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ABSTRACT

A bidentate ligand (NS type) with benzodiazole moiety has been synthesized by the condensation of 2-
thiophenecarboxal dehyde with o-phenylenediamine. Complexes of type [ML,] 2H,0 (M = Cu (1), Zn (11), Co (I1),
Cd(I1) and Ni(11)) have been derived from the ligand. The entire complexes have been characterized using UV-
Vis, FT-IR, 'H NMR, Mass, TG-DTA and powder XRD techniques. The stoichiometry and geometry of the
complexes were predicted based on the results obtained from the above analyses. Furthermore, all the metal
complexes were screened for their in vitro biological activity against four bacterial strains viz., Salmonella
typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa and Escherichia coli and four fungal strains viz, Candida
albicans, Rhizopus sp., Aspergillus fumigatus and Mucor sp. by disc diffusion method.

Keywords: 2-ThiophenecarboxaldehydePhenylenediamine, Transition metal complexes,d@jicial evaluation.

INTRODUCTION

Ligands derived using 1,2-phenylenediamine andr thedtal complexes have enormous applications imotud
biological [1], clinical [2] and analytical [3]. Igeneral, compounds with benzodiazole ring have Isgathesized
by condensation of 1,2-phenylenediamine with theesponding aldehydes [4,5]. Schiff base ligandspared
using 2-thiophene-carboxaldehyde and their metainptexes having diverse biological activities [6-9].
Furthermore, compounds containing benzodiazole mrexhibit antimicrobial [10-12], anticancer [13,14]
antifungal [15,16], antiparasitic [17], antivirall§] and anti-inflammatory [19] activities. In addit, the
derivatives of benzimidazole behave as good ligdndgansition metal ions [20,21]. Their metal qoexes having
potential medicinal applications including highlgtent against human bladder, esophagus and ceceicegr [22] and
high cytotoxicity against human lung cancer A549 dmeast cancer MCF-7 cell lines in comparison with
ligand from which it was derived [23]. In view difgse facts, we prepared transition metal (I1) cenes of ligand, 2-
(thiophen-2-yl)-1-((thiophen-2-yl)methyl)H-1,3-benzodiazole (L) derived from 1,2-phenylenediee and 2-
thiophenecarboxaldehyde. The crystal structure laolbgical activity of this ligand was well docunted in our
previous work [24]. In this study we reported thgedral characterization, thermal analysis and olgichl
evaluation of metal (Il) complexes derived fromeligl (L).

EXPERIMENTAL SECTION
The entire chemicals used in the present wirkCuCL2H,0O, ZnCLBH,O, Co(NQ),2H,0, Cd(CHCOO0)2H,0 and
Ni(CH;COO)[4H,0 were analytical reagent grade (Aldrich) and uaétiout further purification. Commercial

solvents ethanol and methanol were purchased figmrhedia (India) and used after distillation. 8ther reagents
were procured from commercial sources.
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The percentage of C, H, N and S for all the comgdexere determined by using Perkin EImer 240 (USéhental
analyzer and the percentage of metal content wetegndined by atomic absorption spectrophotometerk{® Elmer
5000). Infrared spectra of ligand and its metal plexes were recorded on Avatar 330 FT-IR, in thgeaof 4000—
400 cm® using KBr pellets. The UV-Vis spectra of the liganand the complexes were recorded on a Shimadzu
UV-1650PC spectrophotometer in the range of 200+8080'H NMR spectra (at room temperature) were recorded
on a Bruker Magnet System (400 MHz/54 nm) ultraeldhplus using DMSO as a solvent and TMS as interna
standard. TG/DTA measurements were carried out rundeogen atmosphere within the temperature raPge
1200°C at a heating rate of 20/min using TA instrument, Model: Q6000SDT TG/DTAhe mass spectra were
recorded by using JEOL GCMATE Il GC-MS with datsst®ym is a high resolution, double focusing instrnme
with 6000 maximum resolution and 1500 maximum mealibration. Melting points of the compounds were
determined on a Gallenkamp melting point apparad®emvder XRD was recorded using diffractometer syste
XPERT-PRO. Molar conductance of the Schiff basandidj and its transition metal complexes were deterchi

in ethanol at room temperature using a CMD 750 WB#ductivity meter.

