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ABSTRACT

The purpose of this work is synthesis of novelfSighse ligand, 2-((1H-benzo[d]imidazol-4-yliminagthyl)phenol
and its metal complexes from 1H-benzo[d] imidazblmine and 2-hydroxy benzaldehyde. Nickel and &opp
being essential trace elements have given conditkerattention for the synthesis of metal compleXégy have
been characterized by elemental analysis and spletgchniques like IR*'HNMR and mass spectrometry. The
spectral studies of the complexes reveal thatitfentl has coordination through the O and N atomthefligand.
Cell dimensions a(13.554540 A), b(9.496137 A), 45746 A),q(90.00), £(90.00) and »(90.00) for Nickel
complex and a(22.094890 A), b(8.983012 A), c(8.283%),1(90.00), (90.00) andy(90.00) for Copper complex
are in good agreement with Orthorhombic crystalteys for both. The molecular structure of the caxgs has
been optimized by MM2 calculation and suggestedhtietiral geometry with $phybridisation of copper and
square planar geometry with dspybridization of nickel complex respectively.
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INTRODUCTION

Coordination chemistry of Schiff bases has attrgctionsiderable attentions of researchers in tid 6f chemical
science as well as in medical science for their @mse biological activities and bears a curiouhystSuch ligands
and their complexes due to their biological adidgtprovide a better understanding of metal- pnobénding. Thus
Schiff bases containing these groups could actvessatile model of metallic bio-sites. Transitimetal complexes
of Schiff bases concerning interaction of metakiaovith nitrogen and oxygen organic moieties havenbef great
interest for many years since they are becomingféective biochemical, analytical and antimicrobiahgents.
Many reports have shown that some drugs have greeti®ity when administered as metal complex as s free
organic compounds [1-3]. Imidazole derivatives ohif bases have applications in the field of matiacience due
to having their high chemoptherapeutic properidsilitrogen atom of Imidazole moiety bears intéiresphysical
and chemical properties that make different phaotegical activities of the compounds and its detixes [5].
Literatures revealed that imidazole and its deiveatare reported to have, analgesic and antirmfiatory activity,
cardiovascular activity, anti-neoplastic activignti- fungal activity, enzyme inhibition activitgntianthelmintic
activity, anti-filarial agent, anti- viral activitgand anti- ulcer activity [6-8]. Aniline derivatigeof Imidazole, also
called benzimidazole are reported to have paraaitet antiviral activities [9], so the Schiff basgIN and Cu(ll)
complexes of 1H-benzo[d]imidazole-4-amine and ghiliehyde, have been considered as a subject of igteaest
for the present study, with a hope for future dmugh high efficacy. More literature survey regarglithe
benzimidazole derivatives focuses them as an irapbdrug that selectively inhibits endothelial aglbwth and
suppresses angiogenesis in vitro and in vivo [28jydroxy benzaldehyde is taken as a second orgamiponent
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for the preparation of Schiff base that exhibitiees of biological activities including antibadtd and antifungal.
The aim of present work is to carry out the synthesharacterization and molecular modeling of Nig Cu(ll)
complexes of Schiff bases derived from 1H-benzajijazole-4-amine and 2-hydroxy benzaldehyde. Nickel
copper have been distinguished as an essentiad &banent for the life and play a multifunctionaler in
association with organic molecules in the biolobgyestems [11].

MATERIALSAND METHODS

All the chemicals and solvents used for the symshwere of analytical grade and purchased from Bibid Merck
chemical co. They were used without further puaificn. The infrared spectra of the ligand and metahplexes
were run as KBr discs in the range 4000-400’com aShimadzunfrared Spectrophotometer. Elemental analysis
(C, H, N) were performed by using a Flash EA 11283 elemental analyzéd NMR spectra were determined in
DMSO (internal standard TMS) on Bruker spectromebMiCl,.6H,O and CuGl.2H,O salts were used for the
synthesis of metal complexes of Schiff base. Masxtsa were carried out, TOF-MS on water KC-455 ehad
DMSO. The molecular structures of the complexesvegtimized by CsChem 3D Utra-11 programme.

