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The crystal structure of tetrakis(y,-(1H-
benzimidazole-2-methoxo-k>N,0:0:0)-(n-butanol-
KO)-chlorido)-tetranickel(II), C4sHgsCl4NgOgNi,

Oliii .

Figure: The cubane cluster structure of Iis formed by four Ni(II) ions,
four CI” anions, four bm and four n-butyl alcohol ligands. The H-atoms
and the symmetry-related CI~, bm and n-butyl alcohol ligands are omitted
for clarity (symmetry code:i.1-x,1.5 -,z ii. 1.25 -y, 0.25 + x, 1.25 — z; iii.
y—-0.25125-x,1.25-2).
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Abstract

CasHgsClNgOgNi,, tetragonal, I4,/a (no. 88), a = 16.9137(5) A,
c = 19.502813)A, V = 5579.2(S)A3, Z = 4, Ry(F) = 0.0391,
WR(F? = 01221, T = 293K.
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Table 1: Data collection and handling.

Crystal: Green prism

Size: 0.47 x 0.36 x 0.34 mm
Wavelength: Mo Ka radiation (0.71073 A)
U 1.58 mm™’

Diffractometer, scan mode: @ and w

Bmax, COMpleteness: 28.3°,>99 %

N(AKD measureds NCAKDuniques Rint: 25,550, 3459, 0.031

Criterion for Iops, N(hkl)g:: Iops > 2 0(Iyps), 2685

N(param)refined: 165

Programs: CrysAlis™© [1], Olex2 [2], SHELX [3, 4],

PLATON [5]

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

All chemicals were purchased from commercial sources
and used as received. A mixture of NiCl,-6H,0 (0.238 g,
1 mmol) and bm (benzimidazole, 0.150 g, 1 mmol) in 10 mL
n-butyl alcohol, with a pH adjusted to 8.0 by addition of
triethylamine, was poured into a Teflon-lined autoclave
(15 mL) and then heated at 433 K for 4 days. After cooling to
room temperature at a rate of 283Kh™, green block-
shaped crystals of I were collected by filtration, washed
with n-butyl alcohol and dried in air. Phase pure crystals
were obtained by manual separation (Yield: 65.2 mg ca.
21 % based on bm). Anal. Calc. for I: C43HggCl4NgOgNi, (%)
(Mr =1261.74): C, 45.65; H, 5.39; N, 8.88. Found: C, 45.67; H,
5.38; N, 8.86 %. (CCDC number 1055581).

2 Experimental details

Empirical absorption correction using spherical harmonics,
implemented in SCALE3 ABSPACK scaling algorithm. Using
Olex2 [2], the structure was solved with the ShelXT [3]
structure solution program and refined with the ShelXL [4]
refinement package. Carbon or nitrogen-bound hydrogen
atoms were placed in calculated positions (d = 0.93 A for CH,
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A?).

Atom X y z Uiso*/Ueq
al 0.60101 (16) 0.71142 (16) 0.40250 (14) 0.0431 (5)
Q2 0.65484 (19) 0.7668 (2) 0.37804 (17) 0.0562 (7)
H2 0.682989 0.799679 0.407420 0.067*
a 0.6643 (2) 0.7702(2)  0.30771 (18) 0.0703 (9)
H3 0.699505 0.806876 0.289538 0.084*
c4 0.6231 (3) 0.7211 (2) 0.26307 (18) 0.0734 (10)
H4 0.631501 0.725966 0.216132 0.088*
5 0.5703 (2) 0.6655 (2) 0.28654 (16) 0.0623 (8)
H5 0.543079 0.632257 0.256813 0.075*
cé 0.55991 (17) 0.66177 (17) 0.35736 (14) 0.0464 (6)
Cc7 0.52118 (16) 0.64037 (15) 0.46353 (13) 0.0398 (5)
8 0.47547 (17) 0.61282 (16) 0.52500 (14) 0.0427 (5)
H8A 0.420399 0.604760 0.513005 0.051*
H8B 0.496834 0.563225 0.541745 0.051*
9 0.7047 (3) 0.5769 (3) 0.5477 (3) 0.1080 (18)
HIA 0.743068 0.611430 0.526024 0.130*
HI9B 0.674549 0.551177 0.511811 0.130*
Cc10 0.7481 (4) 0.5146 (4) 0.5893 (4) 0.146 (3)
H10A 0.772107 0.541356 0.628054 0.176*
H10B 0.708369 0.479132 0.607866 0.176*
c1 0.8058 (4) 0.4681 (4) 0.5600 (4) 0.171 (3)
H11A 0.846005 0.502223 0.540411 0.205*
H11B 0.782437 0.438104 0.522731 0.205*
C12 0.8439 (3) 0.4129 (3) 0.6075 (4) 0.134 (2)
H12A 0.872889 0.373926 0.582014 0.201*
H12B 0.804331 0.387169 0.634874 0.201*
H12C 0.879504 0.441340 0.636880 0.201*
(@] 0.71336 (4) 0.79947 (5) 0.55939 (4) 0.04952 (19)
N1 0.57479 (13) 0.69609 (13) 0.46886 (11) 0.0420 (4)
N2 0.51047 (15) 0.61672 (14) 0.39796 (12) 0.0467 (5)
H2A 0.478737 0.580340 0.384100 0.056*
Ni1 0.59216 (2) 0.72735 (2) 0.56929 (2) 0.03550 (13)
01 0.48216 (10) 0.67187 (10) 0.57579 (9) 0.0365 (4)
02 0.65445 (14) 0.62170 (13) 0.58722 (12) 0.0582 (5)
H2B 0.626808 0.592473 0.610691 0.087*

