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ABSTRACT

	 A new Schiff base (R,E)-2- (dimethylamino)-3-(4-hydroxyphenyl) -N,2,3-trimethyl-N’-(1-p-
tolylethylidene) butanehydrazide, Tmbh and Mn(II), Ni(II), Co(II), Cu(II) and Zn(II) complexes were 
synthesized and characterized on the basis of analytical, magnetic, cyclic voltammetric, conducto 
metric, UV-Visible, TG/DTA, IR, NMR, EPR and mass spectral data. Tmbh acts as a uninegative/neutral 
bidentate ligand in all the complexes bonding through carbonyl oxygen and azomethine nitrogen. 
Half field signal observed in the ESR spectrum of Ni(II) complex is indicative of its dimeric nature 
and the trend in g-values suggests tetragonally distorted octahedral geometries for Co(II), Ni(II) and 
Cu(II) complexes.  All the complexes exhibit irreversible redox behavior. Morphology of Tmbh and the 
complexes have also been investigated through SEM and powder XRD data. Antimicrobial effects of 
the ligand and the complexes against the microbes Bacillus subtilis, Escherichia coli, Psuedomonas 
aeruginosa and Klebsiella pnuemonia are studied by diffusion method and the results show that the 
activities are increased upon complexation.

KeyWords: Schiff base; Transition metal complexes; Bidentate; Spectral studies; 
Irreversible redox behavior; Antimicrobial effects.

INTRODUCTION

	 The chemistry of the Schiff base ligands 
and their metal complexes has expanded enormously 
and encompasses a vast area of organometallic 
compounds and various aspects of bioinorganic 

chemistry. Being considered as “privileged ligands” 
because they are mainly prepared by condensation 
between aldehydes and primary amines, the Schiff 
bases are treated as one of the most important stereo 
chemical models in transition metal coordination 
due to their preparative accessibility and structural 
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variety1-4 and represent a resource of probabilities 
for new design due to their peerless structures and 
mode of bonding with metal ions. Not only they are 
able to form complexes with a number of metal ions 
and to stabilize them in various oxidation states5, 
but a large number of Schiff bases has also been 
shown to exhibit a broad range of biological activities, 
including antitumor, anti-bacterial, fungicidal and 
anticarcinogenic properties6-11. Interestingly, several 
studies have shown that metal-bound ligands 
show better potential biological activity than free  
ligands12-15. Many metal complexes of Schiff bases 
with heterocyclic compounds are, therefore, treated 
as an important class for new drug development and, 
in fact, find applications as potential drugs16,17 due to 
the presence of multifunctional groups18,19 such as 
C=N or -NHN=CH- linkage which is highly essential 
in drug dealing 20-22. Schiff bases derived from 
isonicotinic acid hydrazide and their metal complexes 
are reported to act as anti proliferative agents, 
and have potential for the treatment of cancer. For 
example, pyridoxal isonicotinoyl hydrazone and its 
Fe(III), Ga(III) and Cu(II) complexes are reported 
to have distinct activity against certain mammary 
tumors and leukemias in mice23. They are known 
for their anticonvulsant24-30, anticorrosion31 and 
pharmacological32-36 activities and also for the 
treatment of iron overload diseases37-39. Besides, 
Schiff base ligands and their metal complexes 
exhibit a wide range of catalytic activities in some 
polymerization as well as oxidation processes and are, 
in fact, used in detection, determination and isolation 
of compounds containing carbonyl group, metal 
and as analytical reagents in spectrophotometric 
determination of some species in pharmaceutical 
formulations40,41. 

	 Considerable attention has also been drawn 
on the chemistry of amino acid based Schiff bases 
containing O- and N- donors for their physiological 
reasons and theses class of compounds display 
significant biological importance42-46. Amongst the 
amino acids, Tyrosine is one of the most versatile 
amino acids, mostly, due to the chemical reactivity 
of its side chain phenolic moiety. Since tyrosine 
side chain can be involved in hydrogen bonding, 
p– p interactions and cation– p interactions, tyrosine 
residues are widely used in the molecular recognition 
site of antibodies47. The unique reactivity of the 
tyrosine residues is attributed to the presence of 

the acidic proton of the phenol ring48. However, in 
comparison to the literatures available on the metal 
complexation and various aspects of other amino 
acids and related compounds, only a very few reports 
have been found on the works related to l-tyrosine 
hydrazide. There are reports on the Ln(III) complexes 
of l-tyrosine hydrazide49 and Fe(III) complexes of 
Schiff bases derived from vanillin and amino acids 
(glycine, L-serine, L-tyrosine and L-phenylalanine)50. 
Recently, Wang et al.51 presented a Schiff base 
derived from L-Tyrosine hydrazide which can act as 
a thermo/ pH-responsive biodynamer. Because of 
the versatile reactivity of phenolic group in tyrosine, 
the biodynamer provided a reactive scaffold for 
conjugation and may find numerous applications in 
the areas of biotechnology and bio therapeutics. 

