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h&act-3-Phenyi-Z-isoxazoh (1) was irradiated IO give bphenyl-2auxotine (3). fi-aminoabdcbyde (II) and 
benzorthrile from in I-# sin&t excited stare. Several rclahi derivatives afforded similar pho~oproducfx on 
irradixtion. ‘I?K quantum yields of rhc photoreactions were dependent on I& ma&u&s of I& sin&~ encr&s of 
the Xsoxazolim. p-Cyanopbcnyl-2-isoxazoline Ilc) formed a one-10-01~ phoIoadducI (22) with bcru.cm. 

The photochemisIry of the C=N double bond has atlrac- 
ted much attention in recent years. The excited SUIC 
behavior of the azirine ring was independently developed 
by Schmid* and Padwa.’ As was summarized in several 
monographs.U 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 IO the low reactivity of the excited 
imino group due IO the rapid radiationless decay which 
results by Iwisting around the C=N bond. Another prob 
tern in this area arises from the difficulty in determining 
the naIure of (he excited state involved since IiItle in- 
formation can be gkaned from the emission spectra of 
typical imincs. 

On irradiation of the C=N-O chromophore, syn-anti 
isomerizaIion was found IO be a predominanr process in 
oximes and oxime ethers. Padwa’ and de Mayo‘ have 
suggested that these photoreactions originate from the 
rr-# state. The photo-reactions of cyclic oxime ethers. 
namely 2-isoxazolines.P were studied by Schmid.‘“~‘4 
Malsuura” and Mukai”~” about ten years ago. The early 
results revealed that N-O bond fission mainly occurred 
upon irradiation buI in some cases the C-O and C-C 
bond cleaved depending on the nature of the subsritucnt 
located aI the C,- and C,-position of 3-phenyl-2-isox- 
atoline ring. Since bond fission was never observed in 
the irradiation of oxime ethers. a sharp contrast in ptm- 
tochemical behavior between non-constrained and con- 
strained Ph-C=N-O chromophores seems IO exist. No 
emission from acetophenone oxime ether has been 
detected. whereas 3-phenyl-2-isoxazoline (1) was found 
IO exhibit fluorescence but no delectable phosphorcs- 
cence. In connection with Ihis sludy, the UV and emis- 
sion spectra of 2-phenylpynoline (2). 4-phenyl-3-oxazol 
ine (3) and 2-phenyl-2oxazoline (4) has MW been srudied 
in order IO gain additional ins&I inIo the cxcifed stale of 
these heterocycles containing a C=N double bond. 

To our knowledge. a photochemical study of 3-phcnyl- 
2-isoxazoline has not been carried out, although several 
dcrivalives possessing subsliluents at C,- and/or Cr- 
position have been investigated. In Ihis paper we wish IO 
describe the phoIochcmistry of 3-phenyl-2-isoxazoline 
(I) along with several derivarives possessing electron 
donating or withdrawing groups on the pbcnyl sub 
stitucnt as well as naphthyl and Ihicnyl derivalives. 
Similar research dealing with substituent effcc~s has al- 
ready been reported by de Mayo tf a/. in the photo- 
chemistry of bcnzaldoxime derivatives where the elcc- 
Ironic effect of the subslitucnts plays an imporIan1 role. 

For instance. these workers found that the irradiation of 
4-cyanobcnzaldoximc (6~) did not behave similarly IO 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 a01 IO 
depend on the electronic character of the substituents 
but rather on the magnitude of the singkr energies of the 
substrates. 

During the course of our studies dealing with ~be 
photochemistry of 2-isoxamlhe derivatives, a novel I2 + 
2)-photocycbadditin reaction of the C=N double bond 
with some aromatics was discovered. 2-Isoxazolincs 
having cyan0 and methoxycarbonyl groups on the 3-aryl 
moiety form one-twne adducls with bcnzcnc or furan. 
Axeridine formation. which was induced on irradiation of 
the C=N4 chromophore. is a rather uncommon reaction 
of imines. This stands in conlrast with the well-lnowa 
Patcrno-Bkhi reaction of ketones. only a few examples 
have been reported in the literature. For example, 
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oxazoIinon O).” isoinddeoooc (9.” oxadiazok (N).” 
the imine of cycbbcxemc (ll).” md benzisothiazok 
(12)” are known to undergo azctidinc formatjon 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 is essential in order to activate 
the C=N bond for the photocycloaddition. Thus, it would 
seem that exciplex formation is necessary for this novel 
type of cycloaddition. 

Absorption spectra of 3-phenyl-2-isoxaroline (I) 
It is still not absolutely ckar which excited specks, i.e. 

n-a* or o - W* singlet or triplet state, is responsible for 
the photoreactions of organic molecules containing C-N 
double bondLxOJ A survey of absorption and emission 
spectra of 5-membered hetcrocycks such as 1,2,3 and 4 
might be expected to elucidate the multiplicity and con- 

1 2 3 . 