Synthesis of novel Schiff base ligand
The novel Schiff base ligand was prepared by cosatéon of 1H-benzo[d]imdazol-4-amine (1.3315 gn@1@nol)
with 2-hydroxy benzaldehyde (1.2212 gm; 0.01 mel25 ml ethanol and the mixture was refluxed fdwg at 48

C. The resulting solution was allowed to evapobstslow diffusion process in air for a week. Thestals of novel
ligand were collected, washed several times wittambl and recrystallized from hot ethanol and difegacuum

desiccators.
N,
\ HO
> —+
N

H
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Figure 1. Structure of Novel Ligand [LH]

NH,

Synthesis of M etal complexes

The synthesized novel ligand was added to hot etltasolution of 0.2 mmol of metal chlorides dropse and
refluxed for 5 hours and dried at room temperatArgood crystalline form of the complexes was atrtdi. All the
complexes were characterized by spectral technigoesrdingly.

LN @\ "

S S0

Figure 2. Structure of metal complexes[ML ;]
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RESULTSAND DISCUSSION

The synthesized compounds were crystalline, colonethygroscopic, and soluble in water. Compositomnl
identity of the complexes were carried out by eletakanalysis. The spectroscopic data for the neswhthesized
metal complexes are in good agreement with propos®dcular formula.

Elemental composition analysis
The elemental analysis (CHN) data for the novariid, and its metal complexes are summarized itatile below.

Table 1. Elemental analysis data of the complexes

Cc H N @) M

Compound Empirical Formula  Mol. Wi. Found | Found | Found | Found | Found
(Calc.) | (Calc.) | (Calc.) | (Calc.) | (Calc.)
. 70.23 | 4.92 17.87 | 6.80
Novel Ligand G4H11N3O 237.26 70.87 467 1771 6.74 -
62.98 | 3.81 15.60 | 5.87 11.12
63.31 | 3.80 15.82 | 6.02 11.05
62.75 | 3.76 15.69 | 5.96 11.81
62.74 | 3.75 15.68 | 5.97 11.85

Ni(ll) Complex GegH20NgNiIO2 531.19

Cu(ll) Complex GsH20CUNsO; 536.04

Infrared spectral analysis

The comparison of IR spectra of novel ligand andameomplexes reveal the binding mode of ligandsmédal ions
which is confirmed by a negative shift in the piasis of absorption peaks. IR spectra of free ligahow a broad
band around 3350 ¢hmwhich can be attributed to NH stretching vibratiohbenzimidazole moiety. One more
medium intensity band at the region of 3600-3640" @srassignable to phenolic OH group whose negadii in
metal complexes indicated metal coordination witlenqolic oxygen. Medium intensity bands in the ranf@625
cmi' due tov(C=N) in the novel ligand was shifted hypsochrorjcabout 1025 cil which was in the range of
1607 - 1590 ci in metal complexes, indicating the imine nitroggam involvement in coordination to metal ions
[12-14]. This fact is further supported by the aama@ce of medium intensity band in the region bef®® cm'
assignable tan.y vibration. The appearance of one more medium gitieand in the region of 446 - 409 ¢m
assignable due tg,o vibration, also indicated the metal oxygen bindingde in the complexes [15-16]. Thus from
the IR- spectral assignments it is clear that threounds may be bonded to metal ions through theeimtrogen.

'H NMR spectral analysis

'H NMR spectral comparison of novel ligand and mewminplexes was made to confirm the binding natdre o
ligand with metal ions viz. Ni (Il) & Cu(ll). Thentegral intensities of each signal in th& NMR spectra of novel
ligand and its metal complexes were found to agigethe number of different types of protons prese

il
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Figure3. 'HNMR spectra of Cu(ll)-complex

193
Scholars Research Library



Narendra Kumar Chaudhary et al Arch. Appl. Sci. Res,, 2013, 5 (5):191-197

Table 2. *H NMR spectral data

Compounds 3 (ppm

Ci14H1:N3O (Ligand) | 5.0(s]JOH-Ar & NH imidazole]; 6.76-7.7 [CH-Ar]; 8.39(s) [Chinine]; 8.1(s [CH imidazol]
Ni-complex 9.00(s [*H-ArH); 7.0-7.621 [8'H Ar-CH}

Cu-complex 9.00(s [*H-ArH), 7.0-7.621 [8H Ar-CH}

TOF-Mass spectral analysis

The proposed molecular formula metal complexesvas confirmed by the TOF mass spectral analysi
comparing their formula weight with m/z values. Tihass spectra contain molecular ion pea™) at m/z 531.19
for Ni(Il) complex and 536.09 for Cu (ll) compleXhese data are in good agreement witl respective molecular

formula. Fragmentation of the complex as m/z: 530.10 (100.@22.10 (39.6%), 531.10 (32.6%), 533.10 (13.€
534.09 (5.4%), 532.11 (4.5%), 534.10 (2.6%), 53%118%), 536.09 (1.4%) for Ni complex and 535.000D%),
537.09 (45.3% 536.10 (30.6%), 538.10 (14.3%), 537.10 (4.9985%.69 (2.2%), 539.10 (2.2

X-ray powder diffraction study
X-ray powder diffraction patterns of all ligands ahdir complexes were recorded between 9 and6§0(he value
of (20), interplanar spacing d jfand the relative intensities (I/10) of the compds under study were recordec

table 5.