Antimicrobial activity

Antibacterial and antifungal activities of the sland antibiotics and the metal complexes were serkagainst four
pathogenic bacteriz, S typhi, K. pneumoniae, P. aeruginosa andE. coli and four fungwiz, C. albicans, Mucor sp.,
Rhizopus sp. andA. fumigatus. Filter paper, disc agar diffusion method was usedetect the biological activities of
the complexes. The antimicrobial screening conegintr of the complexes was estimated from minimahibitory
concentrations (MIC). MIC is the lowest concentratiof the compound that will inhibit the growth of
microorganisms. Pure Ciprofloxacin and AmphoteriBinvere separately used as standards for antibalcterd
antifungal activity tests, respectively. Nutriergaa was the basal medium for bacterial culture. ther bacterial
culture a series of different concentrations of thenplexes in DMSO solvent were placed on the sarfaf the
culture and incubated at 37 for 24 h, whereas for fungal culture, potato agadium was used as basal medium
and the complexes in DMSO solvent were also inadat 37C for 24 h. The growth inhibition zone was
measured in millimeter.

Preparation of complexes

The complex preparation was carried out by mixingtmanolic (50 mL) solution of ligand (0.04 mmol)thvi
metal chloride or nitrate or acetate in methandlitem (0.02 mmol). The 1:2 ratio metal-ligand mir¢s were
refluxed for 4 h. The volume of reaction mixturesn@duced to one-half by evaporation of solvent.c@aling,
solid product was precipitated. The filtered pradwas washed with hot methanol and dried in vacuum
desiccators over Cagl

[CuL ,]2H0

The crude complex was recrystallized with ethayielding bluish green colour of 70%, m.p. 220 Anal. Calc. for
CaH24CUN,S, (%): C (55.51), H (4.08), N (8.09), S (18.52), M1@®); found (%): C (55.48), H (4.03), N (8.11), S
(18.50), and M (9.01). FT-IR (KBr, ci: 3413v(H,0), 2924, 2849 ,5m skC—H), 753, 72W5ym, sykC—S), 56 V(M-
N), 463v(M-S).

[ZnL ;] 2H,0

The complex was recrystallized with ethanol, yidigrey coloured solid of 70%, m.p. 2@3 Anal. Calc. for
C3HgN40,5,Zn (%): C (55.36), H (4.07), N (8.07), S (18.47), M4®); found (%): C (55.01), H (4.05), N (7.98), S
(18.12), and M (9.39). FT-IR (KBr, i} 3449v(H;0), 2967, 276N ,5ym sykC—H), 1545v(C=N), 852v(C-S-C),
760, 721V,a5ym, sykC—S), 560v(M—N), 444v(M-S).

[CoL,]2H,0

The complex was recrystallized with ethanol, ymddiblue coloured solid of 67%, m.p. 268 Anal. Calc. for
C3H6CoN,0,S, (%): C (53.10), H (2.33), N (7.54), S (17.97), M5®); found (%): C (55.88), H (4.10), N (8.15), S
(18.65), and M (8.57). FT-IR (KBr, cii): 3440v(H,0), 2965, 2783 a5ym. syk C—H), 1540v(C=N), 860v(C-S-C),
755, 720Vasym, sykC—S), 574v(M—-N), 465v(M-S).