sequently help determine the excited state responsible 
for the photoreactions. The UV spectn of 3-phenyl-2- 
isoxaxolint (1P and 2-phenylpyrroline (2)” are shown in 
Fg. I. Tk sIron absorption with the maximum at 
264.3nm (e 13.480) for 1 and 241.Onm (c 12.720) for 2 
can be assigned to ar-n* absorption of the Ph-C-N- 
chromophorc. 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 migh- 
boring O-atom. The introduction of the Pb-C=N-O 
chromophore into the rigid 5-membered ring results in a 
red shift of II-23 nm compared with the absorption 
maxima of the 6-. 7- and g-membered ring analo# as 

well as acetophenone oxime ethers? 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 posstMe to assign this 
IO the n-a* band. However, the UV spectrum (line-c) 
measured at - 1%’ is &void of this possibility and con- 
sequently it seems more reasonable to assign this band IO 
one of the fine structures of W-T* excitation. The 
shoulder at 291 run corresponds to the absorption maxi- 
mum (t 3,160) at 292.gnm in methyltetrahydrofuran 
matrix at liquid nitrogen temperature. This absorption 
was also observed at 292.Onm in pentane-methylcyclo- 
hexane, 292.1 run in EPA and 291.8 nm in MeOH-EtOH 
matrix. These energy absorptions are assigned 10 the O-O 
bands of W-I* excitation of the Ph-GN-0 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 informatiin regarding the 
vibronic clmracter of 2-isoxazolinc in the excited state. 
The absorption maxima and molar extinction coefficients 
of 1 that were measured in several solvents at -1%’ are 
listed in Table I. The intervals of about 1420 cm-’ cnn be 
attributed IO the C=N stretching frequencies of the 
excited stale of the 2-isoxazoline system. The intervals 
of about gUlcm_’ may be assigned IO the N4 stretcbhg 
mode. In the ground state of 1. the correspotniing 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 IRS 
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 thal both C=N ad N-O 
stretching modes have smalkr energies in the excited 
state is ascribed to the lkxibk conftgurations of the C=N 

Pi. I. Absorption spectra of 3+ef1yt-2-iroxuoli (1) and Z-phcaylpymlinc (2). lint-a: The rbsotplim Spcpcclrum 
of 2 in cycbhexlne at 25’. he-b: llc absorption spectrum of 1 in cycl&uw PI 2.5’. line-r: ‘fk absorption 

spwtNm of I in 24netbyltemtlydroflmna II -I%‘. 
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T&k I. Absorphon maxima and molar extinction cocficknls of 3-phenyl-2-isoxuolin (1) in the rbsoqhoa 
spectra II -196’ 

A 
YX 

II 
_-1 c l/uJl CI 

---- 

216.0 (46,296) 17,030 

222.2 (ts.005) 14.200 

265.0 (37,736) 12,500 

8and-V 268.0 (37.313) 11,820 

Lnd-N 274.0 36.4% 11.050 214.4 36.443 11.150 

Lnd-III 2130.5. 35.651 7.64X3 281. 35.587 aaxl 

Bend-11 285:1 35.075 5,800 285.6 35.014 5.620 

84nd-I 292.0 34.247 2.360 292.8 34.153 3.160 

olvcnt n-#ntrnc-rthyl- 2-rthyl- 

cycloheune (1:4) tetrJhydmfur4n 

InterWls beta&en 8end-I and 8end-II. kd-I and knd-III. 8end-II rnd Iknd-IV. rerpectlvely. 

828 1.404 1.421 d' 840 1.416 1.421 ci' 830 1,419 Ej' 
- -- 

A 
“X-1 r A 

“l -1 
c 

II Cm l/ml ca lm cm l/ml c 

214.3 (46,664) 17,"OO 

221.0 45.086 11,520 2m.b 45,331 13.350 

266.0 37.594 12.550 265.2 3?.?07 13.100 

269.2 (37.286) 12.420 267.8 (37.341) 13.500 

274.0 36,496 11,640 

280.5. 35.651 8.200 280.2' 35,689 8.300 

285.1 35,075 5.900 284.9 35,100 6.160 

292.1 34,235 2.750 291.8 34.270 2,800 

[PA (rther-iso-pen- 

I 
l trunol -rttunol 

tend-eth4n01. 8:3:5) (1:l) 

and N-O bond in OK excited 24soxazoline molecule. The 
photoreactions initiated by N-O scission and the photo- 
cycloaddilions taking place with the C=N doubk bond 
will be described in a later section. 

Emission spectra of 3-phtnyl-2-isoxorolt (I) and ils 

rtlaltd compounds 

Upon irradiation at room temperature, 3-phenyl-2- 
isoxazoline (1) immediately undergoes pholoreaclion 
without any detectable emission. AI liquid nitrogen tem- 
perature, however. the single1 excited state of 1 is chem- 
ically unreactive and exhibits strong tluorescence even 
thou& phosphorescence could no1 be detected under 
dcgassed conditions. The excitation and emission spectra 
of 1 are shown in Fig. 2. The emission from the singlet 
state of 1 has several fine struclures possessing intervals 
of 586. 977 and 1562cm ’ in methylcyclohexane. The 
emission al 297.6 run is assigned lo the 0-O bad which 

has a Stokes shift of 5 nm from lhe O-0 band of the 
absorption or excitation spectrum. The intervals cor- 
respond IO the C-H out-of-plane bending mode, the 
stretching mode of the N-O bond and that of the C=N 
bond, respectively. 

In contrast IO the results encountered with 1, the 
fluorescence of 2-phenyl-I-pyrroline (2) could not be 
detected under similar conditions. 11s phosphorescence is 
easily observed al - VW, however. The (M band a1 
386.0 nm and C=N stretching mode of 163Ocm-’ arc 
shown in Fig. 3. In order to gain insight into the pertur- 
bation of the oxygen atom in the pyrroline system. tk 

emission spectra of 4-phenyl3-oxazoline 0) and 2- 
phenyl-?-oxazoline (4) were measured under similar 
conditions and the results are summarized in Fig. 3. The 
observation of (heir phosphorescence stands in sharp 
contrast IO OK emission of 1. This difference can be 
attributed 10 the role played by the O-atom. In the case 

1562 I%: i: 
r-’ r + 
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Fip. 3. Absorph. exciution and emission spectra of 2-pknyl- 
pyrrolinc (1). Cpbcnyl-3-oxazolinc (3) and 2-pknyl-2oxxzolinc 

(4) in me~bykycbkxanc PI - 1%‘. 

