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Abstract—3-Phenyl-2-isoxazoline (1) was irradiated to give 4-phenyl-2-oxazoline (3), 8-aminoaldehyde (14) and
benzonitrile from its w-=* singlet excited state. Several related derivatives afforded similar photoproducts on
irradiation. The quantum yields of the photoreactions were dependent on the magnitudes of the singlet energies of
the 2-isoxazolines. p-Cyanophenyl-2-isoxazoline (1¢) formed a one-to-one photoadduct (22) with benzene.

The photochemistry of the C=N double bond has attrac-
ted much attention in recent years. The excited state
behavior of the azirine ring was independently developed
by Schmid® and Padwa.’ As was summarized in several
monographs,** the photochemistry of compounds con-
taining C=N double bonds has not developed as rapidly
as carbonyl compounds. The main reason for this is
probably related to the low reactivity of the excited
imino group due to the rapid radiationless decay which
results by twisting around the C=N bond. Another prob-
lem in this area arises from the difficulty in determining
the nature of the excited state involved since little in-
formation can be gleaned from the emission spectra of
typical imines.

On irradiation of the C=N-O chromophore, syn-anti
isomerization was found to be a predominant process in
oximes and oxime ethers. Padwa’ and de Mayo® have
suggested that these photoreactions originate from the
m-n* state. The photo-reactions of cyclic oxime cthers,
namely 2-isoxazolines,” were studied by Schmid,'®'
Matsuura'' and Mukai'?"" about ten years ago. The early
results revealed that N-O bond fission mainly occurred
upon irradiation but in some cases the C-O and C-C
bond cleaved depending on the nature of the substituent
located at the C,- and C.-position of 3-phenyl-2-isox-
azoline ring. Since bond fission was never observed in
the irradiation of oxime ethers, a sharp contrast in pho-
tochemical behavior between non-constrained and con-
strained Ph-C=N-O chromophores seems to exist. No
emission from acetophenone oxime ether has been
detected, whereas 3-phenyl-2-isoxazoline (1) was found
to exhibit fluorescence but no detectable phosphores-
cence. In connection with this study, the UV and emis-
sion spectra of 2-phenylpyrroline (2). 4-phenyl-3-oxazol-
ine (3) and 2-phenyl-2-oxazoline (4) has now been studied
in order to gain additional insight into the excited state of
these heterocycles containing a C=N double bond.

To our knowledge, a photochemical study of 3-phenyl-
2-isoxazoline has not been carried out, although several
derivatives possessing substituents at C,- and/or C,-
position have been investigated. In this paper we wish to
describe the photochemistry of 3-phenyl-2-isoxazoline
(1) along with several derivatives possessing electron
donating or withdrawing groups on the phenyl sub-
stituent as well as naphthyl and thienyl derivatives.
Similar research dealing with substituent effects has al-
ready been reported by de Mayo et al. in the photo-
chemistry of benzaldoxime derivatives where the elec-
tronic effect of the substituents plays an important role.
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For instance, these workers found that the irradiation of
4-cyanobenzaldoxime (6¢c) did not behave similarly to that
encountered with other oximes.*** We have now found
that 3-aryl-2-isoxazoline derivatives undergo N-O bond
fission on irradiation. This reaction was found not to
depend on the clectronic character of the substituents
but rather on the magnitude of the singlet energies of the
substrates.

Ph Ph Ra Ph
\ 2 2
519
R-@-C#N-OH O—C:N-M
6 7

During the course of our studies dealing with the
photochemistry of 2-isoxazoline derivatives, a novel {2 +
2}-photocycloaddition reaction of the C=N double bond
with some aromatics was discovered. 2-Isoxazolines
having cyano and methoxycarbonyl groups on the 3-aryl
moiety form one-to-one adducts with benzene or furan.
Azetidine formation, which was induced on irradiation of
the C=N-O chromophore, is a rather uncommon reaction
of imines. This stands in contrast with the well-known
Paterno-Biichi reaction of ketones. Only a few examples
have been reported in the literature. For example,
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oxazolinone (8)," isoindolenone (9),'* oxadiazole (19),"
the imine of cyclohexenone (11),'* and benzisothiazole
(12)'* are known to undergo azetidine formation on
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irradiation. In the [2 + 2)-photocycloaddition reactions of
2-isoxazoline derivatives, an electron withdrawing group
on the 3-aryl substituent ig essential in order to activate
the C=N bond for the photocycloaddition. Thus, it would
scem that exciplex formation is necessary for this novel
type of cycloaddition.

RESULTS
Absorption spectra of 3-phenyl-2-isoxazoline (1)

It is still not absolutely clear which excited species, i.e.
n-=* or = — =* singlet or triplet state, is responsible for
the photoreactions of organic molecules containing C=N
double bonds.™2’ A survey of absorption and emission
spectra of S-membered heterocycles suchas 1,2, 3 and 4
might be expected to elucidate the multiplicity and con-
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sequently help determine the excited state responsible
for the photoreactions. The UV spectra of 3-phenyl-2-
tsoxazoline (1) and 2-phenylpytroline (2)* are shown in
Fig. 1. The strong absorption with the maximum at
264.3 nm (e 13,480) for 1 and 241.0nm (e 12,720) for 2
can be assigned to =w-n* absorption of the Ph-C=N-
chromophore. In the case of 2-isoxazoline (1), the shift
of the absorption maximum by about 23nm to longer
wavelength compared with that of pyrroline (2) can be
accounted for in terms of a perturbation by the neigh-
boring O-atom. The introduction of the Pb-C=N-O
chromophore into the rigid S-membered ring results in a
red shift of 11-23nm compared with the absorption
maxima of the 6-, 7- and 8-membered ring analogs® as
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well as acetophenone oxime cthers.® The shape of the
spectra of all of these compounds are similar. A charac-
teristic shoulder at 291 nm is noticed in the UV spectrum
(line-b) of 1. This shoulder disappeared in polar media
like ethanol. Accordingly, it is possible to assign this
1o the n-o* band. However, the UV spectrum (line-c)
measured at — 196° is devoid of this possibility and con-
sequently it seems more reasonable to assign this band to
one of the fine structures of #-#* excitation. The
shoulder at 291 nm corresponds to the absorption maxi-
mum (e 3,160) at 292.8 nm in methyltetrahydrofuran
matrix at liquid nitrogen temperature. This absorption
was also observed at 292.0 nm in pentane-methylcyclo-
hexane, 292.1 nm in EPA and 291.8 nm in McOH-EtOH
matrix. These energy absorptions are assigned to the 0-0
bands of z-n* excitation of the Ph-C=N-O chromo-
phore on the basis of their high intensities and the
absence of a solvent effect. Careful analyses of the low
temperature spectra give some information regarding the
vibronic character of 2-isoxazoline in the excited state.
The absorption maxima and molar extinction coefficients
of 1 that were measured in several solvents at ~196* are
listed in Table 1. The intervals of about 1420 cm™' can be
attributed to the C=N stretching frequencies of the
excited state of the 2-isoxazoline system. The intervals
of about 840 cm™' may be assigned to the N-O stretching
mode. In the ground state of 1, the corresponding C=N
stretching modes are observed at 1570cm™ in the IR
spectrum and at 1562 cm™' in the fluorescence spectrum.
Also, the stretching frequency at 929cm™' in the IR
and the interval of 977 cm™' in the fluorescence spectrum
can be reasonably assigned to the N-O stretching mode
in the ground state of 1. The fact that both C=N and N-O
stretching modes have smaller energies in the excited
state is ascribed to the flexible configurations of the C=N
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Fig. 1. Absorption spectra of 3-phenyl-2-isoxazotine (1) and 2-phenylpyrroline (2). fine-a: The absorption spectrum
of 2 in cyclohexane at 25°. line-b: The absorption spectrum of 1 in cyclohexane at 25°. line-c: The absorption
spectrum of 1 in 2-methyltetrahydrofuran at -196°.
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Table 1. Absorption maxima and molar extinction coefficients of 3-phenyl-2-isoxazoline (1) in the absorption

