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ABSTRACT

A series of novel pyrazoline derivatives have bmerthesized by the base-catalyzed Claisen—Schomndeosation
of imidazole-2-carboxaldehyde with 1-acetyl-2-hygmaphthalene followed by cyclization with phengthyine
(LY 2,3-dimethylphenylhydrazine 3jLand 3-nitrophenylhydrazine {L The metal(ll) complexes [Ni(Il), Co(ll),
Cu(ll) and zn(11)] were formed by reacting the cesponding metal acetates with the ligands. All dexgs were
characterized by elemental analyses, electronicNMR, mass and ESR spectroscopic techniques.yhiigesized
metal complexes of pyrazoline compounds showedifisagnt antibacterial activity against the organism
Escherichia coli, Staphylococcus aureus, Klebsiglteeumoniae, Proteus mirabillis and Salmonella tiyphen
compared with the standard antibiotic (Streptomy.cifhe ligands and their metal complexes were sw@edor
antioxidant activity using DPPH radical scavengiagd superoxide radical scavenging assay methodsthal
complexes showed good free radical scavengingigctixhich is comparable to that of the standardmohg the
metal complexes, the copper complex has showecdragttivity. The results were indicated that 2-motine
(structural core) and copper ion could be respofesitor the potential candidate eliciting antioxidaactivity. All
compounds were evaluated for their in vitro antiolyacterial activity against Mycobacterium tubercsito The
ligands and metal complexes were subjected todhemnce properties and exhibited that the varidlnlerescence
emission behavior of complexes. It can be attribute the combined effect of the substituents anghthgl
structural core present in the ligands.
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INTRODUCTION

The design of new metal-based chemotherapeutictagean emerging research area of inorganic medlicin
chemistry [1]. It is well known that medicinal ilganic chemistry is a multidisciplinary field conges of
chemistry, pharmacology, toxicology and biochergyisffhe medicinal chemists have focused on desigh an
synthesis of new metal-based molecules with imptob®logical activity, better selectivity, lowerxicity and
multiple role of mechanistic action to overcome ¢tkiaical problems of existing drugs in the market to its side
effects. The literature survey demonstrated thatrnttetal complexes are growth inhibitors of microbed have
been extensively studied vitro andin vivo.

After the discovery of cisplatin [cis-diamminediohbplatinum(ll)] [2], there has been a rapid depetents in
inorganic research to find out new and more effmas metal-based chemotherapeutic drugs [3]. Thearehers
are motivated and search for new metallic speci¢is Wwproved biological applications. Among the aleibns,
copper, nickel, cobalt and zinc complexes have guidw be an excellent candidate [4]. Copper conggehave
shown remarkable efficiency in antioxidant [5], DM¥nding and anticancer studies [6, 7]. There igeat deal of
interest in the synthesis and characterizatiorranisition metal chelates of heterocyclic compouiigarticular
pyrazoline derivatives.
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Pyrazoline derivatives are synthetic structuratile@lecules of extreme importance for the reseaschecause of
its wide range of biological and pharmaceutical pgrties such as analgesic, antipyretic and antisyedic
activities [8, 9]. Pyrazolines have possessed aptEssant, anti-inflammatory and antirheumatiovaigts [10, 11].
After the pioneering work of Fischer and Knoevenagehe late nineteenth century, the reaction,gfunsaturated
aldehydes and ketones and then with hydrazinesrizome of the most popular methods for the prejoaraif 2-
pyrazolines. 2-Pyrazolines have potential antiokigaeffects, capable of preventing oxidative daenag well as
clastogenic effects [12, 13]. As a result, numemsulsstituted 2-pyrazolines have been synthesized.

In recent years, the success of pyrazole moiet¢@X-2 inhibitor [14] has highlighted the importanoé this

heterocycles in medicinal chemistry. A systematigestigation of this class of compounds revealed ptyrazole
containing pharmacophore moiety (imidazole) plagsraportant role in medicinal chemistry. The donmica of

pyrazole core in biologically active molecules Btimulated the need for well-designed and efficisays to make
heterocyclic lead for therapeutic purpose.

The interest in compounds of imidazole moiety i do its unique biological activities [15]. The dazole ring
exists in the histidine and histamine building WB®mf proteins, important vitamins (H,. B alkaloids, and
herbicides [16, 17]. The imidazole nucleus occursséveral natural compounds and pharmacologicaitivea
substances, displaying a broad range of biologictity [18]. In recent years, it is reported tlla¢ incorporation
of imidazole nucleus could alter the photophysasalvell as the biological properties [19].

It is proposed that the combination of both chelgyatems (pyrazoline and imidazole) in one moleaumhich is
required for improved biological activities. Thisuctural core may be a breakthrough for the degpmkent of novel
lead molecule for antioxidant and antituberculaesgch work. The various literature reports of pglaes [20]
and in continuation of our search for new biolotiicactive pyrazoline derivatives [21], we have dmped a
systematic synthetic approach for the generatiamifazole substituted 2-pyrazoline derivatives.

Structural modifications have been made in theatmg bottom of pyrazine moiety (Fig.1) towards teealoping of
more potent and safer antituberculosis agents. Wesg carried out in the head and tail portionsstibstitutions
like imidazole and naphthyl moiety. Many of thesedified compounds have displayed interesting bialalg
activity, showing that modifications at either siteuld modulate the activity.

In view of the urgent need of potent and safe al¢itculosis agents and in continuation of our eaititerest in this
field, here it was planned to synthesize new déxiga by introducing imidazole and naphthyl ringstgms at
bottom and top of pyrazoline.

According to a literature survey, it was noted tlitde research work has been carried out on mlags carrying
naphthyl/substituted naphthyl groups. Till now,rthare no reports on the development of pyrazdiased ligands
(incorporation of imidazole and naphthyl moietiagd their transition metal complexes as antitudesisi agents.
In view of these facts, we herein described thetsgis and characterization of a pyrazoline baigadis and their
Copper(ll), Nickel(ll), Cobalt(ll) and Zinc(ll) coplexes. Further, the ligands and their metal corgdewere
subjected to antioxidant and antitubercular adgigit

MATERIALSAND METHODS

All the solvents and chemicals used in the synthesire purchased from commercial suppliers andigdrivhen
necessary. The completion of the reaction was @t by thin layer chromatography and performedviamck
precoated silica gel plates. Silica gel (60-120 hmeize, Merck) was used for column chromatograpbry f
purification purpose.

