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Abstract—The reaction of 4-X-5-alkylthio-3H-1,2-dithiole-3-thione (1) with Fischer carbene complexes (2) gives, as a main
product, cyclohexa dithiine derivatives due to insertion of the carbene ligand into the C3�C4 bond of the heterocycle. The reaction
takes place with 1 where the alkyl substituents in position 5 are ethyl, butyl, benzyl and dodecyl and the substituents in position
4 are H, O-Me, Ph and Cl. Complexes with Cr and W as metallic center were used, the Cr complexes were more reactive than
the W derivatives. © 2002 Elsevier Science Ltd. All rights reserved.

Many of the studies reported in the literature are
related to the ability of Fischer carbenes to give reac-
tions similar to those of free carbenes.1 For instance the
cyclopropanation of olefins2 and insertion into C�H
bonds,3 or other X�H bonds (X=Si, Sn),4 have been
reported. There are only a few examples of the insertion
of Fischer carbenes into C�C single bond. Recently,
Herndon reported the reaction between cyclobuten-
diones and Fischer carbenes giving products resulting
from the insertion of the carbene ligand into the
acyl�acyl bond of the substrate.5 Cyclopropenones also
reacted to give the substituted cyclobutenones.6

Aumann reported that cyclopentadienyl derivatives
react with an alkenyl Fischer carbene to yield an aro-
matic six-membered ring via cyclopropanation of one
of the double bonds and rearrangement.7 As far as we
know, these are the only three examples of ring expan-
sion through Fischer carbene insertion into a C�C
bond.

The heterocyclic pseudoaromatic compounds 3H-1,2-
dithiole-3-thiones (1) have been known for several
years.8–10 A wide variety of alkyl and aryl derivatives
have been synthesized and a great number of these
compounds display biological activity and industrial

applications. For instance, oltipraz (4-methyl-5-
pyrazinyl-3H-1,2-dithiole-3-thione) was originally used
as an antischistosomal agent due to its remarkable
activity against Schistosoma mansoni.11,12 In addition,
recent studies have demonstrated that oltipraz inhibits
HIV-1 (AIDS)13–15 virus replication by irreversibly
binding to the viral reverse transcriptase enzyme. This
compound has also shown chemoprotective activity
against a great variety of carcinogens and investigations
are in progress to determine its probable use as a
chemoprotective agent.16–20

Structural modification of this type of compound is not
easy but it represents an alternative to obtain useful
derivatives. In this paper we report that Fischer carb-
enes 2 react with 1 to give a six-membered heterocycle
3 through insertion of the carbene ligand into the
C3�C4 bond of 1 (see Scheme 1 and Table 1). As far as
we know this is the first example of the ring expansion
of a heterocycle through Fischer carbene insertion into
a C�C bond.

The 3H-1,2-dithiole-3-thiones21 1a–f and carbene com-
plexes 2a–d were prepared according to the literature.22–24

The reaction reported here takes place at room
temperature† but the optimal reaction temperature for
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Scheme 1.

M=Cr is 40–45°C and 57°C for M=W.‡ A few degrees
above this temperature the yield decreased very fast.
With M=Cr in refluxing dioxane an untreatable mix-
ture was obtained. In solvents such as hexane, acetoni-
trile and dichloromethane instead of 1,4-dioxane,
colored complexes were formed but they were not
stable enough to be isolated.§

The characterization of the reaction products was car-
ried out on the bases of NMR spectroscopy and confir-
med by high resolution mass spectrometry and elemen-
tal analysis.¶ The 1H and 13C NMR spectra of products
3 have the following common features.

(a) There are signals corresponding to a quaternary
carbon (C4) at �C=92–98 ppm, and those correspond-
ing to R3 and R4. (b) The signals corresponding to the
carbon�carbon double bond and those of the thiocar-
bonyl group are at higher field than those of 1 namely
�C=173, 135 and 212 ppm in 1 and �C=150, 130 and

205 ppm in 3, which is consistent with the loss of
conjugation between the double bond and thiocarbonyl
group. (d) There are signals at 215 and 224 ppm which
are typical for C�O equatorial and axial, respectively,
of the (CO)5Cr moiety.��25 (e) The CH2 bonded to the
exocyclic sulfur shows a signal characteristic of
diastereotopic protons and clearly indicates that the
molecule has an asymmetric center.26 This is particu-
larly clear in the 1H NMR spectrum of compound 3E,
where the proton signal of the benzilic CH2 appears as
an AB system with coupling constant 12.9 Hz at �H=
4.34 ppm. Similar AB systems were obtained for com-
pounds 3A, 3D and 3G when the adjacent protons of
the chain were irradiated. The results mentioned above
indicate that the carbene ligand and the M(CO)5 moiety
were incorporated into structure 1. Confirmation of the
structure of compounds 3 was made on the basis of
two-dimensional NMR spectroscopic data. Thus, for
3B, HSQC experiments show one-bond correlation of
the proton signal at �H=7.58 ppm (H-5) with the
carbon at �C=127.52 ppm, therefore the last signal was
assigned to C5 of 3B. The signals at �C=33.54 ppm

