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Reactions of 1-p-Dimethylaminobenzyl-
2-p-Dimethylaminophenylbenzimidazole with
Cobalt(II), Zinc(II) and Cadmium(II) Salts

H.B. MALLESH, G. KRISHNAMURTHY and N. SHASHIKALA*
Department of Studies in Chemistry, Central College Campus, Bangalore University,
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Synthesis of 1-p-dimethylaminobenzyl-2-p-dimethylamino-
phenylbenzimidazole (dmabdmapb, L) and its complexes of
cobalt(ll), [CoXjLy)nH,0 (X=Cl, n=3; X=Br, n=0),
ColaL(OHy), zinc(Il) and cadmium(Il), MX;L,-nH,O (M =Zn,
X=ClLn=0; X=Br,n=3; X=I,n=1; M=Cd, X=Cl, Br, I),
[ZnL(OH;)3](Cl04)2:3H20 and [CdL; 5(OH;)2]2(CiO4)4 is des-
cribed. They have been characterized by IR, UV-visible and 'H
NMR spectra and magnetic susceptibility measurements. The elec-
tronic and magnetic susceptibility studies suggest a tetrahedral
geometry for CoX;L; (X = Cl, Br), zinc(II) and cadmium(II) com-
plexes and a trigonal bipyramidal geometry for Col,Ly(OHj).

Key Words: 1-p-Dimethylaminobenzyl-2-p-dimethylamino-
phenyl benzimidazole, Complexes, Cobalt(II), Zinc(II), Cad-
mium(II).

INTRODUCTION

Benzimidazole and its derivatives play an important role in catalysis and in
several biochemical reactions. Benzimidazole as its 5,6-dimethyl derivative
occurs in vitamin Bj,. In addition to this, benzimidazole derivatives exhibit
antibacterial, anthelmintic and insecticidal activities,'™. Transition metal com-
plexes containing benzimidazoles are widely used as catalysts for hydrogenation,
hydroformylation, oxidation and other reactions®™. We report here the synthesis
and characterization of 1-p-dimethylaminobenzyl-2-p-dimethylaminophenyl
benzimidazole (dmabdmapb; L) and its complexes with cobalt(II), zinc(II) and
cadmium(II) salts.

EXPERIMENTAL

p-Dimethylaminobenzaldehyde, o-phenylenediamine, hydrated CoCl,, ZnCl,
and CdCl, were obtained from BDH and SDS fine chemicals. Bromide, iodide
and perchlorate of cobalt(II), zinc(II) and cadmium(II) were prepared by dissolv-
ing the corresponding carbonates in 1 : 1 aqueous hydrobromic, hydroiodic and
perchloric acids respectively and evaporating the resulting solution to dryness
under reduced pressure.
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The IR spectra were recorded on a Nicolet FT-IR instrument using nujol mull
method. The electronic spectra were recorded on a Hitachi 150-20 in solid state
as nujol mulls or in DMF. The 'H NMR spectra in DMSO-dg were recorded at
ambient temperatures on a Bruker AMX 400 MHz spectrometer with TMS as the
internal reference. Conductivity measurements were made using an Elico model
CM-82T Conductivity Bridge with conventional dip type conductivity cell.
Magnetic susceptibility measurements were carried out using solid samples on a
Gouy balance at room temperature. Micro analyses were carried out at the
microanalytical laboratories of CDRI, Lucknow and the Indian Institute of
Science, Bangalore.

Synthesis of 1-p-dimethylaminobenzyl-2-p-dimethylaminophenyl
benzimidazole

A mixture of o-phenylenediamine (0.1 mol) and p-dimethylaminobenzal-
dehyde (0.2 mol) in benzene (100 mL) was refluxed for 2 h on a steam bath. On
leaving overnight yellow crystalline solid got separated. It was recrystallised from
ethanol to get pale yellow crystals (yield 80%).

Complexes

[CoL,X;lnH,0 (X=CLn=3; X=Br,n=0; X=I,n=1): A solution of
cobalt(IT) halide hexahydrate (1 mmol) in acetone/ethanol (20 mL) was added to
the ligand (2 mmol) in acetone/ethanol and the mixture was refluxed for about 4
h when a blue and green solid got separated. The solid was washed with
ethanol/acetone and dried in vacuo (yield 70-75%).