spectra at - 196°.

lllx 0 [3 lux O [3 l-.l a [4 A.‘l O [
nm cm 1/m01 ¢ nm ¢ ] 1/m01 ¢ m cm 1/m01 nm ca 1/m01
216.0 (46,296) 17,030 214.3 (46,664) 17,00
222.2 (45,005) 14,200 221.0 45,086 11,520 |220.0 45,331 13,350

266.0 37,594 12,550 | 265.2 37,707 13,400

265.0 (37,736) 12,500

gand-v 268.0 (37,313) 11,820 | 269.2 (37.286) 12,420 | 267.8 {37,341} 13,500

Band-IV [274.0 36,496 11,050 [ 274.4 36,443 11,150 [274.0 36,496 11,640

Band-111]280.5° 35,650 7,600 281" 35,587 8,200 [280.5" 35,651 8,200 |280.2° 35,689 8,300

Band-11 |285.1 35,075 5,800 285.6 35,014 5,620 { 285.1 35,075 5,900 | 284.9 35,100 6,180

Band-1 [292.0 34,247 2,360 292.8 34,153 3,160 [292.1 34,235 2,750 | 291.8 34,270 2,800

5o lvent n-pentane-methyl- 2-methyl- EPA {ether-iso-pen- ethano] -methanol
cyclohexane (1:4) tetrahydrofuran tane-ethanol, 8:3:5) (1:1)

Intervals between Band-1 and Band-I1, Band-1 and

828 1,404 1,421 &' l 861 1,434 1,417 cill 840 1,416 1,421 cili 830 1,419 Cil

Band-111, Band-11 and Band-1V, respectively.

L
*Shoulder.

and N-O bond in the excited 2-isoxazoline molecule. The
photoreactions initiated by N-O scission and the photo-
cycloadditions taking place with the C=N double bond
will be described in a later section.

Emission spectra of 3-phenyl-2-isoxazolire (1) and its
related compounds

Upon irradiation at room temperature, 3-phenyl-2-
isoxazoline (1) immediately undergoes photoreaction
without any detectable emission. At liquid nitrogen tem-
perature, however, the singlet excited state of 1 is chem-
ically unreactive and exhibits strong fluorescence even
though phosphorescence could not be detected under
degassed conditions. The excitation and emission spectra
of 1 are shown in Fig. 2. The emission from the singlet
state of 1 has several fine structures possessing intervals
of 586, 977 and 1562cm ' in methylcyclohexane. The
emission at 297.6 nm is assigned to the 0-0 band which

A

'
)
o
'

v

v

RELATIVE [NTENSITY

has a Stokes shift of Snm from the 0-0 band of the
absorption or excitation spectrum. The intervals cor-
respond to the C-H out-of-plane bending mode, the
stretching mode of the N-O bond and that of the CaN
bond, respectively.

In contrast to the results encountered with 1, the
fluorescence of 2-phenyl-1-pyrroline (2) could not be
detected under similar conditions. Its phosphorescence is
easily observed at - 196°, however. The 0-0 band at
386.0nm and C=N stretching mode of 1630cm™' are
shown in Fig. 3. In order to gain insight into the pertur-
bation of the oxygen atom in the pyrroline system, the
emission spectra of 4-phenyl-3-oxazoline (3) and 2-
phenyl-2-oxazoline (4) were measured under similar
conditions and the results are summarized in Fig. 3. The
observation of their phosphorescence stands in sharp
contrast to the emission of 1. This difference can be
attributed to the role played by the O-atom. In the case
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Fig. 2. Excitation and emission spectra (uncorrected) of 3-phenyl-2-isoxazoline (1) in methylcyclohexane at —196°.



3368

162) 1633 ¢a
———

RELATIVE [NTENSITY

£ye 741 acalirol

g

300 4«0
WAVELEWSTR o)

1

22,0 m VLS

RELATIVE IKTERS:TY

tor 67.2 wcal/rol

?‘!E___ 30C
WAVELENGTR (nm)

E

5%

RELATIVE IHTENSITY

* 137 € kca! mol
1

* 97 € o' 'me’
s?

3C0
wREL WG (e € -

o

76.% xcal;me”

Fig. 3. Absorption, excitation and emission spectra of 2-phenyl-

pyrroline (1), 4-phenyl-3-oxazoline (3) and 2-phenyl-2-oxazoline
(4) in methylkcyclobexane at -196°.

of 2-isoxazoline 1, the high electronegativity of the
neighboring O-atom diminishes the availability of the
non-bonding electrons on the N-atom. As a result, inter-
system crossing of 1 through spin-orbit coupling
decreases in probability. This, in turn, leads to a high
reactivity of the singlet excited state at room tem-
perature as well as a strong intensity of emission in the
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fluorescence at liquid N, temperature. The high
efficiency (® =0.61) of the photoreaction of 1 at 25°
suggests that the singlet excited state is predominantly
responsible for the photoreactions.

One of the peculiar phenomena encountered is the
observation of upper singlet states in the excitation
spectra of several of the isoxazolines except for the case
of 1. The excitation to S, is most effective at 250, 264 and
261 nm, respectively, in the case of 2, 3 and 4. In ad-
dition, a remarkable finding is that two types of fluores-
cences are observed in the emission of 2-phenyl-2-
oxazoline (4). In general, upper singlet states usually
decay rapidly to the lowest excited state and no fluores-
cence is observed from that state except for some special
cases.™ Therefore, the finding of two type of fluores-
cence with 4 is a strange result.” Although the explana-
tion is not clear at present, it is conceivable that certain
geometric factors concerning the electron configuration
in the rigid N=C-O system does not allow for rapid
internal conversion from the S; state with 7-#* charac-
ter to the S, state with n-n* character.

