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2.1. Introduction

Schiff bases (imines) constitute one of the most widely used families of 

organic compounds, not only as synthetic intermediates but also in coordination 

chemistry and their chemistry is essential material in organic textbooks [1]. Schiff 

base ligands are easily synthesized and form complexes with almost all metal ions. 

Coordination complexes of Schiff bases have been extensively studied due to their 

attractive chemical and photophysical properties. A large number of Schiff bases and 

their complexes are of significant interest and attention because of their biological 

activity including anti-tumour, antibacterial, fungicidal and anti-carcinogenic 

properties [2] and their applications in homogeneous and heterogeneous catalysis [3]. 

The present chapter has been focused on the synthesis of metal complexes of Schiff 

bases of pyrazolone and their catalytic applications.

Figure 2.1. Hugo Schiff, 24 April 1915 [2g].

The condensation of primary amines with aldehydes and ketones give imines 

(Scheme 2.1). Imines that contain an aryl group bound to the nitrogen or to the carbon 

atom are called Schiff bases, since their synthesis was first reported by Hugo (Ugo)
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Schiff (see Figure 2.1). In 1864 Schiff studied the reaction of aniline with aldehydes, 

including acetaldehyde, valeraldehyde, benzaldehyde, and cinnamaldehyde, and he 

discovered that imines were formed. The first brief paper was entitled “A New Series 

of Organic Bases” (“Eine neue Reihe organischer Basen”) [4].

R-i----NH2 +
R\_}—N + H2O
R3

Scheme 2.1. Schiff base formation.

Schiff bases or imines also known as azomethines are represented by the 

general formula (R2R3C=NRi). The substituents R2 and R3 may be alkyl, aryl, 

heteroaryl, hydrogen. The substituent at the iV-imino (C=N) may be alkyl, aiyl, 

heteroaryl, hydrogen or metallo (usually Si, Al, B. Sn). Schiff bases having aryl 

substituents are substantially more stable and more readily synthesized, while those 

which contain alkyl substituents are relatively unstable. Schiff bases of aliphatic 

aldehydes are relatively unstable and readily polymerizable, while those of aromatic 

aldehydes having effective conjugation are more stable. The physical properties and 

reactivity of imines are and continue to be studied by more than a hundred years

The most common method for preparing imines is the original reaction 

discovered by Schiff [4, 5]. Basically it consists in the reaction of an aldehyde 

(respectively a ketone) with a primary amine and elimination of one water molecule 

(Scheme 2.2). This reaction can be accelerated by acid catalysis and is generally 

carried out by refluxing a mixture of a carbonyl compound and an amine, in a Dean 

Stark apparatus in order to remove the water. This removal is important as the 

conversion of aminal into the imine is reversible.

+ H2N—R,

Scheme 2.2. Schiff base reaction for the preparation of imines.
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Aliphatic ketones react with amines more slowly than aldehydes to form 

imines, therefore, higher reaction temperatures and longer reaction time are required. 

Acid catalysts and water removal from the reaction mixture can significantly increase 

the reaction yields, which can reach 80%-95% values. Aromatic ketones are less 

reactive than aliphatic ones and require harsh conditions to be converted into imines.

2.1.1. Schiff bases of 4-acylpyrazolones and their metal complex

4-ayclpyrazolones are an important class of (3-diketones and widely used in the 

formation of coordination complexes with various metal ions [6]. The chemistry of 4- 

acylpyrazolone has been discussed in the Chapter 1. In this Chapter we have focused 

our attention on the Schiff bases derived from the 4-acylpyrazolones.

4-acylpyrazolones upon reaction with the corresponding primary amines form 

Schiff bases [7], The Schiff bases of 4-acylpyrazolones can exist in three tautomeric 

forms; (I) imine-one, (II) imine-ol and (HI) amine-one (Scheme 2.3). Jadeja et al 

extensively studied the tautomeric forms of Schiff bases of 4-acylpyrazolones and 

reported that amine-one form exist in the solid state, while imine-one and imine-ol 

forms exist in the solutions [7].

imine-one imine-ol amine-one
(i) (II) W)

Scheme 2.3. Tautomeric forms of Schiff base of 4-acylpyrazolone ligands.

Various Schiff bases of 4-acylpyrazolones have been synthesized and studied 

by many researchers. It is difficult to cover all the literature reports on the Schiff 

bases of 4-acylpyrazolones and their metal complexes in this chapter. However, we 

have included some of the literatures having various types of Schiff bases of 4-
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acylpyrazolones and their metal complexes. Cour et al [8] synthesized a series of 

tetradentate Schiff bases by the reaction between 4-acylpyrazolones and aliphatic 

diamines (n = 2 or 3). Ni(II) complexes of synthesized Schiff bases were synthesized. 

A general structure for the synthesized compounds is shown in Figure 2.2.

n = 2 or 3 
R1 = Me- or Ph 
R2 = Me or Ph

R3 = Ph, p-CIC6H4, p-MeC6H4, p-OzNC6H4

Figure 2.2. General structure of tetradentate Schiff base ligands and their Ni(II)

complexes.

A series of bis-(4-acylpyrazolone)diimmine Schiff bases was synthesized by 

Fabio et al [9]. Zn(II) and Cd(II) complexes of these Schiff bases were synthesized 

and characterized by various instrumental techniques. These complexes possess a six- 

coordinate metal environment (see Figure 2.3).

n = 2, 3, 4
R = C6H5, CH2C(CF3)3, CH(C6H5)3

Figure 2.3. General structure of metal complexes of bis-(4-acylpyrazolone)diimmine

Schiff bases.
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Yang et al synthesized a Schiff base by the condensation of isoniazide with 

corresponding 4-acylpyrazolone. The lanthanum (Eu and La) complex having general 

formula Ln(HL)3-3.5H20 was synthesized and characterized by single crystal XRD 

(see Figure 2.4). X-ray diffraction analysis showed that the coordination polyhedron 

of the Eu complex is a tricapped trigonal prism. Anti tumour activities of these 

complexes were also studied [10].

Figure 2.4. Structure of Lanthanum complex.

Schiff base ligand (BHMP) was synthesized by the condensation of 4-(l- 

phenyl-methyliden)- 3-methyl-l-phenyl-pyrazol-5~one and benzoylhydrazide in 

boiling methanol [11]. Oxo-rhenium complexes of the type ReOfTLh containing donar 

type O-N-O was synthesized and characterized by X-ray analysis (see Figure 2.5).

Ph

Figure 2.5. Structure of ReO(BHMP)2 complex.

Jadeja et al reported the synthesis of Schiff bases of 4-[{(aryl)imino}ethyl]-3- 

methyl-l-(4’-methylphenyl)-2-pyrazolin-5-one by condensing with various aniline 

derivatives [7]. The Cu(II) complexes of these Schiff bases were synthesized and
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characterized by various spectroscopic and analytical techniques. The complexes exist 

in octahedral geometries (see Figure 2.6).

Figure 2.6. General structure of Cu(II) complexes.

The synthesis of mixed-ligand Cu(II) complex of iV-( 1 -phenyl-3 -methyI-4- 

benzylidene5-pyrazolone) p-nitrobezoylhydrazide and pyridine was reported by Jia et 

al [12]. In the mixed-ligand complex, the coordination geometry around the tetra- 

coordinated Cu(II) ion is square-planar composed of two oxygen atoms and one 

nitrogen atom of Schiff base and one nitrogen atom of pyridine (see Figure 2.7).

Figure 2.7. Structure of mixed ligand Cu(II) complex.

The crystal structure of Bis{l-n-hexyl-3-methyl-4-[l-(phenylimino)propyl]- 

lH-pyrazol-5-olato}copper(II), having square planer geometry was reported [13a], O 

and N atoms of the Schiff base coordinate with metal centre to form two six member
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chelate rings (see Figure 2,8 A). Belmar et al also reported pyrazolone based 

nitridomanganese(V) complexes [136], Single crystal XRD study was also carried out 

to confirm the proposed geometry of the synthesized complex (see Figure 2.8 B).

(A)

Figure 2.8. (A) Structure of Cu(II) complex and (B) structure of nitridomanganese(V)

complex.

