
5.1 Introduction 

5.2 Experimental 

5.3 Results and discussion 

5.4 Conclusions  

References

5.1 INTRODUCTION  

The syntheses of ONO donor Schiff base complexes attract considerable 

attention due to its applications in catalysis, photonics and medicine [1-3]. The 

Schiff base derived from salicylaldehyde and 2 aminophenol is well studied [4-7]. 

Several metal chelates coordinated through the Schiff base ONO donors have been 

studied as oxygen carriers and they are useful models for bioinorganic processes [8, 

9]. Patel et al. [10, 11] reported the crystal structures of the copper(II) complex of 

N-(salicylidene)anthranilic acid with imidazole, 2,2’-bipyridine or 1,10-

phenanthroline as coligands. These complexes were screened for superoxide 

dismutase activity. The ONO donor Schiff bases derived from salicylaldehyde and 

their transition metal complexes can be considered as non-enzymatic models for 

pyridoxal amino acid systems. The chemistry of the metal complexes of ONO 

donor Schiff bases is quite interesting because of their biological applications [12-

15].

3-Hydroxyquinoxaline 2 carboxalidine 2
amino 5 methylphenol complexes of 

manganese(II), iron(III), cobalt(II), nickel(II), 
copper(II) and zinc(II) 
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Quinoxalines with ortho hydroxy groups are of particular interest due to 

their ability to form tautomers. They can form complexes in either neutral keto 

form or enolic form as given in Figure 5.1. Eventhough quinoxalines and their 

compounds have been extensively studied [16-21], the reports on the quinoxaline 

based Schiff bases are very scanty. The synthesis and characterization of 

quinoxaline-2-carboxaldehyde with 2-aminophenol was previously reported [22]. 

Our aim was to prepare new tridentate ONO donor Schiff base from 3-

hydroxyquinoxaline-2-carboxaldehyde and 2-amino-5-methylphenol and study the 

nature of its complexes. 

Figure 5.1: Tautomeric forms of 2 hydroxyquinoxaline 

We have synthesized the Schiff base, 3-{(E)-[(2-hydroxy-4-methylphenyl) 

imino]methyl} quinoxalin-2(1H)-one, by condensation reaction. The Schiff base is 

an ONO donor and it can act as a monobasic or dibasic ligand due to the formation 

of tautomers. In solid state the keto form is predominant and it easily enolise in 

solution to form diol. The results of the studies on the complex formation of this 

ligand with Mn(II), Fe(III), Co(II), Ni(II), Cu(II) and Zn(II) ions are presented in 

this chapter. 

5.2 EXPERIMENTAL 

5.2.1 Materials and methods 

The preparation of 3 hydroxyquinoxaline 2 carboxaldehyde and 

techniques employed for the characterization of ligand and metal complexes are 

given in chapter II. 
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5.2.2  Synthesis of 3-{(E)-[(2-hydroxy-4-methylphenyl) imino]methyl} 

quinoxalin-2(1H)-one (hamp) 

To an aqueous solution of 3 hydroxyquinoxaline 2 carboxaldehyde 

(1.742 g, 10 mmol, in 500 mL distilled water), 3–4 drops of conc. HCl was 

added. To this solution was added dropwise 2 amino 5 methylphenol (1.231 g, 

10 mmol) in methanol (20 mL). The solution was stirred for 6 hours. The red 

coloured Schiff base formed was filtered, washed with water and dried over 

anhydrous calcium chloride. The crude product was recrystallised from absolute 

ethanol. Formation of hamp is presented in scheme 5.1. 

(Yield: 75 %, MP: 220 ºC)  

Scheme 5.1: The formation of hamp by condensation 

5.2.3 Preparation of Complexes 

The Schiff base, hamp, (0.01 mol, 0.279 g) was dissolved in 50 mL 

methanol. To this solution a solution of metal compound (0.01 mol: manganese 

acetate tetrahydrate 0.245 g, ferric chloride 0.162 g, cobalt acetate hexahydrate 

0.249 g, zinc acetate 0.219 g, cupric acetate 0.198 g or nickel acetate 0.249 g) in 

methanol (30 mL) was added. The solution was then refluxed for an hour and was 

then kept at room temperature (28±2 ºC) after reducing its volume by evaporation. 

The precipitate formed was filtered, washed with methanol and kept in a desiccator. 