	 Based on this background and in 
continuation to our work on the complexation 
of Schiff bases52-62, we have synthesized (R,E)-
2-(dimethylamino)-3-(4-hydroxyphenyl)-N,2,3-
trimethyl-N’-(1-p-tolylethylidene) butanehydrazide, 
Tmbh (Fig. 1) from the condensation of L-tyrosine 
hydrazide with 4-methylbenzaldehyde and its 
Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes. 
The structural characterization of these newly 
synthesized ligand and complexes were carried 
out employing various physicochemical methods. 
The antimicrobial activities of the Schiff base and 
complexes against Bacillus subtilis, Psuedomonas 
aeruginosa, Klebsiella pneumonia and E.Coli have 
also been studied taking streptomycin and gramicilin 
as references. We report the results of our studies 
here.

MATERIALS AND METHODS

	 L-tyrosine hydrazide was purchased from 
Sigma. 4-methylbenzaldehyde, metal chlorides, 
agar-agar, tetrabutylammonium bromide (TBAB), 
beef extract and antibiotic drugs, Streptomycin and 
Gentamycin of 10 µg each were purchased from 
Hi-media and peptone from Fisher Scientific. All the 
solvents and other chemicals used in this study were 
of AR or equivalent grade.

Physical measurements
	 Metal and chlorine contents were estimated 
gravimetrically while hydrazine was estimated 
volumetrically following the standard procedures63. 
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C, H and N were microanalysed using an Elemental 
Analyzer Euro-E3000. Infrared spectra were 
recorded on a PerkinElmer FTIR spectrum 400 in 
the range of 4000-400 cm-1 using KBr pellets. The 
electronic absorption solution spectra of the ligand 
and complexes in DMSO solution were obtained on 
a Shimadzu UV-Visible 2450 Spectrophotometer. 
Magnetic susceptibility measurements were 
performed using a Sherwood magnetic susceptibility 
balance at room temperature. TG-DT analysis was 
done using a PerkinElmer STA 6000 Simultaneous 
Thermal Analyzer. Conductivity of the complexes 
was measured in 10-3 M DMSO at 25°C employing 
a Eutech Con 510. ESR spectra were recorded on 
a Jeol, JES-FA 200 ESR Spectrometer, X-band 
microwave unit using tempol as field marker. Mass 
spectra were recorded using LC-MS Water ZQ-
4000. The powder XRD patterns were recorded on 
PAN-analytical diffractometer with CuKa radiation 
of wavelength 1.5406 Å operating at a voltage of 
40kV and a current of 20 mA. The scanning rate 
was maintained 1.6º mm-1 over 2ϴ range of 5-50° 
employing the reflection mode for scanning. The 
crystal lattice parameters were determined using 
the P-Index program, which was based on least 
squares approach64. SEM images were taken using 
SEM-FEI Quanta 250. Cyclic voltammetric studies 
were carried out using a CH602C Electrochemical 
Analyzer. A Klenzoids Laminar flow was used to 
study the biological activities.

Antibacterial assay
	 The microbial activities of the ligand and 
the complexes were studied in gram-positive Bacillus 
subtilis and gram negative Pseudomonas aeruginosa 
and Escherichia coli by using diffusion method65. The 
samples were dissolved in DMSO which has no 
inhibition activity and the sample concentrations 
were 200, 400 and 800 µmol. 25 ml of neutral 
sterile agar media were homogenously poured 
in petriplates (100 mm) for testing the bacterial 
contribution to the complexes. The incubated test 
bacteria cultured for 24-48 h at 37°C was spread on 
each of the solidified media using L-spreader. Each 
complex solution was deposited in 6 mm diameter 
dug media and incubated at 37°C for 24 h. Microbial 
growth inhibition was then monitored by measuring 
the diameter of the zone of inhibition. Standard 
antibacterial drugs, streptomycin and gentamicin at 
10 mg/disc each, were also screened under similar 

conditions for comparison. The experiment was 
recorded thrice and average results of the inhibition 
zone were calculated.

Synthesis of (R,E)-2-(dimethylamino)-3-
(4-hydroxyphenyl)-N,2,3-trimethyl-N’-(1-p-
tolylethylidene) butanehydrazide, Tmbh 
	 An ethanolic solution of L-tyrosine 
hydrazide (2 g in 20 mL) was mixed with 2.5 mL of 
4-methylbenzaldehyde in a round bottom flask and 
the reaction mixture was refluxed for four hours. The 
solution was kept overnight. The precipitate obtained 
was collected through suction, recrystallized from 
hot ethanol and dried in air. Yield, 65 %; m.p.  
210 oC; MS m/z (rel. int.):  299 [M+] (99 %) (Fig. 1); 
Anal. Calcd for C17H18N3O2: C, 67.89; H, 6.96; N, 
14.04; N2H4, 10.77%; Found: C, 68; H, 6.40; N, 14.14; 
N2H4, 10.85%.