d =0.97 A for CH,, d = 0.96 A for CH, and d = 0.86 A for NH)
and were included in the refinement in the riding model
approximation, with Ujs,(H) set to 1.2U.4(C or N) for —CH,
for -NH and for —CH,, and with Ujso(H) set to 1.5U,q(C) for -
CHs. The H atoms of hydroxyl group of n-butyl alcohol in I
were refined as rotating groups, with do_z = 0.82A and
Uiso(H) = 1.5U¢4(0). The structures were examined using the
ADDSYM subroutine of PLATON [5] to ensure that no addi-
tional symmetry could be applied to the models.

3 Comment

Design and investigation of polynuclear transition metal
complexes have received considerable attention because of
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their different potential applications, such as gas storage [6],
separation [7], catalysis [8] and magnet [9]. With the aim of
understanding the correlation between structures and kinds
of properties, a series of polynuclear complexes have been
synthesized, in which the search for key ligands is an
important process to advance this investigation [10]. The
benzimidazole-based derivatives have received so much
interest due to their applications both in coordination
chemistry [11] and in medicinal chemistry, such as antibac-
terial, antiviral and antitumor properties [12]. (1H-benzimi-
dazol)-methanol (bm), as an excellent organic ligand with N,
O-donor atoms, it can coordinate to the metal-ion to form
different structures [13]. As a monodentate ligand it
coordinates to the metal ion via the pyridine-type nitrogen to
form mononuclear complex [14]. As an bidentate ligand, it
coordinates to the metal ion via the pyridine-type nitrogen
and the alkoxide oxygen to form mononuclear complex [15],
polynuclear complex in which the alkoxide oxygen can
bridge more than one metal ion [16]. The other pyrrol-type
nitrogen (N-H) is usually involved in hydrogen bond for-
mation with available hydrogen acceptor and/or hydrogen
donor sites. Through hydrogen bond and other interactions,
the solid state can dictate interesting structure [17]. With
the aim of understanding the coordination chemistry,
we have recently focussed our research on coordination
polymers based on bm ligand. Herein, we describe the syn-
thesis and crystal structure of a cubane Ni(II) cluster,
{Niy(bm),Cl4(C4HsOH)4}, prepared by the reaction of
NiCl,-6H,0 with bm in n-butyl alcohol.

Single-crystal X-ray diffraction analysis reveals that the
title structure (I) belongs to the tetragonal space group 4,/a,
and contains a cubane cluster with four nickel(Il) ion and
oxygen atoms from four bm ligands occupying the alternate
vertices of the cube. The cubane is formed by four Ni(II) ions,
four CI” anions, four bm ligands and four n-butyl alcohol
(Figure 1). The Ni" ion is in a distorted octahedral geometry
coordinated by one terminal n-butyl alcohol molecule
(Ni1-02, 2.106(2) A), one ClI” anion (Nil-Cl1, 2.3914(8) A).
One benzimidazole N atom (Nil-N1, 2.049(2) A) and three
us-alkoxide oxygen atoms (Nil-O1, 2.0908(18) A; Nil—Oli,
2.1205(18) A; Ni1-01%, 2.0617(17) &, symmetry codes: i. 1 — X,
15-y,z1ii. 1.25 -y, 0.25 + X, 1.25 — z). It must be pointed out
that bm exists as a mono-anion and displayed a pz—ns:;
coordination mode. It is interesting to note that such a
coordinated mode was already observed in [Ni(bm)
Cl(C,H50H)], [17] and [Co,(bm),Cl4(C3H,0H),] [18]. The
Ni---Ni distances of I are in the range 3.142-3.210 A and
the magnetic exchange Ni-O-Ni angles of I are in the
range 97.41(7)-98.36(7)° [19], showing values for the Ni---Ni
ferromagnetic exchange pathways to be dominant, being
between 90° and 104° [20]. Complex I further forms a
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supramolecular 2-D network through N-H---CI-M
hydrogen bonds (N2-Hz2a---CIV, 3.277(2) &, 150.4°, symmetry
code: (iv) —y + 5/4, x — 1/4, z — 1/4) in the bc plane. It must be
mentioned that the importance of such types of N-H---Cl-M
hydrogen bonds has already been reported in the literature
[21].
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