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The mononuclear complex NiCl, trzCH,CH,COPh 4 - 6H,0
trz =1 2 4-triazole was synthesized and its structure was
determined by single crystal X-ray determination. It crystallizes
in the monoclinic system space group P2,;/c¢ with lattice pa-
rameters a = 0.80391 2 nm b =1.082152 nm ¢ =
2.90133 2 nm f=94.792 1 ° and Z =2. Each nickel atom
is coordinated by four N atoms of triazole from four - 1 2 4-
triazole-1-yl propiophenone ligands and two chloride anions in
trans arrangement with octahedral coordination geometry. In
addition to the coordinating nickel complex there are six unco-
ordinated water molecules. The Ni—Cl distance is 0.24865 8

nm and the Ni—N distances are in the range of 0.2072 2 to
0.2099 2 nm respectively. In the solid state the title com-
pound forms three dimensional network structure through hy-
drogen bonds. The intermolecular hydrogen bonds connect the
NiCl, C,H,N;CH,CH,COPh 4, and H,O moieties. The deep
green crystals were also examined by elemental analysis FT-IR
and UV spectra which are in agreement with the structural da-
ta.
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Introduction

Recently the compounds containing 1H-1 2 4-tria-
zole group have attracted much interest because they ex-
hibit some fungicidal activity plant growth regulating ac-

1

tivity  antibacterial activity against Puccinia recondite and

roots growth regulation for cucumber.? Also such com-
pounds are increasingly being studied because of the coor-
dination chemistry of triazoles acting as ligands in transi-
tion metal compounds. As a matter of fact the triazole
derivatives have been extensively used as terminal and
bridging ligands and they lead to compounds exhibiting
interesting magnetic properties.? Some iron I -1 2 4-tri-
azole compounds present extremely abrupt thermal hystere-

sis and well-pronounced thermochromic effects.* > Some of
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these compounds could be utilized as active elements of
display devices.® 7 While structural and physical studies of
many transition metal triazole complexes have been carried
out 319 few nickel-triazole complexes have been reported.
In this paper we report the preparation and crystal struc-
ture of tetra - 1 2 4 triazole-1-yl propiophenone
dichloro Ni II  hexahydrate solvate to expand our knowl-
edge in this area.

Experimental

Matertals and preparation

All chemicals used were of analytical reagent grade
and used as received. The B-bromic-propiophenone Ph-
COCH,CH,Br and B- 1 2 4-triazole-1-yl propiophenone

C,H;N3;CH,CH,COPh  were prepared according to the
reported method . ! 12
NiCl, 0.64 ¢ 5.0 mmol was dissolved in hot water
50 mL  stirred and the warm solution of 8- 1 2 4-tri-
azole-1-yl propiophenone 1.0 g 5.0 mmol in EtOH
50 mL. was added. The mixture was refluxed for 20 min.
The green solution was filtered and the filtrate was left to
stand undisturbed. Upon slow evaporation at room temper-
ature a deep green crystal appeared several weeks later
and was separated by filtration. The C H and N contents
were determined by elemental analysis Anal. caled for
CasHs6CLN1oNiOyg € 50.64% H 5.37% N 16.11%
found C 50.19% H5.14% N 15.96% . The chemical

diagram of the complex is shown in Fig. 1.
Physical measurements
Elemental analysis for carbon hydrogen and nitrogen

was performed on a Perkin-Elmer 240C analysis instru-
ment. Solid state electronic spectra were measured on a
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Fig. 1 Structural chemical diagram of the title complex.

