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     1,4-Biradicals photogenerated from alkyl phenyl ketones have 

been trapped directly by hydrogen selenide before the biradicals 

undergo usual collapsing. Two hydrogen atoms are thus introduced 

into both radical sites. The rate constant for hydrogen abstraction 

of secondary carbon radicals from H2Se has been estimated to be

greater than 1.6×108M-1s-1.

     Biradicals may be the most commonly invoked intermediates in organic photo-

chemistry, and trapping of these short lived biradicals has been of current 

interest.1) We have shown that hydrogen selenide has a remarkable hydrogen 

donating ability toward photoexcited carbonyls and ketyl radicals as well as other 

radical intermediates in the Norrish Type I reaction.2,3) In the presence of 

hydrogen selenide, carbonyl compounds undergo photoreduction in an unusual way to 

give corresponding alcohols without formation of pinacols. We report here that 

hydrogen selenide (H2Se) and deuterium selenide (D2Se) efficiently trap both sites 

of 1,4-biradicals generated through the Norrish Type II process from alkyl phenyl 

ketones. Direct trapping of both sites of such biradicals has never been attained 

to the best of our knowledge. 

     It is well known that photolysis of butyrophenone derivatives 1 in methanol 

gives Type II products 5 and 6 via corresponding 1,4-biradical intermediate 4 with 

the total quantum yield of 1.0 (Scheme 1).4) When 1 was irradiated in the presence 

of D2Se, formation of Type II products was greatly suppressed and corresponding

Table 1. Labeling experiment of 1,4-biradicals with D2Se

a) Estimated value from τK and τBR in wet acetonitrile, see Ref. 6b.
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Scheme 1.

alcohol 2 was obtained as the major product in which deuterium was incorporated.5) 

      In Table 1 are listed average deuterium contents at 1- and 4-positions and 

isolated yields of the products 2a-c together with lifetimes of triplet carbonyls

τK's and those of biradicals τBR's derived from parent ketones 1a-c.6) Trapping of

1,4-biradical intermediates 4 is evident from deuterium incorporation at the 4-

position. Deuterium contents at the 4-position vary depending on the substituents, 

but those at the 1-position are consistently close to unity in any cases. Based on 

these results and evidences obtained previously,2,3) we can postulate Scheme 1 for 

the behavior of 1 in the present reaction system. High deuterium content at the 4-

position position of 2c indicates that reaction of triplet carbonyl 3c with D2Se giving rise 

to 11c is a minor path in the case of 1c under the reaction conditions. On the 

contrary, this process became predominant in the case of la because of relatively 

much longer lifetime of the triplet carbonyl 3a. The fact that deuterium content 

at the 4-position of 2b is more than unity suggests that some decay process such as 

9 to 8 may exist. If 8 is formed, similar photoinitiated reaction with D2Se may 

give 2 which contains more than one deuterium at the 4-position in cases of 2a and 

2b. The present reaction system is the first example where trapping occurs at the 

both sites of Type II biradicals. Similar labeling experiments with octanethiol

gave only γ-deuterated ketones 8 and pinacols (coupling products of 9) as the

trapped products.7) The use of tributyltin deuteride did not lead to deuterium 

incorporation because of its fast interaction with triplet carbonyl 3.7)

     The use of H2Se instead of D2Se gives corresponding alcohol 14 (corresponding 

to 11 and 12 in Scheme 1 where D=H), acetophenone 6, and 1-phenylethanol 15. For-

mation of these three products from 1c was monitored by GLC and plotted in Fig. 18) 

which does not contradict the proposed reaction scheme; i.e., 14c and 6 were formed 

as the primary products and then 6 was reduced to 15. Quite slow formation of 15
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at the early stage of the reaction may be attributed to efficient energy transfer 

from triplet acetophenone to the remaining 1c.9) Similar figures were obtained in 

the cases of 1a and 1b. 

     Since the behavior of these type II biradicals reflects reactivities of 

corresponding monoradicals,1,7) rate of biradical trapping with H2Se corresponds to 

the reaction rate of H2Se toward carbon radicals having the same substituent(s) at 

the radical center.1,7,10) With a hypothesis that the reaction of H2Se with carbon 

radicals is first order on each component and under the conditions where krd and kd

are negligible,8) the product ratio 14/(6+15), i.e., 12/(6+13) in Scheme 1 

where D=H, corresponds to ktr[H2Se]/kcl. Three ketones 1a-c gave the product 

ratios of 5.47, 2.27, and 2.51, respectively. In the case of 1a, the direct 

reduction of triplet carbonyl could not be ruled out due to its remarkably long 

triplet lifetime leading to the appreciably larger product ratio than in cases of 

1b and 1c. In the case of 1b, from the value of 2.27 together with the reported

τBR and quantum yield φcl=0.70 of the biradical cleavage process,11) ktr was

calculated to be 1.6×108M-1s-1. Since the rate constant kd of the decay process

is unknown and so contribution of the process was ignored in the above calculation,

the obtained value corresponds to the lower limit of the hydrogen abstraction rate

constant from H2Se by secondary carbon radicals.8) This value is quite large in

comparison with the reported reaction rate constants of carbon radicals with

thiols7,10a,12) and tin hydrides.7,13)

     In summary, we have shown an example which demonstrates high potentiality of 

H2Se and D2Se as radical trapping agents. Hydrogen and deuterium selenides will 

be applicable to trapping of

a variety of radicals. 

Especially, labeling 

experiment using D2Se will 

provide fundamental 

informations in probing the 

structure and reactivity of 

the transient radical 

intermediates. 
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Fig. 1. Photolysis of γ-methylyalerophene (1c) in the

presence of hydrogen selenide in methanol.
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