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Since the formation of oxetancs by means of the photo-
cycloaddition of a carbonyl compound to olefins was discovered
by Paterno and Chieffi} and subsequently studied by Bichi
and his co—workers% many simple oxetanes have been photo-
chemically prepared} As part of serxial studies of photo-
chmical formation of oxetanes having an important funetional
group, we wish to report here the synthesis of a new oxetane
(T11) having a cyano group directly bonding to a carbon atom
of a trimethyleneoxide ring by the, photocycloaddition of
acetyleyanide (I) to an olefin such as 1,l-diphenylethylene,

X-methylstyrene, norbornene or 2-methyl-2-butene.
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A solution of acetylcyanide (0.05-0.2 mole) and an
olefin (0.1-0.3 mole) was irradiated with a 1 KXW high-
pressure mercury arc under the nitrogen stream at room tem-
perature for 6-20 hours. After the irradiation, acetylcyanide
was almost disappeared. The oxetanes were characterized by
infrared and nuclear magnetic resonance spectra, molecular
weight measurement, and elemental analysis. The oxetanes
obtained are listed in Table I. From Table I it is obvious
that the photocycloaddition of acetylcyvanide to the olefins
affords oxetanes in good yields except in the case of X-methyl-
styrene,

From the results of our previous studyt’4 it is con-
firmed that these reactions proceed through the n—>n§ exci-
tation of the carbonyl group. Acetylcyanide has a spectrum

consisting a broad n—aﬁz transition bhand at?\m x=309 my

a
(£=23) and this band oceurs a hathochromic shift relative

¥* %
to other acetyl derivatives. This red shift may be due to
the resonance effect of the eyano group on the carbonyl part,

making it more easy to promote the n electron of the carbonyl

group.

* A broad band atA, . =309 my oceurs a hypsochromic shift
when the solvent is changed from a nonpolar to a polar one.
In addition, acetylcyanide is photoreduced in a hydrogen
donating solvent tr give lactonitrile,

** Por example, acetaldehyde, acetone, and acetylchloride
*

show the n—> X transition band at?\max=293.4, 279, 235 mu,

respectively.

No.l



No.l

57
TABLE 1
Photocycloaddition of Acetylcyanide to Olefins
Olefin Oxetane Yield %a) NMR T IR cm™?
. (c.Rm.) 2.96(m)
},1-Diphenyl- 6 572 52 4.95(a 2270
ethylene N — 5.10(d 968
8.61(s
CH
3
CeHy 2.80§m
o ~Methyl- CH3 > 5.06(d 2270
styrene 18 5.68{d 980
8.07(s
ON——¢ 8.62(s
CH
Jen V) 5.13(a
Norbornene |— 7.32(a
CH,4 40 8.45(s 2270
T.55-
(GXO—) 9.10(m)
on P) 5.06§t$
CH 7.12(t
3 37 8.30(s 2289
7.30-
- 9.0
2-Methyl-2- (o) (endo-) ) 4y i 42(”)
CH H . q
butene 3’2 3 ag 5.72§q; 2260
CN 8,43-8.90 1050
I (complex
CH3 c),e) absorption)
CH3—- (CH3)2 g.;g g
10 8'61 s 2260
CN—X;——O 8.66(s 960
3 8.78(a
a) Basis on consumed olefin.

b)

c)

8)
e)

These two isomers were seperated by chromatography over silica
gel and were characterized by NMR spectra based on t} ‘nforma-
tion reported by Kumler and his co-workers with respec. %o the
%- and u:chlorocamphors§

These two isomers were isolated by the preparative gas chromato-
graphy and the structure was determined by NMR spectra. It is
geflerally found that the NMR spectra of the oxetanes show the
hydrogens & to oxygen at 5,0-6.07 while hydrogen B to oxygen

on the ring occurs at 6.4-7.4T?c)

The NMR spectrum suggests that two possible isomers are present.

The NMR analysis of this oxetane shows that only one isomer is
present, Consequently, 2-methyl-2-butene affords totally three
isomers of oxetanes,
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The formation

sequence

CH

Cn

3 >
. ’r_CN 5 “i—_~r-CN
A\

The reaction would
triplet state (1IV)
intermediate (V).

very stabilized by

This stabilization

of oxetanes would involve the following

~
cH * CcH <

- hy N intersystem R
Pe=0 > CN/C_O dnversystem, ) ———

crossing -~

CN
18

-0
I11
proceed through the attack of n—+ﬂ§
to an olefin to produce a biradical
In this case, the biradical (V) may bhe
the resonance effect of the cyano group.

of the biradical (V) must be responsible

for the successful synthesis of the oxetanes from acetyl-
cyanide relative to other acetyl derivatives. A further
evidence which supports this conclusion is a photochemical
formation of oxetanes from a cyanoester in good yields?

In this case, an oxetane is not obtained when a simple

ester is used as a carbonyl component.

Further studies of the photochemical formation of oxetanes

having an important functional group will be presented

elsewhere.
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