Another important factor influencing the photoche-
mistry of 1 is that the 2-isoxazoline ring has a N-O bond
that is easily cleaved. The bond dissociation energy of
44 keal/mol™ for the N-O bond and the rigidity of the
five-membered ring along with the loose and active
character of the N-O stretching mode in the excited state
easily accounts for the facile scission of N-O bond.

Photoreactions of 3-aryl-2-isoxazolines

Although it is known that 2-pyrroline (2) gives bipyr-
rolidine on irradiation in 2-propanol,? the irradiation of
2 in cyclohexane solution afforded only polymeric
materials. Also, the irradiation of 3 and 4 resulted in slow
decomposition on the starting materials. 3-Phenyl-2-
isoxazoline (1), on the other hand, is cleanly converted to
three products, 3. 14 and 15, in high yield and with high
efficiency. This stands in contrast with the results des-
cribed for its derivatives.'®'* Figure 4 shows the time-
dependent changes in the UV spectrum observed during
irradiation of 1 in cyclohexane with monochromic light
of 280 nm.

When a benzene solution of 1 was irradiated with a
Rayonet 3000 A lamp on a preparative scale, 4-phenyl-3-
oxazoline (3) and 3-amino-3-phenyl-2-propenal (14) were
isolated in 5 and 62% yields accompanied by benzonitrile
(24%) and a trace amount of 1. No interconversion
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Fig 4. Photoreaction of 3-phenyl-2-isoxazoline (1) in cyclohexane on irradiation of 280 nm monochromic light for
1,2,3,4,6,6,7,89,10, 11,1215, 20, 30, 40 and SO min,

between the photoproducts occurred as was demon-
strated from the isosbestic points at 221, 244 and 286 nm
in Fig. 4, and also from product analyses in the initial and
fina] stages of the photoreaction.

The mechanism for the photoreactions of 1 is sum-
marized in Scheme 1. The main product (14) is formed by
the isomerization of 3-phenyl-3-iminopropanal (18),
which is derived from N-O bond fission foiliowed by
hydrogen abstraction of the imino-oxy diradical (17). The
formation of 3 was previously described in the pho-
toreactions of isoxazoiine derivatives by Schmid'® and
Matsuura.'' These workers reported that an initial pho-
tocleavage occurs to give formaldehyde and 2-phenyl-

remy &

aznne (i%) which undergoes a subsequeni recombinaiton

via 1,3-dipolar cycloaddition.”” The C,-C, bond cleavage
of the initially formed intermediate (16) gives ben-
zonitrile, although the corresponding epoxide or alde-
hyde could not be detected in the irradiation. The pho-
toreaction of 1 in cyclohexane solution does not exhibit a
wave-length effect. Thus, irradiation with monochromic
light ranging from 250 to 290nm involves the same
reactions and the quantum yiekds were found to be
within experimental error of cach other. A temperature
dependency of 1 was not observed upon irradiation in
cyciohexane between 5 and 70°. All of the photoproducts
(3. 14 and 15) are considered to be formed from the
singlet state since sensitization experiments using
acciophenone faiied 1o infiuence the phoioreaction of i.

Table 2. Absorption maxima, 0-0 bands of Muorescences and singict energies of 3-aryl-2-isoxazolines with
Hammelt o-vaiues of their substituents

Compounds  Substituents and Molar Extioction

Coefficients (1/mo) cm)

1 Pheny) 213.5 (13, 730)

219.8 {10, 400)

264.3 (13, 480)

1 4-Methylphenyl 208.7 (13, 510)

213.8 (14, 160)

220.0 (10, 480)

264.0 (15 710;

294 sh. (940

mn 4-Methoxyphenyl 270.0 (16, 290)

296 sh.{ 4, 200)

300 sh.( 1, 970)

4 3-Cyanophenyl 228.3 (21, 770)

2352 (21, 720)

an.0 (12 4)0{

09.6 {850

le 4-Chlorophenyl  212.5 (11, 800)

222.4 (i1, 126)

269.2 (16, 340)

296.9 (1, 280)

i 4-Nitrophenyl  233.1 ( 3, 900)

309.2 (12, 230)

13 2-Thieny! 209.3 ¢ 4, 970)

287.1 (11, 460)

e -« oae_ Ao A N rca NN

in 1-Maph C€IU.V (o, W)

o 309.5 (1% 560)

e _322.0 (10, 710)

Absorption Maxima®’/(nm)  0-OBands

b of Sinolet

Their Flyore- Energies rammet’s
scences (nm) (kcal/mol} o-Values
292.5 97.6 0.00C
298.1 95.9 -0.170
04.4 93.9 -0.26¢
313.0 89.9 0.5
301.2 95.0 «0.22/
— 13.39) *0.77C
90.2%! —

b) in methylcyclohexane at -196°C,

c) singlet energy was estimated from the astsorption spectrusr.
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Intermediate 16, which is derived by initial N-O bond
fission, has been proposed as the common precursor of
each product. The most remarkable feature of the pho-
tolysis of 1 is that the reaction was achieved with high
efficiency and in high yield compared with the reported
photoreactions of 3-phenyl-2-isoxazoline derivatives
having substituents at the 4- and/or S-position. These
compounds always produced a complicated mixture of
products depending on the type of substituent
present,'>"

A study dealing with the substituent effect is of inter-
est in order to gain additional insight into the nature of
the common intermediate 16. For this reason the elec-
tronic effect of substituents located on the benzene ring
was investigated in detail. Several 3-aryl isoxazoline
derivatives (la-1h) were synthesized by 1,3-dipolar
cycloaddition of suitable nitrile oxides with ethylene.™
The 3-aryl isoxazolines synthesized include the methyl-
phenyl, methoxyphenyl, cyanophenyl and chlorophenyl
derivatives. These compounds exhibit analogous type of
fluorescence and do not phosphorescence. Interestingly, 3-
(2-thienyl)-2-isoxazoline (1g) does not fluorescence or
phosphorescence. In the case of the 1-naphthyl deriva-
tive (1h), both emissions were observed, but photoreac-
tion did not occur. The absorption maxima of the UV

T. KUMAGAI ¢t al.

the 0-0 bands of fluorescence spectra are listed in Table
2 along with Hammett o-values for the substituents.

The results of the photoreactions of 3-aryl-2-isox-
azoline derivatives in benzene solution are summarized
in Table 3, where the quantum yields measured in
cyclohexane are also listed.

