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with bond migration and loss of nitrogen could also
account for the formation of III from VIII. It seems
unlikely that the exo-diazonium ion X is formed to any

R,
R, H
VIIL, R;=H, R,=N,T X XI
X, Ri=N,", R,=H

appreciable extent since no significant amounts of
nortricyclanone or  exo-2-hydroxy-7-norbornanone
could be detected among the products.!! Although
rearrangement of the bicyclo[2.2.1]heptane system to the
bicyclo[3.1.1]heptane system has been postulated pre-
viously as an intermediate step in certain cationic
processes,!® the isolation of III represents the first
example of the isolation of such a rearrangement prod-
uct. The well-known reverse process is normally
favored because of relief of strain in the bicyclo[3.1.1]-
heptane system.!* In the present case the increase in
strain energy resulting from the delocalization of the
electrons of the C-4-C-7 bond as in IX is compensated
by reduction of unfavorable electrostatic interaction.

Similar acid-catalyzed decomposition of 3-diazobi-
cyclo[2.2.2]octan-2-one!® has been shown to give 4-
cycloheptenecarboxylic  acid  (31%),'¢ tricyclo-
[2.2.2.0%%]octan-3-one (16 97),7-*® exo-2-hydroxybicyclo-
[3.2.1Joctan-8-one (34 %7),***** and bicyclo[3.2.1Joct-2-
en-8-one.?»2! These are considered to be formed via
X1, the sole diazonium ion derivable from this diazo
ketone by protonation on carbon.??
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Decomposition of 3-Diazobicyclo[2.2.2]octan-2-one.
A Copper-Catalyzed Wolff Rearrangement
Sir:
. Yates and Fugger! have reported that cuprous iodide
in methanol-acetonitrile catalyzes the Wolff rearrange-
ment of 2-diazoacetophenone. As has been empha-
sized recently,? this observation is highly unusual in that
copper catalysts, unlike silver and platinum catalysts,
normally convert a-diazo ketones to unrearranged
products.? We report now a Wolff rearrangement
which is catalyzed by copper metal.
3-Diazobicyclo[2.2.2]octan-2-one (1), mp 71-72°
(Anal. Found: C, 63.85; H, 6.69; N, 18.89), Amax
(CClL) 4.79, 6.02, and 7.31 u, 6 (CCly) 1.80 (8 H), 2.37
(1 H), and 3.02 (1 H) ppm, was prepared® by the action
of aqueous NaOH on bicyclo[2.2.2]octane-2,3-dione
monotosylhydrazone, mp 133-134° (A4nal. Found:
C, 58.83; H, 6.06; N, 9.24; S, 10.43), itself obtained
from bicyclo[2.2.2]Joctane-2,3-dione (I[).¢ A solution of
the diazo ketone (0.51 g) in anhydrous benzene (1 1.)
was stirred with copper powder” (11 g) under nitrogen
at reflux for 21 hr, by which time all of the diazo ketone
had been consumed. The products obtained were the
azine III (28 %), the tricyclic ketone IV (5%97), and the
ketene dimer V (46 7).

The azine III, mp 247-248° dec, was identified by
comparison with an authentic sample, prepared by
treatment of II with hydrazine: Nu., (CHCly) 5.81,
6.19, and 6.26 (sh) u, & (CDCly) 1.87 (16 H), 2.62
(2 H), and 3.00 (2 H) ppm (4nal. Found: C, 70.55,
H, 7.46;, N, 10.05). The ketone IV2¢ was identified
by spectral and R; comparison with an authentic
sample.?

