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ABSTRACT

N-{[ 2-(pyridin-4-yl methyl)hydrazinyl] car bonothioyl }thiophene-2-carboxamide and its metal complexes have been
synthesized and the structure elucidated by elemental analysis, conductivity measurements, UV-Visible, FT-IR, *H
NMR and thermal analysis. The complexes were soluble in most of the organic solvents and were non-electrolytic in
nature. The cobalt and nickel complexes posses tetrahedral geometry while that of copper complex have octahedral
geometry. The antimicrobial activities of title compounds have been screened against Gram-positive and Gram-
negative bacteria with comparing standard ciprofloxacin as reference. Antifungal activities against two different
fungi have been evaluated and compared with Flucanazole as reference. Almost all complexes showed excellent
activity against bacteria and fungi strains used. The MIC result showed comparable activity as standard drug.
Obtained compounds also subjected to antioxidant activity and they show potent activity when compared with
ligand.
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INTRODUCTION

The manipulative of thiosemicarbazone complexesewesed for developing wide range of sensitive diatio
agents and pharmacological applications. The bic&bgoroperties of thiosemicarbazones were oftdated to
metal coordination [1-3]. The thiosemicarbazonevd¢ives were of special importance because of thaisatile
biological and pharmacological activities. The datives of thiosemicarbazone found to have apptinatin drug
development for the treatment of central nervossesy disorders due to bacterial infection, as agkhnalgesic and
antiallergic agent. Moreover, thiosemicarbazones &und to have wide variety of commercial appiarss, such
as dyes, photographic films, plastic industry amdextile industries. In the recent years, mangaeshers have
demonstrated wide range of biological activity diosemicarbazone derivatives such as antimicrofgied],
antitumor [10-11], sodium channel blocker [12],ieahcer [13-14], antitubecular [15] and antiviratigities [16].

The design and synthesis of thiosemicarbazone noetaplexes are of particular interest in pharmagickd
research to have increased drug activity and toedse their toxicity which make a tool for varigtyplications
including clinical biology,analytical and industrial [17-23]n addition, thiosemicarbazone derivatives exhibits
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enhanced thermodynamic and kinetic stabilities tueheir modified complexation properties relative the

corresponding simple molecular precursor. Keepihthase facts in mind, in this article we reportee synthesis
and characterization oN-{[2-(pyridin-4-ylmethyl) hydrazinyl]lcarbonothioyl}thiophen2-carboxamide and its
metal complexes. The title complexes were charaetiby elemental analysis, molar conductance measnts,

UV-visible spectroscope, FT-IRH NMR and thermal gravimetric analysis. The synites$ ligand and its
complexes have been screened for antimicrobialities in order to examine thdin-vitro microbiological activity

against various Gram-positive, Gram-negative bactnd different fungi in comparison with the stardidrugs.

The result reveals that all the newly synthesizeshmlexes more potent than the ligand. In additmithat free

radical scavenging activity of complexes and ligaras also investigated.

MATERIALSAND METHODS

The chemicals thiophene-2-carbonyl chloride, Isodia NH,SCN were purchased from the Sigma Aldrich.
Ni(Il)acetate tetrahydrate, Co(ll)chloride tetrahgt, Cu(ll)acetate monohydrate were purchased MEBERCK
and were used as received. The purified solventused.

Physical M easurements

The elemental analyses (C, H, N, S) were perforomgidg Perkin-Elmer 2400 II CHNS/O Elemental anatyze
Melting point of ligand and metal complexes wereaswed by using melting point apparatus model code
NAMPA/045 and are uncorrected. UV-Visible specterevmeasured on an ocean optics USB 4000USA, dsimg
path length cuvette at room temperature. Infrapetisa were recorded using FT-IR 8400s Shimadzotispeeter
with KBr pellets in the range of 400-4000 ¢nThe molar conductance data were measured usshljrprepared
DMSO solutions (18M) at 25°C with a systronics model-660A instrument. THeNMR spectra were measured at
400 MHz Varian-AS NMR spectrometer in dimethylsuifte-Ds using tetramethylsilane (TMS) as the internal
standard. Thermogravimetric analysis was donedwii® ElImer-4000 instrument.

Preparation of N-{[2-(pyridin-4-ylmethyl)hydrazinyl]carbonothioyl}thiophene-2-carboxamide (S,).