Carbon, hydrogen and nitrogen were estimated hygusSlemental Analyzer Carlo Erba EA1108 analyzdre TR
spectrum of synthesized compounds was recordedShimaadzu FTIR Affinity-1 Spectrophotometer in #h@00-

400 cm' region in KBr disc. The electronic spectra of tenplexes were recorded in HPLC grade DMSO on a
Systronics UV-Visible spectrophotometer in the oegof 200-1100 nm. Th#H-NMR spectrum of the ligand was
recorded in ¥#DMSO on a BRUKER 300 MHz spectrometer at room terafure using TMS as an internal
reference. FAB-Mass spectra were recorded on a JE®L102/DA-6000 mass spectrometer/data system using
Argon/Xenon (6 kV, 10A) as the FAB gas. The acalag voltage was 10 kV and the spectra were rexcbat
room temperature andinitrobenzyl alcohol was used as the matrix. Matanductivity measurements were
recorded on Remi Conductivity Bridge with a cellvimg cell constant 0.51 and magnetic moment wasezhout
using Faraday balance. Electrochemical behavidghefmetal complexes was investigated with CH Imsémts,
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U.S.A (Model 1110A-Electrochemical analyzer, Versi®01) in DMSO containing n-BNCIO, as the supporting
electrolyte.

2.1 Synthesisof ligand (L)

A solution of 1-acetyl-2-hydroxynapthalene (0.01 Mphd imidazole-2-carboxaldehyde (0.01 M) in 40 ml
methanolic NaOH (10% methanolic solution) was strwvell for 6 hrs at room temperature. The soliecpitate
was washed with ice-cold water and then rectifipdlits dried. It was recrystallized from ethanol. mixture of
chalcone (0.01 M), phenylhydrazine (0.01 M) 2,3-dimethylphenylhydrazine?l& 3-nitrophenylhydrazine fand
NaOH (0.02 M) was refluxed in 40 mL of methanol &hrs. The solution was poured into ice water Whisulted
into the precipitation of the ligand (L). The pmgitate was filtered and recrystallized from metHaribhe
recrystallized ligand was dried in a vacuum dessioaver fused calcium chloride.

Ligand (LY): Molecular formula C22H18N40, Mol wt. 355. Pertage yield: 68; Elemental analysis: calcd for; C
74.56, H 5.12, N 15.81; Found: C 74.42, H 4.96,5\7&. UV (nm): 344, 252 nm. FT-IR (KBr disc): 326& O—
H); 3082-3074 (Ar—H); 2962, 2946, 2932, 2898 (C—Hj54 (C=N); 1224 (Ar C-OH)}H-NMR (5, CDCk): 3.08
(1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 3.64 (1H, 8id¢; 11.8, 17.6 Hz, 4-Hcis), 5.36 (1H, dd, J = 44,1 Hz, 5-H),
6.84-7.56 (m, 11 Ar-H), 10.8 (1H, s, -OH), 7.5 (-6EH-, dd, 2H), 8.2 (-CH=CH-, dd, 2H), 12.2 (-NH(iaaizole),
1H, s).

Ligand (L%): Molecular formula C24H22N40, Mol wt. 382. Pertage yield: 60; Elemental analysis: calcd for; C
74.56, H 5.12, N 15.81; Found: C 74.22, H 4.96,9\6&. UV (nm): 336, 244 nm. FT-IR (KBr disc): 334& O-—
H); 3092, 3044 (Ar—H); 2948, 2932, 2894 (C-H); 1§62N); 1210 (Ar C—-OH)H-NMR (5, CDCk): 3.16 (1H,
dd, J =4.1, 17.6 Hz, 4-Htrans), 3.48 (1H, dd,111:8, 17.6 Hz, 4-Hcis), 5.54 (1H, dd, J = 4.1, 127 5-H), 6.76-
7.62 (m, 11 Ar-H), 10.6 (1H, s, -OH), 7.4 (-CH=CH¢d, 2H), 8.0 (-CH=CH-, dd, 2H), 11.8 (-NH(imidaeyl 1H,

s).

Ligand (L®): Molecular formula C24H17N503, Mol wt. 400. Pattage yield: 56; Elemental analysis: calcd for; C
68.08, H 4.05, N 16.54; Found: C 67.92, H 3.82,8\83. UV (nm): 320, 238 nm. FT-IR (KBr disc): 332& O—
H); 3074, 3042 (Ar—H); 2972, 2944, 2880 (C-H); 1§@>N); 1228 (Ar C—-OH)*H-NMR (5, CDCk): 3.22 (1H,
dd, J =4.1, 17.6 Hz, 4-Htrans), 3.60 (1H, dd,111:8, 17.6 Hz, 4-Hcis), 5.62 (1H, dd, J = 4.1, 127 5-H), 6.92-
7.76 (m, 11 Ar-H), 11.2 (1H, s, -OH), 7.5 (-CH=CHdd, 2H), 8.4 (-CH=CH-, dd, 2H), 12.8 (-NH(imiddep 1H,

S).

Synthesis of complexes

A solution of copper acetate (0.05 M) in 20 mL nagthl was added to a stirred solution of ligand@s)5 M) in 20
mL of methanol. The resulting mixture was stirrédem temperature till a precipitate of the comdlermed. The
precipitate was filtered and washed with cold methh@and hexane. The other metal complexes wereapedpusing
similar procedure. The complexes were dried in@uen dessicator over fused calcium chloride.

Copper complex of  Molecular formula C24H22N404Cu. Mol wt. 494. Remtage yield: 68; Elemental analysis:
calcd for; C 58.36, H 4.49, N 11.34, Cu 12.86; kbub 58.22, H 4.14, N 11.08, Cu 12.62. UV (nm): 3226 &
486 nm. FT-IR (KBr disc): 3331 (Ar O-H); 3080, 30@%—H); 2956, 2926, 2879 (C-H); 1625 (C=N); 12@8 C—
OH). FAB mass spectrometry (FAB-MS)/z 495 [M+1]. ter(BM) = 1.88.A (mhocnfmol™®) = 12.

Nickel complex of I:: Molecular formula C22H23N404Ni. Mol wt. 489. Pentage yield: 72; Elemental analysis:
calcd for; C 58.94, H 4.53, N 11.45, Ni 12.00; Foéu@ 58.72, H 4.30, N 11.36, Ni 11.88. UV (nm): 3242, 540
& 739 nm. FT-IR (KBr disc): 3352 (Ar O—H); 3056, 3D (Ar—H); 2984, 2912, 2870 (C—H); 1630 (C=N); 1324
C-OH).'H-NMR (8, CDCl): 3.12 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 3(56, dd, J = 11.8, 17.6 Hz, 4-Hcis),
5.24 (1H, dd, J = 4.1, 12.1 Hz, 5-H), 6.76-7.52 {h Ar-H), 11.2 (1H, s, -OH), 7.8-7.5 (-CH=CH-, diH), 12.6 (-
NH(imidazole), 1H, s). FAB mass spectrometry (FABNMmM/z 490 [M+1]. pe(BM) = 0. A, (mhocnfmol ™) = 8.
Cobalt complex of £ Molecular formula C22H23N404Co. Mol wt. 489. Rartage yield: 60; Elemental analysis:
calcd for; C 58.91, H 4.53, N 11.45, Co 12.04; kbud 58.72, H 4.10, N 11.38, Co 11.92. UV (nm): 33@0 &
645 nm. FT-IR (KBr disc): 3362 (Ar O—H); 3094, 3@B88-H); 2962, 2938, 2896 (C—H); 1622 (C=N); 1224 @
OH). FAB mass spectrometry (FAB-MS)/z 490 [M+1]. tes(BM) = 1.75.A (mhocnfmol™®) = 10.