The formation of metal complexes is given in Scheme 5.2. 
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Scheme 5.2: The formation of metal complexes of hamp

5.3 RESULTS AND DISCUSSION 

The complexes are stable in air and non-hygroscopic. They are soluble in 

common solvents like ethanol, methanol, acetonitrile and DMF. The analytical data 

(Table 5.1) reveal that all the complexes are formed in metal:ligand ratio of 1:1. 

Further the molecular formula of the complexes given in the table agrees well with 

the analytical data. The very low conductance values (Table 5.2) of the complexes 

in DMF indicate the non-electrolytic nature of the complexes [23].   

Table 5.1: Analytical data of qamp and its complexes

Analytical data. Found (calculated)% Compound Colour
Yield
(%) C H N M Cl

hamp Red 85 
69.15
(68.81)

4.55
(4.69)

14.05
(14.00)

- - 

[Mn(hamp)(H2O)].H2O Brown 45 
51.36
(52.19)

3.29
(4.11)

10.89
(11.41)

14.85
(14.92)

-

[Fe(hamp)Cl(H2O)2] Black 58 
47.43
(47.50)

3.77
(3.74)

10.45
(10.39)

13.67
(13.80)

8.69
(8.76)

[Co(hamp)(OAc)(H2O)2].H2O Violet 71 
47.96
(48.01)

4.71
(4.70)

9.15
(9.33)

13.11
(13.09)

-

[Ni(hamp)(H2O)].H2O Black 65 
51.49
(51.66)

4.11
(4.06)

11.39
(11.30)

15.73
(15.78)

-

[Cu(hamp)(H2O)] Black 80 
53.21
(53.55)

3.66
(3.65)

11.69
(11.71)

17.77
(17.71)

-

[Zn(hamp)(H2O)] Brown 70 
53.19
(53.28)

3.67
(3.63)

11.66
(11.65)

18.17
(18.13)

-
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Table 5.2: Conductivity and magnetic moment data of complexes

Compound m
#

eff (B.M)

[Mn(hamp)(H2O)].H2O 13 5.75 

[Fe(hamp)Cl(H2O)2] 18 5.40 

[Co(hamp)(OAc)(H2O)2].H2O 21 4.95 

[Ni(hamp)(H2O)].H2O 9 3.84 

[Cu(hamp)(H2O)] 17 2.10 

[Zn(hamp)(H2O)] 11 - 
# Molar conductivity (in Mho cm2 mol 1), 10-3 Molar solution in DMF 

5.3.1 1H NMR spectrum of hamp and [Zn(hamp)(H2O)]

The 1H NMR spectrum of hamp and that of the zinc(II) complex are given 

in Figures 5.2 and  5.3. The spectral data are summerised in Table 5.3. Because of 

the low solubility in CDCl3, the NMR spectra of the Schiff base and zinc(II) 

complex were made in deuterated DMSO. The spectral features suggest that the 

compound exist as keto tautomer. The co-existence of the tautomers is not 

observed. The broad singlet observed at 12.85 ppm is due to phenolic –OH proton. 

The broadness of the band indicates considerable hydrogen bonding in the Schiff 

base. The peak observed at 11.52 ppm is due to NH proton [24-26]. The 

azomethine proton resonates at 9.15 ppm which is a singlet [27]. The multiplet 

observed around 6.40-8.30 ppm is due to aromatic protons of quinoxaline ring and 

phenolic ring. The peak due to methyl protons is observed at 2.26 ppm as a singlet. 

The NMR spectrum of the zinc(II) complex is given in Figure 5.3. The 

phenolic OH and NH signals which are found at 12.85 and 11.52 ppm in the 

spectrum of the ligand are not seen in the spectrum of the Zn(II) complex 

indicating the enolisation of the Schiff base in zinc(II) complex and participation of 

the phenolic OH group in chelation with proton displacement [28, 29]. The signals 

due to azomethine proton are shifted upon complexation, which is probably due to 
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the donation of the lone pair of electrons by the nitrogen to the central metal atom 

[30]. 1H NMR spectrum gives the aromatic and quinoxaline protons as a number of 

complex multiplets in the region 7.10–7.98 ppm. The methyl group attached to 

the phenolic ring is observed at 2.22 ppm as a singlet. The broad singlet in the 

region 3.51– 3.80 ppm indicates the presence of a water molecule in the complex.  

