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The influence of ring substituents on aromatic catbonyl photochemistry has received considerable at- 

tention .’ The most thoroughly studied photopmcess in this regard is hydrogen abstraction. An intramolecular 

example is illustrated below. It is well known that electron-donating substituents &crease the rote constant 

A r 
-h 

for the initial abstraction and that electron-withdrawing substituents enhance this ~rocess.~ However, un- 

less the rate constant for hydrogen abstraction is quite low (<107sec-‘), other processes available to deacti- 

vate the excikd state am not competitive. Thus the 1,4-hydroxy biradical inkrmediate can be formed with 

high quantum efficiency even for unfavorable substituents. This intermediate is known to disproportionate 

back to the original ketone in solvents which do not hydrogen bond -to the hydroxy bimdical. Wagner has 

demonstrated that, with respect to this disproportionation, there is a small ring substituent effect whenby 

product formation is more favorable for biradicals with electron-donating substituents than for those with 

electron-withdrawing substituents. 
3 

Consequently the possibility exists that ketones which are less reactive - 

photochemically con undergo photoelimination with higher quantum efficiency. Thus the different roles 

played by ring substituenk are often not obvious from quantum yields for product fotmation. In spite of the 

many studies involving substituent effects on aromatic ketone photochemistry, ihere is a conspicuous absence 
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of “positive” results for nitro substituted aromatic ketones. 
4 

We report here the first examples of such and dis- 

cuss yet another role played by the nitro group. 

We have found that m-nitrobutyrophenons is photochemicolly inert under conditions for which high 

quantum yields for the Type II photoelimination reaction are expected. We can assign an upper limit of less 

than 2 x 10B5 to the quantum yield for formation of m-nitroacetophenone. An attractive explanation for this 

lack of photochemistry is that an excited state localized on the nitro substituent is lower in energy than the state 

known to be responsible for aromatic carbonyl photochemistry (%r,n * localized on the carbonyl; ET = 73 + 2 

Kcal-mole 
-1 5 

) . We hypothesize that, while the carbonyl localized state moy be populated with high quantum 

efficiency, 
6 

rapid deactivation occurs to populate the lower lying nitro localized state. A proposed 

scheme is given below. 
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A prediction of this scheme is that carbonyl photochemistry will begin to compete with deactivation 

nitro n,* *triplet 

by altering the nature of the side chain to enhance the reactivity of the hydrogen toward abstraction. The 

extent to which this occurs should parallel the relative reactivity of the Y-hydrogen. These values are 

known for a large number of phenyl ketones. Accordingly we have synthesized a series of nitro substituted 

ketones with more reactive Y-hydrogens. In the table a comparison is ma& between the hydrogen abstraction 

rate constants and our observed Type II quantum yields for the corresponding p-nitro substituted derivatives. 

Minimally a qualitative correlation exists between these values. In fact the close correlation suggests that 

hydrogen abstraction does indeed compete with a constant process in the nitro ketone series as predicted by 

the scheme above. In spite of the dramatic increase in corbonyl photochemistry as the side chain is changed 

from n-propyl to ethoxymethyl, the quantum yields are moderately low even for the most favorable case. 

Thus it appears that &activation of the carbonyl 2n,~ * state to the nitro localized 3n,n * state is an ex- 

tremely facile process. Other potential factors must be considered, however, before concluding that the 

&activation process is totally responsible for the inefficiency in nitro substituted aromatic ketone photo- 

them istry. 

As indicated previously, for w aryl ketones a portion of the inefficiency is due to disproportion- 

ation of the hydroxy biradical intermediate. The extent of this can be readily determined by using a hydrogen- 

bonding solvent which effectively eliminates the disproportionation pathway. We have found that the quantum 

yield in the case of p-nitrovalerophenone is enhanced by only a factor of two to three in various alcoholic 

solvents. For m-nitrobutyrophenone the solvent effect is insufficient to render the photochemistry detectable. 
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Disproportionation is not likely to be an important factor for the a -alkoxy aryl ketones, which are ordi- 

narily extremely efficient in terms of cyclization and elimination. 
7 

However the effects of ring substi- 

tuents have not been as thoroughly studied for the a -alkoxy ketones. A particularly pertinent case for 

comparison is the cyano substituent, which exhibits inductive and resonance behavior very similar to 

the nitro group’, but does not have a localized excited state lower in energy than that of the carbonyl - 

(ET for benzonitrile = 77 Kcal-mole 
-I 10 

). We have studied the photochemistry of p-cyano-o -ethoxy- 

aostophenone and found that it undergoes efficient carbonyl photochemistry as shown below. There is 

no precedent for enhancing efficiencies for product formation in the a -alkoxy ketone series by using 

NC 

OH 
0 0 Ar CH3 

!CH20CH2CH3&> NC 
-o- 

0 !CH3 + 

cp =0.35 0 = 0.55 

hydrogen bonding solvents, but we have found that there is a small increase (approximately two-fold) 

for the nitro substituted derivatives. 

Table. Comparison of the Hydrogen Abstraction Rate Constants for Phenyl Ketones with the Type II 

Quantum Efficiencies for the Analogous Nitro Substituted Phenyl Ketones 

Phenyl Ketone k,sec -’ (re0 Nitro Ketone 

0 0 

Ph-!CH,OC_H (CH& 8.2 x lo9 (7) 

0 

Ph-&H20C_H,CH3 8.4x TO9 (7) 

0 0 

Ph--PCH,0C_H3 3.2x lo9 (7) 0,N 0 !CH,OCH, 
-#- 

8 0 

Ph-CCH2CH2Ci,CH3 1.2~10~ (8) OzN 

0 0 

Ph-&H&H&H3 7.5 x 106 (8) &H&H&H, 

02 

0.035 

0.048 

0.015 

0.00013 

<o .00002 

( a tota quantum yie 
0.1 M solutions in benzene irradiated with 313 nm light in a conventional merry-go-round apparatus. 
The valerophenone to acetophenone conversion was used as an actinometer. Conversions were -5%. 
The solutions were deoxygenated, but no dependence on the presence of oxygen was observed. No 
wavelength effect (254 and 366 run) has been observed. 
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Finally, the argunents outlined above suggest that the nitro localized excited state is populated 

efficiently far each of the compounds studied. Thus photochemistry of the nitra group should be observable. 

Nitrobenzene is photochemically inert in benzene (which was used in the studies discussed above), but it 

undergoes photoreduction in 2-propanol . 
11 

We have studied the photochemistry of p-nitroa -methoxy- 

acetophenone in P-propanol and found that it undergoes photoreduction of the nitro group with an efficiency 

comparable to that of other “carbonyl” substituted nitrobenzenes. ” As required by our hypothesis, the 

carbonyl Type II photochemistry proceeds unimpaired (+ = 0.03). 
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