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Synthesis of X—Lactones by the Intramolecular Radical Cyclization of 2-

Bromo-3,3-bis(methylthio)propionates. A Useful Ketene Radical Synthon
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The first example of intramolecular radical cyclization
of ketene radical synthon is presented. Intramolecular
radical cyclization of 2-bromo-ketene-S,S-acetals proceeded
highly regioselectively to give the corresponding 5-exo-
trig cyclized K—lactones.

Synthetic applications of ketene-S,S—acetals‘substituted with electron

withdrawing groups at C(2)-position have been well studied to construct

a variety of heterocyclic systems}J The advantage of this method is that
acetal can be easily prepared by the known procedure 2)and the C(2) carbon
atom is highly activated by the effect, generally known as push-pull or
donor-acceptor effect. Thus an anion or a radical can be generated at

this position by the effective stabilization. In previous studies, we
demonstrated the preparation of ketene enolate anions from ketene-S,S-
acetals and its synthetic utility (Eq. 1)§) In this paper, our interest

has been focused on the generation of the radical version of ketene radical
synthon (Eg. 2).

M E Me E
E € > \V——ﬂis = 'g:::C:i) 0)
H Me Y SMe

E Me B SMe E
—>

Il
L

E = electron-withdrawing group



1458 Chemistry Letters, 1991

This is a unique concept since radicals have never been accounted
to be utilized as ketene radical synthon.4) Exposure of ketene-S,S-acetals
to a radical reaction would result in a nasty reaction, because carbon-
sulfur bonds are believed to be fragile under those conditions.5) We
looked for a possibility to create a hitherto unknown type of ketene radi-
cal synthon and we reported here the successful preparation of ketene
radical synthon and its intramolecular radical cyclization reaction
assisted by tri-n-butyltin hydride.6)

At first, we found that ketene-S,S-acetal unit as a protecting group
was stable under the standard radical reaction condition.7) The ketene
radical precursor was prepared via an introduction of bromine at C(2) posi-
tion by the reaction of ketene-S,S-acetals with N-bromosuccinimide (NBS)
in CCl, at room temperature.s) 2-Benzoyl-2-bromo-ketene-S, S-acetal (19)
obtained was reduced efficiently to 2-benzoyl-ketene-S,S-acetal (13) by
treating with tri-n-butyltin hydride and azobisisobutyronitrile (AIBN) at

80 °C in dry toluene.
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Since the S,S-dimethyl acetal group was inactive under the above men-
tioned radical reaction conditions, we attempted an intramolecular radical
cyclization using this synthon. The results are shown in Table 1.9) The
radical cyclization proceeded highly regioselectively to give 5-exo-trig
cyclized K-lactones with ketene-S,S-acetals at gl-position (in entries 1,

3, 4, 5,and 6). In the case of entry 2, 5-exo-trig cyclized compound_g

and thermodynamically stable product lg were obtained in the ratio of 1:1
respectively. In entries 5 and 6, the stereoselectivity of the radical
cyclization was almost 1:1.11) However, in cyclic system, the radical cycli-
zation of the ketene radical synthon showed high regio and stereoselectivity
(entry 3). The obtained cyclized ketene-S,S-acetals 8—14 could be converted

to the corresponding g—lactones with carboalkoxy group at ¢(-position.



Chemistry Letters, 1991 1459

Table 1. Intramolecular Radical Cyclizations of Ketene Radical Synthon

Entry Ketene-S,S-acetals Products (Yield/%) a) syn:anti L)
h Me Me
P B Me Ph SMe
1
| 2 8.(7)
Me Me

1w
15
N
w
g
=
~
S

3 (»99:1)
4
TBDMS
SMe SMe
PhBr SMe Fh SMe
5 £ (1:1)

13(69)

s
Me HSMe
6 Br SMe H SMe .
(1:1)
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a) Isolated yield. b) Determined by 270 MHz 1H—NMR analysis.
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