Table 5.3: 1H NMR Spectroscopic data of hamp

Compound Chemical shift,  (ppm) Assignment

hamp

12.85

11.52

9.15

6.40-8.30

2.26

(s br, 1H, OH) 

(s, 1H, NH) 

(s, 1H, CH azomethine) 

(m, 7H, Ar H) 

(s, 3H, CH3) 

[Zn(hamp)(H2O)]

9.30

7.10-7.98

3.51-3.80

2.22

(s, 1H, CH azomethine) 

(m, 7H, Ar H) 

(br s, 2 H, water) 

(s, 3H, CH3)

Figure 5.2: 1H NMR spectrum of hamp  
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Figure 5.3: 1H NMR spectrum of [Zn(hamp)(H2O)]

5.3.2 Magnetic susceptibility measurements 

The magnetic moment values (at 28±2 ºC) of the complexes are shown in 

Table 5.2. The eff value of the Mn(II) complex was found to be 5.75 B.M. as 

expected for high spin d5 system. The iron(III) complex shows a magnetic moment 

of 5.80 B.M. The cobalt(II) complex has a magnetic moment of 4.95 B.M. and the 

high magnetic moment value is as expected for high spin Co(II) octahedral 

complex.  The higher magnetic moment is due to the orbital contribution [31]. The 

nickel(II) complex exhibits a magnetic moment value of 3.84 B.M., which is in the 

normal range observed for tetrahedral Ni(II) complexes. The higher value of 

magnetic moment compared to the expected spin only value is due to the orbital 

contribution [32]. The magnetic moment of the copper(II) complex is 2.10 B.M. 

which suggest absence of Cu Cu interactions. The higher value indicates a 

tetrahedral structure. 

5.3.3 Infrared spectra 

The infrared spectral bands and the assignments are given in Table 5.4. The 

IR spectra of ligand and complexes are given in Figures 5.4 to 5.10. The band at 
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3386 cm–1 in the spectrum of hamp is due to the OH stretching vibrations. The 

ligand exhibits azomethine C=N stretching at 1609 cm–1 and C=N of quinoxaline 

ring at 1571 cm–1 [33-37]. There is a sharp intense band at 1665 cm–1, which shows 

the presence of a keto group in the compound and confirms the existence of 

tautomerism for the 2-hydroxyquinoxaline moiety.  

Most of the bands due to the free ligand are present in the spectra of 

complexes. A new broad band at around 3300 cm–1 is seen for all the complexes 

which may be due to the presence of hydrated or coordinated water molecule [38]. 

The azomethine C=N stretching is observed at a lower frequency than that for the 

ligand. This negative shift in C=N stretching frequency is an indication of 

coordination of nitrogen [39-41]. For all the complexes the phenolic C-O stretching 

occurs at higher wavenumber when compared to that of the ligand indicating the 

deprotonation and coordination of the hydroxyl groups. In addition, the FTIR 

spectra of all complexes, except that of the cobalt(II) complex, do not contain 

(C=O), which indicates the enolisation of the keto group in solution. The strong 

band observed at 1633 cm–1 for the cobalt(II) complex suggests that the Schiff base 

acts as a monobasic tridentate ligand. Appearance of new bands in the spectra of all 

complexes in the regions 500–450 and 420–400 cm 1 has been attributed to 

(M O) and (M  N), respectively.

Table 5.4: IR spectral data of hamp and its complexes

Assignments (in cm–1)  (OH)  (C=O)  (C=N) *  (C O)#  (M O)  (M N)

hamp 3386 1665 1609 1254 - - 

[Mn(hamp)(H2O)].H2O 3376 - 1592 1260 492 417 

[Fe(hamp)Cl(H2O)2] 3450 - 1589 1259 490 424 

[Co(hamp)(OAc)(H2O)2].H2O 3390 1633 1604 1255 473 414 

[Ni(hamp)(H2O)].H2O 3370 - 1601 1257 484 409 

[Cu(hamp)(H2O)] 3361 - 1602 1259 472 414 

[Zn(hamp) (H2O)] 3365 - 1603 1259 471 417 
* azomethine, #  phenolic 
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Figure 5.4: FTIR spectrum of the Schiff base hamp 

Figure 5.5: FTIR spectrum of  [Mn(hamp)(H2O)].H2O
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Figure 5.6: FTIR spectrum of [Fe(hamp)Cl(H2O)2]

Figure 5.7: FTIR spectrum of [Co(hamp)(OAc)(H2O)2].H2O
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Figure 5.8: FTIR spectrum of [Ni(hamp)(H2O)].H2O

