Tetrahedron Letiers, Vol. 34, No. 30, pp. 4865-4868, 1993 0040-4039/93 $6.00 + .00
Printed in Great Britain Pergamon Press Lid

Sequential Alkoxy Radical Fragmentation. A One-step
Method for Breaking Two 1,3-Positioned C-C Bonds
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Abstract: Cyclic hydroxy-ketones (1) and (2) in the presence of (diacetoxyiodo)benzene or mercuric oxide and iodine
under oxygen atmosphere and irradiation with visible light undergo a new sequential alkoxy radical fragmentation-radi-
cal peroxidation-peroxyradical cyclization-alkoxy radical fragmentation reaction. This methodology allows the cleavage
of two 1,3-positioned C-C bonds in a single step and constitutes a new synthesis of P-peroxylactones.”

We have recently reported that the C-radical produced during the f-fragmentation of alkoxy radicals is
able to trap a molecule of oxygen, and that the peroxyradical formed can eventually react with a suitably
positioned double bond.! Highly functionalized medium-sized ketones can be obtained by this tandem B-frag-
mentation-cycloperoxyiodination reaction. For instance, irradiation with visible light of 2-cholesten-5a-ol with
(diacetoxyiodo)benzene (DIB) and iodine in the presence of oxygen gave a mixture of 5,10-seco-20:,100:-
epidioxy-3&-iodocholestan-5-one. The structure and stereochemistry have been determined by X-ray crystal-
lographic analysis of one of the isomeric iodides.
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With this reaction in mind we conceive that the generation of alkoxy radicals from hydroxy-ketones of
the type shown in Scheme 1 could be a convenient procedure, through sequential f-fragmentation, to promote
the cleavage of two 1,3-positioned C-C bonds in a single step.

In this communication we describe our preliminary results on this reaction and its application to the
steroid models (1)? and (2).3 In order to generate the alkoxy radicals the hydroxy-ketones (1) and (2) were
treated with DIB and iodine or mercuric oxide and iodine under irradiation with two 100 W tungsten-filament
lamps under the conditions summarized in the Table. When the reaction is performed under argon (entries 1, 2
and 8) the expected ring expansion occurs4 and a mixture of C-10 olefins, compounds (3) to (7),5 is formed.

In the case of compound (1) when the reaction was conducted under oxygen (entries 3-7) it proceeded
to give the B-peroxylactone (8)6 in moderate yield. When DIB/I; was used with increasing oxygen pressure
the reaction led to clearly inferior results (compare entries 3-5). Similar yields were observed with the system
HgO/I; (entries 6-7).
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The structure and stereochemistry at C-10 of (8) were determined on the basis of spectral and chemical
evidence. Treatment of (8) with sodium periodate and ruthenium(lV) oxidc7gave after methylation with excess
of ethereal diazomethane, methyl ester (9), identical with a sample prepared previously. The C-10 stercochem-
istry of this compound was determined by X-ray crystallographic analysis of an appropriate derivative ®

Compound (2) was prepared for the purpose of promoting the B-fragmentation; the reaction proceeded
as expected to give B-peroxylactone (10)9 (entries 9-13), the best yield being obtained under an atmosphere of
air (entry 9). Nevertheless, the reaction was more complex and two new compounds were formed, the tetrahy-
drofuran derivative (11)lo and in some experiments (entries 11 and 13) the peroxyhemiacetal (12).11 The
peroxyhemiacetal (12) was transformed by photolysis with DIB/I; under argon into the B-peroxylactone (10),
providing good support for the proposed structure.

The mechanism for the formation of compound (11) is consistent with a hydrogen atom abstraction at
C-7 from an alkoxy radical at C-10 and has been commented pncviously.8 A plausible mechanism for the
formation of compounds (8), (10) and (12) is shown in Scheme 2. The alkoxy radical initially formed under-
goes P-fragmentation to give the C-10 radical which was stereoselectively attacked by a molecule of oxygen.
The peroxyradical obtained was added to the carbonyl group, and the new alkoxy radical formed underwent a
second B-fragmentation to give a C-radical at C-3 which was stabilized by losing a hydrogen radical to give
(8) or trapping an iodine radical from the medium to give (10). The isolation of the peroxyhemiacetal inter-
mediate (12) and its transformation in the reaction conditions under argon, into the peroxylactone (10) is in
agreement with the proposed mechanism.



Table. Fragmentation of hydroxy-ketones (1) and (2).*
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Entry Substrate  Solvent Reagent" Conditions Products
(mmol) P(atm)  Time (h) (yield %)
1 1 (0.0} DIB/I2 (2/1.3) Ar (1) 0.3 3(38),7(17),5(14)
2 1 CCl HgO/N2 (5.5/2) Ar (1) 7 3 (42),7 (46), 5 (10)
3 1 CCly DIB/I2 (3/1) air (1) 2 845,309,709
4 1 CCly DIB/I2 (2/1) 02 (5 0.5 8 (42)
5 1 CCly DIB/2 (1.5/1) 02 (10) 0.75 8(23)
6 1 CCl HgO/M2 (4/2) air (1) 2 8 (42)
7 1 CCl HgOM2 2.7/1.5) 02(5) 2 8 (49)
8 2 Cy DIB/12 (1.5/1) Ar (1) 4.75 4(48),6 (17)
9 2 Cy DIB/I2 (1.5/1) air (1) 35 10 (43),4 9), 11 (12)
10 2 CCly DIB/X2 (1.5/1) oz (1) 2 10 (16), 4 (8), 11 (16)
11 2 Cy DIB/I2 (1.5/1) 02(3) 5.5 10 (17), 11(16), 12 (23)
12 2 Cy HgO (5/1) air (1) 9 10 (39), 4 (16), 6 (14),
11 (16)
13 2 Cy HgO (5/1) o1 9 10 (20), 4 (13), 6 (10),
11 9), 12 (7)

‘)AureacﬁomwuepafmneanS"CmderimdiaﬁmwiﬂlmIWangsm-ﬁlmthmps;ﬂnumdummm
made in a borosilicate Griffin-Woeden pressure vessel (Kontes K-767100). 0.2 mmol in 15 ml. <) Reaction made at 19 °C. DIB =

(diacetoxyiodo)benzene; Cy = cyclohexane.

Scheme 2
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