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ABSTRACT

Zinc(I1) halidesand perchloratereact with 1,4-bis(benzimidazol-2-yl)benzene
(L) in 1:2molar ratio in n-butanol/2-methoxy ethanol at refluxing temperature
to produce white/paleyellow colored complexes of theformulae [ZnClLL]H,O,
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[ZnBr,L]3H,0 and [Zn(OCIO,) L]HOCH,CH,CH,CH.. Zinc(ll) iodide also
reactswith L in 1:2 molar ratio in n-butanol (HOCH,CH,CH,CH,) to yield
white colored complex of the formula[ZnL ,(OCH,CH,CH,CH,),]. The com-
plexes were characterized by elemental analysis, molar conductance mea-
surements, thermal analysis, IR, *H NMR, *C NMR spectral studies. The
complexes showed significant anthelmintic activity. The minimum energy
configuration has been obtained for the zinc complexes using molecular
modeling pro plus; atool developed by ChemSW, Inc, U.SA.
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INTRODUCTION

Transition metal complexes containing bis-
benzimidazolyl derivativeshave been extensively stud-
ied. Severd of these benzimidazolyl derivativescould
modify their reactivity towards metal iong™. Further,
severd of their metal complexes may serveasthe po-
tential models to mimic the active centers of
metalloenzymes?. Zinc(ll) isresponsiblefor thefunc-
tion of carboxy peptidaseA and carbonic anhydrasein
biologica systemd?3. Thus, the coordination behaviour
of benzimidazoleswith zincis of considerableimpor-
tance. Wereport herethe synthesisand characteriza-
tion of zinc(ll) complexes containing 1,4-
bis(benzimidazol-2-yl)benzene (FigureL-1).

EXPERIMENTAL

Reagents

The hydrated zinc(I1) chloride was used as sup-
plied (BDH). Terephthdicacid and o-phenylenediamine
wereMerck Chemicas. The solventsused wereMerck
chemicalsand they werepurified accordingto litera-
turemethodd“. Hydrated zinc(I1) bromide, zinc(ll) io-
dide and zinc(1l) perchlorate salts were obtained by
dissolving themetd, followed by filtration and careful
evaporation nearly to drynessunder reduced pressure.

Drugs

Albendazole (BANDY, Mankind Pharma Ltd.,
New Delhi), Piperazinecitrate, Tween 80.
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M easur ements

C, H and N analyseswere carried out on aCarlo
Erbamicroanayser. IR spectra(in nujol) wererecorded
on aNicolet 4000D spectrophotometer. Molar con-
ductivity measurementswere madewith 10° M solu-
tion in dimethylformamide (DMF) using a digita
(SY STRONICS) conductivity meter-304 with acon-
ventiond diptype conductivity cell withacell constant
1.00cm*. NMR spectra were recorded (in DM SO-
d,) were recorded on a Bruker WH-270 or AMX-
400 MHz spectrometer usng TM Sastheinternd stan-
dard. Thethermogramswererecorded onaShimadzu
Thermal Analyzer DT30 at a heating rate of 5°C /
minute.

Preparation of theligand

Theligand was prepared according totheliterature
method®. Terephthalic acid (10 m mole) wasstirred
with o-phenylenediamine (20 mmole) in syrupy phos-
phoric acid (20ml) at 240°C for four hours. The col-
ored melt was poured into cold water (500ml) with
stirring to obtain ablue-green colored precipitate. The
precipitate was neutralized with 10% aqueous sodium
carbonate solution. Theresulting solid wasrecovered
by filtration and recrystallized from ethanol to obtaina
pale pink compound. (Yield 50%).

Preparation of the complexes
[ZnCLL]InH,O(X=Cl,n=1; X=Br,n=3)

Toasolution of zinc(11) haide (1 mmol) dissolved
in 2-methoxyethanol/ n-butanol (10ml), theligand (2m
mol) in the same solvent (15ml) was added and the
mixturewasrefluxed for 6-8 hours, followed by con-
centration of themixture under reduced pressure, dur-
ingwhichtimeabuff/white/pae-yellow solid separated.

TABLE 1: Physical propertiesand analytical dataof thecom-
plexes

-1 Found(calcd.%

Complex Color ?fc; c?nhg:r?ol'l ﬁ
[ZnCLLJH,0  buff >260 17 (gi% (g:g) (ﬂ%
[ZNBr,L]3H,0 yFe)lallce)-W >260 25 (fé:g) (g:g) (g:g)
(OCHzc[ﬁchﬁZCHg)z] white >260 16 (gg:g) (g:g) (ﬂ:g)
H([)Zcrllﬂ(?c%?cs)ﬁ:c]m ydllow>250 13 (ﬁ?t) éﬁ% (g:g)

@Molar conductance of ~10° M solutions around 25°C in DMF.

