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ABSTRACT

The reaction of 1,1-bis(dialkylamino)ethenes (3) with
an equimolar amount of disulfur dichloride in the
presence of triethylamine affords the stable inner salts
2,2-bis(dialkylamino)-2-ethylium-1-dithioates (1) in
good yields. © 1997 John Wiley & Sons, Inc. Hetero-
atom Chem 8:505-508, 1997

INTRODUCTION

2,2-Bis(dialkylamino)-2-ethylium-1-dithioates (1)
are a structurally interesting unique class of inner
salts [1]. Two methods have been developed for the
synthesis of these inner salts. Thus, peraminoethe-
nes (2) reacted with carbon disulfide to give the cor-
responding salts 1 (Scheme 1) [2-5]. The other
method involves sulfuration of 1,1-bis(dialkyl-
amino)ethenes by elemental sulfur [6-8]. The sulfu-
ration of 1,1-bis(dialkylamino)ethenes (3) with ele-
mental sulfur afforded the salts 1 in about 50% yields
for two examples (Scheme 2) [6], while the sulfura-
tion of 1,1-bis(dialkylamino)-2-chloroethenes (4)
with sulfur in the presence of triethylamine gave 1
in much better yields [7,8]. However, the latter syn-
thesis suffers from the disadvantage that synthesis
of the starting materials 4 is more laborious than
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that of 3. The mechanism shown in Scheme 3 was
proposed for the formation of 1 from the ethenes 4.

If the mechanism proposed above is truly oper-
ative, the intermediates (5) should be also formed by
addition of disulfur dichloride to 3 to afford the salts
1 as the final products (Scheme 4). With this working
hypothesis, we have investigated the reaction of 3
with disulfur dichloride and found that the reaction
provides another effective synthesis of 1.
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RESULTS AND DISCUSSION

The reaction of 1,1-dipiperidinoethene (3a) with di-
sulfur dichloride was thus examined under a variety
of conditions, which revealed that the optimum yield
(87%) of the expected 2,2-dipiperidino-2-ethylium-1-
dithioate (1a) is obtainable in the following way. A
solution of disulfur dichloride in dichloromethane
was slowly added to a stirred solution of an equi-
molar amount of 1a and triethylamine in dichloro-
methane below —10°C. The mixture was slowly
warmed to room temperature and stirred overnight.
Workup of the mixture gave 3a in 87% yield (Scheme
5). The exact 1:1 molar ratio of 1a and disulfur di-
chloride is crucial, and even the use of a slight excess
of disulfur dichloride afforded 1a in a less satisfac-
tory yield. Thus, the use of 1.2 molar amounts of
disulfur dichloride gave 1a in 24% yield. The sulfur
atoms of the inner salts 1 are known to be nucleo-
philic enough to be alkylated by iodomethane
[2,6,7,9] and diiodomethane [10]. Therefore, the re-
sulting 1a should react with electrophilic disulfur di-
chloride to give the carbenium salt (7) to afford 1a
in a decreased yield, although no effort was made to
isolate 7.

In a similar way, the reactions of 1,1-dimorphol-
inoethene (3b), 1,1-dipyrrolidinoethene (3¢), 2-
methylene-1,3-dimethylimidazolidine  (3d), and
1,1-bis(diethylamino)ethene (3e) with disulfur di-
chloride gave the expected salts 1b, 1c, 1d, and 1e in
77%, 55%, 65%, and 13% yields, respectively.

Thus, the method developed here provides a con-
venient synthesis of the inner salts 1 because of easy
accessibility [11-14] of the starting materials 3 (3b
is even commercially available), satisfactory yields
of the desired products except le, and simple
workup procedure.

EXPERIMENTAL

'H- and '*C-NMR spectra were determined on a
JEOL EX-270 (270 MHz for 'H and 67.8 MHz for '3C)
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spectrometer with TMS as an internal standard. El-
emental analyses were performed on a Yanaco MT-
3 CHN CORDER. Melting points are uncorrected.

2,2-Dipiperidino-2-ethylium-1-dithioate (la). A
solution of 810 mg (6 mmol) of disulfur dichloride
in 5 mL of dichloromethane was added to a solution
of 1.148 g (6 mmol) of freshly distilled 1,1-dipiperi-
dinoethene [11] (3a) and 1.67 mL (12 mmol) of tri-
ethylamine in 30 mL of dichloromethane over a pe-
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riod of 1 hour below —10°C. The mixture turned
from colorless to purple, which was slowly warmed
to room temperature and stirred overnight. Dichlo-
romethane was added to the mixture until the sepa-
rated materials completely dissolved. After the re-
sulting mixture was washed with water and dried
over sodium sulfate, the solvent was evaporated. The
residue was purified by chromatography on a col-
umn of silica gel with chloroform as the eluent to
give 1.345 g (87%) of 1a: mp 217-218°C (dec) (mp
234-235°C, dec [6]); dark red plates (from dichloro-
methane/hexane); 'H NMR (CDCl;) ¢ 1.71 (4H, quin-
tet,J = 4.9 Hz, CH, of the y position of the piperidine
rings), 1.78 (8H, t/t, J = 5.4/4.9 Hz, f position CH,),
3.56 (8H, t, J = 5.4 Hz, a position CH,); *C NMR
(CDCl,) 0 23.4 (t), 25.8 (t), 51.8 (1), 169.0 (s, carben-
ium carbon), 234.9 (s, dithiocarboxylate carbon).
Anal. calcd for C,H,N,S,: C, 56.21; H, 7.86; N,
10.92. Found: C, 56.20; H, 7.80; N, 10.87.