‡ Derivative 1 (0.67 mmol) and derivative 2 (0.9 mmol) were added to
10 mL of dry dioxane contained in a Schlenk tube under a nitrogen
atmosphere and the mixture was warmed to 40–45°C for M=Cr
and to 57°C for M=W with continuous stirring. Samples were
taken every 15 min and checked by thin layer chromatography until
all 1 disappeared. The solvent was evaporated at a temperature
below 40°C, and the crude product was purified by column chro-
matography. In some cases final purification was achieved by
preparative thin layer chromatography. The products 3 are deeply
blue oil and were stored under nitrogen at −18°C.

§ Dioxane was distilled from sodium and stored on sodium wire.
CH2Cl2 and hexane were analytical grade and used as received,
acetonitrile was dried over silica gel.

¶ Nuclear magnetic resonance (1H and 13C) spectra were recorded on
a Bruker AC 200 (200 MHz) spectrometer. Chemical shifts are
reported in parts per million (�) downfield from an internal tetra-
methylsilane reference, spin multiplicities are indicated by the fol-
lowing symbols: s (singlet), d (doublet), dd (double doublet), t
(triplet), q (quartet), m (multiplet). HSQC and HMBC spectra were
recorded on a Varian Inova 500 (1H frequency 499.957 MHz, 13C
frequency 125.72 MHz). Infrared spectra were recorded on a Nico-
let FT-IR Avatar 360 spectrometer. Band positions are reported in
reciprocal centimeters (cm−1). Band intensities are listed as: vs (very
strong), s (strong), m (medium), w (weak).

Table 1. Reaction of 1 with 2. Reaction conditions and
product yieldsa

Entry1+2 Temperature (°C) Time (h) 3 (%)

A1a+2a 45 4 65
B381441a+2b Rtb

57 14 C1a+2c 27
1b+2a D471.540

482.5 E401c+2a
6 18 F451d+2a

45 61e+2a 66 G
1740 41e+2d H

5451f+2a 45 I

a Solvent: dry 1,4-dioxane. The yields of isolated products were
calculated on the bases of the weight of 1 which was in slight
deficiency.

b Room temperature.

�� For the derivatives containing W instead of Cr the two CO signals
appear at 198 and 202 ppm. See Ref. 25.
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and �C=26.05 ppm show one-bond correlation with the
proton signals at �H=3.08 ppm (-CH2-S) and at �H=
2.08 ppm (R4=CH3) therefore they were assigned to
the �-C of the side chain and the CH3 bonded to the
ring, respectively. The signal at �C=53.64 ppm corre-
lates with the singlet at �H=3.32 ppm and it was
assigned to the carbon of OCH3 group. Finally, the
signal at �C=148.8 ppm was assigned to the C6 of the
new heterocycle. The loss of conjugation between the
double bond and thiocarbonyl group indicates that the
carbene insertion took place in the C3�C4 bond of 1.

To confirm this hypothesis in an unambiguous way,
long range correlation experiments (HMBC) were car-
ried out. In this spectrum, the carbon resonance at
�C=148.8 ppm showed HMBC correlation with the
methylene proton signal of the AB system at �H=3.08
ppm, confirming that it corresponds to C6 of the ring,
as stated above. Besides, correlations of the methyl
group (�H=2.08 ppm) with the carbon signals at �C=
206.55 ppm (C3), 148.8 ppm (C6) and 92.87 ppm (C4)
were observed. The cross correlation between these
proton signals and C3 confirm that the insertion did
not take place between C5 and S1 in 1 because this
would imply five-bonds coupling which as far as we
know, has never been observed. For the same reason,
the cross correlation between the proton signal of the
methyl group bonded to the ring and the signal for C6
confirms that the insertion did not take place within S2
and C3. The cross correlations observed as well as the
loss of conjugation between the double bond and the
thiocarbonyl group confirm that the insertion reaction
took place into the C3�C4 bond of 1. Unfortunately we
were unable to obtain appropriate crystals of any of the
derivatives prepared for X-ray structure determination.
It is important to note that six-membered rings contain-
ing an S�S bond are the constituent of natural products
widely used as medicine.27

