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Abstract: A convenient one-pot preparation of 1,3-dithiole-2-thiones
and 1,3-diselenole-2-selones substituted with phenyl, alkyl, alkylthio,
hydroxymethyl, and formyl groups was accomplished from readily avail-
able acetylenes in good to excellent yields.

In the synthesis of tetrathiafulvalene (TTF) derivatives, the most prevail-
ing family of -electron donors for organic metals and superconductors, !
the key intermediate is 1,3-dithiole-2-thiones, which can be readily con-
verted into the TTF derivatives by desulfurization coupling with trivalent
phosphorus reagents or by carbenoid coupling after conversion to the
dithiolium salts.> Recent interests in TTF chermstry have been directed
towards more sophlsncated multi-TTF systems and 1,3-dithiole-based
new materials,* which might serve as building blocks in supramolecular
chemistry. For the construction of such compounds, it is of great impor-
tance to easily prepare 1,3-dithiole-2-thiones with various functional
groups. However, only a limited number of the intermediates are rela-
tively accessible.> In addition, there have been so far few useful syn-
thetic methods of 1,3-diselenole-2-selones producing tetra-
selenafulvalene (TSF) derivatives, even though the TSF donors are more
interesting because the substitution of sulfur atoms in the TTF skeleton
with selenium atoms often makes a marked improvement in the conduc-
tive properties of the charge-transfer complexes.6

For these reasons, we have searched for a general and easy synthetic
method applicable to both 1,3-dithiole-2-thiones and 1,3-diselenole-2-
selones. Mayer and co-workers in 1964 reported a simple synthesis of
1,3-dithiole-2-thione by cyclization reaction of sodium acetylides with
sulfur and carbon disulfide in liquid ammonia.” The yield was, however,
very low (25%), though the phenyl derivative was obtained in 65 %
yield. No additional examples have been reported, but later this method
was apphed to the preparation of 1,3-diselenole-2-selone with low yield
(15-25 %).8 We thought that this reaction, in spite of the disadvantages
of its low yield and laborious procedure using liquid ammonia, had sig-
nificant synthetic potential, and reexamined it in detail. As aresult, it has
turned out that substantial experimental modifications to the reaction
conditions can be effectively accomplished and the best one is as follows.
Trimethylsilylacetylene (1a) with n-BuLi in THF at -78 °C was con-
verted into lithium trimethylsilylacetylide, which was subsequently
reacted with sulfur at 0 °C for 2 h and then with carbon disulfide at -90
°C for 3 min to give 1,3-dithiole-2-thione (2a) in 82 % isolated yield. A
similar reaction using a combination of selenium and carbon diselenide
instead of sulfur and carbon disulfide also gave 1,3-diselenole-2-selone
(3a) in excellent yield (94 %). It is supposed that spontaneous removal
of the silyl group was induced by lithium hydroxide produced upon
quenching the reaction by addition of water.

2a X=S, R=H
X=8, R=Ph
1) n-BuLi / THF g: X-S R=SMe
[ 2d X=S, R=CH,OTHP
X:< 2e X=S, R=Hexyl
8) CXz 2f X=S, R=CH(OE),
- 3a X=Se, R=H
}ﬁ Siws 3b X=Se, R=Ph
1c R:SMe 3¢ X=Se, R=SMe
1d R=CH,OTHP 3d X=Se, R=CHOTHP
fe R = Hexyl 3e X=S8e, R=Hexyl
1f R = CH(OE, 3f X=Se, R=CH(OE),

Scheme 1

As indicated in Scheme 1, nearly all the acetylenes with a wide variety
of substituent groups which are inert to n-BuLi at -78 °C gave the corre-
sponding heterocyclic products (2) and (3) in good to excellent isolated
yields. Table 1 summarizes the results of the optimized yie‘lds.9 The
addition of tetramethylethylenediamine (TMEDA) is usually effective