A series of Schiff bases was synthesized by the condensation of 4-acyl-3- 

methyl-l-phenyl-2-pyrazolin-5-one and 4-aminoantipyrine (see Figure 2.9). Nitrosyl 

complexes of Schiff base with molybdenum were also synthesized [14].

Figure 2.9. Structure of Schiff base of 4-acylpyrazolone and 4-aminoantipyrine.
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A Schiff base derived from diethenetriamine l-phenyl-3-methyl-4-benzoyl-5- 

pyrazolone was reported by Yang et al [15]. Zn(II) and Ni(II) complexes of this new 

Schiff base were synthesized and single crystal structure X-ray analysis of Ni(II) 

complex was also carried out (see Figure 2.10).

Figure 2.10. Structure of Ni(II) complex.

The tetradentate ONNO donor Schiff base ligand was derived from 4-butyryl- 

l,3-diphenyl-2-pyrozolin-5-one and urea [16a]. Oxovanadium(IV), Cr(III), Fe(III), 

Fe(II), Ni(II), Cu(II), Zn(II) and U02(VI) complexes of Schiff base ligand were also 

synthesized (see Figure 2.11).

M Z Y X

OV(IV) - h2o
Cr(lll), Fe(lll) h2o h2o no2

Fe(ll), Ni(ll), Cu(ll), Zn(ll) h2o h2o -
U02(IV) -- - h2o

Figure 2.11. Suggested general structure of metal chelates.
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A series of tridentate pyrazolone-based thio-Schiff bases and were synthesized 

by the interaction of 4-aeylpyrazolones with thiosemicarbazide in an ethanolic 

medium [16b]. Copper Schiff-base complexes, [Cu(L)(H20)], have been prepared by 

the interaction of the aqueous solution of copper sulfate pentahydrate with hot 

ethanolic solution of thio-Schiff base ligands {see Figure 2.12). Jadeja et al also 

reported the Cu(II) complexes of Schiff bases derived from the condensation of 

4-toluoylpyrazolones and substituted aniline derivatives [16c].

A pyrazolone containing zinc Schiff base complex was synthesized and its 

absorption and fluorescent properties modulated by Ag+ ions were investigated [17]. 

The complex exhibits a mononuclear structure with the Zn2+ centre coordinated by 

two imine nitrogen atoms, two benzoyl oxygen atoms, and two pyrazolone oxygen 

atoms in a distorted octahedral geometry {see Figure 2.13).

NH2

Figure 2.12. Structure of the Cu(II) complex.

Figure 2.13. Structure of Zn(II) complex.
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Tridentate pyrazolone-based Schiff bases were synthesized by the interaction 

of 4-acyl/aroyl pyrazolones with 2-Amino Phenol [18]. Binuclear copper Schiff base 

complexes were synthesized by the interaction of the aqueous solution of copper 

acetate monohydrate with hot ethanolic solution of the appropriate ligand (see Figure 

2.14).

A series of binuclear magnesium benzylalkoxide complexes with NNO- 

tridentate pyrazolone Schiff base ligands was reported by Lin et al [19]. The 

complexes having general formula [LnMg(p-QBn)]2 were characterized by various 

spectroscopic techniques and single crystal XRD. X-ray analysis reveals that they are 

binuclear bridging through benzylalkoxy oxygen atoms with penta-coordinated metal 

centres (see Figure 2.15).

ch3/h

CHj/H

Figure 2.14. Structure of binuclear Cu(II) complex.

K'

R’ = h,C,OMe 
P? = Me, Ph
R3 = Mo,'Bu,OMo, CFj, F, H 
R4 = Me, OMe, H

Figure 2.15. Structure of binuclear magnesium complex.
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Five new metal complexes [Zn(HL1)(0Ac)(CH3CH20H)] 1,

[Cd2(HL1)2(OAc)2(CH3CH2OH)2] 2, [CuCL1^] 3, {[Zn(L2)(CH3OH)]-(CH3OH)}„ 4 

and [Cu(L3)]n 5 of polydentate pyrazolone-based Schiff base ligands (see Figure 2.16) 

were reported and characterized by single crystal XRD. The different structures of 

complexes and the different coordination modes of ligands in these complexes 

indicate that the metal atoms with different coordination geometries have a great 

influence on the structure of products. The substituents at the 4-position also affect the 

structure of the resulting complexes [20],

2.1.2. Objective and methodology for the present work

The interest in the coordination chemistry of pyrazolone Schiff bases and their 

various applications has increased greatly in the last decade [7-21], However, very 

less attention has been paid on the use of pyrazolone Schiff base complexes as 

catalyst for the organic transformations. Only a few reports are available in the 

literatures for the use of pyrazolone Schiff base complexes as catalysts. Wu et al 

synthesized Cu(II), Ni(II) and Co(II) complexes of pyrazolone Schiff bases and used 

them for the norbomene and styrene polymerization [22]. Lii et al synthesized 

monuclear and trinuclear Zn(II) complexes based on the asymmetrical bis- 

pyrazolone-Sehiff-base ligand precursors and used these complexes for the ring­

opening copolymerization of CHO and MA [23].

In this chapter we have synthesized the copper(II) complexes of Schiff bases 

derived from the condensation of 4-acylpyrazolones and primary amines. Single 

crystal X-ray analysis of one of the Cu(II) complex was also carried out. Synthesized
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Cu(II) complexes were used as the homogeneous catalysts for the solvent free 

oxidation of benzyl alcohol and styrene using H2O2 as an oxidant.

2.2. Experimental

2.2.1. Materials and physical measurements

All reagents and solvents were purchased from commercial sources and were 

further purified by the standard methods, if necessary [24], Pyrazolone derivatives 

were obtained from Nutan Dye Chem. Sachin, Surat. Copper acetate and 

naphthylamine were purchased from Loba Chem., Mumbai. Benzyl alcohol, styrene, 

hexane and 30% aqueous H2O2 were purchased from Merck and used as received.

Infrared (IR) spectra were recorded on a Perkin Elmer Fourier transform IR 
(FT-IR) spectrum RX 1 spectrometer as KBr pellets. JH NMR spectra of ligands were 

recorded with AV 400 MHz Bruker FT-NMR instruments. Mass spectra of the 

ligands were recorded on Trace GC ultra DSQ II. Elemental analysis of C, H and N 

were determined using a Perkin Elmer series-II 2400 elemental analyzer. X-ray 
intensity data for L1, L2 and L3 were collected on Bruker CCD area-detector 

diffractometer equipped with graphite monochromated MoKa radiation (A, = 
0.71073A). X-ray intensity data for [CufL1^] were collected on on a Xcalibur, Eos, 

Gemini diffractometer equipped with a graphite monochromated Cu Ka radiation (X = 

1.54184). Electronic spectra were recorded on a Perkin Elmer Lambda 35 UV-Vis 

spectrometer. EPR spectra of complexes were recorded on X-band instrument at EPR 

laboratory, SAIF, IIT, Bombay, at room temperature and liquid nitrogen temperature. 

ESI-mass spectra were recorded on Waters Q-ToF micromass. A simultaneous 

TG/DTA was carried out on a SII EXSTAR6000 TG/DTA 6300. The experiments 
were performed in N2 at a heating rate of 10 °C min4 in the temperature range 25-750 

°C using a platinum pan. Purity of the ligands and their complexes were tasted by thin 

layer chromatography. Gravimetric and volumetric analysis were performed for the 

determination of copper after decomposition of complexes in nitric acid.

2.2.2. Synthesis of 4-acylpyrazolones [PMP (1), PTPMP (2) and MCPMP (3)]

PMP, PTPMP and MCPMP were synthesized according to the method 

reported previously in Chapter 1.
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H /Cl'

H/CH3

Scheme 2.4. Synthesis of Schiff base ligands of 4-aeylpyrazolones.

Scheme 2.5. Synthesis of copper(II) complexes of Schiff base ligands of 4-
acylpyrazolones.
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2.2.3. Synthesis of Schiff base ligands

The synthesis of Schiff base ligands is shown in Scheme 2.4. PMP (10 mmol) 

was dissolved in minimum amount of absolute ethanol. To this solution, a solution of 

1-aminonaphthalene (10 mmol) in 20ml was added drop wise. The reaction mixture 

was refluxed for 12 hours. After cooling a microcrystalline yellow compound was 

separated. The compound was filtered and washed with water and then with ethanol 

and dried in vacuum. The suitable crystals for single crystal X-ray study were grown 

in acetonitrile.

