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SYNTHESIS AND CHARACTERIZATION OF SOME NEW TRANSITION 
METAL COMPLEXES OF TEE SCHIFF BASE DEFUVED FROM 
QUINOXALINE-2-CARBOXALDEHYDE AND 2-AMINOPEENOL 

S. Mayadevi and K. K. Mohammed Yusuff* 

Department of Applied Chemistry 
Cochin University of Science and Technology 

Cochin-682 022, India 

ABSTRACT 

Some new transition metal complexes of the  Schiff base 

quinoxaline-2-car boxalidene-2-aminophenol (HQAP) have been 

synthesized and characterized by elemental analyses, conductance 

and magnetic measurements and IR and UV-Visible spectral studies. 

The complexes have the following empirical formulae: [Mn(QAP121, 

[Fe(QAPl2C1I, [Co(QAPl21, [Ni(QAP121 and [Cu(QAP121. A tetrahedral 

structure has been assigned for the  manganese(=), cobalt(II1, 

nickel(II1 and copper(II1 complexes. For the  iron(IIIl complex an 

octahedral dimeric structure has been suggested. 

INTRODUCTION 

Quinoxalines are bicyclic, heterofused systems widely 

distributed in nature. Numerous synthetic quinoxalines are also 

reported. They are reported to  have useful antibacterial, 
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320 MAYADEVI AND YUSUFF 

1 antiinflammatory, analgesic and tuberculostatic properties . 
Quinoxalinoyl residues are present in several biologically active 

2 polypeptides such as levomycin, actinoleu kin and echinomycin . 

Quinoxaline derivatives play an important role in the synthesis of 

the antibiotic peptide triostin . We thought it is worthwhile to 

synthesize a new Schiff base by the condensation of 

quinoxaline-2-carboxaldehyde with 2-aminophenol and its m e t a l  

complexes. Aminophenols are also important to the pharmaceutical 

industry, since they have antibacterial and antitubercular action. 

Schiff bases obtained by the cnndensation of 2-aminophenol with 

some aldehydes and ketones have also been used widely as 

antitubermlosis compounds and their importance is mainly due to 

their ability to form m e t a l  chelates 4-6 . In the present 

communication, we report the synthesis and characterization of s o m e  

new transition m e t a l  complexes of the Schiff base, 

quinoxaline-2-carboxalidene-2- aminophenol (HQAP). 

3 

RESULTS AND DISCUSSION 

The formation of the complexes can be represented by the 

equations shown below: 

ethanol 
> [M(QAP)21 + 2CH3COOH reflux 2HQAP + M(CH3C00)2 

(M=Mn(II), Co(II1, Ni(II)  and Cu(II)) 

ethanol 
reflux > [Fe(QAP)2ClI + 2HC1 2HQAP + FeC13 

The complexes were found to be stable in air and 

non-hygroscopic. The complexes are soluble in DMF and DMSO and 
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NEW TRANSITION METAL COMPLEXES 321 

Fig. 1. Structure of the  Ligmd (HQAP) 

partially soluble in ethanol, methanol, acetonitrile, nitrobenzene 

and chloroform. The analyhcal data (Table I) show that these 

complexes have the following empirical formulae: [Mn(QAP)21, 

[Fe(QAP)2ClI, [CO(QAP)~I, [Ni(QAPl21 and [CU(QAP)~I. The very low 

molar conductance values of the complexes in methanol and 

7 nitrobenzene indicate non-electrolytic nature of the  complexes . 
Magnetic moment values are in agreement with a tetrahedral 

8 structure for the cobalt(II), nickel(ll) and copper(II) complexes . 
The lowering in peff (3.5 B.M) in the nickel(II) complex may be due 

to the effect of covalency or distortion from a tetrahedral 

structure . In the case of the manganese(II1 complex, no 

conclusion can be drawn as the s a m e  magnetic moment value can be 

expected for both octahedral and tetrahedral complexes. For the  

iron(=) complex the value is 5.3 B.H. It is less than that 

expected for spin-free octahedral complexes, indicating a bridged 

structure for this complex where antiferromagnetic coupling is 

10-12 operative . 

