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ABSTRACT

A seriesof new coordination complexesof Cu", Ca", Ni", Zn", Cd", and Hg"
with the Schiff base 3-chloro-N-(1E)-(2-hydroxy quinoline-3-yl]methylene)-
1-benzo(b)thiophene-2-carbohydrazide have been synthesized and charac-
terized by elementa analys's, electrical conductivity measurements, IR spectra,

KEYWORDS

Benzothiophene;
Quinoaline;
Schiff base complexes;
Antimicrobial activity.

el ectronic spectra, ESR spectra, magnetic susceptibility, TGA and mass spec-
tral data. The Schiff base behavesastridentate ONO donor ligand and forms
the complexes of the type ML stoichiometry. All the complexes are colored
and non electrolytes. It is found that Cu', Cao", Ni", Zn", Cd", and Hg"
complexes have exhibited octahedral geometry. The ligand and its metal
complexes have been screened for their antibacterial activity against E. coli,
S aureus and antifungal activity against, A. niger and C. albicans.
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INTRODUCTION

The study of transition metal compoundsisan
areaof great current interest. Hydrosul phurisation
reaction convertsthe organosul phur compound which
contaminate crude oil into alkanes, alkenesand hy-
drogen sul phide, which can then be easily removed.
Although there are awide range of organosul phur
compounds found in crude oil, it isthe thiophenes
and benzo thiopheneswhich arethemost difficult to
desulphurise. Intheindustrial processitiscarried
out heterogeneously over aCo Mo/Al O, or CoW/
Al O, catalyst. Increased activity of the catalyst has
been observed when |ate transition metalsare added
as “promoters” to the catalyst!*“. For these reasons

thiopheneand benzothiophenederivativesof ements
such as ruthenium® rhodiumt®, platinum(” and their
catalytic reaction havereceived considerable atten-
tion in recent years. There are a so reports on coor-
dination behavior of thiophene 2, 5-dicarboxylic acid
copper (1) with 1, 10—phenanthroline!® where
thiophene 2, 5-dicarboxylate anion (Tda?) is
monodentate. Mok et.al . have reported Cu'' com-
plexes of thiophene-2, 5-dicarboxylic acid with a
view of constructing diverselow dimensional coor-
dination polymers and the model coordination com-
pounds. Literature survey reveals that many
benzothiophene®2 and quinoline**1" derivatives
reported in theliterature are known to possess good
biological activity likeantimicrobial, anti-inflamma-
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tory, analgesic, diureticand antiviral activities.

Inview of thesefinding andin continuation of our
research work on coordination chemistry!'#23, we are
reporting the synthesis, characterization and antimi-
crobial activity of Cu'", Co", Ni", zn", Cd", and Hg"
complexesof 3-chloro-N-(1E)-(2-hydroxyquinoline-
3-yl)methylene)- 1-benzo(b)thiophene-carbohydrazide
(HL) (Figurel) inthiscommunication (H refersto
phenolate).

—= Fyll Poper
RESULTSAND DISCUSSION

Thephysica and andytical dataof thesynthesized
ligand HL and its Cu'", Co", Ni", Zn", Cd", and Hg",
complexesaregivenintheTABLE 1. Themolar con-
ductance of the complexeswas measured in DMF at
10*M concentration. M easured conductance va ues of
these complexesaretoo |ow to account for their elec-
trolytic behavior.

TABLE 1: Physical, analytical, magnetic susceptibility and molar conductancedata of ligand (HL) and itscomplexes.

Compound/ Mol M .P.oC Elemental analyses(% )found(cala) peff ).rP ,

Comlpex Wt (Yidd) M c H N c (BM) (Oml_‘f)m
CioHzCINGGS - 381.83 (27%5) (gg:;zzt) (gﬁ) &%g% (3}5)
CioH1sCloCUNSO,S - 514.54 (27%(; (ggg) (ﬁéé) (3:8411) (giﬁ) (gigi) 1.80 24
CisHis CININSO,S  509.69 (3701(; (ﬁg) (ﬁ% é:gzlt) (gég) (gﬁ% 311 23
CaoHs Cl.CONSO,S - 509.93 (36285) (_ﬁfgé) (ﬁ% (3182) (gfgg) (g% 4.99 22
CroHis C1.ZNNSO,S - 516.39 (26355) (13:22) (ﬁ:?g) é:gg) (gjg) (gigg) Diat 18
Ciotis Cl2CAN;O,S  563.41 (3:7(; (ng) (38:32) (gigé) (;3523) (giig) Diar 25
CaoHis CloHON:O,S  651.59 (35%2) (ggfgg) (gigg) (gég) (gfﬁ) logs Diet 21