Synthesis of Mn(II) (1), Co(II) (2), Ni(II) (3), Cu(II) 
(4), Zn(II) (5) complexes
	 Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) 
complexes were prepared by refluxing the ethanolic 
solutions of the ligand (2 g in 25 mL of ethanol, 
2 mmol) and the metal chlorides (2.5 g in 10 mL 
ethanol/methanol, 2 mmol) for 4 h. The precipitate 
obtained on keeping the reaction mixture overnight 
was collected through suction, washed with ethanol 
and dried in air. 

RESULTS AND DISCUSSION

	 Analyt ica l  data of  the complexes 
(Table 1) shows that (R,E)-2-(dimethylamino)-
3-(4-hydroxyphenyl)-N,2,3-tr imethyl-N’-(1-p-
tolylethylidene) butanehydrazide (Tmbh, LH) 
reacts with Mn(II), Ni(II), Cu(II) and Zn(II) chlorides 
in alcoholic media to form complexes of the 
type [Mn(LH)(H2O)3Cl]Cl·H2O (1), [Co(L)2(H2O)2] 
8H2O (2), [Cu(LH)(H2O)4]Cl2·2H2O (4) and [M(LH)
(H2O)2Cl2] nH2O (M= Ni, n= 2; M = Zn, n= 1) (3, 5) 
having different metal-ligand stoichiometries. The 
complexes are stable under ordinary condition and 
melt at specific temperatures. They are insoluble 
in water but soluble/sparingly soluble in common 
organic solvents. Molar conductance data of the 
complexes in 0.002 M DMSO at 25°C indicates 
1:1 electrolytic behavior for 1 and 3 and 1:2 for 5, 
nonelectrolytic nature for 2 and 466. 
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Thermal Analysis
	 The TGA-DTA studies of 1-5 were carried 
out in the temperature range 40 -900°C under 
N2 atmosphere and the thermal behavior are 
summarized in Table 2. The results show presence 
of both lattice and coordinated water molecules in all 
the complexes. Complexes 1, 3, 4 and 5 experience a 
mass loss at 207-851°C corresponding to one ligand 
molecule and two chloride ions in one decomposition 
step while the weight loss at 240-675°C observed for 
complex 3 coincides with a mass loss of two ligand 
molecules. In all cases, the residues are carbon and 
metal oxides.

Infrared Spectral Studies
	 The selected IR bands of the ligand and 
the complexes are given in Table 3 along with their 
respective assignments. The strong bands at 3362-
2920 cm-1 in the spectrum of the ligand due to the 
NH stretching vibrations of the amide group are 
highly broadened in the spectra of the complexes 
and merged with the characteristic bands of the 
OH- stretching vibrations67 of the water molecules 
present in the complexes. The IR spectrum of the 
ligand exhibits bands at 1691, 1444 and 1350 
cm-1 that may be assigned to the amide I, II and III 
modes of the hydrazine while the strong bands at 
1612 and 927 cm-1 are assigned to ν(CN) and ν(NN) 
modes. In the spectra of complexes 1, 3, 4 and 5, 

the amide I and II bands show bathochromic shift 
and the amide III band shows hypsochromic shift 
indicating participation of the carbonyl oxygen in 
coordination68. However, in the spectrum of complex 
2, these amide bands disappear with appearance of 
a new strong band at 1606 cm-1. This band may be 
assigned to ν(NCO-) mode indicating deprotonation 
of the amide group of the ligand and bonding to 
Co(II) ion through imidol oxygen67. In view of the 
nonelectrolytic behavior and absence of chloride ions 
in Co(II) complex 2, the ligand, LH during formation of 
1:2 complex probably releases one proton each and 
acts as a uninegative species, L- so as to balance 
the +2 charge on cobalt ion. Nonparticipation of 
the hydroxyl group in complexation is shown by the 
fact that the strong band observed at 1263 cm-1 in 
the spectrum of the ligand due to νsym(OH) remains 
unshifted in the spectra of complexes. Bathochromic 
shift of 37-67 cm-1 and hypsochromic shift of 17-42 
cm-1 suffered, respectively, by the ν(CN) and ν(NN) 
bands in the spectra of complexes 1-5 suggest 
bonding of azomethine nitrogen to the metal ions69. 
The band at 1109 cm-1 in the spectrum of the ligand 
due to ω(NH2) does not show any shift in the spectra 
of the complexes indicating its nonparticipation in 
bonding70. Appearance of new bands in the range 
441-448 cm-1 and 526-553 cm-1 in the spectra of all 
the complexes are assigned to ν(M-O) and ν(M-N) 
modes, respectively, while the bands observed at 