Ligand L1: Yield: 3.5g, 84%, m.p: 184 °C, 'H NMR (CDC13, 400 MHz, TMS): 6 

1.67(s, 3H), 2.33(s, 3H), 6.85(d, 1H), 7.12 (d, 2H), 7.15(m, 5H), 7.20(m, 1H)7.43 (m, 

2H), 7.54(m, 1H), 7.61(m, 1H), 7.64(d, 1H), 7.84(d, 1H), 8.0(m, 2H), 8.26(d, 1H), 

13.3(s, 1H); IR. spectra (KBr, cm1): 2923, 1589, 1485, 1266, 898, 768; ESI-MS m/z: 
417.08 M" (calculated = 417.18).

Ligand L2: Yield: 3.4g, 79%, m.p: 161°C, lH NMR (CDC13, 400 MHz, TMS): 6 

1.66(s, 3H), 2.33(s, 3H), 2.38(s, 3H), 6.84(d, 1H), 7.16(m, 5H), 7.28(t, 2H), 7.56(t, 

1H), 7.62 (m, 2H), 7.73(d, 1H), 7.84(d, 1H), 7.93(d, 2H), 8.26(d, 1H), 13.31(s, 1H); 

IR spectra (KBr, cm*1): 2919, 1592, 1486, 1208, 945, 781; ESI-MS m/z: 431.1 Mf 

(calculated = 431.19).

Ligand L3: Yield: 3.2g, 71%, m.p: 146 °C, !H NMR (CDC13, 400 MHz, TMS): 8 

1.66(s, 3H), 2.33(s, 3H), 6.86(d, 1H), 7.14(m, 5H), 7.18(m, 1H), 7.36(t, 1H), 7.57(m, 

1H), 7.64(m, 2H), 7.85(d, 1H), 8.05(m, 1H), 8.18(t, 1H), 8.24(d, 1H), 13.19(s, 1H); 

IR spectra (KBr, cm'1): 2922, 1585, 1480, 1268, 1209, 967, 778; ESI-MS m/z: 451.1 

M+ (calculated = 451.14).

2.2.4. Synthesis of Cu(II) complexes

All the Cu(II) complexes of Schiff bases were prepared by the following 

method (see Scheme 2.5). The metal salt (2 mmol) was dissolved in minimum amount 

of water and the solution was added to a hot ethanolic solution of the corresponding 

Schiff base (4 mmol). After the complete addition small amount of Na-acetate was 

added and the reaction mixture was refluxed for 4 hours. A crystalline solid was 

formed which was filtered, washed with hot distilled water and then from ethanol and 

dried under vacuum.
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2.2.5. Catalytic reactions

2.2.5.1. Oxidation of benzyl alcohol

Catalytic oxidation of benzyl alcohol was carried out in a 50 mL round bottom 

flask fitted with a water circulated condenser using copper(II) complexes 
[Cu(L1'2)2(H20)2] of 4-acylpyrazolone ligands as a catalyst. In a typical reaction, 

benzyl alcohol, catalyst and 30% H2O2 were intensively stirred at the 90 °C 

temperature for the whole duration of the reaction. After completion of the reaction, 

reaction mixture was concentrated on rotary evaporator. Hexane was added to the 

system, and the organic phase was separated. By this simple procedure, isolation of 

the carbonyl product in the organic phase was achieved.

2.2.5.2. Oxidation of styrene

Catalytic oxidation of styrene was carried out in a 50 mL round bottom flask 

fitted with a water circulated condenser using copper(II) complexes [Cu(L ‘ MftCfh] 

of 4-acylpyrazolone ligands as a catalyst. In a typical reaction, styrene, catalyst and 

30% H2O2 were intensively stirred at the 80 °C temperature for the whole duration of 

the reaction. After completion of the reaction, reaction mixture was concentrated on 

rotary evaporator. Hexane was added to the system, and the organic phase was 

separated. By this simple procedure, isolation of the carbonyl product in the organic 

phase was achieved.

2.3. Results and discussion

The synthesized ligands were characterized by FT-IR, 'H NMR, Mass spectra 

and single crystal X-ray analysis. All spectral data are agreed with the Schiff base 

ligand structures. The Cu(II) complexes having the general composition 

[Cu(L)2(H20)2] have been synthesized by a general procedure based on the mixing of 

an aqueous solution of copper acetate with an ethanolic solution of the ligand in 1:2 

molar ratio and isolation of final precipitate by filtration. The complexes are stable to 

air and moisture without any kind of decomposition also after several months. The 

complexes are insoluble in water, but soluble in acetonitrile, DMF and DMSO. All the 

complexes were characterized by elemental analyses, FT-IR, Mass spectrometry, 

TG-DTA, EPR and UV-Visible spectroscopic techniques. The single crystal structure
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of Complex 1 was investigated using X-ray analysis. Analytical data of the 

synthesized complexes were given in Table 2.1.

Table 2.1. Analytical data of Cu(II) Complexes.

Complex Molecular
Formula

Color Yield
(%)

Elemental analysis

%C %H %N % Cu

1 C60H56CUN6O4 Brown 67 71.97 5.15 9.12 6.8

(72.12) (5.19) (9.01) (6.81)

2 C58H52CuN604 Brown 60 71.82 5.38 8.78 6.58

(72.52) (5.46) (8.75) (6.62)

3 C56H46CI2CUN6O4 Dark 64 66.23 4.16 8.39 6.33
brown (67.16) (4.63) (8.39) (6.35)

Figure 2.17. ORTEP views of ligands L1, L2 and L3.
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Table 2.2. Summary of crystallographic data for the ligands L1, L2 and L3.

L1 L2 L3

Empirical formula C28H23N30 c29h25n3o c28h22n3oci

Formula weight 417.49 431.52 451.94

Crystal system Orthorhombic Triclinic Triclinic

Space group Pbca P-1 P-1

a (A) 15.518(3) 7.0212(5) 7.0658(12)

b(A) 15.158(3) 11.2828(6) 10.8912(18)

c(A) 18.110(4) 15.8177(10) 15.837(3)

«f) 90 71.306(5) 70.928(3)

PO 90 80.636(5) 81.102(3)

T(°) 90 84.692(5) 86.555(3)

V(A3) 4260.0(15) 1170.04(13) 1137.9(3)

z 8 2 2

Pcalcd.(g cm'3) 1.302 1.225 1.319

Abs coeff, p(cin') 0.080 0.075 0.194

F(000) 1760 456 472

No. of parameters refined 381 399 386

Final R 0.0489 0.0601 0.0521

wR(Fa) 0.1132 0.1256 0.1369

Goodness-of-fit 1.004 0.956 1.001

CCDC 817985 854557 817983

2.3.1. Crystal structure study

23.1.1. Crystal structures of Ligands L1, L2 and L3
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The crystallographic data for ligands were summarized in Table 2.2. X-ray 

intensity data were collected on Bruker CCD area-detector diffractometer equipped 

with graphite monoehromated MoKa radiation (X - 0.71073A). ORTEP views of the 

ligands were illustrated in Figure 2.17. The structures were solved by direct methods 

using SHELXS97 [25]. All non-hydrogen atoms of the molecule were located in the 

best E-map. Full-matrix least-squares refinement was carried out using SHELXL97 

[25]. All hydrogen atoms were included as idealized atoms riding on the respective 

carbon atoms with C-H bond lengths appropriate to the carbon atom hybridization. 

Atomic scattering factors were taken from International Tables for X-ray 

Crystallography (1992, Vol. C, Tables 4.2.6.8 and 6.1.1.4). Single crystal data reveals 

that all the Schiff base ligands are present in amine-one [12] form in the solid state. 

Selected bond lengths and bond angles were presented in the Table 2.3 and Table 2.4.

Table 2.3. Selected bond lengths and bond angles in the ligands.