*Diamagnetic.
IR spectra

Theimportant bandsin the IR spectraof theligand
aswell ascomplexestogether with their assignments
areligedinthe TABLE 2. Thefreeligand show abroad
band at 3432 cmt dueto v(OH) of theligand which
disappearedindl the complexesindicatingitsinvolve-
ment in the coordination with the metal ion via
deprotonation. Theligand showed medium intensity
band at 3234 cmr*assinged to v(NH) vibrationwhichis
observed intheregion 3249-3158 cm™in caseof al
the complexesindicating thenoninvolvement of NH in
coordination and no enolization of C=0 bond during
complexation. Strong intensity bandsat 1650 cnrtand
1564 cmt are assigned to v(C=0) and v(C=N) of the
hydrazonesfunction of theligand respectively’®>1. The
ligand showed anintensestrong band at 1533 cmt due
to benzo(b)thiophenering vibration?® and astrong band
at 1270 cm! dueto phenolic v(C-O) vibration respec-
tively. In caseof the complexestheband dueto v(C=0)
was observed in theregion 1645-1631 cmt, the shift

of thisband towards|ower wave number side by 5-19
cntindicates coordination of thev(C=0) of theamide
functionto themetal ion*? Theband dueto v(C=N)
which hasbeen shifted to theregion of lower wave num-
ber by 7-42 cmrt and observed in therange 1557-1522
cmt in the case of al the complexes, which can be
attributed to coordination of nitrogen of C=N bondto
the metal ions*® The band dueto phenolic C-O ob-
served at 1270 cmr? in the case of ligand has been
shifted to higher wave number sideby 67-39 cm* and
observed intheregion 1337-1309 cm suggesting the
coordination of the phenolateion with the metal ions
viadeprotonation® The presenceof broad stretching
vibrationsintheregion 3468-3324 cmt isdueto pres-
enceof coordinated or latticewater indl thecomplexes.
Thenew bandsin the complexesat 516-530 cnrt and
469-487 c* have been assigned to v(M-0) and v(M-
N), respectively. Thebandsintheregion 316 cmt have
been assigned to (M-Cl) bandsinthecaseof Hg', and
Cd" complexes(TABLE 2).
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TABLE 2: IR spectradata(incnmr?) ligand (HL) and itsmetal
complexes.

Ligand/  OH/
Complex H,O

Ligand (L)) 3432 3234 1650 1564
3324 3183 1633 1543
3398 3158 1644 1554
3370 3243 1631 1557
3436 3181 1645 1522
3432 3225 1642 1535
3468 3249 1642 1540

Phenolic
VNH  Vc=0 Vc=N Vesc
Vco
1270
1319
1336
1337
1328
1309

1314

Vm-0 VM-N VMm-cl

1533
1516
1516
1516
1516
1526
1497

517
516
530
522
523
524

483
478
479
469
480 316
487 316

Cu-Complex
Co-Complex
Ni-Complex
Zn-Complex
Hg-Complex
Cd-Complex

Electronic spectra

Theélectronic spectraof Ca'", Ni'" and Cu'' com-
plexesof theligand (HL) wererecorded in DMF so-
lution at 10 molar concentration. Thelight green col-
ored Cu'" complex exhibited abroad asymmetric band
intheregion 16400 cm* with the maximaat 13485
cm? in a distorted octahedral geometry!®. The
broadness of the band may be dueto dynamic John-
Teller distortionand it isassignedt02T29—>2Egtra15i-
tion. Inthed ectronic spectraof Co'" complex thethree
absorption bands observed at 10312 cm*,15898 and
20741cm*aredueto “T.g (F) (v) “T.9(F) —> ‘A9
(F) (V,) and“T g (F) = *A.,g (p) (v,) transition re-
spectively. Thesetransitions suggest octahedral ge-
ometry for the Co" complex. Theassignmentsarein
good agreement with the reported values®31 The
ligand field parameter such asDq B f3 and % have
been calculated by using fitting equation given by
Underhill and Billing®2. Thecrystal field splitting en-
ergy (Dq) valuesare well withintherange reported
for most of octahedral Co'" complexes The Co" com-
plex under present investigation possessinterelectronic
repulsion parameter 3 at 932 cmt, the Raghaparam-
eter B, is 971 cm'which is less than free ion.
Nephelauxetic reaction () for the present Co'" com-
plexesis0.91 whichislessthan one, suggesting par-
tial covadency inthemetal ligand band. ThevalvesDq
B% LFSEand V./V  (TABLE 3) suggest the octahe-
dral geometry for Co" complex!®. The electronic
spectraof Ni' complex under present investigation
exhibited three bands at 9865, 15024 and 25152 cm*
respectively in DMF solution. These bands are as-
signed to *A_g(F) — T,g(F) (V,) and °A g (F) —
T, 9 (F) (v,)and A g(F) —°T g(F) (V) transitionre-
spectively. Moreover theratioV /V, wasfoundto be

