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ABSTRACT

A bidentate oxygen/ nitrogen containing Schiff base ligand 2-acetyl naptho [2,1-b] furan
hydrazone (ANFH) and their Co(II), Ni(II) and Cu(II) complexes have been synthsized and
characterized by molar mass, elemental analyses, spectroscopic  (IR and electronic), molar
conductivity and magnetic susceptibility measurements at the room temperature. On the basis of
above studies it is proposes that ligand is suggested to acts in a bidentate manner and coordination
proposes through azomethine nitrogen and nitrogen atom of furan ring. The remaining coordination
centre are satisfied by negataive ions such as Cl–,  Br–, I– and NO3

– . The Co(II), Ni(II) complexes
have octahedral geometry where as Cu(II) complexes were proposed distorted octahedral geometry.

Keywords : ANFH/ Schiff base/ Co(II)/ Ni(II)/ Cu(II) complexes.

INTRODUCTION

The Schiff bases are the most versatile
and thoroughly studied ligand in coordination
chemistry. Metal complexes of Schiff bases have
been reported as tuberculostatic, antitumor,
antibacterial and antifungal agents. Transition metal
complexes with Schiff base ligands have been
prepared in view of their potential application as
antibacterial and antifungal drugs. The importance
of Schiff base ligands and their complexes with
transition metal have enhanced especially due to
their biological application. Metal chelates with
multidentate Schiff base have been used for the
purification of metals due to their high voltality and
solvability in non polar solvent1-2. The metal
complexes with Schiff bases find various industrial

and biological applications. Schiff base metal
complexes have scarcely been investigated3-7. The
interest in the study of hydrazones possessing
potential donor sites has been intensively
increasing last years because of their ability to form
stable chelates with transition metals present in the
vivid cell8,9. This process inhibits many vital
enzymatic reactions catalyzed by the metal ions. It
has been also observed that the biocidal activity of
the hydrazones increased by complexation to metal
ions such as cobalt, nickel and copper. Thus a
considerable metal complexes have been reported
as antitumor10-11, tuberculostatic12,13, antifungal14,15

agents. Thus the aim of present work is to
synthesize and characterize Co(II), Ni(II) and Cu(II)
complexes with Schiff base 2-acetyl naptho [2,1-b]
furan hydrazone [ANFH].
EXPERIMENTAL



526

Ta
b

le
-1

:A
n

al
yt

ic
al

 a
n

d
 p

hy
si

ca
l m

ea
su

re
m

en
ts

 o
f 

lig
an

d
 A

N
F

H
 a

n
d

 it
s

 C
o

(I
I)

, N
i(

II)
 a

n
d

 C
u

(I
I)

 c
o

m
p

le
xe

s

C
o

m
p

o
u

n
d

s
M

o
la

r
Y

ie
ld

%
 A

n
al

ys
is

 fo
u

n
d

 (c
al

cu
la

te
d

)
μμμμ μ ef

f
ΩΩΩΩ Ω

m
D

T
λλλλ λ m

ax
 e

le
ct

ro
n

ic
   

cm
-1

(C
o

lo
u

r)
m

as
s

%
M

C
N

H
B

.M
.

o
h

m
-1

O
C

cm
2

m
o

l-1

A
N

F
H

2
2

4
6

5
74

.8
5

12
.3

9
5.

27
(C

ol
ou

rl
es

s)
(7

5.
00

)
(1

2.
50

)
(5

.3
5)

[C
o(

A
N

F
H

) 2C
l 2]

57
7.

93
6

7
10

.0
8

58
.0

1
9.

60
4.

09
4.

89
1.

9
2

3
1

13
00

0,
 1

79
00

 2
29

00
(B

ro
w

ni
sh

 r
ed

)
(1

0.
19

)
(5

8.
13

)
(9

.6
8)

(4
.1

5)
[C

o(
A

N
F

H
) 2B

r 2]
66

6.
74

6
6

8.
77

50
.2

4
8.

30
3.

52
4.

92
1.

7
2

3
6

13
08

0,
 1

83
00

 2
27

00
(B

ro
w

n)
(8

.8
3)

(5
0.