Zinc complex of I Molecular formula C22H23N404Zn. Mol wt. 496. Pemtage yield: 72; Elemental analysis:
calcd for; C 58.14, H 4.47, N 11.30, Zn 13.19; F@ 57.96, H 4.22, N 11.08, Zn 12.95. UV (nm): 3385, 372

nm. FT-IR (KBr disc): 3384 (Ar O-H); 3072, 3042 (At); 2962, 2932, 2868 (C-H); 1610 (C=N); 1218 (Ar C
OH). 'H-NMR (8, CDCk): 3.24 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 378, dd, J = 11.8, 17.6 Hz, 4-Hcis), 5.56
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(1H, dd, J = 4.1, 12.1 Hz, 5-H), 6.92-7.74 (m, 1tH), 10.6 (1H, s, -OH), 7.9-7.7 (-CH=CH-, dd, 2H}1.8 (-
NH(imidazole), 1H, s). FAB mass spectrometry (FABNMmM/z 497 [M+1]. pes(BM) = 0. A, (mhocnfmol™) = 6.

Copper complex of : Molecular formula C26H26N404Cu. Mol wt. 522. Ramtage yield: 60; Elemental analysis:
calcd for; C 59.82, H 5.02, N 10.73, Cu 12.17; Fbud 74.22, H 4.96, N 15.58, Cu 12.04. UV (nm): 3226 nm.
FT-IR (KBr disc): 3331 (Ar O—H); 3080, 3032 (Ar—H2956, 2926, 2879 (C-H); 1645 (C=N); 1203 (Ar C-OH)
FAB mass spectrometry (FAB-MS/z 523 [M+1]. per(BM) = 1.75.A (mhocnfmol ™) = 7.

Nickel complex of & Molecular formula C26H26N404Ni. Mol wt. 517. Rentage yield: 66; Elemental analysis:
calcd for; C 60.38, H 5.07, N 10.83, Ni 11.35; Féu@ 74.22, H 4.96, N 15.58, Ni 11.18. UV (nm): 3226, 656
nm. FT-IR (KBr disc): 3331 (Ar O-H); 3080, 3032 (At); 2956, 2926, 2879 (C-H); 1632 (C=N); 1203 (A+ C
OH). 'H-NMR (8, CDCk): 3.08 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 3(8M, dd, J = 11.8, 17.6 Hz, 4-Hcis), 5.36
(1H, dd, J = 4.1, 12.1 Hz, 5-H), 6.84-7.56 (m, 1tH), 10.8 (1H, s, -OH), 7.6-7.7 (-CH=CH-, dd, 2HR.2 (-
NH(imidazole), 1H, s). FAB mass spectrometry (FABSVm/z 518 [M+1]. pes(BM) = 1.75.A, (mhocnfmol®) =

7.

Cobalt complex of £ Molecular formula C26H26N404Co. Mol wt. 517. Rartage yield: 64; Elemental analysis:
calcd for; C 60.36, H 5.06, N 10.83, Co 11.39; kbud 74.22, H 4.96, N 15.58, Co 11.16. UV (nm): 32426, 644
nm. FT-IR (KBr disc): 3331 (Ar O-H); 3080, 3032 (A); 2956, 2926, 2879 (C-H); 1624 (C=N); 1203 (Ar C
OH). FAB mass spectrometry (FAB-MS)/z 518 [M+1]. uer(BM) = 1.75.Ar (mhocnfmol ) = 10.

Zinc complex of & Molecular formula C26H26N404Zn. Mol wt. 524. Pemtage yield: 70; Elemental analysis:
calcd for; C 59.61, H 5.00, N 10.69, Zn 12.49; Fu@ 74.22, H 4.96, N 15.58, Zn 12.38. UV (nm): 3226 nm.
FT-IR (KBr disc): 3331 (Ar O—H); 3080, 3032 (Ar—H}956, 2926, 2879 (C—H); 1628 (C=N); 1203 (Ar C—OH)
'H-NMR (5, CDCk): 3.08 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 3(6#, dd, J = 11.8, 17.6 Hz, 4-Hcis), 5.36 (1H,
dd, J = 4.1, 12.1 Hz, 5-H), 6.84-7.56 (m, 11 Ar-Hp.8 (1H, s, -OH), 7.6-7.7 (-CH=CH-, dd, 2H), 142
NH(imidazole), 1H, s). FAB mass spectrometry (FABSNMmM/z 525 [M+1]. uer(BM) = 1.75.A, (mhocnfmol™?) =
16.

Copper complex of : Molecular formula C24H21N506Cu. Mol wt. 539. Ramtage yield: 58; Elemental analysis:
calcd for; C 53.49, H 3.93, N 12.99, Cu 11.79; Fbu® 53.32, H 3.76, N 12.78, Cu 11.63. UV (nm): 3382, 456
nm. FT-IR (KBr disc): 3346 (Ar O-H); 3074, 3062 (Ad); 2952, 2946, 2862 (C-H); 1608 (C=N); 1228 (Ar C
OH). FAB mass spectrometry (FAB-MS)/z 540 [M+1]. uer(BM) = 1.94.A, (mhocnfmol?) = 12.

Nickel complex of E: Molecular formula C24H21N506Ni. Mol wt. 534. Pentage yield: 64; Elemental analysis:
calcd for; C 53.97, H 3.86, N 13.11, Ni 10.99; Fou€ 53.72, H 4.04, N 13.02, Ni 10.85. UV (hm): 32@8 nm.
FT-IR (KBr disc): 3324 (Ar O—H); 3092, 3032 (Ar—H2956, 2926, 2879 (C-H); 1616 (C=N); 1203 (Ar C-OH)
'H-NMR (8, CDCL): 3.16 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), (T8, dd, J = 11.8, 17.6 Hz, 4-Hcis), 5.42 (1H,
dd, J = 4.1, 12.1 Hz, 5-H), 6.90-7.80 (m, 11 Ar-H}.2 (1H, s, -OH), 7.8-7.6 (-CH=CH-, dd, 2H), 118
NH(imidazole), 1H, s). FAB mass spectrometry (FABNMmM/z 535 [M+1]. peg(BM) =0. A, (mhocnfmol™?) = 10.
Cobalt complex of & Molecular formula C24H21N506Co. Mol wt. 534. Ramtage yield: 62; Elemental analysis:
calcd for; C 53.95, H 3.96, N 13.10, Co 11.03; Fbud 53.74, H 4.06, N 13.02, Co 12.92. UV (nm): 3384 nm.
FT-IR (KBr disc): 3320 (Ar O—H); 3080, 3048 (Ar—H2962, 2946, 2870 (C-H); 1602 (C=N); 1236 (Ar C-OH)
FAB mass spectrometry (FAB-MS/z 536 [M+1]. per(BM) = 1.84.An (mhocnfmol?) = 12.