A solution of thiophené&-carbonyl chloride (1.46g, 0.01mol) in 30mL of dagetone was added to a solution of
ammonium thiocyanate (1.44g, 0.02mol) in 10 mL decgtone. The reactions mixture was refluxed for \6ith
stirring in a round bottom flask equipped with cender and drying tube. After the reaction, the avisivlid of
NH4Cl was removed by filtration. The filtrate contaigi thiophene-2-carbonyl isothiocyanate was added to
solution of isoniazid (2.05g, 0.015mol) in 10 mL afy acetone with constant stirring. The mixturesweeated
under reflux for 3 h. The reaction was monitorethwiiLC by using silica gel-G coated plates by ustiyyl acetate
and n-hexane (0.1:0.9). After completion of thectiea, the reaction mixture was poured into 300rnice cold
water. Filtered the precipitate was washed withdokl water and recrystalised from the ethanol.ea@r color,
Yield: 84%, M.P.171-174C. Elemental analysis (%) Calc. for J8;0N,O,S,: C, 47.44; H, 3.19; N, 18.34, S,
20.75; O, 10.28. Found: C, 47.04; H, 3.29; N, 182920.93; IR (KBr, cm): 3250 (-NH), 3160 (-OH), 1672
(C=N), 1069 (N-N), 2786 (S-H), 1256, 848 (C=S), Bq@r C-H), 1527 (Ar C=C), 1502 (C-C)H NMR (DMSO-
De, ppm): 11.41 to 11.84 (s, NH), 7.82 to 8.80 (ckHAr 7.27 (t, Ar-H).

Synthesis of metal complexes.

Synthesis of Nickel(11) complex (1).

A solution of nickel(ll)acetate tetrahydrate (0.§12.002mol) in ethanol (10 mL) was added to atsmiuof ligand
S (1.22g, 0.004mol) in ethanol 20 mL. The resultiagctions mixture was refluxed for 4h with continacstirring.
The light green solid formed was filtered off, wadhsuccessively with 1:1 cold water: ethanol aneddin vacuum.
Yield: 78%. M.P. 210-214C. Elemental analysis (%) Calc. for Nif;sNsO,Ss]: C, 43.06; H, 2.71; N, 16.74; S,
19.16; O, 9.9; Ni, 8.77. Found: C, 42.43; H, 2.8416.15; S, 18.88. IR (KBr, ch): 3250 (-NH), 3394 (-OH), 1612
(C=N), 1068 (N-N), 3155 (Ar, C-H), 1535 (Ar, C=C)510 (C-C), 530 (Ni-N), 408 (Ni-SYH NMR (DMSO-D;,
ppm): 10.48 to 12.11 (s, NH), 7.19 to 8.89 (m, Ar-H4.5 (s, OH). Molar conductance 7.88¢m’mol™).

Synthesis of Cobalt(l1) complex (2).

A solution of cobalt(ll)acetate tetrahydrate (0.498.002mol) in ethanol (10 mL) was added to atsmiuof ligand

S; (1.22g, 0.004mol) in ethanol 20mL. The resultingations mixture was refluxed for 5 h with continastirring.
The parrot-green solid formed was filtered off, fmed successively with 1:1 cold water: ethanol aridddin

vacuum. Yield: 68%. M.P. 192-19B. Elemental analysis (%) Calc. for Cej8,sNg0,Sy]: C, 43.05; H, 2.71; N,
16.73; S, 19.15; O, 9.56; Co, 8.80. Found: C, 44H,2.46; N, 16.60; S, 20.80. IR (KBr, &n 3250 (-NH), 3490
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(-OH), 1611 (C=N), 1070 (N-N), 3150 (Ar, C-H), 152&r, C=C), 1512 (C-C), 482 (Co-N), 410 (Co-S). Mol
conductance 8.60*cnm?mol™).

Synthesis of Copper(I1) complex (3).