[CdL ,][2H0

The complex was recrystallized with ethanol, yieliwhite solid of 71%, m.p. 288. Anal. Calc. for
C3H6CdN,O,S, (%): C (51.85), H (3.81), N (7.56), S (17.36), Mb(16); found (%): C (51.70), H (3.80), N
(7.41), S (17.19), and M (15.03). FT-IR (KBr, T 3450v(H,0), 2967, 2798 15m, ,C—H), 15400(C=N), 855v(C~
S-C), 763, 725.5m 5,4C-S), 565(M—-N), 444v(M-S).
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[NiL ;] 2H,0

The complex was recrystallized with ethanol, yielfligreen solid of 71%, m.p. 2Z0. Anal. Calc. for GH.g
NiN4O,S, (%): C (51.65), H (4.06), N (8.12), S (18.55), MQ®); found (%): C (55.21), H (4.01), N (7.98), S
(18.45), M (8.98). FT-IR (KBr, cifl): 3445V(H,0), 2963, 2788 asm 5,(C—H), 1538)(C=N), 865v(C-S-C), 760, 722
Vagym, skC—S), 562(M-N), 444v(M-S).

RESULTS AND DISCUSSION

The ligand L derived by the condensation of 2-thiepecarboxaldehyde arawdphenylenediamine in 2:1
molar ratio is converted to its corresponding me&@mplexes with metal-ligand ratio 1:2 (Fig. 1).eTolar
conductanceX,) of the metal complexes measured:if0> M solutions at room temperature (Table 1) is cstesit
with the non-electrolytic nature of the complexis. counter ion in the proposed metal complex stmacfurther
confirms this nature.

S

N
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H20N7M<SH20
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O

M = Cu(ll), Zn(ll), Co(ll), Cd(ll), Ni(ll)

Fig. 1. Structure of complex

Table 1. Electronic spectral data (in DMSO) and mar conductivity of the ligand and its metal complers

Ligand/complex Ans (cmY)  Bond assignment Geometry A, (ohm*cmmol™?)

L 38461 (m-m) IMCT 4.58
31800 (n-m*) INCT
[CuL;][2H,O 30800 (n-*) LMCT Octahedral 6.17

15384 ZAZQ(F) - ZTlg(F)
10900 ZAZQ(F) - ZTZQ(F)
10200 *Tyy(F) - *TofF)

[ZnL;][2H,0 32800 LMCT (M <N) Octahedral 5.32
24100 LMCT (M < S)
[CoL,][2H,0 29400 (n-m*) LMCT Octahedral 5.42

18200  “Ti(F) - “Tig(P)
11200  “Ti(F) - “Axg(F)
10100  “Tig(F) - “Tao(F)

[CdL;][2H;0 37000 LMCT (M <N) Octahedral 6.71
29100 LMCT (M < S)
[NIL 2] 12H,O 30700 (n-m*) LMCT Octahedral 7.12

21929 3A29(F) - 3Tlg(p)
15151 3A29(F) - 3Tlg(l:)
11284  PAx(F) - *ToF)

Table 2. Mass spectral data of metal complexes

Complex Calculatedfz Found (Wz) Peak assignment

[CuLz)2H,0 691.04 690.63 M
[ZnLg][2H,0 692.04 692.55 M]
[CoL](2H,0 687.04 687.67 M]
[CdL;]2H,0 742.01 739.78 M-2]
[NIL ;] [2H,0 690.01 690.61 M]
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Table 3. Thermal analysis of metal complexes

Complex  TGrange{C) Mass loss (%) found (calcd.) Assighment
[CuL,][2H,0 200 5.20 (5.21) Loss of coordinateddHmolecule
200-1000 Decomposition of the ligand
[ZnL;][12H,0 260 5.20 (5.20) Loss of coordinategdHmolecule
260-1000 Decomposition of the ligand
[CoL;](2H,0 200 5.23 (5.24) Loss of coordinateg@molecule
200-1000 Decomposition of the ligand
[CdL;][2H,0 260 4.85 (4.85) Loss of coordinategHmolecule
260-1000 Decomposition of the ligand
[NiL 5][2H,O 255 5.15 (5.21) Loss of coordinateg@molecule
255-1000 Decomposition of the ligand

Table 4. Minimum inhibitory concentration of ligand and its metal complexes

Minimum inhibitory concentrationug/mL)