Zinc complex of : Molecular formula C24H21N506Zn. Mol wt. 541. Pemtage yield: 60; Elemental analysis:
calcd for; C 53.30, H 3.91, N 12.95, Zn 12.09; Fhu@ 53.02, H 3.96, N 12.84, Zn 11.98. UV (nm): 3320 nm.
FT-IR (KBr disc): 3368 (Ar O—H); 3092, 3048 (Ar—-H2964, 2938, 2880 (C-H); 1594 (C=N); 1224 (Ar C-OH)
'H-NMR (8, CDCL): 3.18 (1H, dd, J = 4.1, 17.6 Hz, 4-Htrans), 3(¥8, dd, J = 11.8, 17.6 Hz, 4-Hcis), 5.46 (1H,
dd, J = 4.1, 12.1 Hz, 5-H), 6.92-7.64 (m, 11 Ar-Hp.4 (1H, s, -OH), 7.7-7.5 (-CH=CH-, dd, 2H), 148
NH(imidazole), 1H, s). FAB mass spectrometry (FABSVM/z 543 [M+1]. ges(BM) = 1.79.A,, (mhocnfmol®) =

8.

DNA Binding Studies

The binding interactions between metal complexas BNA were studied using electrochemical and edetr
absorption methods by usimlifferent concentrations of CT-DNA. Calf thymus BNvas stored at 4°C. The DNA
stock solutions were prepared with buffer soluti&® mM Tris-HCI at pH 7.2). The stock solutions thie
complexes were prepared by dissolving copper caraplén DMSO and diluting with the correspondingfeuto
the required concentration for all experiments.sTigéisulted in a series of solutions with varyingamtrations of
DNA but with a constant concentration of the complEhe absorbance (A) of the most red-shifted baErmbmplex
was recorded after each successive additions dDEA. The intrinsic binding constant,,Kwas determined from
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the plot of [DNAJ/€.- &) vs [DNA], where [DNA] is the concentration of DNA ibhase pairsg, the apparent
extinction coefficient which is obtained by calding A.,d [complex] andeg; corresponds to the extinction
coefficient of the complex in its free form. Thetalavere fitted to the following equation wheggrefers to the

extinction coefficient of the complex in the fulyund form.

[DNAJ/( &z &) = [DNAJ/( &- &) + 1/Ky(e- &) -=----==--=-- (1)

Each set of data, when fitted to the above equatjiave a straight line with a slope ofelf(g;) and a y-intercept of
1/Ky(gp- €). Ky was determined from the ratio of the slope toroept.

Antioxidant Assay

Super oxide dismutase activity (SOD)

The superoxide dismutase activity (SOD) of the evpgpmplexes were evaluated using alkaline DMS®oasce
of superoxide radicals 0 generating system in association with nitro btagazolium chloride (NBT) as a
scavenger of superoxide. Add 2.1 mL of 0.2 M peitaa phosphate buffer (pH 8.6) and 1 ml of B6of NBT
solutions to the different concentration of coppemplex solution. The mixtures were kept in ice & min and
then 1.5 mL of alkaline DMSO solution was addedlgvktirring. The absorbance was monitored at 54(Ggainst
a sample prepared under similar condition exce@Maas absent in DMSO.

Hydrogen per oxide Assay

A solution of hydrogen peroxide (2.0 mM) was pregghin phosphate buffer (0.2 M, 7.4 pH) and itsceortration
was determined spectrophotometrically from absorptit 230 nm. The complexes$ different concentratioand
vitamin C (100ug/mL) were added to 3.4 ml of phosphate buffer tiogeewith hydrogen peroxide solution (0.6
mL). An identical reaction mixture without the sdmpvas taken as negative control. The absorbanbgdbgen
peroxide at 230 nm was determined after 10 minregaine blank (phosphate buffer).

Antimicrobial activities

Qualitative determination of antimicrobial activityas done using the well diffusion method. The lsgaized Schiff
base and its metal complexes were studied for thefibacterial activities in DMSO solvent againstcterial
species. Then vitro antimicrobial activity was performed againgscherichia coli, Staphylococcus aureus,
Klebsiella pneumoniae, Proteus mirabilasid Salmonella typhiirespectively. The standard and test samples were
dissolved in DMSO to give a concentration of 100nplg The minimum inhibitory concentration (MIC) was
determined by serial microdilution method. Dilutionf test and standard compounds were prepareditiiemt
broth (bacteria). The samples were incubated &C3for 24 hrs, respectively and the results werendsd in terms

of MIC (the lowest concentration of test substamtgch inhibited the growth of microorganisms). Tétandard
antiobiotic streptomycin and DMSO was used as pesiénd negative control.

RESULTSAND DISCUSSION

3.1 Chemistry

The researchers have focused on the designingadf teolecules as multifunctional drugs and improvihgir
inhibition activities of A8 aggregation while retained the main structuralecffunctional groups) in the lead
molecules for their anti-oxidant and metal chelatiproperties. In the present study, most of theigdes
compounds contain naphthyl core for their anti-axidactivities. From the literature facts, we kntvat the
aromatic groups and polar substitution are esdetatitheir pharmacological activities in terms tietefficient
binding at the A peptide guided byt-stacking and hydrogen bonding interactions. Tloeegfthe structural
moieties are responsible for their biological atit.

Keeping these facts in mind, the synthesis of neeeles of pyrazoline derivatives’(LL? & L) and their reaction
sequence are outlined in scheme 1. The chalcon&) (fere prepared by base catalyzed Claisen-Schmidt
condensation of 1-acetyl-2-hydroxynaphathalene iamidazole-2-carboxaldehyde in the presence of babe.
cyclization of chalcone with substituted phenyltgaine under basic condition leads to the formatbmew 2-
pyrazoline derivatives. These compounds were usdigiands to prepare metal(ll) complexes [ML(OAG)H] by
mixing an equimolar ratio of ligand with metal aate{s) refluxed in methanol (Scheme 1).

The analytical data of the ligands and their me)atfomplex were summarized in the experimentatieac They
are well agreed with the theoretical values witthia limit of experimental error. The metal complex@e quite
stable in air & light. They are soluble in mostthé common organic solvents. The structure of ligaand their
metal complexes were established using elemensdyses, IR, UV, NMR, electronic spectra, FAB-MS ahdrmo
gravimetric analysis.
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3.2 Molar conductance measurements

Molar conductance measurements of metal comple)ae warried out in DMSO at room temperature. Molar
conductance values for 01 solutions of copper, nickel cobalt and zinc coexgls in DMSO were found in the
range of 6-142 cn? mol™?, respectively. These values are in good accordesttethe non-electrolytic nature of
the complexes [22].