Table 1: Color, melting point, analytical and molar conductance data* (&Ω-1cm2mol-1) 
of the ligand and complexes

Ligand/	 M.P.	 Color		 % found (Calculated)				    Molar 
Complexes	 (oC)								        Condu
 								                              ctance*
			   C	 H	 N	 Metal	 Cl	 N2H4

	

TmbhC17H18N3O2 (LH)	 210	 White	  67.89 	  6.96 	  14.04 	 -	 -	 10.77 	 -
			   (68.00)	 (6.40)	 (14.14)			   (10.85)
[Mn(LH)(H2O)3Cl]Cl.	 151	 Pink	 40.67	 5.09	 8.77	 10.96 	 14.20 )	 6.80 	 63.8
H2O, 494.94 (1)			   (41.22)	 (5.46)	 (8.45)	 (11.10)	 (14.35	 (6.47)
[Co(L)2(H2O)2] , 	 243	 Dark pink	 49.80	 9.00	 9.99	 7.89	 -	 8.36 	 7.24
8H2O, 830.93 (2)			   (49.10)	 (8.91)	 (10.11)	 (7.09)		  (7.70)
[Ni(LH)(H2O)2Cl2] 	 230	 Green	 40.18	 5.88	 2.41	 12.00 	 14.17	 7.07	 30.5
2H2O, 498.69 (3)			   (40.04)	 (5.41)	 (2.81)	 (11.79)	 (14.26)	 (6.43)
[Cu(LH)(H2O)4]Cl2·	 144	 Dark green	 38.72	 3.20	 7.41	 10.98 	 13.80 	 -	 115.9
2H2O, 539.546 (4)			   (37.85)	 (3.53)	 (7.79)	 (11.60)	 (13.17)
[Zn(LH)(H2O)2Cl2] 	 88d	 Light yellow	 40.45	 5.43	 8.07	 13.73 	 14.20	 7.80 	 11.38
H2O, 487.38 (5)			   (41.86)	 (5.13)	 (8.62)	 (13.33)	  (14.57)	 (6.56)
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Table 2: Thermal dissociation stages with decomposition assignments

Metal(II):	 Dissociation 	Temperature 	Weight loss 	 Decomposition 
Complexes	 stages	 range (°C)	 (mg) found  	 assignment
			   (calcd)

Mn(II): 1	 Stage 1	 46-112	 0.275 (0.262)	 Loss of one lattice water molecule
	 Stage 2	 115-220	 0.606 (0.580)	 Loss of three coordinated water molecules
	 Stage 3	 207-845	 5.719 (5.448)	 Partial decomposition of one ligand and two 
				    chloride ions
Co(II): 2	 Stage 1	 64-112	 0.902 (0.994)	 Loss of  eight  lattice water molecules
	 Stage 2	 115-239	 0.229 (0.228)	 Loss of two  coordinated water molecules
	 Stage 3	 240-675	 2.140 (1.836)	 Loss of two ligand molecules 
Ni(II): 3	 Stage 1	 47-109	 0.328 (0.368)	 Loss of two lattice water
	 Stage 2	 109-222	 0.303 (0.294)	 Loss of two coordinated water molecule
	 Stage 3	 222-793	 2.398 (2.825)	 Loss of one ligand  and  two Chloride ions
Cu(II): 4	 Stage 1	 40-103	 0.305 (0.297)	 Loss of two lattice water molecules
	 Stage 2	 103-196	 1.200 (1.256)	 Loss of four coordinated water molecules
	 Stage 3	 328-679	 5.612 (5.240)	 Partial decomposition of one ligand and two
				     chloride ions
Zn(II): 5	 Stage 1 	 41-110oC	 0.219 (0.228)	 Loss of one lattice water molecule
	 Stage 2	 115-250oC	 0.466 (0.506)	 Loss of two coordinated water molecules
	 Stage 3	 250-851oC	 7.758 (7.646)	 Partial decomposition of one ligand and two 
				    chloride ions

Table 3: IR bands of the ligand and complexes

Ligand/ 		  Amides		  ν(CN)	 ν(OHsym)	 ν(NN)	 ν(MN)	 ν(MO)
Complexes	 I	 II	 III			   	
	
Tmbh	 1691	 1444	 1350	 1612	 1263	 927	 543	 488
Mn(II):1	 1647	 1429	 1398	 1575	 1255	 949	 526	 443
Ni(II):3	 1647	 1419	 1361	 1545	 1234	 964	 553	 441
Cu(II):4	 1666	 1421	 1398	 1572	 1271	 966	 526	 445
Zn(II):5	 1597	 1425	 1388	 1575	 1265	 966	 528	 443
		  (NCO)-					   
Co(II):2		  1606		  1573	 1257	 952	 528	 457

416-418 cm-1 in the spectra of 1, 3, 4 and 5 may be 
due to ν(M-Cl) modes71. 

