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ABSTRACT

Four novel Cu(ll) complexes of the 2-(substituted 1H-pyrazole-4-yl)-1H-benzothiazole lignads (3a-d) have been
prepared and characterized by various physico-chemical studies. The molar conductance measurements suggest
that all complexes are non-electrolytes. Electronic spectral and magnetic susceptibility study indicates the distorted
square planar or octahedral geometry for Cu(ll) complexes. Infrared spectral study discloses the monodentate
behavior of new benzothiazole ligands (3a-d) coordinated through tertiary nitrogen. The condensation of 2-
aminaothiophenol with substituted 1H-pyrazole-4-carbaldehydes (2a-d) shape ups the 2-(substituted 1H-pyrazole-4-
yl)-1H-benzothiazole (3a-d) ligands. The formation of (3a-d) derivatives is explained by *H NMR, FT-IR and Mass
spectral studies.

Keywords. Cu(ll) complexes, H-benzothiazoles, Pyrazole aldehydes, CyclocondiemsaCeric ammonium
nitrate.

INTRODUCTION

Because of the potential ability as magnetic makerand due to the various biological and physttertical
properties, Cu(ll) complexes have been widely itigesed in near past [1-4]. Recently many coppenmexes
have been synthesized and verified to be much itapbin stereochemistry for the preparation of anmilecular
architectures as well as various types of molecplaliygons and helix or zigzag chain polymers [S]ary
antibacterial and anticancer drugs are behavedeesatle ligands [6]. Benzothiazole Mheterocyclic nucleus
possesses a nitrogen binding site to coordinaté wietal ions. The syntheses of substituted berezle
derivatives have a considerable interest in orgah@nistry over a long period of time because efrtvide range
of biological and pharmacological properties [7-10has been reported that the biological propertf the ligands
are enlarged after complexation with metal iong.[The pyrazole derivatives also has some signifidaological
importance and various applications in the pharmtéea industries [12,13]. All these points aboenbkothiazoles,
pyrazoles and copper complexes give us a reasahd@ynthesis ofH-benzothiazole compounds and their Cu(ll)
complexes. Ceric ammonium nitrate is used as dysatbor the syntheses ofHtbenzothiaozles because it is a
versatile oxidizing reagent extensively used inanig syntheses [14]. On the basis of the use a¢ enmonium
nitrate for the synthesis of azoles, it was comgideas a precursor of choice in present work aadt@ntage to
increase the rate of reaction and good yield foignatin this paper, we have reported here four h&aug(ll)
complexes of benzothiazole ligands as the coppamésof the most biologically essential elementsature [15].
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MATERIALSAND METHODS

Melting points of 2-substitutedHtbenzothiazoles (3a-d) were determined in opersglapillaries in a paraffin bath
and are uncorrected. All procedures were carriedbguusing standard solvents and chemicals withHorther
purification which were commercially available amged as purchased. The IR spectra were record&thioradzu
FT-IR 8400 spectrophotometer using KBR discs. THeNMR spectra were measured in CB€blutions on the
Bruker Av spectrophotometer (400 MHz) using TMSaasinternal reference. The mass spectra were red¢ad
the Shimadzu GC-MS QP2010 Gas Chromatograph. ThanEysis curves were obtained on the Perkin Etheer
Diamond Thermogravimetric/Differential Thermal Ayzér (TG/DTA) model at a heating rate of ZD per minute.
The Electronic spectra were recorded in DFM solutim a Shimadzu UV mini-1240 spectrophotometer. aviol
conductance of all the complexes was performedrofeleco conductivity bridge (type CM82T). The matjoe
moment of all the complexes were measured by Gatanbe at room temperature using CyuS8,0 as callibrant.
All the synthesized compounds were micro analyzgigfactorily for C, H and N on Euro EA Elementatalyzer,
EA-3000, RS-232.