—= Fyll Poper

Thiswasfiltered, washed with petroleum benzene 40-
60°C (20ml) and dried in avacuum (yield 65%).

[ZnL(OCH,CH,CH,CH,)]

Toasolution of hydrated zinc(11) iodide (1 mmol)
in n-butanol (20ml), then theligand (2 m mol) in n-
butanol (20ml) wasadded. Theresulting mixturewas
refluxed for 4-6 hours. The sol ution was concentrated
under reduced pressure when awhite colored solid
separated. The solid wasfiltered, washed with petro-
leum benzene 40-60°C (20ml) and dried inavacuum
(yield 60-70%).

[Zn(OCIO,),L JHOCH,CH,CH,CH,

Zinc(ll) perchlorate (1 mmol) wasdissolvedinn-
butanol (5ml), then theligand (2 m mal) in n-butanol
(10ml) wasadded. Theresulting mixturewasrefluxed
for 6 hourswhen apaleyellow solid separated. This
solid wasfiltered, washed with petroleum benzene 40-
60°C (20ml) and dried in avacuum (yield 60%).

RESULTSAND DISCUSSION

Thephysica propertiesand analytical dataof the
complexesarelistedin TABLE 1.Thecomplexesare
insolublein common organic solventsbut aresolublein
DMF and DM SO and show low conductivityinDMF.
Thismay arisefrom the replacement of the halide by
DMFin solutionand theexistencean equilibrium of the
typebelow,

ZnX L +DMF <> [ZnX(DMF)L]*+ X"~

ThelR spectra(in nujol mull) of thecomplexesare
similar to the spectraof the uncoordinated N-hetero-
cycdeexpect for minor shiftsin the positionsof someof
the bandsand some changesintheir intensitiesdueto
coordination. The complexesdisplayed vN-H bandin
the range 3150-3180cm and this increased by 10-
30cm* ascompared to that of the uncoordinated ligand.
ThevC=N and vC=Cvibrationsarevery closeto each
other and occur around 1616cm™ as weak bandsin
the spectraof uncoordinated heterocycl eand havebeen
observed to shift by about 10-15¢cn™ on complexation.
Theshift inthe position of vC=N and vC=C are sug-
gestive of coordination of the N-heterocycleviatheter-
tiary nitrogen of theimidazole moeiety!”. The vO-H of
water of hydration!® isobserved around 3400cm* A
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Compound?® H-2' H-3 H-5' H-6' H-4 H-5 H-6 H-7 N-H
L 8355 8355 835s 8355 741d 7.23m 7.25m 7.69d 13.05s
[ZnCl,L]H,0 835s 8355 835s 8355 7.72d 7.24t 7.24t 7.56d 13.04s
2=t - - - - (-0.31) (0.01) (-0.01) (-0.13) (-0.01)
[ZNBr,L].3H;0 843s 843s 843s 843 7.76q 7.4lm 7.41m 7.75q 13.05
2= (0.07) (0.08) (0.08) (0.08) (0.35) (0.18) (0.16) (0.06) -
834s 834 834 834 768d 755 723t 723 13.03s
[ZNLo(OCH,CH,CH,CHs).] (-001) (-0.01) (-001) (-0.01) (0.27) (0.32) (-0.02) (-0.46) (-0.02)
836s 836s 836s 836 765b 7.25s 725 7.65h 13.04
[Zn(OCI05)2L ]HOCH,CH,CH,CH, (0.01) (0.01) (0.01) (001) (0.24) (0.02) -  (-0.04) (-0.01)
*spectra recorded in dmso-d, s = singlet, d = doublet, t = triplet, m = multiplet, b = broad. *values in the parentheses are
coordination induced shifts (c.i.s) = 8., o - im0
4 G H
SN = . N
6 8N, N
7 H 2 3
TABLE 3: ®C-NM R spectral dataof theligand and complexes(in & p.p.m)
Compound? c-1 c-2 C-6' C-2 C4 C-5 C-6 C-7 C-8 C-9
L 131.19s 126.92s 126.92s 143.94s 111.41s 121.85s 119.01s 122.81s 143.94s 131.19s
[ZNLo(OCH,CH,CH,CHa)o] 131.17s 126.91s 126.91s 143.92s 111.41s 121.85s 119.00s 122.81s 150.61s 132.17s

