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Abstract: By thermally or photolytically induced decomposition of O-acyl derivatives
of N-hydroxypyridine-2-thione or other thiohydroxamic esters, in the presence of an excess
of electron deficient olefins, 2-vinylcyclopentane derivatives were obtained. This sequ-
ence of addition/cyclization/elimination reaction is mediated by a phenylthio radical.

Cyclopentane ring annulation by a 3 + 2 radical cycloaddition reaction of 3-butenyl
type radical 2 to the electron deficient olefins 1 represents a useful methodology for the
construction of polysubstituted cyclic molecules 5.1-6 On the other hand a method for the
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free radical allylation by allyltributylstannanes or allyl Erbutylsulphidee, involving

the addition of a carbon radical onto a double bond with concomitant displacement of a ra-
dical from the allylic position, has been applied on the radical cyclization reaction39 10
The cyclopentylmethyl radical g, generated by 5-exo-cyclization of 5-hexenyl type radical
5 and possesing a good radical leaving group in the allylic position, undergoes a f-eli-

mination affording vinylecycloalkane derivatives 7. 3,5,6,9-11
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Our approach to the synthesis of highly functionalized vinylcyclopentane derivatives
is based on the following known reactions: i) intermolecular addition of 3-pentenyl radi-
cal 8, ii) intramolecular cyclization of a 5-hexenyl type radical 9, and iii) fA-elimina-
tion of a phenylthio radical from the cyclopentylmethyl radical 10, combining them in one

reaction sequence which could be realized as one pot reaction. The reactivity of radical
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intermediates and the ratio of reagents were appropriately selected making possible two
regiocontrolled C-C bond formations. Thiohydroxamic esters were used as precursors of

3-pentenyl type radicals §. The Barton decarboxylation procedure12 was applied, because
Curran generated 3-pentenyl type radical g by tributyltin hydride method and low yield
3

of cyclic products were obtained. This sequence of radical cycloaddition reactions is
terminated by elimination of a phenylthio radical which acts as a mediating species in
this radical chain reaction.

Thiohydroxamic esters 12 were prepared in good yields as previously described.lz’13
By thermally or photolytically induced decomposition of thiohydroxamic esters (such as a

0-acyl derivatives of N-hydroxypyridine-2-thione 12) in the presence of five-fold molar
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5 equiv. 12 13

excess of electron deficient olefins 1, 2-vinylcyclopentane derivatives 13 were obtained
in 33-70% of isolated yields (50-90% g.c. yields).lq The reaction products show the spec-
tral characteristics consistent with the proposed structures.15 The products and their
yields are presented in the Table 1.

The sequence of radical chain reactions involving an addition/cyclization/elimination
is initiated by decomposition of esters of N-hydroxypyridine-2—thione and 6-phenylthio-3-
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Table 1. 2-Vinylcyclopentanes obtained by the radical cycloaddition/elimina-
tion reaction

a) b)
R R, z A B Products cind their isolated

Method (and g.c.)®’ yields in %9)

N

P 0 0

H CsHo CN H H O—CQ 70 (90)
t

COOEt H H T O_CCOE 50 (76)

COOEt H Me P

ho (64)

H PhCHa  CN H H Te) 33 (50)

COOEt H H P 43 (71)

: p’—C[;
? 5 '
-g—l'l-c— H P Ph—-N 37
Ph

COOEt
-(CHa)4- COOEt H H P OCE¢ 41 (80)
COMe H H P O(:é 39 (89)

N

~(CHa)5- CN H Me P 58 (77)

CHO H H P 58 (89)

Method P: Irradiation of thiohydoxamic esters in benzene solution with a 200 W tungsten
lamp (1 h).

Method T: Thermal decomposition of esters in boiling toluene (about 112°C, 1 h).

a) Mixtures of stereoisomers.

b) Isolated by chromatography using silica gel column and benzene as an eluent.

c) G.c. were performed using 5% OV-101 on Chromosorb WDMCS column.

d) Yields were not optimized. In some cases the experiments were repeated with reproducible
yields of reaction products.

e) Thiohydroxamic ester -00C f\/\/s"" was used.
Ph
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hexenoic acid 12. Addition of the phenylthio radical to the C=S bond of the starting ester
12 proceeds with a concerted or stepwise fragmentation reaction involving an intermediaiy
carboxyl radical li, and by its decarboxylation a S-phenylthio-3-pentenyl radical 15 is ge-
nerated. In the following step a regioselective addition of radical 15 to the radicophilic
olefin 1 occurs. Using 5 equivalnets of excess of olefin 1, the rate of addition of radical
15 to the electron deficient olefin 1 is more rapid than that for the addition to the star-
ting thiohydroxamic ester 12, Thus by 5-exo-cyclization of radical lﬁ, a cyclopentylmethyl
radical 17 is formed. Bearing a phenylthio group in the f=position, radical 17 undergoes
rapid fragmentation producing 2-vinylcyclopentane derivatives 13 and expelling the phenyl-
thio radical as a chain carrying radical.

The synthetic value of this methodology is in the mild experimental conditions and the
possibility that different functional groups can be tolerated without considerable influence
on the yields of the reaction products.
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