
CHAPTER 5
REACTIONS OF THE BINARY AND MIXED 
LIOAND COMPLEXES WITH DIAMINES

The replacement of one amine in the Schiffbase
complexes by another amine leads to the formation of
new Schiffbase complexes and is called amine exchange
or transamination reaction. The possible mechanism
for amine exchange is given in Chapter 1 (p./6 }• Verter ,
Muto2’3 and Martin4 have studied amine exchange reaction

of co-ordinated bis salicylaldimine ligands with aliphatic
5 6monoamine and diamines, while Olszewski and Martin 

carried out transamination reactions of bis £3-keto inline 
metal complexes. Reactions of bis (salicylaldehydato) 
Cu(ll) or Ni(ll) and bis(2-hydroxyaeetophenonato)Cu(II)
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T 8or Ni(ll) with diamines have been reported ’ . Similar

reactions of mixed ligand complexes of the type MLL*
(where M = Cu(ll) or Ni(ll); L = Salicylaldehyde and
L’ = 2-hydroxyacetophenone or acetyl^acetone) with diamines

9 10have also been reported from our laboratory ’ .

This chapter describes the reactions of aliphatic 
diamines with bis and mixed ligand complexes containing 
2—hydroxybenzophenone. Amine exchange reaction has also 
been performed on the bis and mixed imine Schiffbase 
complexes.

Experimental

Material used
Reactions of diamines have been carried out on 

bis(2-hydroxybenzophenonato)Cu(ll) or Ni(ll), bis(2-hydroxy- 
benzophenoniminato)Cu(II) or Ni(ll), bis(2-hydroxy-4 or 
5-methylbenzophenonato)Cu(II) or Ni(ll), bis(2-hydroxy-4 
or 5-methyl benzophenoniminato)Cu(II) or Ni(ll) and mixed 
ligand complexes (salieylaldehydato,2-hydroxybenzophenonato 
or its methyl derivatives)Cu(II) or Ni(ll), (salicylaldimi- 
nato,2-hydroxybenzophenoniminato or its methyl derivatives) 
Cu(ll) orMHIl), (2-hydroxy-l-naphthaldehydato,2-hydroxy
benzophenonato or its methyl derivatives)Cu(II) or Ni(ll),
(2-hydroxy-l-naphthaldiminato,2-hydroxybenzophenoniminato or
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its methyl derivatives)Cu(II) or Ni(ll) and the mixed 
keto imine complexes, (2-hydroxyaeetophenoniminato,2-hydroxy- 
benzophenoniminato)Cu(II) orNi(ll), (2-hydroxybenzopheno- 
niminato,2-hydroxy-4 or 5-methylhenzophenoniminato)Cu(II) 
or Ni(ll) and(2-hydroxy-4-methylbenzophenoniminato,2-hydroxy- 
5-methylbenzophenoniminato)Cu( II) or Ni(ll). These complexes 
were prepared as described in the earlier chapters- 
Ethylenediamine (en)» and 1,2-diaminopropane (pn) (Pluka) 
were used. Ethanol and chloroform were analar grade reagent.

Preparation of the binary Sehiffbase complexes

(l) N,N>-ethylene or propylene bis(2-hydroxybenzophenoni-
minato)Cu( II) or Ni(ll)

Two methods were used for the preparation of these 
Sehiffbase complexes.

In the first method, the Sehiffbase complex was 
prepared by refluxing (5 hr) bis(2-hydroxybenzophenonato) 
Cu(ll) or Ni(ll) (2 g) with en (2 ml) or pn (2 ml) in 
absolute ethanol (30 ml). The solid which separated out 
was filtered, washed first with water and then with 50$ 
alcohol, dried and recrystallized from chloroform.

The above Sehiffbase complexes were also prepared 
by amine exchange reaction. The preformed imine Sehiffbase



complex bis(2-hydroxybenzophenoniminato)Cu( II) orNi(ll)
(2 g) was refluxed (5 hr) with en (2ml) or pn (2 ml) in 
ethanol (30 ml). The reaction mixture was stirred well 
to obtain the compound. It was filtered, washed, dried 
and recrystallized from chloroform.

The corresponding methyl substituted 2-hydroxybenzo- 
phenone complexes, N,N*-ethylene or propylene bis(2-hydroxy- 
4 or 5-methylbenzophenoniminato)Cu(ll) or Ni(ll) were 
prepared in a similar way as detailed above.

amine ^(2) Bis(N-ethylene/or N-propylene_amine-2-hydroxybenzo- 
phenoniminato)Ni(II)

The bis imine Sehiffbase complex bis(2-hydroxybenzo- 
phenoniminato)Ni(II) (l g) was taken in suspension in ethanol 
and was refluxed (30 minutes) with 25 ml of 0.2M en or pn.
Water was added to precipitate out the complex. It was filtered, 
washed and dried.