for enhancing the yields, especially for the selenium cases. All the sele-
nium heterocycles (3) were thus obtained in high yields (entries 7-12). In
contrast, the yields of the sulfur heterocycles (2) fairly depend on the sub-
stituent groups. The reactions of phenylacetylene (entry 2), methylthio-
acetylene (entry 3),10and 1- -octyne (entry 5) sunllarly proceeded in high
yields, while THP-protected propargyl alcohol!! and propargylaldehyde
diethylacetal gave very low yields (15-20 %) of the desired heterocycles.
In the best cases where the acetylides were treated with sulfur at a lower
temperature (-30~-40 °C) in the absence of TMEDA, 2d was obtained in
58 % yield (entry 4) and 2f in 34 % yield (entry 6). On treatment with
dil. hydrochloric acid, the dihydropyranyloxymethyl compounds 2d and
3d and the diethoxymethyl compounds 2f and 3f were conveniently
deprotected to the hydroxymethyl ones 2g12a and 3§ (Scheme 2) and the
formyl ones 2h!2 and 3h (Scheme 3), respect1vely, which are important
intermediates for the synthesis of functionalized TTF systems.

Table 1. Preparation of 1,3-dithiole-2-thiones (2) and 1,3-diselenole-2-
selones (3).

Entry Acetylene X Additive Product Yield / %
1 la S none 2a 82
2 1b S TMEDA 2b 83
3 1c S TMEDA 2¢ 75
4 1d S none 2d 58
5 le S TMEDA 2e 72
6 1f N none 2f 34
7 la Se TMEDA 3a 94
8 1b Se TMEDA 3b quant.
9 1c Se TMEDA 3¢ 92
10 1d Se TMEDA 3d 91
1 le Se TMEDA 3e 81
12 1f Se TMEDA 3f 85

1.0 N HCl ag. CH,OH

2dor3d —m— x=<I

MeOH-acetone
40 °C, 8h (2d)

f,2h (3d) 2g X=S 92%
3g X=Se 83%
Schemes 2
0.4 N HC! ag. X~_~CHO
2for3df ——m x:< I
acetone X
i, 1h H
2h X=S5 98%
3h X =Se quant.
Scheme 3

In summary, because of its high yield, versatility, and easy operation, the
present one-pot reaction provides an efficient and practical synthetic tool
for various substituted 1,3-dithiole-2-thiones and 1,3-diselenole-2-
selones. Especially, for the preparation of 1,3-diselenole-2-selones, we
believe this would be the best one among the reported methods.
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Typical procedure for the preparation of 1,3-dithiole-2-thiones
and 1,3-diselenole-2-selones. To a mixture of mono-substituted
acetylene (1) (2 mmol) and tetramethylethylenediamine (0.61 mL,
4 mmol) in 10 mL of dry THF cooled at -78 °C was added a hexane
solution of n-BuLi (1.6 N, 1.3 mL, 2.08 mmol), and the resulting
solution was stirred for 30 min at the same temperature. To the
resulting lithium acetylide solution, sulfur (64 mg, 2 mmol) was
added in one portion, and the reaction mixture was allowed to
warm to 0 °C during the period of 2 h and stirred for additional 2 h
at 0 °C. Then the mixture was cooled again to -90 °C, and carbon
disulfide (0.8 mL, 13 mmol) was added. The mixture was stirred
for 3 min, then quenched by the addition of 20 mL of water con-
taining THF (1:1, v/v), and allowed to warm to room temperature.
The reaction mixture was extracted with dichloromethane (3 x 20
mL), and the extracts were washed with water (60 mL) and dried
over anhydrous MgSO,. Evaporation of the solvent and a subse-
quent short column chromatography on silica-gel etuted with
CH,Cl, gave crude 1,3-dithiole-2-thione (2), which was subjected
to further purification with gel permeation chromatography or
recrystailization.