(-0.02) (-0.01) (-0.01) (-0.02) (0.00) - (-0.01) (0.00 (6.67) (0.98)
130.25s 127.16s 127.16s 137.50s 114.91s 123.01s 114.91 123.01 149.87s 130.25s
[Zn(OCIOs) LIHO(CH2)CHSl " h 81y "(0.24) (0.24) (-6.44) (350) (116) (-4.10) (0.20) (5.93) (-0.94)
2 spectra recorded in dmso-d, s = singlet, d = doublet, t = triplet, m = multiplet, b = broad. * values in the parentheses are
coordination induced shifts (c.i.s) = § -8

complex ligand.

strong band at 1574cm* and aband around 1550cm?

TABLE 4: Molecular modding data

are assigned to N-H in-plane bending vibrations of Compound eT]Z:ij el v’\gI:L)Jl;re

ligand and the complexesrespectively. ThevC-Nand (S'f;i 222 ) (;21 /9 "2‘22

dN-H vibrations are probably very close to one an- - P -

other and occur at 1320cn®. The band dueto p—dis- '

ubstituted benzeneringvibrationsoccur around 1300, 10 ®) 20936 22n 4138 7094769

1250 and 760cm'*. The bands due to benzimidazole 5203488

ring vibrations are located around 1280, 1010 and 1203219

960cm™. Theassignmentsaretentativeand arebased #8130 (©) 91626 22n39.25 6954039

ontheliteraturereports on related compounds™. How- 323925

ever, in the infrared Spectrum Of [Zn(OC| 03)2|_] [ZNnL(OCH,CH,CH,CH3),] (D) 836.262 Zn61.49 716.2531
[Zn(OCIO3),L]HOCH,CH,CH,CH5(E) 975.156 Zn48.24  458.4137

HO(CH,),CH, complex, inadditiontotheligand bands,
the peaks around 1100 and 622cm™ of v, and v, of
perchlorate area so observed. Theformer bandissplit
indicating the presence of perchloratesare coordinated
tothemeta ion®.

The'H NMR spectraof the complexesrecorded
in DM SO-d, exhibit resonances due to coordinated
N-heterocycle. The spectral data of the complexes
aong withtheassignmentsarecompliedin TABLE 2.
Thespectraof thecomplexesaredmost smilar tothose

419°C

of theligand, except for adight shiftinthe positionsof
thesignds. TheX-ray crystd structurestudy of theligand
has been established by Fingli Bel and coworkers®,
that it hascentro symmetric. Themoleculeistwistedin
such away that the part of themoleculeisinthe plane
oppositeto the plane of the other part. The N-H reso-
nance signal occurs at 13.0ppm. The protons of the
benzenering, which arealmost equiva ent, givereso-
nance signal at 8.3ppm, theresonancesignalsdueto

598°C
[ZI’]|_2(OCH2CHz(:H2CH3)2]—> [Zan(OCH2CH2CH2CH3)] +OHCH3—> Zno-(OCH2CH2CH2CH3)-OCH3 -2L

(CH,CH,CH3)

Tnorganic CHEMISTRY
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Molecular model | : Minimum energy configuration of
[ZnCLL]H,0

protonsof benzimidazolering arefoundintheranged
7.2-7.8ppm19, |n addition to theligand resonance sig-
nds, theresonance signa s dueto the protons of n-bu-
tanol areaso observedin[ZnL (OCH,CH,CH,CH,).]
and [Zn(OCIO,) L]HOCH,CH,CH,CH, complexes.
The resonance signal due to ~CH, protons of n-bu-
tanol arelocated at 0.86ppm and signal dueto—CH,-
protonsare observed at 1.3ppm. The protons of —O-
CH,- group show resonance signal at 4.31ppm. The
presence of solvent moleculesin thecomplexeswas
confirmed by comparison with the spectrum of n-bu-
tanol in DM SO-d,. The coordination-induced shiftsfor
various protonsof the coordinated ligandsareinthe
range 0.01-0.46ppm.

