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In 1964 Chapman et al have reported a photorearrangement of a,B-unsaturated nitro- 9--s 

olefins to a-oximino ketones. 
2 

Thereafter, a large number of examples of the nitro to nitrite 

rearrangement have been shown in the photochemistry of nitro-olefins 
3 
and of nitro aromatic 

compounds, 
4 
while the mechanism of the reaction, especially multiplicity of the excited state 

of the nitro group, has not been fully understood. More recently, an intramolecular 

cycloaddition of a nitro group to a carbon-carbon double bond has been suggested for the 

photochemical double bond cleavage of cis-a,4_dinitrostilbene. 
5 

As part of our studies on the 

photochemistry of nitro compounds,' we have reinvestigated the photochemical reactions of a 

series of substituted (El-B-methyl-S-nitrostyrenes in some detail and found that the nitro to 

nitrite rearrangement and the intramolecular cycloaddition are taking place competitively from 

different excited states. Chemical trapping of the intermediates in the reaction is also 

described. 

It has previously been reported that irradiation of B-methyl-B-nitrostyrene (I.$ gives a- 

oximino ketone3 as a sole product.L In contrast, we found that irradiation of nitrostyrenes 

having electron-withdrawing substituents yields both the corresponding a-oximino ketones and 

substituted benzaldehydes. For example, when a solution of @)-4-chloro-S-methyl-B-nitrostyrene 

(3 (1.11 x 1o-2 M) in acetone was irradiated (Pyrex filter, 100 W high pressure mercury lamp) 

under nitrogen atmosphere for 5 hr, a-oximino ketone 2 7'8(65 X) and pchlorobensaldehyde (2) 

(14 X) were obtained. 
9 

Under similar conditions, P-substituted nitrostyrenes ($%f) gave the 

corresponding a-oximino ketones Ff and substituted benzaldehydes 3a%f. 
Y 

The product ratio>f$ 

is shown.in Table. We also observed that there has been no significant solvent dependency on 

the product ratio$f$l' During irradiation and work-up process, a-oximino ketoneAwas not be 

converted to 3 indicating that 3 may be formed from a different precursor. 
&' 

If 3 may arise 
N Y 

from the N-oxide intermediate: (path b), nitrile oxide2 should be formed in the 
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reaction. In fact, irradiation of a solution of2 (2.4 x 10m2 M) and methyl acrylatea 

(0.29 M), a well known 1,3-dipolarophlle to nitrile oxide,ll in acetonitrlle under nitrogen 

gave isoxasoline$ in 12 % yield (90 X based on%) (Scheme I). 
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TABLE. Products of Photoreaction of Substituted S-Nitrostyrenes 

Nltrostyrene Yield of Products Xa Product Ratiob 
X R 

Solvent 
-z 2. J& 

Acetone 80 6 0.08 
Acetone 65 14 0.22 

OMe Me Acetone 89 3 0.04 
Acetone 61 15 0.28 
Benzene 78 4 0.06 
Benzene 71 14 0.25 

aIsolated yield. 
b 
Determined by nmr analysis of the reaction mixture. 

On the other hand, irradiation of$ in benzene under oxygen bubbling yielded substituted 

benzaldehyde$in almost quantitative yield. For example, irradiation of3 in benzene under 

oxygen bubbling gave 3$ (95 XI) and propionic acid&(70 X). Under the conditions a-oximino 

ketone ?c_f yielded neither Lf nor& Under oxygen atmosphere, irradiation of3 and methyl 

acrylate also yielded isoxazoline$(l6 4). These results indicate that oxygen has no 

significant effect on the ratio of the two processes (path a and path b), and that a precursor 

for a-oximino ketone51s trapped by oxygen yielding $f and 8. 

The formation of z and$by the reaction of a precursor fors with oxygen may be 

rationalized by a mechanism involving a nitrite intermediate J which has been suggested to be 9 

an intermediate in the nitro to a-oximino ketone rearrangement. 
2,4c 

Thus, the nitrite 9 

undergoes homolysls to give a radical species l$, which reacts with oxygen to yield 11. The 
W 
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12 
peroxy radicalz or the a-keto hydroperoxide 12 may undergo thermal- or photochemical 13 

Y 

cleavage reaction to yield $f and 8. 
Y 

In the absence of oxygen the radicalscombines with 

nitrogen oxide to give $f(Scheme II>. 
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In order to gain insight into the multiplicity of the reaction, we examined the quenching 

effect of piperylene on the formation of 2b and 3b in the photoreaction of lb. Addition of 
W W * 

+ RC02H 

8 
Y 

piperylene inhibited the formation of 3b, but has no effect on the formation of 2b. The Stern- 
?- Y 

Volmer plots of the quenching reaction gave two straight lines (Fig. 11, indicating that there 

are two different excited states involving in the reaction. The excited state which is 

responsible for the formation of z (path b) is apparently the lowest triplet state, whereas 

the unquenchable state responsible for $ may be a singlet state or a higher triplet state T2, 

which still remains to be clarified. Irradiation of l.J in methanol with low pressure mercury 

lamp (Vytor filter, 253.7 nm) under nitrogen gave $ (30 X), whereas irradiation of 2 under 

the conditions, where sufficient triphenylene (ET=67 Kcal/mol, Qisc-0.9514) was added to absorb 

>90 % of the incident light, gave2 (17 X) but none of 2b. 

Further studies are in progress on the mechanism of the photochemical reactions of nitro- 

olefins. 
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Fig. 1 Stern-Volmer plot for the 

piperylene quenching of the formation of 

3 and 3 in the photoreaction of3 in 

acetonitrile. [$I-2.5 x 1O-3 M. 
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