5726

multiplet at 5.2, one-proton oxetane doublet of doublets
(/ = 5.8 and 7.9 cps) at 5.4, one-proton oxetane triplet
(J/ = 5.8 cps) at 5.8,%7 one-proton allylic oxetane
multiplet at 6.65, and four-proton cyclobutanone mul-
tiplet at 7.15; infrared (CCly) exocyclic methylene
at 5.92 and 11.3, vinyl group at 6.1, 10.25, and 10.8,
and oxetane at 10.05 u.%% Similarly the ketone I
forms an oxetane with cyclopentadiene (4097) and,
as expected, with cyclopentene.

In order to show that the unusual reactivity exhibited
by 3-methylene cyclobutanone (I) was not dependent
upon the presence of the exocyclic methylene group,
unsubstituted cyclobutanone was photolyzed in neat
butadiene at —78°. Here also an oxetane was isolated
in 209 yield, substantially higher than the accompany-
ing butadiene dimers (597). Again, this observation
is most striking when one notes that neither cyclo-
pentanone nor cyclohexanone shows the least propensity
for oxetane formation with butadiene under our condi-
tions. In these cases one observes only the (expected)
formation of butadiene dimers.

The solution to the problem of the anomalous be-
havior of the cyclobutanones came to light when pipery-
lene was substituted for butadiene. Two oxetanes,
I1I and 1V, were formed between cis-piperylene and
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ketone I. Similarly, trans-piperylene yielded a second
pair of products, V and VI. The latter were easily
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distinguished by nmr from those arising from cis-
piperylene. Neither cis- nor trans-piperylene was isom-
erized in the course of the photolysis and there seem
to be no common products between the two reactions.
Moreover, that product which arises by attack on the
more highly substituted doutle bond predominates in
both cases. These two features, stereospecificity and
attack on the more highly substituted double bond,
clearly distinguish the reaction from that which one
might expect of a triplet diradical intermediate.® Thus,
we are led to the conclusion that the reactive species
is the excited singlet state of the ketone.*

In studying the formation of oxetanes from cyclo-
butanones, we conducted most of our experiments
at —78°. Under these conditions, in the case of cyclo-
butanone, an additional component, 3-vinylcyclo-
hexanone, was isolated.® The latter compound is not
observed when the photolysisisrunat 20° but the oxetane
is still produced in comparable yield. Other products

(7) Cf. R. Srinivasan, J. Amer. Chem. Soc., 82, 775 (1960); M, Hara,
Y. Odaisa, and S. Tsutsumi, Tetrahedron Lett., 2981 (1967).

(8) G. M. Barrow and S. Searles, J. Amer. Chem. Soc., 75, 1175
(1953).

(9) P. D. Bartlett, L, K. Montgomery, and B. Seidel, ibid., 86, 616
(1964); D. Arnold and A. Glick, unpublished results cited in N, J.
Turro, P. Wriede, J. C. Dalton, D. Arnold, and A. Glick, ibid., 89, 3950
(1967).

(10) The formation of this product is discussed in the accompany-
ing communication: P. Dowd, A. Gold, and K. Sachdev, ibid., 92,
5724 (1970).

produced at room temperature from cyclobutanone
are acetic acid, ketene dimer, and an adduct between
ketene and butadiene.
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Trimethylenemethane. Trapping with Butadiene,
Dimerization, and Ring Closure
Sir:

A fundamental requirement in the study of a reactive
intermediate in organic chemistry is that of obtaining
both spectroscopic and chemical evidence for the inter-
mediate under conditions which, in both instances, are
as closely comparable as possible. Thus, for the study
of the chemical reactivity of trimethylenemethane, the
conditions which were most attractive were those which
have led to the spectroscopic detection of the triplet
ground state: low temperature, condensed phase, and
ultraviolet light.!?

Photolysis of dilute solutions of 3-methylenecyclobu-
tanone? (I) in liguid butadiene?® at —78° with a 450-W,

H,C CHe HC CH, GHa
HO + - é\%* ! + <>
e CH
78 2 0
. ; CHe

+ butcdiene dimers

high-pressure mercury arc lamp through a Pyrex filter
for 13 days yielded as the major product a 1,2 adduct,*
3-vinylmethylenecyclopentane (I1)(23 %). This product
was characterized by its nmr (CCl;), one-proton
vinyl multiplet at = 4.3, four-proton vinyl and exo-
cyclic methylene multiplet at 5.2, five-proton allylic
multiplet at 7.7, and two-proton saturated multiplet
at 8.3; ir (CCly) exocyclic methylene at 6.05 and 11.38 u,
vinyl at 6.10, 10.10, and 10.95 u; and the mass spec-
trum, exact mass of molecular ion calcd for CsHis,
108.0939; found, 108.0931. Because the adduct
Il had the same elemental composition as the dimers
of butadiene® and similar, although distinguishable,

(1) Presented in part at 156th National Meeting of the American
Chemical Society, Atlantic City, N. I., Sept 9-13, 1968, Abstract ORGN
147; P, Dowd, J. Amer. Chem. Soc., 88, 2587 (1966).

(2) P.Dowd and K. Sachdev, ibid., 89,715 (1967); P. Dowd, A. Gold,
and K. Sachdev, ibid., 90, 2715 (1968).

(3) Cf. G. L. Closs, L, R, Kaplan, and V. I. Bendall, ibid., 89, 3376
(1967), who have trapped the 1,3-diradical precursor to benzocyclo-
propene under similar conditions.

(4) This is as expected for the addition of a diradical to butadiene; ¢f.
J. D, Roberts and C. M. Sharts, Org. React., 12, 1 (1962); P. D. Bart-
lett, L. K, Montgomery, and B. Seidel, J, 4mer. Chem. Soc., 86, 616
(1964), and subsequent papers in that series. The present case differs
somewhat from those cited since one would expect the formation of a
five-membered ring to compete very favorably with the formation of the
alternative seven-membered ring compound.