3.3 IR spectra

The important bands of the IR spectra of 2-pyramolilerivatives (}, L? & L3) and their metal complexes are
summarized in the experimental section. There apgearance of strong stretching band at 1634 due toa, (-
unsaturated (C=0) group. It was confirmed by thedemsation of 1-acetyl-2-hydroxynaphthalene witidamole-
2-carboxaldehyde. Furthermore, the absence othkirgt frequency ofi,B-unsaturated (C=0) and the presence of
(C=N) and (C-N) stretching frequencies at 1596 48d4 cni in the IR spectrum of the ligand (experimental
section) was confirmed the cyclization of chalcomgh substituted phenylhydrazine to form the pytamo
derivatives as ligands {L.L?& L?). The IR spectra of the complexes showed a stbamg! in the region 1662—1640
cn* which are assignable to théC=N) stretch and shift of this band (20-48 8o lower frequency indicates the
involvement of azomethine nitrogen in coordinatiofhe compounds €. L* & L) showed additional sharp bands
in the region 3312-3438 ¢indue to thev(NH) stretch of imidazole moiety. A band at 1359 twas assigned to
the vibration frequency of the phenolic C-O grolupthe complexes, the band assigned to the vibrdteguency

of the phenolic C-O group undergoes positive shifftdicating that the Schiff base is bonded to rtegallic ions
through the phenolic oxygen atoms [23, 24]. Thesjpiectra of all the complexes show new absorption®an the
region 3300-3500 cr indicating the presence of water molecules. Initamd the band at 860 crhin the IR
spectra of Co(ll) and Ni(ll) complexes suggestg thater molecules are coordinated to metal ion$. [EBerefore,
the proposed coordination sites for the synthesigathds are azomethine nitrogen and hydroxyl orygtoms,
respectively. The synthesized ligands are behasdiidentate manner. The IR spectra of all the cergd showed
two absorption bands in the far infrared regior)-420 cm* and 480-520 cil, which are assignable to(M-O)
andu(M-N) vibrations, respectively. Further, tiigdasym) andi(sym) vibrational bands for acetate in the complex
were appeared at 1510 and 1400'cifhe difference i§110 cm' indicates that acetate ion bound as monodentate
fashion. The IR spectrum of copper complex dfdas shown in fig.2.

3.4 Electronic absorption spectra

The absorption spectral data of the compounds irBDMre presented in the experimental section.drekbctronic
absorption spectrum of ligandjl_the bands are observed at 344 and 252 nm whighbm assignable tozt-and
n- T* transitions, respectively. The band was obseate844 nm which is assignable to the transitioroinng the
azomethine moiety (C=N) of pyrazoline structuratecoThe other absorption bands at 252 nm is due- to*
transition of phenyl ring. These transitions welightly shifted towards lower wavelengths due tmmbnating
effect of the metal ions. The electronic spectrunthe copper complex exhibits bands at 486 nm witigh be
assigned tGBlg _>2Alg transition [26].The square-planar geometry of Cu(ll) ion in the p&ar is confirmed by the
measured magnetic moments values, 1.88 B.M. Tharseplanar geometry is achieved by the coordinatioHL
as bidentate ligand, to the copper(ll) ion.

The electronic spectrum of the nickel complex bshowed the two bands at 540 and 739 nm whichtaibuied

to 'A;q— Az, and*A - 1B, transitions, respectively [26]. These transitioms,well as the measured value of the
magnetic moment @ = 0) suggest a square-planar geometry of the arapl In the case of Co(Il) complex df L
square planar Co(ll) complexes exhibit two bandsuad 645 and 500 nm which corresponds to the tiansi
As—°B1g and %A, °E,, respectively [25]. It has showed aqalue is 2.18 BM which corresponds to one
unpaired electron for square planar geometry. Tihe(d) complex does not exhibit d—d electroniatsdion due to
the completely filled d-orbital. It exhibits the sdyption at 372 nm could be assigned to a chaagesfeer transition.
Similarly, all the other complexes showed sped&atures and are summarized in the experimenttibsec

3.4.1 Stability of metal complexesin buffer medium

DNA interactions have been performed in Tris—HCI@N&uffer. It is necessary to check the stabilifynoetal

complexes in this buffer medium. The UV-Vis., spaicstudy was performed under conditions similathwse used
for DNA binding studies. The spectral featuresha tomplexes exhibited no change in the positioabsbrption
bands over a period of 48 hrs and no precipitatiorturbidity was observed even after long storageoam

temperature (at least 1 month after preparationis Suggests that the Cu(ll) complexes are conlglsetable under
the experimental conditions.

3.5 Metal-chelating properties of Pyrazoline derivatives

Alzheimer’s disease (AD), a progressive neurodegdive brain disorder, is affecting more and maddesgy all
around the world [27, 28]. Firstly, abnormal enrn@nt of Cu, Fe, and Zn in postmortem AD brain hasrb
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confirmed [29]. In vitro experiments revealed tlthese metals are able to bind t@,Ahus promoting its
aggregation [30]. On the other hand, redox-actie¢ahions like Cu and Fe contribute to the productdf ROS and
widespread oxidation damages observed in AD br8ids 32]. Therefore, removal of biometals in theaibr
provides a potential therapeutic strategy for teatment of AD. In the present study, the metalattts property
of synthesized pyrazoline derivatives may be irthiigi A aggregation in brain.

The chelation tendency of pyrazoline derivativethviiiometals (Cu, Co, Ni & Zn) was performed byc#lenic
absorption technique. The electronic absorptiomtspm of pyrazoline (£) in DMSO showed peaks at 252 and 344
nm. The addition of copper acetate, there is asteff in the absorption peak and new peaks were elbserved.
The peaks are observed at 246, 322 (red shift)4&ednm (d-d transition) which corresponds to thenition of
complex. Therefore, pyrazoline derivatives hadahgity to form complexes with metal salts. Theish@ometry of
the complex formation was ascertained from the etgal analysis and molar conductance studies. Tolarm
conductance values are lower in accordance with eleatrolytic nature of complexes. The structuratecand
various substituents are responsible for the coxagpilen with metal ions. It is acquired that theporntant property
of pyrazoline derivatives acting as metal chelator.

The observed results strongly encourage furthectiral and biological optimization of pyrazolinerivatives to
develop as more potent and safer lead moleculemtdAlzheimer agents.

3.6 '"HNMR spectra

The structures of ligands and their nickel and zomplexes were recorded in DMSO as solvent and HES
internal standard. The chemical shifts of charéatierprotons in these compounds are expressedpin and
summarized in the experimental sectitii-NMR spectra of ligands exhibited an AMX pattean the presence of
two diastereotopic protons at C-4 and one singtgopr at C-5 positions in the pyrazoline ring. Thesetons are
appeared as three doublet of doublets in the ligdn@hey are observed in tlée= 3.25-3.64, 3.92-4.67 and 5.31-
6.28 ppm regions, each integrating for one protdhe weak signal was observed at 12.2 ppm whiessggned to
the deshielded proton of phenolic —OH [33]. Ther@d signal was observed in the nickel and zincptexes. It
implies that the phenolic oxygen atom is involvadcoordination. The most downfield signals was okesd as a
singlet at 10.8 ppm due to NH proton of imidizoleiety which is DO exchangeable. The two more doublet of
doublet was observed at 7.5 and 8.2 ppm which spomds to —CH=CH-. The aromatic protons are apgeare
around 6.84-7.56 ppm in the ligand In the case of nickel and zinc complexes, theresmall downfield shift was
observed in the protons.