Ligand L1 Ligand L2 Ligand L3

Bond distances (A) with esd’s in parentheses

N1-N2 1.406(2) 1.404(2) 1.401(2)

N1-C5 1.375(3) 1.374(3) 1.382(3)

N1-C6 1.414(2) 1.411(3) 1.413(2)

N2-C3 1.306(3) 1.308(3) 1.311(2)

C3-C4 1.439(3) 1.445(3) 1.436(3)

C3-C12 1.490(3) 1.491(3) 1.498(2)

C5-01 1.254(2) 1.252(3) 1.247(2)

C4-C13 1.389(3) 1.394(3) 1.406(3)

N21-C13 1.339(3) 1.345(3) 1.329(2)

N21-C22 1.426(3) 1.427(3) 1.425(3)

Examination of non bonded contacts reveals intramolecular hydrogen bonding 

in ligands. Hydrogen bonding data for one of the ligand are summarized in Table 2.5.
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The packing of molecules in the unit cell is further stabilized by n-n stacking 
interactions in ligand L2 (Figure 2.18). Summary of n-n stacking interaction is given 

in Table 2.6.

Table 2.4. Selected bond lengths and bond angles in the ligands.

Ligand L1 Ligand L2 Ligand L3

Bond angles (°) with esd’s in parentheses

N2-N1-C5 111.7(1) 111.8(2) 112.1(2)

N2-N1-C6 118.4(1) 118.7(2) 119.5(2)

C5-N1-C6 129.9(2) 129.2(2) 128.4(2)

N1-N2-C3 106.7(2) 106.7(2) 106.3(2)

C3-C4-C5 104.9(2) 105.0(2) 105.4(2)

N1-C5-01 126.3(2) 125.6(2) 126.1(2)

C4-C5-01 128.8(2) 129.3(2) 129.4(2)

C13-N21-C22 127.6(2) 127.3(2) 128.5(2)

Figure 2.18. n-n stacking interaction in ligand L2, different colors showing different
layers of molecule.
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Table 2.5. Hydrogen-bonding geometry in ligand L2 (e.s.d.'s in parentheses). Cgl, 

Cg2, Cg3 and Cg4 denote the centroid of the N1-C5, C6-C11, C15-C20 and C27-C32 
rings respectively.

D-H...A D~H(A) h.,.a(A) d...a(A) d -H...A(°)

N22-H22...03 1.04(3) 1.81(3) 2.701(3) 142(2)

C24-H24...Cgl‘ 0.97(2) 2.88(2) 3.534(3) 125(2)

C29-H29...Cg2“ 1.04(3) 2.53(3) 3.521(3) 159(2)

C21-H213...Cg3™ 0.89(4) 3.11(5) 3.761(5) 132(4)

C12-H121...Cg4iv 0.93(4) 2.87(5) 3.690(6) 147(4)

Symmetry code: (i) -1+ x, y, z (ii) 2- x, 1-y, 1-z

(Hi) 1- x, 2-y, -z (iv) 1+ x, -1 + y, z

Table 2.6. Geometry of n-n interactions. CgI...CgJ represents the distance between 

the ring centroids; Cgl.. .P, the perpendicular distance of the centroid of one ring 

from the plane of the other, a is the dihedral angle between the planes of rings I and 

J; P is the angle between normal to the centroid of ring I and the line joining ring 

centroids; A is the displacement of the centroid of rings J relative to the intersection 

point of the normal to the centroid of ring I and the least-squares plane of ring J. Cg4 

denotes the centroid of the C27-C32 ring.

Cgl CgJ Cgi...Cgj(A) Cgi...P(A) «(°) PO a(A)

4 4“ 3.634(2) 3.444 0.03 18.64 1.15

Symmetry code: (i) 1-x, 1-y, 1-z

2.3.I.2. Crystal structure of Complex [Cu(L*)2]

The complex 1 was dissolved in acetonitrile and heated till the solution 

become clear and then it was allowed to crystallize at RT. Dark brown crystals of

The M. S. University of Baroda



CHAPTER 2 2014

single crystal X-ray diffraction quality were obtained within a week. The crystal used 
for data collection was of dimensions 0.3 x 0.2 x 0.2 mm3. The crystal structure of the 

complex was solved by single-crystal XRD in the space group P-1 of the triclinic 
system and refined to give formula [Cu(L’)2](CH3CN). Data collection parameters 

and refinement results are summarized in Table 2.7. Single crystal data reveal that the 

two TV, O-chelating pyrazolone-Schiff base ligands are coordinated to copper centre 

creating distorted square planer geometry. Thus both the ligands form two six 

member chelate rings with the copper metal centre (see Figure 2.19). Interestingly, in 

the crystal structure of the complex 1, coordinated water molecules were eliminated 

and one acetonitrile molecule has appeared in the crystal lattice. The elimination of 

weakly coordinated water molecules has taken place due to the heating of acetonitrile 

solution of complex 1, which we used for obtaining X-ray diffraction quality single 

crystals by slow evaporation of the solution. However, FT-IR, TG-DTA and 

elemental analyses of the crude complex shows the coordination of two water 

molecules in the complex. Both the ligands are in anti conformation to each other, 

coordinated nitrogen atoms and oxygen atoms of both the ligands are trans to each 

other. The bite angles 01-Cul-N21 and 02-Cul-N52 are 95.70(7) and 94.93(7), 

respectively.

Figure 2.19. ORTEP view of complex 1 with displacement ellipsoids drawn at 50%

probability level.
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Table 2.7. Crystal structure data and structure refinement details for complex 1.

Complex 1 iCu(L'b|(CIJ.,CN)

Empirical formula CssftwNfiOaCu-CHsCN

Formula weight 937.57

Crystal color and size (mm) Brown, 0.3 x 0.2 x 0.2

Crystal system Triclinic

Space group P-1

a (A) 12.9460(5)

b(A) 13.9454(5)

c(A) 13.9454(5)

a (°) 68.737(4)

P(°) 67.769(4)

y(°) 68.977(4)

v(A3) 2391.32(16)

z 2

Pcaic (mg/mm3) 1.302

F(000) 978.0

Radiation CuKa(X= 1.54184)

0 range for data collection 3.11 <0 <65.00

Index ranges -14<h< 15,-16<k< 15,-18<1< 17

Reflections collected/ unique 15791/8108

Refinement method Full-matrix least square on F2

Final R 0.0431

Goodness of Fit on F2 1.032

Final residual electron density (eA'3) -0.263 < Ap < 0.370

CCDC 1007668
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The Cu” has a distorted {O2N2} square planer environment with six different 

bond lengths. Selected bond lengths and bond angles are listed in Table 2.8. The bond 

lengths of Cul-Ol and Cul-02 are found to be 1.9045(14) and 1.9113(15), 

respectively, while the bond lengths of Cul-N21 and Cul-N52 are found to be 

1.9838(16) and 1.9758(16), respectively. It is clear from the data that bond lengths of 

Cu-N bonds are greater than the bond lengths for Cu-0 bonds in the complex. After 
the complexation with Cu11 the bond lengths 01-C5 and 02-C36 of the ligands were 

increased from 1.254(2) to 1.275(2) and 1.278(2), respectively. The bond lengths 

N21-C13 and N52-C44 of the ligands were decreased from 1.339(3) to 1.315(3) and 

1.320(3), respectively. The bond lengths N21-C22 and N52-C44 of the ligands were 

increased from 1.426(3) to 1.447(3) and 1.440(3), respectively.

Table 2.8. Selected bond lengths and bond angles.

Cul-Ol 1.9045(14) 02-C36 1.278(2)

Cul-02 1.9113(15) N21-C13 1.315(3)

Cul-N21 1.9838(16) N52-C44 1.320(3)

Cul-N52 1.9758(16) N21-C22 1.447(3)

01-C5 1.275(2) N52-C44 1.440(3)

01-Cul-02 142.87(7) Cul-02-C36 122.1(2)

N21-Cu-N52 149.32(8) Cul-N21-C13 125.7(1)

01-Cul-N21 95.70(7) Cul-N52-C44 126.3(4)

01-Cul-N52 93.92(7) C13-N21-C22 119.1(2)

02-Cul-N52 94.93(7) C44-N52-C53 118.9(2)

02-Cul-N21 94.77(7) Cul-N21-C22 115.1(1)

Cul-01-C5 121.7(1) Cul-N52-C53 114.6(1)
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The bond angles C13-N21-C22 and C44-N52-C53 of ligands were decreased 

from 127.6(2) to 119.1(2) and 118.9(2), respectively, after complexation with 

copper(II). The bond angle N21-Cul-N52 (142.87(7)) is greater than the bond angle 
Ol-Cu-02 (149.32(8)). Ligands L1 exists in the amine-one form in solid state and in 

complex it exists in imine-ol form (see Figure 2.20).

