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L and theoretica12 studies of the

As part of our continuing experimental
chemical consequences of orbital interactions in molecules containing 1,3 bridged
cyclobutane rings, we required a method for preparing reasonable quantities of
bicycleol4.1.1]octa-2,4~diene (1) or a simple derivative thereof. The literature
contains a very limited number of entries into this ring system. Dibromocarbene
has been added to c-pinene to yield a four to one mixture of exocyclic and endo-
cyclic bromodienes, derived from the initially formed adduct by electrocyclic

3 Russell and coworkers4a have bis-homologated

4b

ring opening and loss of HBr.
cig-1,3-cyclobutanedicarboxylic acid and used the acyloin reaction to cyclize
the resulting diester. Although the product of the acyloin reaction is an ob-

vious candidate for further transformation into the parent diene (}),5 the total
number of synthetic steps in this route, which starts from pentaerythritol,4b
is quite large. fTherefore, we sought a more convenient synthesis of a simple

derivative of 1.
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In designing such a synthesis, we noted that a-pinene (§), which is com-
mercially available and inexpensive, contains the same number of carbons and
the cis-1,3 disubstituted cyclobutane ring that is found in 7,7-dimethylbicyclo-
[4.1.1]octadiene (g). We report herein a convenient transformation of a-pinene
to 2 in four steps, the last of which is a vinylogous Shapiroc reaction.

Ozonolysis of a-pinene in THF according to the published procedure6 gave
in 80% yield the ketoaldehyde (é)' which was cyclized to the bicyclic enone in
refluxing xylene containing piperidine and acetic acid. Bicyclo[4.l.1lloct-3-
en-2-one (5) was isolated in 35% yield by distillation.7 Its pmr spectrum
(CDCl3) showed: § 0.98 (s,3H), 1.35 (s,3H), 1.85 (d4,1H,J=10 Hz), 2.0-2.5 (m,2H),
2.5-2.9 (m,3H), 6.01 (d of g,1H,J =12 and 2 Hz), 6.51 (d of t,1H,J =12 and 4 Hz);
uv (hexane): lmax = 221 nm (log € = 3.90). Although the enone (§) could be
reduced to a single crystalline allylic alcohol, mp 57-58°, attempts to dehy-
drate this alcohol to g were uniformly disappointing. Therefore, another method

was investigated for the transformation of 5 to 2.
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Ketones can be converted to olefins by treatment of the derived tosylhydra-
zones with methyllithium (Shapiro reaction).8 When the tosylhydrazone of an a,f
unsaturated ketone is treated with methyllithium, proton abstraction occurs from

the o', rather than from the y position, to give a diene in which the original

9

double bond remains unshifted.g’ Since in 5 the a' position is at a bridgehead,

we hoped that proton abstraction could be effected from the v position.lo In

10

order to avoid possible addition of methyllithium to the double bond of the

tosylhydrazone (§)11

12

derived from 5, lithium diisopropylamide (LDA) was used as

the base. Vedejs has successfully used LDA in place of methyllithium in the

Shapiro reaction,l3

and Schlessinger has employed 1:1 LDA-HMPA in THF to remove
the y proton from «,8 wunsaturated aldimines.14 When the tosylhydrazone (§) was
added to a THF solution of four equivalents of 1:1 LDA-HMPA at room temperature
and the solution refluxed for 2 hr, a 34% yield of g was isoclated after agqueous
workup, passage through a short column of alumina, and distillation. An analytical
sample7 was obtained by preparative glc. Its pmr spectrum (CDC13) showed: § 0.80
(s,3H), 1.0-1.1 (m,1H), 1.28 (s,3H), 2.1-2.8 (m,3H), 5.5-6.3 (m,4H): cmxr (CDC13):
§ 20.20, 22.40, 23.53, 28.32, 44.73, 125.29, 136.69; uv (hexane): Amax = 270 nm
(log ¢ = 3.38), 280 nm (log € = 3.50), 292 nm (log € = 3.47), 304 (log e=3.19).1°
Although the (unoptimized) yields in the second and last reactions of this
four step synthesis of g from 3 are only fair, the commercial availability and
low cost of the starting material make this route economical as well as con-
venient. Indeed, the ozonolysis of 3, followed by the cyclization of 4 to 5,
represents a most attractive entry into the bicyclo4.1.1]octane ring system.
Finally, the transformation of § to 2 via the reaction of 6 with 1:1 LDA-HMPA is
an extension of the Shapiro reaction that may prove generally useful for the pre-
paration of dienes from a;f8 unsaturated carbonyl compounds that lack enolizable

a' hydrogens.
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