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Selective Bond Cleavage in the Iron(1ir) Chloride-catalysed
Photo-oxidation of Olefins

By TaDpasHI SaTo,* Kazuo MaEMoTo, and AKIRA KoHDA
(Department of Applied Chemistry, Waseda University, Ookubo 3, Shinjuku-ku, Tokyo 160, Japan)

Summary Iron(u1) chloride-catalysed photo-oxidation of
substituted olefins gave either gem-dichloro-ketones or
o, w-dichloro-ketones selectively, depending upon the
substitution pattern of the substrates.

WE reported previously? that iron(111) chloride had a charac-
teristic effect on the photo-oxidation of olefins in pyridine.
The reaction was postulated to take place via a long-range
electron transfer mechanism to produce a B-chloro-hydro-
peroxide intermediate (2).2 It was shown that the inter-
mediate from cyclohexene is the secondary hydroperoxide

R, OH 0
cl

X
(3)

(2, R = H), which undergoes dehydration to produce the
a-chloro-ketone (3), while the intermediate from 1-methyl-
cyclohexene (1a) is the tertiary hydroperoxide (2, R = Me),
which undergoes C-C bond cleavage at either the a or the &
bond to produce (4a) or (5a), respectively, after trapping
another chlorine atom. We have called the reaction
involving the dehydration to give the a-chloro-ketone a
type A reaction, and the reaction involving C-C bond cleav-
age type B. However, since it became obvious that the
direction of the bond cleavage depended very much on the
substitution pattern of the olefin substrate, we now wish to
amend the classification as follows: type A reactions involve
no C-C bond cleavage as in the case of cyclohexene; type B
reactions involve bond cleavage at the double bond (a-
position) to produce the gem-dichloro-ketone (4); type C
reactions involve bond cleavage at the position adjacent to
the double bond (b-position) to produce the o,w-dichloro-
ketone (5).

Although the yields and selectivity for the type B and C
reactions are not high with simple mono-substituted cyclo-
alkenes as shown in entry (i) of the Table, we have found
now that an extra alkyl group in an appropriate position of
the cycloalkenes dramatically enhances the yields and the
selectivity for the reaction. As shown in entries (ii) and
(iii) of the Table, the introduction of an alkyl group (R?) on
C-2 of the cycloalkene (6) promoted the type B reaction
producing (7), while introduction on the w-C atom (8)
promoted the type C reaction producing (9). The reaction
conditions were as reported previously,! and the products
were identified by spectroscopic analysis. The selectivity is
quite high, and no products from the alternative types of
reaction were identified. It isnotable that the alkyl groups
are more effective in directing the bond cleavage as compared
with the chlorine atom in the hydroperoxide intermediate.

TaBLE. Photo-oxidation of the cycloalkenes (1), (6), and (8).
Starting
Entry material Products and %, yields
Me Me Me
N X o Cl
0 cl Cl
X \
x_/_< X
of}
(1) (&) (5)
X
a; —[CH,)- 47 7
() b; —[CH,ly— 6 0
c; —[CH,lg 35 33
d; -CH,CHPri-® 26 12
R1
Type 8B 0
Cl
X Cl
RZ
(6) (7)
X R* R?
a; —[CHjl— Me Me 86
.. b; -{CH,ls— Me Me 65
() ¢ _{CHyly- Me Me 60

d; —CHMeCH,- Me Et [18 (R! = Me, R? = Et)

11 (R! = Et, R? = Me)

R‘l
RZ Cl ﬁ/c[
Type C \(0
—_——
X
(9)
X R! R?
a; -[CH,]y— Me Me 64
(i b; -[CH,ly Me Me 77
) Ve, —[CH,l. Me Me 65
d. —CH,CHMe-¢ Et Me 31

a Identified as the ethylene acetal. P (4)-Menthene. The
product (10) was the major product (439%,). ¢ Both methyl
groups are cis. (11) was the major product (359%;).

The formation of the a-chloro-ketones (10) and (11) from
the olefins (1d) and (8d), respectively, presumably occurs
via the B-chloro-hydroperoxide (12), followed by dehydra-
tion, which is typical of type A reactions. The intermedi-
ates (12) are alternative regioisomers of the normal type of
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Me ,Cl Et Cl Both type B and type C reactions have potential in

organic synthesis because the products possess alkyl ketone
or a-chloro-ketone functions on one end, and gem-dichloro-
or monochloro-functions on the other end of a carbon chain
of any length. The type C reaction seems particularly
valuable because a wide variety of compounds are accessible
starting from cycloalkenes of any size appropriately sub-
stituted with two different alkyl groups, which are in turn
available from cyclic ketones by the modified Shapiro
reaction.*

(10) (1) (12)

chloro-hydroperoxides (2). Their formation and stereo-
chemistry were discussed elsewhere? in terms of the steric

effect of an isopropyl group or two cis-methyl groups,
respectively, on the ring. (Received, 11th June 1981, Com. 685.)
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