Shimadzu UV-200 recording spectrophotometer furnished
with a reflectance attachment using BaSOy as the reference
sample. IR spectra were recorded in the range of 4000—

300 cm !
pellets.

on a Perkin-Elmer 467 spectrometer using KBr

Crystallographic study

The crystal of NICIQ C2H2N3CH2CH2COPh 4
6H,0 with approximate dimensions of 0.34 mm x 0.18
The data

Reflection

mm x 0.10 mm was mounted on a glass fiber.
were collected on SMART CCD diffractometer.
data were measured at 293 K using graphite monochro-
mated Mo Ka A =0.071073 nm . The technique used
was w-20 scan with 0 limits 1.41°< 0 <28.30°.

ties were corrected for Lorentz and polarization effects and

Intensi-

empirical absorption and the data reduction using SAD-
ABS"® T,.,=0.837 and T, =0.9462 program. 17458
reflections were measured
Rin=0.1052 .
The structure was solved by direct methods using

SHELXS-97.1* All the non-hydrogen atoms were refined on
F? anistropically by full-matrix least squares method. Hy-

of which 6134 were unique

drogen atoms were located from the difference Fourier map
and added to the structure calculations but their positions
were not refined. The contributions of these hydrogen
atoms were included in structure-factor calculations. The
final least-square cycle gave R =0.0595 R, =0.1108 for
3326 reflections with I >25 [  the weighting scheme

w=1/ ¢* F2 + 0.0397P 2+ 0.0000P
P= F?2+2F.? /3. The maximum and minimum differ-
ence peaks and holes are 357 and - 763 e/nm’
tively. S =0.930 and A/6 . =0.0095 7

scattering factors and anomalous dispersion corrections

where

respec-
. Atomic

were taken from International Table for X-Ray Crystallog-
raphy .'> The final position parameters of non-hydrogen
atoms are given in Table 1.

Results and discussion

IR and electronic spectra

In the infrared spectrum the broad absorption at

3438 cm !

is assigned to the C—H in triazole ring stretch-

ing vibration. It exhibits characteristic bands at 1573
1401 1341 and 767 ecm~! for the triazole ring.

The strong band at 1694 c¢m~!
stretching vibration of v¢ - of PhCO. It exhibits character-
istic strong bands at 1460 1348 C=N  and 730 cm™!

vc—pq triazole ring for the coordination triazole ligands.
The bands at 1460 and 1348 and 730 cm~! are shifted
from their positions for the free triazole ligand 1500
1380 and 690 cm~!  !© indicating nitrogen coordination .
The solid reflectance electronic spectrum of the title

is assigned to the

compound shows two broad band around 250 285 nm and
one peak band at 510 nm. The band around 250 nm is as-
cribed to intra-ligand probably 7—=n "
triazolyl group. The peak at 285 nm may be responsible for
ligand to metal charge transfer LMCT . The d—d band

at 510 nm might be taken as evidence for octahedral nickel

transition of the

Il complexes while the parent four-coordinate nickel
Il complexes show the d—d band at 400 nm.!’

Crystal and molecular structure of the title compound

The crystal structure of the title compound NiCl,-
trzCH,CH,COPh 4 6H,0 consists of the NiCl,-
trzCH,CH,COPh 4 molecules and six uncoordinated

H,0 molecules. Fig. 2 shows a perspective view of the ti-
tle compound with atomic numbering scheme and Fig. 3
shows a perspective view of the crystal packing in the unit
cell. Selected bond lengths and angles are presented in
Table 2 and potentially weak intermolecular interaction in
Table 3.

The central Ni atom is located on an inversion center
and surrounded by four 8- 1 2 4 triazole-1-yl propiophe-
none ligands and two Cl~ anions. The NiCl,Ny4 core involv-
ing the central atom is an almost perfect octahedron. The
basal plane is formed by four nitrogen donor atoms of tria-
zole from four 8- 1 2 4 twriazole-1-yl propiophenone lig-
ands which is an almost perfect plane with the central Ni
atom. The axial sites are occupied by two CI~
cated in anti-conformations. The bond angles are very
close to either 90° or 180°. The trans angles are all 180°
for symmetry requirements and the cis ones are in the

range 89.14 9 °—90.86 9 °. It is evident that only bond

distances around the metal are responsible for some small

anions lo-

deformations in the polyhedron. The bond lengths in the
coordination polyhedron of the Ni atom are normal. The
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Fig. 2 Molecular structure for NiCl, C,H,N;CH,CH,COPh 4+ 6H,0 with the atomic numbering scheme .

