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ABSTRACT

Four novel monodentate 2-(3 (4 "-sub-aryl)-1 ~phenyl-1H-pyrazol e-4-yl)-1H-benzo[ d] imidazol e ligands (La-d) have
been synthesized via the cyclocondensation of o-phenelyndiamine with 1,3-disubstituted pyrazole aldehydes by
adding oxidizing agent ceria ammonium nitrate as catalyst in presence of hydrogen peroxide in alcoholic media.
The non chelated Cu(l1) and Ni(I1) complexes of newly synthesized monodentate 2-substituted benzimidazole (La-d)
ligands were prepared in 1:2-metal: ligand stoi chiometry. The monodentate behavior of the ligand was confirmed on
the basis of spectral studies. The Ni(Il) complexes exhibits tetrahedral geometry where as Cu(l1) complexes exhibits
square planar geometry around the metal center.
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INTRODUCTION

The coordination ability of a number of monodenta¢azimidazole derivatives has been reported inltasature
[1-6]. Numerous complexes involving d-block metaisl imidazole derivatives are well known [7-13] d@hdre is
enormous interest in the transition metal complefémidazole and its derivatives as ligands [14-Pérasitic and
antiviral activities of benzimidazoles and somessitilited benzimidazole compounds have been widelgstigated
in medicinal fields. In medicine, drugs based onzimidazoles and benzimidazole derivatives have lpe¢ented,
due to their antiviral and antihelmintic activit§9]. In metallurgy, benzimidazole has been used asrrosion
inhibitor [20].

Benzimidazole as its 5,6-dimethyl derivative is qmet in vitamin, B, and related biomolecules. Coordination
complexes of benzimidazole derivatives with traasitmetals have been used in attempts to preparetstal and
spectroscopic models of the active sites of somelfoenzymes [21]. Reaction of the benzimidazajatids with
hydrated copper(ll) and nickel(ll) salts in ethyt@hol led us to the formation of monodentate bendazole
complexes M(La-gCl, (Where, M = Cu(ll) and Ni(ll). The synthesized k&nidazole ligands (La-d) are aw
monodentate ligand that contains one donor grouglef/ance to the coordination of metal centerghénpresent
paper, we reported the synthesis and structurabctexization of the dichloro-bis(La-d)metal(ll)raplexes.
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EXPERIMENTAL SECTION

Reagentsand M aterial

All procedures were carried out by using standafdents and chemicals without further purificatiwhich were
commercially available and used as purchased. Hespectra were recorded on Shimadzu FT-IR 8400
spectrophotometer using KBR discs. TheNMR spectra were measured in DM$gsolutions on the Bruker Av
spectrophotometer (400 MHz) using TMS as an intaefarence. The mass spectra were recorded dahimeadzu
GC-MS QP2010 Gas Chromatograph. The TG analysigeswwvere obtained on the Perkin Elmer the Diamond
Thermogravimetric/Differential Thermal Analyzer (FA) model at a heating rate of 2€ per minute. The
Electronic spectra were recorded in DFM solution arShimadzu UV mini-1240 spectrophotometer. Molar
conductance of all the complexes was performedrofeleco conductivity bridge (type CM82T). The matjoe
moment of all the complexes were measured by Gatanbe at room temperature using CyuS8,0 as callibrant.

All the synthesized compounds were micro analyzgigfactorily for C, H and N on Euro EA Elementatalyzer,
EA-3000, RS-232.

Preparation of ligands
Synthesis of 1-phenyl-3-(4'-sub-aryl)-1H-pyrazole-4-car baldehydes
1-phenyl-3-(4-sub-aryl)-H-pyrazole-4-carbaldehydes were synthesized asqusyiublished method [22-25].