We note that there are only a few reports regarding the
interaction of sulfur derived compounds with Fischer
carbene complexes. Recently, Aumann28 described an
efficient synthesis of cyclopentadienyl thioacylates from
the reaction of 1-alkynyl Fischer carbene complexes
(M=Cr and W) with thioacids and thioamides.
Besides, it was reported that the reaction of dimethoxy
carbene generated by thermolysis of 2,5-dihydro-2,2-
dimethoxy-5,5-dimethyl-1,3,4-oxadiazole reacted with
2,2,4,4-tetramethyl-3-thioxocyclobutanone to afford the
ring expansion product with the dimethoxycarbene
group inserted within C1 and C2 as a major product
(50%) and a small amount of the product of insertion in
the C2 �C3 bond (5%).29

Considering that 4 is one of the resonance forms con-
tributing to the ground state structure of 1, we can see
that there is a certain double bond character in the
C3�C4 bond. Therefore we suggest that the reaction
reported here may take place via cyclopropanation of
this double bond giving the intermediate 5, which then
rearranges to 3, as indicated by the arrows. A similar
mechanism was proposed by Aumann for a five to six
member ring expansion.7

Conclusions: Fischer carbene complexes with Cr and W
as metallic center give an overall C�C � bond insertion
in their reactions with 5-alkylthio-3H-1,2-dithiole-3-
thiones. A novel type of dithiine ring is formed. The
reaction takes place with substrates bearing electron
withdrawing as well as electron acceptor substituents.

Insertion reaction of 1a and 2a (entry A of Table 1).
6 - Butylthiovinyliden - [pentacarbonylchromium(0)] - 4-
methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3A: 1H
NMR (CDCl3): � 0.97 (t, 3H); 1.48 (m, 2H); 1.74 (m,
2H); 3.12 (m, 2H); 3.29 (s, 3H); 7.49–7.67 (m, 6H). 13C
NMR (CDCl3): � 13.48; 21.83; 30.67; 33.72; 54.20;
97.06; 127.14; 127.59; 129.29; 130.61; 135.36; 148.77;
205.91; 215.02; 223.89. IR (KBr): 742.2 (d); 1045.0 (m);
1406.9 (m); 1492.5 (m); 1933.5 (vs); 2065.1 (s); 2940.4
(w); 2973.3 (w) cm−1. HRMS (FAB) (NBA), calculated
for C20O6H18S4Cr: 533.9391 g/mol; found: 533.9376
g/mol.

Insertion reaction of 1a and 2b (entry B of Table 1).
6 - Butylthiovinyliden - [pentacarbonylchromium(0)] - 4-
methoxy-4-methyl-3H-1,2-dithiine-3-thione 3B: 1H
NMR (CDCl3): � 0.96 (t, 3H); 1.47 (m, 2H); 1.69 (m,
2H); 2.08 (s, 3H); 3.08 (m, 2H); 3.32 (s, 3H); 7.58 (s,
1H). 13C NMR (CDCl3): � 13.51; 21.83; 26.68; 30.63;
33.58; 53.64; 92.87; 127.52; 148.83; 206.53; 214.99;
223.89. HRMS (FAB) (NBA), calculated for
C15O6H16S4Cr: 471.9237 g/mol; found: 471.9235 g/mol.

Insertion reaction of 1a and 2c (entry C of Table 1).
6 - Butylthiovinyliden - [pentacarbonyltungsten(0)] - 4-
methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3C: 13C
NMR (CDCl3): � 13.55; 21.87; 30.67; 33.79; 54.23;
97.58; 127.18; 128.01; 129.36; 130.75; 135.29; 151.05;
196.93; 202.30; 203.14. IR (KBr): 748.8 (w); 1045.0 (m);
1406.9 (m); 1492.5 (m); 1933.5 (vs); 2065.1 (s); 2927.2
(w); 2966. 7 (w) cm−1. HRMS (FAB) (NBA), calculated
for C20O6H18S4W: 665.9495 g/mol; found: 665.9517 g/
mol.

Insertion reaction of 1b and 2a (entry E of Table 1).
6-Dodecylthiovinyliden-[pentacarbonylchromium(0)]-4-
methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3D: 1H
NMR (CDCl3): � 0.97 (t, 3H); 1.27 (s, 18H); 1.74 (m,
2H); 3.12 (m, 2H); 3.29 (s, 3H); 7.49–7.66 (m, 5H). 13C
NMR (CDCl3): � 14.11; 22.70; 28.66; 28.97; 29.56;
31.92; 34.07; 54.23; 97.06; 127.18; 127.63; 129.29;
130.64; 135.39; 148.73; 205.91; 215.02; 223.93. IR
(KBr): 1054.0 (m); 1400.1 (m); 1489.8 (m); 1941.9 (vs);
2061.2 (s); 2854.7 (m); 2925.0 (m) cm−1. Elemental
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analysis, calculated for C28O6H34S4Cr, C, 51.99; H,
5.30; found: C, 51.69; H, 5.66%.