The *°C NMR spectra of the ligand, [ZnL,
(OCH,CH,CH.CH,),] and [Zn(OCIO,),L] HOCH,
CH,CH,CH, complexes recorded in DMSO-d, re-
ved distinct resonancesthat arein agreement with the
expected carbon environments and the data are col -
lectedin TABLE 4. Theassignments of thesignalsare
made comparison with thereported valuesfor benz-
imidazol e and substituted bezimidazoles*!. The*C
spectrafor the chloro and bromo complexes could not
be recorded dueto their poor solubility in DMSO-d..
Theresonancesignal dueto C-1' carbonisobserved
around 135.0ppm. Theresonancesignd at 126.0ppm
isassigned to C-2' and C-6' carbons. Theresonances
dueto arométic carbonsof benzimidazolering arefound
intherange 119.0to 150.6ppm. Theresonancedueto
C-8 is observed around 150.0ppm and has shown
positive coordinationinduced shift of 6.0ppm. Thereso-
nance signal due to C-9 carbon is observed around
130.0ppm. In addition to theligandresonance signdls,
the peaksdueto n-butanol area so observed. Thereso-

—= Fyl] Paper

TIME IN MINUTES

B PARALYSIS (in min)

W DEATH (in min}

GROUPS

nancesigna dueto CH, isfound at 13.8ppm. The car-
bon atom of thetwo —CH,, groups n-butanol isreso-
natesat 18.6 and 34.6ppm. The carbon of -CH,-O-is
observed at 60.3ppm. Both positive and negative co-
ordination induced shiftsare observed in the spectraof
the complexesdueto theligand to metal o-donation
and meta toligand rt-donation respectivel y*2.,

Thermo gravimetric analysis data of [ZnL,
(OCH,CH.CH_,CH,),] complex hasshownthat there
isalossof apart of thesolvent molecule (CH,CH,CH.,)
(0.58%, theoreticd vaue4.4% and found 5.1%) around
419°C. The weight loss due to 1.42% solvent mol-
ecule (OCH,- and OCH,CH,CH,CH.) and two mol-
eculesof N-heterocycletakesplaceinthetemperature
around 600°C, which correspondsto atheoretical [oss
of 92.1% (found 93.4%). Thefina step of the decom-
position correspondsto theformation of ZnO™3,

Mol ecular modeling studieswere carried out with
aninteractive graphics molecular programi*4l., Energy
minimization wasrepeated several timesto obtainthe
globa minimum. The Leonnard - Jonesequation was
applied on M-N bond to obtain aconfiguration with
minimum repulsonand henceminimum gericsrain. A
representative exampleof the structure of the complex
[ZnCl_L]H,O, with minimum energy configurationis
showninmolecular mode 1. After globa minimum con-
figurationisatained, thetota energy of themoleculein
kJ/mol, percentage strain on the metal atom and se-
lected bond lengths, bond angles have been computed.
ThevauesaregivenintheTABLE 4 and 5.

Based on abovediscussion, thechloro, bromo and
perchlorate-complexes are proposed to possesstetra
hedral geometry. Inthe case of theperchlorateionis
monodentately coordinated to themeta ion assupported

== [H01jANIC CHEMISTRY
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TABLE 5: Molecular moddingdata
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Compound Bond length (A) Bond angle (Degr ees)
A
1Zn-2N 1.76 2Zn-6N  1.79 2N-1Zn-3N 109.30 2N-1Zn-1Cl 110.94 2N-1Zn-2Cl 109.30 3N-1Zn-2Cl 109.26
1Zn-1CI 210 2Zn-4CI  2.10 3N-1Zn-1Cl 108.96 1Cl-1Zn-2Cl 109.07 4N-2Zn-3Cl 108.45 4N-2Zn-4ACl 110.62
1Zn-3N 1.82 3Zn-9N  1.76 4N-2Zn-6N 110.85 6N-2Zn-3Cl 110.64 6N-2Zn-4Cl 107.28 9N-3Zn-10N 109.90
® 1Zn-2CI  2.10 3Zn-5CI  2.10 9N-3Zn-5Cl 109.93 9N-3Zn-6Cl 110.07 10N--3Zn-9N 109.90 10N-3Zn-5Cl 109.92
2Zn-4N 1.77 3Zn-10  1.82 5CI-3Zn-6Cl 109.41
2Zn-3ClI 210 3Zn-6Cl  2.10
1Zn-2N 1.76 2Zn-4N 1.78 2N-1Zn-1Br 110.94 3N-1Zn-2Br 109.30 3Br-2Zn-7N 111.25 9N-3Zn-10N 110.07
1Zn-1Br  2.28 2Zn-3Br  2.28 2N-1Zn-2Br 109.30 3N-1Zn-2Br 109.24 4Br-2Zn-7N 105.26 10N-3Zn-5Br 110.06
C 1Zn-3N 1.82 2Zn-7N  1.79 2N-1Zn-3N 109.31 4N-2Zn-3Br 107.01 9N-3Zn-5Br 110.04 10N-3Zn-6Br 109.87
1Zn-2zr  2.27 2Zn-4Br  2.28 3N-1Zn-1Br 108.74 4N-2Zn-4Br 111.23 9N-3Zn-6Br 110.08 5Br-3Zn-6Br 106.67
4AN-2Zn-7N 111.23
5 Zn-1N 1.75 Zn-20  1.78 IN-Zn-2N 109.45 1N-Zn-10 7253 10-AN20 110.83 10-Zn-2N 110.80
Zn-10 1.77 Zn-2N 1.78 1IN-Zn-20 108.16
Zn-N 1.79 Zn-20 1.75 N-Zn-10 98.379 N-Zn-30 141.88 10-Zn-30 94.25 10-Zn-20 138.06
. Zn-10 1.76 Zn-30 1.78 N-Zn-20 95.25

