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Episulfonium ions have been long considered to be important species in
electrophilic addition of sulfenyl halides /1/. Until recently only indirect
evidence was available about the chemical properties of these intermediates.
Here we report what seems to be the general procedure for the generation of
episulfonium complexes /2/ and the data on their chemical reactions /3/,
Preparation. We have shown that stable solutions of complexes could be prepared
either by direct reaction (route A) of alkene with cationoid reagent RS*YY™(¥™-
BFu “or SbFs-, generated in situ by the reaction of RSHal with corresponding
silver salt) or by the stepwise procedure (route B+C)via the preparation of p-
haloalkyl thioethers which are further treated with the same silver salts. Both
procedures proved to be generally useful as shown by the representative exam-
ples given in Charts 1=5., The structures of episulfonium ions I,I-I6 suggested
for these complexes are supported by the following chemical evidence /4/.
Stability. The complexes I1-16 were stable for at least several hours at-BOOC
in the non-nucleophilic solvents (CH2012, CZH4012, SOZ’ CH3N02) /57
Reactions of IS-IG with nucleophiles proceeded smoothly within several minutes
even at-30°C+O C after the addition of corresponding base, All the nucleophi-
les studied, irrespective of their nature, reacted with 11-15 in a similar
fashion giving the corresponding‘p—substituted thioethers as the major products
/6/.

Regioselectivity of the nucleophile attack proved to be quite sensitive both
to the structure of the intermediate and to the nature of the quencher. Thus
I, was converted to Markovnikov's adducts V (a=d) upon the action of all the
nucleophiles studied, On the contrary, the exclusive formation of anti-Markov-
nikov's adducts, XI (a=f), was observed for the quenching of I, with all the
nucleophiles but nitriles: the latter gave Markovnikov's adducts X (a,b). A ra=-
ther peculiar pattern of regioselectivity was observed for the reactions of 13=
its quenching with Hao or GH30E afforded adducts VII ( a or b) while the anti-
Markovnikov®’s adduct VIIIa was formed in the reaction with CH3COOH.
Stereoselectivity., The exclusive formation of trans—adducts has been observed
for the transformations of I1 into II or III; the trans—configuration of the
producte was supported by PMR data (JAB'¥'9-12HZ, determined for 3,3,6,6~d,~
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{I(a~c,hy1) or III(a~d) /7/). The interaction of acyclic episulfonium complexes
with nucleophiles should be described as a trans—stereospecific process since
the quenching of the solutions of I5 or I, (prepared at ~40°C from XIII or XIV
respectively) with GHBGOOH produces pure acetates XV or XVI /8/, However, it
has also been found that both 15 and IG while being configurationally stable at
=40°C (at least for 4 hours) could be made to equilibrate on warming up t

20°C. The subsequent quenching of the equilibrated complex with CHBGOOH arfor-
ded the mixture of IV and XVI, the ratio of products being independent on the
geonstry of olefin used for the preparation of original intermediate,

Rearrangements. It was shown that although I4 is sufficiently stable at -30°C
allowing the preparation of unrearranged products X or XI it could undergo the
irreversible conversion into the covalent preoduct XII upon heating to +20°¢c,
The structure of III suggested the reaction pathway shown on the Chart 4, Simi-
lar rearrangements were also observed for norbornene derivatives /9/.
Typical experimental procedures are as follows, Formation of I“= Route B+4C,
The solution of 115(2.1 mmoles prepared as in /1b/) in C,H,C1,-CH,CL,(5ml,1:4)
was treated at =40 C with AgBF,(5 mmoles) in CH3H02(3ml). The precipitation of
AgCl was observed. To ensure the eompleteneas of the reaction the mixture was
additionally kept for 10 min at =15 C. Route A, The solution of AsBF4(5 O mmo-
les) in CH3NO (3 ml) was added at -55°C to the solution of CGHSSCI (4,2 mmoles)
in C,H, 12-GH2012(6 ml, 1:2). After the complete precipitation of AgCl (5 min)
the solution of IX (2.1 mmoles) in CH 012(4 ml) was added at =55°C, The forma-
tion of I is complete in 5=~10 min,
Preparation of XTa, Glaclal CH3COOH (25 ml) was added to the solution of I, at
-50°C, The mixture is warmed up to 0° C, treated with aq.NaHCO3 and extracted
with ether., Ethereal layer was washed with aq.NaHGOB, HZO and dried over Naasoq.
Distillation afforded 0.8 gr of pure (ge.l.c., PMR) XIa (77%). Other adducts we-
re prepared in the similar fashion with following bases as quenchers: CHBCN
(or 06H50N) and H,0 for X, and GH30H, HNEt,, NaCH (GOOCH3)2, NaBH,, ByfCl for
XI (b-f, respectively).
Preparation of XII. The solution of I, was warmed up to +20°C, kept for 1,5b at
this temperature, then cooled down to -50°C and quenched with CHBCOOH.-Usual
work-up (see above) and t.l.c. sepsration (A1203) afforded 3,4,4~trimethyl -
[5,6) -benzthiochromane (XII, 0,62 gr, 77%) and XIa (0.24 gr, 22%).
Discussion. We believe that the above data teken together leave no reasonable
alternative to the suggested episulfonium ion formulation of the structures of
the complexes I1'16' The existence of bridging in these intermediates is stron-
gly supported by (1) their ability to form both Markovnikov's and anti-Markov-
nikov's adducts on quenching and (ii) the strong preference for the rear-side
nucleophile attack. The chemical behaviour of the 11'16 in several aspects
patterns that of the open carbonium ion. Especially relevant is their ability
to undergo: (i) the exclusive (or predominant) attack at carbon atom /10/ for
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Chart 1 x)
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Figures in parenthesis refer to yields /6/.
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various nucleophiles including H™ (from NaBH or'Et3SiH) or RCN /11/ and (i1)
stereomutations and sceletal rearrangements, These properties could be accoun-
ted for by the assumption of a substantial positive charge localization on car-
bon and/or by a comparatively low activation barrier for the bridged-ion—wopen
ion transition., Studies on the possible synthetic uses of episulfonium ions as
the "masked" equivalents of carbonium ions are under way.

In view of the above results it seems implausible that episulfonium ions
similar to I,~I; could be formed at the rate~determining step of Ady reaction
of RSHal with alkenes. The latter reaction is well known for its inability to
form either rearranged or solvoaddition products /1/ and for the invariancy of
its trans-stereospecific course over a wide range of conditions /12/. We belie-
ve that the alternative covalent sulfurane structure /13/ should be considered
as the more adequate representation of the intermediate involved in RSHal ad~
ditions to olefin under usually adopted conditions /14/.
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