Synthesis of 2-(3'-(4"-sub-aryl)-1'-phenyl-1H-pyrazole-4-yl)-1H-benzo[d]imidazoles (L a-d)

A mixture ofo-phenylenediamine (0.01 mol) and pyrazole aldei{@d&L mol) were allowed to reflux with stirring
in alcohol until all the solid dissolve, to the céan mass hydrogen peroxide (30 %, 10 ml) anddC&mmonium
Nitrate (CAN) (0.001 mol) were added. Reaction wamitored by TLC (Solvent system, Hexane : Ethyletate-
4:1). After completion of the reaction, the reantimass was poured into ice water, filtered withtismcproduced
the benzimidazole ligands in 75-80 % yield (Schdme

NHZ O /Ph N ,Ph
O T O
=N =N
NH, H N

e

a

(La-d)
R

8Reaction and conditions: CAN,,B,, Me-OH
R = -4-H, -4-OCH, -4-OH, -4-NGQ
Scheme 1: Synthetic scheme of benzimidazole ligands (L a-d)

2-(1',3'-Diphenyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazole (L a)

Yield: 70%, m.p. 200C, IR (KBr) vem™: 3350, 3196, 3053, 2983, 1693, 1643, 1599, 1580811452, 1371 and
1303.'"H NMR (400 MHz, DMSOdg) din ppm: 7.18-7.97 (dd and m, 14H, aromatic prot@)7 (s, 1H, pyrazole
proton), 12.63 (s, 1H, imidazole proton). Magz: 335.

2-(3'-(4"-M ethoxyphenyl)-1'-phenyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazole (L b)

Yield: 78%, m.p. 150C, IR (vem™, KBr): 3346, 3161, 3047, 1654, 1643, 1543, 1528,3land 1024'H NMR
(400 MHz, DMSO#€g) din ppm: 3.80 (s, 3H, methoxy proton), 7.00-8.08 é&hd m, 13H, aromatic protons), 9.07
(s, 1H, pyrazole proton), 13.02 (s, 1H, imidazaletpn). Massnz: 365.

2-(3'-(4"-Hydroxyphenyl)-1'-phenyl-1H-pyr azol-4-yl)-1H-benzo[d]imidazol e (L c)

Yield: 69%, m.p.: 200C, IR (KBr) vem*: 3500, 3441, 3387, 3350, 3090, 3030, 1693, 1659911498, 1473,
1452, 1371 and 1303. Mass m/z: 351.NMR (400 MHz, DMSOds) Jin ppm: 5.12 (s, 1H, hydroxyl proton),
6.75-7.11 (dd and m, 13H, aromatic proton), 8.81Lkk pyrazole proton), 12.83 (s, 1H, imidazoletpn).
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2-(3'-(4"-Nitrophenyl)-1'-phenyl-1H-pyrazol-4-yl)-1H-benzo[d]imidazol e (L d)

Yield: 73%, m.p.: 230C, IR (vem, KBr): 3340, 3167, 3076, 3036, 1689, 1602, 15GM41 1477, 1402, 1346 and
1259.'"H NMR (400 MHz, DMSOdg) din ppm: 7.24-8.02 (dd and m, 13H, aromatic prat@m)2 (s, 1H, pyrazole
proton), 13.02 (s, 1H, imidazole proton). Mass &0 (M-1).

Preparation of complexes

Hot solution of hydrated metal chloride (0.01 miol)absolute ethanol was added to the hot solutfaihen ligand
(La-d) (0.02 mol) in the same solvent (50 ml). Tiesulting mixture was stirred under reflux for seledays
whereupon the complex precipitate. Dark coloredterg were collected by filtration, washed withistiled water
and methanol.

RESULTSAND DISCUSSION

Synthesis

Eight novel Cu(ll) and Ni(ll) complexes of 2-sulbgted benzimidazole ligands (La-d) were synthesiaed
characterized. The monodentate ligands (La-d) tinkeectly to metal ion through tertiary nitrogetom of
imidazole ring, which have a lone pair of electrn form a coordinate covalent bond. In forming bt
coordination bond the metal ion attracts the etetrof the imidazole ring of tertiary nitrogen. Aie complexes
are insoluble in common organic solvents such @shals and acetone but highly soluble in DMF andSi)

All the complexes were synthesized in the reactibwarm ethanolic solution of the CydH,O and NiC}.6H,0
with benzimidazole ligands (La-d) in a 1:2 moleant It should be noticed that the reaction ofth# metal ions
yielded bis (La-d) metal complexes. The analysisafiplexes, magnetic moment and molar conductilatiya are
summarized in Table 1. The molar conductivity valeé Cu(ll) and Ni(ll) complexes indicate that themplexes
behave as non electrolytes. The proposed struofuoemplexes is given in Figure 1.

