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able quantities of the isomeric 1,3-dipolar adduct 13 could
be observed in the crude photolysate.

Concerted 1,3-dipolar additions are known to proceed via
a “two-plane” orientation complex in which the dipole and
dipolarophile approach each other in parallel planes.2-# The
cycloaddition of nitrile ylides 5 and 9 with added dipolaro-
philes proceeds in this fashion affording Al-pyrrolines as
the primary cycloadducts (e.g., 6 and 12). Inspection of mo-
lecular models of these o-allyl substituted nitrile ylides indi-
cates that the normal “two-plane” orientation approach is
possible only when the w-orbitals of the aromatic ring are
orthogonal to the w-orbitals of the nitrile ylide. This ap-
proach is not followed since it involves disruption of phenyl
conjugation with the 4-allyl anion portion of the nitrile
ylide. As a result, the normal 1,3-dipolar cycloadduct is not
formed. Product formation is possible, however, if the linear
nitrile ylide undergoes rehybridization to give a species of
bent geometry (carbene form) which subsequently under-
goes 1,1-cycloaddition with the neighboring double bond. In
an earlier report, we suggested that the most favorable tran-
sition state for the 1,1-cycloaddition reaction is one in
which the w-orbitals of the nitrile ylide and olefinic double
bond are orthogonal.® This orthogonality could permit the
occurrence of an orbital symmetry-allowed [ws2 + 7,2] cy-
cloaddition. This unusual mode of addition was postulated
in order to account for the complete inversion of stereo-
chemistry that occurred about the 7-system.® Irradiation of
azirine 4b, however, was found to produce a mixture of ste-
reoisomers. In this case the structure of the major product
obtained (80%) corresponds to retention of stereochemistry
about the double bond. From this work it is clear that the
stereochemistry about the bicyclohexene system is not that
predicted by a concerted [ws® + m,2] carbene addition, and,
consequently, an alternate explanation for the previous ste-
reochemical results must be sought.!’

The carbene (bent geometry) form of the nitrile ylide still
possesses dipolar character. Attack of the carbene carbon
on the terminal position of the neighboring double bond will
generate a six-membered ring dipole (i.e., 14) which con-
tains a secondary carbonium ion as well as an azaallyl anion
portion. Collapse of this new 1,3-dipole will result in the
formation of the benzobicyclo[3.1.0]hex-2-ene system. In
this case, 14 collapses to produce a mixture of the exo and
endo substituted bicyclohexenes. The major product ob-
tained corresponds to the thermodynamically more favored
exo isomer,!3

We are continuing to explore the scope and mechanistic
details of this novel 1,1-cycloaddition reaction and look for-
ward to determining whether other nitrilium betaines un-
dergo this type of behavior.
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Photochemistry of Methyl
1-Methylbicyclo[3.3.1] nonan-9-one-3-carboxylates
Sir:

Photolysis! of a dioxane solution of methy! 1-methylbicy-
clo{3.3.1]nonan-9-one-3-endo-carboxylate (1) affords a
single volatile product identified as the cis-methyl bicy-
clo[3.3.0]octane ester 5 while irradiation of the epimeric bi-
cyclononanone exo ester 2 gives a single volatile product
identified as cis fused endo ester 6.2 Significantly, there is
no product crossover in either experiment.? Though decar-
bonylation has been previously documented for other cyclic
and bicyclic ketones,? these examples provide the first dem-
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onstration that a photodecarbonylation reaction can be ste-
reospecific.

Endo keto ester 1 (yield 67%) was synthesized from the
pyrrolidine enamine of 2-methylcyclohexanone and 3,3'-
dibromoisobutyric ester.’> Epimerization with sodium meth-
oxide in methanol afforded exo ester 2 (yield 100%).° Irra-
diation of 1 or 2 in dioxane was conveniently monitored,
and the single volatile product § or 6 isolated by gas chro-
matography.! Mass spectroscopic (parent at m/e 182) and
elemental analysis indicated that 5 and 6 resulted from de-
carbonylation of the starting keto esters. This was con-
firmed by examination of the ir spectra which showed ester
as the only functional group. Absorption: 5§ (2942, 2855,
1735 cm™"); 6 (2940, 2858, 1732 cm™!). The NMR spectra
were also similar but distinctly not identical: 56 1.11 (3 H,
s (CH3), 1.3-2.2 (11 H, m), 2.81 (1 H, m (CHC=0), 3.69
(3 H, s (OCHs3)); 6 6 1.04 (3 H, s (CH3)), 1.2-2.2 (11 H,
m), 2.70 (1 H, m (CHC=0)), 3.65 (3 H, s (OCH3)). The
presence of singlet methyl resonances and the absence of
any vinyl absorption in the NMR spectra indicated bicyclic
structures for these compounds. A bicyclo[3.3.0joctane
skeleton was suggested from the origin of the compound
and subsequently confirmed (vide infra). That 5 and 6 were
epimers was shown by conversion of either into a mixture of
both, approximately 67:33 on treatment with sodium meth-
oxide in methanol.® To further define the stereochemical re-
lationships of 5 and 6, each was reduced by lithium alumi-
num hydride to a primary alcohol which was subjected to
100-MHz NMR analysis in deuteriochloroform with step-
wise additions of Eu(fod)s to aid in analysis. The alcohols
obtained also have very similar but not identical NMR
spectra. With the aid of Eu(fod)s” it was possible to deter-
mine that the methyl group in the alcohol derived from §
was definitely closer to the hydroxyl oxygen than the meth-
y! of 6. The combined data permit assignment of exo ester
stereochemistry to § and endo ester stereochemistry to 6 but
the stereochemistry of ring fusion (assumed to be cis) was
demonstrated by another sequence.

