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Chemical speculation on the mechanism of oxidative cyclization of sgualene has led to a

number of model studies. Although most attention has focussed on the cationic cyclization of
4

1,2 we have been concerneds’

polyene epoxides, with the possibility that nature might utilize
a free-radical pathway. Recent studiess’6 show that saqualene epoxide is an intermediate in

the oxido-cyclase reaction (probably, though not certainly, cyclizing by a carbonium ion mecha-
nism). Although our '"model" studies on free-radical pathways are thus of limited biochemical
interest, they have resulted in a remarkably specific new synthetic reaction. Addition of
benzoyloxy radical to the sesquiterpenoid trans, trans-farnesyl acetate (I)7 gives the bi-
cyclic product II(a). Benzoyloxy radicals were generated by the CuCl-catalyzed thermal decom-

4,8 or the fluorescein-photosensitized decomposition4 of benzoyl peroxide in aceto-

position
ces . X . R . . 4,8
nitrile. In both reactions, cupric benzoate was added to provide a termination mechanism. ’

IT was isolated from the thermal reaction in 20-30% yield, from the photochemical in ca. 5%

yield.9
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Column chromatography gave crude II(a), from which pure II(a) was isolated by vapor phase
chromatography (single symmetrical peak). In addition to recovered starting material, the
other products are monocyclic compounds derived from I and some high-molecular-weight

material. No evidence could be found for any bicyclic compounds other than II. Hydrolysis of
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crude II(a) and preparative thin layer chromatography on silver-impregnated silica gel gave
11(c). Esterification of crude 1I(c) gave crude II(b), purified by v.p.c. (single symmetrical
peak) or preparative t.l.c. on silver-impregnated silica gel. IT(2) and II(b) are colorless,
viscous liquids; II(c) is a colorless crystalline solid, m.p. 111-114°.

The NMR spectrum (in CDC13) of II(a) shows, in addition to benzoate, acetate, and ring
hydrogen resonances, terminal methylene resonances at 5.12 and 5.42t (broad singlets), multi-
plets for C-2 hydrogen (5.271) and acetoxymethylene (5.82t), and methyl singlets at 8.97, 9.01,
and 9.17t.

Ozonolysis of II(a) in acetic acid - ethyl acetate at -5° to -10° with H202 workup gave
the expected ketone, with no terminal methylene in its NMR and methyl resonances at 8.55<
(s, 3H) and 9.12t(s, 6H), and a parent mass spectral peak of m/e 386 (M.W. of II(a) = 384).

I1I(b) has terminal methylene resonances at 5.11 and 5.45tbroad singlets), C-2 hvdregen
multiplet at 5.2-5.61, acetoxvmethylene resonances at 5.73t(apparently twe overlarring doub-
lets with nearly identical chemical shifts, J = 6.0 and 6.5 cps), and methyl singlets at
9,121 (6H) and 9.20t(3H). The IR spectrum of II(b} in CS2 shows acetate at 1740 cm'1 and exo-
methylene at 1645 and 890 em L.

The NMR spectrum of II(c) has, besides hydroxyl and ring hydroger rescnances, terminal
methylene at 5.04 and 5.33t, C-2 hydrogen multiplet at 6.4-6.97, hyrdraxymethylene resonance at
6.211(aprarently two overlapping doublets with nearly identical chemical shifts, J = 6.0 and
6.5 cps), and methyl singlets at 9.00, 9.22, and 9.27t. The mass spectrum of II(c) has
rarent m/e fragments at P - CH3, P - HZO’ P - 2H20, among others.

The rarrow melting range of II(c) and the fact that four derivatives of II have only
three sharp methvl resonances in the $.0t region argue strongly that II is a single diastereo-
mer. The chemical shift and broadness of the (-2 hvdrogen resonance suggest that the C-2

hydrogen resonance suggest that the (-2 hydrogen is axial.10 The chemical shifts of the

11

methyls correlate verv well with those in models with the proposed stereochemistry. The

positions of the terminal methylene resonances in II{c) are as expected for ecuatorial
12
hydroxymethylene.
. X . 3 s
To confirm the assigned stereochemistrv, II was converted to the known III.l Isomeri-
zation of the diacetate II(h) was effected by 0.7 M_HC104 in 3% aqueous ethyl acetate

(2 hours at r.t.). Treatment with lithium aluminum hydride in tetrahvdrofuran gave iso-

merized diol, m.p. 105-114°.
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The NMR spectrum of isomerized diol had no exo-methylene resonance, a new olefinic
multiplet at 4.45t (1H), a new, slightly split methyl singlet at 8.20t, and sharp methyl
singlets at 9,02t (3H) and 9.151 (6H). Its infrared spectrum in KBr was exactly identical,
band for band in position and relative intensities, with that of authentic III.14

I1I is formed by addition of Renzoyloxy radical to farnesyl acetate and free radical
closure of both rings, followed by dxidation of the radical by cupric benzoate with concerted
proton transfer. Several arguments exclude the possibility that this i4 instead a carbonium
jon process in which the radical is oxidized before cyclization. Thus, van Tamelen and co-
workers have obtained only endocyclic olefin from the carbonium ion cyclization of trans,
trans-farnesyl acetate terminal epoxide with BFS- etherate in benzene‘13 We find that II(b)
is not isomerized from exo- to endocyclic under even more stringent conditions. Also, the
addition of benzoyloxy radical to the analogous monoterpene geranyl acetate with cupric
benzoate present gives both cyclic and acyclic terminal methylene nroducts, the relative yield
of acyclic product increasing with increasing cupric benzoate concentration. This shows that
oxidation of the radical competes with cyclization in our system.

Addition of benzoyloxy radical to trans, trans-farnesyl acetate in a chair-chair confor-
mation with concerted closure of both rings would give the stereocheristry of II, although a
concerted process is not required.15 However, by whatever detailed mechanism this reaction is
both structurally and stereochemically selective. In one step an acyclic sesquiterpene is
converted to the oxidocyclized II in which four asymmetric centers have been establisked in
specific relative configurations. Furthermore, both this stereochemistry and the new oxygen
and exocyclic methylene groups reflect the natural functionality of a-onocerin, a product of
enzymatic oxidocyclization of squalene. Considering the complexity of the changes effected in

.., 16
one step, this is a new synthetic reaction of considerable potential. i
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