Fig. 3

A view of the crystal packing down the a-axis for

NiCl, C,H,;N; CH,CH,COPh 4 - 6H,0.

Ni—N bond distances 0.2095 2 and 0.2106 2 nm
are in good agreement with the corresponding octahedron
Ni—N distances reported such as Ni cbim 4 NOz ,!®
cbim = 4'-cyanobenzyl-1-imidazole Ni—N 0.2072 2
and 0.2099 2 nm Ni NCS , MeOH , Mebta ,"
Mebta = 1-methylbenzotriazole Ni—N 0.2031 2 and
0.2122 2 nm and Ni Im ¢ Sal ,* Im = imidazole
Sal = Salicylate average Ni—N 0.2128 nm . The coordi-
0.24865 8 nm

longer than the average corresponding distances reported

nating Ni—Cl distances are a little
before for related metal complexes with NiN4Cl, octahedron
environments such as NiCl, H,L; ClOs 2H,0% 1=
259 12 16 19-hexaaza-7-spiro 6 13 eicosane Ni—
C1 0.2401 6 and 0.2430 6 nm and trans-dichloron-
ickel II cyclam complex®?* Ni—Cl 0.2451 1 nm .
The triazole ringl N1 N2 N3 C 10 and
C 11  with the conjunction carbon atom C 9 and nickel
atom are fairly planar the deviation from the least squares
plane through the ring atoms is smaller than 0.0048 3
nm. Plane equation 4.547x + 2.437y + 21.566z =
0.0477. The phenylving3 C1 C2 C3 C4

C 5 and C 6  with the conjunction carbon atom C 7 is
also quite planar plane equation 7.317x + 3.329y
-10.23z= - 4.494 the largest deviation from the least
squares plane is 0.0013 3 nm. The dihedral angle be-
tween the triazole ring 1 moiety and the phenyl ring 3 is
69.4 2 °. The triazole ring 2 N 4 N 5 N 6

C12 and C 13
C 14 and nickel atom are also fairly planar plane equa-
tion —4.571x —3.687y +23.027z =0 the deviation
from the least squares plane through the ring atoms is
smaller than 0.0017 2 nm. The phenyl ring 4 C 17

C18 C19 C20 C21 andC 22
junction carbonyl-methylene group C 15 C 16 and

with the conjunction carbon atom

with the con-

O 2 is also quite planar the largest deviation from the
least squares plane is 0.0027 3 nm. Plane equation

7.429x —3.095y — 9.571z = 1.671. The dihedral angle
between the plane of triazole ring 2 moiety and the plane of
methyl phenyl ketone is 51.8 1 °

The most interesting structural feature of the complex

is the intramolecular and intermolecular hydrogen bonds
and potentially weak C—H Y hydrogen bonds Y =0

N and Cl intermolecular interactions. The six lattice wa-
ter molecules are hydrogen bonded to each other and
O 3w forms the strongest hydrogen bond with O 2w .
The O 3w —H 32w O 2w distance is 0.2804 6