9 

Electronic Spectra 

In the electronic spectra of all the complexes a broad band is 

This band is seen to be sensitive to observed around 3oooO cm-'. 
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Table II 
Magnetic and Electronic Spectral Data of the Complexes 

Compound Perf Absorption Tentative Assignments 
(B. M) m a .  (cm-') 

IHII(QAP)~I 5.7 47500 Intraligand teansition 
40430 Intraligand transition 
28790 Charge transfer transition 

18270 6Al->4Tl(G) 

[Fe(QAP)2C11 5.3 47505 Intraligand transition 
42220 Intraligand transition 
31400 Charge transfer transition 

[Co(QAPI21 4.5 46340 Intraligand transition 
40430 Intraligand transition 
27940 Charge transfer transition 

18630 4A2->4Tl(P) 

6250 4A2-> 4 T (F) 
1 

[Ni(QAPl21 3.5 47500 Intraligand transition 
39580 Intraligand transition 
27940 Charge t rader  transition 

17120 3T1 (Fb-->3T1 (PI 

5150 3T1(Fb-->3A2 

[CU(QAP)~I 2.2 46910 Intraligand transition 
40880 Intraligand transition 
31870 Charge transfer transition 

16600 2 ~ 2 - > 2 ~  
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324 MAYADEVI AND YUSUFF 

the solvent and it is observed at 28790 cm-', 28325 cm-' and 27641 

c m  ' in ethanol, DMSO and DMF, respective13 in the case of the 

manganese(II) complex. This band can be assigned to ligand to 

metal charge-transfer transition as this band is seen to make a red 

shift in more polar solvents . A s i m i l a r  change is observed in 

the case of the other complexes also. The absorptions observed 

around 4oooO cm-' and 47000 cm-', are due to electronic traneitions 

within the ligand . The electronic transitions from the  

ground t e r m  of manganese(II1 to higher energy terms are 

spin-forbidden. However, a band is observed at 18270 cm-' in the 

electronic spectrum of the present manganese(II1 complex. This is 

probably due to spin-orbit interaction which makes this transition 

allowed. In  the tetrahedral environment it appears as a weak 

15 band . So the band appearing at 18270 cm-l  in the electronic 

spectrum of the present complex is assignable to the transition 

4 16,17 'Al-> T1(G) and is consistent with a tetrahedral geometry 

for manganese(II) ion. 

- 

13 

6A1 
14 

The band appearing at 18630 cm-' in the spectrum of the 
4 
A2 cobalt(II1 complex can be assigned to the transition 

- > T1(P) which is typical of tetrahedral cobalt(lI) complexes. 

For the nickel(lI1 complex the band occuring at 17120 cm-' is 

assigned to the spin forbidden transition 3T1(F) - > 3T1(P) due 

to the tetrahedral structure around nickel(LT). For the oopper(II) 

4 

complex there is a very broad band in the region 16800 cm-l which 

can be attributed to the 2T2-> 2 E transition, supporting a 

distorted tetrahedral configuration. 
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The low-energy bands expected for tetrahedral complexes are 

seen around 5000 cm-l  in the spectra of the cobalt and nickel 

complexes and are due to the 4A2-’ T1(F) and T1(F+’ A2 

transitions’ , respectively. 

4 3 3 

Infrared Spectra 

The infrared spectral data show that HQAP acts as a bidentate 

ligand and it coordinates through the phenolic - oxygen and 

azomethine nitrogen atoms. Host of the bands due to the free 

ligand are present in the spectra of the complexes. The strong OH 

stretching band at 3379 cm-I of HQAP is absent in the spectra of 

the complexes, which suggests that the phenolic oxygen a t o m  is 

coordinated to the metal a t o m  in the ionized form. The 

coordination of the phenolic oxygen atom in all the complexes is 

further supported by the fact that the strong band observed at 1280 

c m  in the spectrum of the ligand, which is attributed to the 

phenolic C-0 stretching vibration, undergoes a shift to higher wave 

numbers (h = 20 cm-’1 in the spectra of the c o m p l e ~ e s ~ ~ ’ ~ ~ .  The 

v(C=N) band of the azomethine linkage appears at 1672 cm-l in the 

spectrum of the ligand. This band is shifted to 1630 cm-l in the 

spectra of the complexes, indicating that the azomethine nitrogen 
20 is involved in bonding . 