A solution of copper(ll)acetate monohydrate (0.39902mol) in ethanol (10mL) was added to a sotutdf
ligand S (1.22g, 0.004mol) in ethanol 20mL. The resultirgations mixture was refluxed for 3 h with contingo
stirring. The dark green solid formed was filterdt] washed successively with 1:1 cold water: ethamd dried in
vacuum. Yield: 81% .M.P. 220-278. Elemental analysis (%) Calc. for Cuj8:sNgO,Sy]: C, 42.75; H, 2.69; N,
16.62; S, 19.02; O, 9.50; Cu, 9.42. Found: C, 42%®.71; N, 16.69; S, 19.10. IR (KBr, & 3250 (-NH), 3410
(-OH), 1628 (C=N), 1048 (N-N), 3012 (Ar, C-H), 15%8r, C=C), 1511(C-C), 537 (Cu-N), 417 (Cu-S). Mola
conductance 8.4 *cnmol™).

Antimicrobial activity.

The synthesized ligandS{) and its complexesl{3) were screenedh-vitro for their biological activity,Gram
positive Saphylococcus aureus, Gram negative, Klebsiella pneumonia, Pseudomonas aures, Escherichia coli, two
fungal strains weraspergillus niger and candida albicans with ligand &,) and its complexesl{3) was performed
by the Agar well diffusion methofR4]. The bacterial strains were collected fromfatiént infectious status of
patients who had not administered any antibactetiabs for atleast two weeks with the suggestiohsaro
authorized physician, in Kiran diagnostic healtintoe of Chitradurga, Karnataka state, India. Fursgedins were
procured from the culture maintained at Nationall€ge of Pharmacy Shimoga. The compounds weredegtd0
pg/mL concentration against both bacterial and d@liisgrains. DMSO was used as a vehicle. Ciprofloxé0 g
in100ul) and Fluconazole (40 pg in1@) were used as standard drugs for comparison tbauterial and
antifungal activities respectively. The zone ofibition was compared with standard drug after 21 imcubation at
37°C for antibacterial activity and 72h at 25 for antifungal activity.

Minimum Inhibitory Concentrations (MIC).

The Minimum Inhibitory Concentrations (MIC) of ligd (S;) and its complexesl{3) was determined by a micro
dilution method [24]. The respective clinical straivas spread separately on the medium. The welte ereated
using a stainless steel sterilized cork borer urdeptic conditions. The synthesized liga8g &nd its complexes
(1-3) at different concentrations and later loaded tdrresponding wells. The drugs Ciprofloxacin (40in10Qul)
and Fluconazole (40 pg in10l) were used as standard drugs for comparison tbauterial and antifungal
activities respectively. The zone of inhibition wammpared with standard drug after 24 h of incuipatit 37°C for
antibacterial activity and 72h at 26 for antifungal activity.

Antioxidant activity.

The DPPH free radical scavenging activity of thlgatid 6;) and its complexesl{3) were measured according to
the standard method and compared with ascorbic (gtashdard) [24]. The DPPH radical is a stable fizdical
havingAmaxat 517 nm. Different concentration (5, 10, 25, B00 and 20Qug/mL) of compounds and standard were
prepared in methanol. In clean and labeled testst@ml of DPPH solution (0.002% in methanol) wassoeed at
517 nm using UV-visible spectrophotometer. The dieace of the DPPH control was also noted. Theestging
activity was calculated using the formula: scaveggactivity (%) = A-B/A x 100, where A is the abbance of
control (methanol) and B is the absorbance of sampl

RESULTSAND DISCUSSION

The scheme 1 shows the template condensation aeabttween thiopher@carbonyl chloride, ammonium
thiocyanate and ionized to produce new ligand dad the synthesized complexes. The condensatiarioaaof
thiophene2-carbonyl chloride and ammonium thiocyanate wekeran dry acetone, to give thiopheRe&arbonyl
isocyanate, which when react with isoniazid to piealthe ligand S The complexes were synthesized by refluxing
separately 0.002mol of nickel(ll)acetate tetrahtelracobalt(ll)acetate tetrahydrate and  coppexéate
monohydrate with 0.004mol of ligan8,J in ethanol. ThéH-NMR spectrum of the ligandS() is shown in Figure

1. It showed sharp signals in the range 11.41-1@d8 for different -NH protons (3H) and a multiglbserved in
the range 7.27-8.80 ppm are assigned to the aromiagi protons (7H).
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Scheme-1: synthesis of N-{[2-(pyridin-4-ylmethyl)hydrazinyl]car bonothioyl}thiophene-2-car boxamide (S;) and its complexes (1-3)
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Figure 1.'H NMR Spectrum of the ligand