The™C NMR spectra of all the compounds showed the $gnathe respective regions. The azomethine cadfon
the pyrazoline ring was observed in the ligandE52.8-158.6 pm. The signals in the range 118.205D48pm were
observed in the spectra of all the compounds duket@romatic carbons. The carbons, C4 and Chigosijtof the
pyrazoline ring resonated at 64.38-68.28 and 483860 ppm in the ligands. Further, there is sligbtvnfield
shifted signal was observed which may be attribtwegietal coordination.

3.7 Mass spectra

The mass spectra of the title compounds exhibitelcnlar ion peaks at their respective moleculaigiss which
confirmed their formation. The characteristic pealere observed in the mass spectra of ligands lagid metal
complexes. The mass spectrum of ligaridshowed a molecular ion peak at m/z 355 which mightiue to total
molecular weight of the ligand. Mass spectrum ofil[§OAc)(H,0)] showed a molecular ion peak at 497. The
molecular ion peak (V) for all the compounds was observed at their rethpe molecular masses, fragmentation
pattern was also in good agreement with alreadgrte@ 2-pyrazoline derivatives [34-37]. The molecuhass data
of all the synthesized pyrazoline derivatives drartmetal complexes are provided in the experialgrart.

3.8 ESR Spectra

The EPR spectrum of Cu(ll) complexes were recomtedRT and LNT. They were exhibited four peaks véth
axial symmetry (g = 2.2252-2.2346, g= 2.0946-2.1260, #162-148 G) which is associated with square planar
coordination around copper(ll) ions. Diaz et ald lIsdudied and summarized a good correlation betweéarctor

(g1 / Ay, where A is expressed in ch and SOD activity of copper(ll) complexes [38].€Tif factor value smaller
than 135 cm is obtained for square planar Cu(Ihglexes, and this value increases with increasstighiedral
distortion. The ‘f’ value for Cu, Zn SOD is 160 cindicating a tetrahedral distortion from squaranalr geometry
and is one of the features that enhance the catalgtivity of the enzyme. From the above EPR dagef values for
copper complexes were determined to be 150-158 Ag). Therefore, the synthesized Cu(ll) complexes lgikihig
appreciable square planar distortion is expectesthdov high SOD-like activity.
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3.9 Thermogravimetric analysis

Thermogram of metal complexes was recorded undevgein atmosphere with a heating rate of 10 °C min
between room temperature 0°C to 800 °C. All the mlemes were stable up to 150°C. Further incremént o
temperature causes decomposition of the complexéseée steps. The temperature range for thesfiept was 150—
187°C which is corresponds to removal of coordidateater molecule. The second decomposition step was
assigned to the loss of acetate ion in the metapbexes. The third step starts immediately afterscond step and
continues until the complete decomposition of tgarid and formation of the end product as metadexi he total
weight loss of the complexes corresponds to the @dsrespective ligands after considering the fiexnef one
oxygen atom to the metal ion and the residue cporeds to the metal oxide.

4. Biological screening

4.1 DNA binding studies

4.1.1 Electronic absor ption method

DNA-binding studies are important for the ratiodakign and construction of new and more efficiengd targeted
to DNA [39]. A variety of small molecules interagtversibly with double-stranded DNA, primarily thugh three
modes: (i) electrostatic interactions with the riege@harged nucleic sugar—phosphate structure,hndnie along the
external DNA double helix and do not possess selggt(ii) binding interactions with two grooves ®NA double
helix; and (iii) intercalation between the stackme pairs of native DNA. Heterocyclic moleculesgiiact through
intercalation with the planar, aromatic group seatketween base pairs [40—42]. In order to exglorenode of the
Cu(ll) complex binding to DNA, the experiments hdeen carried out as follows:

Electronic absorption spectroscopy is an effectivethod to find out the binding mode of DNA with mlet
complexes. “Hyperchromic effect” and “hypochromieffect” are the spectra features of DNA concegnits
double-helix structure with molecules[43]. This sfpal change reflects the corresponding changd3No in its
conformation and structures after the molecule daonDNA. Hypochromism results from the contractaDNA
in the helix axis, as well as from the change imfeaomation on DNA, while hyperchromism results frahe
damage of the DNA double helix structure [43].

In general, a compound binding to DNA through icédation usually results in hypochromism with othsut a
small red or blue shift, due to the intercalationd® involving a strong stacking interaction betwéles planar
aromatic chromophore and the base pairs of DNA. [#¢ extent of hypochromism is commonly consisteitih
the strength of the intercalative binding interactiMore than one type of DNA-compound interactibase been
formed (partial intercalation + electrostatic attran) as indicated by the absence of any fixethéstic points in
titration experiment.

The metal(ll) complex can bind to the double stexhdNA in different binding modes on the basis lodit
structure, charge and type of ligands. As DNA deubtlix possesses many hydrogen bonding sites wdrieh
accessible both in the minor and major grooveis, likely that the —OH group of L-tyrosine ligand the metal(Il)
complex form hydrogen bonds with DNA, which may tdiute the hypochromism observed in the absorption
spectra.

The absorption spectrum of copper complex of Ligdril in the absence and presence of CT-DNA are shawn i
Fig. 3. Upon incremental addition of DNA, the alggmn band of the ligand exhibits a hypochromismabbut
21.80% with a blue shift of 4 nm correspondinghte absorbance at 332 nm, whereas the absorptiuh dfathe
copper(ll) complex at 344 nm exhibits the same ph@mon of hypochromism of about 58% with a bludt sifi
about 5 nm. These spectral characteristics revehbgdboth the ligand and complex interact with BNA most
likely through an interaction mode that involveacsing interaction between the aromatic chromoplzoré the
base pairs of DNA. The copper complex showed mgpothromicity than the ligand, indicating that thieding
strength of the copper(ll) complex is stronger thaat of the free ligand.

Further, in the case of copper complexes, thegeclsange in absorbance and shift in wavelengtre (bhift) in the

visible absorption region which corresponds toghssibility of copper ion interacts with’ Ngjuanine nitrogen atom
in base pair. It is concluded that copper complexdsbited higher binding strength than other metahplexes

under the study.

The higher hypochromism and, Kalue obtained for copper complex of $uggest its higher binding affinity to
DNA than that for other complexes. This may be tluéhe presence of methyl group on phenyl ring Whic
involved in hydrophobic interaction with the hydhmiic DNA surface that leads to enhancement of Oiiling
affinity. The observed less binding affinity of cplex may be due to the presence of methyl groupvdoenpared
to NO, present in complex of*lwhich disturb the intercalation of DNA base pairs
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Additionally, hydrogen bonding is also possiblettie interaction of DNA with complexes. DNA possesseveral
hydrogen bonding sites in major as well as minaoges, and complexes contain -NH groups, theredcbel
hydrogen bonding between the complexes and thegdazasein DNA [45].