Figure 5.9: FTIR spectrum of [Cu(hamp)(H2O)]
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Figure 5.10: FTIR spectrum of [Zn(hamp)(H2O)]

5.3.4 Electronic spectra 

The electronic spectral data of the Schiff base and complexes are presented 

in Table 5.5. Spectra are taken in methanol (~5x10-4 molar) and are given in 

Figures 5.11-5.17. The spectral bands due to solvent, which have been observed 

above 45000 cm–1, are omitted [42]. The ligand shows absorptions at 30800 and 

24000 cm–1. These bands are attributed to benzene – *, imino – * and 

quinoxaline – * transitions of the Schiff base. In complexes, the intense bands 

observed above 30000 cm-1 are due to charge transfer and intraligand transitions. 

The electronic spectrum of the manganese(II) complex in methanol contain 

two intense broad bands at 29800 and 21500 cm-1. The weak d-d bands are masked 

by these charge transfer bands [43]. To get more information about geometry, the 

UV-Vis-NIR spectrum of the Mn(II) complex is taken in nujol mull (Figure 5.18). 

In the near IR region of the mull spectrum a multiplet is observed around 6200 cm–1.
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Such low energy bands are characteristic of tetrahedral manganese(II) compounds. 

The spectrum of the Fe(III) complex exhibits a weak shoulder band at 23200 cm–1

which may be assigned to the 6A1g T2g(G) transition and indicates an octahedral 

geometry of the complex [43].  

In the electronic spectrum of Co(II) complex the d–d transitions are almost 

masked by the high-intensity charge transfer bands. However, a shoulder is 

observed around 17000 cm–1 which may be assigned to the 4T1g(F) 4T1g(P)

transition and transitions in this region have been reported for octahedral Co(II) 

complexes [32].  

The solution spectrum of the nickel(II) complex shows two charge transfer 

bands at 29000 and 21400 cm–1. The d-d bands are observed at 16100 and 11000 

cm–1 which is due to 3T1
3T2 and 3T1

3T1(P) transitions. The spectrum of the 

nickel(II) complex is also taken in nujol mull in the UV-Vis-NIR region (Figure 

5.19). The near IR band characteristic of the 3T1(F) 3A2(F) transition of 

tetrahedral nickel(II) appears at 7100 cm–1 for this complex. 

The copper(II) complex exhibits intense charge transfer bands at 23800 and 

20400, and the band observed at  17000 cm–1 is due to the  2T2–2E2 transition. A 

band is observed in the NIR region of the mull spectrum of the copper(II) complex 

at 6400 cm–1 . A band in this region has been reported for the tetrahedral copper(II) 

complexes (Figure 5.20) [43, 44]. The zinc(II) complex exhibits a charge transfer 

transition at 20300 cm–1.
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Table 5.5: The UV-Vis spectral data 

Compound
Absorption

maxima (cm-1)
log

(  in L mol–1 cm–1 ) 
Assignment

hamp
30800 
24000 

3.09
3.18

*
*

[Mn(hamp)(H2O)]H2O
44640 
29800 
21500 

3.50
3.11
3.17

*
CT
CT

[Fe(hamp)Cl(H2O)2]

42900 
36400 
29070 
23200 

3.36
3.27
3.26
2.66

*
*

CT
6A1g T2g(G) 

[Co(hamp)(OAc)(H2O)2].H2O

43510 
29000 
21400 
17000 

3.64
3.36
3.42
3.40

*
CT
CT

4T1g(F) 4T1g(P) 

[Ni(hamp)(H2O)]H2O

43200 
30000 
21300 
16100 
11000 

3.68
3.26
3.39
2.44
2.25

*
CT
CT

3T1
3T2

3T1
3T1(P)

[Cu(hamp)(H2O)] 

29500 
23800 
20400 
17000 

3.45
3.43
3.53
2.47

*
CT
CT

2T2
2E2

[Zn(hamp)(H2O)] 
41600 
23800 
20300 

3.30
3.33
3.40

*
CT
CT

Figure 5.11: The UV-Vis spectrum of hamp
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Figure 5.12: The UV-Vis spectrum of 

[Mn(hamp)(H2O)]

Figure 5.13: The UV-Vis spectrum of 

[Fe(hamp)Cl(H2O)2]

Figure 5.14: The UV-Vis spectrum of 

[Co(hamp)(OAc)]

Figure 5.15: The UV-Vis spectrum of 

[Ni(hamp)(H2O)]

