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Synthesis and Crystal Structure of [1-(4'-bromo-2’-fluorobenzyl)pyridinium ], [Ni (mnt)-]
and [1-(4’-bromo-2’-fluorobenzyl)pyrazinium1,[Ni(mnt),] Complex
(mnt?*- = maleonitriledithiolate dianion)
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Two complexes [1-(4'-bromo-2’-fluorobenzyl) pyridinium ]2[Ni(mnt),] (1) and [1-(4’-bromo-2’-fluorobenzyl)
pyrazinium]2[Ni(mnt)2] (2) (mnt?>- denotes maleonitriledithiolate dianion) have been prepared by reactions of Na2
[Ni(mnt) ;] with the corresponding 1-(4’-bromo-2’-fluorobenzyl) pyridinium bromide and 1-(4’-bromo-2’-fluoro-
benzyl) pyrazinium bromide salt. The crystallographic data for the complex 1: Triclinic P1, @ =0. 7086(2) nm,
b=1.0968(3)nm, ¢ =1.1775(3)nm, «a=69.914(5)°, B=89.495(5)°, vy=74.765(5)°, V=0.8259(4)nm?,
Z=1. Complex 2: Monoclinic P2:/n, a=0.71554(17) nm, b=1.4262(3) nm, ¢=1.6725(4) nm, B=
100. 396(4)°, V=1.6788(7)nm’, Z =4. In these two complexes, the Ni atom of [Ni(mnt);]?~ anion lies on an
inversion center and complex anion exhibit a quasi-planar structure. The nature and size of cation seems to play an

important role in the type of intermolecular interactions as well as the crystal packing in this series of complexes.
CCDC: 1, 210340; 2, 210339.
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0 Introduction

In the past years, considerable interests have been
focused on the study of square-planar M (dithiolene) .
complexes in the areas of conducting and magnetic
Com-
( abbr. mnt)
ligand have been studied extensively for its high charge

materials, dyes, non-linear optics, catalysis!'! .

plexes containing maleonitriledithiolate

density associated with the delocalised planar 7r-system
enables this series of complexes to have a large body of
stacking modes and, consequently, led to different re-
sultant physical properties?’ . Recently, we have em-
ployed a strategy of constructing one-dimensional
molecule-based magnets based on ion-pair complex
containing [M(mnt)]- (M =Ni (I}, Pt {); mnt*- =
maleonitriledithiolate) and benzylpyridinium derivative
as counterions. Excitedly, varying counterions led to
kaleidoscopic magnetic exchange properties although
those complexes have extremely similar molecular and
stack structures. Versatile magnetic property such as
ferromagnetic ordering at 2K, peculiar magnetic tran-
sition from ferromagnetic coupling to diamagnetism. or
from paramagnetic to diamagnetism, spin-Peierls-like
transition have been witnessed'®’. Primary results shown
that these great variable magnetic properties may be
associated with the different cooperativity. Herein, we
report two complexes with the aim to see the affection of
substituting the paramagnetic d’ central metal by dia-
magnetic d® metal on the crystal structure. In addition,
we replace the pyridine molecule of benzylpyridinium
counterion by pyrazine molecule for a new type of
stacking structure should be anticipated because the
electronic property of pyrazine is different from that of
pyridine.

1 Experimental

1.1 Materials and Methods

Starting materials were purchased from Aldrich
Chemical Co.
pyrazine), and were used without further purification.
1-(4'-bromo-2'-flucrobenzyl)  pyridinium  bromide
([BrFPylBr) and 1-(4’-bromo-2'-fluorobenzyl) pyrazi-
nium bromide ([BrFPz] Br), and disodium maleoni-

(4-bromo-2-fluorobenzyl bromide and

triledithiolate (Na;mnt) were synthesized following the
published procedures'**!,
Elemental

Perkin-Elmer 240 analytical instrument. IR spectrum

analyses were performed with a

was recorded on a 170SX Fourier Transform Infrared

Spectrometer (KBr pellet).

1.2 Synthesis of [1-(4'-bromo-2’-fluorobenzyl)
pyridinium ]; [Ni(mnt).] (1)

Complex 1 was prepared by the direct combination
of 1:2: 2 mol equiv of NiCl: -+ 6H:0, Na;mnt and
[BrFPy]Br in H,O. A red precipitate given was filtered
off, washed by water and dried under vacuum. After
dissolved by acetonitrile and the solution stood for about
a week, good shaped single crystals suitable for X-ray
analysis were obtained. Yield: 87% (Found(% ): C,
43.88; H,2.23; N, 9. 69. Calc. for Cs:Hz0Br.F2NsNiS,
(%): C, 44.01; H, 2.31; N, 9.62)
data(cm~'): »(CN) 2192. 9vs,
1482. 1s.