5 was irradiated at 200 °C in methanol-benzene (1:1).°
After irradiation, 8§ and 6 were both observed and isolated
as a 67:33 mixture.b In addition, a new longer retention
time product was obtained which was related to but differ-
ent from 5 and 6 (ir 2940, 2860, 1735 cm™!; NMR § 0.77
(3 H, broad singlet (CH3)), 1.2-2.2 (11 H, m); 3.32 (1 H,
m); 3.63 (3 H, s (OCH3))). The broadened high field meth-
yl resonance indicated that this product was also a mixture
of epimers. When this mixture was treated with 10% Pd-
C'0 at 200° for 80 h, gas chromatographic analysis indicat-
ed quantitative isomerization to 5 and/or 6.!' On the basis
of this result, we assign to 5 and 6 the thermodynamically
more stable cis-[3.3.0]bicyclooctane structure and to the
high temperature product we assign the isomeric trans ring
fusion.

In all of the chemical and spectral examinations of 5 and
6 described above, no evidence for product crossover in the
room temperature irradiations of 1 and 2 were detected.
Thus, this is the first demonstration of a completely? stereo-
specific photodecarbonylation.

Irradiation of 1 in methanol or benzene-methanol!? re-
sulted in the formation of two new products 9 and 11 in ad-
dition to 5. Irradiation of 2 under similar conditions also
gave two new products, 10 and 12, which were similar but
not identical with the products from 1. Mass spectral (par-
ent at m/e 242) and elemental analysis of all four products
indicated that methanol addition had taken place. The ir
spectra were all very similar with ester absorption at 1720
cm™! and suggest the formation of cyclooctane diesters
9-12 derived from the anticipated ketenes. We are not able
to assign stereochemistry on the basis of this evidence, but it
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is apparent that cyclooctane diester formation occurs from
1 and 2 with complete stereospecificity.

The usual mechanisms involved in cyclic ketone photo-
chemistry begin with a-cleavage, Norrish type I, as the pri-
mary photoprocess.!> Our quenching and sensitization ex-
periments'4 do not distinguish whether the observed reac-
tions come from singlet and/or triplet excited states.

A complete picture of the reaction mechanism which ex-
plains stereospecific cyclooctane diester formation is given
in Scheme 1.2 From the diradical conformations 3b and 4b,
abstraction of H; by the acyl radical would yield ketenes 7
and 8 stereospecifically. Reaction of the ketenes with alco-
hol can occur from either face leading to the observed diest-
er pairs. The structures of 9-12 were not investigated fur-
ther because ketene formation has been extensively investi-
gated and the observed stereospecificity is actually not ex-
ceptional but forced on the molecule by structural and con-
formational features.'3

The mechanism of the photodecarbonylation is more in-
teresting since stereospecific inversion is observed.
[3.3.0]Bicyclooctane product formation could occur in sev-
eral possible ways. Loss of carbon monoxide from 3a, 3b or
4a, 4b would give cyclooctane biradicals which could close
to 5 and 6. A direct decarbonylation leading to the same cy-
clooctane biradicals cannot be ruled out. In either case, we
might expect nonstereospecific product formation to result
as is observed in the high temperature photochemistry of 8.

A plausible explanation for the observed stereospecificity
is preferential closure from conformations 3b and 4b or the
cyclooctane diradicals derived from them by loss of carbon
monoxide. However, examination of models of these diradi-
cal species fails to indicate any definitive basis for such con-
formational preferences. We propose as a possible rationale
for the observed preferences in these molecules that a back-
side alkyl radical assisted loss of carbon monoxide occurs to
form the bicyclo[3.3.0]joctane. Mechanisms involving radi-
cal assisted loss of nitrogen have been proposed to account
for the stereochemistry of product formation in the reac-
tions of certain azo compounds,'® and the occurrence of a
similar process in photodecarbonylation seems reasonable.
In addition, it is known that loss of carbon monoxide from
an acyl radical is an activated process'” and the proposed
mechanism offers a reasonable means of overcoming this
barrier.

In conclusion, previous work on photodecarbonylation
had led to the generalization that molecules with radical
stabilizating substituents and/or structural features which
prevent competing secondary reactions of the acyl-alkyl
biradical formed on a-cleavage are prone to photodecarbon-
ylation. We would now like to propose that a structural fea-
ture or conformation which allows backside assistance by
the alkyl radical formed on a-cleavage may also be a gener-
al but heretofore unrecognized mechanistic component in
the photodecarbonylation reactions of cycloalkanones.
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Photochemistry of o-Vinylstilbenes. 1. A[2 + 2]
Cycloaddition of an o-Divinylbenzene Derivative
Sir:

Some years ago Pomerantz! and Meinwald? reported
that irradiation of o-divinylbenzene (1) yields benzobicy-
clo[3.1.0]hex-2-ene (3) as the main product (30%). They
demonstrated that it was formed via a [4 + 2] cycloaddi-

tion, followed by a vinylcyclopropane-cyclopentene rear-
rangement (eq 1). Traces of tetralin, dihydronaphthalene,

CL+0C =0~
4 1 2

(1)

3

and naphthalene, formed via an electrocyclic reaction, were
found as side-products. A [2 + 2] cycloaddition product
(viz., 4) which usually arises from 1,5-hexadienes could not
be detected. Several derivatives of 1 having alkyl substitu-
ents at one or both vinyl groups gave quite similar results.?
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