Photoreactions of compounds ls-le and 1g were
similar to that of 1 with only a slight variation in the
product ratio. The quantum yields for the photoreac-
tions, however, dramatically changed indicating the
dependence on the substituents. The quantum efficiency
of 3<yanophenyl and 2-thienyl derivative, 1d and 1g,
decreased to near zero. 4-Nitrophenyl and 1-naphthyl
derivative, 1f and 1k, did not undergo photoreaction. No
correlation was found to exist between the quantum
efficiency of the photoreaction and the Hammett o-
constants of the substituents. As was mentioned pre-
viously, the photoreaction of 1 involves an initial N-O
bond cleavage giving either diradical 16-1 or zwitterion
16-11 or -IMI (Scheme 3). The ease of N-O bond fission in
the excited state was revealed in the fine structure of
their UV spectra. The involvement of polar inter-
mediates (16-I1 or 16-IIT) for product formation can be
climinated by the fact that the quantum efficiency of the
reaction decreased by changing the solvent from cyclo-

spectra as well as the singlet encrgies determined from  hexane to acetonitrile. Under these conditions a
Ar Ar r
hv —
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Scheme 2.
Table 3. Photoreactions of 3-aryl-2-isoxazolines (1 and 1a-h)
Reactants Products on Irradiation in Benzene Quantum Yields
2-1soxazolines |3-Oxazolines | Aminoaldehydes| liftriles] 1n Cyclohexane

3-Phenyl-, 1 S% 62 % F{ 3 3 0.61
3-(4-Tolyl)-, 3 9% 57 % 26 % 0.48
3-(4-Methoxyphenyl)- 6% a7t 3% 0.23

1b
3-(4-Cyanophenyl)-"" 23 6 3 03 9.24

1¢c
3-(3-Cyanophenyl)-, .ee PR 7% 0.039

14 (36 1} 2 1}
3-(4-Chlorophenyl)-, 53 53 % 23 % 0.34

le
3-(4-Nitrophenyl)-,

¢
3-(2-Tienyl)-, --- 4% 23 0.035

g (33 1 (4 38
3-(1-Maphthyl)-, .- --- --- .-

1h

( s: yield based on rescted starting material

L LY

a one-to-one adduct with benzene was also isolated.
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significant alternation in the product ratio was not
observed. In addition, the electronic effects of the 3-aryl
substituents do not effect the electronic state of the
photoreactions. The decrease in quantum yields between
1 and the 4-cyanopheny] derivative (1c) (0.38 vs 0.09) in
acetonitrile solution can be attributed to an interaction
between the polar media and the diradical intermediate
(16-1) which accelerates the recombination to starting
materials.

Isoxazolines possessing low singlet energies show
lower quantum efficiencies on irradiation. The lack of
reactivity of the 4-nitrophenyl derivative (1f) might be
ascribed to a facile intersystem crossing giving rise to a
triplet state or, instead, to its low singlet energy (Eg =
73 kcal/mol). The photoreaction of the 1-naphthyl
derivative (1b) does not occur even after prolonged
irradiation under various conditions. The only detectable
photochemical process of 1h is fluorescence at room
temperature and phosphorescence at liquid nitrogen
temperature. We propose that the lack of reactivity of 1h
is due to its low singlet energy (Es =86 kcal/mol). As
shown in Fig. 5. there is a good linear relationship
between the quantum yields of the photoreactions and
the singlet energies of the 3-phenyl-2-isoxazoline deriva-
tives.

A singlet energy more than 90 kcal/mol is neceseary in
order for the reaction to occur. 2-Isoxazoline derivatives
having even higher singlet energies are able to ender-
go the photoreaction with higher efficiencies. This

(=]
o

QUANTUM YIELD of PHOTOREACTIONS
o o
~ Y3

finding suggests that some vibronic assistance inherent in
the intermediate (16) helps control the photoreaction. For
example, re-orientation from 16 to 17 and the con-
formational change needed for subsequent H-abstraction
would be expected to be assisted by virbonic assistance.
Thus, at liquid nitrogen temperature, the vibronic assis-
tance is inhibited so that the diradical intermediate (16)
promoptly recombines to regenerate the starting material.
This is probably the reason for the lack of reactivity of the
1-naphthyl derivative (1h), which has too low a singlet
energy o afford the photoproducts.

The photolysis of S-methyl-3-phenyl-2-isoxazoline (11)
and 3-phenyl-4,5-tetramethano-2-isoxazoline (1) also
affords similar photoproducts (i.e. 3, 14 and 185). The
photoreactivity of these systems can also be explained
by the idea of vibronic assistance. Although their singlet
energies (97.4 and 96.7 kcal/mol) are high enough to
allow the reaction to proceed, their quantum yields are
quite small (0.28 and 0.034 in cyclohexane) when com-
pared with that of 1 (0.61). This difference may be
ascribed to the disturbance of the vibronic assistance by
the bulkiness of the Me substituent or perhaps to the
rigidity of the fused cyclohexane ring.

Photocycloaddition of 2-isoxazoline denivatives

When 3{(4-cyanophenyl)-2-isoxazoline (1¢) was irradi-
ated in benzene with a set of Rayonet RUL-3000 A
lamps, a new photoproduct was isolated (4%), m.p. 113-
114°, by means of silica gel thick layer chromatography

A

100

SINGLET EMERGY Of 3-ARYL-2- ISOXAZOLINES
Fig. 5. Plot of quantum yields vs. singlet energies on the photoreaction of 3-aryl-2-isoxazolines.
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in addition to recovered starting material, 3-oxazoline
(3¢), aminoaldehyde (14¢), and p-dicyanobenzene. The
clemental analysis and mass spectrum of the product
support a cycloadduct of 1c with benzene. The UV and
NMR spectra do not differentiate between two possible
structures 21 and 22. Structure 21 corresponds to a
(20 + 2=)-cycloadduct across the N-O bond of 1c with
benzene while 22 is a (27 + 27)cycloadduct using the
C=N double bond of 1c.

hydrogens at § 5.16 and 6.07 ppm. The high field shift
(1.10 ppm) of one of the olefinic hydrogens in 23 when
compared with that of the cyclohexadiene-maleic anhy-
dride adduct (24)™ can be explained by the anisotropic
effect of the cyanophenyl group. This result suggests the
anti-orientation of the cyclohexadienyl moiety and the
isoxazolidine ring in structure 22. The yield of photoad-
duct (22) was rather low, bul the formation of the pho-
tocycloadduct represents a major path in the initial

N N
CN
(__g hy =N
_— cr
o-N berzene oD o-N
Ic 2] 22

Scheme §S.

