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Abstract: a-Sulfenyl radical can be generated from o-chlorosulfide or dithioacetal. The
olefin substituent effect on the intramolecular radical cyclization of this type was studied.

Free radical reactions have enjoyed their popularity in recent years.! In particular,
the use of intramolecular free radical cyclizations to construct five-membered rings has
received the most attention. We focused our attention on the generation and cyclization of
radicals carrying e-sulfur functional group. The presence of such group in the cyclization
product opens the possibility for further transformations. Examination of the literature,
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we have found only a few scattered reports involving this type of free radicals.
we wish to report our results in the area of e-sulfenyl radical cyclizations.

Initially, we generated the desired radical from e¢-chlorosulfides. Thus, when chloro-
sulfide 2a, prepared* almost quantitatively from 1a® (eq 1), was treated with tributyltin
hydride in the presence of 5 mol% of azobisisobutyronitrile (AIBN) in benzene (0.05 M) at
80°C gave 45% yield of 4a as a 35/65 mixture of cis and trams isomer, respectively.® 1In
addition was isolated 29% of 1a which was derived from hydrogen abstraction of radical 3
from tributyltin hydride.” We were not able to detect any six-membered rinmg product. In
order to provide an authentic sample of phenyl cyclohexyl sulfide (5) for comparison and to
determine the stereochemistry of 4, we adopted an alternative route to synthesize 4a and 5.
Thus, 5 was prepared (50%) according to Walker's procedure® from cyclohexanol (#-phenylthio-
succinimide, tributylphosphine, THF). Similarly, cis- and tress-4 were prepared from trans-
and ¢is-2-methylcyclopentanol, respectively, in 80 and 17% yield.®

When we tried to optimize the cyclization of 2a, a dehydrochlorinated product 6 was
gometimes present in varying amounts. This diene sulfide is probably formed via an ionic
process. In fact, when we carried out the reaction (0.05 M) in the presence of 0.2~1
equivalent of anhydrous triethylamine,'® the formation of 6 was successfully depressed.
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a, Ry=Ry=Rg=H; b, Ry=Ry=H, R3=CHs; ¢, Ri=R3=H, Ra=CHs; d, Ri=CH3, Re=Rz=H
e, Ri=Ry=CHg, R3=H; £, Ri=Ry=H, Ry=C0:Et; g, Ry =C0sEt, Ro=R3=H
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a, R13R2=R3:H; c, R1=R3=H, RQ:CHg; d, R120H3, RQ:RgZH; e, R1:R2=CH3, Rs=H
(a) PhSH, ZnCly, CCly (7a: 70%) (b) NaSPh, DMF (7c: 677, 7d: 57%) (c) »Buli (1.1
equiv), HMPA (1.1 equiv), THF, -50°C; 5- iodopentene (1.2 equiv), -50°C —RT (7a: 92%)

However, as the reaction concentration became more dilute (< 0.02 M), 6 was unavoidable. To
solve this problem, we felt that dithloacetal 7a (Scheme I) may provide a better

alternative.!!
by alkylation of the anion of diphenylthiomethane!® (8). Reaction of 7a with tributyltin
hydride (Table I) indeed gave 4a (54%) with the same cis/trans ratio as obtained from 2a.

We subsequently studied the effect of olefin substitution on the cyclization and the

This dithioacetal can be prepared either from 2a by exchange reaction'? or

results are summarized in Table T. 1In general the dithioacetals are better substrates for
radical cyclization than chlorosulfides. Unfortunately, the reaction of dithioacetal with
tri- - butyltin hydride appeared slower and at more dilute conditions (< 0.02 M) starting
material was recovered even after prolonged heating. Being a nucleophilic radical'® the
cyclization of e-sulfenyl radical with electron deficient olefin (entry 9, 10)!* is faster
and proceeded to give only the cyclization product even at higher concentration.

The assignments of the stercochemistry of 4c, 4e, and 4f were made by comparison of the
chemical shift of H-1 with that of cis- and trams-4a. For the cis ones, H-1 all appeared at
lower field within & 3.79 = 0.07 ppm, and that of the trans ones all appeared at higher
field within &6 3.01 = 0.09 ppm.'® Tt is noted that for the cyclization of Ta, irans-4a was
the major product (entry 2, Table T); however, the seemingly sterically more congested
¢is-4e enhanced its weight in the cyclization product derived from 7e (entry 8, Table I).
Yet, in the case of 2g (entry 10, Table I), c¢is-4f became the major product.

Although initially we felt that the fact that we did not observe six-membered ring
product indicated the kinetic nature of these cyclizations; however, confused by the
stereochemical outcomes, we felt that it may be essential to probe the reversibility of our
process before drawing any conclusion. Thus, a c¢is enriched mixture of 4f (¢/t = 65/35) was
hydrolyzed (KOH/MeOH/H2D) and converted to 9 according to Barton's procedure.'® When 9 was
treated with tributyltin hydride (eq 2) we were able to isolate 4a (197 from 4f) with the
same ratio of c¢is and frams isomers as

In order to provide a rationale for the stereoselectivity observed here one can adopt
the Beckwith model'® assuming a chair transition state as shown in A or B. For cyclizations
that are faster as in entry 10 (Table I), an early transition state is proposed in which the
distance between C-5 and C-1 is longer and the steric interaction between the phenysulphenyl
group and C-3 hydrogen is more important and raises the energy of B relative to A and cis-4
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Table I Intramolecular free radical cyclizations of - phenylsulphenyl radicals.®

cyclization product reduction % elimi-
entry  substrate {yield%; ¢/t ratio)c’d product (yie]d%)c nation®:®
1P 2 4a (45; 35/65) 1a (29) -
2 7a 4a (54; 35/65) 1a (29) -
30 2b - 1b (30) 33
40 2¢ dc (20; 35/65) 1c (26) 36
5 7c® 4c (48; 35/65) 1c (26) --
6° 2d dc (29; 35/65) 1d (34) 3
7 7d 4c (51; 35/65) 1d (32) -
8 Te! de (55; 45/55) 1e (17) --
g3 gk Af (67; 55/45) - -
P23 ek Af (83; 65/35) - -

3eactions were performed by slow addition (6 h) of a solution of tributyltin hydride

(1.5 equiv) and AIBN (0.05 equiv) to a solution of the substrate in benzene heated at

80°C with final concentration of 0.05 M. bTriethylamine (0.2 equiv) was added. “Isolation

yield. dRatios were determined by Ty R spectrum integration. “Ceometry of the olefins

were not. determined. £ mixture of ¢is and trans isomers (c¢/t = 85/15). Eprepared from

2c. hPrepared from 2d. Prepared from 8. JFinal concentration was 0.1 M. “See ref 14.
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is the major product. For slower cyclizations as in entry 2,5 and 7 (Table I), a late
transition state is proposed in which the distance between C-5 and C-1 is shorter and the
eclipsing interactions between the substituents on C-1 and C-5 are more important.
Transition state A now has higher energy and trans-4 becomes the major product. We believe
that our cyclization is the first model that demonstrates how the degree of bond formation
in the transition state is effecting the stereochemical course.!®
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