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Starting from 4,5-(ethylenedithio)-1,3-dithiol-2-one and
1,3-dithiol-2-one the disodium 5,6-dihydro-1,4-dithiin-2,3-
dithiolate (Na2dddt) and disodium 1,2-dithiolate (Na2edt)
salts were prepared, which react with NiCl2 in air to give
the complex Ni(dddt)(edt) (3ab). This compound was char-
acterized analytically and spectroscopically. The method is
applicable for the preparation of similar unsymmetrical com-
plexes.
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Introduction

During the last fifteen years, a large number of
conducting materials based on metal 1,2-dithiolenes
and selenium analogs have been prepared and stud-
ied. For some review articles of the published papers,
see [1 – 3]. The metal 1,2-dithiolene complexes were
prepared in several forms i.e., dianionic, monoanionic,
fractional anionic, neutral, and fractional cationic.
The fractional anionic (cation deficient) and/or neutral
complexes were obtained by oxidation of the anionic
complexes with agents, like tetracyanoquinodimethane
(TCNQ), or by electrooxidation [4, 5]. Most of the
known complexes are symmetrical (i.e., have a sin-
gle ligand). Only a limited number of unsymmetrical
(i.e., mixed ligand) complexes are known [3, 4, 6, 7].
The unsymmetrical complexes have been prepared
from the corresponding symmetrical ones, mainly, by
ligand-exchange reactions in solvents at reflux temper-
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Scheme 1.

ature [4, 6, 7]. However, some complexes are decom-
posed under these conditions. For example, Ni(edt) 2
(where edt is the ligand cis-1,2-ethylenedithiolate) un-
dergoes extensive decomposition during attempts of
recrystallization from higher boiling solvents [8]. This
means that e.g., the ligand exchange reaction be-
tween Ni(edt)2 and Ni(dddt)2 (where dddt is the lig-
and 5,6-dihydro-1,4-dithin-2,3-dithiolate) [9] to form
Ni(dddt)(edt) in refluxing 1,2-dichloroethane is not
possible. We found that the ligand exchange reaction of
saturated solutions of (Bu4N)Ni(edt)2 with Ni(dddt)2
in 1,2-dichloroethane at ca. 60 ◦C gave only traces of
Ni(dddt)(edt) after one month [10].

In this paper, the preparation of Ni(dddt)(edt) at low
temperatures is described. The chemical procedure is
indicated in Scheme 1.

The starting materials, 4,5-(ethylenedithio)-1,3-di-
thiol-2-one (1a) and 1,3-dithiol-2-one (1b), react with
sodium methoxide in MeOH to give the salts Na2dddt
(2a) and Na2edt (2b), respectively. Mixture of these
salts react with NiCl2 in air to give the required un-
symmetrical complex Ni(dddt)(edt), i.e., 3ab and the
corresponding symmetrical ones Ni(dddt)2 (3aa) and
Ni(edt)2 (3bb). Also, one can use the correspond-
ing organotin thiolates 4a and 4b [11, 12], instead of
sodium dithiolate salts. The method could be applied
for the preparation of similar complexes.
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Results and Discussion

By the method described herein the unsymmetri-
cal complex Ni(dddt)(edt) was obtained in acceptable
yield (5.5%), considering that the ligand exchange
method can not be applied for the preparation of this
complex. It is similar to the cross coupling method, ap-
plied for the preparation of unsymmetrical tetrathiaful-
valenes (TTFs) [2, 13]. Near IR spectroscopic investi-
gation indicated the formation of anionic species, i. e.,
NaNi(dddt)2, NaNi(edt)2, NaNi(dddt)(edt) as interme-
diates which are soluble in MeOH. These are oxidized
in air to give the neutral complexes. Fig. 1 shows that
the UV-vis/near IR optical absorption spectrum of 3ab
in MeOH and the spectra of 3aa and 3bb for compar-
ison. The absorption peaks of the unsymmetrical com-
plex Ni(dddt)(edt) occur between the peak positions of
the corresponding symmetrical complexes, Ni(dddt) 2
(3aa) and Ni(edt)2 (3bb), as in the case of unsymmet-
rical and symmetrical TTFs [2, 13]. The low frequency
bands at λmax = 864, 1015 and 719 nm are character-
istic of metal 1,2-dithiolene complexes. For spectro-
scopic studies of 3aa and 3bb see also [8, 14, 15]. It is
expected that the redox potentials of Ni(dddt)(edt) will
have intermediate values, i.e., in between the redox po-
tential values of Ni(dddt)2 and Ni(edt)2 as in the case
of other metal 1,2-dithiolenes [3, 4] and TTFs [2, 13].
This means that the donator ability of Ni(dddt)(edt)
will be better than that of Ni(dddt)2.