The fact that the photoadduct is quantitatively con-
verled into benzene and lc upon heating at 80° for 2 hr
provides support for structure 22. Diels-Alder reaction
of the photoadduct with maleic anhydride at 34° gave
cycloadduct (23), m.p. 250-252°, in 80% yield. The NMR
spectrum of 23 shows two signals for the olefinic

stages of irradiation of 1¢. The photoreaction was moni-
tored in detail using high-pressure liquid chromato-
graphy. The results are shown in Table 4. The yield of 22
compared to unreacted starting material indicates that
the cycloaddition of 1¢ with benzene is the main reaction
occurring during the initial stages and that cycloreversion

+
1+ QO
oN

I¢

N
=N + (m

&Oro) 2 + NCOCN
3 Juc 15¢



Photochemistry of 3-aryl-2-isoxazoline

Table 4. Photoreaction of 3-(4<yanophenyl)-2-isoxazoline (l¢) in benzene

1313

Irradiation Time S min 20 min 60 min 150 min 240 ain
X 9.4 3 87.2 %1 65.5% “as 33.5 %
b 3c cee 0.4 % 0.8 % 1.3s 1613
é e .03 6.1 % 15 ¢ s s “4.33
© 22 1.5 1 3.1 . .7 5.9 1% 5.6 %
(42 s> (24 3 (15 3» (1 sy (8 %»

{ )

of 22 might occur after prolonged irradiation. In fact. it
was found that photocycloadduct 22 afforded a trace of
oxazoline (Ic), aminoaldehyde (l4¢c. 27%) and p-dicy-
anobenzene (4%) together with the starting material
(65%) on irradiation in cyclohexane. The possibility that
an excited benzene molecule forms the cycloadduct by
reacting with the C=N bond of 3-(4-cyanophenyl)-2-
isoxazoline (1¢) was eliminated since it was found that Je¢
gave the photoadduct with benzene on irradiation by
Pyrex-filtered light or by externally benzene-filtered
light. In addition, the excited state responsible for this
reaction was the singlet excited state of lc since the
fluorescence of lc was quenched in the presence of
benzene. Although emission from an exciplex could not
be detected, exciplex formation or charge transfer inter-
action of the excited state of 1c with benzene would be
necessary for photocycloadduct formation.

In addition to the above studies, we have extensively
investigated the cycloaddition reactions of a number of
J-aryl-2-isoxazoline derivatives with aromatic com-
pounds including S-membered ring heterocycles. In some
cases (for example with furan or thiophene) it was
observed that the heterocycle reacted with 3-(4cyano-
phenyl)- and 3-(4-methoxycarbonylphenyl)-2-isoxazoline
(1k) to give photoadducts which can be formulated by
structure (25). These results, including a discussion of
the reaction mechanism, will be published shortly in a

separate paper.

Ar
1
L]
25

AR : (p-CNICH,
{p-MeOCO)CH,
X :0 8§
EXPERIMENTAL

General. IR spectra were recorded on a Shimazu IR-27G
spectrometer. The PMR spectra were carried out on a Varian
HA-100 und EM-390 spectrometer, using deuterochloroform as
the solvent and TMS as the internal standard, uniess otherwise
specitied. The chemical shifts were recorded in ppm on the §
scale. The UV spectra were recorded on a Hitachi-340 spec-
trometer. The low temp UV spectra were measured in the quartz
window dewar filled with liquid N, using 2 mm light path cell.
The emission spectrs were recorded at an angie of 90° from the
excitation beam monochromsted from an Ushio 150W xenon
lamp on a Hitachi MPF-4 fluorescence spectrometer.

All column chromatographies were carried out using Wako
Q-22 silica gel (through 200 mesh ASTM) and all preparative tic
were done on plates containing E. Merck Reagents silica gel 60
PF.254. High-pressure liquid chromatography was performed on
a Hitachi-645 using a 2Scm x4 mm column packed with LiCh-

yleld based on reacted lc

rosorb SI-100 (S um). Gas chromatography was performed a
Hitachi- 163 with 2 20m x 0.28 mm glass capillary column coated
by FFAP and a flame ionization detector. Preparative gas
;%omalomphy was performed on a Varian Aerograph model

Irradiations in a preparative scale were carried out in an
internally water-cooled quartz reactor at 15-20° with Rayonet
RUL-3000 A lamps (43W). Monochromic light irradiations and
the quantum yield measurements were done in a 10 mm quartz
cell using a Hitachi MPF4 fluorescence spectrometer at 25°.

General procedure for the preparations of 3-aryi-2-
isoxazolines. The desired 2-isoxazolines were synthesized by a
1.3-dipolar cycloaddition of the corresponding nitrile oxides with
ethylene. The nitrile oxides were synthesized following pro-
cedures A or B, depending on the substrates. The yields and
physical data of synthesized isoxazolines are listed in Table §.

Procedure A Arylhydroximic acid chiorides were synthesized
from the oximes and Cl, gas in dry CHCI, soln and were used for
the preparation of the nitrile oxides.

Procedure B Arylhydroximic acid chlorides were syn-
thesized from the oxime and nitrosyl chloride in anhyd cther and
were used {or the preparation of the nitrile oxides.

Preparation of 2-pheaylpyrroline (2). This was synthesized by
the procedure of Craig.™ For purification, 2 was distilled (b.p.
107-109/Smm) and then its picrate, m.p. 197-199° was
repeatedly recrystallized from ether.

Preparation of 2-pheryl-2-oxazoline (4). This was synthesized
by the procedure of Witte.® After distillation (b.p. 68-
70°/0.1 mm), 4 was purified by application of preparative GC on a
PEG-20M column at 170°. For the purpose of emission spec-
troscopy, it was recrystallized as the picrate {m.p. 178.5-179.5°).
The purified sample was regenerated from the picrate by alumina
column.

Irradiation of 3-phenyl-2-isoxazoline (1). A soln containing
588 mg of 1 in S00 m! dry benzene was irradiated with a Rayonet
RUL.-3000 A lamps (43W) in a quartz vessel for 12 hr. Removal of
the solvent under reduced pressure left an oily solid which was
subjected to column chromatography on silica gel using benzene-
CH,Ci; as the cluent. The first component isolated from the
column contained 29 mg (5%) of 3 as a coloriess o¥; IR (neat)
3080, 2870, 1638, 1583, 1456 and 1347cm™'; NMR (CCL.
100 MHz) & ppm 4.62 (QH. 1. J =49 Hz), 566 2H. 1, J =49 H2)
and 7.3-7.8 (SH. m); UV (cyclohexane) A, 242.0 nm (e 12.100);
Mass. mje 147 (M*) and 117 (base); (Found: C, 73.55; H, 6.11, N,
9.48. Cak. for CuHyON: C,73.45; H, 6.16; N, 9.52%). The second
component isolated from the column contained 364 mg (62%) of
14 as light yellow prisms, m.p. 73.0-74.5*; IR (KBr) 3320, 3170,
1613, 1598, 1534 and 1485cm™"; NMR (CCl,, 100 MHz) § ppm
5.37 (I1H. m), 7.2-7.7 (SH. m) and 9.22 (IH. d. 2.5H2): UV
(cyclohexane) Ag.. 235.0nm (e 7.910) and 316.2am (¢ 12, 670);
Mass. mje 147 (M) and 146 (base); (Found: C, 73.18; H. 6.22; N,
9.43. Calc. for CoHyON: C. 73.45; H, 6.16; N, 9.52%). Ben-
zonitrile was obtained from the third fraction and the yield (24%)
was determined by GC.

