the synthetic utility of the method. After 9 h of simultaneous
visible and ultraviolet irradiation of 8 in 2-methyl-2-butene
(25°) the isomeric methyl 1-cyano-2,2,3-trimethylcyclopro-
pane carboxylates (9) (20%) and the oxetane (10) are formed
and separated by repeated short-path distillation.!! In the
absence of the visible source the extent of reaction under oth-
erwise identical conditions was barely detectable within limits
of NMR techniques.

Ph O CN
Ph CO,CH,
8
H H
= CO.CH, O——H
254 nm and visible CN + Ph -
I0Urces
9 Ph
10

The rate of carbene formation from vicinal diaryloxiranes
which also exhibit photochromic properties? may also be en-
hanced utilizing the procedure described. For example, the
extent of conversion of trans-stilbene oxide to 1-phenyl-
2,2,3,3-tetramethylcyclopropane (21%) and the oxetane 4a
(31%) increases by a factor of ~2.0 in 2 h when visible as well
as ultraviolet sources are used concurrently rather than the
ultraviolet source alone.

In summary it appears from the data accumulated to date
that while ylides such as 6 and symmetrical counterparts are
photolabile and give carbenes, recyclization competes effec-
tively. Furthermore, photocleavage of ylides cannot account
completely for fragmentation and concerted or sequential
processes perhaps involving initial C-O bond cleavage have
not been excluded.'?
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Photochemical Reactions of Cyclic,
Unsaturated Diketones

Sir:
A number of examples of photochemical bis decarbonylation

of unsaturated, bicyclic a-diketones to dienes or aromatit
compounds and carbon monoxide have been reported.’ The

O ) -
—_—

+ 2C0 (0,0

possibility that elimination of carbon monoxide could occur
by a concerted mechanism to form the oxycumulene ethyl-
enedione (C,0;) as a primary product has prompted several
theoretical studies? of this interesting but elusive? species. We
report a more careful examination of some of these photo-
chemical reactions which establishes that they do not, in fact,
involve decarbonylation at all but instead rearrangement via
a 1,3-shift to cyclobutanediones. It is the latter compounds
which decarbonylate photochemically and are responsible for
the results previously ascribed to their bridged presursors.
The detailed course of these reactions can be observed by
choosing an appropriate wavelength for irradiation and mon-
itoring the progress of reaction so that the initially formed
cyclobutanedione is not destroyed in situ. A typical result is
shownin Figure 1 for photolysis of 8 X 1073 M bicyclo[2.2.1]-
heptene-2,3-dione’® (1) in bénzene at 404 (preferred) or 436
nm. Disappearance of the maximum of 1 at 460 nm is ac-
companied by increase in intensity of absorption at longer
wavelengths and a new maximum, typical of cyclobu-
tanediones,* appears at 503 nm (e 93) due to the product, bi-
cyclo[3.2.0]heptene-6,7-dione® (2 ir max (Chf) 1760, 1790
cm™!; NMR, multiplets at § 6.2-6.45 (1 H), 5.7-6.0 (1 H),
4.6-5.0(1 H), 3.7-4.2 (1 H), 2.4-3.6 (2 H) ppm; MS, m/e 122
(M), 94 (M* = CO), 66 (M+ — 2CO), 56)). In methanol
solution at room temperature, 2 underwent facile ring con-
traction® to the unsaturated hydroxy ester 3.5 Both spectro-
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scopic and gas chromatographic analyses established that 1
is converted exclusively into 2 during the early stages of re-
action when the concentration of 2 is sufficiently low that its
light absorption at the irradiating wavelength is negligible. This
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Figure 1. Irradiation of 8 X 1073 M 1in benzene at 404 nm.

is also apparent in Figure 1 where an isosbestic point is ob-
served” at 492 nm for the initial 25-35% of the reaction. An
analogous rearrangement has been observed® in some attempts
to prepare the radical anion of 1 from compounds having the
bicyclo[2.2.1] skeleton; the ESR spectrum of the radical anion
of 2 was observed.

The initial quantum yield at 404 or 436 nm for disappear-
ance of 1 or formation of 2 was 0.21 £ 0.02. This value was
observed in the presence of air or in carefully degassed solutions
in benzene or toluene; rearrangement also occurred cleanly in
methylene chloride and deuteriochloroform solutions and in
the solid state. No quenching by anthracene was observed even
at concentrations as high as 10~2 M. Further indications that
the reactive excited state of 1 might be its singlet state were
provided by observations that the reaction was sensitized by
anthracene, that 1 quenched the fluorescence of anthracene
in benzene solution at 25 °C with a rate constant® of 1 X 1010
M~! 57!, and that 1 quenched all the emission of biacetyl.
However, comparable quantum yields for disappearance of 1
were obtained when m-methoxyacetophenone, benzil, or ac-
etone (50% in benzene) were used as sensitizers. These com-
pounds also sensitized the further reaction 2 — cyclopenta-
diene but no products of the oxadi-w-methane type,'®such as
4, could be detected.

The results above indicate that the photorearrangement 1
— 2 proceeds via a short-lived excited state(s) but do not
permit a decision as to whether the singlet state, the triplet
state, or both are reactive. We were unable to detect either
fluorescence or phosphorescence from 1. It is also not possible
to distinguish between concerted and stepwise mechanisms'
at this stage.

Rearrangements to cyclobutanediones were also observed
with bicyclo[2.2.2]octene-2,3-dione!? (5), benzobicy-
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clo[2.2.2]octadiene-2,3-dione (6), and the tetrachlorodione
7. Thus all of these unsaturated diones, even 6 which could
bisdecarbonylate to naphthalene, yield products of 1,3-mi-
gration upon direct irradiation as is observed with 3,y-unsat-
urated monoketones'© but differ from the monoketones in their
reaction with triplet sensitizers. An acyclic unsaturated dione
underwent intramolecular Paterno-Buchi reaction upon ir-
radiation.!3

The cyclobutanediones obtained in this work were stable
thermally'# with the exception of the dione 8 derived from 6
which gave naphthalene with a half-life of about 16 h at room
temperature in the dark. Upon irradiation they lost carbon
monoxide and were converted to the dienes (or naphthalene)
previously reported.! Conversion of 2 to cyclopentadiene was
effected by irradiation at 546 or 436 nm or by the full spectrum
(through Pyrex) of a high pressure mercury vapor lamp. The
reverse process, 2 — 1, was not observed in any of these ex-
periments.
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Ion Cyclotron Resonance Investigation of the
Decarbonylation of Aldehydes by (n5-CsHs)Ni+*

Sir:

lon cyclotron resonance spectroscopy (ICR) is proving to
be a valuable tool for investigating the reactions,!-¢ thermo-
chemical properties,*-¢ and photochemistry’ of metal ions in

the gas phase.® The most significant results to date have in-
volved the determination of metal-ligand bond dissociation
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