Figure 2.20. Bond distances of L1, before and after complexation with Cu(II).

2.3.2. 'll NMR study of the ligands

The synthesized ligands were characterized by the *11 NMR spectra in CDCI3. 

All the spectra are in good agreement with the proposed structure of the ligands.

r* i/> ml if (*>
sotSiAiAniiiator

p.p.^p.U'lOfViH

134The M. S. University of Baroda



CHAPTER 2 2014

In the spectra of ligands L1, L2 and L3 two, three and two singlet appeared for 

the methyl proton, respectively. Due to the aryl protons of naphthalene and two 

phenyl rings doublets, overlapped doublet and multiplet were observed in the region 

6.8-8.3 S. All the ligands are showing singlets at 13.3, 13.31 and 13.19 d correspond 

to the -NH proton, which shows all the ligands exist in the amine-one form in the 

solution state in non-polar solvents. *13 NMR spectrum of the ligand L1 is illustrated 

in the Figure 2.21.

2.3.3. FT-IR spectral studies

cirr'

Figure 2.22. IR spectra of (a) complex [CuCL^FkCffe], (b) complex [Cu(L2>2(H20)2]

and (c) complex [Cu(L3)2(H20>2].
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Figure 2.23. ESI-MS of the ligand L1.

ESI-Mass spectra of complexes [Cu(L2)2(H20)2] and [Cu(L3)2(H20)2] were 

recorded. Complex [Cu(L2)2(H20)2] shows molecular ion peak m/z= 925.6 [M+H]+,

CHAPTER 2 ■ 2014

FT-IR spectra of ligands exhibits the bands within the range 1580-1590 cm'1 

which can be assign to uc=n (cyclic). All the complexes shows absorption in 1560- 
1570 cm'1 shifted to lower wavelength which is due to the interaction with metal ion. 

The complexes show the absorption within 3420-3450 cm'1 which can be assigned to 

the coordinated water molecules. The complexes show bands within the range 585- 
595 cm'1 and 470-490 cm"1 due to the Um-n and uM-o- FT-IR spectra of the Cu(II) 

complexes is depicted in the Figure 2.22.

2.3.4. Mass spectral studies

The mass spectra of Schiff base ligands were in good agreement with the 

proposed structures. Schiff base L1 shows molecular ion peak at m/z= 417.08 with a 

relative intensity near to 70% which is equal to its molecular mass (Figure 2.23). The 

other peaks appeared in the mass spectrum (abundance range 1-100%) are attributed 

to the fragmentation of ligand molecule obtained from the rupture of different bonds 

inside the molecule.
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926.6[M+2H]+ and base peak at m/z= 432.3. The base peak is attributed to the ligand 

L2 (M++l). Complex [Cu(L3)2(H20)2] shows molecular ion peak m/z= 967.5 [M+2H]+ 

and base peak at m/z= 452.2. The base peak is attributed to the ligand L3 [M+H]+. 

Mass spectra of both the complexes are well agreed with the proposed structures of 

the complexes. Fragmentation of weakly coordinated water moleeule/ion in ESI mass 

spectra is not unlikely. To confirm the presence of weakly coordinating H2O 

molecules in the complexes, we carried out thermogravimetric analyses of complexes. 

Mass spectrum of the complex [Cu(L2)(H20)] is depicted in the Figure 2.24.

Figure 2.24. ESI-MS of the complex [Cu(L2)(H20)].

2.3.5. Electronic spectral studies

Electronic spectra of all the complexes were recorded in DMF. For octahedral 
Cu(II) complexes, the expected transition is 2Big —> 2Aig with respective absorption at 

500-700 nm. Due to Jahn-Teller (J-T) distortions, Cu(II) complexes give a broad 

absorption between 600 and 700nm. All the complexes under this study exhibit a 

broad band in the region of 590-680 nm (Figure 2.25). Absorption coefficients were 

found to be 863, 832 and 859 (in nm) for the complexes [Cu(L1)2(H20)2], 

[Cu(L2)2(H20)2] and [Cu(L3)2(H20)2], respectively. The electronic spectral data are 

summarised in Table 2.9.
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400 600

Wavelength (nm)

Figure 2.25. UV-Vis spectra of Cu(II) complexes.

Table 2.9. UV-Vis data of the complexes 1-3.

Cu(II) complexes UV-Vis data (in nm)

Complex [Cu(L1)2(H20)2] 462 (LMCT), 623 (d^d), 727 (</-»</)

Complex [Cu(L2)2(H20)2] 471 (LMCT), 618 (d^d), 725 (d->d)

Complex [Cu(L3)2(H20)2] 485 (LMCT), 624 (d-+d), 729 (</-»</)

2.3.6. EPR spectral studies

The full range (3200 - 2000 G) X-band EPR spectra for the copper complexes 

(frozen liquid state and room temperature solid state) were recorded. The EPR 

spectrum of the complex 2 in liquid nitrogen temperature is shown in Figure 2.26. The 

EPR spectrum of the metal complex provides information about hyperfme and super 

hyperfine structures, which is important in the study of the metal-ion environment in
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the complexes, i.e., the geometry, the nature of the ligating sites from the ligand of the 

metal, and the degree of covalency of the metal-ligand bonds.

Figure 2.26. EPR spectrum of complex [Cu(L2)2(H20)2] at liquid nitrogen

temperature.

The EPR spectra of all the complexes shows typical four line pattern which 

suggest that single copper is present in the molecule, i.e. it is mononuclear. X-band 

EPR spectra were recorded in DMF for all the complexes. The g-values and .4-values 

were computed from the spectra using TCNE free- radical as g marker. EPR spectral 

data are included in Table 2.10.

Table 2.10. EPR spectral data of the Cu(II) complexes.

Complex gu gJ- gav A„ Ax Aav

[Cu(L1)2(H20)2] 2.307 2.336 2.326 140 11.6 38.9

[Cu(L2)2(H20)2] 2.319 2.371 2.354 77.5 28 7.16

[Cu(L3)2(H20)2J 2.319 2.343 2.335 150 8.3 44.4
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2.3.7. Thermogravimetric analysis

The synthesized copper complexes were found to be air stable and have higher 

thermal stability. The thermal study was carried out using the thermogravimetric 
technique with a heating rate of 10 °C min-1. The experimental results (Table 2.11) 

revealed that the degradation occurred in multiple stages. Up to 200 °C mass loss is 

not observed indicating the absence of lattice water molecule in the complexes. The 

complexes slowly started to decompose within the range of 200-350 °C, corresponds 

to the loss of coordinated water molecules. In the temperature range 350-600 °C 

degradation due to pyrolysis of the ligand molecule is observed. In the temperature 

range 600-800 °C the mass loss is due to the pyrolysis of another ligand molecule. 

The final product of the thermal decomposition CuO was determined by elemental 
analysis. TG-DTA thermograms of the complexes [Cu(L')2(H20)2], [Cu(L2)2(H20)2] 

and [Cu(L3)2(H20)2] are depicted in the Figure 2.27.

Figure 2.27. TG-DTA and DTG thermograms of copper complexes.
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Table 2.11. Thermal analysis data of Cu(II) complexes.

Complexes TGA
range

DTA DTG Mass
loss(%)

Assignments

(°C) obs.(calcd.)

[Cu(Llh(B20)2] 200-350 264 391 3.85(3.86) Loss of two coordinated 
water molecules

350-600

600-800

44.65(44.66)

8.53

Loss of one L1 ligand 

Remaining CuO residue

[Cu(L2)2(H20)2] 200-350 271 326 3.93( 3.90) Loss of two coordinated 
water molecules

350-600

600-800

45.2(45.25)

(8.63)

Loss of one L2 ligand 

Remaining CuO residue

[Cu(L3)2(H20)2] 200-350 280 379 3.70(3.70) Loss of two coordinated 
water molecules

350-600

600-800

44.98(44.98)

(8.18)

Loss of one L3 ligand 

Remaining CuO residue

2.3.8. Catalytic activity studies

2.3.8.I. Oxidation of benzyl alcohol using Cu(ll) complexes

Scheme 2.6. Representation of benzyl alcohol oxidation and its products.
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The oxidation of benzyl alcohol, catalyzed by Cu(II) complexes was carried 

out using H2O2 as an oxidant to give benzaldehyde, benzoic acid and benzyl benzoate 

as products. The formation of all these products is represented by Scheme 2.6. These 

are common products and have been identified by others as well [26].