39
)

(8
.3

9)
(3

.5
9)

[C
o(

A
N

F
H

) 2I
2]

76
0.

73
6

9
7.

68
44

.0
2

7.
28

3.
10

4.
95

1.
3

2
3

2
13

20
0,

 1
81

00
, 

23
10

0
(B

ro
w

n)
(7

.7
4)

(4
4.

16
)

(7
.3

6)
(3

.1
5)

[C
o(

A
N

F
H

) 2(
N

O
3)

2]
63

0.
93

7
0

9.
27

53
.1

1
8.

79
3.

74
4.

97
0.

9
2

2
0

12
06

0,
 1

80
00

 2
33

00
(D

ar
k 

br
ow

n)
(9

.3
4)

(5
3.

25
)

(8
.8

7)
(3

.8
0)

[N
i(A

N
F

H
) 2C

l 2]
57

7.
71

7
0

10
.0

7
58

.0
2

9.
60

4.
09

3.
17

1.
8

1
9

0
12

10
0,

 1
76

00
 2

40
60

(G
re

en
)

(1
0.

16
)

(5
8.

16
)

(9
.6

9)
(4

.1
5)

[N
i(A

N
F

H
) 2B

r 2]
66

6.
52

7
0

8.
71

50
.2

8
8.

32
3.

53
3.

11
2.

1
1

9
8

12
60

0,
 1

71
00

, 
24

02
0

(B
ro

w
ni

sh
 g

re
en

)
(1

8.
80

)
(5

0.
41

)
(8

.4
0)

(3
.6

0)
[N

i(A
N

F
H

) 2I
2]

76
0.

52
7

0
7.

67
44

.0
4

7.
28

3.
49

3.
18

2.
4

2
0

1
12

30
0,

 1
73

00
 2

40
00

(D
ee

p 
gr

ee
n)

(7
.7

1)
(4

4.
18

)
(7

.3
4)

(3
.1

5)
[N

i(A
N

F
H

) 2(
N

O
3)

2]
63

0.
71

6
8

9.
22

53
.1

4
8.

78
3.

72
3.

16
2.

6
2

1
6

12
40

0,
 1

74
00

, 
24

10
0

(G
re

en
is

h 
br

ow
n)

(9
.3

0)
(5

3.
27

)
(8

.8
7)

(3
.8

0)
[C

u(
A

N
F

H
) 2C

l 2 
]

58
2.

54
6

5
10

.8
1

57
.5

4
9.

52
4.

05
1.

97
1.

1
2

1
3

13
30

0,
 1

92
00

(B
lu

e)
(1

0.
90

)
(5

7.
67

)
(9

.6
1)

(4
.1

1)
[C

u(
A

N
F

H
) 2B

r 2 
]

67
1.

35
6

5
9.

39
49

.6
6

8.
27

3.
49

1.
94

1.
2

2
1

2
13

60
0,

 1
98

00
(B

lu
e)

(9
.4

6)
(5

0.
01

)
(8

.3
4)

(3
.5

7)
[C

u(
A

N
F

H
) 2(

N
O

3)
2 

]6
36

.5
4

7
0

9.
90

52
.6

2
8.

68
3.

70
1.

93
1.

4
2

0
7

13
20

0,
 1

91
00

(D
ee

p 
bl

ue
)

(9
.9

8)
(5

2.
76

)
(8

.7
9)

(3
.7

7)
D

T
 =

 D
ec

om
po

si
tio

n 
Te

m
pe

ra
tu

re



527

All the reagents used were of analytical
reagent grade [A.R.]. The solvents were used without
any purification. The metal contents were
determined using standard procedure16. The
analytical data, colour, magnetic susceptibility,
molar conductance, electronic spectra,
decomposition temperature are given in Table-1.
The magnetic susceptibility were measured by
Gouy method using Hg[Co(NCS)4] as a calibrant.
Electronic spectra of the complexes were recorded
in DMF on Cary-2300 spectrophotometer. The IR
spectra of the ligand and metal complexes were
recorded on Perkin-Elmer model-577 using KBr disc.
Molar conductance of the complexes were recorded
by Systronics conductivity meter model 303 in DMF.

