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Abstract—In similarity with the strongly electrophilic BPSEs and despite its more electron-rich character, 1-phenylsulfinyl-2-phen-
ylsulfanylethylene (SOSE) reacts with nucleophiles with displacement of the phenylthio moiety. Specifically it reacts with diols under
basic conditions to produce b-cycloacetalic sulfoxides. The reaction has been amply developed in carbohydrate chemistry.
� 2004 Elsevier Ltd. All rights reserved.
The two isomeric Z- and E-bis-1,2-(phenylsulfonyl)eth-
ylenes (BPSE) enjoy a large number of applications in
organic synthesis.1 They can be used either as ethylene
or acetylene surrogates in cycloaddition reactions or as
powerful Michael acceptors with substitution of a phen-
ylsulfonyl group.1
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Recently, we have developed the use of commercial
BPSE to access various types of alkoxyvinyl sulfones2,3

and simple or more complex phenylsulfonylethylidene
(PSE) acetals.4,5 Especially in carbohydrate chemistry,
it can be taken advantage of the remarkable reluctance
of PSE acetals of type 3 to undergo hydrolysis in acidic
media. In this respect, our concern has constantly been
to develop an alternative, possibly more convenient re-
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agent offering similar behaviour and reactivity. Anterior
and current studies in our group5,6 have demonstrated
that while sulfides 1 (n = 0) behave similarly to standard
cyclic acetals with regard to acid-catalyzed hydrolysis,
sulfoxides 2 (n = 1) show a behaviour comparable to
that observed for the previously described sulfones 3
(n = 2) prepared from BPSE. Hence, a logical first
choice was to test the reactivity of 1-phenylsulfinyl-2-
phenylsulfanylethylene (SOSE).

One major advantage in using SOSE as a reagent rather
than BPSE (and sulfones in general) is its lower mole-
cular weight : indeed, if on one hand it allows crystallinity
because of its high molecular weight, the PhSO2 func-
tional group appears on the other hand as a patent �oxy-
gen-squanderer�. In contrast with BPSE, SOSE offers a
better atom-economy associated with a lower oxidation
state of the sulfur atoms involved. In other respects, the
sulfinyl group constitutes a stable stereocentre and
therefore SOSE could be further considered in enantio-
pure form to be used in asymmetric synthesis. Alto-
gether, the sulfinyl moiety allows to anticipate a wider
range of synthetic transformations of its own.
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Obviously, the dramatically different stereoelectronic
features between BPSE and SOSE call for an in-depth
study aimed at verifying the reactivity of SOSE and if in-
deed it can be considered as an alternative, more conve-
nient reagent compared with BPSE.

Z-SOSE can be readily obtained from inexpensive (Z)-
1,2-bis(phenylsulfanyl)ethylene which in turn is readily
available in stereopure form via substitution of cis-1,2-
dichloroethylene7 or even more economically via 1,1-
dichloroethylene.8 Z-1,2-Bis(phenylsulfanyl)ethylene is
then submitted to monooxidation with m-CPBA in
dichloromethane to produce racemic Z-SOSE in more
than 80% yield.9,10
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With a view to providing an introductory evaluation of
SOSE�s potential, the base-promoted synthesis of cyclic
acetals from simple or complex diols undoubtedly was
the test reaction of choice. Application to a broad range
of structurally diverse diols of the protocol established
before5 actually furnished the respective phenylsulfinyl-
ethylidene acetals in moderate to excellent yields.
Hydroxythiols (and dithiols) reacted in a similar manner
4 X = Y = O, n = 1 (55%)
5 X = Y = O, n = 2 (73%)
6 X = Y = O, n = 3 (66%)
7 X = Y = S, n = 1 (56%)
8 X = O, Y = S, n = 1 (40%, d.r.=1:1)
9 X = O, Y = S, n = 2 (56%, d.r.=3:1)
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to produce the corresponding cyclic thioacetals (and
dithioacetals). The table below displays the results11,12

obtained both with simple molecules and carbohy-
drate-derived chiral substrates, for which the stereoiso-
meric ratio (d.r.) observed in connection with the
introduction of the sulfoxide stereocentre ranged from
1:1 to 2:1.

At variance with Z-SOSE, which proved reactive in
most cases, E-SOSE13 showed a much reduced reacti-
vity, such as it was recovered largely unchanged under
the conditions where its Z isomer was completely con-
verted. Such a result was not really unexpected: indeed,
a number of related alkenes do behave similarly. As a
pertinent example, Z-1,2-dichloroethylene reacts with
thiols under basic conditions, while the E-isomer does
not.7,8

It should be pointed out here that in apparent contrast
with SOSE, BPSE reacts with an addition–elimination
mechanism, the double bond displaying a highly electro-
philic character due to the strongly electron-withdraw-
ing phenylsulfonyl groups. For this reason Z- and E-
BPSE do not exhibit appreciable differences in reactivity
as the elimination of the phenylsulfinate anion is not the
rate-determining step. In return, the marked difference
of reactivity between E- and Z-SOSE might indicate
an elimination–addition mechanism. Under basic condi-
tions, Z-SOSE would expel a thiophenolate ion to pro-
duce transient ethynyl phenyl sulfoxide, which in turn
could act as the double Michael acceptor.
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Miscellaneous reaction conditions are under current
concerted investigation to complete our mechanistic
knowledge of SOSE�s reactivity against diverse nucleo-
philes.

In summary, in this communication we have introduced
the new doubly thio-functionalized reagent SOSE
which, besides its electron-rich character, displays a
marked reactivity towards nucleophiles similar to that
of the strongly electrophilic BPSEs. The electrophilicity
of SOSE was tested in combination with various diols—
particularly carbohydrate derivatives, affording good
yields of b-cycloacetalic sulfoxides, which are amenable
to the many transformations proper to the sulfinyl
group.14
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