-1 . 

EPR Spectra 

The EPR spectrum (Fig.2) of [CU(QAP)~I w a s  recorded in ethanol 

at liquid nitrogen temperature. Kneubuhl’s procedure’’ w a s  used to 

calculate the g values. Three g values (gl= 1.81, g2= 2.07, 
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Table J I I  

(Relevant I R  Absorption Frequencies of HQAP and its Complexes (cm-') 

HQAP 3379 1701 1282 1126 883 758 

[Mn(QAP)21 - 1635 1296 1132 881 769 

[Fe(QAP)2ClI - 1635 1300 1130 881 764 

[CO(QAP)~I - 1630 1294 1126 881 771 

[Ni(QAP)21 - 1637 1290 1126 883 760 

[CU(QAP)~I - 1628 1300 1128 880 780 

Fig. 2. EPR Spectrum of [CU(QAP)~I at Liquid Nitrogen Temparature 
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g3=2.26; A3=144 G) were observed for the present oopper(II) complex 

which may be due to distortion from the tetrahedral structure. 

Based on the above phymmhemical studies, the structures 

shown in Fig.3 may be assigned to the complexes. 

EXPERIMENTAL 

Quinoxaline-2-carboxaldehyde w a s  prepared as described 
22 elsewhere . All other reagents were of analytical grade purity. 

Synthesis of the Ligand 

The ligand (HQAP) w a s  prepared by miuing an  ethanolic solution 

(100 mL) of quinoxaline-2-carboxAdehyde (0.01 mol, 1.58 g )  and 

2-aminophenol (0.01 mol, 1.09 g) in ethanol (100 mL). The solution 

was refluxed for 1 h. The ligand separated out was filtered and 

dried in vacuo over anhydrous calcium chloride. (Yield: 70 X ,  1.7 

g, M.P.: 180 C). 0 

Preparation of the Complexes 

The complexes of manganese(lI), iron(JII), cobalt(rC), 

nickel(lI) and oopper(II) were prepared by the following general 

procedure: 

An ethanolic solution of the Schiff base (HQAP) (0.01 mol, 

2.49 g )  in ethanol (100 mL) w a s  mixed with the corresponding metal 

salt solution in ethanol (0.005 mol - 1.22 g of (CH3C00)2Mn.4H20; 

0.81 g of anhydrous FeC13; 1.25 g of (CH3C00)2Co.4BZO; 1.24 g of 

(CH C00)2Ni.4H20 or 0.99 g of (CH3C00)2Cu.H20). The solution w a s  

refluxed for 2 h. The volume of the resulting solution w a s  reduced 

by evaporation and the solution w a s  cooled in a freezer for 1 h. 

3 
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Fig. 3. Suggested Structures of the Complexes 

(where M = Mn(II), Co(lI), N i t I I )  and Cu(II)) 

The crystalline complex separated out w a s  filtered, washed with 

ether and dried in vacuo over anhydrous calcium chloride. (Yields: 
0 60-70 %, 1.6-1.9 g, M.P.: ,230 C). 

Analytical Methods 

Metal and chlorine analyses were carried out using standard 

 procedure^'^. Microanalyses for carbon, hydrogen and nitrogen were 

done on an Heraeus CHN elemental analyzer. Magnetic suscaptibility 

measurements were carried out at 300 I< by the Gouy method using 

CO[H~(SCN)~I as the standard. Infrared spectra of the ligand and 
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the complexes were taken as KBr discs on a Shimadzu 8101 FTIR 

spectrophotometer. Electronic spectra of the complexes were taken 

in methanol in the region 1ooO-200 nm on a Shimadzu 160 A 

UV-Visible spectrophotometer. The near I R  apectrum of the 

complexes in the region 2OOO-1OOO nm w e r e  recorded with a Bitachi 

U-3410 spectrophotometer. 