nm which is a little shorter than that of pure water
0.283 nm .2 The O 1w water molecules form hydrogen
bond network with C1 1 anion and N 3 atom. The
Cl1 O1 and O 2 with C atoms in §- 1 2 4-tria-
zole-1-yl -propiophenone ligands form potentially weak
C—H Y hydrogen bonds Y =0 and Cl intermolecular
interactions as shown in Table 3. All above hydrogen
bonds in this structure connect NiCl, C,H,N3CH,-
CH,COPh 4 and H,0 molecules altogether and form three
dimensional hydrogen bond network which stabilizes the
structure .
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Table 1 Atomic coordinates x 10* and equivalent isotropic displacement parameters nm?x 10° for the title compound
Atom x ¥ z Uey*
Ni 1 0 0 0 24 1
Cl 1 - 1611 1 1382 1 483 1 351
01 -2695 4 -1654 2 1787 1 64 1
02 6165 4 3435 2 1939 1 61 1
0 1w 215 4 3996 3 755 1 64 1
0 2w 3456 5 4603 4 501 2 93 1
0 3w 5711 6 3279 4 32 99 1
N1 -2144 3 -2789 2 790 1 311
N2 -743 3 - 1547 2 373 1 28 1
N 3 -973 4 -3507 2 616 1 41 1
N 4 2120 3 229 2 463 1 29 1
NS 3974 3 1043 2 963 1 331
N 6 4548 3 -113 3 883 1 46 1
C1 - 1493 4 -2965 3 2369 1 36 1
C2 - 1446 5 -2046 3 2698 1 521
c3 -733 5 -2241 4 3142 1 60 1
C4 -375 -3369 4 3259 1 58 1
(OB} -76 5 -4295 4 2939 1 57 1
C6 -807 5 -4098 3 2490 1 46 1
c7 —-2250 4 -2694 3 1895 1 38 1
(O] —-2490 4 -3732 3 1550 1 391
(O] -3332 4 -3327 3 1085 1 40 1
C 10 -1983 4 -1633 3 646 1 321
C 11 - 164 4 -2725 3 370 1 38 1
C 12 552 4 1223 3 710 1 351
C 13 3388 4 -549 3 583 1 40 1
C 14 4920 4 1902 3 1271 1 39 1
C 15 5152 4 1427 3 1764 1 36 1
C 16 5934 4 2401 3 2085 1 36 1
c 17 6423 4 2083 3 2582 1 351
C 18 7176 5 2993 4 2860 1 521
C 19 7685 5 2733 4 3320 1 65 1
C 20 7428 5 1574 5 3497 1 62 1
C 21 6677 5 681 4 3223 1 56 1
C 22 6169 4 929 3 2764 1 45 1
“ Ueqis defined as one third of the trace of the orthogonalized U tensor.
Table 2 Select bond lengths nm and angles © for the title compound

Ni 1 —N 4 0.2095 2 Nil—N2 0.2106 2

Ni 1 —Cl1 0.24865 8 02—C 16 0.1215 4

N1—C 10 0.1329 4 N1—N3 0.1350 4

01—C7 0.1214 4

N4 #1-Ni 1 -N 2 89.14 9 N4-Nil-N2 90.86 9

N4-Nil-Cl1 90.06 7 N4 #1-Ni 1l -Cl 1 89.94 7

N2 #I-Ni 1 -Cl 1 89.72 7 N2-Nil-Cll 90.28 7

Symmetry transformations used to generate equivalent atoms

#1 —x

-y

- 2.
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Table 3 Intermolecular interaction distances nm x 10 of the title compound
D H A Symm. D—H H A D A D—H A
0 Iw H 11w Cl1 0.86 4 2.44 3 3.254 3 160 3
0 2w H 21w 0 lw 0.84 3 2.01 4 2.844 5 168 5
0 1w H 12w N3 x l+y z 0.77 4 2.17 3 2.883 4 154 4
0 2w H 22w 0 3w l-x 1l-y -z 0.86 5 2.28 6 2.829 6 122 5
0 3w H 32w 0 2w 0.91 8 1.97 8 2.804 6 150 8
CS5 H 5A 01 -x —-172+y 1/2-2 0.9303 2.5607 3.437 5 157.2
C 8 H 8A 02 -l+x -1+y =z 0.9702 2.5633 3.471 4 155.82
C 10 H 10A N 6 -l+x y =z 0.9304 2.5177 3.358 4 150.39
D donor A acceptor symm. symmetry applied in acceptor.
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