The oxidation of benzyl alcohols was carried out in solvent free condition. The 

reaction conditions were adopted from the part-1 of the chapter-1. Thus, the optimum 

condition for the maximum % conversion as well as selectivity for the oxidation of 

benzyl alcohol to benzaldehyde is reaction temperature (90 °C), benzyl alcohol (10 

mmol), 30% H2O2 (30 mmol), catalyst amount (0.045 mmol) and reaction time (24 h) 

The progress of the reaction was monitored by GC-MS analysis and products formed 

in the reactions were matched with those reported in the literature.

Table 2.12. Catalytic activity of Cu(II) complexes towards the oxidation of benzyl 

alcohol.

Complex Substrate Product %Conversion of

benzyl alcohol

%Selectivity of

benzaldehyde

TON

[CuQJhmtOh] Benzyl

alcohol

Benzaldehyde 80 90 229

[Cu(L2)2(H20)2] Benzyl

alcohol

Benzaldehyde 86 87 240

[Cu(L3)2(H20)2] Benzyl

alcohol

Benzaldehyde 83 89 246

The objective of the present study was to compare the reactivity of synthesized 

copper complexes for the oxidation of benzyl alcohol. Thus, all three complexes were 

used as a catalyst for the oxidation of benzyl alcohol under the same reaction 

conditions. From the reaction data (Table 2.12) we could observe that the complex 
[Cu(L2)2(H20)2] shows 86% conversion in compare to complexes [Cu(L1)2(H20)2] 

and [Cu(L3)2(H20)2] which show 80% and 83% conversion. The complex 

[Cu(L!)2(H20)2] shows 90% selectivity for the benzaldehyde, while the complex
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[Cu(L2)2(H20)2] and [Cu(L3)2(H20)2] shows 87% and 89% selectivity for the 

benzaldehyde.

2.3.8.2. Oxidation of styrene using Cu(H) complexes

The oxidation of styrene, catalyzed by Cu(II) complexes was carried out using 

H2O2 as an oxidant to give benzaldehyde, styreneoxide and benzoic acid as products. 

The formation of all these products is represented by Scheme 2.7. These are common 

products and have been identified by others as well [27]. However, benzaldehyde was 

characterized as the major oxidation product in the present case. The oxidation of 

benzyl alcohols was carried out in solvent free condition. The reaction conditions 

were adopted from the part-1 of the chapter-1. In the present case, styrene (10 mmol), 

30% H2O2 (30 mmol) and catalyst (20 mg) were taken in a 50 ml round-bottom flask 

and the reaction mixture was heated at 80 °C for 24 h. After completion of the 

reaction the products were extracted in the hexane. % Conversion, % selectivity and 
turn-over number are presented in the Table 2.13. Complexes [Cu(Ll)2(H20)2], 

[Cu(L2)2(H20)2] and [Cu(L3)2(H20)2] are showing 37, 59 and 41% conversion, 

respectively.

✓
O.

CHO COOH

(fl Cu(ll) complex rS rS A
h2o2

Styrene styreneoxide benzaldehyde benzoic acid

Scheme 2.7. Representation of styrene oxidation and its products.

The complexes [Cu(L1)2(H20)2], [Cu(L2)2(H20)2] and [Cu(L3)2(H20)2] show 

100, 90 and 97% selectivity for the benzaldehyde. The results reveals that complex 
[Cu(L2)2(H20)2] shows better conversion of styrene as compare to other two 

complexes, but shows only 90% selectivity for benzaldehyde. Whereas, complex 
[Cu(L1)2(H20)2] less conversion of styrene, but shows 100% selectivity for the 

benzaldehyde.
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Table 2.13. Catalytic activity of Cu(II) complexes towards the oxidation of styrene.

Complex Substrate Product % Conversion

of styrene

% Selectivity

of benzaldehyde

TON

[Cu^EtffeOE] Styrene Benzaldehyde 37 100 118

[Cu(L2)2(H20)2] Styrene Benzaldehyde 59 90 189

[Cu(L3)2(H20)2] Styrene Benzaldehyde 41 97 137

2.4. Conclusions

In summary, three new Schiff bases of 4-acylpyrazolone were synthesized and 

characterized by various spectroscopic and analytical techniques. The structures of the 

synthesized Schiff bases were determined by single-crystal X-ray diffraction and 

found to be exists in amine-one form in the solid state. These Schiff bases were used 

to synthesize three new copper complexes, which were characterized by spectroscopic 

and analytical techniques. The evidences from FT-IR, TG-DT analysis, elemental 

analysis and UV-Vis spectroscopy suggested a distorted octahedral environment 

around the copper through coordination of two N, O-chelating Schiff bases ligands and 

two coordinated water molecule. The single crystal X-ray analysis of complex 1 

reveals that after heating the acetonitrile solution of complex 1, coordinated water 

molecules got eliminated and one acetonitrile molecule was entered in the crystal 

lattice. Thus, after crystallization the geometry of the complex changes from an 

octahedral geometry to square planer geometry. The synthesized Cu(II) complexes 

were used as homogeneous catalysts for the solvent free oxidation of styrene and 

benzyl alcohol. The complexes were found to be successful in the oxidation of styrene 

and benzyl alcohol to benzaldehyde under mild reaction conditions.

2.5. References

[1] (a) The Chemistry of the Carbon-Nitrogen Double Bond (Ed.: S. Patai),

Wiley, New York, 1970; (b) G. Tennant, Comprehensive Organic 

Chemistry, Vol. 2 (Ed.: I. O. Sutherland), Pergamon, Oxford, 1979, chap. 8, 

pp. 385-590; (c) J. K. Whitesell, Comprehensive Organic Synthesis, Vol. 6

The M. S. University of Baroda



CHAPTER 2

(Ed.: E. Winterfeldt), Pergamon: Oxford, 1991, chap. 4.1, p 703-732; (d) G.

M. Robertson, Comprehensive Organic Functional Group 

Transformations, Vol 3 (Ed.: G. Pattenden), Pergamon: Oxford, 1995, 

chap. 10, p 403-423.

[2] (a) C. Santini, M. Pellei, V. Gandin, M. Porchia, F. Tisato, C. Marzano, 

Chem. Rev., 2014, 114, 815-862; (b) V. G. Sankareswari, D. Vinod, A. 

Mahalakshmi, M. Alamelu, G. Kumaresan, R. Ramaraj, S. Rajagopal, 

Dalton. Trans., 2014,43, 3260-3272; (c) H. Jang, Y. -K. Kim, H. Huh, D. - 

H. Min, ACS Nano, 2014, 8, 467-475; (d) A. Modak, A. K. Barui, C. R. 

Patra, A. Bhaumik, Chem. Commun., 2013, 49, 7644-7646; (e) A. Garza- 

Ortiz, P. U. Maheswari, M. Siegler, A. L. Spek, J. Reedijk, New J. Chem., 

2013, 37, 3450-3460; (J) K. Sztanke, A. Maziarka, A. Osinka, M. Sztanke, 

Bioorg. Med. Chem., 2013, 21, 3648-3666; (g) W. Qin, S. Long, M. 

Panunzio, S. Biondi, Molecules, 2013,18,12264-12289; (h) R. R. Hurtado, 

A. S. Harney, M. C. Heffem, R. J. Holbrook, R. A. Holmgren, T. J. Meade, 

Mol. Pharmaceutics, 2012, 9, 325-333; (i) M. Proetto, W. Liu, A. 

Hagenbach, U. Abram, R. Gust, Eur. J. Med. Chem., 2012, 53,168-175; (j)

N. Kumari, B. K. Maurya, R. K. Koiri, S. K. Trigun, S. Saripella, M. P. 

Coogan, L. Mishra, Med. Chem. Commun., 2011, 2, 1208-1216; (k) S. 