Irradiation of 3<{p-toiyl)2-isoxazoline (1s). A soln containing
322mg of 1a in 300mi dry benzene was irradiated for 20 hr.
Removal of the solvent under reduced pressure left a light yellow
otly solid which was subjected to column chromatography on
silica gel using hexane-EtOAc as the eluent. The first component
isolated from the columa contained 27mg (9%) of e as a
colorless oil, IR (neat) 3055, 2870, 1e4S, 1586, 1460 and
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Table 5. Physical data of synthesized 2-aryl-2-isoxazolines
(1 and 18-))
Compd[Proc.| Yield| mp | IR (cal) | mir (&P
22)
. | 3090,2980,| 3.16(2H.1)
I A | 83| 66-7° 150 as2.| 4.33(2H.¢)
1353.929 | 7.2-7.7{sH
. | 3000,2960,] 2.38(3,s
Ja | A | 803 58-9° | 5500 1609, 3.29;2u.:§
14391342, 4.47(2H ¢
_ ; 935 7.1-7.7(an)
30) . | 2980,2850,[ 3.23(2M.t)
IO B 76 31 81-2° 40007595 ] 3.79(3Mos)
1515.1470.| 4.40(2H.1)
1422.1244.] 6.8-7.7{4H)
930 ]
» | 3060,2970,] 3.32(2H,1)
Ie | A | 923102-3° ) 5050722300 ] 4.56(2M.t)
1608.1585.| 7.6-7.9(4H)
1438.1382,
3
- :;ao 2980, | 3.22(24,1)
o[ A 83 %) 15T 2000,2230. | alas(2M,e)
1594,1435.| 7.5-8.2(4N)
1 1336.924 )
. 12970,2900,] 3.28(2H.t
le | A | 98 3116-7° i 693 Va90.| 4.a7(2H 1) :
13401090, 7.3-7.7(an)’
! 923 .
31) i 3120,2950,| 3.40(2H,t)
MO B 180 %)164-5% | 2p0i"Yeoerl 4.6 (2H 1) |
1573.1510.| 7.8-8.2(4H)
1330.923 o
) . | 3100.2960,] 3.20(21.1)
19777 B | 76% 47-8% 1290011598 4.35(2H 1)
: 1472,1836,| 6.8-7.4{2H)
N ! 920 o
3060,2980,| 3.30(2H.t)
In | B ABalbe . | 29001596 a.32(2H;t)
S 1510,1435,| 7.1-7.9{6H)
e . 1312,928 | 9.0(14)
. o | 3065.2980,] 1.36(3H.q)
cL LA 9T 51-2° Lyeg is2, | 2.77(1k.d.9)
1496,1447,( 3.33(1n,d.d)
13781355, 4.75(1H.m)
L 923 2.2:7.8{5m)]
T
. | 3040,2940,; 1.0-2.5(8K):
W A} S 379-B17 | 565 1449 | 3.1(1H.m)
P 1375.938, | 4.4(1H.m)
Lo L9277 | 2200 40w

1340 ca~'; NMR (CDCly, 90 MHz) 8 ppm 2.24 (3H, 5), 4.83 (2H,
t, J=4.6Hz), 565 (2H, t, ) = 4.6 Hz) and 7.1-7.7 (4H, m); UV
(cyclobexame )A,,, 243 nm; Mass. mie 161 (M*) and 131 (base).
The second component isolated from the column contaised
183 mg (57%) of 3-amino-3-(4-methylphenyi)-2-propenal as light
yellow ocedies, m.p. 78.5-81°; IR (KBr) 3310, 3160, 1613, 1541,
1500, 1356, 1283 and 1140ca~’; NMR (CDCl,, 90 MH2) & ppm
243 (3H, 1), 5.50 (IH, m), 7.3-7.8 (4H, m) asd 9.45 (I1H, m);
Mass. m/e 161 (M", base); (Found: C, 75.54; H, 6.72; N, 8.71.
Cak. for C\H,,ON: C, 74.51; H, 6.88; N, 8.69%). The yield of
p-tolunitrile was determined by GC.

Irrediation of 3{4-methoxyphenyl)-2-isoxazoline (19). A soln
coatarning 707 mg of 1d in S00 ml of dry benzene was irradiated
for 24 hr. Removal of the solvent under reduced pressure left a
yellow solid which was subjected to column chromatography on
sitica gel column using benzeoe—cther as the cluent. The first
component isolated from the columa contained 174 mg (33%) of
p-methoxybenzonitrile as a colorless powder, m.p. $5-57° (lit.
$7-59°)." The second compoaent isolated from the column coo-
tained 41 mg (6%) of W as coloriess prisms, m.p. 60-62°; [R
(KBr) 3020, 2960, 2845, 1632, 1610, 1400 and 1347 cm~'; NMR
(CC,, 100 MHz2) & ppm 3.78 (3H, 3), 4.74 (ZH, 1, J = S Hz), 5.56
(2H, t, J=SHz), 6.7-60 (2H, @) and 7577 2H, m); UV
(cyclobexane) Ao, 248 nm; Mass. m/e 177 (M*) and 147 (base).
(Found: C, 67.96; H, 6.21; N, 7.49. Cak. for C,4H,,0;N: C, 67.78;
H, 6.26; N, 7.9%). The third component isolated from the column
coatained 331 mg (47%) of 140 yellow needles, m.p. 91-92*: IR
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(XBr) 3290, 3140, 1605, 1470 and 1364cm™'; NMR (CDCl,,
100 MHz) & ppm 383 (3H, 3), 5.87 (IH, m), 6.8-7.0 (2H, m),
73-76 (2H, m) and 9.20 (1H, d, J = 20Hz); UV (EtOH) A,
216nm (e 8, 890), 271 nm (¢ 7, 540) and 333.5nm (¢ 19, 010);
Mass. m/e 177 (M*, base). (Found: 67.83; H, 6.39; N, 7.98. Calc.
for CyoH, O;N: C, 67.78; H, 6.26; N, 7.9%).