Preparation of ligand (ANFH)
Schiff base (ANFH) was synthesized by

the condensation of equimolar ratio of 2-acetyl
naptho [2,1-b] furan and hydrazine hydrate
dissolved in ethanol. The resulting mixture was
stirred well, refluxed for 4-5 h and then allowed to
cool overnight. The coloured solid precipitate of
Schiff base obtained was filtered, washed with cold
ethanol several times and dried in air at room
temperature and finally recrystallized with
tetrahydrofuran. Yield 65%; m.p.-207 ± 1oC.

Preparation of the complexes
The Co(II), Ni(II) and Cu(II) complexes

were prepared by the treatment of ethanolic solution

 

             CH3

              |
             C X

           H2N– N

            O M   O

        N–NH2

X  C
  |
 CH3

Fig.1
     [M(ANFH)2 X2]

M = Co(II) and Ni(II); X = Cl-, Br- , I- and NO3
- ;  M = Cu(II), X = Cl-, Br- and NO3

-

Table 2: IR spectral band of the ligand ANFH and its complexes.

Compounds νννννc=n νννννCm-o νννννM–N νννννM–X

ANFH 1475, s,b
[Co(ANFH)2Cl2] 1450 n 540 m 460 m 265 m
[Co(ANFH)2Br2] 1450 m 530 m 460 m 270 m
[Co(ANFH)2I2] 1455 m 520 m 460 m 275 m
[Co(ANFH)2(NO3)2] 1455 m 510 m 465 m 280 m
[Ni(ANFH)2Cl2] 1450 m 525 m 470 m 305 m
[Ni(ANFH)2Br2] 1445 m 535 m 475 m 310 m
[Ni(ANFH)2I2] 1445 m 540 m 470 m 325 m
[Cu(ANFH)2Cl2] 1445 m 545 m 460 m 290 m
[Cu(ANFH)2Br2] 1445 m 545 m 480 m 295 m
[Cu(ANFH)2(NO3)2] 1450 m 555 m 490 m 300 m

m = medium,   s = strong,   b = broad
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of 2-acetyl naptho [2,1-b] furan hydrazine (ANFH)
(0.002m) with ethanolic solution of respective metal
chlordie/ nitrate (0.001 m) and refluxed for 3-4 h.
The complexes obtained were washed with water,
ethanol and diethyl ether, dried in desiccator and
stored in air tight bottles.

RESULTS AND DISCUSSION

The IR spectrum of the ligand exhibits a
broad band at 1475 cm-1 assigned to ν(C=N). This band
shifts to lower wave number in complexes by 20-35
cm-1, indicating participation of the azomethine
nitrogen in bonding with metal ions. The coordination
through azomethine N atom is further supported by
the presence of metal-ligand vibration band in the
far ir region at 490-460 cm-1 are assigned18,19 to n(M–

O). The next ir spectrum of the ligand exhibit in the
range 1200-1000 cm-1 has shifted towards the lower
frequency side in all complexes indicating the
involvement of furan oxygen in the complex
formation. The linkage with oxygen atom is further
confirmed by the presence of a band in far IR region
at 555-510 cm-1 assigned18,19 to ν(M–O).

The coordination through metal halogen
is indicated by the appearance of a band in region
325-265 cm-1 asigned18,19 to ν(M–X) (X=Cl-, Br- or I-).
The evidence of metal halogen linkage is further
confirmed by the low value of molar conductance in
the range 0.9 to 2.6 ohm-1 cm2 mol-1.

The presence of two band at 1670 and
1550 cm 1 with a separation of 120 cm-1 suggest
mono coordinate linkage of nitrate group with metal
ion.

Electronic spectra and magnetic susceptibility
data of the complexes

The electronic spectra of Co(II) complexes
show three bands in the region 12060-13200,
17900-18300 and 22700-23300 cm-1. The above
observation frequencies are assignable to 4T1g(F)
→ 4T2g(F), 4T2g(F)  → 4A2g(F) and 4T1g(F)  → 4T1g(P),
transitions respectively in an octahedral20

environment. The octahedral geometry for Co(II)
complexes are further supported21,22 by the high
value of magnetic susceptibility in the range 4.89-
4.97 BM. The Ni(II) complexes exhibit three
absorption band 12000, 17000 and 24000 cm-1

assignable to 3A2g(F) → 4T2g(F), 3A2g(F) → 4T1g(F) and
3A2g(F) → 4T2g(P) transitions respectively in an
octahedral20 environment. The proposed octahedral
geometry of Ni(II) complexes supported21,22 by the
magnetic susceptibility value in the range 3.11-3.18
BM.

