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The title compound, (C12H12BrN2)[Ni(C4N2S2)2], is an ion-

pair complex, isostructural with the Cl-containing analogue.

The anion lies on an inversion centre and the NiII ion is

coordinated by four S atoms, giving the expected square-

planar coordination geometry. The cation adopts a conforma-

tion where the benzene and pyrazine rings are twisted with

respect to the plane of the central C—C—N chain which links

them. C—H� � �S and �–� interactions between cations and

anions are observed in the crystal structure, and C—H� � ��
interactions mediate the formation of ribbons of cations.

Comment

In recent years, interest has grown in the study of the intro-

duction of the principles of supramolecular chemistry into the

area of materials science, in which non-covalent interactions,

such as hydrogen bonding and �–� stacking interactions, have

yielded new materials exhibiting novel properties (Decurtins

et al., 1999; Hollingsworth, 2002; Wernsdorfer et al., 2002).

Maleonitriledithiolate (mnt2�) transition metal complexes can

be used as building blocks for magnetic molecular materials

through weak MII
� � �S (where M is Ni, Pd or Pt), S� � �S or �–�

interactions (Pullen et al., 1998; Uruichi et al., 1998; Robertson

& Cronin, 2002; Nishijo et al., 2003; Ni et al., 2004). The

introduction of inorganic or organic cations as the counter-

cation of [M(mnt)2]2� not only tunes the stacking pattern of

the anions, but also results in molecular materials with unusual

magnetic properties (Coomber et al., 1996; Ren, Chen et al.,

2002; Ren, Meng et al., 2002; Xie et al., 2002; Ni et al., 2005).

Cation–cation or anion–cation hydrogen bonds result in the

formation of two- or three-dimensional molecular magnets

(Ren, Chen et al., 2002; Ren, Meng et al., 2002). As part of a

study of the effect of substituent groups on the benzene and

pyrazine rings of the benzylpyrazinium cation on the stacking

pattern of [M(mnt)2]2� anions, we report here the synthesis

and crystal structure of the title ion-pair complex, (I), using 1-

(4-bromobenzyl)-3-methylpyrazinium (BrBzPzMe) as the

cation.

Complex (I) is isostructural with [ClBzPzMe]2[Ni(mnt)2]

(Yang et al., 2004). The main structural blocks in (I) are the



[BrBzPzMe]+ cation and the [Ni(mnt)2]2� anion, which is

located on an inversion centre (Fig. 1). The [BrBzPzMe]+

cation adopts a conformation where both the benzene and

pyrazine rings are twisted relative to the C10/C9/N3 reference

plane: the dihedral angles that the pyrazine and benzene rings

make with the C10/C9/N3 plane are 38.4 (3) and 89.7 (3)�,

respectively. The benzene and pyrazine rings are planar, and

make a dihedral angle of 71.5 (3)�. In the [Ni(mnt)2]2� anion,

the NiII ion exhibits the expected square-planar coordination

geometry. The CN groups are slightly tipped out of the

coordination plane. The Ni—S bond distances are 2.1659 (10)

and 2.1687 (11) Å, and the S—Ni—S bond angles within the

five-membered rings are 92.64 (4)�. These values compare well

with those found in the corresponding Cl complex (Yang et al.,

2004).

An interesting structural feature of (I) is that weak C—

H� � �S, �–� and C—H� � �� intermolecular interactions are

found in the crystal structure and play an important role in

controlling the stacking arrangement. There are two types of

weak interactions between cations and anions: C9—

H9A� � �S1i [C9� � �S1i = 3.689 (5) Å and C9—H9A� � �S1i = 151�;

symmetry code: (i) 1 + x, y, z] and a �–� stacking interaction

between the pyrazine ring and the conjugated portion of the

[Ni(mnt)2]2� anion, with a distance of 3.52 (2) Å (Fig. 2).

There is also a significant weak C—H� � �� interaction between

the methyl group C16 and the benzene ring of an adjacent

cation [Fig. 2; contact distance H� � �centroid = 2.84 Å], so that

ribbons of cations are formed (Fig. 3).

Experimental

4-Bromobenzyl bromide and 3-methylpyrazine were purchased from

Aldrich and used without further purification. 1-(4-Bromobenzyl)-3-

methylpyrazinium bromide (BrBzPzMe+
�Br�) was prepared by the

literature method of Bulgarevich et al. (1994). Disodium

maleonitriledithiolate, Na2mnt, was synthesized by the published

procedure of Davison & Holm (1967). Compound (I) was prepared

by the direct combination of 1:2:2 mole equivalents of NiCl2�6H2O,

Na2mnt and BrBzPzMe+
�Br� in H2O (30 ml). The resulting red

precipitate was filtered off, washed with water and dried in vacuo

(yield 88%). Single crystals of (I) suitable for X-ray analysis were

grown from CH3CN by slow evaporation over a period of two weeks.

Analysis, found: C 44.23, H 2.85, N, 12.78%; calculated for

C32H24Br2N8NiS4: C 44.31, H 2.79, N, 12.92%. IR data (KBr, �, cm�1):

2215 and 2198 (C N), 1478 (C C of mnt2�).

Crystal data

(C12H12BrN2)2[Ni(C4N2S2)2]
Mr = 867.36
Monoclinic, P21=n
a = 7.182 (2) Å
b = 15.944 (4) Å
c = 15.384 (4) Å
� = 94.692 (10)�

V = 1755.7 (8) Å3

Z = 2

Dx = 1.641 Mg m�3

Mo K� radiation
Cell parameters from 908

reflections
� = 2.9–23.6�

� = 3.10 mm�1

T = 293 (2) K
Block, red
0.25 � 0.20 � 0.15 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.480, Tmax = 0.628

8550 measured reflections

3085 independent reflections
2162 reflections with I > 2�(I)
Rint = 0.097
�max = 25.0�

h = �8! 8
k = �16! 18
l = �17! 18

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.047
wR(F 2) = 0.117
S = 0.92
3085 reflections
215 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0649P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.032
��max = 0.84 e Å�3

��min = �0.82 e Å�3
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Figure 1
The structure of (I), showing 30% probability displacement ellipsoids and
the atom-numbering scheme. All H atoms have been omitted for clarity.
[Symmetry code: (A) �x, 1 � y, �z.]

Figure 2
The anion–cation and cation–cation interactions (dashed lines) in (I).
[Symmetry codes: (A) 1

2 � x, 3
2 + y, 1

2 � z; (B) 3
2 � x, 1

2 + y, 1
2 � z; (C) 1

2 + x,
3
2 � y, 1

2 + z; (AA) 3
2 � x, 1

2 + y, 1
2 � z; (AC) 1

2 + x, 3
2 � y, 1

2 + z; (BA) 1
2 + x,

3
2 � y, 1

2 + z.]

Figure 3
The ribbons of cations in (I) formed through C—H� � �� interactions
(dashed lines).



H atoms were placed in geometrically calculated positions and

refined with constrained C—H distances of 0.93, 0.96 and 0.97 Å for

aromatic, methyl and methylene groups, respectively, and with

Uiso(H) = 1.2Ueq(aromatic and methylene) or 1.5Ueq(methyl). The

methyl group was allowed to refine as a rigid rotating group.

Data collection: SMART (Bruker, 2000); cell refinement: SMART;

data reduction: SAINT (Bruker, 2000); program(s) used to solve

structure: SHELXTL (Bruker, 2000); program(s) used to refine

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.

This work was funded by the President’s Science Founda-

tion of South China Agricultural University, and by China

Three Gorges University.
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