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Photoallylation of Quinones with Allylstannane
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Photochemical reactions of halogeno-quinones with allyl-
stannane in a benzene or an acetonitrile solution afforded
allylated quinones and allyl quinols as major products.
Nuclear spin polarization effects observed during irradiation
support a contribution of electron transfer process.

1)

Photochemistry of quinones with olefins as well as thermal allylation of

quinones with allylstannanes in the presence of Lewis acidz) has been studied in

our laboratory. It has been shown that reactions of the radical species gener-

3:4)  A1though

3,5)

ated by photo-induced electron transfer are synthetically useful.
extensive photochemical reactions of allylic silanes have been published,

6)

there are few reports on the photochemical reactions of allylic stannanes. In
this paper we describe the photoallylation of quinones with allylstannane in-
cluding the reaction mechanism supported by the CIDNP technique.

Irradiation of a benzene solution containing 2,3-dichloro-1,4-naphtho-
quinone (la, 1 mmol) and allyltri-n-butylstannane (2, 2 mmol) with a high pres-
sure mercury lamp through a Pyrex filter for 3 h under argon afforded 2-allyl-
-3-chloro-1,4-naphthoquinone (3a, 35%) and 1-allyl-2,3-benzo-5,6-dichloro-1-
hydroxycyclohex-5-en-4-one (4a, 15%) (Table 1, Run 1). Similarly, 3a (12%) and
4a (26%) were obtained in an acetonitrile solution (Run 2). The structures of

7)

the products were assigned from their spectral data, elemental analyses and
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chemical transformation.s) The results of photochemical reactions of quinones
la-d with 2 are summarized in Table 1. The photochemical allylation proceeded
at either quinone carbonyl carbon or halogenated ipso quinone ring position.

Regioselectivities were low in both benzene and acetonitrile.

Table 1. Photochemical Reactions between Quinones and Allylstannane 2)
Run Quinones Solvent Products/ %b) Conversion/ %
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a) Irradiated for 3 h except Run 2 (35 h).
b) Isolated yield based on a starting quinone consumed.

To clarify the reaction mechanism, we have applied 1H-—CIDNP method. Irra-
diation of deaerated benzene-d; or acetonitrile-d, solution of quinone la
(=10"%mo1 am~3) containing allylstannane 2 (~10—2m01 dm_3) gave rise to the

strong nuclear spin polarization effects for the adducts 3a and the by-product,

1, 5-hexadiene 8, whose assignments were indicated by arrows (Fig. 1).
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Fig. 1. 1y NMR spectra
(100MHz) of a benzene—d6

solution containing la

and 2 in the dark and

G

HHH (bottom) and during

irradiation (top).

9 and the

These polarizations are explained reasonably by Kaptein's rule
reaction scheme is proposed as follows (Scheme 1). Because of the strong oxi-
dizing power of these halogenated quinones, which is enhanced by photoexcita-
tion, electron transfer occurs from donor 2 to the excited triplet quinone 1 and

ion radical pair (17 gf) is produced. Owing to the instability of gf 10)

allyl
radical may be generated from cleavage of the cation radical, forming subse-
quently ion radical pair (1%, CH2=CH—CHé, SnBu; ). The attack of allyl radical
toward quinone anion radical lT gives the anionic intermediates, which afford
the adducts 3, 4, 5, and 6. Quinone anion radical 1+ and allyl radical escaped

from the cage would give rise to the reduction product 7 and the coupled product

8, respectively.
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