4.1.2 Electrochemical study

Cyclic voltammetry is a versatile tool in the studfyDNA interaction with redox active molecules.ntiay yield

information about the interaction mode with botlidized and reduced form of the metal ion. In geheavhen the
metal complex binds to DNA via intercalation, tHeotrode potential shows a positive shift whilethe case of
electrostatic interaction, the potential will shifd a negative direction. If more than one poténgaist

simultaneously, a positive and negative shift afcelbde potential, the molecule may bind to DNA Hlwth

intercalation and electrostatic interaction [46].

In the present study, the DNA binding efficiencafsmetal complexes were performed using cyclic amitnetry
(CV) in DMSO as solvent (Fig. 4), using a threectilede cell consisting of a glassy carbon workiteceode, a
platinum wire auxiliary electrode and standard nabelectrode (SCE) as the reference electrodeansttan rate of
100 mV & The interaction of metal complexes with DNA ha=ib also investigated by monitoring the changes
observed in the cyclic voltammogram of a 0.25 mMffdr solution of the complexes upon addition of &N he
buffer was also used as the supporting electrolyte.

Generally, the copper complexes produce redox slipeause of the strong and easy electron donatioeptance
properties between Cland Cd". The cyclic voltammograms of the Cu(ll) complex Iof in the absence and
presence of DNA in a Tris/NaCl buffer solution hetrange +1.6 to -1.2 V with a scan rate of 100 snW the
absence of DNA, it shows a quasi-reversible onetrle redox process involving the €UCuU" couple [Epc at
+946 mV and Epa at + 864 mV]. The E1/2 was takethasaverage of Epc and Epa is +82 mV in the alesefhc
DNA. In the presence of DNA, the cathodic peak ptiéé (Epc) appears at +932 mV and the anodic peddntial
(Epa) at +856 mV. Thegis +76 mV in the presence of DNA. In the presesicBNA, both anodic and cathodic
peak potentials were shifted to more positive v@lireplying that I bind to DNA by intercalation. The current
intensity of peaks decreased significantly, sugggsthe existence of an interaction between the plexes and
DNA. The reduction in the cathodic and anodic peakents due to slow diffusion of an equilibriumxtoire of the
free and DNA bound complex to the electrode surfd@g Similar behavior was also observed with @ased DNA
concentration and scan speed and the voltammeitniertt also decreased as expected for intercalbinging.

4.2 Antioxidant

The metal complexes of pyrazoline derivatives waubjected for their evaluation of antioxidant aiti&s using
DPPH radical scavenging assay and superoxide sgenepassay methods. After systematic evaluatioDBPH
assay and superoxide scavenging assay, it is exl/eadt cobalt, nickel, copper and zinc complexastshown the
potential antioxidant activity. Among the metal quexes, the copper complex of is the best molecule when
compared with ascorbic acid. It signifies the rofeslectron releasing group GHt 2, 3-disubstituted group of 2-
pyrazoline for the inhibition of free radicals. Efen withdrawing group reduce the efficiency ofltggen release
from the amino group of imidzole moiety in the @oklne scaffold. In the case of nitro substituemttioe 3-phenyl
hydrazine of pyrazoline, the antioxidant activity greatly reduced. It is revealed that the nitrbssituent of
pyrazoline derivative is not recommended for aritarts.

Hydroxyl radical is highly reactive oxygen centenmedlical formed from the reactions of various hysnmxides
with transition metal ions [48]. Hydroxyl radicat known to be capable of abstracting hydrogen atoms
membrane lipids and brings about peroxide reacifdipids. The antioxidant activity of free ligandpmplexes and
the standard ascorbic acid were assessed on tie dfahe radical scavenging effect of the stabRPB (1,1-
diphenyl-2-picryl hydrazyl) free radical. The resulvere summarized in table 1. The comparisiomefantioxidant
activity of the ligand (IG value is 86 pug/mL) with that of the metal complextss, values of Cu(ll), Ni(ll), Co(ll)
and Zn(ll) complexes are 43, 56, 62 and 77 pg/ mkpectively). It is suggested that Cu(ll) compp@ssesses
higher scavenging activity towards hydroxyl raditen the parent ligand. The values were founcetelbse to the
values of standard ascorbic acid {J@alue is 22 pg/mL). All other ligands and theirtedecomplexes showed
similar behavior.

4.3 Antibacterial activity

The above prepared 2-pyrazolines were assdgedheir antimicrobial activities against six testganisms,

Escherichia coli, Staphylococcus aureus, Klebsigiteumoniae, Proteus mirabilliand Salmonella typhiiat a

concentration of 100 mg/mL using the agar well téghe [49]. Further, their MIC values against thesganisms
were determined by serial dilution method using OM8&s a solvent and were compared with streptomasin
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standard antibiotic. DMSO is often recommendedédalvehicle for hydrophobic compounds. In this gii@MSO
was used safely with less than 0.15% concentratibims results obtained are given in Table 2.

Antibacterial activity of the compounds were aseddsy the MIC determination and showed order ofviigtas
follows:

CuL>NiL>CoL>ZnL>L

It is indicated that the complex formation was ampanied by the enhancement of activity. Generailhg
complexation of the ligand with dipositive metah#leads to increase in lipophilicity. Further, letien reduces
polarity of metal ion due to partial sharing of fissitive charge with donor groups in complexesisTgrocess
increased the lipophilicity of metal complexes dhéreby, facilitated their permeation through tipéd! bilayer of
candidal membranes [50]. The enhanced growth itibibiactivity of the synthesized metal complexesewh
compared to their ligands might be due to theirlathg ability. The redox behavior of the coppen im the
complexes might also add to the higher anti-miab#ctivity. The results from these studies cowddeithe way for
the development of next generation antibioticsi@rapeutic use.

The higher activity of the copper(ll) complex witkspect to the nickel(ll) complex might be attrdmito the higher
lipophilicity of the former as compared to the daths a result of the lower charge density of tygper(ll) in copper
complex as compared to nickel(ll) in the nickel qex.

Antituberculosis activities

The anti-tubercular activity studies of metal coexgs of pyrazoline derivatives (Table 3), the Idmwith electron
withdrawing group (-Nitro substituent) have exhdit excellent inhibition with MIC (Minimum Inhibitgr
Concentration) less than 10 pg/mL. The ligafdwith -CH; substituent, acts as electron donating group stiowe
moderate activity at 25 pg/ml as compared to stalsdased viz., streptomycin (7.5 pg/ml) and pyraziide
(10 pg/ml), respectively. It was observed from MEC values in Table 4, a change in the substitumntthe
phenylhydrazine core alters both the activity aelgdivity of the pyrazoline derivatives. The rekalsle decrease
in potency was observed when the unsubstitutedypingdrazine structural core was replaced by electtonating
2,3-dimethylphenylhydrazine, while the activity washanced when 3-nitrophenylhydrazine substituticas
executed.