Figure 5.16: The UV-Vis spectrum of 

[Cu(hamp)(H2O)]

Figure 5.17: The UV-Vis spectrum of 

[Zn(hamp)(H2O)]
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Figure 5.18: The UV-Vis spectrum of [Mn(hamp)(H2O)] in nujol mull 

Figure 5.19: The UV-Vis spectrum of [Ni(hamp)(H2O)] in nujol mull 

Figure 5.20: The UV-Vis spectrum of [Cu(hamp)(H2O)] in nujol mull 
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5.3.5 Thermal analysis

The TG–DTG curves are presented in Figure 5.21–5.27 and the TG data in 

the temperature range 50-250 C is given in Table 5.6. The ligand decomposes in 

two steps in the range 150–600 C. The loss of lattice water molecule occurs in 

manganese(II), cobalt(II) and nickel(II) complexes below 125 C. Loss of 

coordinated water in these complexes occurs in the range 130–250 C. In the case 

of the Ni(II) complex, the weight loss corresponding to one lattice water and one 

coordinated water occurs in a continuous step from 60 to 190 C.  Above 250 C

organic part of the complexes begins to decompose. The iron(III) and copper(II) 

complexes show two step decomposition.  Decomposition of the nickel complex 

takes place in three steps and the decomposition of the cobalt complex takes place 

in five steps. 

Table 5.6: Thermogravimetric analysis data below 200 ºC 

Complex
Temperature

range, ºC 
% loss 

Fragment
lost

Nature of water 
lost

[Mn(hamp)(H2O)]H2O
60-110

130-190
5.0
4.8

1 H2O
1 H2O

Lattice water 
Coordinated water 

[Fe(hamp)Cl(H2O)2] 160-210 8.8 2 H2O Coordinated water 

[Co(hamp)(OAc)(H2O)2]H2O
50-110

150-210
3.9
8.4

1 H2O
2 H2O

Lattice water 
Coordinated water 

[Ni(hamp)(H2O)]H2O 60-190 9.7 2 H2O
Lattice water 

Coordinated water 

[Cu(hamp)(H2O)] 140-195 5.2 1 H2O Coordinated water 

[Zn(hamp)(H2O)] 140-180 4.6 1 H2O Coordinated water 
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Figure 5.21: TG-DTG of hamp 

Figure 5.22: TG-DTG of [Mn(hamp)(H2O)]H2O

Figure 5.23: TG-DTG of [Fe(hamp)Cl(H2O)2]
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Figure 5.24: TG-DTG of [Co(hamp)(OAc)(H2O)2]H2O

Figure 5.25: TG-DTG of [Ni(hamp)(H2O)]H2O

Figure 5.26: TG-DTG of [Cu(hamp)(H2O)]
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Figure 5.27: TG-DTG of [Zn(hamp)(H2O)]

5.3.6 EPR spectra 

In polycrystalline state, manganese(II) complex gives a broad signal with a 

g value of 2.06 [45]. The spectrum at 77 K in DMSO (Figure 5.28) exhibits six 

hyperfine lines. The lines are poorly resolved, which may be due to the poor glass 

formation. The spectrum gives a g value of 1.99 with an A value of 0.00929 cm-1.

In polycrystalline state EPR spectrum of the copper(II) complex gives an 

isotropic spectrum with a g value of 1.99 (Figure 5.29). This may be due to the 

extensive exchange coupling through misalignment of the local molecular axes 

between different molecules in the unit cell (dipolar broadening) and enhanced spin 

lattice relaxation. Solution state EPR spectrum of the copper complex was recorded 

in DMF at 77K. The g  value is found to be 2.08 and g  is 1.99. The spectrum 

clearly indicates axial features [46].
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Figure 5.28: EPR spectrum of [Mn(hamp)(H2O)]H2O in DMSO, 77 K

Figure 5.29: EPR spectrum of [Cu(hamp)(H2O)] in polycrystalline state 

5.4 CONCLUSIONS 

A new Schiff base derived from 3-hydroxy quinoxaline-2-carboxaldehyde 

and 2-amino-5-methylphenol and its complexes of Mn(II), Fe(III), Co(II), Ni(II), 

Cu(II) and Zn(II) have been synthesized and characterized. Based on the 

physicochemical and spectroscopic studies we propose the following structures for 

the complexes (Figure 5.30). 
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Figure 5.30: The proposed geometry of complexes 
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