FT-IR Spectral Studies

The IR spectra of the ligand showed a strong atisorppand at 1672 cthwhich was assigned to the azomethene
group (C=N [25]. the strong band observed at 1256'cand 848 cri in the spectrum was due to the (C=S) and
(C=S) [26]. The bands observed at 3160'cand 3250 cm were assigned to (O-H) and (N-H) vibrations
respectively. This indicates that the ligand présethione form. The diagnostic IR spectral banfithe complexes
were presented in figure 2. The spectra of all dergs with the azomethene moiety (C=N) was shiftetbwer
frequency compared to the uncoordinated ligandicatiohg its involvement in coordination with metah. The
(C=S) stretching frequency observed at 1256 @mligand was shifted in the spectra of the cames, indicating
the involvement of the sulphur in the coordinati®hese findings were further supported by the amrez of new
bands at 530 cthand 408 cri, which were assignable to (M-N) and (M-S) vibraso respectively in nickel,
copper and cobalt complexes.
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Fig-2. IR spectrum of Ligand ligand (S;) and their metal complexe (1)

Electronic Absorption Spectra.

The electronic absorption spectra of the ligaBg é&nd their metal complexe4-8) were carried using DMSO
solvent is as shown in figure 3. The electroniaspen of [Ni(ll)L,] complex showed a weak band at 6070"ciae

to the transition T,(F) — T, (F) (v1). A broad band at 9690 c¢his assigned to théT(F) — A, (F) (v,) transition
and a weak shoulder like band occur at 15380 ndlue to the transitiofily(F) — 3T, (P) (s). The spectral data
indicate that the complex have tetrahedral geomg&trg [Co(ll)L,] complex spectrum showed a weak band at 5150
cm® which is assigned to the transitih, — “T, (F) and a band at 8770 &ris assigned to the transitiéf, — “T;

(F) and another transition occur at 16670'dmdue’A, — “T, (P) transition. Based on the spectral resultsarit fse
suggested that the Co(ll) complex possess tetrahgdometryThe Cu(ll) complex results a broad absorption but
split band at 12500 and 14260 ¢rwere assigned to the transitions froBy — T.g respectively. The split in
band may due to John-Teller distortion normallyuwsda copper(ll) complexes, thus [Cu (EDO)L,] complex is
proposed to have distorted octahedral geometry [27]
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Figure 3. UV spectra of theligand (S;) and its complexes (1-3)

Thermal and Molar Conductivity M easurements . .
Thermogravimetric analysis was carried out at tite of 10C per min. from 40 to 74Q in nitrogen atmosphere
80.0mL/min. The weight loss curves and the corradpw differential thermogravimetric curves for tbemplex
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are shown in figure 4. The nickel complex showed well defined steps for weight loss, the firstl86 C where,
the weight loss was 89% (89.8%) and the second, stbpre about 10.5% (10.5%) weight loss occur at th
temperature above 330 can be explained by considering the formatiomefal oxide residue (NiO). In the similar
manner, the thermal decomposition of Co(ll) commesewere also occuthe first step of decomposition at 1%0)

the weight loss was 89% (89.5%) and the secomddstdrop of the curve from 34C€ 11% (11.5%) was due the
formation of cobalt oxide [28].
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Figure4. TGA and DTA curvesfor 1 and 2 complexes

The molar conductance was carried out in DMF atctreentration of 18M, show the very low conductance value
(7-9 ohm® cn? mol?), which is due to non-electrolytic nature of qiexes. The low molar conductance may be
due to large size of anionic coordination sphetee molar conductance value of complexe$)(is listed in Table

1.
Table 1: physical and analytical data of theligand (S;) and its metal complexes (1-3)
sL Molecular formula vield MP Molar %N C% %H %S %M
NO‘ & Color (%) (D'C) conductance(® (Found& (Found& (Found& (Found &  (Found &
molecular weight 0 m’mol?) Cal.) Cal.) Cal.) Cal.) Cal.)
C12H10N4O.S, 171- 18.29 47.04 3.29 20.93
St 306.36 Cream 84 'y7, - (1834)  (47.44)  (319)  (20.75)
1 Ni(C24H1sNs0sSs) Light- 78 210- 768 16.15 42.43 254 18,88 -
669.40 green 214 ) (16.74) (43.06) (2.71) (19.16) (8.77)
2 Co(GoaH1eNs04sS) Parrot- 68 190- 8.60 16.60 44.19 2.46 20.08 -
669.6¢ greer 19z ' (16.73 (43.05 (2.71; (19.15 (8.80
3 Cu(GaH1aNs04Sy) Dark- 81 220- 8.a1 16.69 42.78 271 19.10 -
674.25 green 223 ' (16.62) (42.75) (2.69) (19.02) (9.42)

