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FREE RADICAL TRAPPING OF a-KETO RADICALS DERIVED FROM «,B-EPOXY KETONES
VIA PHOTOINDUCED SINGLE ELECTRON TRANSFER PROCESS

Eietsu Hasegawa, Kenyuki Ishiyama, Takaaki Horaguchi, and Takahachi Shimizu

Department of Chemistry, Faculty of Science, Niigata University,
Ikarashi, Niigata 950-21, Japan

Summary: Irradiation of aromatic «,B-epoxy ketones in the presence of allyltributyltin
afforded o0~allyl-B8 ~hydraoxy ketones by a single electron transfer mechanism.

Photoinduced single electron transfer (SET) processes provide reasonably efficient

Vo Alyltrialkyltins are

carbon-carbon bond formations through ion radical fragmentations.
considered to be good candidates as electron donors for this purpose since the cation
radicals of these compounds undergo facile fragmentation to give allyl radical and

2

trialkyltin cations. Irradiations of aromatic ketones and allyltrialkyltins are reported

to afford coupling products which are usually allylated at carbonyl carbon via SET

mechanism (equation (1)).2e'f

We now report that selective allylation occurred at a-
carbon to carbonyl instead of carbonyl carbon upon irradiation of aromatic epoxy ketones
1, trans—chalcone epoxides la-e; acrylophenone epoxide 1f, with allyltributyltin (equation

(2)).
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When the epoxy ketone la (individual compound numbers refer to Table) was irradiated
with allyltributyltin (ABT) in acetonitrile ([la] = 21 mi; [ABT] = 43 mM; X > 340 nm; 30

3

min), 44 % of the a-allyl-B-hydroxy ketone 2a” was isclated at 70 % conversion of la.

Prolonged irradiation (2 h) of the solution did not cause serious decomposition of 2a (59

M0
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%). On the other hand, when the solution was stirred in the dark for 2Zh, la wes
guantitatively recovered. Addition of LiC104 (42 mM) into the photoreaction solution
resulted in apparent increase in the recovery of la (77 %) and decrease in the yield of Za

4 These results would

(8 %), which is dinconsistent with free ion radical mechanism.
indicate that the reaction proceeds through a contact ijon radical pair or an exciplex.
This is also consistent with observations made upon irradiation of la with ABT in nonpolar
solvents, such as benzene and methylene chloride. Conversions of la in these solvents

were lower than that in acetonitrile, but 2a was obtained in good yields after 30 min
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A plausiblie reaction mechanism for the photoreaction of la and ABT 1is proposed as in
equation (3). Triplet excited state® of la (EFEd Y 41,7 V)° could efficiently oxidize
ABT (Epox = +1.48 V vs. SCE) to give a triplet ion radical pair via SET mechanism.

Cation radical of ABT undergoes facile (-Sn bond cleavage as previously demonstrated in

photoreactions with electron acceptors.2 Un the other hand, the anion radicail of la
undergoes Ca-0 bond cleavage to give the ring opened anion radical 3a.7 This a-keto
radical would be coupled with allyl radical and tributyltin cation formed by fragmentation

of ABT cation radical. This process should produce the tin containing adduct 4a which is
probably hydroiyzed to the hydroxy ketone Za during the work-up.8

Importance of SET interaction of epoxy ketone triplets and ABT is further supported
by the results obtained from photoreactions of epoxy ketones 1 with ABT shown in Table,
Although both gquantum yields and lifetimes of triplet states are similar between la and
1d, the conversion of the former is much higher than that of the latter (entries 1 and 4).
This can be explained by the obvious difference of reduction potentials between la and 1d

(AEpred = 0.47 V). Interestingly, no allyl adduct was formed for le although the



) 2031

Table. Photoreaction of epoxy ketones 1 with allyltributyltin in benzene.?

c
Entry 1 &b - Tb Epred Conv. _%f
ns V vs. SCE A A
X R

1 a CN Ph 0.98 85 ~1.39 98 80(81)
2 b H Ph 0.88 3.3 -1.70 37 28(74)
3 < Me Ph 0.96 11 -1.80 40 35(89)
4 d MeO Ph 1.00 94 -1.86 15 11(76)
5 e H p~An® 0.60 0.8 -1.73 22 0
6 £ H H - - -1.77 9 7(80)

8 500 W Xe-Hg lamp ( A> 340 nm); 3 h; [1] = 131 mM and [ABT] = 265 mf, b Ref. .
C Pt electrode; Et4NC104 in MeCN (0.1 M); scan rate, 200 mV/s. d Isolated yields
(silica gel TLC). Values in parenthesis are based on the conversion of 1. € p—NeOCGH4.

reduction potential of le is similar to that of 1b (entries 2 and 5). Even longer
irradiation (Pyrex, 5 h) of le with ABT did not produce 2e. This would be due to
relatively short Tifetime of triplet excited state of le and the presence of other

9 It was also

competing photochemical processes, for example, facile Ca-CR bond cleavage.
found that the presence of B-aryl substituent is not essential for this adduct formation
(entry 6).

In summary, we found that the irradiation of some aromatic o ,8-epoxy ketones with
allyltributyltin afforded a~allyl-B-hydroxy ketones. Contact ion radical pair or
exciplex rather than free ion radicals is proposed as a key intermediate for the reaction.
Isolation of a-allylated products is noteworthy since this 1is a first observation to
support the involvement of ring opened anion radical intermediate possessing a-keto

radical structure in SET photoreaction of epoxy ketones.10
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