Magnetic Moments and Electronic Absorption 
Spectral Studies
	 The electronic absorption spectrum of the 
ligand exhibits two CT bands where the more intense 
band at 295 nm may be assigned to the allowed 
p→p* transition and the weaker band at 416 nm is 
due to the forbidden n→p* transition of the ligand 
chromophore. The intensity of the band due to n → p* 
transition increases significantly in the spectra of the 

complexes indicating formation of the complexes in 
which energy transfer occurs in between the metals 
and the ligand.

	 The µeff value of complex 1 is 4.82 B.M. 
which is lower than the expected value for high 
spin Mn(II) complexes. The lowering in magnetic 
moment may be due to the presence of some 
antiferromagnetic interactions in high spin Mn(II) 
complexes and similar results were reported by 
Luaces et al72 and Wilkinson73. A weak broad band 
at 524 nm observed in the electronic spectrum 



1316 DEVI & LONIBALA, Orient. J. Chem.,  Vol. 33(3), 1311-1324 (2017)

Table 5: Redox reaction data in Cyclic Voltammetric Studies

Complexes	 Anode peak 	 Ipa, µA	 Cathode peak 	 Ipc, µA	 Peak separation, 	 Peak current 

	 potential, Epa (V)		  potential, Epc (V)		  ∆Ep (Epa-Epc) (µA)	 ratio, Ipa/Ipc

Tmbh	 -0.35	 -3.35	 -1.13	 6.61	 +0.78	 0.51
1	 -0.63	 -2.93	 -0.68	 5.31	 +0.05	 0.55
2	 -0.81	 -1.73	 -0.99	 1.44	 +0.81	 0.83
3	 -0.99	 -1.03	 -1.01	 1.96	 +0.02	 0.53
4	 +0.13	 -6.94	 -0.24	 4.15	 +0.27	 1.67
	 -0.41	 -8.04	 -0.57	 2.86	 +0.16	 2.81
5	 -0.47	 -1.70	 -0.94	 1.51	 +0.47	 1.13

Table 4: 1H and 13C NMR spectral data* of Tmbh and Complex 5

Protons	 Tmbh	 Complex 5	 Carbons	 Tmbh	 Complex 5

-NNHCO-	 11.0s	 9.9s	 -NNHCO-	 171.44, 171.20	 191.34
-C6H4OH	 8.46s, 8.18s	 8.47s, 8.19s	 -CH-N-N-	 155.96	 158.50
Ring Protons	 (6.63- 8.00)m	 (6.65-7.94)m	 Ring carbons	 114.92-131.30	 113.70-131.79
-CNH2	 5.76d	 5.70t	 -CH=N	 126.62	 -
-CH2-	 3.78d	 3.81d	 -CH(NH2)-	 59.54d	 55.64d

-NCH-	 2.94m	 2.90m	 -C-C-	 35.92	 -
-C6H4CH3	 2.51s	 2.51s	 -C6H4CH3	 20.64

Spectra recorded in DMSO-d6. 
s-singlet, d-doublet; t-triplet; m-multiplet

of complex 2 may be assigned to the transition  
4T1g(P) →4T1g(F) of an octahedron73,74. However, its µeff 
value, 2.13 B.M. is low for a Co(II) octahedral complex 
suggesting flattening towards planar arrangement73 
or presence of antiferro magnetic coupling in the 
complex. The magnetic moment value of complex  
3 (µeff= 2.87 B.M.) and strong electronic absorption 
bands at 682 and 774 nm observed in the 
spectrum of the complex assignable to transitions  

3A2g(F) →3T1g(F) and 3A2g →
3T2g(F). indicate distorted 

octahedral geometry around the Ni(II) ion75. The 
magnetic moment of 4, 1.8 B.M., is normal for one 
unpaired electron and the electronic absorption 
spectrum exhibits a broad absorption band at 851 nm 
assignable to transition 2Eg(D)→2T2g(D) indicating a 
distorted octahedral geometry around copper ion74.

1H and 13C NMRz Spectral Studies of Ligand and 
Zn(II) Complex: 
	 The 1H and 13C NMR spectral data of the 
ligand and Zn(II) complex 5 are summarized in 
Table 4. Most of the signals are splitted suggesting 

existence of more than one isomeric form of the 
ligand at room temperature which is also supported 
by the mass spectral features of the ligand and 
complexes. The -NNHCO- signal suffers upfield shift 
by d 1.0 in the spectrum of the complex showing 
coordination of the azomethine nitrogen and 
carbonyl oxygen to the metal ion while the signals 
due to -C6H4(OH) do not show any shift suggesting 
nonparticipation of this group. Signals due to ring 
protons and other -CH and -NH protons suffer slight 
changes in position and intensities perhaps due to 
change in the chemical environments around the 
protons upon complexation. 