1.3 Synthesis of [1-(4’-bromo-2’'-fluorobenzyl)
pyrazinium ], [Ni(mnt).] (2)

This complex was synthesized by a stoichiometric
mixing of NiCl;, Na;mnt and [BrFPz] Br following the
above procedure. Yield: 89% . (Found{(% ): C, 41.35;
H,2.08; N, 12.76. Calc. for CisHoBrFNsNio.5S:{% ):
C, 41.17; H, 2.07; N, 12.80). IR(cm™'): »(CN)
2206.7 vs, »(C =C) of mnt*~ 1485.3m.

1.4 Data Collection, Structure Solution, and
Refinement

. IR spectra
v{(C=C) of mnt*-

The red single crystals of the two complexes, have
approximate dimensions 0. 25 x 0. 20 x0. 15mm for 1,
0.25 x0.20x 0. 10mm for 2 were selected for X-ray
structure measurement. Data were collected on a
Siemens Smart CCD area diffractometer using graphite-
monochromated Mo Ka radiation ( A =0. 071073nm) by
@ scans mode within the angular range 2. 06° < 8 <
25.00° for 1 and 1.89° < 6 < 25.04° for 2. Space
group, lattice parameters, and other relevant informa-
tion are listed in Table 1. The structures were solved by
direct methods and refined on F? by full-matrix
least-square using the SHELXL-97'. All nonhydrogen

atoms were refined with anisotropic thermal parame-



http://www.cqvip.com

12

B S1%: BeA Y[ 1- (4’ -bromo-2"-fluorobenzyl ) pyridinium 12 [ Ni(mnt ). 151 [ 1- (4’ -bromo-2’-
fluorobenzyl ) pyrazinium ][ Ni (mnt)2] (mnt®~ = maleonitriledithiolate dianion) B4 R K sk g R

D000 http://iwww.cqvip.com|

-+ 1319 -

Table 1 Crystal Data and Structure Refinement

compound
color/shape
chemical formula
formula weight
temperature /K
wavelength
crystal system
space group
a/nm
b5/ nm
¢/ nm
a/(°)
B/ (%)
v/ (°)
volume /nm’
z
density (calculated) /(g * cm ™)
absorption coefficient/mm ™!
diffractometer/ scan
F(000)
6 range for data collection/ (°)

index ranges

reflections collected

observed reflections ([ > 20}
independent reflections
refinement method

data /restraints / parameters
goodness of fit on F?

final R indices [/ > 20(1)]
R indices (all data)

largest diff. peak and hole/ (e *

nm ")

1 2
red /block red /block
Ci2H20Br:F:NNiSs CysHsBrFNuNio sS;
873.31 437. 65
293(2) 293(2)
0.071073 0. 071073
triclinie monoclinic

P1 P2/ n
0.7086(2) 0.71554(17)
1.0968(3) 1. 4262(3)
1.1775(3) 1. 6725(4)
69.914(5)

89.495(5) 100. 396(4)
74.765(5)

0.8259(4) 1. 6788(7)

1 4

1.756 1.732

3.305 3.254

simens SMART/CCD area detector

434 868

2.06 to 25.00 1. 89 to 25. 04
-1T<s h<8 -8< h=<38
-11= k <13 -11< k<16
-12=< | =13 -18< 1 <19
4090 8151

2353 2133

2849( Ria = 0. 0312)
full-matrix least-squares on F*
2849/0/215 2959/0/215

1.033 1. 026

Ri =0. 0523, wR.=0.1336 R =0.0467, wR.=0.1106
Ry =0. 0585, wR2=0. 1365 R =0.0627, wR:=0.1153
1060 and — 769 786 and 665

2959( Riu = 0. 1127)

ters. All H atoms were placed in calculated positions,
assigned fixed isotropic displacement parameters 1.2
times the equivalent isotropic U value of the attached
atom, and allowed to ride on their respective parent

atoms.
2 Results and Discussion

As for complex 1, it crystallizes in the triclinic
space group P1, The atom arrangements and the num-
bering system for it are shown in Fig. 1. Selected bond
lengths, angles and the hydrogen contacts are listed in
Table 2.

The [Ni(mnt)2]?>~ anion has a center of symmetry
at the nickel atom and two [ BrFPy] * ions are related to

each other by the symmetry center. Four sulfur atoms

ORTEP plot (30% probability ellipsoids) showing the
molecular structure of [1-(4’-bromo-2'-fluorobenzyl )
pyridinium 12[Ni(mnt).] (1)



http://www.cqvip.com

D000 http://iwww.cqvip.com|

- 1320 - x M otk E E B F19%
Table 2 Selected Bond Lengths(nm), Bond Angles(°) of Complex 1
Ni(1)-S(1) 0. 21678(12) Ni(1)-S(2) 0.21625(12) S(1)-C(2) 0.1731(4)
$(2)-C(3) 0. 1723(4) N(1)-C(1) 0. 1140(6) N(2)-C(4) 0.1139(6)
N(3)-C(9) 0. 1317(5) N(3)-C(5) 0.1341(6) C(1)-C(2) 0. 1421(6)
S$(2)-Ni(1)-S(1) 91. 64(4) S(2)-Ni(1)-S(1)#1 88. 36(4) C(2)-S(1)-Ni(1) 103.29(14)
N(2)-C(4)-C(3) 178.1(5) N(3)-C(5)-C(6) 120.7(4)