ACKNOWLEDGEMENT 

One of the authors (SM) thanks University Grants Commission, 

New Delhi, India, for the award of a research fellowship. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

8.  

9. 

N. P. Bun-Hoi, J. N. Vallet and R. S. Ruff, Chem. Ber., S, 245 
(1971). 

K. Sato, 0. Shiratori and K. Katagiri, S. Antibiotic, Ser. A., 
- 20, 270 (1967). 

Y. Tadashi, K. Yasuo and K. Ken, Progr. Antimicrob. Anticancer 
Chemother., Proc. Int. Congr. Chemother., 2, 1160 (1969). 

A. EI-Dissouky and A. 2. EI-Sonbati, Transition Met. Chem., 
11, 112 (1986). 

A. EI-Dissouky and A. Z. EI-Sonbati, Synth. React. Inorg. 
Met.-Org. Chem., Is, 1035 (1986). 

A. EI-Dissouky, G. B. Mohammed and A. Z. El-Sonbati, Inorg. 
Chim. A c t a ,  74, 279 (1983). 

W. J. Geary, Coord. Chem. Rev., 7, 81 (1971). 

B. N. Figgis and J. Lewis,  "Progress in Inorganic Chemistry", 
F. A. Cotton, Ed., Interscience, New York, 4, 185 (1984). 

N. N a w a r ,  M. A. Khattab, M. M. Bekheit and A. H, Kaddah, 
Indian J. Chem., m, 308 (1996). 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
0
5
:
0
0
 
1
2
 
F
e
b
r
u
a
r
y
 
2
0
1
0



330 MAYADEVI AND YUSUFF 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21 

22 * 

23. 

F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry", 
5th Ed. Wiley-inter science, Singapore (1 988). 

L. Mishra, M. K. Said, Indian J. Chem., u, 304 (1996). 

M. K. Das, K. Chaudhary, N. Roy and P. Sarkar, Transition M e t .  
Chem., 15, 468 (1990). 

A. B. P. Lever, "Inorganic Electronic Spectroscopy", Elsevier, 
N e w  York (1984). 

R. M. Silverstein, G. C. Bassler and T. C. Morril, 
"Spectrometric Identification of Organic Compounds", John Wiley 
& sons, 4th Ed. (1981). 

C. R. Chaudhary and K. C. Dash, Indian J. Chem., m, 364 
(1979). 

W. Kwoka, R. 0. Moyer Jr. and R. Lindsay, J. Inorg. Nucl. 
Chem., 37, 1889 (1975). 

K. S. Siddiqi, M. A. A. Shah and S. A. A. Zaidi, Indian J. 
Chem., m, 812 (1983). 

R. L. Dut ta  and B. R. Das, Indian J. Chem., 226, 207 (1983). 

J. E. Kovacic, Spectrochim. A&, s, 183 (1967). 

B. Samuel, R. Sanith, C. Summerford and K. Wade, J. Chem. 
Soc.. A, 2019 (1970). 

F. K. Kneubuhl, J. Chem. Phys., 33, 1074 (1960). 

C. L. Leese and H. N. Rydon, J. Chem. Soc., 303 (1955). 

A. I. Vogel, " A  Text Book of Quantitative Inorganic Analysis", 
4th Ed., Longmans-Green, London (1978). 

Received: 28 May 1996 Refereel: M. D. Johnson 
Accepted: 20 November 1996 Referee IT: W. Wacholtz 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
I
N
F
L
I
B
N
E
T
 
I
n
d
i
a
 
O
r
d
e
r
]
 
A
t
:
 
0
5
:
0
0
 
1
2
 
F
e
b
r
u
a
r
y
 
2
0
1
0


