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imally, the Me,Si group is gauche to the migrating bond, an
orientation that allows fot only minimal hyperconjugative sta-
bilization of the developing vacancy at the 3-C by the y-C-Si
bond.’

The results for the cis isomer are quite different; the rate
constants are larger than those for the analogous equatorial
brosylate, trans-4-tert-butylcyclohexyl brosylate, particularly in
97T (452x), and the 8-d isotope effects are much smaller. In the
ethanolic solvents, no 3-d, isotope effect is observed, and the effect
in 97T is slightly inverse. The a-d isotope effects are also smaller
than expected. These results indicate that the reaction involves
participation. The consistant formation of small yields of bicy-
clo[3.1.0]hexane suggest silicon-promoted carbon participation.'¢

The orientation of the two substituents in the transition state
is approximately diequatorial rather than diaxial; in this con-
formation, all four 8-C-H bonds have dihedral angles of 60° with
the developing p-orbital vacancy, which allows for very little C-H
hyperconjugative stabilization and gives small or inverse §-d
isotope effects. In the alternate, higher energy, 1,3-diaxial con-
formation!” two of the 8-C-H bonds would be antiperiplanar to
the leaving group, favoring hyperconjugation, rearrangement,’
and large 8-d, effects, contrary to the observations. Thus the
silicon stabilizes the transition state, and presumably the carbo-
nium ion intermediate, through a “W” conformation'® implicating
the “percaudal™'® interaction which involves overlap of the reacting
orbital on the a-carbon with the back lobe of the carbon-silicon
bonding orbital. Although earlier workers have speculated on this
mode of carbonium ion stabilization, evidence confirming it was
not obtained.?’

Experiments designed to characterize this interaction further
are currently in progress.
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We wish to describe the first direct observation of phenoxy-

chlorocarbene (1) and report evidence for the photochemical
interconversion of its two geometric isomers.
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Irradiation (A > 360 nm) of 3-chloro-3-phenoxydiazirine (2)!
matrix isolated in argon or N, at 10 K (2:Ar or N, = ca. 1:800)
led to disappearance of the IR absorptions of 2 and to growth of
new bands shown in figure 1. UV spectra of the same sample
in N, indicated the loss of 2 and growth of a broad absorption
centered at 320 nm. Continued irradiation at these wavelengths
destroyed the primary photoproduct bands in both the IR and UV
spectra, and produced the photochemically stable products benzoyl
chloride, chlorobenzene, and CO (by IR).

That the initial photoproduct absorptions are due to carbene
1 is supported by trapping. Irradiation of diazirine 2 in a N,
matrix containing HCl (N,:HCI:2 = 4500:1:2) gave the above
photoproduct IR bands. Warming the matrix to 33 K converted
this product to dichloromethyl phenyl ether (3)* by IR.

The correspondence of the time evolution of the UV spectrum
with that of the IR bands of 1 provides strong evidence for the
assignment of the 320-nm UV band to 1. Moreover, the rate of
disappearance of the IR absorptions of 1 was found to be greatest
when irradiation was in the region of 330-290 nm. Comparison
of the UV absorbances of 1 and starting 2 (e ca. 50 cm™! M™1)!
indicates an approximate extinction coefficient of 100 cm™ M™!
for the carbene at 320 nm. The UV spectrum of 1 is also quite
similar to that observed for methoxychlorocarbene.*®

No evidence for the intermediacy of a diazo compound was
observed in the IR spectrum, nor were IR absorptions attributable
to COCIl,’ benzoyl,®’ or phenyl® radicals observed. In a similar
fashion to methoxychlorocarbene,’ 1 exhibits strong IR absorptions
at frequencies close to 1300 cm™. This absorption was assigned
to a COC antisymmetric stretch in the methoxycarbene; support
came from isotopic labeling.®> The anomalously high frequency
was attributed to partial C-O double-bond character, as predicted
theoretically. The situation is somewhat more complicated here
since the O—aryl stretching modes may also come in this region,
and coupling with ring vibrations can cause splitting in the sub-
stituent deformations.” A reasonable model for carbene 1, phenyl
chloroformate, shows two intense C-O stretches'? in the region
1100-1200 cm™. Corresponding vibrations of higher energy in
1 are consistent with C-O stretching modes with significant
double-bond character.

Calculations on hydroxymethylene predict the existence of two
geometric isomers.!! Interestingly, irradiations of 1 at different
wavelengths, with careful monitoring, indicated two distinct sets
of IR absorptions for carbene 1 which exhibited different wave-
length dependencies. Irradiation at 366 nm more rapidly destroyed
those bands associated with the 1251-cm™ band (species A, Figure
1). Conversely, absorptions associated with the bands at 1285
and 1275 cm™ (species B) were more labile at 304 nm, Moreover,
irradiation at 366 nm not only converted A into benzoyl chloride,
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Figure 1. IR spectrum of 3-chloro-3-phenoxydiazirine (2) matrix isolated in N, at 10 K (800:1 N,/2) after a 6-h irradiation at 366 nm, Bands labeled
A and B are assigned to carbenes § and 4, C is benzoyl chloride, D is 2, and P is chlorobenzene.
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Figure 2. (a) IR spectrum of similar matrix of 2, over the region
1350-1150 cm™!, after an 18-h irradiation at 366 nm (3-nm band-pass).
(b) Same sample after irradiation at 304 nm (6-nm band-pass) for 1.5
h.

chlorobenzene, and CO but also caused an increase in the bands
of B. Similarly, irradiation at 304 nm converted a portion of B
into A, along with generating the other photoproducts (Figure
2). The UV spectrum of 1 could not, unfortunately, be resolved
into two components. The broad absorption of 1 shifted slightly
to longer wavelengths on irradiation at 304 nm, however, and to

shorter wavelengths with 366-nm photolysis.

The photochemical interconversion and the similarity of the
IR spectra confirm that these two species are the cis and trans
isomers 4 and 5. We have reported that the trans isomer of
methoxychlorocarbene is more labile at longer wavelengths than
is the cis.®® By analogy, we thus tentatively assign the trans
structure § to isomer A. cis-Methoxychlorocarbene exhibits a
considerably lower energy C-Cl stretch than does the trans iso-
mer.’® We have attributed this effect to anomeric lone-pair do-
nation from oxygen into the C~Cl bond in the cis isomer. Isomer
4 (B) shows an intense band at 800 cm™! which is likely the C—Cl
stretch. The analogous absorption for trans isomer § (A) is thus
apparently at 850 cm™.

Irradiation of 1 leads to both rearrangement to benzoyl chloride
and loss of CO to produce chlorobenzene. Short-wavelength
decarbonylation of matrix-isolated benzoyl chloride is extremely
inefficient. Hence, adiabatic rearrangement of 1 to excited acid
chloride,’ followed by fragmentation, is not a likely route to
chlorobenzene. Other possibilities are phenyl-O or C~ClI cleavage
of 1 to radical pairs, followed by decarbonylation and recombi-
nation, or rearrangement to benzoyl chloride. Fragmentation/
recombinations in this fashion could also provide geometric
isomerization pathways. No difference in ratios of the three
photoproducts can be observed on irradiation of 4 or §, which is
consistent with these possibilities. The photochemistry of meth-
oxychlorocarbene can be rationalized on the basis of similar
cleavages.* We are currently exploring the mechanisms for
photochemical isomerization and fragmentation of these novel
carbenes.!*"!4
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