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THE PHOTOCHEMICAL BEHAVIOR OF CYCLIC IMINO ETHERS.  THE N-O BOND FISSION
AND SYN-ANTI ISOMERIZATION IN THE C=N-0 CHROMOPHORE1)

Hiroshi SAIKI and Toshio MUKAI*

Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980

Six-, seven-, and eight-membered cyclic imino ethers (%, Q, and é) were synthesized
and their photoreactions were investigated to compare with those of isoxazoline
derivatives. The derivatives of % upon irradiation afforded ring-cleaved products,

whereas Q and Q were found to be inert to irradiation.

The photochemistry of compounds containing the C=N bond has not developed as rapidly as that
of carbonyl compounds because the facile radiationless decay due to twisting around the C=N bond
results in low reactivity of the excited imino compounds.z) In some compounds containing the
Ph-C=N-0 chromophore (e.g. the O-methyl ether of acetophenone oxime) a decay process consisting
mainly of syn-anti isomerization was also found to be responsible for the photostability of the com-
pounds.3) In contrast to this, it is well known that 3-phenyl-isoxazoline, the simplest cyclic

4) This sharp contrast in the

imino ether, easily undergoes photolysis, mainly N-O bond fission.
photochemical behavior of constrained and non-constrained imino ethers prompted us to study the
photoreactions of six-, seven-, and eight-membered compounds with the Ph-C=N-0 chromophore.
Syntheses of the starting materials, 3-phenyldihydro-1,2-oxazine (%g), 3-pheny1-tetrahydro-
1,2-oxazepine (4) and 3-phenyl-1-oxa-2-aza-2-cyclooctene (Q) were shown in Scheme 1.  Tosylates 2
obtained from alcohols 15) were converted to the corresponding oximes and cyclized by treatment with

base to give the cyclic imino ethers (yields: 3a, mp 70°C, 70%; 4, mp 45-46°C, 80%; 5, oil, 45%) .

The other two derivatives, (3p) (mp 161-162.5°C) and (3¢) (mp 194°C) were also synthesized according

to the procedure6) reported.
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Scheme 1
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The photoreactions of dihydro-1,2-oxazine derivatives 3a, 3b, and 3¢ were carried out in dry
acetonitrile at room temperature in a Rayonet RPR-100 photoreactor (254nm lamp). Irradiation of %%
gave quantitatively 5-hydroxy-2-phenylpyrroline (QR) (mp 116-118°C), which was unstable in the
presence of a trace of acid, converting to 2-phenylpyrrole (7a) (mp 119-120°C).  The reaction path-
way is rationalized by the initial N-0 bond fission (%g > gg) and hydrogen migration (gg > gg)
followed by cyclization (gg > Qg). A precedent of the reaction sequence such as gg > Qg > ZQ can
be found on the photolysis of 2-pyrrolidone dericatives.g) Irradiation of 3b, on the other hand,
afforded 2,5-diphenylpyrrole (ZR) (mp 143°C, 15%),9) 1,4-diphenylbutane-1,4-dione (lg) (mp 145°C,

10)

21%), and N(1-phenylcyclopropyl)-benzamide (ll) (mp 175°C, 28%). This reaction should proceed

in a similar manner to that of %2, namely, the formations of ZR and lg can be well rationalized by

the dehydoration of QR and the hydrolysis of QR’ respectively.]])

Similarly 11 can be derived by
the a-cleavage of iminoketone 9b followed by recombination of the resulted radicals. The structural

assignment of ll is based on spectral properties such as mass, nmr and ir spectra.
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In contrast with the photolyses of 3a and 3b, that of the diphenyl derivative 3¢ afforded a
mixture of the syn-isomer (mp 143-144°C) and the anti-isomer (mp 108-110°C) of oxime of 1,4,4-tri-
phenyl-but-3-en-1-one (l%) (40% yield each). The structures of these two products were established

by comparison with authentic samp]es.]z)

The formation of oximes ]2 can be explained by the C-0
bond fission in 3¢ followed by hydrogen migration in the resulting cleaved species 13. Theus, di-

hydro-1,2-oxazine derivatives 3 exhibit different types of photolysis depending on the substituents;
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i. e., two phenyl groups at the 6-position lead to C-0 bond fissicn although the N-0 bond fission

13) The carbon-oxygen bond fission was also observed

6,14)

was a favored process as shown for %g and %R.
in the photolysis of 3,5,5-triphenylisoxazcline. Therefore, it may be concluded that the
primary photoprocesses of five- and six-membered cyclic imino ethers are very similar.

Seven- and eight-membered cyclic imino ethers (i and é) were stable upon irradiation and showed
no cleavage reaction. The photostability is probably due to a decay process which consists of an
equilibrium between (4 and 5) and syn-isomers (syn-4 and synz5). Addition of methanol or furan
to the reaction mixture did not give any solvent addition or cycloaddition products.]s)

In order to prove the existence of the syn-isomers (QXREQ and QXQ&Q)’ the photochemical behavi-
or of i and é at -196°C was examined spectroscopically. Independent irradiations of 4 and 5 in 2-
methyl-tetrahydrofuran at -196°C resulted in approximately a 25% reduction of the uv absorption
coefficient at 243nm.  This reduction of the absorption coefficient was almost recovered when
the solution was warmed to 50°C, keeping for 15 min, and then cooled again to -196°C. This obser-
vation may be explained by the syn-anti isomerization because the syn- and anti-isomers of aceto-
phenone oxime ether are known to show different absorption coefficients at their uv maxima (Amax;
238nm, ¢ 6080 for syn-isomer and 248nm, ¢ 10990 for anti-isomer).4’]6) In addition, the nmr
spectrum of 310) which was obtained by low temperature-irradiation (-70°C), was monitored during the
course of warming.  The spectrum was complicated at -50°C, but at 23°C showed new peaks at § 2.0 ~
2.2ppm (60% of TH, multiplet) assignable to the hydrogen at the C6 or C7 position of the syn-isomer
(iXQRQ)' The absorption gradually disappeared at 23°C with a half life of 20 min.

Emission spectrum was observed at room temperature neither for the seven- and eight-membered
cyclic imino ethers (Q and 2) nor for the five- and six-membered compounds such as 3-phenyl-isoxazo-

17)

Tine and %g. The photochemical cleavage of the cyclic imino ethers (%, ﬁ, and 2) was sensitiz-

ed neither by acetophenone nor by benzophenone, but the photoreduction of benzophenone was quenched
by both non-constrained (Q and Q) and constrained compounds (%g and 3—pheny]-isoxazoline).]8)
This suggests that the triplet energy of benzophenone was transferred to the imino ethers and, thus,
the singlet state could be responsible for the photocleavage and the syn-anti isomerization reactions.
The suggestion that syn-anti isomerization of i and % occurs from the singlet state is also supported
by analogy with the acetophenone oxime ether3) and is compatible with the fact that no emission was
observed. We thus conclude that the photoreaction of cyclic imino ethers has two competitive paths
probably derived from the singlet excited state : one is photolysis, mainly N-O bond fission. and the
other is syn-anti isomerization.
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