Irradiation of 3{4-cyanophenyl}-2-isoxazoline (lc)y1. A soln
containing 1.380g of 1¢ in 1.21 dry benzene was iradiated for
48h¢. Removal of the solvent left a yellow solid which was
subjected o column chromatography on silica gel using hexane-
EtOAc as the cluent. The first component isolated from the
column contained 102 mg (10%) of p-dicyanobenzene as a color-
less powder, m.p. 223-225° (1it.® 223%). The second component
isolated from the column contained 28 mg (2%) of 3¢ as yellow
needles, m.p. 131-133*; IR (KBr) 3060, 2940, 2880, 2330, 1632,
1610, 1400 and 1347 cm~': NMR (CDCl,, 100 MHz) 8 ppm 4.95
(2H, t, J=5H2), 5.7 (2H, (, J = $Hz) and 7.6-8.0 (SH, m); UV
(cyclobexane) Ao, 250.50m (e 17, 870), 259 am (sh, ¢ 16, 300),
269 am (sh, € 11, 010) and 295.0nam (¢ 1, 100); Mass. m/e 172
(M°) and 142: (Found: C, 69.43; H, 4.69; N, 1595. Cak. for
C1oHON;: C, 69.75; B, 4.68; N, 16.27%). The third {raction
contained Smg (1.4%) of 24. The fourth one contained 840 mg
(61%) of 14¢c as yellow needles, m.p. 151-152": IR (KBr) 3320,
3150, 2225, 1620, 1540 and 1498 cm~'; NMR (CDC},, 100 MH2) &
ppm 5.38 (1H, m), 7.71 (4H, s) and 9.28 (1H. d, ] =22 Hz); UV
(cyclohexane) Ag,, 243 nm (e 14, 600) and 328.2nm (e 11, 000);
Mass. m/e 172 (M°*, base); (Found: C, 69.75; H, 4.68; N, 16.27
Cale. for C,¢HsON;: C, 69.46; H, 491; N, 16.09%).

Irradiation of 3(4-cyamophenyl)-2-isoxazoline (1¢)-2. A soin
containing 1.030g of 1¢ in 1.21 dry benzene was irradiated with a
Rayonet RUL-3000 A lamps (43 W) in a quartz vessel for 3br
under a N,. Removal of the solvent under reduced pressure at
20-30° left a yellow solid which was subjected to column
chromatography on silica gel using hexane-EtOAc as the eluent.
The initial and fina! fractions gave 41 mg (6%) p-dicyanobenzene
and 376 mg (37%) of 14c from the first and the final fractions,
respectively. The middle fractions were composed of a mixture
of the starting material 1c, 3¢ and 22. Separations {rom thick
layer chromatography on silica gel using benzene-ether (6:1) on
repeated runs and following two times of recrystallizations from
cther gave 55.3 mg (3.8%) of 22 as coloriess needles, m.p. 113-
114°: IR (KBr) 3050, 3000, 2950, 2870, 2240, 1609, 1588, 1501 and
1450 cm™'; NMR (CDCl,, 100 MH2) 8 ppm 2.37 (Ha, d.d.d), 28.6
(HY, d.d.d), 3.56 (Hc, d.d.d), 4.1-4.6 (Hd, He, Hf, m), .13 (Hg,
dd, t), 5.62 (Hh, m), 5.87 (Hi, Hj, m) and 7.55 (SH, ), Jusm =
124, J’m =10.2, ]w =74, Jintte = 28Hz, ,M =60,
Ju‘)“ - 12‘. ju‘& =46, Jugm = |0. lu.,u = 100. Jw =14
and Jyiy; = 10Hz; UV (cyclobexane) Ay, 232.5 om (e 16, 900),
238 am (sh. ¢ 15, 300), 270 am (e 3, 460) and 280 nm (¢, 3, 250);
Mass mje 250 (M°. 0.6%) and 172 (base); (Found: C, 76.76; H,
ST, N, 11.2. Cak. for C,H\ON;: C, 76.78; H, 5.64; N,
11.19%). After these procedures, 425 mg of the starting material
was recovered.

Irradiation of 3{4-cyanophenyi)-2-isoxazoline (lc)-3. Each
10ml of benzene soln containing 15.7 mg of 1c was wradiated
separately under rotation with a merry-go-round apparatus for S,
20, 60, 150 and 240 min m quartz test tubes with a Rayonet
RUL-3000 A lamp. Analysis of the products was performed on a
Hitachi-635 high-pressure liquid chromatography in which 9%
EtOAc/bexane was used as the eluent using UV monitor at
254 am.

Cycloaddition reaction of 22 with Maleic anhydride. A mixture

containing 66.5 mg of 22 and 30.6 mg of maleic anhydride in 30 ml
of anhyd ether was refluxed for 14 hr under N,. After cooling to
0°, the mixture was filtered to give 72.2 mg (80%) of adduct 23 as
a coloriess solid, m.p. 250-252*: IR (KBr) 2955, 2890, 2230, 1865,
1837, 1782, 1609 and 1220 cm~'; NMR (DMSO-d,, 100 MHz) §
182 (1H, d.dd, J = 12.4, 10, 8Hz2), 270 (1H, dd, J = 124, SH1),
3.1-3.3 (3H, m), 3.30 (2H, broad 1), 4.00 (1H, d.d, J = 10, 4 Hz),
42(1H, m), 43 (1H, m), 5.16 (1H, d.d, ] = 8.2, S8 H2), 6.07 (1H,
dd, =82, S8Hz), 7.3-74 2H, m) and 7.7-7.8 (2H, m). Mass.
mie 348 (M*) and 172 (base); (Found: C, 68.36; N, 4.96; H, 7.96.
Calc. for CygH (ON: C, 68.96; H, 4.63; N, 8.0%).

Irradiation of 3-(3-cyamophenyl)-2-isoxazoline (1d). A soln



Photochemistry of 3-aryi-2-isoxazoline

containing 500 mg of le in 500 ml dry benzene was irradiated for
120 he. Removal of the solvent left a yellow solid which was
subjected to columa chromatography on silica ge! using hexane-
EtOAc as the eluent. The first componeat isolated from the
cotums contained 9 mg (7%) of m-dicyanobeazese as 2 colorless
solid, m.p. 158-160" (1. 158-160"). The second component from
the column was 71 mg (41%) of 1d. The third component isolated
from the columa contained 36 mg (24%) of 14d as 2 yellow solid,
m.p. 144-147: IR (KBr) 3320, 3140, 2225, 1621, 1534, 1481, 1380,
179 and 1130 cm™'; NMR (CDCl,, 90 MHz) & ppm 5.48 (1H, m),
78-8.1 (4H, m) and 9.49 (1H, d, } = 20 H2); UV (cyclobexane)
Agas 234 8m (e 12, 500) and 315.3 nen (¢ 13, 000); Mass m/e 172
(M®, base): (Found: C, 69.55; H, 4.77; N, 15.8]. Cak. for
CH ON;: C, 69.46; H, 4.91; N, 16.09%).