SCOUNT S 1

258 4

48 58 68 [°296.
Figure 4. XRD spectra of Copper complex
Table 3. Crystallographic data for complexes

Compound Complex 1 Complex 2 Ligand
Formule CstchaNiOz CueH2NsCUuO; C1sH11N:O
FW 531.19 535.09 237.26
Temp (K 293 293 293
Wavelengt| 1.54056 1.54056 1.54056
Crystal Systetr Orthorhombic| Orthorhombig  Monoclini¢
Space grot PNMA IMMA P2/m
Unit cell dimensio
a(h) 13.554540 22.094890 10.312
b(A) 9.496137 8.983012 7.7972
c(A) 4.471746 8.483077 8.9554
a 90.000 90.0000 90.00
B 90.000 90.000 120.00
y 90.000 90.000 90.00
Volume (4 575.58 1683.71 617.78
6 range (0 19.0-70.0 7.0-30.0 12-67

0<h<8 O<hs7 -1<hs<2
Limiting indices 0<ks<5 0<ks?2 -4<k<4
0<lI<2 0<lI<2 0<I<7

Particle size(nn 49.123 50.341 11.92
Intensity (% 7.2-100 5.9-100 3.4-100
R indicet 0.0000106 0.000131 0.0000362
Density 1.405 1.343 1.151
z 1 2 1
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Kinetics of thermal decomposition

Recently, there has been increasing interest ierahning the rate- dependent parameters of saditshon-
isothermal decomposition reactions by analysis & durves Thermogravimetric (TG) and differentiaértino
gravimetric (DTA) analyses were carried out for feliént metal complexes in ambient conditions. The
thermogravimetric analysis revealed that the corgdeof Cu & Ni loses mass between 65°C and 140°C,
corresponding to nearly 15 % of the total masdpfedd by considerable decomposition up to 600°Cickwvh
corresponds to the decomposition of the ligand madéeleaving metal oxide NiO and CuO as residueth@rbasis

of thermal decomposition, the kinetic analysis paeters such as activation energy (E*), enthalpydivation
(AH*), entropy of activation AS*), free energy change of decompositic?tG{) were evaluated graphically by
employing the Coats — Redfern relation.

Log [-Log (1-a) /T] = log [AR/ 0 EX(1-2RT/E®]-E*2.303RT e 1)

Wherea is the mass loss up to the temperature T, R igidiseconstant, E*is the activation energy in J hddeis
the linear heating rate and the term (1-2RT/BE*). A straight line plot of left hand side of thguation (1) against
1/T gives the value of E* while its intercept capends to A (Arrhenius constant). The Coats andfeRed
linearization plots, confirms the first order kiimst for the decomposition process. The calculatallies of
thermodynamic activation parameters for the decaitipa steps of the metal complexes are reportetiainle 4.
According to the kinetic data obtained from the Gi@ves, the activation energy relates the thermadlilgy of the
metal complexes. Among metal complexes, activaéinaergy increases as complex 1 < complex 2. Samedsre
happen with thermal stability of metal complexesttBcomplexes have negative entropy, which indg#tat the
complexes are formed spontaneously. The negatikes & entropy also indicates a more ordered aett/state
that may be possible through the chemisorptionsxgfien and other decomposition products. The negatalues
of the entropies of activation are compensatedhleyvalues of the enthalpies of activation, leadm@imost the
same values for the free energy of activation.