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 spinorbit coupling 
decreases in probability. This. in turn. leads IO a high 
reactivity of the singlet excited state at room tem- 
perature as well as a strong intensity of emission in the 

fluorescence at liquid NI temperature. The high 
efficiency (0 = 0.61) of the photoreaction of 1 at 25” 
suggests that the singlet excited state is predominantly 
responsible for lhc photoreactions. 

One of the peculiar phenomena encountered is the 
observation of upper sin&l slates in the excitation 

spectra of several of the isoxazolines except for the case 

of 1. The excitation lo & 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 IWO types of fluores- 

cences are observed in the emission of 2-phenyl-2- 
oxazoline 0). In general. upper singlet states usually 
decay rapidly IO the lowest excited’ state and no fluores- 
cence is observed from that state except for some special 
cas~s.~ Therefore. the finding of IWO type of fluores- 
cence with 4 is a strange resultn Although the explana- 
tion is not clear at present. it is conceivable that certain 
geometric factors concerning lhe electron contiguration 
in lhe ri& N=C-O system does not allow for rapid 
internal conversion from the Sz state with a-n* charac- 
ter IO the S, state with n-n* character. 

Another important factor influencing the photoche- 
mistry of 1 is rhal the 2-isoxazoline ring has a N-O bond 
that is easily cleaved. The bond dissociation energy of 
44 kcal/molm 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 stale 
easily accounts for the facile scission of N-O bond. 

Photomctiont of 3-aryl-24soxazolinrs 
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.‘&” Fire 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 u)(w) A lamp on a preparative scale, 4phenyl-3- 
oxazoline (3) and 3-amino-3-phenyl-2-propenal (14) were 
isolated in 5 and 62% yields accompanied by benzonitrik 
(24%) and a trace amount of 1. No interconversion 

Ph 

-l!i 
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pi 4. pbotmth 0f 39beny1-2-i~uto1k (1) in ~ycl0bexone on irradiation of 280 nm in~nochromic I&I r0f 

1.2.3.4,~.6.7.8.9,10. 11,12.1S.i%30.40ar~I50min. 

between the photoproducts occurred as was demon- 
strated from the isosbertic points al 221. 244 and 286 nm 
in Fii. 4, and also from product analyses in the initial atul 
tinal stages of Ibe pboforeaction. 

The mechanism for the photoreactions of 1 is sum- 
marized in Scheme I. The main product (14) is formed by 
the isomerizalion of 3-plknyl-3-iminopropanal (18). 
which is derived from N-O bond fission followed by 
hydrogen abstraction of [he iminooxy diradical(l7). The 
formation of 3 was previously described in the pho- 
toreactions of isoxazoline derivatives by Schmid” and 
Matsuura.” These workers reported thar an initial pho- 
tockavage occurs IO give formaldehyde and 2-phenyl- 
azirine (19) which undergoes a subsequent recombination 

via ISdipolar cycloaddition.“’ The C& bond ckavage 
of the initially formed intermediate (16) gives ben- 
zonitrile. although the conespomlinf~ epoxide or alde- 
hyde could not be defected in the irradiation. The pho- 
toreaction of 1 in cyclobexane solution does not exhiii! a 
wave-length effect. Thus. irradiation with monochromic 
light ranging from 250 IO 290nm involves the same 
reactions and the quantum yields were found I0 be 
within experimental error of each other. A temperature 
dependency of 1 was not observed upon irradiation in 
cyclohexane between 5 and 70”. AU of the photoproducts 
(3. 14 and IS) are considered IO be formed from the 
singlet stale since sensitization experiments using 
acetophenone failed IO influence the photoreaction of 1. 

T&C 2. Abrorp~ioa maxima. (Fo bands of duorescctu~~ and Sir&t encrgics of kryt-2-isoxazo4incs with 
Hammcu o-values of their rubslilucnIs 

____._.. _.. _. ._ __-.. .- 
Abrorpclon WdG 

.--. -. _L--_ .- - -- -. .-. 

O-oaandrb~or Sinolet 

COWOUndS SubSC~tucntS dnd :roltr Extlactlon Thetr fluore- Encrgicr 
I:amt 'I 

Coefflcfentr flhol cm) mnces (m) 
(kcr,,ro,; :!-Value5 

.- - _-. ____._- _-__.-. ---.- -.-.. 

1 Phenyl 213.5 (13. 730) 292.5 97.6 O.OW 
219.8 (10. 400) 
264.3 (13, 4UO) 

1 4-Nethylphenyl 208.7 (13. 510) 298.1 95.9 -0.170 
213.8 (14. 160) 
220.0 (10. 460) 

:::YS( Go"] 

L!? 4-Methoxyfzhcnyl 270.0 (lg. 290) 304.4 93.9 -0.2fX 
296 sh.( 4. ZOO) 
Ml Sh.i 1. 97Oj 

'i 3-CydnOphenyl 228.3 (21. 770) 31a.o 89.9 l 0.X 
235.2 (21. 720) 

:o';:: "? e4:001 

!z 4-Chlorophenyl 212.5 (11. 6cQ) 301.2 95.0 l 0.?2/ 
222.4 
269.: 

I;;. m; 

296.9 ( 1: 280) 
I 4-tllcroDhenyl 233.1 ( 3. 900) 73.3c) l 0.7i, 

309.2 (12. 
- 

230' 

!A 2.Trwyr 209.3 ’ 4. 970) _. 