The method described herein was also applied for
the preparation of Pd(dddt)(edt) (λmax = 875 nm in
CH3CN) and Ni(dt)(edt) (wheredt is the ligand tetra-

Fig. 1. UV-vis/near IR optical absorption spectra of
Ni(dddt)2 (a), Ni(edt)2 (b) and Ni(dddt)(edt) (c) in MeOH.

thiafulvalene-dithiolate [16, 17]) (λmax = 830 nm in
CH3CN). The method is general and can be applied
for the preparation of a wide variety of unsymmetri-
cal metal 1,2-dithiolenes based on several transition
metals with small [2, 3, 13] and large (i.e., extended-
TTF) [17] dithiolate ligands, as well as with the sele-
nium analogs. However, details on the preparation and
properties of the new unsymmetrical complexes will be
published elsewhere.

Experimental Section

The starting materials 1a and 1b were prepared by the
well known chemical procedures (see [2, 11 – 13]).

(5,6-Dihydro-1,4-dithin-2,3-dithiolato)(ethylene-1,2-dithio-
lato)nickel, Ni(dddt)(edt) (3ab)

In a two-necked 500 ml flask a solution-suspension of 1a
(0.5 g, 3.3 mmol) and 1b (0.4 g, 3.3 mmol) in dry MeOH
(20 ml) was prepared with stirring under nitrogen atmo-
sphere. Then, a solution of NaOMe, freshly prepared from
Na (300 mg, 6.6 mmol) and MeOH (40 ml), was added and
the mixture stirred at room temperature for 10 min. The re-
sulting mixture containing 2a and 2b was diluted with deoxy-
genated MeOH (140 ml) and cooled to −78 ◦C. A solution
of NiCl2 · 6H2O (0.785 g, 3.3 mmol) in MeOH (30 ml) was
added dropwise within 15 min, and the mixture was allowed
to warm slowly to room temperature. The brown solution
was stirred under nitrogen atmosphere for 2 h. Then, aq. HCl
(2 ml, 25%) was added and the mixture was transferred to a
beaker and stirred in air overnight. The solution-suspension
was concentrated to a small volume and the precipitate was
filtered, washed with water and dried in air. The green-brown
solid was extracted with CS2 and chromatographed on a sil-
ica gel column, using CS2 as eluent. The first violet-red frac-
tion contained 3bb (5 mg, 1.3%), the second emerald frac-
tion contained 3ab (60 mg, 5.5%) and the third autumn-
green fraction contained 3aa (34 mg, 5%). The compound
3ab crystallizes in small black needles: m.p. 290 ◦C (dec.).
– 1H NMR (300 MHz, CS2/CDCl3 5:1): δ = 3.31 (s, 4H,
CH2CH2), 8.77 (s, 2H, CH=CH). – Analysis for C6H6S6Ni
(329.07): calcd. C 21.87, H 1.82, Ni 17.84; found C 21.81,
H 1.69, Ni 17.92.

The preparation through the organotin thiolates 4a and 4b
[11, 12] gave 3ab in a lower yield (ca. 2% based on 4a).
Using PdCl2(PhCN)2 instead of NiCl2, the unsymmetrical
complex Pd(dddt)(edt) was prepared. Also, using 4,5-bis (p-
acetoxybenzylthio)-TTF [16] instead of 1a, the unsymmetri-
cal complex Ni(dt)(edt) was prepared.
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