Adsule, V. Barve, D. Chen, F. Ahmed, Q. P. Dou, S. Padhye, F. H. Sarkar, 

J. Med Chem. 2006, 49, 7242-7246; (l) S. Ren, R. Wang, K. Komatsu, P. 

Bonaz-Krause, Y. Zyrianov, C. E. McKenna, C. Csipke, Z. A. Tokes, E. J. 

Lien,/. Med Chem. 2002, 45, 410-419.

[3] (a) S. Matsunaga, M. Shibasaki, Chem. Commun., 2014, 50,1044-1057; (b) 

P. Suresh, S. Shrimurugan, R. T. Dere, R. V. Ragavan, V. S. Gopinath, 

Tetrahedron: Asymmetry, 2013, 24, 669-676; (c) Y. Xu, L. Lin, M. Kanai, 

S. Matsunaga, M. Shibasaki, J. Am. Chem. Soc., 2011,133, 5791-5793; (d) 

A. Corma, H. Garda, F. X. L. i Xamena, Chem. Rev., 2010, 110, 4606- 

4655; (e) S. Handa, V. Gnanadesikan, S. Matsungaga, M. Shibasaki, J. Am. 

Chem. Soc. 2010, 132, 4925-4934; (/) K. C. Gupta, A. K. Sutar, Coord 

Chem. Rev., 2008, 252, 1420-1450; (g) C. Baleizao, H. Garcia, Chem. Rev., 

2006,106, 3987-4043; (h) R. Drozdzak, B. Allaert, N. Ledoux, I. Dragutan, 

V. Dragutan, F. Verpoort, Coord Chem. Rev,, 2005, 249, 3055-3074; (i) T.

_____ Katsuki, Chem. Soc. Rev., 2004, 33, 437-444; (j) P. G. Cozzi, Chem. Soc.

The M. S. University of Baroda



CHAPTER 2 2014

Rev., 2004, 33,410-421; (k) A. G. J. Ligtenbarg, R. Hage, B. L. Feringa, 

Coord. Chem. Rev., 2003, 237, 89-101; (/) R. T. Ruck, E. N. Jacobsen, J. 

Am. Chem. Soc., 2002, 124, 2882-2883; (m) F. Fache, E. Schulz, M. L. 

Tommasino, M. Lemaire, Chem. Rev., 2000, 100, 2159-2231; («) J. P. 

Duxbury, J. N. D. Wame, R. Mushtaq, C. Ward, M. Thomton-Pett, M. 

Jiang, R. Greatrex, T. P. Kee, Organometallics 2000,19, 4445-4457; (o) A. 

G. J. Ligtenbarg, A. L. Spek, R. Hage, B. L. Feringa, J. Chem. Soc., Dalton 

Trans., 1999, 659-661.

[4] H. SchifF, Justus Liebigs Ann. Chem., 1864, 737,118-119.

[5] (a) H. Schiff, Justus Liebigs Ann. Chem., 1866, 140, 92-137; (b) G. M. 

Robertson, Imines and their N-substituted derivatives: NH, NR and N- 

haloimines. In Comprehensive Organic Functional Group Transformations, 
1st ed., (Eds: A. R. Katritzky, O. Meth-Cohn, C. W. Rees), Elsevier: 

Amsterdam, The Netherlands, 1995, Vol. 3, pp. 403-423; (c) U. Schiff, 

Giomale di scienze naturali ed economiche (in Italian); Palermo 1867, II, 

1-59. (d) A. P.Dobbs, S. Rossiter, Imines and their N-substituted 

derivatives: NH, NR, and N-Haloimines. In Comprehensive Organic 

Functional Group Transformations II, (Eds: R. K. Alan, R. J. K. Taylor) 

Elsevier: Oxford, UK, 2005, pp. 419-450.

[6] (a) F. Marchetti, C. Pettinari, R. Pettinari, Coord. Chem. Rev., 2005, 249, 

2909-2945; (b) J. S. Casas, M. S. Garcla-Tasende, A. Sanchez, J. Sordo, A. 

Touceda, Coord. Chem. Rev., 2007, 251, 1561-1589; (c) R. N. Jadeja, K. 

M. Yyas, V. K. Gupta, R. G. Joshi, C. R. Prabha, Polyhedron, 2012, 31, 

767-778; id) S. Parihar, S. Pathan, R. N. Jadeja, A. Patel, V. K. Gupta, 

Inorg. Chem., 2012, 57,1152-1161.

[7] (a) R. N. Jadeja, J. R. Shah, E. Suresh, P. Paul, Polyhedron, 2004, 23, 

2465-2474; (b) R. N. Jadeja, J. R. Shah, Polyhedron, 2007,26,1677-1685.

[8] A. L. Cour, M. Findeisen, R. Hazell, L. Henning, C. E. Olsen, O. Simonsen, 

J. Chem. Soc. Dalton. Trans., 1996, 3437-3447.

[9] F. Marchetti, C. Pettinari, R. Pettinari, A. Cingolani, D. Leonesi, A. 

Lorenzotti, Polyhedron, 1999,18, 3041-3050.

[10] Z. -Y. Yang, R. -D. Yang, F. -S. Li, K. -B. Yu, Polyhedron, 2000, 19, 

2599-2604.

The M. S. University of Baroda



CHAPTER 2 2014

[11] S. Sawush, N. Jager, U. Schilde, E. Uhlemann, Struct. Chem. 1999, 10, 

105-119.

[12] L. Zhang, L. Liu, G. -F. Liu, G. -C. Xu, D. -Z. Jia, J. -P. Lang, J. Chem. 

Cryst., 2005, 35, 583-588.

[13] (a) F. R. Perez, J. Belmar, C. Jimenez, Y. Moreno, P. Hermosilla, R. 

Baggio, Acta. Cryst. C, 2005, C61, 318-320; (b) F. R. Perez, J. Belmar, Y. 

Moreno, R. Baggio, O. Pefia, New J. Chem., 2005,29,283-28.

[14] R. S. Maurya, A. Pandey, J. Chaurasia, H. Martin, J. Mol. Struct., 2006, 

798, 89-101.

[15] Y. Wang, Z. -Y. Yang, J. Luminescence, 2008,128, 373-376.

[16] (a) R. N. Jadeja, N. J. Parmar, Synth. React. Inorg. Met.-Org. Chem. 2005, 

35, 111-117; (b) R. J. Yadav, K. M. Vyas, R. N. Jadeja,./. Coord. Chem. 

2010, 63, 1820-1831; (c) K. M. Vyas, R. N. Jadeja, V. K. Gupta, K. R. 

Surati, J. Mol. Struct. 2011, 990,110-120.

[17] H. -H. Zhang, W. Dou, W. -S. Liu, X. -L. Tang, W. -W. Qin, Eur. J. Inorg. 

Chem., 2011, 748-753.

[18] N. P. Moorjani, K. M. Vyas, R. N. Jadeja, PRAJNA - J. Pure Appl. Set, 

2010,18, 68-72.

[19] H. -J. Chuang, H. -L. Chen, J. -L. Ye, Z. -Y. Chen, P. -L. Huang, T. -T. 

Liao, T. -E. Tsai, C. -C. Lin, J. Polym. Sci. A: Polym. Chem., 2013, 51, 

696-707.

[20] L. Zhang, G. -C. Xu, Y. Yang, J. -X. Guo, D. -Z. Jia, Dalton Trans., 2013, 

42,4248-4257.

[21] (a) K. M. Vyas, V. K. Shah, R. N. Jadeja, J. Coord. Chem., 2011, 64, 1069- 

1081; (b) R, N. Jadeja, K. M. Vyas, V. K. Gupta, R. G. Joshi, C. R. Prabha, 

Polyhedron, 2012, 31, 767-778; (c) R. N. Jadeja, S. Parihar, K. Vyas, V. K. 

Gupta, /. Mol. Struct., 2012,1013, 86-94; (d) V. A. Joseph, K. M. Vyas, J. 

H. Pandya, V. K. Gupta, R. N. Jadeja, J. Coord. Chem., 2013, 66, 1094- 

1106;

[22] (a) F. Bao, X. Lii, Y. Qiao, G. Gui, H. Gao, Q. Wu, Appl. Organometal. 

