissociation of which is
promoted by R¢Sn, scavenging of RLI.

The reactions of simple (alkyltin)- or (aryltin)lithium
reagents usually can be understood in terms of R;SnLi (or
some aggregated or solvated assembly) functioning as an
electron-transfer reagent, nucleophile, or base.'* How-
ever, there are observations,>® mainly with tributyl- and
trimethyltin alkali reagents, consistent with the stannylene
(R.Sn:) being a significant component of the equilibrium
below (eq 1).

RgsnLi = RgSn: + RLi (1)

An attraction to this proposal is that some RsSnLi have
been synthesised by reaction of SnCl, with 3 equiv of RLi,
a procedure®!! which could involve the reverse of (1) as
the final step. Furthermore, a plausible scheme® for the
transformation of (CH,);SnLi to ((CHg)3Sn);SnLi, which
occurs under certain conditions,'* has eq 1 as the first step
followed by oxidative addition of (CH)sSnLi to (CHg),Sn
yielding (CHj)sSn,Li. In this communication we wish to
describe the characterization of some R5;Sn,Li species, the
formation of which constitutes very persuasive evidence
for the operation of eq 1 and the scheme® for (R;Sn),SnLi
formation.
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