Synthesis of 2-(substituted 1H-pyrazole-4-yl)-1H-benzothiazoles (3a-d)

A mixture of 2-aminothiophenol (0.01 mole), suhgtid H-pyrazole-4-carbaldehydes (0.01 mole}OH (30 %,
0.04 mole) and ceric ammonium nitrate (0.001 m@ie30 mL alcohol was heated at 8Q with stirring. The
progress of reaction was monitored by TLC. Aftempdetion of the reaction, the reaction mixture wisolved in
sufficient quantity of Et-OH and then poured inte ice-water, and subsequently dried.

NH, O AT
Oi 2+ >_<:'}l a ©:N\ / N,Ar
=N — I
sH H S =N
R R
(1a) (2a-d) (3a-d)

8Reagents and conditions: Ceric ammonium nitratelrétyen peroxide, Methanol
R = C6H5, 4'OMe'QH4, 4'OH‘QH4,4'NOZ'CGH4,
Scheme |: Reaction scheme of 1H-benzothiazoles

2-(1',3'-Diphenyl-1H-pyrazol-4-yl)-1H-benzothiazole (3a)

Yield: 81 %, m.p. 180C, IR (vem™, KBr): 3147, 3057, 2997, 1629, 1593, 1554, 14%K4] 1311 and 702H
NMR (400 MHz, CDC}) o in ppm: 7.34-7.37 (dd, 2H, Ar-H of benzothiazol@)45-7.77 (dd, 10H, Ar-H of
pyrazole moiety), 7.83-7.85 (d, 1H, Ar-H of benzattole), 7.03-7.05 (d, 1H, Ar-H of benzothiazol&){8 (s, 1H,
pyrazole H). Masswz 352. Anal. Cacld. for £H;sNsS; Cacld.: C, 74.76; H, 4.28; N, 11.89; S, 9.07urkeh C,
74.60; H, 4.06; N, 11.74; S, 8.91 %.

2-(3'-(4"-Methoxyphenyl)-1'-phenyl-1H-pyrazol-4-yl)-1H-benzothiazol e (3b)

Yield: 78%, m.p. 155C, IR (1em®, KBr): 3093, 3058, 2942, 2847, 1653, 1614, 155691 1312, 1260, 1233,
1052 and 713'H NMR (400 MHz, CDCJ) Jin ppm: 3.89 (s, 3H, -OCH| 7.01-7.67 (dd, 9H, Ar-H of pyrazole
moiety), 7.76-7.78 (d, 1H, Ar-H of benzothiazolé)34-7.86 (dd, 2H, Ar-H of benzothiazole), 8.078B(@, 1H, Ar-
H of benzothiazole), 8.95 (s, 1H, pyrazole H). Ma¥zs 383. Anal. Cacld. for £H;;NsOS; Cacld.: C, 72.04; H,
4.47; N, 10.96; O, 4.17; S, 8.36; Found: C, 71H884.29; N, 10.83; O, 4.03; S, 8.22 %.

2-(3'-(4"-Hydroxyphenyl)-1'-phenyl-1H-pyrazol-4-yl)-1H-benzothiazol e (3c)

Yield: 69 %, m.p.: 130C, IR (vem™, KBr): 3456, 3375, 3078, 3057, 1680, 1620, 15&,8] 1350, 1298 and 692.
'H NMR (400 MHz, CDC)) Jin ppm: 4.32 (s, 1H, -OH), 7.42-7.89 (dd, 9H, Arefipyrazole moiety), 8.04-8.08
(dd, 2H, Ar-H of benzothiaole), 8.15-8.18 (d, 1H;IA of benzothiaole), 8.29-8.35 (t, 1H, Ar-H of lzethiaole),
8.56 (s, 1H, pyrazole H). Masgz 369. Anal. Cacld. for £H:5N3OS; Cacld.: C, 71.52; H, 4.09; N, 11.37; O, 4.33;
S, 8.68; Found: C, 71.39; H, 3.88; N, 11.22; 0949, 8.50 %.
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2-(3'-(4"-Nitrophenyl)-1'-phenyl-1H-pyrazol-4-yl)-1H-benzothiazol e (3d)

