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emphasis should be placed on studying the involve
ment of cysteine residues in the mechanisms of inter
action between Bi2 apoenzymes and their coenzymes. 
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Communications to the Editor 

Mechanism of the Photoisomerization of Isoxazoles 
and 2-Cyanophenol to Oxazoles 

Sir: 
The photochemical rearrangement of isoxazoles to 

oxazoles is usually assumed to proceed via an azirine 
intermediate.1-4 In this communication, we present 
evidence for the formation of isonitrile intermediates in 
this photoisomerization. In addition, some evidence 
has been obtained for the direct photochemical con
version of a nitrile to an isonitrile. 

Benzoxazole (III) and 2-cyanophenol are the photo-
products of indoxazene (I) at room temperature.5 

When indoxazene is photolyzed at —77 and —196°6 

with a 254-nm light source in a KBr matrix or neat film, 
ir bands are observed at 3350 (-OH), 2220 (-C=N), and 
2130 (-N=C) cm-1.7 The bands at 3350 and 2130 
cm-1, assigned to II, disappear on warming in the dark, 
and a band at 1065 cm-1, an intense band in the ir spec
trum of benzoxazole, appears. The 2220-cirr1 band, 
assigned to the cyano grouping in 2-cyanophenol, does 
not change in intensity in the dark reaction. The pres
ence of benzoxazole and 2-cyanophenol was confirmed 
by tic and uv. Azirine infrared absorption was not 
observed.3'8 
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Irradiation of I in glacial acetic acid yields IV (14%) 
along with benzoxazole (10%) and 2-cyanophenol 
(10 %).10 The acid-catalyzed hydration of isonitriles is 
a well-documented reaction.11 Reaction of IV with 
phosgene at —78° followed by rapid work-up gave a 
product with absorption at 2130 cm-1. This absorption 
decreased in intensity on warming, and benzoxazole 
(III) was isolated from the crude reaction mixture.12 

The uv spectrum of II was observed (Xmax 288 nm) 
when a 1O-4 M solution of I was irradiated for 10 min 
at —77° in 95% ethanol. The characteristic sharp uv 
maxima of benzoxazole at 269 and 276 nm were ob
served when the solution was allowed to warm to room 
temperature. Irradiation of a 1O-4 M solution of 2-
cyanophenol for 1 hr at —77° in methanol-water (3:2 
by volume) resulted in a shift of the uv maximum from 
295 to 293 nm. The intensity of the absorption at 293 
nm decreased markedly and the characteristic uv ab
sorption of benzoxazole at 269 and 276 nm was ob
served when the solution was allowed to warm to room 
temperature. These data suggest that II is an inter
mediate in the photochemical conversion of cyano-
phenol to benzoxazole.13 

Indoxazene (I) is converted to 2-cyanophenol via the 
triplet manifold. This was demonstrated by quenching 
studies using piperylene, cyclohexene,14 and biacetyl as 
quenchers (Table I). Quenching by exciplex formation 
was ruled out because similar quenching efficiency was 
observed with three structurally different quenchers and 
because quenching was still observed at low (0.01 M) 
piperylene concentrations.15 

The conversion of indoxazene (Es = 94, Et = 82 
kcal/mol)16 to benzoxazole appears to proceed from the 
singlet excited state. The reaction is sensitized by 
benzene (Es = 109, Et = 82 kcal/mol) but not acetone 
(£s > 92, Et = 79 kcal/mol).17 The formation of 2-
methylbenzoxazole from 3-methylindoxazene (Es = 92 
kcal/mol, Et could not be determined) is sensitized by 
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Table I. Effect of Solvent and Quenchers on Indoxazene Photoproducts0 

Solvent 

H2O 
Diglyme" 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 
Cyclohexane 

Indoxazene, M 

6.2 X 10-* 

io-* 
io-* 
io-* 
io-* 
IO"' 
10-5 
io-« 
io-« 

Quencher (M) 

Cyclohexene (0.1) 
Cyclohexene (1) 
Biacetyl (0.1) 

Cyclohexene (0.1) 
Piperylene(O.l) 
Piperylene(O.Ol) 

Benzoxazole, 
% 
70» 
18 
nd 
nd 
nd 
nd 
36« 
43« 
nd 
nd 

Cyanophenol, 
% 
13° 
17 
42" 
\\d 

5" 
10" 
29" 
21" 
5" 

22" 
0 Irradiated with 300-nm light source for 15 min; nd, not determined. ° Yield determined from uv spectrum. 

d Yield determined by uv spectra after separation by tic on silica gel. ' Details given in ref 7. 

; Yield determined by vpc. 

both benzene and acetone. These studies, together 
with our failure to observe the inhibition of benzoxazole 
formation in the presence of triplet quenchers, suggest 
singlet sensitization by benzene3,1S and acetone.17 

The variation in luminescence and photoproducts 
with solvent polarity is also consistent with the conclu
sion derived from the sensitization and quenching 
experiments. Fluorescence but no phosphorescence is 
observed in a polar glass (4:1 ethanol-methanol) while 
phosphorescence is observed along with the fluorescence 
in a nonpolar glass (5 :1 methylcyclohexane-isopentane). 
Benzoxazole is the predominant product in hydroxylic 
solvents while cyanophenol is the predominant photo-
product in hydrocarbon solvents. These solvent effects 
are consistent with benzoxazole formation from a 7r,7r* 
state and cyanophenol formation from a n,7r* state.19 

An isonitrile was also detected in the photochemical 
conversion of V20 to VII. A precursor to the isonitrile 
was detected by an ir band at 1695 cm - 1 when V was 
irradiated for 1-3 hr at - 7 7 ° with a 254-nm light 
source.22 The 1695-cm-1 absorption gradually dis
appeared and bands at 2160 and 1725 cm - 1 gradually 
appeared when the cryostat was allowed to warm to 
room temperature. The 2160- and 1725-cnr"1 bands 
are consistent with the ketoisonitrile VI. After 4 hr at 
room temperature, these maxima disappeared and 
several of the ir bands characteristic of oxazole VII had 
formed. The presence of VII together with a lesser 
amount of 2-cyanocyclohexanone was detected by tic 
analysis of the reaction mixture. 

A 99 % yield of VII was obtained when the photolysis 
of V was performed at room temperature in ethanol 
solution. A 50% yield of the formamide VIII23 was 
obtained when the photolysis was performed in acetic 
acid, a result consistent with VI as a reaction inter
mediate. ! L Furthermore, the ir spectrum of the crude 
reaction product obtained by the reaction of VIII with 
phosgene12 also exhibited an ir band at 2160 cm - 1 

which decreased in intensity at room temperature; 
oxazole VII was isolated from this reaction mixture. 
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Sulfur Monoxide Chemistry. Stereochemistry of 
the Thiirane Oxide-Diene Reaction 

Sir: 

Dodson and his coworkers1 discovered that SO gen
erated by thermolysis of thiirane oxide2 could be trapped 
by dienes and trienes in the form of 2,5-dihydro-
thiophene (3-thiolene) and 2,7-dihydrothiepin S-oxides. 
Following up an earlier study of the S02-diene reaction 
in this laboratory,3 we have now examined the stereo
chemistry of the theoretically interesting4 SO-diene 
cycloaddition. 

The three 2,4-hexadienes 1 were chosen for this 
purpose, and all three of the related 3-thiolene S-oxides 
2 were obtained (eq 1, Table I).5 Mixtures of the 
isomers were separated by column chromatography on 
silica gel. AU three compounds displayed strong 
sulfoxide S-O stretching absorption; all suffered SO 
and (SO + methyl) loss as major fragmentation path-
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