0.

1R
HN /N\_:
R M.~
= N NH
N Cl
\
*s
M(Lad)zc|2

R = 4-H, 4-OCH, 4-OH, 4-NQ
M = Cu(ll) and Ni(ll),
Figure 1: Proposed structure of M (L a-d),Cl, metal complex

Table 1: Physical characteristics and analytical data of the metal complexes

b aa Metal %

Complex  Color  pg(BM)® A Cadld.(Found)
Cu(La}Cl, Dark blue 1.70 11.94 7.87(7.71)
Cu(Lb)Cl,Yellow green 1.68 14.48 7.33(7.23)
Cu(LcxCl,  Blue 1.74 16.55 7.57 (7.43)
Cu(Ld)Cl, Dark brown 1.71 17.71 7.08 (6.95)
Ni(La),Cl,Greenish blue 4.00 12.30 7.31(7.23)
Ni(Lb).Cl, Lightgreen 3.94 10.82 6.81 (6.68)
Ni(Lc).Cl, Dark green 4.02 8.587.03 (6.90)
Ni(Ld),Cl, Darkred 3.89 15.25 6.58 (6.45)

32 efmol ™) Molar conductance in DMF solution 1x10° M at 30 C

Measurement were performed at 27 C
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Infrared spectra

The infrared spectra of the all ligands exhibits thands at 3387-3161 énwhich assigned te(N-H) stretching
vibrations. The band emerging at 1693-1654"cabout tov(C=N) vibrations of benzimidazole ring [26,27].
Substituted phenyl groups of pyrazole moiety inlighnds shows the ring stretching vibrations &2®Q2983. The
IR spectra of investigated complexes are similathtise of the corresponding ligands. There are ssigrficant
changes between the metal complexes and theiliffeed. The co-ordination mode and sites of tharito the
metal ion was investigated by comparing the infilaspectra of the free ligand with its metal compkexThe
stretching vibrations for the N-H and C=N bondsviatal complexes are shifted to 3372-3150'@nd 1660-1612
cm' in metal complexes. Upon co-ordination, it is naterthy that the peaks in the range of 1660-1612' cm
attributed tov(C=N) vibration originating fornN-3-imidazole ring, which is shifted by 30-10 ¢ron complexion,
indicating co-ordination oN-3-atom to metal iorv(M-N) observed near about at 501-445 ‘crand v(N-CI)
observed at 440-400 émThe values of all the ligands and complexes ss&gaed in Table 2.

Table 2: Selected IR frequencies of ligands (La-d) and their complexesM (La-d),Cl,

Comp®  v(C-NH)V(C=N)V(N-M)v(M-CI)

La 3350 1693 -
Lb 3346 1654 -
Lc 3387 165¢

Ld 3340 1693

Cu(LapCl, 3343 1660 453 421
Ni(La),Cl, 333C 166¢ 47¢ 422
Cu(LbyCl, 3340 1631 428 403
Ni(Lb).Cl, 3345 1639 422 400
Cu(LchCl, 337: 164: 44F  43:
Ni(Lc),Cl, 3358 1643 472 435
Cu(LdyCl, 3342 1659 450 400
Ni(Ld).Cl, 3346 167 501 412

