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Abstract- The electrophilic reactions of five-membered cyclic dithiocarbonates

were studied. They afforded the isomers and polymers depending on the
substituents.

The Chugaev reaction is known as a pyrolytic B-elimination of COS and mercaptan from an O,S-dialkyl

dithiocarbonate (xanthate ester) to form an olefin.'! When there is no B-hydrogen at the ether oxygen of

the 0,S-dialkyl dithiocarbonate, a rearrangement takes place to form an S,S-dialkyl dithiocarbonate.”

This rearrangement has been reported to proceed efficiently with a cationic c:altalyst,3 whereas the
successful rearrangement of a cyclic one has not been reported so far. Recently, we have reported the
first example of selective cationic isomerization and ring-opening polymerization of five-membered
cyclic dithiocarbonates (1) depending on the catalysts. Namely, 1 selectively isomerizes with Lewis acid
and protonic acid catalysts, while it selectively polymerizes with CF,SO,Me (TfOMe) and CF,SO Et
(TfOEt).‘LS The formations of a cyclic oxonium cation (2) and a cyclic carbenium cation (3) have been
confirmed in the reactions of 1 with CF,SO,H (TfOH) and TfOMe, respectively, indicating that the

selectivity in the cationic reaction of 1 may be attributable to the different intermediates according to the

catalysts (Scheme 1).’
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It is important to control the reaction pathways to obtain a target compound selectively in organic
chemistry. Electronic and steric factors of compounds as well as catalysts play an important role in the
selectivity of the reaction. In this communication, we wish to report the effects of substituents on the
control of cationic isomerization and polymerization of five-membered cyclic dithiocarbonates (1a-c).
The five-membered dithiocarbonates (la; R, R'= -(CH),-, 1b; R=Ph, R'=H, 1¢; R= (CH,),, R'= H) were
synthesized by the reactions of the corresponding oxiranes with CS, according to the previously reported
method® The reactions of la-c were carried out under various cationic conditions to give the isomers

(d4a-4c¢) and the polymers (5b, 5¢) as summarized in Scheme 2 and Table 1.’
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Table 1. Cationic Isomerization and Polymerization of 1a~1c.

run compd  cat. solv. temp. time conv.  product
(°C) (min) (%) ratio (%)
4 : 5
1 la ZnCl], PhCl rt 180 0
2 1a TfOH PhCl rt 30 0
3 la TfOH none 60 60 100 100 : 0O
4 1a TfOCH, PhCl 60 30 100 100 : O
5 la TIOCH; PhCl 60 60 100 100 : O
6 l1a TftOCH; none 60 60 100 100: O
7 1b ZnC], PhCl rt 120 100 9 : 6
8 1b TfOH PhCl rt 30 100 0 :100
9 1b TfOH PhCl 60 10 100 0 :100
10 1b TfOCH, PhCl It 30 100 0 :100
11 1b TfOCH, PhCl 60 10 100 0 : 100
12 1c ZnCl, none rt 120 0 -
13 1c TfOH PhCl rt 120 4 0 :100
14 1c TfOH none 60 30 81 19 : 81
15 1c TfOH PhCl 60 60 73 56 : 44
16 1c TfOCH, PhClI 60 60 100 37 : 63

Catalyst; 2 mol % vs. 1a~1c¢; concentration of la~lc 3 M.
“ Estimated by 'H-NMR.
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The dithiocarbonate (1a) selectively gave the isomer (4a) not only with a protonic acid (TfOH), but also
with TfOMe. On the contrary, 1b gave the polymer (5b) selectively with TfOH and TfOMe at room

temperature and 60 °C, while it selectively afforded the isomer (4b) with ZnCl, at room temperature.

Meanwhile, 1c¢ did not show clear selectivity depending on the catalyst. It was surprising that the

product selectivity was completely different according to the substituent, considering the cationic reaction

behavior of the previously studied cyclic dithiocarbonates. *” Among several ring-opening reactions
involving a C-O bond cleavage, epoxides have been widely studied, where the direction of ring-opening
is markedly influenced electronically and sterically by the substituents.® In an acidic medium, the C-O
bond of cyclohexene oxide cleaves in an Sy 2-like manner, while that of styrene oxide does in an S
1-like manner.*® The selective polymerization of 1b might proceed via a carbenium cation stabilized by
the phenyl group in an S 1-like manner. The selective isomerization of Ib with ZnCl, indicates that the
catalytic properties such as acidities and counter anions are still important for the selectivity in the
reaction. The low reaction selectivity of 1¢ may be due to the stabilization effect as well as the steric
factor of the tertiary carbon of 1¢. On the other hand, both of the polymerization and isomerization of 1a
may be unfavorable due to the steric factor of the cyclohexene ring. Goodman et al. have reported that
trans-2-(benzoylthio)cyclopentyl tosylate transforms into S-benzoylepisulfonium tosylate on long standing
at room temperature (Scheme 3).m

Scheme 3
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In a similar manner, the formation of a benzoylepisulfonium ion may be possible as the intermediate
resulted by the sulfur atom participation, followed by the isomerization to yield the isomer selectively

(Scheme 4). The polymerization of the isomer (4) is negligible, because 4b does not convert with

TfOMe and TfOH at 60 °C. The reactivity of 1a-c toward cationic catalysts decreased in the order of 4b

>4a = 4¢, which might reflect the order of stabilization effect and steric factor of the substituents.
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