Ligand/complex Antibacterial activity Antifungal activity
a b c d e f g h

L 100 100 25 100 25 25 100 100
[CuL;][2H;0 25 6.25 6.25 6.25 6.25 50 6.25 6.25
[ZnL;][2H,O 200 200 25 6.25 200 200 50 6.25
[CoL,][2H,0 100 100 125 25 6.25 100 200 6.25
[CdL;][2H,O 25 - 200 6.25 6.25 200 200 6.25
[NiL]2H,O 100 100 25 25 6.25 100 100 6.25
Ciprofloxacin 525 450 6.25 550 - - - -
Amphotericin-B — — — — 6.25 6.25 450 6.25

a —S typhi; b —K. pneumoniag; ¢ —P. aeruginosa; d —E. coli; e —C. albicans, f — Mucor sp.; g-Rhizopussp.; h -A. fumigatus.

Table 5. Antibacterial and antifungal activities ofligand and its metal complexes

Diameter zone of inhibition (mm)

Ligand/complex Antibacterial activity Antifungal activity
a b [+ d e f g h
L 8 8 10 8 10 8 11 10
[CuL;][2H;0 8 12 12 14 15 8 12 14
[ZnL;][2H,0 2 2 8 15 2 2 8 12
[CoL,][2H,0 2 2 6 8 12 6 2 12
[CdL;][2H,0 8 - 2 14 14 - 2 15
[NiL ;] (2H0 4 2 6 10 0 - 4 12
Ciprofloxacin 12 16 15 16 - - = -

Amphotericin-B — — — — 16 12 13 12
a —S typhi; b —K. pneumoniag; ¢ —P. aeruginosa; d —E. coli; e —C. albicans; f — Mucor sp.; g -Rhizopussp.; h -A. fumigatus.

Electronic spectra

Electronic spectra provide the most detailed infation regarding the electronic structure of ligaadd
complexes (Table 1). UV-Vis spectrum of the ligghdl exhibits two charge transfer bands at 38500 &h800
cm ! assigned taet* and nt* transition within the ligand molecule. A broadrzhobserved at 31800 chin
ligand is red shifted to 29400—-28200¢in complexes is due to ligand to metal charge fear(EMCT) transition.
Likewise weak and undefined broad bands are fonrsbéectra of complexes in the region 11800-10100 ara
assigned tal-d transitions.

The electronic spectrum of Co(ll) complex exhikétrsition at 18200, 11200 and 10100 tnsuggesting an octahedral
geometry [25]. The transition may be assignabléTigF) - “TofF), “T1i(F) - “Ax(F) and‘Ti(F) — “To((F),
respectively. Three absorption bands observed 22115151 and 11248 chfor Ni(ll) complex assignable to
3M2(F) - T1g(P), *Ax((F) - *T1(F) and®A,F) - °T,F), respectively, suggesting octahedral geomesy. [Cu(ll)
complex shows broad band at 10200, 10900 and 16884 attributed to band assignmefit;o(F) — *TofF),
AfF) — “TofF) and ®A,F) - °TiF) respectively, also suggesting octahedral gegmdthe octahedral
geometry assigned for Cu(ll), Ni(ll) and Co(ll) cplaxes are may be due to coordination of two wataecules with
metal ion [27]. Due to diamagnetic nature of Znéihd Cd(Il) complexes, ni-d transition was observed. However,
according to empirical formula, octahedral geométg been proposed for both Zn(ll) and Cd(ll) cawrps.

FT-IR spectra

The FT-IR spectra of the complexes (Fig. 2) weralyaed in comparison with their free ligand L ire tfegion

of 4000—400 cri. A strong band appeared at 1554 tdue to imidazole ring C=N stretching [1] in ligaisdshifted