Chem. 2005, 9, 957-963; (b) X. -Q. Lii, F. Bao, B. -S. Kang, Q. Wu, H. -Q. 

Liu, F. -M. Zhu, J. Organomet. Chem., 2006, 691, 821-828; (c) F. Bao, R. 

Ma, X. Lii, G. Gui, Q. Wu, Appl. Organometal. Chem., 2006, 20, 32-38.

The M. S. University of Baroda



CHAPTER 2 2014

[23] (a) L. Zhu, D. Liu, L. Wu, W. Feng, X. Zhang, J. Wu, D. Fan, X. Lii, R. Lu, 

Q. Shi, Inorg. Chem. Comm., 2013, 37, 182-185; (b) J. Wu, D. Liu, L. Wu, 

X. Zhang, L. Zhu, D. Fan, X. Lii, Q. Shi, J. Organomet. Chem., 2014, 749, 

302-311; (c) D. Liu, L. Wu, W. Feng, X. Zhang, J. Wu, L Zhu, D, Fan, X. 

Lii, Q. Shi, J Mol Catal. A, 2014, 382,136-145.

[24] W. L. F. Armarego, C. L. L. Chai, Purification of Laboratory Chemicals 
(5th ed), Butterworth-Heinemann publications, UK, 2003.

[25] G. M. Sheldrick, SHELX97, University of Gottingen: Gottingen, Germany

mi.
[26] (a) C. Li, P. Zheng, J. Li, H. Zheng, Y. Cui, Q. Shao, X. Ji, J. Zheng, P. 

Zhao, Y. Xu, Angew. Chem. Int. Ed., 2003, 42, 5063 -5066; (b) A. Jia, L.- 

L. Lou, C. Zhang, Y. Zhang, S. Liu, J. Mol. Catal. A: Chem, 2009, 306, 

123-129; (c) A. Podgorsek, M. Zupan, J. Iskra, Angew. Chem. Int. Ed., 

2009, 48, 8424-8450; (d) V. K. Bansal, P. P. Thankachan, R. Prasad, Appl. 

Catal. A: Gen. 2010, 381, 8-17; (e) G.D. Faveri, G. Ilyashenko, M. 

Watkinson, Chem. Soc. Rev., 2011, 40, 1722-1760; (f) R. Kwahara, K.-i 

Fujita, R. Yamaguchi, J. Am. Chem. Soc., 2012,134, 3643-3646.

[27] (a) A. Zsigmond, A. Horvath, F. Notheisz, J. Mol. Catal. A: Chem., 2001, 

171, 95-102; (b) C. Adhikary, D. Mai, K.I. Okamoto, S. Chaudhury, S. 

Koner, Polyhedron, 2006, 25, 2191-2197; (c) M. R. Maurya, B. Singh, P. 

Adao, F. Avecilla, J. C. Pessoa, Eur. J. Inorg. Chem., 2007, 5720-5734; (d) 

V. K. Bansal, P. P. Thankachan, R. Prasad, Appl. Catal. A: Gen., 2010,381, 

8-17.

The M. S. University of Baroda



Joiirn.il of Molecular Structure 1013 (2012) 80-04

Contents lists available at SciVerse ScienceDirect
„ ■< ■

Journal of Molecular Structure
, -fir iiSy ihs

journal homepage: www.elsevier.com/locate/molstruc

Synthesis and crystal structure of a series of pyrazolone based Schiff base 
ligands and DNA binding studies of their copper complexes
R.N. Jadeja'1'*, Sanjay Parihar-', Komal Vyas'\ Vivek K. Gupta1’
•' Department of Chemistry. Faculty of Science. The M.S. University of Baroda. Vadodara 390 002. India 
''Department of Physics. University of Jammu. Jammu Tawi 180 006. India

ARTICLE INFO ABSTRACT

Article history:
Received 22 November 2011 
Accepted 6 January 2012 
Available online 28 January 2012

Keywords:
Schiff base 
Pyrazolone 
Crystal structure 
DNA binding 
Cu(ll) complex

PMP (5-methyl-4-(4-mcthyl-benzoyl)-2-phenyl-2.4-dihydro-pyrazol-3-one). PTPMP (5-methyl-4-(4- 
methyl-benzoyl)-2-p-tolyl-2,4-dihydro-pyrazol-3-one) and MCPMP (2-(3-Chloro-phenyl)-5-methyl-4- 
(4-methyl-benzoyl))-2.4-dihydro-pyrazol-3-one) were synthesized and used for the synthesis of Schiff 
base ligands. Schiff base ligands were characterized by FT-IR. 'H NMR. Mass and single crystal X-ray anal­
ysis. Cu(ll) complexes of synthesized ligands were prepared and characterized by elemental analysis. FT- 
IR. TGA-DTA, UV-Visible. ESI mass and ESR spectroscopy. On the basis of analytical and spectroscopic 
techniques, distorted octahedral geometry of the complexes was proposed. The interaction of Cu(II) com­
plexes with CT-DNA was investigated by Absorption titration. Viscosity and fluorescence spectroscopy. 
Results suggest that the synthesized complexes bind to DNA via an intercalate mode and can quench 
the fluorescence intensity of EB bound to DNA.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Pyrazolone and its derivatives form an important class of com­
pounds and have attracted considerable scientific and applied 
interest. Pyrazolones especially. Acylpyrazolones are an interesting 
class of |l-diketone compounds which are widely used as solvent 
extractions of metal ions, laser working materials and NMR shift- 
reagents [1-3]. The 4-acyl-pyrazolone derivatives are broadly used 
in many fields, especially in biological, clinical and analytical appli­
cations [4-7].

The interest in the coordination chemistry of pyrazolones has 
increased greatly in the last decade [8|. Due to the presence of 
two oxygen donor atoms and facile keto-enol tautomerism. they 
easily coordinate with metal ions after deprotonation of the enolic 
hydrogen and provide stable metal complexes with six-membered 
chelate rings. Pyrazolones are used in analytical chemistry for the 
determination and isolation of almost all metal ions due to their 
high extracting ability, intense color of the complex extracts and 
low solubility of the complex in some solvents |9|.

The well-known Cu(ll) ion forms a series of coordination com­
pounds with well defined structures. It plays an important role in 
the numerous biological processes that involve electron transfer 
reactions or the activation of some anti-tumor substances 110]. In 
addition. 4-acyl pyrazolones can form a variety of Schiff bases 
and are reported to be superior reagents in biological, clinical

* Corresponding author. Tel.: *91 265 2795552.
E-mail address: rajcndra iadeiatPyahoo.com (R.N. Jadeja).

0022-2860/S - see front matter • 2012 Elsevier B.V. All rights reserved, 
doi: 10.1016./j.molsl ruc.2012.01.006

and analytical applications [ 11.12]. Investigations on copper com­
plexes to probe nucleic acids are becoming more prominent in the 
research area of bioinorganic chemistry [13-15]. Studies pertain­
ing to DNA cleavage by synthetic reagents are of considerable 
interest because of their utility tools in molecular biology. This 
has resulted in the development of both sequence specific DNA 
cleavers [16] and DNA foot printing agents (17|.

In our previous work, a series of Schiff base of 4-acylpyrazolone 
derivatives and their transition metal complexes have been re­
ported [18.19]. In this paper, our group has focused much on syn­
thesizing new Schiff bases of 4-acyl pyrazolone derivatives (see 
Scheme 1). studying on their crystal structures, synthesis of their 
transition metal complexes and also studying their DNA binding 
activities. In this present paper we are reporting the binding stud­
ies of Cu(ll) complexes with CT-DNA by UV-Visible. fluorescence 
spectroscopy and viscosity measurements.

2. Experimental

2.1. Materials and physical measurements

All reagents and solvents were purchased from commercial 
sources and were further purified by the standard methods, if nec­
essary 1201. Pyrazolones were obtained from Nutan Dye Chem. Sa­
chin. Surat. Copper acetate and naphthylamine were purchased 
from Loba Chem.. Mumbai. Disodium salt of calf thymus DNA 
(highly polymerized), purchased from Sigma, was stored at 4°C 
and used as received. The stock solution of DNA was prepared by