Antimicrobial activity

The results of antimicrobial activity of ligandJ%nd their metal complexes (1-3) are shown in @&blThe results
of antibacterial study indicate that the compouwese inhibition to bacteria. Among the synthesizedhpounds,
marked inhibition was observed for compounds 2 &nahile the least activity was observed for comdeand $.
The minimum inhibitory concentrations (MIC) for skiesized compounds were evaluated against testrizaédr
the concentration ranging from 10ug/mL to 50ug/riibe complexes 3 and 4 showed high inhibition at low

concentration. The MIC results of antimicrobialigty are reported in Table 3.

Table 2: Anti-microbial activity of ligand (S;) and their metal complexes (1-3)

Zone of inhibition in (mm)

Compound Saureus B.subtilis Styphi E.coli A.niger C.albicans
Antibacterial strains Antifungal Strains
S1 19 20 19 20 18 20
1 21 20 19 20 19 20
2 22 21 20 21 20 21
3 22 22 20 21 21 22
Ciprofloxacin 23 23 21 22 - -
Flucanazole - - - - 22 23
Control 0 0 0 0 0 0

Sandard - Ciprofloxacin (antibacterial); Sandard - Flucanazole (antifungal)
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Table 3: MIC of ligand (S;) and their metal complexes (1-3)

MIC (pg/plL)

Compound  S.aureus B.subtilis Styphi E.coli A.niger C.albicans
10-50 (ng) Antibacterial strains Antifungal Strains
S1 30 30 30 30 40 40

1 20 2C 3C 30 30 20
2 30 20 20 30 30 30
3 20 20 30 20 20 30
Control 0 0 0 0 0 0

Antioxidant activity

Antioxidant activity of ligand §;) and their metal complexed4-8) at diferent concentrationin methanol and
ascorbic acid was determinéa terms of free radical scavenging ability whiclasvevaluated using DPPH fi
radical assay is as shownfigure 5. Thecompounds exhibited marked antioxidant activityseavenging DPPF
and the activity was found to be dose deper [29]. The compoundg and 3 was shown to be more potthan 1
and S and theresults were tabulated in Tal4

Table 4: DPPH radical scavenging activity of ligand (S;) and their metal complexes (1-3)

Conc. (pg/ml) Radical scavenging activity (%)
S1

1 2 3 Ascorbic acid
20C 70.61 65.1¢ 68.9¢ 72.4¢ 98.0¢
10C 68.69 64.14 6156 70.45 95.09
50 56.16 58,56 55.36 55.77 91.36
25 45.1¢ 459¢ 50.1¢ 52.3¢ 85.4¢
10 41.20 44.14 48.14 48.14 75.08
5 38.69 35.69 4436 45.59 64.96
DPPH assay
120
up 100
£ 80 5 (ug/mi)
,én HE,
g 60 H 10 (ug/ml)
g 40 25 {pg/ml)
" 20 A
® 50 (ug/ml)
0 100 (ug/ml)
S1 1 2 3 Ascorhic
acid 200 (pg/ml)
Compound

Figure5. Plot of theradical scavenging effects (%) of ligand (S;) and its metal complexes (1-3) at different concentrations
CONCLUSION

In the present work, we successfully designed and developec N-{[2-(pyridin-4-ylmethyl)
hydrazinyl]carbonothioyl} thiopher-2-carboxamide ($ and its metal complexes. Thgand and theicomplexes
have been characterized by various physicochencainiquesObtained resultsvere good agreement with the
proposed structure. The Bpectra indica that the ligand acts in bidentdteshion by bonding to the central me
ion through the nibgen and sulphur atomThe antimicrobialand antioxidant activityresults reveal that the
complexes 2 and 3 exhibited goadtivity compared to the uncoordinated ligand dreldomplex .
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