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Because of the intense interest in B-haloradicals,' we have exploited the regiospecific Y- 

hydrogen abstraction in triplet ketones' by studying the photochemistry of three &-halovalero- 

phenones. We have already reported that the intermediate halodiradicals undergo B-cleavage of 

halogen atoms.3 We now wish to report that the &halogens enhance the rate of triplet state Y- 

hydrogen abstraction which normally leads only to type II elimination and cyclization products.4 
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TABLE. Photokinetics for PhCOCH2CH2CH2CH2X.a 

k 
H' 

lo7 s-' 

H 0.43 40 + 2 12.5 

Cl 0.58 0.10 230+10 2.2 

Br 0.05 0.55 got3 5.6 

I < 0.002 0.43 30+2 16.7 

ain benzene containing 0.1 M pyridine 

is quenched by typical triplet quenchers; the two products are quenched with equal efficiency. 

quantitative Stern-Volmer quenching plots are illustrated in Figure 1; the slopes equal kqT, 

where T is the triplet lifetime and kq is the bimolecular rate constant for quenching. The 

value of kq is known to equal 5-6 x 10' M-' s-' for exothermic energy transfer5 and does not 

vary significantly with ketone structures. 
6 

As indicated in the table, triplet lifetimes 

decrease, and hence triplet decay rates increase, in the same order Cl<Br< I. 

The apparent parallel between product ratios and triplet decay rates a priori could mean 

that normal type II elimination and elimination of HX were competing triplet state reactions. 

However, such is not in fact the case. In the first place, the percentage change in product 

ratio is far greater than the percentage change in l/-c. More importantly, we have shown inde- 

pendently that alkyl halides do not react sufficiently rapidly with triplet ketones for any 

direct interaction between triplet carbonyl and 6-X to compete with y-hydrogen abstraction. 

Ethyl iodide and butyl bromide (1 M) do not quench triplet butyrophenone (lifetime = 130 nsec7), 

so that the rate constant for bimolecular interaction cannot exceed 10 
6 -1 s-l 

M . Likewise y- 

chloro and y-bromobutyrophenone do not eliminate HX and merely undergo type II elimination. 

Since y-substituents interact with triplet carbonyls some 3-10 times faster than do &substitu- 

ents, 
8 

we can safely conclude that the b-halovalerophenone triplets undergo only y-hydrogen 

abstraction. 

The triplet lifetimes of the ketones are therefore determined completely by kH. The kH 

values in the table equal the l/~ values derived from the Stern-Volmer slopes, With 
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Stern-Volmer plots for quenching of d-Halovalerophenones 

kq=5x10gM 
-1 -1 

s . The substantial inductive effects of b-substituents on kh values have 

already been reported in detail.' A 6-Cl decreases kh to l/6 its value in valerophenone. The 

aI values for Br and I are slightly lower than that for Cl9 so that the kh value for V-I and 

V-Br should be, respectively, 45% and 10% greater than that for V-Cl if only inductive effects 

are important. The actual kh values indicate that Lbromo and iodo groups enhance rates of 

hydrogen abstraction by 230% and 5308, respectively (after correction for differing inductive 

effects). There is no reason to anticipate any heavy atom effects on k,,, since there is no 

spin inversion necessary in the conversion of triplet ketone to triplet diradical. 10,ll There- 

fore we must conclude that the rate enhancements represent another example of the anchimeric 

assistance which is known to substantially accelerate hydrogen abstraction by bromine atoms.' 

As usual, the n,n* triplet benzoyl group mimics the behavior of alkoxy'radicals in displaying 

only minor-IL anchin-eric assistance. The important difference is that exact enhancements can be 

measured; such was not possible in the alkoxy radical system studied. 12 



1930 No. 22 

References 

1. For a review, see P. S. Skell and K. J. Shea, in "Free Radicals," J. K. Kochi, Ed., Wiley 

Interscience, New York, NY, Vol. 2, p. 809. 

2. P. J. Wagner, P. A. Kelso, A. E. Kemppainen, R. G. Zepp, J. Am. Chem. Sot., 94=, 7500 (1972). - -- 

3. P. J. Wagner and J. H. Sedon, Abstracts (Organic No. 105), 173rd ACS National Meeting, March, 

1977; P. J. Wagner, J. H. Sedon, and M. J. Lindstrom, J. Am. Chem. Sot - - -** in press. 

4. P. J. Wagner, Accounts Chem. E., 4, 168 (1971). 
- 

5. (a) P. J. Wagner and I. Kochevar, J. &. 3. E., 9& 2232 (1968); 

(b) W. D. K. Clark, A. 0. Litt, and C. Steel, ibid., 9l=, 5412 (1969); 

(c) G. Porter and M. R. Topp, Proc. Q. Sot. London, Ser., 315, 163 (1970). -- 

6. P. J. Wagner, J. M. McGrath, and R. G. Zepp, J. Am. Chem. E., 2, 6883 (1972). -- 

7. P. J. Wagner and A. E. Kemppainen, J. 4. m. s., 94, 7495 (1972). 
= 

8. (a) D. 0. Cowan and A. A. Baum, J. &. m. z., z, 1153 (1971); 

(b) P. J. Wagner, A. E. Kemppainen, and T. Jellinek, ibid, z,7512 (1972). 
- 

9. E. M. Kosower, "An Introduction to Physical Organic Chemistry," John Wiley and Sons, New 

York, NY, 1368, p. 49. 

10. P. J. Wagner, P. A. Kelso, and R. J. Zepp, J. @. Chem. x., 94, 7480 (1972). 
= 

11. (a) J. Michl, Topics Curr. Chem., 46_, 1 (1974); 
- 

(b) L. Salem, 2. Am. G. g., 2, 3486 (1974). - 

12. E. S. Huyser and R. H. C. Feng, 2. a. Chem., 36, 731 (1971). = 


