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Summary: The meta-substituted polyketones l,b - f_, including the parent ketone 12, afforded 

approximately similar values for the quantum yield of benzocyclobutenol formation (o,,), the 

triplet lifetime (T), ET, and ~~~~~ respectively. In contrast, mCB, T, ET, and ~~~~ of the 

para-substituted polyketones 2 - 2 depended on their molecular structures. 

Despite extensive photochemical study concerning monocarbonyl compounds,* that of conju- 

gated polycarbonyl compounds is scarce.3 We have studied the photocyclization of 2,4,6-tri- 

isopropylbenzophenone (12) into the corresponding benzocyclobutenol 42 (eq 1) in great 

details.4 By employing this reaction as a probe to monitor the excitation energy, we now 

investigated the photochemistry of aromatic polycarbonyl compounds l_- 2. The results were 

quite different between the meta-substituted polyketones lb - L and the para-substituted 

polyketones 2_a - 2 

As summarized in Table I, the compounds l,a - 2 exhibit absorption maxima at the virtually 

same regions, about 350 nm (n,n*) and 235 nm ('1,~ *), and the E T values estimated from their 

weak (relative to benzophenone) phosphorescence spectra are nearly the same (ET 'L 69 kcal/mol 

in ethanol at 77 K). The quantum yields for benzocyclobutenol formation (acB) and the triplet 

lifetimes (1) obtained from linear Stern-Volmer quenching of the product 4_by 2,5-dimethyl- 

2,4-hexadiene (~0.05 M) are also approximately similar in this series (Q~B = 0.56 - 0.79 and 

T = 90 - 128 ns, Table I). The high quantum yields for 12 - z indicate that the excitation 

decay from the nonreactive carbonyl chromophores (unstrained carbonyl groups) is not important. 

AS compared with the meta-substituted polyketones, the para-substituted ones Z_a - c_ 

exhibit a large red shift of the n,n* absorption maximum (260 - 265 nm) with the similar n,a* 

absorption maximum at ca. 350 nm. Furthermore, their ET and oCB are much lower than that of 1 

and depend considerably on the number of the carbonyl group. The lowering of @,-B may be due 

to the probable increase of B,TI* character in their lowest triplet state. The observation 

that the triplet lifetime of 2b (51 ns) is about half that of 2 (91 ns) supports that the 
electronic excitation in the para-substituted compounds is delocalized over both of the 

carbonyl groups in the molecule. 5 

In the above situation , the rate of the triplet decay for the para-substituted poly- 

ketones will become the sum of the decay rates from the component oarbonyl groups (eq 2). 

Thus the triplet lifetime may be reduced to approximately one-half by second triisopropyl 

substitution, as was observed for the pair 2a - 2b. YY 
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states states 

T -1 = -1 + T -' 
Tl 2 (2) 

In contrast, the absorption and phosphorescence spectra of the meta-substituted compounds 

lb - i indicate that each carbonyl group in a molecule is relatively independent because of 

the lack of conjugation. This fact and the observation that the T values are almost irrele- 

vant to the number of the triisopropyl substitution , as seen from comparison of each pair lk 

(114 ns) - 1cJ (128 ns) or 1~ (98 ns) - 12 (96 ns), suggest that their excited states may be 

better represented by a rapidly equilibrating mixture between localized excited states rather 

than by delocalization of the electronic excitation.5 This situation is illustrated in the 

scheme below. The observed linear quenching plot with diene and the weak phosphorescence 

intensity support that the equilibrium is established.6 

K+l 
T= -1 (3) 

Tl + K(T~)-' 

ground ground 
states states 
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Table I. Spectroscopic and Photochemical Properties of Aromatic Polycarbonyl Compounds. 

A a 
phosphorescenceb 

C 

max kT t, ns 
compd O-O band rel q 

nm (e) 
"CBC 

kcal/mol intensity M-1 quenC directd 

la N 

',b 

lc 

Id 

le 

l!.! 

2a N 

2b 

2c 

BPi 

m-BBPj 

p-BBPk 

aIn cyclohexane. bin ethanol at 77 K; maximum error, 0.2 kcal/mol. The values for methyl- 

cyclohexane glass are in parentheses. The values marked with # are in ether - pentane - 

ethanol (5 : 5 : 2) glass. ‘In degassed benzene at 25 "C; maximum error, 10 %. The reactions 

were stopped at a very low conversion in order to suppress the effect of back photoreaction 

and further photocyclization. 4c For the consistency with our previous papers,4 the quenching 

rate was assumed to be diffusion-controlled (kq = 5 x 10' M-ls-l) and constant throughout the 

series in order to calculate =(quen). 9 d Determined directly from laser photolysis in benzene 

by Drs. K. Hamanoue and T. Nakayama (Kyoto Institute of Technology). e175, 191 and 225 ns in 

methanol, heptane and acetonitrile, respectively (Hayashi, H.; Nagakura, S.; Ito, Y.; Matsu- 

ura, T. Chem. Lett. 1980, 939). fNot determined. gNo reaction. hWolf, M. W.; Brown, R. E.; 

Singer, L. A. J. Am. Chem. Sot. 1977, 99_, 526. iBenzophenone. jm-Benzoylbenzophenone. 
k p-Benzoylbenzophenone. 
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The steady-state treatment of the above scheme affords the relationship 3.' Thus the 

experimentally measured triplet lifetime T should depend on the lifetimes of the localized 

excited states (T, and T2) as well as on the equilibrium constant K. The only slightly longer 

T value for l,b - 2 (93 - 128 ns) than that of the parent ketone 12 (90 ns) suggests a large K 

value (K > 1) for l,b - f. The high QCB value for l,b - f. may also arise from the large K value. 

This point will be explained in a subsequent paper.8 

Finally we note that the compound 3_ having meta- and para-substitution photocyclized only 

at the para-substitution site. The selective cyclization is interpretable in terms of usual 

"energy sink" concept, i.e., the para-substituted carbonyl group has a lower ET value than the 

meta-substituted one, as readily seen from ET of 2 and p-BBP (Table I). 
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