2ii7.1 (11. 460) 
90.2c) - 

lh 'UlphW 230.0 (54. 200) 332.4 W.0 
309.5 (15. 560) 

.-._- -. 322.O_~lpdw.__ _____.___.____ ._ __. __ .-.-.- -.- 

4) tn cyclohrxrne 4t 25°C. b) fn rthylcyclohrxrne dt -l%'C. 

c) S$nglet energy waS eStlmdted fror the dbrorptlon Swctrrc. 
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Intermediate 16. which is derived by initial N-O bond 
Con, has been proposed as the common precursor of 
each product. The most remarkabk feature of the pho- 
tolysb of 1 is that the reactioo was achieved with high 
efficiency and in high yield compared with the reported 
photoreactions of 3-phenyl-2-isoxazoline derivatives 
haviq substiluents at tfk C and/or Qosition. These 
compounds always produced a complicated mixture of 
products depending on the type of substituenl 
present. IS” 

A study dealing with the substituent effect is of inter- 
est in order IO gain additional insight into the nature of 
the common intermediate 16. For this reason the elec- 
tronic effect of substituents located oo the benzene ring 
was investigated in detail. Several 3-aryl isoxaxoline 
derivatives (la-lb) were synthesized by IJdipolar 
cycloaddition of suitable nitrile oxides with cthyleneS 
The 3-aryl isoxazolioes synthesized include the methyl- 
phenyl. methoxy-phenyl. cyanopheoyl and chlorophcoyl 
derivatives. These compounds exhibit analogous type of 
Ouorescencc and do not phosphorescence. Interestingly, 3- 
(2.thicoyl)_2-isoxaline (11) does ~101 fluorescence or 
pksphorcscence. In the case of the I-naphthyl deriva- 
live (II). both emissions were observed, but photoreac- 
lion did M)I occur. The absorption maxima of the UV 
spectra as well as the singlet energies determined from 

tk M) bands of fluorescence spectra are liited in Table 
2 along with Hammett o-vahres for the subslitueols. 

The results of the pho1oreaclions of Earyl-2-isox- 
azolim derivatives in benzene solution arc summarized 
in Table 3. where the quantum yields measured in 
cyclohexnne are also listed. 

Photoreactions of compounds lelr and lg were 
similar lo 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 3cyanophcnyl and 2-thienyl derivative. Id and lg. 
decreased to near zero. 4-Nitrophenyl and I-naphthyl 
derivative. If and II. did not undergo photoreaction. No 
correlation was found lo exist between the quantum 
efficiency of the photoreaction and UK Hammett u- 
constants of the substituents. As was mentioned pre- 
viously, the photoreaction of 1 involves an initial N-O 
bond cleavage giving either diradical 16-I or twitterion 
164 or -1II Ckheme 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 inttr- 
mediates WI3 or l(_III) for product formation can be 
eliminated by the fact that the quantum efficiency of the 
reaction decreased by changing the solvent from cyclo- 
hexane IO acetonitrile. Uoder these conditions a 

Tak 3. Pbotoructioas of 3-arvt-2-isoxazc-lins I1 and ttir 

LICt~ntS Products on lrrrdlrtlm In lknzc~ Qurntrn rlclds 

2-IsOXatOl~Ms 3-oxa2o1ilws Mnoaldchyder Ilitrtlcs tn Cyclohcrrm 

3-Phmyl-. 1 5s 62 I 24 % 0.61 

3-(4-lolyl)-. h 9% 51 s 26 I 0.48 

3-(4-l(rthoxyP8myl)- 6X 47 I 33 I 0.23 
lb 

3-(4-CYrGpnYl)-~ 2s 61 I 10 a 3.24 

3-(3-Cyrncpl)-. --- (: tt u; 

iT 

0.039 

3-(4-Chlomphenyl)-, 5x 53 I 0.34 

3-(c-n&wnyl)-. --- ___ _-- ___ 
If 

3-(2-lhlm$)-, 0.035 

3-(l-kph yl)-. $ ::: __- ___ __- 
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sign&cant alternation in the product ratio was not 
observed. In addition. 1Jtc electronic effects of the Earyl 
substitucnts do not effect the ekctronic state of the 
pbotoreactions. The decrease in quantum yields between 
1 and the 4-cyanophenyl derivative (1~) (0.38 vs 0.09) in 
acctonitrik solution can be attnitcd to an interaction 
between the polar media and the diradical intermediate 
(16-f) which accckrates the recombination to starting 
UUlCfidS. 

Isoxazolims possessing low sin&t energies show 
lower quantum efficiencies on irradiation. The lack of 
reactivity of tbc Cnitrophenyl derivative (II) might be 
tibed to a facile intersystem crossing giving rise to a 
triplet stale or, instead, to its low singlet energy (& = 
73 kcallmol). The photoreacti~~ of the I-aaphtbyi 
derivative (lb) does not occur even after prolonged 
inrrdiation under various conditions. The only detectable 
photochemical process of lb is !luoresccnce at room 
temperature and phosphorescence a1 liquid nitrogen 
temperature. We propose that tlu lack of reactivity of lb 
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 
tbe sin&t energies of the 3-phenyl-2-isoxazoline deriva- 
tives. 