The Cu(II) complexes exhibit two spectral
bands in the region 13200-13600 and 19800-19100
cm-1 assigned to 2Eg →  2T2g and CT bands
respectively which proposes octahedral20 geometry.
The magnetic susceptibility21,22 value for Cu(II)
complexes are found in the range 1.93-1.97 BM.

CONCLUSIONS

The synthesized Schiff base, ANFH acts
as a neutral bidentate ligand. The metal ions are
coordinated through azomethine N and oxygen of
furan ring. The remaining coordinated centres are
satisfied by negative ion such as Cl-, Br-, I- or NO3

-.
Thus on the basis of above studies the geometry of
Co(II) and Ni(II) complexes are proposed to
octahedral where as geometry of Cu(II) complexes
are distorted octahedral as shown in Fig.1.

REFERENCES

1. Singh N. P., Tyagi V. P. and Ratnam B., J. Chem.
Pharm. Res., 2(1), 473 (2010).

2. Bansal A. and Singh R. V., Synth. React. Inorg.
Met. Org. Chem., 31, 381 (2001).

3. Nair M. S., Joseyphus R. S., Spectrochim, Acta
(A), 70, 749 (2008).

4. Roy G. B., Inorg. Chim. Acta, 362, 1709
(2009).

5. Snebl M., J. Coord. Chem., 62, 3217 (2009).

6. Badwaik V. B., Deshmukh R. D. and Aswar A.
S., J. Coord. Chem., 62, 2037 (2009).

7. Gao C., Ma X., Tian J., Li D.and Yan S., J.
Coord. Chem., 63, 115 (2010).

8. Terzioglu G. N. and Otuk G. J., J. Med. Chem.,
32, 753 (1997).

9. Popp F. D., J. Heterocyclic Chem., 21, 1641
(1984).

10. Singh N. K., Agarwal N. and Agrawal R. S.,



529

Indian J. Chem., 23A, 1011 (1984).
11. Kumar Y. and Sethi P. D., J. Indian Chem. Soc.,

67, 796 (1990).
12. Mohan M., Gupta M. P., Chandra L. and Jha

N. K., Inorg. Chim. Acta, 151, 61 (1986).
13. Mohan M., Kumar A and Kumar M., Inorg.

Chim Acta, 136, 63 (1987).
14. Shrma R. C., Ambani J. and Varshney V. K., J.

Indian Chem. Soc., 69, 770 (1992).
15. Singh N. K. and Singh D. K., Synth. React

Inorg. Met-Org. Chem., 32, 203 (2002).
16. Vogel A. I., A Textbook of quantative Chemical

Analysis, Revised by Mendhan J., Denny R.
C., Barnes J. D., Thamas M., Pearson
Education (2008).

17. Krishna C. H., Mohapatra C. M. and Dosh B.
K., J. Inorg. Nucl. Chem., 30, 1253 (1977).

18. Kemp William, Organic Spectroscopy, 3rd Ed.,
Polgrove, New York (2008); Silverstein R. M.
and Webster Francis, Spectroscopic
Identification of Organic Compounds, 6th Ed.,
John Wiley and Sons (2008).

19. Ferraro J. R., “Low Frequency Vibrations of
Inorganic and Coordination Compound”,
Plenum Press., New York (1971).

20. Lever A. B. P., Inorganic Electronic
Spectroscopy, Elsevier, Asterdam, 395
(1968).

21. Figgis B. N., Introduction to Ligand Field,
Wiley Eastern Ltd., New Delhi, 279 (1976).

22. Carlin R. N., Dryneveledt, Van A. J., Magnetic
Properties of Transition Metal Compounds,
Springer Verlag, New York (1997).