Insertion reaction of 1c and 2a (entry E of Table 1).
6-Benzylthiovinyliden-[pentacarbonyl chromium(0)]-4-
methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3E: 1H
NMR (CDCl3): � 3.24 (s, 3H); 4.34 (m, 2H); 7.37–
7.75 (m, 11H). 13C NMR (CDCl3): � 38.88; 54.20;
97.23; 127.14; 128.49; 129.01; 129.22; 130.64; 134.31;
135.32; 146.51; 206.32; 214.92; 223.93. IR (KBr):
1044.0 (m); 1410.9 (m); 1495.9 (m); 1940.5 (vs);
2064.7 (s); 2927.8 (w); 2967.0 (w). HRMS (FAB)
(NBA), calculated for C23O6H16S4Cr: 567.9234 g/mol;
found: 567.9262 g/mol.

Insertion reaction of 1d and 2a (entry F of Table 1).
6 - Ethylthiovinyliden - [pentacarbonylchromium(0)] - 5-
phenyl-methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3F:
1H NMR (CDCl3): � 1.28 (t, 3H); 2.97 (m, 2H); 3.42
(s, 3H); 7.15–7.78 (m, 10H). 13C NMR (CDCl3): �
14.59; 29.11; 54.41; 93.94; 127.18; 128.63; 129.33;
130.61; 135.67; 136.98; 164.29; 204.14; 215.16; 224.24.
HRMS (FAB) (NBA), calculated for C24O6H18S4Cr:
581.9391 g/mol; found: 581.9366 g/mol.

Insertion reaction of 1e and 2a (entry G of Table 1).
6-Ethylthiovinyliden-[pentacarbonylchromium(0)]-5-Cl-
4-methoxy-4-phenyl-3H-1,2-dithiine-3-thione 3G: 1H
NMR (CDCl3): � 1.43 (t, 3H); 3.12 (m, 2H); 3.32 (s,
3H); 7.52–7.71 (m, 5H). 13C NMR (CDCl3): � 14.31;
29.04; 54.44; 94.43; 126.93; 129.50; 130.95; 134.52;
146.13; 196.38; 214.88; 224.45. IR (KBr): 1058.1 (m);
1229.3 (w); 1420.1 (s); 1933.5 (vs); 2065.1 (s); 2933.6
(w). HRMS (FAB) (NBA), calculated for C18O6H13-
S4ClCr: 539.8688 g/mol; found: 539.8679 g/mol. Ele-
mental analysis, calculated for C18O6H13S4ClCr: C,
39.96; H, 2.42; found: C, 39.82; H, 2.56%; mp 92–
93.5°C.

Insertion reaction of 1e and 2d (entry H of Table 1).
6-Ethylthiovinyliden-[pentacarbonylchromium(0)]-5-Cl-
4-i-propoxy-4-phenyl-3H-1,2-dithiine-3-thione 3H: 1H
NMR (CDCl3): � 1.07–1.10 (dd, 6H); 1.44 (t, 3H);
3.13 (m, 2H); 3.91 (m, 1H); 7.50–7.78 (m, 5H). IR
(KBr): 1031.4 (m); 1044.2 (m); 1235.8 (w); 1421.1 (s);
1935.6 (vs); 2060.2 (s); 2932.2 (w); 2980.2 (w) cm−1.
HRMS (FAB) (NBA), calculated for C20H17O6S4ClCr:
567.9001 g/mol; found: 567.8986 g/mol.

Insertion reaction of 1f and 2a (entry I of Table 1).
6 - Ethylthiovinyliden - [pentacarbonylchromium(0)] - 5-
methoxy-4-methoxy-4-phenyl-3H-1,2-dithiine-3-thione
3I: 1H NMR (CDCl3): � 1.38 (t, 3H); 3.03 (m, 2H);
3.32 (s, 3H); 3.78 (s, 3H); 7.50–7.69 (m, 5H). 13C
NMR (CDCl3): � 14.62; 27.86; 54.23; 59.46; 94.33;
126.76; 129.29; 130.71; 134.59; 138.99; 153.48; 196.07;
215.02; 224.17. IR (KBr): 1038.4 (m); 1083.4 (m);
1262.2 (m); 1401.9 (s); 1456.1 (m); 1940.0 (vs); 2058.0
(s); 2940.4 (w); 2966.7 (w) cm−1. HRMS (FAB)
(NBA), calculated for C19H16O7S4Cr: 535.9184 g/mol;
found: 535.9183 g/mol.
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