	 The 13C NMR spectrum of the ligand exhibits 
a doublet at 171.44, 171.20 ppm due to carbonyl 
carbon of the -NNHCO moiety and a singlet at 155.96 
due to C6H4(CH3)CH-N-, which are, respectively, 
shifted to 191.34 and 158.5 ppm as singlets in the 
spectrum of the complex. This observation indicates 
participation of hydrazidic carbonyl and azomethine 
nitrogen in coordination.  Small shifts suffered by the 
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other 13C signals in the spectrum of the complex as 
compared to that of the ligand may be explained on 
the basis of the change in chemical environment due 
to complex formation.

Electron Spin Resonance Spectral Studies
	 ESR spectra of all the paramagnetic 
complexes were recorded at both room (RT) and 
liquid nitrogen temperatures (LNT) in solid as well 
as in DMSO solution.
 
	 The solid ESR spectra of complex 1 are 
isotropic in nature with a strong signal centered 
at g = 2.003 at RT and 1.994 at LNT, while the 
solution spectra consists of six lines due to hyperfine 
interaction between the unpaired electrons with 55 Mn 
nucleus (I=5/2) with g values of 1.95 and 2.023 at RT 
and LNT, respectively. Complex 2 does not exhibit 
any ESR signal at LNT. However, the RT solid and 
solution ESR spectra of 2 show small g anisotropy 
with weak unresolved broad features in the g” region 
at low field and stronger unresolved broad feature 
in the g|| region at high field giving the g values,  
g||= 2.286 and g||= 2.018. This type of axial spectrum 
is typical for tetragonally distorted octahedral d7 
species76. Both solid and solution spectra of complex 
3 at RT exhibit half field signals at 143 G due to  
∆mS= ±1 transition suggesting intramolecular 
magnetic exchange interaction in a Ni(II) dimer. 
The solid ESR spectra of complex 4 at RT and 
LNT and the solution spectrum at RT exhibit 
unresolved features while the frozen solution 
spectrum shows four well resolved peaks in the low 
field region. The g-values obtained are g||= 2.197,  
g┴= 2.056 and g||= 2.393, g┴= 2.007 in the solid and 
solution spectra, respectively. The trend in g-values  
(g||> g┴>ge) indicates tetragonal elongation along the 
z-axis with the dx

2
-y

2 orbital as the ground state77,78. 
A relatively high A|| value (109 G) suggests small 
axial interaction. The bonding parameters viz a2 

(covalency of in-plan s bonds), b2 (in-plan p bonds), 
g2 (out-of-plan p bonds) and the orbital reduction 
factors (K|| and K┴) were evaluated using the d-d 
transition energy of the complex (851 nm) and the 
spin orbit coupling constant for the free Cu(II) ion  
(lo = 828 cm–1) from the expressions (1-5)77,79.

a2= - (A||/0.036) + (g|| - 2.002) + 3/7(g┴ - 2.002) + 0.04	

			   ...(1)

K||2 = (g|| - 2.0023) Ed-d/8lo			    ...(2)	
					   
K┴”

2 = (g┴ - 2.0023) Ed-d/2lo	 ...(3)
					   
K||= a2b2				   ...(4)
					   
K┴ = a2b2				     ...(5)	
				  
	 Complete covalent bonding is indicated by 
0.5 value of a2 while the value of a2=1.0 indicates 
complete ionic bonding. The observed value of 
a2 (0.118) for 4 show high covalent character of 
the M-L bond in the complex. The b2 (0.588) and  
l2 (0.999) values indicate that there is interaction 
in the in-plane and out-of-plane p-bonding between 
Cu(II) ion and the ligand. A greater contribution from 
out-of-plane p-bonding than in-plane p-bonding in 
the M-L p -bonding is also suggested by higher  
K|| value (0.693) compared to K┴ value (0.118). 
These observations reveal a lower symmetry 
structure for the complex and thus suppor t 
distor ted octahedral geometry proposed for 
the Cu(II) complex. The geometric parameter,  
G= (g||-2)/(g┴-2) calculated for this complex is 5.63 
indicating negligible exchange interaction between 
the Cu-Cu centers in the complex76,80-82. 

Cyclic Voltammetric Studies
	 The electrochemical behavior of the 
ligand and complexes were examined cyclic 
voltammetrically in the potential range +0.6 to -2.0 
V in 0.005 M DMSO at a scan rate of 100 mV/s 
using platinum as counter electrode, glassy carbon 
as working electrode and Ag/AgNO3 as reference 
electrode. TBAB (0.1M) was used as a supporting 
electrolyte. The results of the electrochemical study 
are given in Table 5.