1.522 whichiswell within therange 1.56-1.61which
indicates octahedral stereochemistry for Ni'' complex
which isindicating octahedral geometry. Further the
ratioV,/V, (1.522) and 3% (5.39) supportsthe oc-
tahedral geometry around the Ni" ion (TABLE 3).

TABLE 3: Electronic spectral dataand ligand field param-
etersof Cull, Nill & Coll complexesof ligand (HL).

D .. VJ LFSEKcal
Vs (cm™) BB B V, mol™

1494 -- 25.62

Complex V, Vs,

Cu-complex 163100 13485
Co-complex 10312 15898 20741 832 971 0.91 1207 1542  19.02

Ni-Complex 9865 15024 25152 937 835 0.86 5.39 1522

'H NM R spectrum of theligand HL

IntheH NMR spectrum of theligand HL, thethree
singlets observed at 8.65, 12.00 and 12.30 ppm due
toaproton of azomethinefunction, aproton of amide
NH and aproton of OH function attached to quinoline
moi ety respectively. A multiplet dueto ninearomatic
protons hasresonated intheregion 7.15-8.55. ppm.

'H NMR spectrum of Zn (I1) complex of the
ligand HL

Inthe *H NMR spectrum of the Zn'" complex of
theligand HL, thedisappearance of peak at 12.30 ppm
dueto phenolic proton when compared tothat of ligand,
clearly confirmsthe deprotonation of the phenolic OH
during complexation, A fine singlet appeared at
12.05ppmisdueto NH proton of amidefunction. The
aromatic protons have appeared in theregion 7.10 -
8.70 ppm.

cl o~ H
| ~cl
No + ~
s NH, |
N
o} HO” N
1 2

AcOH/EtOH

©\jﬂ/\’/c

Scheme 1

3213
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M ass spectral analysis
Mass spectrum of theligand HL
Inthe mass spectrum of theligand HL themolecu-

lar ion M+ peak observed at 381 (5%), 383 (1%)
which correspondsto its molecular weight. Thismo-
lecular ion dueto sequential lossof C._ H N.Oradical,

100 '8 '3

B

HL, M¥, 381 (5%), 383 (1%)
H

N
N /N\ I ~
H2N O N
Cl
[:[ II _+
S Cc=0

m/z, 195 (18%), 197 (6%)
- co

Cl

m/z, 167 (4%), 169 (2%)

\—éo

m/z, 132 (6%)

\ - CS

t

m/z, 88 (16%)
Scheme 2
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C=0Omolecule, chlorideradicd and C=Sfragmentsgave
fragment ionsrecorded at m/z195, 197 (18%, 6%), m/
z 167,169 (4%, 1%), m/z 132 (6%) and m/z 88 (16%)
respectively (Scheme2).

Mass spectrum of Cu'' complex of theligand HL
Inthe mass spectrum of Cu'' complex of theligand

HL themolecularion M - peak observed at 516, 518,
520 (4%, 2%, 1%) which correspondsto its molecu-
lar weight. Thismolecular ion gavefragmented ionsat
m/z 480, 482, 484 (5%, 2%, 1%), m/z 443, 445
(55%, 17%), m/z 276 (5%) and 107 (51%) dueto
sequential loss of two water molecul es, s multaneous
loss of hydrochloric acid and hydrogen radical,
C,H,SCl radicd and C H_N,Oradical fragmentsre-
spectively (Scheme 3).

