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Conjugate addition of allylic groups, including allyl and cinnamyl
systems, to a variety of q,B-unsaturated ketones could be achieved by

photoirradiation with allylic stannanes.

Electron-transfer mediated photoallylation using allylic stannanes is the subject of a

current interest from synthetic and mechanistic viewpoints. For example, photoallylation of

iminium saltsl) and cyanoaromaticsz) using allylic stannanes has provided a novel method for
carbon-carbon bond formation. Recently, we also reported that irradiation of
benzophenonesSa) or diphenylethanediones (benzils)3b) in the presence of allyltributylstannane

resulted in the formation of homoallylic alcohols (1,2-addition products) via photoinduced
electron-transfer (ET) pathway with fairly good to excellent yields (Eq. 1).3) Thoughts about
the synthetic potential of the photoallylation led to an investigation of an additional manner
(1,2- or 1,4-addition) of allylic groups to q,R-unsaturated ketones, and we describe here that

the conjugate addition exclusively proceeds in this system (Eq. 2).
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Irradiation4) of an acetonitrile solution of cyclohex-2-en-1-one (1) and
allyltrimethylstannane (6) after purging with nitrogen gas followed by chromatographic

separation (TLC) resulted in the formation of 3-allylcyclohexanone (8, 51%; Run 1 in Table
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1).5) No evidence was obtained for the formation of a 1,2-addition product by IH-NMR
analysis of the irradiated solution prior to chromatography. Another cyclic enone, isophorone
(2), afforded a similar conjugate addition product 9 (Run 2) as shown in Table 1. It is
noteworthy that the allyl group can be introduced into the tertiary B-carbon under these
conditions.

In order to explore this methodology for acyclic enones, we have examined the
chalcone derivatives. Irradiation of 1,3-diphenyl-2-propen-1-one (3) with 1 afforded, however,
[2+2]cycloadducts (cyclobutanes 10 and 11)6) without formation of any allylated products (Run
3). On the other hand, chalcones, 4 and 5, having a cyano group on the phenyl ring yielded
conjugate addition products, 5-hexen-1-one derivatives, 125) and 13, respectively (Runs 4 and
5). These results indicate that ET does not occur between photoexcited 3 and 1, but it
proceeds with 4 (E™d - -1.16 V) and 5 (E™9 = -1.15 V) probably because of their lower
reduction potentials than that of 3 (ered - _1.45 V).7)

The photoallylation of enones with (E)-3-phenyl-2-propenyltrimethylstannane (cinnamyl-
stannane, 7) was also investigated to clarify the regiochemistry (q vs. vy-additions) of the
introduced cinnamyl group, and the results are summarized in Table 1. In every case, the a-
adduct was produced in preference to the <y-adduct, which can be explained by the steric
bulk around the +vy-terminus of cinnamyl group (Runs 6-8). The <y-adducts were always formed
in an equimolar mixture of diastereoisomers. These results strongly indicate that the present
addition reaction proceeds via a radical coupling process. In contrast to the reaction with 6
(Run 3), even chalcone 3 was smoothly cinnamylated with 7 (Run 6), which can be
rationalized by the lower oxidation potentials of 7 (E®* = 0.63 V) than that of 6 (E®* = 1.24
v).?

From these findings, we propose the ET mechanism for the photoinduced conjugate-
allylation of enones as shown in Scheme 1. ET from 6 to the excited enones gives a radical
ion pair. The radical cation is dissociated to the trimethylstannyl cation and the allyl

8)

radical probably by nucleophilic attack of the enone radical anion,”’ and the resulting radical

pair bonds to yield the products after ketonization.
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Table 1. Photoallylation of Enones (1-5) with Allylic Stannanes (6-7)
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(Me,Sn-R) [Isomer ratio]
3
R
0 0
' NG [ji] [if]\~/‘\\ °1
6 J
1 8
0
’ ® Q\ w !
2 9
0 0 0
Ph SnMe;  Ph
3 6 ph/u\//\p.h ﬁ:j:‘/\ ’ /.j:]\/SnMea 40
3 10 P 1
[50 : 50]
O 0 qu‘p"CN
4 6 ph/u\é\CGpr-CN Ph N 50
4 12
5 6 p-CN-CsH4)J\4\Ph p—CN-CsH,,)J\)\/\\ 55
5 13
0 0
o Y
6 NENph 1 s Ph 45
7 L
B s . 36) B
7 7 3 Phw Ph Ph N 62
Ph
® 60 .40 V7
0 CsHa-P-CN 0 CsH.-p-CN
8 7 4 Ph,/u\v/l\~/<§yJJPh Ph N 60
Ph

a) Isolated yield based on enone used.
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Thus, allylic groups of allylic stannanes were introduced to q,R-unsaturated ketones in a

conjugate fashion under photochemical conditions.
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