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The title compound, (C10H10N2S)[CuCl4], was obtained by the

reaction of cupric chloride with pyridine-4-thiol in a mixture

of acetonitrile and tetrahydrofuran, suggesting that the

desulfurization and coupling reactions of pyridine-4-thiol

occurred in the presence of the Cu2+ ion. X-ray diffraction

analysis reveals the presence of one 4,40-thiodipyridinium

cation, H2bps2+, and one [CuCl4]2ÿ anion. The cations interact

with the anions via NÐH� � �Cl hydrogen-bonding interactions

to form a closed `chair' conformation.

Comment

Thiopyridines, as N,S-donor-containing ligands, have been

extensively investigated in coordination chemistry because of

their varied coordination modes and interesting reactivity. A

large number of one-, two- and three-dimensional coordina-

tion polymers containing pyridine-2-thiol have been synthe-

sized (Hong et al., 1999; Kato et al., 2002; Wen et al., 2004).

However, only a small number of analogues containing pyri-

dine-4-thiol have been reported (Nunokawa et al., 2001; Anjali

et al., 2003). We are interested in investigating the thio-

pyridine±copper halide system because of its potentially

interesting reaction chemistry (Cheng et al., 2004). We report

here the synthesis and crystal structure of the title compound,

(I), containing the 4,40-thiodipyridinium cation (H2bps2+) and

the tetrachlorocopper(II) dianion.

As illustrated in Fig. 1, the asymmetric unit of the crystal

structure of (I) contains one H2bps2+ cation and one [CuCl4]2ÿ

anion. The anion exhibits a ¯attened tetrahedral geometry

with approximate D2d symmetry, and the CuII ion is

surrounded by four Cl atoms, with CuÐCl distances ranging

from 2.226 (3) to 2.284 (2) AÊ and ClÐCuÐCl angles ranging

from 94.84 (9) to 147.18 (12)� (Table 1). The mean CuÐCl

bond length [2.247 (2) AÊ ] is close to those observed in similar

complexes, e.g. (C10H16N2)[CuCl4] [2.24659 (18) AÊ ; Choi et al.,

2002]. The cation is formed via the desulfurization and

coupling of pyridine-4-thiol ligands and concomitant release

of hydrogen sul®de (see scheme above). The cation is proton-
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Figure 3
A packing diagram of the title compound viewed along the c direction.

Figure 2
The closed `chair' conformation of (I). Hydrogen bonds are depicted as
dashed lines.

Figure 1
A view of (I), shown with 30% probability displacement ellipsoids.



ated at atoms N1 and N2. To the best of our knowledge,

although complexes containing the 4,40-dipyridyl sul®de

ligand have been reported (Su et al., 2002), no structurally

characterized example of a 4,40-thiodipyridinium perhalome-

tallate complex obtained via the desulfurization and coupling

of pyridine-4-thiol has been documented to date.

In (I), there are NÐH� � �Cl hydrogen-bonding interactions

between the cations and the anions (Fig. 2 and Table 2).

Protonated atom N1 forms a three-center interaction with two

cis Cl atoms of one [CuCl4]2ÿ unit, with N1� � �Cl2 and

N1� � �Cl4 distances of 3.316 (9) and 3.248 (8) AÊ , respectively.

Protonated atom N2 forms a two-center hydrogen bond with

one Cl atom of another [CuCl4]2ÿ unit, with an N2� � �Cl4i

distance of 3.388 (9) AÊ [symmetry code: (i) ÿx + 1, ÿy + 1,

ÿz]. As a result, two H2bps2+ cations and two [CuCl4]2ÿ

anions are held together by hydrogen-bonding interactions to

form a closed `chair' conformation. The molecules of (I) are

arranged regularly, as depicted in Fig. 3, parallel to the c axis,

with dimensions of about 5.33 � 8.68 AÊ .

Experimental

A mixture of CuCl2�2H2O (0.170 g, 1 mmol) and pyridine-4-thiol

(0.111 g, 1 mmol) was dissolved in a CH3CN±tetrahydrofuran

mixture (1:1 v/v, 20 ml), stirred at room temperature (298 K) for 1 h

and then ®ltered. The ®ltrate was allowed to stand at room

temperature for two weeks, yielding blue crystals of (I).

Crystal data

(C10H10N2S)[CuCl4]
Mr = 395.62
Triclinic, P1
a = 8.2442 (14) AÊ

b = 9.4534 (16) AÊ

c = 9.5475 (15) AÊ

� = 92.594 (3)�

� = 94.243 (3)�

 = 100.571 (3)�

V = 728.1 (2) AÊ 3

Z = 2
Dx = 1.805 Mg mÿ3

Mo K� radiation
Cell parameters from 1200

re¯ections
� = 2.1±25.1�

� = 2.36 mmÿ1

T = 293 (2) K
Prism, blue
0.38 � 0.34 � 0.20 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.425, Tmax = 0.624

3836 measured re¯ections

2598 independent re¯ections
1667 re¯ections with I > 2�(I )
Rint = 0.042
�max = 25.1�

h = ÿ9! 9
k = ÿ11! 6
l = ÿ10! 11

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.074
wR(F 2) = 0.178
S = 1.04
2598 re¯ections
169 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(F 2
o) + (0.0678P)2

+ 3.8146P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max < 0.001
��max = 0.63 e AÊ ÿ3

��min = ÿ0.60 e AÊ ÿ3

H atoms bonded to C atoms were positioned geometrically and

re®ned using a riding model [CÐH = 0.93 AÊ and Uiso(H) =

1.2Ueq(C)]. H atoms bonded to N atoms were located from difference

maps and re®ned with the NÐH distances restrained to 0.86 (2) AÊ

[Uiso(H) = 1.2Ueq(N)].

Data collection: SMART (Siemens, 1996); cell re®nement: SMART

and SAINT (Siemens, 1994); data reduction: XPREP in SHELXTL

(Siemens, 1994) and SAINT; program(s) used to solve structure:

SHELXTL; program(s) used to re®ne structure: SHELXTL; mol-

ecular graphics: SHELXTL; software used to prepare material for

publication: SHELXTL.
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Table 1
Selected geometric parameters (AÊ , �).

CuÐCl2 2.226 (3)
CuÐCl1 2.228 (2)
CuÐCl3 2.251 (2)

CuÐCl4 2.284 (2)
SÐC3 1.776 (9)
SÐC8 1.781 (8)

Cl2ÐCuÐCl1 96.91 (11)
Cl2ÐCuÐCl3 147.18 (12)
Cl1ÐCuÐCl3 94.84 (9)
Cl2ÐCuÐCl4 95.44 (10)

Cl1ÐCuÐCl4 138.68 (11)
Cl3ÐCuÐCl4 95.67 (9)
C3ÐSÐC8 102.8 (4)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N2ÐH8A� � �Cl4i 0.86 (9) 2.67 (7) 3.388 (9) 142 (9)
N1ÐH3A� � �Cl4 0.86 (8) 2.57 (7) 3.248 (8) 136 (9)
N1ÐH3A� � �Cl2 0.86 (8) 2.63 (7) 3.316 (9) 138 (9)

Symmetry code: (i) ÿx� 1;ÿy� 1;ÿz.