M agnetic susceptibility data

M agneti c susceptibility measurementsof thecom-
plexeswereperformed a room temperature. Themag-
netic moment for Cu' complex of theligand HL is1.80
BM. Thereported va uesfor themononuclear Cu'' hav-
ingno major spininteractionis1.75- 2.20 BM 3439,
Thusthe present Cu'' complex isdevoid of any spin
interaction with distorted octahedral geometry. Inoc-
tahedral Co'" complex the ground state is4Tlg anda
large orbital contribution to the magnetic momentis
expected. Themixing of thesinglet stateslowersthe
magnetic moment. Thereported magnetic moment val-
uesfor thevarious Co'" complexesisintherange4.7-
5.2 BM for octahedral complexes. Inthe present in-
vestigati on the observed magnetic moment va uefor Co'
complex is4.99 BM indicatesoctahedral geometry for
thisCo" complex. For Ni'"" complex the observed mag-
netic moment valueis 3.11BM whichiswell withinthe
expected range 2.83-4.0 BM B3 for Ni"' complex with
octahedrd stereochemistry

ESR spectral studies of the Cu" complex of the
ligand HL

The X- Band ESR spectrum of the powder Cu"
complex was recorded at room temperature using
DPPH asreference standard. Oneunpaired eectronin
Cu'" complex with ?B,_as ground state lies in dx*
y?orbita and falowsthetrendsg |>g1>g,(9.=2.0036
freeionvaue).
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Theobserved g||=2.2787, g1 = 2.0570 val ues of
the Cu' complex under the present study followed the
sametend g||> g 1> g, which suggest the presence of
unpaired electronin dx?-y? orbita giving octahedra ge-
ometry™®, The observed G=4.49 for the complexes
under present study evidenced the monomeric nature
of the complexes®. Thisfact isfurther supported by
the absence of a band corresponding to AMs = £2
transition®¥ inthe observed ESR spectrumwhichis
characteristic of monomeric complex.

Thermogravimetricanalysis

Thedecomposition studiesof theNi'"' complex has
been carried out in the thermogram of the
[Ni(C,H,.C,N,O,] loss of 2H.,O was observed at
128 °C indicated by inflexionin the curveat 118°C
with 7.03% weight losswhichisinaccordance with the
theoretical weight1oss7.07 %. Theresultant interme-
diate complex under went further degradation and gave
another break at 409 °C with weight loss of 6.83%

Inorgamc CHEMHSTRY C—

which correspondsto the expulsion of HCI molecule
from theintermediate complex. Thetheoretical weight
lossfor this decomposition was 6.82% agreeing well
with the observed value. Third inflection occurred at
460 °C with weight loss of 47.72 % which accountsfor
theloss of C;H,NOSCI species. Thispractical weight
loss47.72 % of thethird stage decompositionisin ac-
cordance with thetheoretical weight lossof 47.75%.
Thereafter the complex showed agradual decomposi-
tion up to 822 °C and onwards. Theweight of residue
correspondsto theformation of NiO (TABLE 4).

Antimicrobial activity

Antimicrobial activity wascarried out by the cup-
plate method**?, Theligand HL anditsCu'"Ni", Co",
Zn" Cd" and Hg", complexes havebeentested for their
antimicrobid and antifungd activity at 1mg/mL concen-
tration. Theresultsof theantimicrobid activity havebeen
presentedin TABLES. Theantimicrobid activity ligand
HL anditsCu", Ni", Co", Zn" Cd" and Hg'" complexes
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TABLE 4: Thermal decomposition of Nill complex of ligand HL.

Complex Stage P.?%l: (téag;p or ;_C(;scsatlnf mafh((i,gr(:;:i)cal Probable assignments
Ni (C19H 15CI,NiNgO,S)
Ni(CygH15CIoNIN3O,S) * “2H,0
Ni(C19H 11CI,NiNZO,9)
[ 128 7.03 7.07 + -HCl
Ni(C19H10CIN30,5)
I 409 6.83 7.59 + -CgH NOSCI
Ni(C10HgN20)
Il 460 47.72 47.75 ¢

NiO

TABLE5: Antimicrobial activity screening dataof theligand
HL anditscomplexes.

Antimicrobial activity
(Zone of inhibition in mm)*

Compound/ Antibacterial Antifungal
complexes activity activity
E.coli S.aureus A.niger C.albicans

HL 13 16 15 18
Cu — complex 13 15 16 15
Co — complex 12 14 17 18
Ni - complex 13 12 10 09
Zn - complex 14 16 09 11
Cd — complex 16 17 15 17
Hg — complex 15 12 20 22
Streptomycin 21 22
Fluconazole - - 22 24
DMF (Control) 0 0 0 0

*Bore size-6mm

werefound to show weak activity with 12-15 mminhi-
bition against E. coli and S aureuswhereas Cd'" com-
plex showed moderate activity with16 mmand 17 mm
inhibition against the same organi smswhen compared
to the standard drug streptomycin which showed 21
mm and 22 mminhibition againgt E. coli and S aureus,
respectively at the same concentration asthat of the
test compound. Theantifungd activity result of theligand
and its above complex reveaed that the ligand HL

showed moderate activity against A. Niger and C.
albicanswith 15 mm and 18 mm inhibitions respec-
tively. The Cu" Cao',, Cd" Ni ", and Hg" complexes
showed good antifungal activity with 18 mm-22mm
inhibition againgt both A, Niger and C. albicanswhereas
Ni''- Zn'" complex showed moderate activity against
both A. niger and C. albicanswith 09 mm - 11 mm
inhibition compared to the standard drug Fluconazole
which showed 22 mmand 24 mminhibition against A.
niger and albicansrespectively at the same concen-
tration asthat of test compounds.

