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Most previous syntheses of the bicyclo[2.2.0]hexane
system have been photochemical, and have not made available
derivatives of the parent molecule bearing only functicnal
substituents at the bridgehead positions (1). We (2) and
others (3) have recently used the Favorskil rearrangement
to make bicyclo(2 .2 .0lhexane-1l-carboxylates fused within more
complex structures, and so its extension to the parent system
seemed feasible. We report here a convenient preparation of
the title compound; studies of its further transformations,
as well as extension of this synthetic approach to related
molecules, are in progress.

The Diels-Alder adduct, II (4) of ethylene and
5,5-dimethoxytetrachlorocyclopentadiene, I (5), was hydro-
genated in a Parr apparatus over 5% palladium-charcoal in
ethanol containing excess triethylamine; three (or slightly
more*) moles of hydrogen were consumed, and after work-up
and recrystallization from methanol at -10°, 1,4-dichloro-

7,7-dimethoxybicyclo(2.2.1]heptane, III, was obtained in

#Jsually a little more than three moles of hydrogen was con-
sumed, probably by close-boiling impurities present in II.
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¢3% yield. The nmr spectrum of IIT in CCl4 displayed a sharp
singlet at 6.40 t (6H, —OCH3) and a centro-symmetric multiplet
at 7.5-8.4 1 (8H). A sample prepared fcr analysis melted at
1401202: C 48.02, R .27, 01 31.%503
found: € 47.85, H 6.24, C1 31.52). We infer that Il is

95.0-95.6° (cale. for CH

adsorbed on the catalyst surface from the endc side, since
the (presumably endo) adduct of I and vinyl acetate is nct
reduced under these conditions. The observation of Wilcox
and Zajacek (6) that reduction of 1,2,3,4-tetrachloro-
bicyclo[2 .2 .1]heptene is blocked by a 7-syn chlorine is
striking, since its endo face is as accessible as that of II,
and somewhat less hindered than the readily reduced
1,2,3,4-tetrachlorobicyclo[2.2 .2 ]Joctene (7).

Ketal III was hydrolyzed at room temperature in dichloro-
methane solution by stirring with 96% sulfuric acid; the
product, 1l,4-dichlorobicyclo{2.2.1]heptan-7-one, IV, Yoo
1815 cm™ - (CSZ)’ crystallized as the separated organic phase
was distilled to dryness on the steam bath and was used with-
out purification in the next step. Favorskii rearrangement
was effected by dissolving the crude IV in tetrahydrofuran and
adding rapidly a 100% excess of powdered sodium hydroxide
while stirring at 0-5° (ice bath). After five hours excess

concentrated hydrochleoric acid was added and the mixture was
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worked up at room temperature cr below. Acidification of the
bicarbcnate washings and extraction with ether gave 92.6%
(frem IiI) ~f crude colerless 4-chlorobicycle(2 .2 .0]hexane-1-
-carbsxylic acid, V, m.p. 110-137°, whose infrared spectrum
differed c¢nly slightly frem that of the analytical sample,
m.p. 143.0-143.9° [calc. for C,H,C10, (160.60): C 52.35,

H 5.85. C1 22.07; found: C 52.21, H 5.61, Cl 22.28, equiv.
wt. 160]. Acid V may be purified by recrystallization from
ether or carbon tetrachloride, with only fair recovery per
step, and by sublimation at 60° in high vacuum. The infrared
spectra of V and its methyl ester (V-Me) are consistent with
the assigned structure, and in particular show no evidence of
unsaturation. The nmr spectrum in benzene of V-Me displays

a sharp singlet at 6.52 7 (3H) and a complex pattern of at
least 21 lines at 6.9-8.6 T (8H).

When V-Me in benzene solution was heated to 100°, it was
smoothly isomerized, with a half-1ife of about 1.5 hours, to
methyl 5-chlorohexa-1,5-diene-2-carboxylate, with nmr
absorption at 3.90 (1H, d, 1.4 cps), 4.76 (1H, m), 4.97
(1H, 4, 1.2 cps), 5.18 (1H, m), 6.62 (3H, s) and 7.57 T
(44, broad singlet). The structure of the product was assigned
on the basis of its nmr spectrum and by analogy (8); since
methyl cyclobutanecarboxylate opens more easily than cyclo-
butane (9), 1t was to be expected that V-Me would be more
lubile than bicyclo[2.2.0]hexane itself. It appears that V
and particularly its anion are even less stable, so that gentle
Work-up conditions are essential if the acid is to be isolated
in pure condition.

In some preparations of V, a bicarbonate-insoluble
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substance, m.p. 234-236°, was isolated also; it was found to
have remarkably simple infrared and nmr spectra, and analyzed
for CBleclz‘ These data suggested that the by-product was
1,4-dichlorobicyclio[2.2.2]octane, VII (7), and this identifi-
cation was confirmed by comparison with an authentic sample.
The presence of VII may be rationalized by supposing that
under the conditions of its formation, adduct II may lose the
elements of dimethoxycarbene (10) to give 1,2,3,4-tetrachloro-
cyclohexadiene, which then adds to ethylene to form 1,2,3,4-
tetrachlorobicyclo[2.2 .2 Joctene, VI, in turn reduced in the

next step to VII. Although VII was usually present only in

Ci

Cl Ci {
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traces, in one preparation it was isolated in 6% yield.
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