A sin&t energy more than 90 kcal/mol is mccseary in 
order for rhc reaction to occur. 2-Isoxazoline derivatives 
ha* even higher sin&t entrgks are abk to mukr- 
go tbe pbotorcactioa with higher efficiencies. This 

5 

: L3.2. 

a x 

0 -- 
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findi- suggests that some vibronic assistance i&rent in 
the intermediate (16) helps control the photoreaction. For 
example, re-orientation from 14 to 17 and the con- 
formational change needed for subsequent H-abstraction 
would be expected 10 be assisted by virtxmic assistance. 
Thus, at liquid nitrogen lempcrature. the vibronic assis- 
tance is inhibited so that the diradical intermediate (10 
promoptly recombines to regenerate the starting material. 
This is probaMy the reason for the lack of reactivity of the 
I-naphthyl derivative (lb). which has too low a singkt 
energy to afford the photoproducts. 

The photolysis of 5-methyl-3-pbtnyl-2-i~~~~ (11) 
and 3phenyl4$-tc~mcthpno-2-irouzoliac (lj) also 
affords similar photoproducts (i.e. 3. 14 and 1s). Tbc 
photoreactivity of these systems can also k explained 
by the idea of vibronic assistance. Although their singlet 
energies (97.4 and 96.7 kcallmol) are high enough 10 
allow the reaction to proceed, their quantum yields are 
quite small (0.28 and 0.034 in cycbhexane) 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 substitucnt or perhaps to the 
rigidity of the fused cycbhexane ring. 

Photocycloaddifion of 2-isoxaroline derivatives 
When E(Qcyanophenyl)_2-isoxazAine (1~) was irradi- 

ated in benzene with a set of Rayonct RUL-3OOOA 
lamps, a new photoproduct was isolated (4%). q .p. ID- 
114”. by means of silica pl thick layer chromatography 

Fig. 5. P!-oI of quantum yields vs. singlet CM#CS on the phot~f~~~tion of 3-oryl-2-isourdincs. 
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I1 31 llil I5 

Q’ 97.4 kc;cn_lhfDl 14% 14% 24% 

i-0.x !In cyc:ohexane: 

in addition to recovered starting material, 3-oxazolinc 
(3c), aminoaldehyde We), and pdkyanobcrucne. The 
ckmeatal analysis and mass spectrum of Ibe product 
support a cycloadduct of lc with bcazenc. Tk UV and 
NMR spectra do not differentiate between two possibJe 
structures 21 and 22. Structure 21 corresponds to a 
[Zo + Za)-cycbadduct across tbt N-O bond of lc with 
bcnxcae whik 22 is a [Za+Zo)-cyckadduct using the 
C-N doubk bond of lc. 

hydrogcns at 6 5.16 and 6.07ppm. The high field shift 
(1.10 ppm) of one of the oletinic hydrogcns in 23 when 
compared with that of the cyclohcxadiene-makk anhy- 
dride adduct (24)“’ can be explained by the anisotropic 
effect of the cyanopbenyl group. This result suggests the 
antiorientation of the cyclohcxadknyl moiety and the 
isoxaxolidinc rh in structure 22. The yield of photoad- 
duct (22) was rather tow, but the formation of the pho- 
tocycloadduct represents a major path in the initial 

IC 21 22 

Scheme 5 

The fact that the photoadduct is quantitatively con- stages of irradiation of lc. Tbe photoreaction was moni- 
vcrtcd into bcrucoc and lc upon heating at 80’ for 2 hr torcd in detail using high-pressure liquid chromato- 
provides support for structure 22. Eels-AMer reaction gaphy. The results are shown in Table 4. The yield of 22 
of the pbotoadduct with makic anhydride at 34” gave compared to unreactcd starting material indicates that 
cycbadduct (U), m.p. 25CGP, in 80% yield. The NMR the cycbaddition of lc with benzene is the main reaction 
spectrum of 23 shows two signals for the okfinic occurring during the initial stages and that cycbreversion 

NC 
3c 14C 15c 

r? 

Scbmr 6. 



P~t~~rn~~y of Faryl-2-isoxaxolioc 

Tabk 4. Pholorcaclion of 3-#-cyanopheayl~2-isoxaxolinc (Ic) in bcnzenc 

3373 

5 mtn 20 l tn 60 mln 150 q ln 

96.4 'I 81.2 X 65.5 f 44.4 a 

_*. 0.4 x 0.8 X 1.3 1 

2.0 1 6.1 X IS x 34.3 x 

1.5 x 3.1 * 4.7 x 3.9 x 
(42 r? (24 x? (15 X? (11 X? 

- .._ ---_ 

( 1’ : y!eld based on rercttd & 

of 22 might occur after prolonged irradiation. In fact. it 
was found that photocycloadduct 22 afforded a trace of 
oxazoline (1~). aminoaldehyde (MC. 27%) and pdicy- 
anobcnzene (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-(~ya~p~nyl~2- 
isoxa~finc (14 was eliminated since it was found that lc 
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 ic was quenched in the presence of 
benzene. Although emission from an exciplex could not 
be detected. excipkx fo~at~n or charge transfer inter- 
action of the excited state of lc 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 
3-aryl-2-isoxazolin derivatives with aromatic com- 
pounds including S-membered ring hettrocycles. In some 
cases (for example with furan or thiophcnel it was 
observed that the hcterocyck reacted with 3-(dtyano- 
phenylt and 344.mrthoxycarbonylphenyl)_2-isoxazoline 
(lk) to give photoadducts which can be formulated by 
structure (25). These results, including a discussion of 
the reaction mechanism. will bc published shortly in a 
separate paper. 

