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Abstract: The selective reductive cleavage of highly functional-
ized 5-(tert-butylamino)-2-(phenylthio)thiazolium chlorides and
mesoionic 2-(phenylthio)thiazolium-5-thiolates has been effected
efficiently at room temperature using an excess of PhSH in the pres-
ence of Et3N to give the corresponding 2-unsubstituted imidazolium
and thiazolium-5-thiolates. The NaBH4 reduction of 2-(methylth-
io)imidazolium chlorides and the H2O2 treatment of a thiazoline-2-
thione are also reported.
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Thiazolium cations, which are active moieties of thiamine
(vitamin B1), have attracted great interest in recent years
from both chemical and biological viewpoints. Especial-
ly, the reactivities of the C-2 acidic proton and the nucleo-
philic carbene character of intermediates formed by this
proton abstraction have been discussed for a long time.1

Conjugated bases are now recognized to be of particular
importance for access to dimeric 2,2¢-bithiazolinylidenes
(dithiadiazafulvalenes)1–3 which are excellent p-donor or-
ganic materials. Deprotonation of 2-unsubstituted imida-
zolium salts has also received considerable attention on
account of the possible isolation of corresponding bases.4

Such carbenoid species appear to be more reluctant to pro-
duce 2,2¢-biimidazolinylidenes (tetraazafulvalenes).2

We previously developed one-pot preparations of highly
substituted imidazolium5 and thiazolium6,7 halides like
1–3 (Figure 1). Considering the remarkable ease with
which our reactions occur, it appeared attractive to exam-
ine the possibilities of generating 2-unsubstituted imida-
zolium and thiazolium salts by the reductive cleavage of
these 2-(methylthio) and 2-(phenylthio) derivatives. The

results of such investigation are described in the present
paper.

NaBH4 treatment in EtOH solution of thiazolium cations
possessing a piperidino or a thio group at the 2-position
produced either the 2-piperidino-2,3-dihydrothiazoles8 or
the 2-unsubstituted thiazolidines.7,9 An attempt to remove
the phenylthio substituent of 2a (R = Me) under identical
conditions resulted in the ring-opening of the reduced thi-
azolium salt via the a-aminothioamide 4. In contrast to
these observations, NaBH4 induced a selective cleavage
of the C–S bond of the 2-(methylthio)imidazolium chlo-
ride 1 to afford the expected salt 5 in moderate yield.10

The literature reports that reaction of thiazoline-2-thiones
with H2O2 causes the formation of reduced thiazolium hy-
drogensulfates. To achieve the anion interchange, a bari-
um halide11 or a strong protonic acid3 was included in the
reaction mixture. Conversion of the 2-(phenylthio)thiazo-
lium iodide 3a (R = Me) to the thiazoline-2-thione 6 was
carried out in the presence of sodium hydrosulfide, by
analogy with the procedure employed in the related sele-
none series12 (Scheme 1). However, the H2O2 sequence
was found to be unsatisfactory in the case of 6 owing to a
ready oxidation of the anticipated 5-(methylthio)thiazoli-
um salt 7. A longer reaction time (6 h) promoted the com-
plete formation of the sulfoxide derivative 8.13

A new method is based on our recent discovery14 that the
reaction of the 2-(phenylthio)thiazolium salt 2a with
PhSH/Et3N promotes the formation of the imidazolium-4-
thiolate 9a which is then quantitatively converted into the
methiodide 10a. Such a result was rationalized assuming
a Dimroth type rearrangement with a subsequent reduc-
tion of the transient mesoionic imidazole 11a (Scheme 2).

Figure 1

Cl Cl I
N

N

Ph

i-Pr

Me i-Pr

Y

N
S

PhS

Ph

NHt-BuR N
S

PhS

Ph

SMe

21: Y = SMe

R

3

Me2N
NHt-Bu

S

Ph

4

5: Y = H

D
ow

nl
oa

de
d 

by
: F

lo
rid

a 
In

te
rn

at
io

na
l U

ni
ve

rs
ity

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



2168 G. Morel LETTER

Synlett 2003, No. 14, 2167–2170 © Thieme Stuttgart · New York

The development of this simple and mild reduction pro-
cess provides further examples of 2-unsubstituted imida-
zolium-4-thiolates 9. In support of the proposal displayed
in Scheme 2, we also describe additional data based on the
action of PhSH/Et3N on the thiazolium-5-thiolates 127

(Scheme 3) that are structurally analogous to intermedi-
ates 11.

Scheme 3 a: R = Me, b: R = Et, c: R = CH2Ph, d: R = 4-MeOC6H4

Our results are summarized in the Table 1. Reductions
were typically carried out at room temperature in anhy-
drous THF or CHCl3 containing a large excess of ben-
zenethiol and Et3N. It was thus possible to isolate in
moderate to high yields a series of mesoionic imidazoles
9 and thiazoles 13 of very poor solubility in common or-
ganic solvents, which nevertheless displayed an excellent
reactivity towards electrophilic compounds as CH3I. All
the products were characterized by satisfactory elemental
analyses and usual spectroscopic methods.15

Large amounts of diphenyl disulfide were also recov-
ered as well as the N-tert-butyl-2-phenyl-2-oxo-thio-
acetamide16 in the case of starting material 2. Omission of
Et3N from the PhSH treament of 12a resulted in the
complete recovery of starting thiazole.

On account of its operational ease, it was reasonable to ex-
pect that a similar process could occur with N,N¢-bridged
bis(thiazolium) salts to furnish the corresponding 2, 2¢-un-
substituted bis(imidazolium) species. The reaction has
been performed as represented in Scheme 4 by the
conversion of the N, N¢-polymethylene dication 15 to the
bisimidazole 16 in 53% yield.17

Thiolate ions have already been shown to reduce a range
of compounds.18 In particular, the reduction of a-sulfenyl-
ated carbonyl derivatives19 apparently involves direct nu-
cleophilic attack by thiolates on the sulfur atom. A variety
of studies have also suggested the occurrence of a single
electron transfer pathway from thiolates to organic sub-
strates.20 We did not attempt here to distinguish between
these two mechanisms.

In conclusion, the PhSH/Et3N reduction of 2-(phenyl-
thio)thiazolium derivatives provides an efficient synthetic
route to 2-unsubstituted imidazolium and thiazolium
salts. The need to use an excess of malodorous PhSH is
widely compensated by the ready availability of starting
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Table 1 2-Unsubstituted Imidazolium and Thiazolium-Thiolates 
According to Schemes 2 and 3

Substrate Solvent PhSH (and 
Et3N) mol 
equiv

Time (h)a Product/yield 
(%)b

2a THF 3 23 9a (72)

2b THF 4 28 9b (71)

2c CHCl3 4 28 9c (86)

2d CHCl3 4 28 9d (49)

2e CHCl3 4 28 9e (66)

12a THF 3 24 13a (80)

12b THF 4 48 13b (58)

12c CHCl3 3 28 13c (86)

12d CHCl3 3 48 13d (94)

a The reactions were run until starting compounds were completely 
transformed on the basis of 1H NMR analyses.
b Yields refer to isolated pure mesoionic compounds. D
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materials and the simplicity of the process. Our approach
avoids the classical quaternization of imidazoles and
thiazoles, which sometimes requires prolonged reflux
times21 or drastic conditions.22 Further use of salts 5, 10
and 14 for the preparation of carbenes or dimers is under
consideration.
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