Table 4. Thermodynamic activation parameter s of the metal complexes

I ] 4 AS¥/ AH*/ 1| kx1@

Complex Order/n| Steps E*Jmbl A/sec IKmort Imoft AG*/ kJmof et
ot NNIO 1 I 57.66 | 1.125x16 | -92.49 | 112.745 61.228 1.72
287 T207T6 T2 I 65.804 | 1.256x10 | -110.175| 96.114 89.18 1.02
I 59.066 | 6.27x16 | -85.136 | 74.10 55.29 3.27

CosHoCUNQ, | 1 1 7178 | 1.16x16 | -109.603| 12589 | 93.104 | 1.79

Molecular M odeling

3D molecular modeling of the proposed structurehaf complexes was performed using CsChem3D Ulta -11
program package. The correct stereochemistry wasres through the manipulation and modification ttoé
molecular coordinates to obtain reasonable low gnenolecular geometries. The optimized structuréshe
complexes were performed by MM2 programme contad®dhem. Office programme. The potential energhef
molecule was the sum of the following terms: Eg EEang+ Eor + Eigw + Eoop + Ecie Where all E’s represent the
energy values corresponding to the given typesitefaction. The subscripts str, ang, tor, vdw, angd ele denote
bond stretching, angle bonding, torsion deformati@n der waals interactions, out of plain bending electronic
interaction, respectively. Molecular modeling shdwssuare planar geometry for Ni(ll) complex andatietédral
geometry for Cu(ll) complex.
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Figﬁres. Optimized structure of Nickel complex

- 'ngD
Figure 6. Optimized structure of Copper complex

Table5. Data for selected bond lengths and bond angles of M etal complexes

Nickel Complex

Copfizmmplex

Bond length (&)

N(26)-Cu(37) 1.4563
N(31)-Cu(37) 1.4345
N(13)-Cu(37) 1.4271
N(8)-Cu(37) 1.4256
0O(36)-Cu(37) 1.8541
0O(18)-Cu(37) 1.8556
Bond angles

N(26)-Cu(37)-N(31) 92.3729
N(26)-Cu(37)-N(13) 95.3199
N(26)-Cu(37)-N(8)  95.6571
N(26)-Cu(37)-O(36) 105.8350
N(26)-Cu(37)-O(18) 174.3786
N(31)-Cu(37)-N(13) 159.0813
N(31)-Cu(37)-N(8) 112.0650
N(31)-Cu(37)-O(36) 80.8239
N(31)-Cu(37)-O(18) 86.5939
N(13)-Cu(37)-N(8)  86.5239
N(13)-Cu(37)-O(36) 78.3685
N(13)-Cu(37)-O(18) 87.5232
N(8)-Cu(37)-O(36) 154.6463
N(8)-Cu(37)-O(18) 79.6484
0(36)-Cu(37)-0(18) 79.4686
Cu(37)-0(36)-C(21) 118.2774

Bond length (A)
N(26)-Ni(37)
N(31)-Ni(37)
N(13)-Ni(37)
N(8)-Ni(37)
0O(36)-Ni(37)
0O(18)-Ni(37)

Bond angles
0O(36)-Ni(37)-N(31)
0O(36)-Ni(37)-N(26)
0O(36)-Ni(37)-0(18)
0O(36)-Ni(37)-N(13)
0O(36)-Ni(37)-N(8)
N(31)-Ni(37)-N(26)
N(31)-Ni(37)-O(18)
N(31)-Ni(37)-N(13)
N(31)-Ni(37)-N(8)
N(26)-Ni(37)-O(18)
N(26)-Ni(37)-N(13)
N(26)-Ni(37)-N(8)
0O(18)-Ni(37)-N(13)
0O(18)-Ni(37)-N(8)
N(13)-Ni(37)-N(8)

1.8134
1.8016
1.8327
1.8553
1.8030
1.8963

101.0901
108.6758
78.9103
84.5957
165.0912
130.4218
67.9248
104.9507
79.0999
79.8496
116.3274
81.3886
160.1087
114.3666
80.9984

Scholars Research Library

196



Narendra Kumar Chaudhary et al Arch. Appl. Sci. Res,, 2013, 5 (5):191-197

CONCLUSION

Bio-active benzimidazole moiety of the novel ligahds been studied extensively and is an entity hvinas
interesting physical and chemical behaviors. Tles@nt article focuses on synthesis, characterizatio molecular
modeling of the complexes, which showed the coatitin of metal ions through nitrogen of 1H-
benzo[d]imidazole-4-amine group and oxygen ator-bfydroxy benzaldehyde group. In spite of thisrehie also
involvement of nitrogen of imine group for coordilmm. The synthesized complexes were charactertzned
elemental analysis, MS, IRHNMR and the structure was optimized by Chem Offitea-11 programme package.
The negative entropy values indicated the spontmdormation of complexes. X-ray powder diffractidata
indicated orthorhombic crystal system for both metanplexes. The complex was found to possess rtetajand
ratio of 1:1. It has been observed that compleratietween metal ions and ligand takes place abbv&.pThe
Solubility of the complexes in water was found &orbore than that of ligand.
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