Ar 

I 

OHN x 
41) 

-AL 

Geaed IR spectra were recorded on a shimaxu IR-27G 
spectrometer. The PMR spectra were carried out on a Varian 
HA-100 and EM-390 spectrometer. using deuterochbroform as 
the solvent and TMS as the inlcrnal standard. unless otherwise 
spec&d. The chemical tits were recorded in ppm on the 6 
scale. The UV spectra were recorded on a Hita&)40 spcc 
trometcr. The low tcmp UV spectra were measured in the quxrtz 
window dewu Wkd with liquid Ns using 2mm Ii&t path cdl. 
The ctnissiia spectra were rcconkd at an at& of PQ from the 
txcitalioa beam moooduomatcd from an us&o 1xw xenon 
lamp OP a Hitachi MPF4 Quorcsceecc spectrometer. 

AII column cbromatoqrphks were car&d out using Waho 
Q-22 siba gel f&rough 2OOmesh ASTM) and In prcpurtivt tk 
were done on plates con- E. Merck Rapats ailka geI 60 
PF,254. Highpressure liquid chromatography was performed on 
a Hitachi&IS using a 25 cm x 4 mm column packed with IX% 

-- 
240 l fn 

-_- 
33.3 x 

1.6 X 

5.6 X 
(8 X? 

- ._- 

rowb SI-100 (Srm). Gas chro~t~phy was performed a 
Hitachi. 163 with a 20 m x 0.28 mm zkss caoiilarv column coated 
by FFAP and a flame ionixatio~ detrctor. ‘Prepantivt gas 
chromatography was performed on a Varian Aerograph model 
920. 

Irradiations in a preparative scale were carried out in an 
intcrnahy watercooled quartz reactor at 15-20” with Rayonct 
RUL-3000A lamps f43W). Monochromic 1igh1 irradiations and 
the quantum yield measurements were done in a 1Omm quartz 
all using a Hitachi MPN lIuorescencc spectrometer at 25’. 

Grnrml pmcrdvn /or rhe pnpamfionr 01 3.aryt-2. 
irorozrfinm. The desired 2-isoxaxolincs were syntbcsixcd by a 
IJdipolar cycbaddition of the c~~ponding nitrik oxides with 
tthyknc. The rutrik oxides were synthesized following pro. 
ccdures A or 8. depending on the substrates. The yields and 
physical dam of synthesixed isoxazdines are listed in T&k 5. 

fnxrdurc 4.“ AryIhydroximic acid chlorides were synthesii 
from the oximcs and Cl> gas in dry CHCIi soln and were used for 
the preparation of the nitrik oxides. 

Pnxedun B.” Arylhydroximic acid chlorides were syn. 
thrsired from the oxime and nitrosyl chloride in anhyd ether and 
were used for the preparation of the n&k oxides. 

Piston of 2-p~~y~l~e (2). This was synthesized by 
the procedure of Cr~ig.~ For p~t~n, 2 was distilkd fb.p. 
IO?-IOPlSmm) and then its picrate, m.p. 197-199” was 
repeatedly rccrystahized from ether. 

Prrpamlion o/ 2-phmyl-2-oxoxolinc (4). Tltis was synthesized 
by the procedure of Wittt.“ After distillation 1b.p. 68- 
7OYO.l mm), 4 was puriflcd by applicption of preparative GC on a 
PEG-2OM column at 170”. For the purpose of emission spcc 
troscopy. it was recrystallizd af Ilk picnte (m.p. 1?8.5-t79.P). 
The purified sample was regenerated from tht picrart by alumina 
column 

lrrudiotion of 3+eay/~2-iroxozolr (I). A soln containing 
SS8 mg of I in 500 ml dry knr.enc was irradiated with a Rayonct 
RlL3000 A Iamps (43W) in a quartz vessel for 12 hr. Removal of 
the solvent under reduced pressure kft aa oily solid wbkh was 
subjected to column chromatogmPhy on silica gel using bcnxcnc- 
CH& as the eIucat. The lirxt corn~~nt isolated from the 
column contained 29mg fS%) of 3 as a cobrles) oil; IR @cat) 
3&B. 2810. 1638. 1583. 14% and 1347cm‘‘: NMR (CC&. 
100 MHr) d ppm 4.62 t2H. I. J = 4.9 Hz), 5.66 (2H. I. J = 4.9 Hz) 
and 7.S7.8 (5H, m); UV tcycbhcxaru) A,. 242.Onm tr 12.100): 
Mass. m!r 147 (hi’) and Iii (base): tFou& C. 73.55; H, 6.1 I, N. 
9.48. Cak. for &H&N: C. 73.45; H. 6.16; N. 9.52%). The second 
component isolated from the column contained 364mg (62%) of 
14 as light yellow prisms, m.p. ?3.0-74.Y; IR (K&I 3320, 3170, 
1613. IS*. IS34 and 148Scm-‘: NMR (CCI,. IOOMHr) 6 ppm 
5.37 fIH. ml, 7.2-7.7 (SH. ml and 9.22 (IH. d. MHz): UV 
tcyckhexai=I A.., 23LOnm te 7.910) mod 316.2 nm (t 12. 670): 
Mass. m/r 147 (hf.) and 146 tbxscl; (Found: C. 73.18: H. 6.22: N. 
9.43. Calc. for &H&N: C. 73.45; H, 6.16: N. 9.52%). &n. 
zonitrik was obtained from the third fraction ad the ykId (24%) 
was determined by GC. 