The log P (hydrophobicity of the compound) playsraportant role in the penetration throulgh tuberculosiscell
wall and its relationship with antitubercular adjvIn the present investigations, the ligarithias observed the log
P (3.82) in between 3 and 5 which is ideal for pextion through mycobacterial cell, while other qgmwunds have
more than 5.

SOD activity

Superoxide anions have a very short half life arwdipced continuously. In this colorimetric basesibas Inhibition
of the reduction of nitroblue tetrazolium (NBT) flarmazan (F) by the reported metal(ll) complexes waed for
detection of the SOD mimetic catalytic activity thiese chelates in the phosphate buffer under sititdogical
conditions. As the reaction proceeding, the farmazalor is developed and the color changes frorortess to
blue, which was associated with an increase inabgorbance at 560 nm. SOD reduces the superoxide io
concentration and thereby lowers the rate of foandmrmation. In the SOD-like activity test, thetalecomplexes
compete with NBT for oxidation of the generatedeyagide ions. The more efficient the complex, tbevdr the
concentration that corresponds to 50% inhibition NBBT reduction; this concentration is termedsdQor
comparative purposes. Figure 5 shows the percentdgahibiting NBT reduction with an increase ineth
concentration of the metal complexes of L

The data in Table 4 also reports the scavengingi@ity of each complex, giving its final concetita that
produced efficient quenching of the superoxide anidical. It also reveals that there are diffeeehetween the
values of scavenging effectiveness and the catatgiinstant of the complexes. This difference inrdaetivates of
these complexes can rationalized by means of etioalbetween the redox potential of the couple¥@ul during
the catalytic cycle and the SOD-mimetic activity.

The higher biological activities of copper complexmeay be attributed to the flexible ligands, whare able to
accommodate the geometrical change fror ®uCU, specially the labile water molecules, which areppsed to
be easily substituted by the substrate™Q in the catalytic process, just like the™Qin place of HO bound to
copper site in the mechanism of dismutation gf Ky native SOD. The mechanism proposed for the alistion of
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superoxide anions by both superoxide dismutasecantpblexes 2 and 3 is thought to involve redox cyglof
metal(ll) ions (egs. 1 and 2):

M* + O, M+ 0
M*+0O, +2H - M + HO,

It has been proposed that electron transfer betwepper(ll) and superoxide anion radicals occursugh direct
binding. Therefore, copper complexes exhibited &ghOD activity than other metal complexes. Thisesbation
was confirmed by distortion of geometry (“f’ factmalue). The synthesized copper complexes haveehigh
distortion of geometry.

O,

OH <\NH
+ N)\/O

imidazole-2-carbal dehyde

1-acetyl-2-hydroxynaphthalene

; ;\ D
|

/

Y
SN H/NH2
T
(\N (\N / \
HN 7 // _
N FN OAc
__N Metal acetate N\ /
P — . N M—__
H,O
OH o/ 2

Where
X =-H (LY, -2,3-dimethyl (B), 3-nitro (L)
M = Cu(ll), Co(ll), Ni(ll) & Zn(lI)

Scheme 1 The schematic outline for the synthesis of metal complexeswith prazoline derivatives
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Figure5 SOD activity of metal complexesof L*
Table 1 Antioxidant activity of metal complexes
Compound | ICse(pmol dri®) | ICse(pmol dni®)
H,0, o
[CuL(OAc),] 43 40
[CuL*(OAc),] 36 30
[CuL®(OAc),] 38 37
Ascorbic acid 22 18
Table2 Antibacterial of ligandsand their metal complexes
MIC values (ug/ mL)
Compounds E. S. K. S. P.
coli | aureus | pneumonae | typhii | mirabilis
L! 88 76 66 90 94
L? 76 68 88 60 82
L® 82 70 76 68 88
[CuL (OAc)(H,0)] | 36 42 28 40 46
[CoLY(OAC)(H,0)] | 66 54 62 70 50
[NIiLY(OAc)(H,0)] | 50 48 50 54 62
[ZnLYOAc)(H:0)] | 56 62 70 66 52
[CUL*(OAC)(H,0)] | 50 42 28 40 46
[CoL%(OAc)(H0)] | 54 56 42 48 64
[NiL(OAc)(H0)] | 60 48 40 52 72
[ZnL*OAC)(H.0)] | 72 66 50 46 56
[CuL}(OAc)(H0)] | 36 42 28 40 46
[CoL*(OAC)(H,0)] | 50 56 46 52 64
[NiL3(OAC)(H,0)] | 44 64 48 52 60
[ZnL3(OAc)(H:0)] | 40 66 44 62 56
Streptomycin 10 18 20 16 14

Table 3 Anti-tuber culosis activity of the effective metal complexes

SI.No | Effective metal complexes MIC values (uM)
1 [CUL}(OAc) (H.0)] 4
2 [Cul*(OAc) (H,0)] 8
3 [CUL’(OAC) (H:0)] 6
4 native bovine erythrocyte 0.04

Table 4 SOD activity of effective metal complexes

SI.No | Effective metal complexes dJQralues (Lg/mL)
1 [CuL(OAC)(H:0)] 14.6
2 [Cul*(OACc)(H,0)] 11.2
3 [Cul’(OAC)(H:0)] 15.8
4 Streptomycin 7.5
5 Pyrazinamide 10
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CONCLUSION

In the present work attempts, to rationalize the@iative structure—activity relationship of metaimplexes of
pyrazoline scaffold for antituberculosis agent. Tdhesign and synthetic approach was concentratedhen
development of of metal complexes of pyrazolinel@mnae with improved anti-tuberculosis activity. T#aisen
Schmidt condensation of 1-acetyl-2-hydroxynaphatmalwith imidazole-3-carboxaldehyde in presencsoafium
hydroxide resulted into the formation of chalcome chalcone underwent sodium hydroxide assistetizaegion
with substituted phenylhydrazines to form ligand™-(®). Cobalt, nickel, copper and zinc complexes of the
synthesized ligands were synthesized (scheme B.ldwer molar conductance values of the complexkEhw
corresponds to non-electrolytic nature. The obgkargi tuberculosis assay screening showed thaehigotencies

of copper complexes of pyrazoline derivatives asgared with other metal complexes. The improve@mpaes of
copper complexes with pyrazoline derivatives regabittere to open up new opportunities for synthegidifferent
derivatives around ‘pyrazoline’ scaffold as antid¢uculosis agents. On the basis of the above odseng,
modification will be done to improve antimycobadérctivity. In vivo studies of the complexes are in progress in
order to understand the variation in their bioladjieffects, which could be helpful in designing mgotent anti-
tuberculosis agents for therapeutic use.
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