All the new compounds were characterized with TH-NMR
(CDCly), BC-NMR (CDCly), IR (KBr), MS (EL 70 £V), and C and

H elemental analyses within an error of 0.3%. Physical and spec-
troscopic data of 2a: yellow plates from hexane; mp 48.0-48.5 °C

(Lit.™ 48.5 °C); 'H-NMR & 7.13 (s, CH); '*C-NMR & 129.2 (ole-
finic) and 213.3 (C=S); IR 1046 cm™! (C=S); MS m/z 134 (M™).
2b: yellow plates from chloroform.; mp 120.0-120.5 °C (Lit.”
118-119 °C); 'H-NMR 8 7.11 (s, 1H, CH) and 7.41 (s, 5H, Ph);
I3C_NMR § 121.9, 126.4, 129.3, 129.6, 130.9 (olefinic and Ph),
146.2 (olefinic), and 212.2 (C=S); IR 1059 cm™ (C=S); MS m/z
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210 (M*). 2e: yellow prisms from hexane; mp 73.5-74.5 °C; 'H-
NMR & 2.48 (s, 3H, CH3) and 6.84 (s, 1H, CH); "3 C-NMR § 19.7
(CHs), 127.0 (CH, olefinic), 138.5 (olefinic) and 213.3 (C=S); IR
1059 cm'! (C=S); MS m/z 180 (M™). 24: yellow oil; 'H-NMR &
1.65 (m, 6H, CH,), 3.60 (m, 2H, CH,), 4.52 (dd, J = 1.0 and 2.6
Hz, 2H, CH,), 4.70 (m, 1H, CH) and 6.89 (1, J = 1.0 Hz, 1H, CH);
13C_NMR § 18.7, 25.0, 29.9 (CH,), 62.0 (CH,), 63.2 (CH,), 97.5
(CH), 124.7 (CH, olefinic), 144.5 (olefinic), and 213.5 (C=S); IR
(neat) 1123 (C-0O-C), 1063 (C=S), and 1032 cm’! (C-0-C); MS
m/z 248 (M™Y). 2e: yellow oil; 'H-NMR § 0.89 (t,J =6.8 Hz, 3H,
CH3), 1.28-1.38 (m, 6H, CH,), 1.61 (m, 2H, CH,), 2.62 (dt, = 1.2
and 8.0 Hz, 2H, CH,) and 6.66 (t, ] = 1.2 Hz, 1H, CH); 13C-NMR
314.0 (CHy), 22.5, 28.5, 29.8, 31.3 (x 2) (CHp), 122.1 (CH, ole-
finic), 148.7 (olefinic), and 213.8 (C=S); IR (neat) 1059 em’!
(C=8); MS m/z 218 (M*). 2f: yellow oil; 'H-NMR §1.25 (,J =
7.0 Hz, 6H, CH;), 3.61 (q, J = 7.0 Hz, 2H, CH,), 3.68 (q, ] = 7.0
Hz,2H, CH,), 5.40 (d,J = 1.0 Hz, 1H, CH), and 7.05 (d, ] = 1.0 Hz,
1H, CH); 13C-NMR § 14.9 (CH3), 61.6 (CH,), 96.9 (CH), 125.5
(CH, olefinic), 145.9 (olefinic), and 213.7 (C=S); IR (neat) 1132
(C-O-C) and 1062 cm™! (C=8); MS m/z 236 (M™).

Physical and spectroscopic data of 3a: red plates from benzene-
hexane; mp 115.0-116.0 °C (Lit.2® 113.5-114 °C); 'H-NMR §7.98
(s, CH); 3C-NMR d 139.6 (olefinic) and 207.8 (C=Se); IR 889
em’? (C=Se); MS m/z 278 (8OSe, M*) with an isotropic pattern of
three seleniums. 3b: red plates from chloroform; mp 121.0-122.0
°C (Lit.84 121 °C); "H-NMR & 7.40 (m, 5H, Ph) and 7.92 (s, 1H,
CH); 13C-NMR 8 127.2, 129.3, 129.4, 132.1, 134.1 (olefinic and
Ph), 157.5 (olefinic), and 206.9 (C=Se); IR 905 cm™! (C=Se); MS
m/z 354 (8056, M™). 3c: black plates from benzene-hexane; mp
86.5-87.0 °C; 'H-NMR & 2.52 (s, 3H, CH3) and 7.68 (s, 1H, CH);
BC.NMR §20.9 (CH3), 136.0 (CH, olefinic), 147.8 (olefinic), and
208.3 (C=Se); IR 907 cm™! (C=Se); MS m/z 324 (30Se, M™).