TABLE 6: Anthelminticactivity of synthesized complex com-
poundswith ¢andard

Death

S Group P_aralysis A
No. (in min) (in min)

1 Control(Tween80) 221.17+0.48  283.67+1.05
2 Albendazole 74.83+0.60 105.67+0.67
3 Piperazine citrate 72.83+0.87  108.83+0.60
4 [ZnCl,L]H,0 51.00+1.18  96.83+0.48
5 [ZnBr,L]3H,0 73.67+1.02  89.00+0.58
6 [ZnL»(OCH,CH,CH,CHs),] 46.00+0.86  66.50+0.62
7 [Zn(OClOs); LIHOCH,CH,CH,CH;  91.00£0.97  136.50+0.76

by IR spectrum. Themolecular modeling suggeststhat
the N-heterocycl e bridges between thetwo zinc meta
ions. Inthe caseof [ZnL (OCH,CH,CH.CH,),] com-
plex, *H and *C NMR spectra studiesand thethermo
gravimetric datashow the presence of two solvent mol-
eculesi.e, n-butanol, which arecoordinated to the meta
ion through oxygen atom and the complex isalso pro-
posed to havetetrahedra geometry around the metal
ion.
Anthelminticactivitiesof synthesized complex
Synthesized complexesweredissolved separately
inminimumamount of Tween 20 and then volumewas
adjusted to 25ml with dextrose solution. All solutions
werefreshly prepared before starting the experiment.
Four groupsof six earthwormseach werereleased into
25ml of desired formulation asfollows.

1. Group| (Vehicle): 5% Tween 80 in dextrose solu-
tion.

. Group I (Albendazole):125mg
Group Il (Piperazinecitrate): 125mg
Group IV ([ZnCl_L]H,0):125mg
Group VI ([ZnBr,L]3H,0):125mg
Group VIl ([ZnL (OCH,CH,CH,CH,).]):125mg
Group VIl ([Zn(OCO,), L]JHOCH,CH,CH,CH.):
125mg

Observationsweremadefor thetimetaken to pa-
ralyssand degthtimeof individua worm. Pardysiswas
said to occur when the worm did not revineevenin
normal saline. Death was considered whenworms|ost
their body colour and even they will not react when
they are exposed to steam. Thisshowsthe death of the
earthworm. The datarevea ed that sythes sed complex
compounds showed significant anthelmintic activity at
5mg/ml concentrations. Theresultsarecomparablewith
standard drugsAlbendazoleand piperazinecitrate at
same concentration. TABLE 6 revealsthat ailmost all
complexes showed asignificant activity compared to
thestandard drug and out of four synthesized complexes,
[Zn(OCIO,), LJHOCH,CH,CH,CH, complex
showed the better anthemintic activity.

Thedatarevealed that synthesized complex com-

pounds showed s gnificant anthemintic activity at 5mg/
ml concentrations. Resultsare comparable with stan-

Nog,rWDN
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dard drugsAlbendazole and piperazinecitrateat same
concentration. TABLE reved sthat dmost dl complexes
showed abetter activity than the standard and out of
four synthesized complexes, [Zn(OCIO,), L]
HOCH,CH,CH,CH, complex showed the best anthel-
minticactivity.

Thedatarevealed that synthesized complex com-
poundsshowed s gnificant anthemintic activity at 5mg/
ml concentrations. Resultsare comparablewith stan-
dard drugsAlbendazole and piperazinecitrateat same
concentration. TABLE 6 revealsthat almost all com-
plexes showed a better activity than the standard and
out of four synthesized complexes, [Zn(OCIO,),
L]HOCH,CH,CH,CH, complex showed the best an-
theminticactivity.
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