Compound V, mp 225.5-226.5° (Anal. Found:
C, 78.63; H, 8.50), had An., (CCly) 5.78, 5.80 (sh),
and 5.86 (W) u, Amax (EtOH) 232 (e 336), 287 (e 39),
301 (e 66), 309 (e 32), and 345 (e 20) mu, § (CDCly)
1.1-2.3 (16 H) and 2.68 (4 H) ppm. These data may
be compared with those for the ketene dimer VI:1
Amax (CCly) 5.76 and 5.89 (W) p, Amax (EtOH) 233 (e
194), 288 (e 25), 301 (e 39), 311 (e 32), and 341 (e 20)
mu. The mass spectrum of V included peaks with m/e
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244 (molecular ion), 216, 188, and 122 (base peak,
M/2). The occurrence of the M/2 peak as the base
peak has recently been shown to be characteristic of the
mass spectra of ketene dimers; it presumably arises
by cleavage to the monomer.!' The mass spectrum of
V is also analogous to the spectra of ketene dimers!?
in showing peaks at M — 28 and M — 56. Irradia-
tion!? of V in aqueous tetrahydrofuran gave bicyclo-
[2.2.1]heptane-7-carboxylic acid!® (VII; 53%), mp
75-76.5° (lit.13-1¢ mp 77.5-78.5°, 76-77°), identified by
infrared spectral comparison.!® Irradiation!? of the
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diazo ketone I in aqueous tetrahydrofuran containing
sodium bicarbonate!® also gave VII (82%7), mp and
mmp 76-77°. The spectroscopic data for V and its
photochemical conversion to VII, which finds analogy
in the case of other ketene dimers,!” make the structural

E @) % @)
¢) ¢)
A% VI
assignment secure. In addition, we find that irradia-
tion of I in benzene also leads to the formation of V
(62°7),"* mp and mmp 224.5-226°,

The Wolff rearrangement of «-diazo ketones in
hydroxylic solvents under the influence of ultraviolet
radiation is well known,!? although the demonstration
of the formation in inert medium of a ketene dimer
appears to be novel. However, the catalysis of the
Wolff rearrangement of I by copper is extraordinary,
particularly in relation to the behavior of 3-diazo-
camphor (VIII) and 3-diazonorcamphor (IX). It has
long been known that VIII gives high yields of cyclo-
camphanone (X) on treatment with copper,?! and we

have now found that decomposition of a 0.1 9 solu-
tion of IX in benzene with coppper gives nortricyclan-
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one (XI; 609),2* identified by comparison with an
authentic sample.2® Thus in the cases of the diazo
ketones VIII and IX the major reaction product is the
tricyclic compound, which can be considered to arise
by an intramolecular insertion reaction of a keto car-
bene formed by loss of nitrogen from the diazo ketone;
as in almost all other cases of copper catalysis? no
Wolff rearrangement products were detected. In the
case of I, the corresponding insertion product, IV, is
formed in only 57 yield, while bimolecular reaction
(formation of III) and Wolff rearrangement take pre-
cedence. We interpret the difference in behavior be-
tween the diazo ketones in the [2.2.2] and [2.2.1] series
in terms of geometrical factors which favor the inser-
tion reaction in the latter case because of the closer
approach of the diazo carbon to the C-H bond into
which insertion occurs. More generally, we suggest
that a keto carbene or its copper complex formed by
copper-catalyzed loss of nitrogen from an a-diazo
ketone can undergo the Wolff rearrangement, but
normally does not because of successful competition
by intermolecular or other intramolecular reaction
modes. 24
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An Oxacarbene as an Intermediate in the
Photolysis of Cyclocamphanone
Sir.

We recently reported! a novel photochemical reac-
tion in which d-cyclocamphanone (I) on irradiation in
alcohols gives ring-expanded products of type II.?
It was suggested at that time? that the reaction proceeds
via cleavage of the 1-2 C-C bond followed by bond
formation between C-1 and the oxygen atom of the
carbonyl group, i.e., via an intermediate species III.
We now report evidence which relates to this proposal.

Irradiation of a 1 77 solution of I in dry cyclohexene
with a 450-w Hanovia high-pressure lamp and frac-
tionation of the product mixture by chromatography
on Florisil followed by molecular distillation gave a
colorless oil in low yield, which after repeated redis-
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