EXPERIMENTAL

M aterial and method

All thechemicasareof reagent grade. Solventswere
dried and distilled beforeuseaccording to standard pro-
cedure®?, The precursor 3-chloro-1-benzothiophene-
2-carbohydrazide*Y and 2-hydroxy-3-formyl quinoline
wereprepared by literature method*”. Themetal chlo-
ridesused werein their hydrated form.

Synthesisof theligand HL

An equimolar mixture of 3-chloro-1-
benzothiophene-2-carbohydrazide (0.001mol) and 3-
formyl-2-hydroxy quinoline (0.001mol) in ethanol
(30mL) wererefluxed in presence of cata ytic amount
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of glacia acetic acid (1-2 drops) for about 6 hon wa-
ter bath. Thereaction mixturewas cooled to room tem-
perature, theseparated Schiff base (HL) wascollected
by filtration, washed with ethanol, dried and recrystdized
from absol ute ethanol.

Preparation of Cu'', Co", N'',Zn", Cd'"and Hg"
complexesof ligand HL

To the hot solution of 3-chloro-N-1E-(2-hydroxy
quinoline-3-yl] methylene)-1-benzo(b)thiophene-2-
carbohydrazide (HL) (0.002 moal) in ethanol (30mL)
was added a hot ethanolic solution (10mL.) of respec-
tivemetal (I1) chloride (0.002 mol), the reaction mix-
turewasrefluxed on asteam bath for 4h, then sodium
acetate (0.5 g) wasadded to it and refluxed for further
2h. Itwasthen pouredintodistilled water. Theresult-
ing solid complexeswerecollected by filtration, washed
with sufficient quantity of distilled water, then with hot
ethanol to gpparent drynessand dried inavacuum over
anhydrous calcium chloridein adesiccator (yield 60-
70%) (TABLE).

Physical measurements

IR Spectraof the synthesized ligand and itscom-
plexeswererecorded asK Br pelletson Perkins-Elmer
Spectrum One FT-IR spectrometer. '*H NMR spectra
were recorded on a Bruker Avance 400 MHz spec-
trometer. UV-vis spectra of the complexes werere-
corded on Elico-SL 164 spectrometer in the range 200-
1000 nmin DMF solution (1x10*M). Mass spectrum
of ligand acquired on MA SPEC system and FAB-mass
spectrum of Cu'" complexesat usingArgon Xenon as
the gas, accd erating voltage wasrecorded at roomtem-
perature using meta-dinitrobenzyl acohol asamatrix.
Elemental analysiswasobtained from HERAEUSC,
H, N,Orapid analyzer and metd anayseswere carried
out by following the standard methods. ESR measure-
ment was carried out on aBRUKER Bio Spin Gmbh
gpectrometer working & microwavefreguency of 9.903
GHz. The experiment was carried out by using
diphenylpicrylhydrazyl (DPPH) asreferencewithfield
set at 3200 gauss. Magnetic susceptibility were deter-
mined by the Faraday method usingamode 300 Lewis
coil forcemagnetometer of tedafield strength at room
temperature. Theinstrument was calibrated with Hg
[Co(SNC), 4.

CONCLUSION

Inthelight of above discussionwe have proposed
octahedral geometry for Ni" Ca'", Cu", Zn", Cd" and
Hg'" complexes. Theligand behavesas ONO triden-
tate chelating agent coordinating through the
deprotonation of hydroxyl group, carbonyl group and
azomethine nitrogen. Theanalytical data, electronic,
spectra, magnetic susceptibility, IR, *HNMR, ESR and
mass spectral datarevea ed mononuclear nature of the
complexes. Theligand aswell asitsmetal complexes
wasfound to belessactive against the bacteriawhereas
moderately activeagainst thefungi Aniger. All thecom-
plexes showed good activity as compared with their
ligand. Onthebasi sof spectra evidencefollowing struc-
tures have been assigned for synthesized complexes.
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