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Biphasic Photochemistry: Micellar Control of Regioselectivity in
Enone Photoannelations

By Paur pE Mayo and LEiv K SypNEs
(Photochemastry Unait, Department of Chemastry, Unwversity of Western Ontario, London, Canada, N6A 5B7)

Summary Photocycloadditions of 3-butylcyclopent-2-en-
one to alkenes and alkenyl acetates 1n potassium
dodecanoate micelles give [2 + 2] cycloadducts the
regioselectivity of the addition 1s different from that
obtained 1 homogeneous solution in organic solvents

ProTOCHEMICAL cycloaddition 1s a useful synthetic tool
which has been frequently exploited, but to extend 1its use-
fulness the regiospecificity must be controlled At present

some control may be achieved by substitution in the react-
ants or by variation of the solvent polarity, further means
of control are highly desirable

Recently, 1t was observed that of-unsaturated cyclic
enones will dimerise photochemically 1n sodium and potass-
wm dodecanoate micelle solutions and that they give
products of a predominant head-to-head cycloaddition,!.?
1somers not otherwise easily obtainable We report here
that mixed additionst can be achieved and that a significant
control of regioselectivity can also be obtained in photo-

+ A mixed addition 1n a neutral 2 phase system has already been reported (Y Nakamura Y Imakura, and Y Monta Chem Lett
1978 965) but 1ts synthetic utility 1s dubious since one of the substrates needed to be >>1 2 M 1n order to reduce but not eliminate

the competing dimerisation of the other
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annelations when the reaction is performed in micellar
potassium dodecanoate (KDC).

3-Butylcyclopent-2-enone (1), when irradiated in KDC
micelles or in organic solvents in the presence of the olefins
(10-2—10"1 M) (2), gave the corresponding [2 + 2] cyclo-
adducts}in good to excellent yields as mixtures of the isomers
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(3) and (4). The olefins were normally employed in a 5—30-
fold molar excess, but lower ratios were also satisfactory,
thus reducing the amount of olefin required; the regio-
selectivity was not, as shown by g.l.c. analysis, sensitive to

TABLE. Product distribution from the photocycloadditi ons of
(1) to (2).2

Olefin Medium Yield®/ % 3)e/% e/ %
(2a) KDCH 98 78 22
Diethyl ether g7e 57 43
Cyclohexance 95 51 49
(2b)  KDC4d 99 88 12
Acetonitrile 92 63 37
Methanol 96 62 38
Diethyl cther 99e 57 43
Cvclohexance 92 53 47
(2¢) KDCa 95 70 30
Methanol 65 0 100
Diethyl cther 85¢e 0 100
(2d) KDC 68¢ 70 30
Methanol 65 0 160
Cyclohexane 53e 0 100

a All reactions were performed at room temperature by irradiat-
ing degassed solutions with Pyrex-filtered light from a 450 W
medium-pressure lamp. P Unless otherwise stated the yiclds are
determined by g.l.c. analysis and are based on the unrecovered
enone. ¢ The (3):(4) ratios were determined by g.l.c. analysis of
the reaction mixtures in the cascs of (2a) and (2b). In the cases
of (2¢) and (2d) the ratios were determined by g.l.c. analysis of the
product mixtures, obtained by hydrolysing and subsequently
oxidising the cycloadduct mixtures. 4 The mean number of
enone molecules per micelle varied from 015 to 1-0. ¢ Isolated
yield.
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the olefin: enone ratio. Photocycloadditions of (1) to (2a)
and (2b) in any of the reaction media used gave reaction
mixtures wherein isomers (3a) and (3b), respectively, were
in excess. When the reactions were performed in KDC
micelles the yields of these isomers were much higher than
those obtained in polar solvents (Table). The effect was
accentuated when (1) was irradiated in the presence of (2c¢)
or (2d); the ratios [(3c) or (3d)]: [(4c) or (4d)] increased by
at least 2 orders of magnitude when the reaction medium
was changed from an organic solvent to micellar KDC.
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FI1GUre. Schematic presentation of the most favourable orienta-
tions of (1) and (2) with KDC micelles.

We believe that these changes in regioselectivity are due
to a specifically micellar effect and are not a function of the
medium polarity. In the micelle (Figure) enone (1) will be
oriented mainly with the carbonyl group in the Stern layer
and the butyl group in the core.2:* The olefins, and particu-
larly (2c) and (2d) because of the polar acetoxy-group, will
be incorporated mainly into the micelle as shown in the
Figure. Consequently, the yield of the regioisomers with
alkyl groups attached to C-5 and C-6 increases relative to
that obtained on irradiation in organic solvents.

(Received, 5th June 1980; Com. 613.)

t All new compounds were characterized spectroscopically and, except (3d) and (4d), with a precise mass determination or an ele-

mental analysis.
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