to 1582—1568 ci in complexes. The higher shift of C=N stretching:domplexes attributed the coordination of imino
nitrogen with metal atom. The entire metal compkxhow broad band at 3413 (GIRH,O), 3449
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(ZnL,2H,0), 3440 (Cok2H,0), 3450 (CdL2H,0) and 3445 cit (NiL,2H,0) may be due to O—H stretching of
water molecule. A sharp band appeared at 848 icnigand is assigned t(C—S—C) thiophene moiety [9], which
on complexation shifted to higher frequency of mdg17 cmt, confirms the coordination of metal with thiophene
sulfur [28]. Moreover, the asymmetric and symmestietching frequency of C-S in ligand appearetfdtand 712
cm, respectively, shifted to higher frequency whitenplexation with metals. These higher frequencytshirther
strengthen the involvement of thiophene sulfur itathcoordination. The new sharp bands appear#tkispectra
of complexes in the range of 574-560 and 465-444 ara due to M—N and M-S bond, respectively [29].

%Transmittance

T T T
4000 3000 2000 1000
Wavenumber (cm™")

Fig. 2. FT-IR spectra of (a) ligand, (b) Cu(ll), (9 Zn(ll), (d) Co(ll), (e) Cd(ll) and (f) Zn(ll) com plexes

'H NMR spectrum

The *H NMR spectrum of the ligand L was elaborately dised in our previous work [24]. Here we compares t
spectra of diamagnetic Zn (II) complex with thealgl. Even though in ligand, the donor atom N araté&not
directly bonded with proton, the downfield shift svabserved throughout in all characteristic peak&rdgll)
complex. A sharp signal at 5.71 ppm correspontin@H, proton was shifted to 5.95 ppm in Zn(ll) complex.
Similarly the multiple signals observed betweerv7aBd 7.84 ppm due to aromatic protons and thekigibserved
between 6.87 and 7.30 ppm due to thiophene prdiaxe been shifted to 7.66 and 7.85 ppm and 6.967at
ppm, respectively. Moreover, in Zn (II) complex spam, a signal appeared at 1.07 ppm was attribtoed
coordinated water molecule. Fig. 3 showstH\MR spectrum of Zn (Il) complex.
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Fig. 3."H NMR spectrum of Zn(ll) complex

Powder X-ray diffraction (XRD)

X-Ray diffraction spectra of ligand and its metalntplexes are carried out with powdered compoundsgus
XPERT-PRO diffractometer system at°Z5in Cu anode material [ = 1.54060 A, Ka2 = 1.54443 A, KB =
1.39225 A] and the generator settings as 30 mAk\M@rom starting and end position @Ris equal to 10.02to
79.92, respectively. Among powder XRD of all the commexXFig. 4) only Cu(ll) and Cd(ll) complexes digpla
defined sharp peaks indicating their crystallineurs, whereas, the broadening of peaks in all atherplexes may
reveals their amorphous nature. Crystalline natfithke complexes was indicated by comparing the Xfaern of
the ligand and complexes. Thé+ k? + 12 values are determined for all the complexes by aell calculations.
The result reveals that all the complexes are eitegahedral or octahedral geometry due to theqmee of
forbidden number 7 [30]. The structure of complexesild not be determined due to amorphous natuth®f
complexes. Each complex has specific'd’ values,ctvhian be used in its characterization [31,32]. Yiéee
calculate the crystallite sizéy&p) of the complexes using Scherrer’s formula [33,34]

dXRD = OQ\/B (COSB)

WhereA is the wavelength is the full width at half maxima, arfilis the diffraction angle. The calculated average
crystallite sizes for the metal complexes Cu(liy(1®, Co(ll), Cd(ll) and Ni(ll) are 36.01, 31.2533, 30.88 and
34.15 nm, respectively.