	 The ligand undergoes a redox reaction 
showing an anodic peak at -0.35 V with a 
corresponding cathodic potential at -1.13V in the 
cyclic voltammogram. The cyclic voltammograms 
of complexes 1, 2, 3 and 5 show one anodic peak 
and one cathodic peaks each indicating irreversible 
redox reactions for M(II) ↔ M(I) where M=Mn, Co, Ni 
and Zn. Two oxidation peaks at +0.13V and -0.41V 
and corresponding reduction peaks at -0.24V and 
-0.57V observed in the cyclic voltammogram of 
complex 4 are attributable to the redox reaction  
Cu(II) ↔ Cu(I). A second anodic peak expected 
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for 1 and 2 are not observed perhaps due to the 
irreversibility of the reactions. The peak separations 
(> 59 mV) and the values of the current peak ratio 
also illustrate irreversible redox behavior83,84 for the 
ligand and complexes. 

XRD powder and SEM studies of the ligand and 
complexes
	 Powder X-ray diffraction and electron 
microscopy techniques are employed to study the 
morphology of the ligand and its complexes. The 
XRD powder patterns indicate triclinic and semi-
crystalline nature for Tmbh having the following 
lattice parameters: a=7.85 Å, b=6.94 Å, c=14.88 Å, 
a=62.63, b=118.10, g�=104.16, V=629.31 Å3 while the 
diffractographs of the complexes do not show sharp 
defined peaks indicating their amorphous nature.

	 Scanning electron microscopic (SEM) 

images of the ligand and its complexes recorded 
at energy of 20 kV at different magnification exhibit 
nonspecific shaped particles supporting their non-
crystalline nature.

Mass Spectral Studies
	 The FAB-mass spectra of 1-5 are given 
in Figures 2-6 along with the tentative structures of 
the complexes proposed on the basis of elemental 
and thermal analysis data. The mass spectrum of 1 
exhibits the M+ peak at m/z 494 having the proposed 
composition [Mn(LH)(H2O)3Cl]Cl·H2O. The weak 
peak at m/z 439 corresponds to [Mn(LH)(H2O)Cl]
Cl+ while the medium peak at m/z 853 indicates 
possible formation of a dimer [Mn(LH)(H2O)2Cl]2 
though elemental analysis data are compatible with 
formation of a monomer. In the mass spectrum of 
2, the peaks at m/z 446 and 831 correspond to the 
compositions [Co(L)(H2O)2] 3H2O and [Co(L)2(H2O)2] 

Fig. 1. Structure and mass spectrum of (R,E)-2-(dimethylamino)-3-(4-hydroxyphenyl)-N,2,3-
trimethyl-N’-(1-p-tolylethylidene) butanehydrazide (Tmbh; M+ peak at m/z 298 as base peak)

Fig. 2: Mass spectrum and Structure of the Mn(II) complex; EIC at m/z 416
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Fig. 3: Mass spectrum and Structure of the Co(II) complex; EIC at m/z 416

Fig. 4: Mass spectrum and Structure of the Ni(II) complex; EIC at m/z 400

Fig. 5: Mass spectrum and Structure of the Cu(II) complex

8H2O, respectively. The mass spectrum of complex 
3 shows a weak peak at m/z 498 corresponding to 

composition [Ni(LH)(H2O)2Cl]Cl·2H2O. The peaks 
observed in the mass spectrum of 4 at m/z 537 and 
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Table 6: Antibacterial properties of Tmbh and complexes

Complexes	 Bacteria	 Inhibition zone (mm) at different 			 
concentration (µmol)
		  200	 400	 800

Tmbh (LH)	 Bacillus subtilis	 0	 0	 11
	 E.coli	 0	 0	 11
	 Psuedomonas aeruginosa	 0	 0	 0
	 Klebsiella pneumonia	 0	 0	 0
1	 Bacillus subtilis	 0	 0	 12
	 E.coli	 0	 0	 10
	 Psuedomonas aeruginosa	 0	 0	 0
	 Klebsiella pneumonia	 0	 0	 0
2	 Bacillus subtilis	 0	 0	 10
	 E.coli	 0	 0	 10
	 Psuedomonas aeruginosa	 0	 0	 0
	 Klebsiella pneumonia	 0	 0	 0
3	 Bacillussubtilis	 0	 14	 15
	 E.coli	 0	 0	 0
	 Psuedomonas aeruginosa	 0	 0	 11
	 Klebsiella pneumonia	 0	 0	 11
4	 Bacillus subtilis	 0	 10	 12
	 E.coli	 0	 0	 0
	 Psuedomonas aeruginosa	 0	 0	 0
	 Klebsiella pneumonia	 0	 0	 11
5	 Bacillus subtilis	 10	 11	 15
	 E.coli	 0	 0	 16
	 Psuedomonas aeruginosa	 0	 0	 0
	 Klebsiella pneumonia	 0	 0	 11
Streptomycin	 Bacillus subtilis	 22
 (10 µg))		
Gentamicin 	 E.coli	 24
(10 µg)	 Psuedomonas aeruginosa	 24
	 Klebsiella pneumonia	 24

