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Enantiopure Smethylthiodinaphtho[2,1 -c: 1 ',2'-eJ[1,2]dithiinium hexachloroantimonate 3 transfers enantioselectively 
the MeS+ group to transhex-3-ene, leading to non-racemic thiiranium ion 4, which, in turn, reacts with MeCN-H20 
allowing the synthesis of optically active double functionalised alkanes with enantiomeric excesses of up to 86%. 

Thiiranium ions are interesting species from a mechanistic 
point of view1 and versatile intermediates in organic synthe- 
sis.2 They are the intermediates in the anti-stereoselective 
electrophilic additions of sulfenyl halides to carbon+arbon 
double bonds and we thought it would be interesting to apply 
this chemistry to the enantioselective double functionalisation 
of alkenes, which remains an important synthetic target 
despite the great progress achieved recently.3 On the basis of 
previous studies by other authors4 and by ourselves1J~5 in this 
field, we thought it would be feasible to synthesise enantio- 
pure carriers able to transfer the RS+ moiety to unfunctional- 
ised alkenes. The rationale was that the association of an 
asymmetric auxiliary with the inherent chirality of the 
sulfonium ion could lead to a highly efficient transmission of 
the chiral information even to unfunctionalised double bonds. 
The chiral thiiranium ion generated would eventually react 
with nucleophiles to afford f3-functionalised sulfides without 
loss of optical activity (see Scheme 1). 

We selected for our preliminary experiments the dinaph- 
tho[2,1-c: 1',2'-e][ 1,2]dithiine 1 and the dinaphtho[2,l-e:- 
1',2'-g][l,4]dithiocine 2 as they both have C2 symmetry, in 
order to minimise the number of possible steroisomers;6 they 
contain a 1,l'-binaphthyl unit, and 2,2'-substituted 1,l'- 
binaphthalenes are widely used in asymmetric synthesis 
because of the excellent discriminating power reported for 
many reactions.7-9 Both substrates are characterised by strong 
preference for addition at either sulfur atom from the 
equatorial direction. We concentrated on the disulfide 1, 
which is a quite poor nucleophile and a good RS+ transfer 
agent,2 and which seems to give better results. 

Compound 1 is readily prepared,8J* in enantiopure form, 
from commercially available 1 ,l'-binaphthalene-2,2'-diol 
with about 40% overall yield and good optical purity 
[enantiomeric excess (e-e.) >98%]. 

The S-methylthio sulfonium salt 3 was prepared by the 
reaction of the disulfide 1 with 1 equivalent each of methane- 
sulfenyl chloride and SbC15 in dry methylene chloride at 0 "C 
under nitrogen. By addition of pentane and rapid filtration the 
thiosulfonium salt was isolated as a yellow powder in >90% 
yield. 

Its lH NMR spectrum in liquid SO2 shows only one set of six 

Scheme 1 

2 

aromatic signals;$ i.e. the two naphthyl moieties give the same 
resonances. This may be explained by a rapid migration of the 
methylthio residue from one sulfur atom to the other one of 1 
very likely via an intermolecular process.0 The equilibrium 
remains fast even at -90 "C. No significant chemical shift 
variation is observed in the temperature range studied (-20 to 
-90 "C). This suggests that the migration is between two 
identical species. Thus, in analogy with the oxidation to the 
monosulfoxide of dinaphtho[2,1-e: 1',2'-g][ 1,4]dithiocine 28 
we assume that the electrophile adds to either sulfur atom of 1 
specifically along the equatorial direction. 

In the complete reactions sequence (Scheme 2) a solution of 
the thiosulfonium salt in dry methylene chloride at the given 
temperature was allowed to react with the olefin (trans-hex-3- 
ene) and, after an appropriate time, which depends on the 
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Scheme 2 The stereochemistry shown in the drawings is arbitrary 
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Table 1 Enantioselective transfer of MeS+ to trans-hex-3-ene from the 
enantiopure hexachloroantimonate salt 3 

Time before 
MeCN 

Ole fin addition 5, e.e. 
equivalents TPC (tlmin) (%)" 

1.1 -20 10 4ob 
1.1 -20 10 496 
1.1 -60 60 5& 
1 .o -78 120 8& 

~ ~~~ 

a Determined for the isolated product via 'H NMR utilising (+)-(S)- 
or (-)-(R)-l-(9-anthryl)-2,2,2-trifluoroethanol. b The chemical yields 
for product 5 and recovered 1 are about 80%. A byproduct 
containing the MeS-S-binaphtho-!%residue is formed in about 30% 
yield. 
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temperature, acetonitrile was added as nucleophile.4iJ2 The 
reaction mixture was then treated with a saturated solution of 
NaHC03, and after the usual work-up, the disulfide 1 and the 
product 57 were separated by chromatography on silica gel. 
The reaction was also monitored by 1H NMR spectroscopy in 
CD2C12; at 25 "C, 3 reacts instantaneously with the olefin 
giving the thiiranium ion 4, which is stable under the reaction 
conditions. Thiiranium ion 4 has been independently prepared 
and isolated in the racemic form, using methylbis(methy1- 
thio)sulfonium hexachloroantimonate 6.13 

The results obtained with the preformed enantiopure salt 3 
taken as a representative example are collected in Table 1. 

It should be pointed out that thiiranium ions may react with 
other nucleophilic species present in solution. Thus adventi- 
tious nucleophiles with thiophilic properties may strongly 
depress the enantioselection because of reversible attack at 
the sulfonium sulfur. As a consequence the e.e. value 
measured for the final adduct 5 may be lower than that for the 
thiiranium ion 4. In principle, the problem may be solved by 
rapid precipitation and isolation of thiiranium ion 4 followed 
by determination of the e.e. However, there is, so far, no 
method available to measure the optical purity of thiiranium 
salts. 

The data in Table 1 suggest the following: (i) the thiosulfo- 
nium salt 3 is effective for the face-selective transfer of the 
electrophile MeS+ to trans-hex-3-ene; (zi) as frequently 
observed in asymmetric synthesis, lower temperatures lead to 
better e.e. values. 

Although the first two entries of Table 1 reveal that some 
difficulties, due to the high reactivity of thiiranium salts, are 
still present, the present results strongly encourage us to 
develop this new enantioselective double functionalisation of 
simple olefins as a useful synthetic route. 
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Footnotes 
t Part of this work was presented at the ESOC 8, Barcelona, Spain 
29th August4th September, 1993. 
5 Mp 105 "C (decomp.); 1H NMR (200 MHz, SO2, SiMe4) 6 3.17 (3H, 
s,CH3),7.31(2H,m),7.50(2H,m),7.82(2H,m),7.99(2H,m);8.35 
(2H, m). Elemental analyses were satisfactory. The optical rotation 
could not be measured because a solution of 3 absorbs at all the 
wavelengths of Na and Hg lamps. 
0 A similar process was observed for methylbis(methylthio)sulfonium 
hexachloroantimonate. It was proved that the rearrangement is 
catalysed by dimethyl disulfide, i. e. the reaction is intermolecular. l1 
7 Oil: 1H NMR (200 MHz, CDC13) 6 0.92 (3H, t, 57.02 Hz), 1.07 (3H, 
t, J 7.02 Hz), 1.31 (2H, m), 1.62 (2H, m), 2.02 (3H, s), 2.10 (3H, s), 

2.52 (lH, m), 4.08 (lH, m), 5.83 (br d, J 8.54 Hz). For the 4- 
MeOCsH4S substituted analogue see ref. 12(c). 
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