MX,L,]nH,OM=Zn,X=CLn=0; X=Br,n=3; X=Ln=1;M=Cd,
X=Cl, Br,I, n=0): Zinc(II)/cadmium(lI) halide (1 mmol) in acetone/ethanol
was added to the ligand (2 mmol) in ethanol. The separation of a white solid takes
place immediately in the case of zinc(Il) complexes. The cadmium(II) solution
was refluxed for 4 h during which a solid separates. It was collected, washed with
acetone/ethanol and dried in vacuo (yield 60~70%).
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[ZnL(OH,);]1(Cl104),3H,0 and [CdL; s(OH,)],(ClO4)4: The complexes of
zinc(Il) and cadmium(Il) perchlorate were prepared by adopting a-similar
procedure as above but keeping the metal salt and the ligand ratio both as 1: 1
and 1:2 in acetone/ethanol-triethylorthoformate. The resultant solution was
refluxed for 4 h during which a solid separates. It was collected, washed with
acetone/ethanol and dried in vacuo (yield 60%).

RESULTS AND DISCUSSION

The analytical data of the complexes are presented in Table-1. The ligand reacts
. with cobalt(IT) halides to give blue/green coloured compounds of the type
[CoX,L,]nH,0 [X=Cl,n=3; X=Br,n=0; X=I,n=1].Both 1:1and 1:2
metal to ligand ratio gave the same composition for the complexes. The
complexes are soluble in DMF and DMSO and insoluble in other solvents. The
chloro complex behaves as a non-electrolyte in DMF, whereas in the bromo and
iodo complexes, as evidenced by the colour change and conductivity data, DMF
replaces the halide ions.

The reactions of zinc(I) and cadmium(II) halides and perchlorate, with the
ligand produced ivory/white coloured complexes of the formulae MX,L,-nH,0
M=Zn,X=ClLn=0;X=Br,n=3;X=Ln=1;M=Cd, X=Cl, Br,I,n=0),
[ZnL(OH,);](ClO,),:3H,0 and [CdL, s(OH;);],(Cl0,),4. Zinc(II) complexes are
insoluble in common organic solvents and are sparingly soluble in DMF. The
chloro and iodo complexes seem to exchange halide ions with DMF as evidenced
by their conductivity data (Table-1). The bromo complex behaves as a non-
elecrolyte in nitrobenzene. The perchlorate complex is insoluble even in DMF.
The bromo, iodo and perchlorate cadmium(II) complexes are soluble in common
organic solvents and the chloro complex is soluble in DMF and DMSO. The halo
complexes are non-electrolytes in nitrobenzene and DMSO, while the perchlorate
complex shows uni-bivalent electrolytic behaviour in nitrobenzene.

The IR spectra (in nujol mull) of the complexes are almost similar to that of
the uncoordinated ligand except for minor shifts in the position of some of the
peaks. The band at 1616 cm™ may be assigned to (C=N) and (C==C) stretching
vibrations. The band at 1400 cm™ may be assigned to (N—CH3) deformation
vibration. The bands at 1284, 1016, 602 and 457 cm™' are assignable to
benzimidazole ring vibrations. The (C—N) stretching band” ' is found at 1320
cm™!. The IR spectrum of cadmium(II) perchlorate complex shows peaks due to
perchlorate in addition to coordinated ligand peaks. The bands observed around
1100 (v3) and 625 cm™ (v,) are indicative of the presence of perchlorate ion,
which is supported by the electrolytic behaviour'!. The broad band at 3450
cm™' attributed to OH stretching of the coordinated water molecule is also
observed.