Irradiation of 3-{4-chlorophenyl)-2-isaxazoline (1e). A soln
containing 500 mg of le in SO0 mi dry benzene was irradiated for
33 . Removal of the solvent left a light yellow solid which was
subjected to column chromatography on silica gel using hexane-
EtOAc as the cluent. The first component from the column was
86 mg (23%) of p-chiorobenzonitrile, a coloriess solid, m.p. 85.5-
88.5* (lit.* 88-89"). The second compooent isolated from the
column contained 23 mg (5%) of 3¢ as colocless needles, m.p.
96-98*: IR (KBr) 3090, 3060, 2910, 2860, 1632, 1491 and
1335 cm™'; NMR (CDCl,, 90 MHz) 5 ppm 4.98 2H, t,) = 5.4 H2),
$83 (2H, t, J = 5.4 Hz) and 7.4-1.9 (4H, m); UV (cyclobexane)
Agas 240.50m (€ 13, 500); Mass. m/e 18] (M°) and 151 (base):
{Found: C, 59.65; H, 4.36; N, 7.56. Cak. for C,H,ONC1: C, 59.52;
H, 444; N, 1.71%). The third component isolated from the
column contained 267 mg (53%) of 14¢ as light yellow plates, m.p.
137-137.5% IR (KBr) 3280, 3140, 1614, 1596, 1534, 1484, 1360,
1278 and 1137 cm™'; NMR (CDCl,, 90 MHz) & ppm 5.42 (1H, m),
7.4-1.7 (4H, m) and 9.40 (1H, d, J = 22 Hz); UV (cyclohexane)
Awax 330.5 nm (€ 11, 000); Mass. m/e 181 (M*, base); (Found: C,
$9.74; H, 4.28; N, 7.62. Cak. for CyH,ONCI: C, 59.52; H, 4.44; N,
2.71%).

Irradiation of 342-thienyl)-2-isoxezoline (1g). A soln contain-
ing 612 mg of 1g in 500 m! dry benzeme was irradiated for 73 hr,
Removal of the solvent under reduced pressure left a brown oil
which was subjected to column chromatography on silica gel
using benzene—cther as the eluent. The first component isolated
from the column contained 8 mg (29%) of 2-cyanothiophene as a
colorless oil (lit.*' b.p. 192). The second component ivolated
from the column contained 352 mg (58%) of 1g. The third com-
ponent isolated from the column contained 86.3 mg (14%) of 14g
as yellow prisms, m.p. 98-99": IR (KBr) 3350, 3170, 1600, 13544
and 1500 cm~’; NMR (CDCl,, 100 MHz) 8 ppm $.50 (1H, m), 7.07
(1H, dd, J=54, 3.5H2), 7.3-1.5 (2H, m) and 9.20 (IH, d,
J=2.6Hz); UV (cyclohexane) 4o, 252 am (e 8, 050) and 333 nm
(e 11, 790); Mass. m/e 153 (M*, base); (Found: C, 54.67; H, 4.54;
N, 9.23. Calc. for C,H,ONS: C, 54.90; H, 4.61; N, 9.15%).

Irradiation of S-methyl-3-phenyl-2-isoxazoline (1f). A soin
containing 3.009g 2 in S00m! dry benzene was irradiated for
46hr. Removal of the solvent under reduced pressure left a
yellow solid which was subjected to column chromatography on
silica gel using benzene—cther as the cluent. The first component
molated from the column contained 411 mg (14%) of X as a
colorless oil, b.p. 60-62*/2mmHg; IR (necat) 3050, 2975, 2855,
1628, 1578, 1495, 1448 and 1342 cn’; NMR (CDCl,, 100 MHz) 8
ppon 1.36 (3H, d, J=65H2), 556 QH,d, J=40Hz)and 7.3-78
(SH, m); UV (cyclohexane) Aq., 243.5am (¢ 11, 880) and 286 am
(sh, € 400); Mass. m/e 161 (M*) and 58 (bese); (Found: C, 74.62;
H, 7.02; N, 888. Cak. for C,H,,ON: C, 74.51; H, 6.88; N,
8.69%). The second component contained 1.263g (42%) of 1L
The third component isolated from the column coatained 247 mg
(8%) of 14l as yellow peedles, m.p. 86-88°: IR (KBr) 3330, 3150,
1615, 1530 and 1487 cm~*; NMR (CDCl,, 100 MHz) & ppe 1.98
(3H, s), 5.28 (1H, 3) and 7.2-7.6 (SH, m); UV (EtOH) A, 238 om
(¢ 8,970) and 323 nm (e 8, 970) and 323 nen (¢ 14, 460); Mass. m/e
161 (M*) and 146 (base); (Found: C, 74.48; H, 6.91; N, 8.77. Cak.
for CoH,,ON: C, 74.51; H, 6.88; N, 8.69%). The yield of ben-
zonitrile was determined by GC.

Irradiation of 3-phenyihexahydrobemzisoxazole (1f). A sola
containing S00 mg of 1 in 500 ml dry benzene was irradiated for
2hr. Removal of the solvent under reduced pressure left a

3378

yellow sb54 which was subjected to colemn chromatography on
silica gel using bexane-EtOAc as the eluent. The first component
isolated from the colemn contaimed 26 mg (5%) of 3 as a color-
less of: IR (meat) 3050, 2940, 2850, 1627, 1578, 1496, 1449 and
1319c*; NMR (CDCY,, 100 MHz) 8 ppe 1.1-22 (8H, m), 5.22
(IH,b,J=45H2),6.08 (1H,dd, I=42,36Hz),7.2-74 3H. m)
and 7.7-79 (2H, m); UV (cyclobexane) do,, 242 nm (e 11, 750).
Mass. mie 201 (M") and 158 (base); mp. of the picrate 157
(Found: C, 52.73; H, 4.10; N, 12.95. Calk. for C,eHisONg: C,
53.02; H, 422; N, 13.02%). The second componcat contained
141 mg (29%) of 1j. The third component isolated from the
column contained 49 mg (10%) of 14) ss a yellow powder, m.p.
129-129.5%: IR (KBr) 3235, 3030, 2930, 2840, 1603, 1578, 1500 and
1352cm”'; NMR (CDCl,, 100 MHz) 6 ppm 1.6-2.0 (4H, m), 2.52
(2H, 1, J=SHz), 3.52 2H, q. J = SHz), 586 (IH, t, J = S H2),
7.2-7.4 (SH, m) and 8.52 (1H, s); UV (EtOH) A, 235am (¢ 9.
120) and 321 am (e 12, 020); Mass m/e 201 (M") and 158 (base).
(Found: C, 76.69; H, 7.50; N, 6.61. Calc. for C;;H ;ON: C, 76.58;
H, 7.51; N, 6.96%). The yield of benzonitrile was determined by
GC.
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