(5) Authentic samples of 4-vinylcyclohexene, cis-1,2-divinylcyclo-
butane, and frans-1,2-divinylcyclobutane were prepared for direct com-
parison according to G. S. Hammond, N. J. Turro, and R, S. H. Liu,
J. Org. Chem,, 28, 3297 (1963).
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infrared and nmr spectra, the assigned structure was
confirmed by synthesis. Thus, treatment of the known
cyclopentanone-3-carboxylic acid® with 3 equiv of the
Wittig reagent, methylene triphenylphosphorane, in
dimethyl sulfoxide’ yielded (90%)® 3-methylenecyclo-
pentanecarboxylic acid. Lithium aluminum hydride re-
duction of the corresponding methyl ester afforded the
corresponding alcohol (7297). Oxidation with dicyclo-
hexylcarbodiimide-dimethyl sulfoxide yielded the alde-
hyde (50%), which when treated with methylene tri-
phenylphosphorane gave 3-vinylmethylenecyclopentane
(I1) (65%), identical in all respects with the adduct of
trimethylenemethane and butadiene.

The possibility that the adduct II might arise by
energy transfer from excited ketone I to butadiene
followed by attack of the excited butadiene on the exo-
cyclic methylene of the starting ketone I was examined.
It was possible to show that the ratio of the yields of the
adduct II and the dimers of butadiene was sensibly
constant (2:1) over a tenfold change in the concentra-
tion of starting ketone (1.0, 0.5, and 0.1 M). Further,
methylenecyclobutane was not attacked when it was in-
cluded in the photolysis reaction mixture. Of addi-
tional interest, the esr spectrum of trimethylenemethane
was readily observed in neat cis-piperylene at —196°.
And, neither cis- nor trans-piperylene was isomerized
when photolyzed in the presence of the ketone I at
—78°.

Although energy transfer as it is ordinarily observed
appears to play a negligible role in the above reaction,
the more subtle problem of energy transfer followed by
immediate reaction in the solvent cage has not been
eliminated. It was hoped that photolysis of ketone I
specifically deuterated would shed light on this possi-
bility as well as on the important general problem of
stepwise opening of the cyclobutanone ring such that
attack on the butadiene occurred after the cleavage of
one carbon-carbon bond but before the loss of carbon
monoxide. Photolysis of the deuterated ketone III
(prepared from allene-d,) yielded 3-vinylmethylene-
cyclopentane labeled with four deuterium atoms statis-
tically scrambled among those carbons arising from
trimethylenemethane. This result establishes beyond
question that half of the adduct II arises from butadiene
while the other half arises from the ketone I. However,
on careful scrutiny, the fact that the deuterium is ran-
domly distributed in the product proves not to be useful
as proof of the presence of trimethylenemethane since
the deuterium in the starting ketone III, isolated when
the photolysis was run 759 to completion, is also ran-
domly distributed among the three methylene groups of

(6) F. W. Kay and W, H. Perkin, Jr,, J. Chem. Soc., 89, 1646 (1906);
E. Hope, ibid., 101, 905 (1912); C. K. Ingold and J. F. Thorpe, ibid.,
119, 501 (1921); R. Giuliano, M. Di Fonzo, and A. Ermili, 4nn. Chim.
(Rome), 49, 1607 (1959); R. Giuliano, M, Di Fonzo, and M, Artico,
ibid., 50, 750 (1960).

(7) R. Greenwald, M, Chaykovsky, and E, J. Corey, J. Org. Chem,,
28, 1128 (1963).

(8) The yield of this reaction is remarkable in view of the difficulty
ordinarily encountered in attempted Wittig reactions on cyclopentanone
rings.? As a further example the methyl ester of the above 3-methyl-
enecyclopentanecarboxylic acid gives a low yield of impure product,
It appears that the presence of the carboxylate anion suppresses enoi-
ization and/or the subsequent condensation reactions which ordinarily
complicate this reaction.

(9) A. Maercker, Org. React., 14, 349 (1965). See, however, F.
Sondheimer and R. Mechoulam, J. Amer. Chem, Soc., 80, 3087 (1958);
79, 5029 (1957).

(10) K. E. Pfitzner and J. G. Moffatt, ibid., 87, 5661, 5670 (1965).
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that compound. This change presumably occurs by
the mechanism shown below, III 2 IV.

DZCHDZ D,C D, H,C, o,
H 2 0 HZC C \0 DZ §0
iig J'A

The butadiene photolysis reaction mixture is quite
complex. In addition to the photodimers of butadiene
(10%7) and the adduct II (23 97), the mixture contained
an oxetane (1597)!! and the dimer of trimethylenemeth-
ane, 1,4-dimethylenecyclohexane (59).1* In inert sol-
vents one observes a mixture of methylenecyclopro-
pane'?!?® and 1,4-dimethylenecyclohexane, the ratio of
which depends strongly on concentration, temperature,
and the absence of acompetitorfortrimethylene methane.
For example, photolysis in furan at 15° yielded methyl-
enecyclopropane (62%) and 1,4-dimethylenecyclo-
hexane (1.297). When the temperature was lowered to
—72° the relative yield of 1,4-dimethylenecyclohexane
rose by a factor of 5. Similarly at 0.012 M starting
ketone in perfluoromethylcyclohexane the dimer could
not be detected whereas at 0.87 M it formed 10 9] of the
reaction product, the remainder being methylenecyclo-
pane.
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Stereospecific Photoreactions of Cyclobutanones!
Sir:

The stereochemical course of thermal (2 + 2) cyclo-
addition? and cycloelimination?® reactions of cumulenes
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