Mass spectra

In characterization of metal complexes, mass spewtry is one of the useful techniques. The mdéedan peaks
observed in spectra of complexes have been useshfom the proposed formula mass. A representapertrum

is depicted in Fig. 5. A prominent peak at 690&&.55, 687.67, 739.78, and 690.61 in mass spettramplexes
Cu(ll), zZn(Il), Co(ll), Cd(ll) and Ni(ll), respectely, are highly consistent with the molecular madsthe
respective complexes (Table 2). The mass spect#d @urther confirms that the metal ligand ratio in
complexes is 1:2 as described in Fig. 1.
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Fig. 4. XRD patterns of (a) Cu(ll), (b) Zn(ll), (c) Co(ll), (d) Cd(ll) and (e) Zn(ll) complexes

Thermogravimetric and differential thermal analysis

Thermogravimetric (TG) and differential thermal bsés (DTA) of the complexes are determined to aomfthe
thermal stability of the complexes as well as taftm the presence of water molecule in coordinasphere. In
this determination, heating rate was maintaine2DaE min, under nitrogen atmosphere. From the thermograms,
has been observed that the entire complexes si&wtd .5.23% weight loss in temperature range betvi2®® and
260°C, which confirms the coordinated water molecutesamplexes. The decomposition ligand moiety cedar
the range of 400 to 70Q. In all cases the remaining residue are metalesxiThe results are in consistent with the
composition of complexes (Table 3). A represengathermogram is given in Fig. 6.

Antimicrobial activity

The synthesized complexes were screenedhfeitro antibacterial and antifungal activity against finarcterial &
typhi, K. pneumoniae, P. aeruginosa andE. coli) and four fungal €. albicans, Rhizopus sp.,A. fumigatus and Mucor
sp.) strains. MIC values of all the complexes arespnted in Table 4. According to the antimicrolaiativity
results, Cu(ll) complex exhibits good activity agiK. pneumoniae, E. coli, P. aeruginosa, C. albicans, Rhizopus sp.
andA. fumigatusat a MIC value of 6.2fg/mL. Also complexes Zn(ll) and Cd(Il) show goodity with E. coli andA.
fumigatus at a MIC value of 6.25g/mL. Co(ll) complex exerts good activity agai@stlbicansandA. fumigatus (MIC =
6.25ug/mL). The entire complexes [Cu(ll), Zn(ll), Co(lIEd(ll) and Ni(ll)] exhibit antibacterial and afthgal
activity with the remaining strains in the regidhMIC = 25-200ug/mL. However, the antimicrobial activity of the
synthesized compounds against the tested straissfouad to be less compared with that of respecttaadard
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drugs. Moreover, the complexes [Cu(ll), Zn(Il), @p(Cd(Il) and Ni(ll)] exhibit more activity agast the tested
organism than the ligand [24]. The inhibition zafeall the compounds and standards against theebatand
fungal strains have been summarized in Table 5s Tésult further strengthens the higher activitcofplexes
than ligand (Fig. 7).

%5721 2954363

157312

'"3éu""'4ﬁu""aéu""sbu""in""sﬁu""a%n"

Fig. 5. Mass spectrum of Zn(Il) complex
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Fig. 6. TG-DTA curve of Zn(ll) complex
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Fig. 7. Antibacterial and antifungal activities ofligand and its metal complexes: a S. typhi; b —K. pneumoniag; c —P. aeruginosa; d —E. cali;
e —C. albicans, f — Mucor sp.; g —Rhizopussp.; h —A. fumigatus

CONCLUSION

Here, we report the synthesis of five coordinatedli; Zn(Il), Co(ll), Cd(ll) and Ni(ll) complexeslerived from
ligand prepared by condensation of 2-thiophenecadehyde with o-phenylenediamine. The elemental
analysis report suggests the stoichiometry 1:2 ghligland). The stoichiometry of coordination coewds
further strengthens by mass spectral results. Théye bidentate nature of ligand was confirmed@&T-IR and
'H NMR results. The electronic spectral data sugtdestall the complexes are in octahedral geométr§G-DTA
analysis, the percentage decomposition confirmsptesence of two coordinated water molecules inptexes.
The biological evaluation, includes antibacteriati @antifungal activity of the entire compounds weesformed
against four bacterialS( typhi, K. pneumoniae, P. aeruginosa andE. coli) and four fungal €. albicans, Mucor
sp., Rhizopus sp. andA. fumigatus) strains. The results suggest that the complexssgs more activity than
ligand, moderate or less activity than the standeeti.
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