irnsdiu&rr of ~p~~~~2~~oxaz~~t (la). A soln containing 
322 mg of la ip 300 ml dry knxene was irradiated for 20 hr. 
Removal of OK solvent under reduced pressure left a I@ ycIbw 
oily solid which was subkctcd to column chromatography on 
siIiu gel using kxanc-EtGAc as the rluent. The fkst component 
isolated from the column contained 27mg (9%) of h as a 
cobrkss oil. IR (neat) 3OSS. 2870. 16411. IS6 1460 aod 
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T&k 5. Pbyti dxh of ryhesixed 2-aryC2-iroxudines 
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m60.2970. 3.32(2H.t) I 
2ew.223o. 4.56(2H.t) ! 
1608.1585. ?.6-?.9(4Hh 
1438.1342. 

bx0.2980. 3.30(2H.t) ’ 
!9@3.15%. 4.32(2n.t) : 
l510.1435, ?.l-?.9(6ti)j 
1312,928 ,,_9.0(lH)_ 

D65.*9&o. -1 1.36(W.d) 
593.1562. 2.7?('h.d.d) 
Q%.'QC?. 3.33(ln.d.d) 
378.1355. 4.?S(lM.~) : 
123 ?.2-?.8(5n]/ ; 
040.2940.~ l.O-2.5(@n)* 
'365.1449. 3.1(lH.m) j 
375,938. 
I27 I 

4.4(1H.m) : 
7.2-7.6&J ---.__ -- - - 

lw ax-‘; NMR (CDCI,. 90 MHz) 8 ppm 2.24 OH. s). 4.83 (2H. 
I. J = 4.6 Hz). 5.6S (2H, I, J - 4.6 Hz) xnd 7.1-7.7 (4H. m); UV 
(cycbhexxwe )A- 243nm; Mus. mir 161 fM*) and 131 @ae). 
lneleamdco@Kmeatildxfedfrcalhecolumrlanlhed 
1833m( (S?%) of 3ulho-Y4-metby@enyi~2+openxl xx Ii&l 
ydbr needke. mg. 78sl*; 111 o(&) 3310. 3160, 1613. IS41. 
ISW. 13%. It3 ud 1110 ca-‘: NMR (CDCI,. W MHx) 6 ppm 
2.43 OH. I). J.SO (IH. I). 7_3-7d (4H. 01) d 9.4s (III. m): 
Mus. rrdr 161 (M’, he); (pouod: C. 7S.54; H, 6.72; N. 8.71. 
Calc. for C,.H,,ON: C. 74.Sl; H. 6.68; N. 8.69%). Tbc yield of 
p-tohmhrik wxs dctermioed by GC. 

hdinlioa of wclRefhoxyP~*2-ilo&&ilu (lb). A ual 
anuaiplM7m(ofIbo~mlofdryknttDtw~imdhIed 
for 24hr. Reatovxl of fbe solvent u&r red& pmnure kft a 
yelbw lolid which wu subjected IO cohrma chromrto@aptly oo 
8aicap(c&umnl&beazMe-ctberutheclueol.Tk&ra1 
am@woc ilohed from Ibc aalla coomined 174m# (33%) of 
pacthoxykatoailrh xl x cabrkll powder. m.p. JS-sr (lit. 
n-993.” Tbc ycod OXx~l ilohtal from lhe Cohn coo- 
hnrd4lm3(6%)of3)ucohkllphml,a.p.6062;m 
fKEr) 3WO. 2960. mS.1632, 16l0, lW0 rpd 1347cm-‘; NMR 
(CC&, 100 MHx) I pplr 3.7l f3H. a), 4.74 f2H. I. J - S Hx). Ss6 
(2H. I. J -SHx). 6.74.0 f2H. m) rsd 7s7.7 QJf. m): UV 
(cycbkxaoc) A, 248nm; uau. de I77 (M’) amd I47 (luc). 
(Ibud: C. 6796; H.6.21; N.7.49. Cak. for C,,Ji,,O,N: C.67.78; 
H. 6326; N, 7.9%). Tk thtd compoacrt iwhted from he ahma 
axheed 331 a( (47%) of la y&w needler. q .p. 91-w IR 

(KBr) 3290. 3140. 160.5, 1470 xad l364cm-‘; NMR (CLXZI,. 
IOOMHt) d ppa 3d3 (3H, I), S.87 (IH, m). 6.8-7.0 f2H, a). 
7.s7.6 (2H. q ) rod 9.20 (IH. d. J - 2.0Hr); UV (EIOH) Au 
216am (e 8. 890), 271 am (f 7. S40) ud 333.S run (e 19. 010); 
Mu. mlc I77 (M’. base); (Fcand: 67.83; H. 6.39; N. 7%. Cak. 
for C,,H,&N: C. 67.78: H. 6.26; N. 7.9%). 

