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In the centrosymmetric, mononuclear title complex,

[Ni(L)2(H2O)4](ClO4)2�2C3H6O [L = 2,3-bis(5-methyl-1,3,4-

thiadiazol-2-ylsulfanylmethyl)quinoxaline, C16H14N6S4], the

NiII center adopts a slightly distorted octahedral coordination

geometry, formed by two N atoms from two distinct ligands

and four O atoms from water molecules. Only one N atom of L

takes part in coordinating to the NiII atom.

Comment

The generation of coordination architectures depends mainly

on the combination of two factors, viz. the coordination

geometry of metal ions and the nature of the ligands (Sun et

al., 2002; Goodgame et al., 2002; Hamblin et al., 2002).

Multithioether ligands possess unusual potential for structure

control in inorganic chemistry, and many crystal structures of

complexes with multithioether ligands have been reported (Li

et al., 2003; Zheng et al., 2003). The crystal structure of a

nickel(II) complex, [Ni(L)2(H2O)4](ClO4)2�2CH3COCH3, (I),

with a flexible dithioether ligand, namely 2,3-bis(5-methyl-

1,3,4-thiadiazol-2-ylsulfanylmethyl)quinoxaline (L), is re-

ported here.

The structure of the title complex consists of a mononuclear

[Ni(L)2(H2O)4]2+ cation, two ClO4
� anions and two uncoor-

dinated CH3COCH3 molecules (Fig. 1). The [Ni(L)2(H2O)4]2+

cation is centrosymmetric, with the NiII atom residing on an

inversion center. The NiII atom is coordinated by two N atoms

from two distinct ligands (L) and four O atoms from water

molecules, giving a slightly distorted octahedral coordination

geometry with the cis bond angles around the NiII center in the

range 88.16 (13) to 92.97 (12)�. As shown in Table 1, the Ni—

N bond length is 2.129 (4) Å, while the Ni—O bond lengths

are unequal with values for Ni1—O1 and Ni1—O2 of 2.089 (3)

and 2.050 (3) Å, respectively. In the title complex, although

each ligand has ten potential donors (six N and four S), only

one N atom takes part in coordination to the NiII center. The

dihedral angle formed by the two thiadiazole rings of the same

ligand is 63.5 (3)�. In the crystal structure O—H� � �O and O—
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H� � �N intramolecular and intermolecular hydrogen bonds

stabilize the packing (see Table 2).

Experimental

The reaction of 2,3-bis(bromomethyl)quinoxaline (0.01 mol, 3.16 g)

with 5-methyl-2-sulfanyl-1,3,4-thiadiazole (0.021 mol, 2.78 g), in the

presence of KOH (0.021 mol, 1.47 g, 80%), gave the ligand L in good

yield (3.51 g, 84%). Analysis calculated for C16H14N6S4: C 45.91, H

3.37, N 20.08%; found: C 45.74, H 3.49, N 20.28%; 1H NMR (CDCl3):

2.72 (s, 6H, CH3), 5.10 (s, 4H, SCH2), 7.73–8.07 (m, 4H, Ar—H). The

title complex was synthesized by carefully layering a solution of

Ni(ClO4)2�6H2O (36.6 mg, 0.1 mmol) in CH3COCH3 on top of a

solution of L (42.0 mg, 0.1 mmol) in chloroform in a test-tube. After

about three days at room temperature, blue–green single crystals

suitable for X-ray investigation appeared at the boundary between

acetone and chloroform with a yield of 22%. IR (KBr, cm�1): 3441(s),

1629 (w), 1571 (w), 1490 (m), 1339 (m), 1296 (m), 1133 (m), 1018 (m),

838 (vs), 770 (s), 556 (s).

Crystal data

[Ni(C16H14N6S4)2(H2O)4](ClO4)2�-
2C3H6O

Mr = 1282.97
Triclinic, P1
a = 8.300 (7) Å
b = 12.223 (9) Å
c = 13.964 (10) Å
� = 81.108 (13)�

� = 86.415 (12)�

� = 79.596 (13)�

V = 1375.8 (18) Å3

Z = 1
Dx = 1.548 Mg m�3

Mo K� radiation
Cell parameters from 776

reflections
� = 2.4–26.3�

� = 0.82 mm�1

T = 293 (2) K
Block, blue–green
0.20 � 0.16 � 0.12 mm

Data collection

Bruker SMART 1000 CCD area-
detector diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 1998)
Tmin = 0.789, Tmax = 0.910

7534 measured reflections

5461 independent reflections
3264 reflections with I > 2�(I)
Rint = 0.034
�max = 26.5�

h = �10! 10
k = �7! 15
l = �17! 17

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.063
wR(F 2) = 0.111
S = 1.07
5461 reflections
344 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0223P)2

+ 1.5535P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.85 e Å�3

��min = �0.58 e Å�3

Table 1
Selected geometric parameters (Å, �).

Ni1—N1 2.129 (4)
Ni1—O1 2.089 (3)

Ni1—O2 2.050 (3)

N1i—Ni1—N1 180
O1—Ni1—N1i 88.16 (13)
O1i—Ni1—O1 180
O2—Ni1—O1i 87.03 (12)

O2—Ni1—O1 92.97 (12)
O2—Ni1—N1i 90.37 (13)
O2—Ni1—N1 89.63 (13)
O2i—Ni1—O2 180

Symmetry code: (i) �x þ 2;�yþ 1;�zþ 1.

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H11� � �N5i 0.88 2.02 2.899 (5) 171
O1—H11� � �N6i 0.88 2.52 3.323 (5) 152
O1—H12� � �O5ii 0.87 1.87 2.734 (5) 174
O2—H21� � �O7iii 0.85 2.07 2.825 (5) 147
O2—H22� � �N6 0.85 1.99 2.835 (5) 172

Symmetry codes: (i) �xþ 2;�yþ 1;�zþ 1; (ii) xþ 1; y� 1; z� 1; (iii)
x þ 1; y; z� 1.

H atoms bonded to C atoms were included in calculated positions

and treated in the subsequent refinement as riding atoms, with C—

H = 0.93–0.97 Å and Uiso(H) = 1.2Ueq(C) [1.5Ueq(C) for methyl H

atoms] of the carrier atom. The H atoms of the water molecules were

located in Fourier difference maps and refined with isotropic

displacement parameters set at 1.2 times those of the parent O atoms.

Data collection: SMART (Bruker, 1998); cell refinement: SMART;

data reduction: SAINT and SHELXTL (Bruker, 1998); program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)

used to refine structure: SHELXL97 (Sheldrick, 1997); molecular

graphics: SHELXTL; software used to prepare material for publi-

cation: SHELXTL.
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Figure 1
Structure of (I), showing displacement ellipsoids at the 30% probability
level [symmetry code: (A) 2 � x, 1 � y, 1 � z]. The symmetry-related
perchlorate ion and acetone molecule are not shown.
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