puesy @-xojdwod ¢ = (*S'T'9) SYIYS PIINPUI UONEBUIPIOOd 3Te sasayuered Ul SINTEA

19[dnnu = w1 9o[qnop = p ‘RSuIs =S

%p-OSINQ Ul papro1 enxxds
10°0) (oro) o
PSEL wipL PO6'L P189 wo9'L P£99 PL8'9 STY'S P86 P8 “IPD
(o) So0 (o0
PLEL LAY PO6'L P189 wo9'L P 899 PL89 SIS P86 P8T g 3t 1)
00 (100 (100-) (100) (100) (00 10'0)
P6EL wgrL P66L P89 we9L P£99 PL89 SEP'S P86 P€8T TTIOPD
(100) (zo0) (100-) (100 _ (100) (100 (100
P8EL welL P66°L P89 woy'L PE99 PL89 SEY'S P86T PE8T O™H-[“1*uZ]
(100) (oo (100) (100 (200 (€0'0)
PLEL wylL P66'L P89 we9'L P£99 PL89 SEP'S P66 PS8 OHe [“TUguZ]
(oo (100 (100) 100
PLEL wiyL P66'L P89 we9'L P£99 PL89 SIS P86T PE8T Le e V4
PLEL wirL P00'8 P189 Wo9'L P£99 PL89 STr's PL6T P8T [zqdewrpqewsp
; ‘. - ‘e . . . tHD fHD
LH 9'S-H vd S6H  9CTH .S.¢H .9.TH HD Suu [Azuog Suus susjuong punodwo)

Vol. 16, Nos. 3-4 (2004) Reactions of (dmabdmapb, L) Co(Il), Zn(II) and Cd(II) Salts 1443

SAXATINOD TVLIW SLI ANV ANVOIT A0 (wdd u1 @) VIVA TVHLOAdS H; TH1EVL



1444 Malleshetal. Asian J. Chem.

The electronic absorption spectrum (in DMF) of the ligand exhibits two bands
at 31,200 and 27,000 cm™'. They may be assigned to ®— n* and n— n*
transitions'2. The solid state electronic spectra of the blue-coloured CoX,L,
(X =Cl, Br) complexes display multiple absorption bands in the region 11,000
and 16,000 cm™. These bands may be ascribed to the 4Ay— *T\(F) (vp) and
4A, — *“T (F) (v3) transition respectively of pseudo tetrahedral cobalt(II) com-
plexes. The electronic spectrum of the iodo complex exhibits three bands in the
region 14,500, 20,400 and 22,000 cm™!, which are assigned to 4A'ZI(F) -
‘EP), 4A’;(l") and “E'(P) transitions respectively of the trigonal-bipyramidal
geometry around the metal ion'> 4. The room temperature magnetic measure-
ments for the complexes CoX,L, (X =Cl, Br) as well as Col,L,(OH;) gave
magnetic moments in the range 4.5-4.8 B.M. The values are in the range expected
for tetrahedral and trigonal-bipyramidal complexes'™ ',

The 'H NMR spectra of the ligand and its zinc(II) and cadmium(Il) complexes
in DMSO-d, (Table-2) exhibited resonances due to the phenyl and benzimidazole
ring protons. The resonances due to N—CHj are observed as a doublet near 3.00
ppm. The resonance at 5.42 ppm arises from the methylene protons of the benzyl
ring while the phenylene protons of the benzyl ring are observed in the range
7.20-8.21 ppm. The signals due to the phenyl ring protons are observed between
6.63-7.60 ppm. The spectra of the complexes revealed both positive and negative
coordination induced shifts (c.i.s. = 8complex — S1igand)-

Stereochemistry

The CoL,X; (X=Cl, Br) and [Col,L,(OH,),] complexes possess distorted
tetrahedral and trigonal bipyramidal structures respectively. The ligand coordi-
nates through the imidazole nitrogen of the benzimidazole. The halo complexes
of zinc(II) and cadmium(Il); MX,LnH,OM=Zn, X=Cl,n=0; X=Br,n=3;
X=1,n=1; M=Cd, X=Cl, Br, I) are expected to have tetrahedral geometry.
For the complex [ZnL(OH,);](C10,), the IR spectrum indicates the non-coordi-
nation of the perchlorate groups, where the ligand (L) is monodentately coordi-
nated through the imidazole nitrogen of benzimidazole and hence a four
coordinated tetrahedral geometry is suggested. In the case of [CdL, s(OH,),],
(ClOg4)4 complex, the conductivity and IR spectral data suggest non-coordination
of perchlorate groups but coordination of water molecules, one of the ligands is
bonded through imidazole nitrogen and the other ligand forms a bridge between
two cadmium ions. Hence a binuclear structure with tetrahedral geometry around
the metal ion is suggested as shown in Fig. 1.
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Flg 1. Structure of [CdLls(OH;))z]z(CIO4)4
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