'H NMR spectra

The'H NMR spectrum of 2-(3(4"-sub aryl)-1-phenyl-H-pyrazol-4-yl)-H-benzof]imidazole (La-d) in DMSQds
solution confirms their structures. AlHtbenzof]imidazole ligands displays a singlet broad peak302-12.63
ppm due to the secondary amine —NH group the imiéaing proton, which is the confirmation of trerhation of
imidazole ring. Further, more singlet were obserivedll NMR spectra in the range of 9.12-8.8ppm assigning
the pyrazole ring proton for —-CH group. The douthllets and multiplets of aromatic ring protons evebserved

in the range of 6.75-8.0Zppm. The'H NMR spectra of the complexes are nearly simdaheir analogous ligands.
The 'H NMR spectrum of complexes conformed that ligasdain N-monodentate one donor ligand because the
secondary amine proton peak were present ifHaINMR spectra of complexes, moreover, there wasnagor
difference indvalues between ligand protons and complexes psptbe intensity of peaks were increased may be
due to double characteristic peak of both attadigedhds. It is indicates that there is no formatiddrany new bond

by losing protons rather than coordinate covalemtdby lone pair of electron of tertiary nitrogefrimidazole ring.

Electronic spectra

The UV-visible spectrum of the free ligands shows tadsorption bands near about at 263 and 311 nikh(lod-
d),Cl, complexes. The visible spectrum of all complexedjN-dimethylformamide is displays broad and weak
bands at 660-800 nm. The predictable differencerdet tetrahedral and square planar complexes pecesf their
electronic spectra is that the bands obtainedefwatiedral complexes is in higher range than tbbsguare planar
complexes. The Ni(ll) complexes are shows bandz38t770 nm showingTig — *Tag *T1g — *Agg and’Tyg —
3Tlg(P) transitions which are higher than the Cu(llinpbexes whose shows bands at 640-670 nm demonsgtrati
®Byg — “Bag By — Ey and’Byy — °Ayq transitions. The observed transitions for the INighd Cu(ll) complexes
suggest the tetrahedral and square planar envimtnraspectively around the metal ions. The shoutgee low
laying absorption bands are appeared at 400-48%unemto the ligand metal charge transfer transiiorall the
complexes.

Magnetic properties

A suggestion of the most probable stereochemidtth® synthesized Cu(ll) and Ni(ll) complexes isagi by its
magnetic moment. The effective magnetic momentsi@f) and Cu(ll) complexes were measured in DMkuson
at room temperature. The Ni(ll) complexes usuallyeha tetrahedral configuration. The magnetic vatuli(ll)
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complexes fall in expected range{ = 3.89-4.02 BM) suggesting the tetrahedral stérentstry. While theu
value for Cu(ll) complexes observed in the rangdpf = 1.68-1.74 BM) suggests the square planar gegmetr
around Cu(ll) ions [28]. The magnetic propertiesibthe complexes are given in Table 1.

Thermal analysis

TGA graphs of complexes shows four weight-lossstaghe range 30-100. The initial weight loss start in the
range 80-195C is attributed to the elimination of lattice andémordinated water molecules. In the temperature
range 220-458C, the mass loss is in a good agreement with g dbone molecule of the ligand. The second step
of the thermal decomposition in the temperaturgead60-750C is associated with the loss of second molecule of
the ligand [29]. The last step of the exclusioreading to complete decomposition for the conversb metal
oxide (CuO and NiO) as a final product from whible tetal content was calculated.

CONCLUSION

The ligands 2-(3(4"-sub ary)-1-phenyl-H-pyrazole-4-yl)-H-benzof]imidazoles (La-d) formed with Cu(ll) and
Ni(Il) complexes in the empirical formula M(La-®@l,.nH,O (M = Cu, Ni, La-d = 2-substituted benzimidazole
ligands, n = 0, 1 or 2). The complexes were syiizkesand characterized by elemental analysis ofrtétal, molar
conductivity, magnetic susceptibility, IR spectr&dj NMR spectra electronic spectra and thermogravimet
analysis. Cu(ll) and Ni(ll) complexes behave as alattrolytes in 18 M DMF solution, Cu(ll) complexes have a
square planar stereochemistry while Ni(ll) comptexymssess tetrahedral configuration. The configurat of
complexes are realized by coordination of tertigityogen of imidazole ring and it is confirmed frahe'H NMR
spectra of complexes that novel benzimidazolelitgaare monodentate and non-chelated in nature.
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