Yield: 73 %, m.p.: 170C, IR (vem, KBr): 3124, 3090, 3063, 1683, 1597, 1531, 1348,3land 684'H NMR
(400 MHz, CDC}) din ppm: 6.70-7.72 (d, 1H, Ar-H of benzothiazolé)30-6.98 (t, 4H, Ar-H of pyrazole moiety),
7.09-7.11 (d, 1H, Ar-H of benzothiazole), 7.43-7(@d, 2H, Ar-H of benzothiazole), 7.57-7.74 (dd,,5-H of
pyrazole moiety), 8.31 (s, 1H, pyrazole H). Magz 398. Anal. Cacld. for £H14N40,S; Cacld.: C, 66.32; H, 3.54;
N, 14.06; O, 8.03; S, 8.05; Found: C, 66.16; H93I8, 13.89; O, 7.94; S, 7.90 %.

Synthesis of dichloro-big2-(substituted 1H-pyrazole-4-yl)-1H-benzothiazole] Cu(l1) complexes (Cu(3a-d),Cl.)
The 2-(substitutedH-pyrazole-4-yl)-H-benzothiazoleg3a-d) (1.0 mM) were dissolved in hot Et-OH (20 ml) and
the resulting solution was treated with hydratedpar salt (0.5 mM) dissolved in Et-OH (10 ml) witbntinuous
stirring at 90°C to separate the produgtu(3a-d),Cl,) from the reaction mixtures after several dayshadpecific

way depending on the complex.

R
<10
| / \

Ar/ N N\

cuCl
/ cl Ar

R=a=GHs @N\ JN

b = 4-OMe-GH, g _N

¢ = 4-OH-GH,
d = 4-NG-CH, Cu(3a-d),Cl, R

Figurel: Proposed structure for dichloro-bis(3a-d)Cu(l1) complexes
RESULTSAND DISCUSSION

Four novel 2-(substituted Htpyrazole-4-yl)-H-benzothiazole ligands (3a-d) were synthesized kg t
cyclocondensation of 2-aminothiophenol with subgtid H-pyrazole-4-carbaldehydes, using ceric ammonium
nitrate as a catalyst in presence of hydrogen [pdeoXH-pyrazole-4-carbaldehydes were prepared according t
previously published method [16]. The use of cememonium nitrate is to accelerate the rate of r@acind
formation of yields of benzothiazole compoundsha good approach. The Cu(ll) complexes were syizbasn

hot ethanolic solutions of ligands and metal séhwontinuous stirring and heating until the prodseparate out
form the reaction mass. Complexes were characteribg elemental analyses, magnetic susceptibility
measurements, thermogravimetric analyses, FT-IRtspand Electronic spectra.

'H NMR spectra

Only benzothiazole ligands were characterizedbyNMR spectroscopy and the data obtained in agreemith
their chemical structures. THeél NMR spectral data of ligands show the charadierisinglet of pyrazole ring
proton at 8.31-8.99 ppm and the aromatic ring protons at 6.70-83pm. The sharp singlet for the —OC#toup
and —OH group of compounds (3b) and (3c) were ekseat 3.8 ppm and 4.3 ppm respectively.

Tablel: Analytical, maganetic moment and conductivity data of the Cu(l1) complexes

q Elemental data Found (Calc.)
Comp' Cu C H N N Mert BM
Cu(Ba)Cl, 7.55(7.41) 62.81(62.67) 3.59(3.46) 9.99(9.86) 9.131.70
Cu(3b)Cl, 7.05(6.91) 61.29(61.16) 3.80(3.67) 9.32(9.19) 0.0 1.69
Cu(3c)Cl, 7.28(7.16) 60.51(60.38) 3.46(3.34) 9.62(9.49) 9.221.71
Cu(3d)Cl, 6.82(6.70) 56.74(56.61) 3.03(2.96) 12.03(11.92) .115 1.69
/= Molar conductance (cn?2*mol™) in 10 M solution of DMF
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Elemental analyses and molar conductivity

