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Regioselective Photoallylation of Furyl and Thienyl Dicyanoethenes
by Allylic Stannanes via Photoinduced Electron Transfer
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Irradiation of 1,1-dicyano-2-(2-furyl)ethene and allyl-
tributylstannane in the presence of phenanthrene in aqueous
acetonitrile afforded regioselectively 5,5-dicyano-4-(2-furyl)-
1-pentane. Photoreactions of the other furyl and thienyl
dicyanoethene derivatives with allylic stannanes gave the

corresponding allylic products in good yields.

Recently, much attention has been focused on the photochemical carbon-carbon
bond forming reactions via photoinduced electron transfer from synthetic and
mechanistic viewpoints.l'6) Mariano3) and we4) have independently reported the
photoallylation of iminium salts and dicyano aromatic compounds by allylic silanes.
However, few reports have appeared so far on such photochemical reactions with
allylic stannanes.”~7) We now report the regioselective photoallylation of furyl
and thienyl dicyanoethenes by allylic stannanes.

Irradiation of an aqueous acetonitrile solution containing 1,1-dicyano-2-
(2-furyl)ethene (la, 2 mmol) and allyltributylstannane (3a, 5 mmol) in the
presence of phenanthrene (1 mmol) with a high-pressure mercury lamp through Pyrex
for 21 h under argon atmosphere afforded 5,5-dicyano-4-(2-furyl)-1-pentane (4a)
in a 42% isolated yield. Similar irradiations of furyl (la-b) and thienyl (2a-b)
dicyanoethenes with allylic (3a-c) and benzylic (6) stannanes in the presence of
phenanthrene afforded the corresponding allylated and benzylated products in good
yields. The results are given in Table 1. In the photoreaction of la with
3-methyl-2-butenyltributylstannane (3¢c), o - and Y-allylated products (44 and 44')
were obtained in a 6:1 ratio. The structures of these products were determined
from their analytical and spectral properties.
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Photoallylations did not occur in benzene and also in the dark. In the

absence of phenanthrene, the efficiency of the photoreactions greatly decreased.
No photoreaction occurred for thienyl compounds when allyltrimethylsilane was used
in the place of 3a. When the photoreaction of la with 3a was carried out in
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Table 1. Photoallylation of Furyl and Thienyl Dicyanoethenes by Allylic Stannanes.

Dicyanoethene Allylic stannane Irradn time Product (s) Yieldd)
X R} Ry h Ty
la o© H H CH,=CHCHySnBuj (3a) 21 4a 42
lb O H Me 3a 23 4b 55
la o© H H CH»=C (Me) CH3SnBujy (3b) 24 4c 37
la o H H Me,C=CHCH,SnBu; (3c) 19 44 +44'P) 46
2a S H H 3a 19 5a 66
2b S cl H 3a 13 5b 48
2a s H H 3b 13 5¢ 77
la O H H 6 29 %) 39

a) Isolated yields based on the dicyanoethene used. b) 44d; 6,6-Dicyano-5-(2-
furyl)-2-methyl-2-hexene, 4d4d'; 5,5-Dicyano-3,3-dimethyl-4-(2-furyl)-l-pentene.
c) 1,1-Dicyano-2-(2-furyl)-3-phenylpropane.
acetonitrile containing 5% DZO or MeOD, 4a was mono-deuterated at the o-position
of the cyano group.

We propose the electron transfer mechanism as shown in Scheme 1 for the
photoallylation and benzylation of furyl and thienyl dicyanoethenes. The
reactions involve radical cations of allylic and benzylic stannanes which are

produced through the phenanthrene sensitized electron transfer.s)
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Phen? + D ——= Phen + DT, DY —= T_, + Bugsn®
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Scheme 1.
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