2,2-Dimorpholino-2-ethylium-1-dithioate

(1b). A solution of 810 mg (6 mmol) of disulfur di-
chloride in 5 mL of dichloromethane was added to
a solution of 1.190 g (6 mmol) of freshly distilled 1,1-
dimorpholinoethene (3b) (purchased from Tokyo
Kasei) and 1.67 mL (12 mmol) of triethylamine in
30 mL of dichloromethane over a period of 0.5 hour
below —10°C. The mixture turned from colorless to
purple, which was slowly warmed to room tempera-
ture and stirred for 2 days. The mixture was treated
as described above to give the crude product, which
was purified by silica-gel column chromatography
with dichloromethane as the eluent to give 1.203 g
(77%) of 1b: mp 228.5-229.5°C (dec) (mp 233-236°C,
dec [6]); dark red plates (from dichloromethane/hex-
ane); '"H NMR (CDCL,) ¢ 3.67 (8H, t, J = 4.6 Hz, a
position CH, of the morpholine rings), 3.88 (8H, t, J
= 4.6 Hz, f position CH,); *C NMR (CDCl,) ¢ 50.7
(t), 66.3 (t), 168.8 (s, carbenium carbon), 232.5 (s,
dithiocarboxylate carbon). Anal. calcd for
C,0HxN,O,S,: C, 46.13; H, 6.19; N, 10.76. Found: C,
46.06; H, 6.05; N, 10.49.

2,2-Dipyrrolidino-2-ethylium-1-dithioate (1c). A
solution of 815 mg (6.04 mmol) of disulfur dichlo-
ride in 5 mL of dichloromethane was added to a so-
lution of 1.004 g (6.04 mmol) of freshly distilled 1,1-
dipyrrolidinoethene [12] (3¢) and 1.69 mL (12.06
mmol) of triethylamine in 30 mL of dichlorome-
thane over a period of 1 hour below — 10°C. The mix-
ture turned from colorless to purple, which was
slowly warmed to room temperature and stirred for
2 days. The reaction mixture was treated as de-
scribed above to give the crude product, which was
purified by chromatography on a column of silica gel

with dichloromethane-ethyl acetate (95:5) as the
eluent to give 758 mg (55%) of 1¢: mp 217.5-219.0°C
(dec); red plates (from dichloromethane/hexane); 'H
NMR (DMSO-d,) ¢ 1.98 (8H, broad s, § position CH,
of the pyrrolidine rings), 3.92 (8H, broad s, « posi-
tion CH,); *C NMR (DMSO-d,, 67°C) § 24.3 (t), 50.4
(t), 164.0 (s, carbenium carbon), 236.6 (s, dithiocar-
boxylate carbon). Anal. caled for C,,H(N,S,: C,
52.59; H, 7.06; N, 12.27. Found: C, 52.55; H, 6.97; N,
12.24.

2-(1,3-Dimethylimidazolidinio)dithiocarboxylate
(1d). A solution of 840 mg (6.22 mmol) of disulfur
dichloride in 5 mL of dichloromethane was added to
a solution of 698 mg (6.22 mmol) of freshly distilled
2-methylene-1,3-dimethylimidazolidine [13] (3d)
and 1.73 mL (12.5 mmol) of triethylamine in 30 mL
of dichloromethane over a period of 1 hour below
—10°C. The mixture turned from colorless to purple,
which was slowly warmed to room temperature and
stirred for 2 days. After the resulting mixture was
washed with water and dried over sodium sulfate,
the solvent was evaporated. The residue was purified
by chromatography on a column of silica gel with
dichloromethane-ethyl acetate (95:5) as the eluent to
give 707 mg (65%) of 1c: mp 258.6-259.3°C (dec)
(mp 263°C [4]); dark red plates (from dichlorome-
thane/hexane); '"H NMR (CDCl,) J 3.11 (6H, broad s,
N-methyl hydrogens), 3.86 (4H, broad s, CH, of the
imidazolidine ring); *C NMR (CDCl,) ¢ 33.6 (t), 49.3
(t), 167.2 (s, carbenium carbon), 225.3 (s, dithiocar-
boxylate carbon). Anal. calcd for C;H,(N,S,: C, 41.35;
H, 5.78; N, 16.07. Found: C, 41.29; H, 5.66; N, 15.98.

2,2-Bis(diethylamino)-2-ethylium-1-dithioate

(1le). A solution of 575 mg (4.26 mmol) of disulfur
dichloride in 5 mL of dichloromethane was added to
a solution of 762 mg (4.48 mmol) of freshly distilled
1,1-bis(diethylamino)ethene [14] (3e) and 1.19 mL
(8.52 mmol) of triethylamine in 30 mL of dichloro-
methane over a period of 1 hour below —10°C. The
mixture turned from colorless to purple, which was
slowly warmed to room temperature and stirred for
1.5 days. The mixture was purified by silica-gel col-
umn chromatography with dichloromethane-ethyl
acetate (95:5) as the eluent to give 96 mg (13%) of
1c: mp 96.0-97.5°C (mp 98°C [8]); red needles (from
hexane); 'H NMR (CDCL,) § 1.32 (12H, t, J = 7.2 Hz,
CH,), 3.59(8H, q,J = 7.2 Hz, CH,); *C NMR (CDCl,)
0 12.6 (q), 46.5 (t), 166.6 (s, carbenium carbon),
236.2 (s, dithiocarboxylate carbon).
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