The presence of chloride atoms in the complexe® wetermined by peroxide fusion of the samplepfadld by
volumetric estimation using Volhard’'s method [1The analytical results indicate 1:2 (M:L) stoichietny for all
complexes, the complexes are soluble in DMF, DM86 h4-dioxane. The molar conductance values %010°
M solution of the complexes in DMF show them tonioe-electrolytes (2-2@ cnf mol™) (Table I).

FT-IR spectra
Selective FT-infrared and electronic spectral baofishe Cu(ll) complexes are given in table II. Timérared

spectrum of ligands shows a characteristic peatsnar 3147-2997 cify which has been attributed tovg&-H of

aromatic ring stretching modes. In the IR spectofrigands two sharp bands in the range of 168391¢@m" and

713-684 crit are assigned toC=N and vC-S-C stretching of thiazole ring respectively. Tiheensities of the
thiazole*C=N bands has been decreased at about 5-2Grcaown field after complexation of tertiary nigen of
benzothiazole ring with Cu(ll) ion, which are obss in the range of 1666-1617 ¢fh8].

Tablell: FT-IR and electronic spectral data

Comp? IR freguencies (cm™) Electronic bands (nm)

C=N C-SC NCu m-rl n-nml d-d
3a 1629 702 - 251 259 -
3b 1653 713 - 250 276
3c 1680 692 - 239 262
3d 1683 684 - 245 261 -
Cu@Ba)Cl, 1617 683 475 253 278 710,790
Cu(3b.Cl, 1651 69C 46€ 25¢ 32C 620, 760, 78
Cu(3c)Cl, 1662 681 501 255 293 680, 775
Cu(3d)Cl, 1666 668 464 259 300 730,772

M agnetic susceptibility and electronic spectra

All Cu(ll) complexes are found to be paramagneétiue 1, values of all Cu(ll) complexes fall in the randeld9-
1.71 BM, which are very less in compare to repovi@des for Cu(ll) ions, this low spin values of(@ucomplexes
recommend the square planar configuration arountdlroenter [19].

The electronic spectral data of the complexes aengn Table Il. The band at 620 nm and 680 nr€uf3b)Cl,
and Cu(3c)Cl, complexes assigned fﬁg - 2ng transitions respectively with two weak bands ia tange of 730-
780 nm proposed the octahedral or distorted scoplarear geometry for both Cu(ll) complexes [19]. Rekstwo
Cu(ll) complexes of (3a) and (3d) benzothiazolatids displays bands in the range of 710-790 nmrdicgpto
Aoy - “Tigand*Ay — “T1(P) transitions reveals a distorted square plamactsire for Cu(ll) complexes [20]. The
observed geometry for all complexes is in good ement with the measured magnetic susceptibilityeslof the
complexes.

Thermo gravimetric analyses

The thermo gravimetric analyses of the Cu(ll) caampbk shows that complexes doesn’t contain cooktinat
lattice water molecules. TGA graphs show three desgmposition for all complexes; the weight loEsamplexes

at 250-445°C are in good agreement of one molecule of lig&stond molecule of ligand gets decomposed in the
range of 450-650C. Finally all complexes convert in to the metaidex(CuO) as a product from which the metal
content was calculated. The TG analyses valuebnoination of molecules are neared to their caltadavalues.

CONCLUSION

Newly synthesized Cu(ll) complexes are non-elegteohnd have empirical formula Cu(3adl, confirmed from
the elemental analyses. The spectral study provftdgshe benzothiazole ligands were coordinatat ®u(ll) ion
through nitrogen atom and behave as monodentaadgy The distorted octahedral of square planamgiyg is
confirms for all Cu(ll) complexes by electronic sfral data and magnetic susceptibility values.
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