3d: red oil; "H-NMR 8 1.65 (i, 6H, CH,), 3.50-3.80 (m, 2H, CH,),
4.60(dd, J =1.0 and 2.5 Hz, 2H, CH,), 4.71 (m, 1H, CH), and 7.68
(t,J=1.0 Hz, 1H, CH); 13C-NMR & 18.8, 25.1, 30.0 (CH,), 62.1
(CH,), 66.3 (CH), 97.5 (CH), 133.2 (CH, olefinic), 156.6 (ole-
finic), and 208.5 (C=Se); IR (neat) 1121, 1028 (C-O-C), and 899
em™! (C=Se); MS m/z 392 (8%Se, M™*). 3e: red oil; 'H-NMR & 0.89
(t, T = 6.8 Hz, 3H, CHj), 1.28-1.37 (m, 6H, CH,), 1.61 (m, 2H,
CH,), 2.74 (dt, ] = 1.2 and 7.4 Hz, 2H, CH,), and 7.52 (t, ] = 1.2
Hz, 1H, CH); 3C-NMR & 13.8 (CHz), 22.3, 28.3,30.6, 31.1, 34.4
(CH,), 131.6 (CH, olefinic), 160.2 (olefinic), and 208.3 (C=Se);
IR (neat) 905 cm! (C=Se); MS m/z 362 (SOSe, MY, 3f: red oil;
'H-NMR § 1.23 (t,J = 7.0 Hz, 6H, CHj), 3.62 (q, ] = 7.0 Hz, 2H,
CH,), 3.64 (q, ] = 7.0 Hz, 2H, CH,), 5.39 (d, J = 1.3 Hz, 1H, CH),
and 7.82 (d, T = 1.3 Hz, 1H, CH); 3C-NMR & 15.1 (CH,), 61.7
(CH,), 99.3 (CH), 134.6 (CH, olefinic), 157.7 (olefinic), and 209.0
(C=Se); IR (neat) 1123, 1055 (C-O-C) and 905 cm’! (C=Se); MS
m/z 380 (30Se, M™).
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Physical and spectroscopic data of 2g: yellow needles from ben-
zene-hexane; mp 44.0-44.5 °C (Lit.}?2 43-44 °C); 'H-NMR & 2.50
(t,J=5.8Hz, 1H, OH), 4.61 (dd, ] = 1.2 and 5.8 Hz, 2H, CH,), and
6.96 (t, 7 = 1.2 Hz, 1H, CH); 3C-NMR § 60.2 (CH,), 124.0 (CH,
olefinic), 147.3 (olefinic), and 213.7 (C=S); IR 3600-3100 (OH)
and 1063 cm’! (C=S); MS m/z 164 (M™). 2h: yellow plates from
benzene-hexane; mp 86.3-87.0 °C (Lit.!*2 87 °C); 'H-NMR 5 7.96

(s, 1H, CH) and 9.52 (s, 1H, CHO); 1*C-NMR § 142.8 (CH), 146.5
(olefinic), 178.8 (CHO), and 209.9 (C=S); IR 1665 (C=0) and

1082 cm’! (C=S); MS m/7 162 (M™). 3g: red needles from ben-
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zene-hexane; mp 72.5-73.0 °C; IH-NMR 8223 (t,J=6.0Hz, 1H,
OH), 4.70 (dd, ] = 1.2 and 6.0 Hz, 2H, CH,), and 7.73 (t, T = 1.2
Hz, 1H, CH); 1*C-NMR § 63.2 (CH,), 132.3 (CH), 159.0 (ole-
finic), and 207.9 (C=Se); IR 3700-3100 (OH) and 907 cm'l(C=Se);
MS m/z 308 (8OSe, M™). 3h: purple needles from benzene-hexane;
mp 121.8-122.2 °C; TH-NMR & 8.96 (s, IH, CH) and 9.58 (s, 1H,
CHO); 1*C-NMR § 154.4 (CH), 158.1 (olefinic), 180.7 (CHO),
and 203.0 (C=Se); IR 1673 (C=0) and 907 cm’! (C=Se). MS m/z
306 (3%Se, MH).
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