Symmetry codes: #1: —x+1, —y+1, —z+1.
define a plane, and the nickel atom is square-planar
geometry. The complex dianion is not completely pla-
nar, the five-membered nickel-containing ring are
slightly puckered, as that have been found for other
[M(mnt).] - structures'’’. A dihedral angle of 12. 5°
between the planar NiSs group and the N(1)C(1)C(2)
C(3)C(4)N(2) (mnt*") mean plane is found and this
led to a chair conformation. The terminal nitrogen atom
of CN groups are tipped out of the coordination plane,
with the deviation of 0.05924nm for N(1) atom,
0.07933nm for N(2) atom, respectively. The S-Ni-S
bond angle within the five-membered ring is 91. 6°, the
two inequivalent Ni-S bond distances are 0.2168nm
and 0. 2163nm, respectively.

As for the [BrFPy]* cation, the dihedral angles
between the N(3) -C(10) -C(11) reference plane and
the aryl rings are 113. 5° for phenyl ring, 118. 6° for
pyridine ring, these values are mildly larger than the
corresponding Ni (I) complex'®!. In addition, the phenyl
ring is nearly vertical to the pyridine ring with a dihe-
dral angle of 99. 2°. As could be noted, its cations and
anions possess the stacking structure with well-sepa-
rated column along the direction of a-axis (Fig. 2).

As for complex 2, it erystallizes in the monoclinic
space group P2:/ n. An ORTEP drawing with the atom

labeling of the molecular unit is shown in Fig. 3. Se-

Fig. 2 Packing pattern of complex 1 viewed along g-axis

Fig. 3 ORTEP view with non-H atomic numbering scheme for 2;
30% probability thermal ellipsoids are shown

lected bond lengths and bond angles are listed in Table
3.

The molecular structure of 2 is similar to that of 1;
the [Ni(mnt):]?>" anion of 2 also has a center of sym-
[BrFPz] *
related to each other by the symmeiry center.

metry at the nickel atom and two ions are
The
nickel atom is coordinated to four sulfur atoms, and
exhibits square-planar coordination geometry. There
exists a dihedral angle of 3. 8° between the planar NiS,
group and the N(1)C(1)C(2)C(3)C(4)N(2) (mnt*")
mean plane so as to show a chair conformation. The
terminal nitrogen atom of CN groups are tipped out of
the with the of
0.01148nm for N(1) atom, O0.01844nm for N(2)
atom, respectively. The S-Ni-S bond angle within the
five-membered ring is 92. 2°, the two inequivalent Ni-S
bond distances are 0.2177nm and 0. 2163nm, respec-
tively.

coordination plane, deviation

As far as the cation in complex 2 is concerned,
the dihedral angles between the N(3) -C(9) -C(10)
reference plane and the aryl rings are 5. 2° for phenyl
The
pyrazine ring and the phenyl ring make a dihedral angle
of 82.7°. Apparently, the conformation of [BrFPz]*
cation in 2 is significantly different from that of 1. It

ring, 81.0° for pyrazine ring, respectively.

should be noted that its cations and anions are inter-

e
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Table 3 Selected Bond Lengths(nm), Bond Angles(°) of Complex 2
Ni(1)-S(1) 0.21774(10) Ni(1)-S(2) 0.21630(11) S(1)-C(2) 0.1721(4)
S(2)-C(3) 0.1728(4) N(1)-C(1) 0. 1133(5) N(2)-C(4) 0.1137(6)
N(3)-C(9) 0. 1478(6) N(3)-C(5) 0.1321(5) C(1)-C(2) 0. 1439(6)
S(2)-Ni(1)-S(1) 92.22(4) S(2)-Ni(1)-S(1)#1 87.78(4) C(2)-5(1)-Ni(1) 102.70(14)
N(2)-C(4)-C(3) 178. 4(5) N(3)-C(5)-C(6) 118.6(5)

Symmetry codes: #1: - x,

Fig. 4 Packing pattern of 2 in the unit cell, as viewed down
a-axis
mingled each other as shown in Fig. 4 and this packing
pattern is unlike that of complex 1. So it is inferred that
varying the kind of aryl ring on counterions have in-
fluence the crystal packing positively in this case.

In summary, we have observed two bis(maleoni-
triledithiolate) nickel () complexes described above.
The topology and size of the aromatic cation has related
to its molecular conformation. Furthermore, the crystal

packing of this kind of complexes could be influenced.
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