448 are due to molecules [Cu(LH)(H2O)4]Cl2·2H2O 
and [Cu(LH)(H2O)]Cl2, respectively. The weak band 
at m/z 484 observed in the spectrum of complex 5 
corresponds to molecular formula [Zn(LH)(H2O)2Cl2]
H2O proposed on the basis of elemental and thermal 
analysis data. The remaining peaks observed at  
m/z< molecular mass in the spectra of the complexes 
are due to the mass of the fragments obtained 
after the complex loses different parts of the ligand 
while appearance of the peaks at m/z > molecule 
mass suggests rearrangement of the fragments or 
collision of the molecular ions with neutral atoms 
or molecules85. The mass spectra of the complexes 
except that of 4 exhibit peaks at m/z higher than 

800 which also suggests possible existence of 
polymers or complexes with higher metal:ligand 
stoichiometries. Thus, the peak at m/z 853 in 
the spectrum of 2 supports formation of a dimer  
[Co(L)(H2O)2]2 4H2O and the weak peaks at m/z 
821 observed in the spectra of complexes 3 and 5 
may be resulted from the further arrangement of the 
molecular ion with the ligand molecule or fragments 
of the ligand.

Antibacterial activity
	 The ligand and complexes synthesized in 
the present investigation have been subjected to 
antimicrobial screening against Bacillus subtilis as 
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gram positive and Esherichia coli, Psuedomonas 
aeruginosa and Klebsiella pneumonia as gram 
negative so as to ascertain their activity against 
different microorganisms. The test results obtained 
are listed in Table 6. Antibacterial data for Streptomycin 
and Gentamycin are also included in this table for 
the purpose of comparison.

	 The table shows that there are significant 
differences in the antibacterial activities shown by the 
ligand and the complexes. The ligand displays strong 
antibacterial activities against Bacillus subtilis and 
Esherichia coli and no activity against Psuedomonas 
aeruginosa and Klebsiella pneumonia while the 
complexes show selectiveness in displaying the 
antibacterial activities as observed in the table. 
This may be explained by chelation theory where 
reduction in the polarity of the metal ions on chelation 
with the ligand enhances the penetration of the 
complexes into lipid membranes and thus blocking 
the metal binding sites in the enzymes of the bacteria. 
Activity is observed at higher concentration and the 
optimum concentration is 800 µmol. Activities against 
the microbes increase on complexation and of all 
the complexes, Ni(II) and Zn(II) complexes, 3 and 5 
exhibit highest activity. These results suggest that the 
ligand and its complexes have potential antibacterial 
properties and may be used as antibacterial agents 
in formulation of drugs.

CONCLUSIONS

	 The results of the present study show that 
(R,E)-2-(dimethylamino)-3-(4-hydroxyphenyl)-N,2,3-
trimethyl-N’-(1-p-tolylethylidene) butanehydrazide 
forms stable Co(II), Ni(II), Cu(II) and Zn(II) complexes 
in alcoholic medium having different metal:ligand 
stoichiometries. Elemental and thermal analysis 
data show presence of both lattice and coordinated 
water molecules in all the complexes. All the 
complexes are hexacoordinated having distorted 
octahedral geometry. The ligand bonds to Co(II) 
ion as a dinegative species through amido-O 
and azomethine-N while it coordinates to Mn(II), 
Ni(II), Cu(II) and Zn(II) complexes as a neutral 
bidentate species bonding through carbonyl-O and 
azomethine-N. Subnormal meff values observed 
for Mn(II) and Co(II) complexes suggest possible 
presence of antiferromagnetic interactions. ESR 
spectral features and parameters indicate tetragonally 
distorted geometries for the complexes. The ligand 
and the complexes show irreversible redox behavior. 
The ligand exhibits broad spectrum activities against 
bacteria isolates used and the antimicrobial activities 
are found to increase upon complexation. Single 
crystals of the complexes could not be grown due 
to insufficient solubility and therefore, in absence of 
single crystals, the structures of the complexes 1-5 
are tentatively proposed based on the elemental, 

Fig. 6: Mass spectrum and Structure of the Zn(II) complex; EIC at m/z 400
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thermal and spectral data and the proposed 
structures are supported by their mass spectra.
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