hrudiorior of 3+cyaopka~2-irozozoht (lchl. A sola 
conhin@ I.38Og of Ic in 1.21 dry beazeoe vu hdixted for 
48lr. RemovaJ of tbc solveal kh I yellow solid which wu 
subjected to column chromxt~by on silica gel us& bexxnc- 
ErOAc xx the eluenl. RK 6rsl componcal isolxkd from lbc 
column coati 102 ay (10%) of pdkyxnoberueac xs I cobr- 
kss powder. m.p. 22XlS’ (lit.” 223’). The second componcat 
i~hltdfrom~bccohrmnaKllriDtdmm)(~)dkuycaow 
oeedks, m.p. 131-13Y; IR (KBr) 3060. 29Ul. 2880. 2330, 1632. 
1610. 1411) sod I347cm-‘: NMR (CDCI,. IOONHt) 8 ppm 4.9s 
(2H. 1. J = S HZ), S.77 (2H. I. J = S Hz) rad 7.&&O (SH. m); UV 
(cycbbexw) A, 2SO.S nm (t 17, 870). 259 am (rb. t 16. 3W). 
269nul (rb, e II. 010) lad 29s.onm (L I. 100); MASS. mlr I72 
(M’) ud 142: (Found: C. 69.43; H. 4.69; N. lS.9S. Ck. for 
C&ONI: C. 69.7s; H. 4.68; N. 16.27%). ‘I& thd frsction 
axhlcd SW (1.4%) of 24. nc foul&l one conhilK!d 8y)np 
(61%) of I4e u yelbw needks. m.p. ISI-IST: IR (KBr) 3320. 
3lSOo. 222.5.1620. IS40 lad 1496 cm-‘; NMR (CDCI,. 100 MHz) b 
ppm S.38 (IH. m). 7.71 (4H. I) xwd 9.28 (IH. d. J - 22Hr); UV 
(cycbbexxoe) Au 243 nm (t 14. 6W) lad 328.2 nm (e I I. WO); 
Mus. nlr I72 (N’. hue); (Feud: C. 69.7s; H. 4.69; N, 1627 
Cak. for C,Ji&Nr: C. 69.46; H. 4.91; N. 16.W%). 

hdktioa of 3-@cyanophtnyf~2-il0xaxoIi.u (l&2. A sotn 
conlining 1.03Og of lc in 1.2 I dry berurnt wxs irndhfai with I 
Rlyone~ RULW)O[) A lamps (43 W) in I quu(r vessel for 3 hr 
under I NI. Removxl of the solvent under reduced pressure xt 
263@ kft x yellow solid which wu wbjected to column 
chmr~by w silica pl usiq bruoc-EtOAc u the clumc. 
‘Ibe iaitil nnd hl fractious pvc 41 w (6%) pdicm 
xod376m((3~)ofllcfrwtbcfbrtmdIbctkvlfnaiocu. 
respectively. Tbc q iddk frxctioru were composed of x mixture 
of the surtiq mueri8l le. k uuJ 22. seplrhns from Ihick 
hyer chrom~~ogtxpby on silica gel us4 benrmc+ber (6: I) on 
reputed rurts xod fdbwing two thea of recrystaflihons from 
ether gxvc SS.3 mg (3.8%) of 22 xx cdorkas needks. a.p. 11% 
IIC: IR fKBr) m, 3000.29SO. 2870. Zuo. 1609, IS@& IS01 xnd 
I4!4an-‘; NNR (CLXl,. 100 MHz) 8 ppm 2.37 (Hx. d.d.d). 28.6 
(Hb. d.d.d). 3.116 fHc, d.d.d). 4.14.6 (Hd. He. HI, m). S.13 (Ii& 
d.d. 1). S.62 (Hb. m). S.87 (Hi. Hj. q ) xad 7JS (SH, s). Jlwr= 
12.4. I,,,,,,- 10.2. J--7.4. I- = 2.8Hr J--6.0. 
JnrM - 12.4, Jk,,, = 4.6. Jkm = 1.0. I,,,,,, = 10.0. J,,,,u - 1.4 
xnd J,“,, = IOHr; UV (cycbhxoe) A, 232.S om (t 16.900). 
238 Ml (sb. @ 1s. 3W), 27onm (c 3, 4W) rod 2Wnm (a. 3.w)); 
Mxss mle 2SO (M’. 0.6%) lad I72 (he); (Found: C. 76.76; H. 
S.77, N. 11.22. Calc. for C&ON,: C, 76.78; H. S.64; N. 
11.19%). After lhae paedltre3.42S mg o( lbe slMin# mxlerixl 
WxJ recovered. 

hdhtion of 3~4-cyonopheny&2-iroxozolin~ (1+3. Each 
10 ml of kluene solo omminiq IS.7 w of lc wxs irrBdhkd 
wparxlcly u&r rolxtion with x q errygo-rouod xppxrxtus for S. 
20. 60. 1SO xod 24Omin in quxrtx tat t&s with I byoaet 
RUL-)o A lamp. Analysis of the produ& vu performed on x 
Hhhi-63s h&xusure liquid ChMlopqtly in which 9% 
EtOAcibcxue was used u tbt eluenc wipr UV monitor at 
2S4llm. 

C~loaAAith mctior oj 22 with Ma/tic anhydtidc. A mixture 
~665~ofrlmd30.6m(of~k~ydridcia~oml 
dlabydetberwurrhxedfor 14hruoderN~.Af1acool&to 
(r.IbeaixtmwuBltcrrdIo~c~.2~(b096)olrddudt)u 
I cdoku solid. m.p. 2.S&2S2? IR (KBr) 29SS. 28W. 2230.l66S. 
It~,l~lsa9radIm)~-‘;NbIR@~lWYHr)b 
1.62 (IH, d.dd, J - 12.4, IO. #lx), 2.70 (IH. d.d, J - 12.4. S w” t), 
3.1-3.3 (3H. m). 3.30 (2H, bead I). 4.00 (IH. d.d. J - IO. 4 Hx). 
43 (IH. m). 4.3 (IH. m). S.16 (IH. 64. J - 8.2. S.8 Hz). 6.07 (IH. 
d.d. J - 8.2. Sd Hz). 73-7.4 f2H. m) and 7.7-7.8 (W. m); Mass. 
rrJe 348 (N’) xod I72 fbue); (Forad: C. 69.36; N. 4.96; H. 7.96. 
Cxlc. for C&,0& C, 68.96; H. 4.63; N. 8.0%). 

Iwudiarbr o/ 1_(3-cyaropheny&2-isoxazoht (11). A sotn 
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