(3) Bis(N-ethyleneamine or N-propyleneamine-2-hydroxy-4 or 
5-methylbenzophenoniminato)Ni(II)

20 ml of 0.2M solution of en or pn was added to 
bis(2—hydroxy—4 or 5—methylbenzophenoniminato)Ni(II) (1 g) 
taken in ethanol (30 ml). The reaction mixture was refluxed 
(30 minutes) with stirring.Water was added to precipitate out 
the complex. It was filtered, washed first with water then

with alcohol and dried.
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Preparation of the mixed Sehiffbase complexes

(l) N,N'-ethylene or propylene (salieylaldiminato,
2-hydroxybenzophenoniminato)Cu(II) or Ni(ll)

The above tetradentate Sehiffbase complexes were 
prepared directly and by amine exchange method.

In the first method, Sehiffbase complexes were prepared 
by refluxing (5 hr) preformed mixed ligand complex (salicylal- 
dehydato,2-hydroxybenzophenonato)Cu(ll) or Ni(ll)(2 g) with 
en (2 ml) or pn (2 ml) in absolute ethanol (30 ml). The 
solid which separated out was filtered, washed first with 

hot water then with 50% alcohol, dried and recrystallized 
from chloroform.

The above Sehiffbase complexes were also obtained by 
transimination reaction. The preformed mixed imine Sehiffbase 
complex (salieylaldiminato,2~hydroxybenzophenoniminato)Cu( II) 
or Ni(ll) (2 g) was refluxed (5 hr) with en (2ml) or pn (2 ml) 
in ethanol. The reaction mixture was stirred well to obtain 
the compounds. It was filtered, washed, dried and recrysta
llized from chloroform.

N,N»-ethylene or propylene (salieylaldiminato,2-hydroxy- 
4 or 5-methylbenzophenoniminatot)Cu(ll) or Ni(ll) were prepared 

in a similar way as detailed above.
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(2) N,N*-ethylene or propylene(2-hydroxy-i-naphthaldiminato,

2-hydroxybenzophenonirainato)Cu(II) or Ni(ll)

These Sehiffbase complexes were also prepared directly 
and by amine exchange method.

In the first method, preformed mixed ligand complex 
( 2-hydroxy-l-naphthaldehydato,2-hydroxybenzophenonato)Cu(II) 
or Ni(ll) (2 g) was taken in suspension in ethanol (25 ml) 
and refluxed (5 hr) with en (2 ml) or pn (2 ml). The reaction 
mixture was stirred well to obtain the compound. It was 
filtered, washed with water, alcohol, dried and recrystallized 
from chloroform.

The above diamine Sehiffbase complexes were also 
obtained by transimination reaction. An alcoholic suspension 
of the mixed imine Sehiffbase complex (2-hydroxy-i-naphthal- 
diminato ,2-hydroxybenzophenoniminato )Cu( II) or Ni(ll) (2 g) 
was refluxed (5 hr) with en (2 ml) or pn (2 ml). The solid 
which separated out was filtered, washed first with hot 
water then with alcohol, dried and recrystallized from 
chloroform.

The corresponding methyl substituted 2-hydroxybenzo- 
phenone complexes N,N*-ethylene or propylene(2-hydroxy-l~ 
naphthaldiminato,2-hydroxy-4 or 5-methylbenzophenoniminato)
Cu(II) or Ni(ll) were prepared in a similar way as detailed 
above;.



100
(3) N,N’-ethylene or propylene (2-hydroxyaeetophenonimi- 

nato,2-hydroxybenzophenoniminato)Cu(lI) or Ni(ll)

The preformed mixed keto inline Schiffbase complex 
(2-hydroxyacetophenoniminato,2-hydroxybenzophenoniminato) 
Cu(ll) or Ni(ll) (2 g) was taken in suspension in alcohol 
(30 ml) and to this was added en (2 ml) or pn (2 ml) and 
refluxed (5 hr). It was filtered, washed, dried and 
reerys.tallized from chloroform.

(4) N,N*-ethylene or propylene(2-hydroxybenzophenonimi- 
nato,2-hydroxy-4 or 5-methylbenzophenoniminato)Cu(II) 
or Ni(ll)

An alcoholic suspension of the mixed imine Schiffbase 
complex (2-hydroxybenzophenoniminato,2-hydroxy-4 or 5-methyl- 
benzophenoniminato)Cu(II) or Ni(ll) (2 g) was taken and to 
this was added en (2 ml) or pn (2 ml) and refluxed (5 hr).
The reaction mixture was stirred well to get the compound.
It was filtered, washed, dried and recrystallized from
chloroform.
\

(5) N,N'-ethylene or propylene!2-hydroxy-4-methylbenzophe- 
noniminato,2-hydroxy-5-methylbenzophenoniminato)Cu(II) 
or Ni(ll)

The preformed mixed imine Schiffbase complex (2-hydroxy- 
4-methylbenzophenoniminato,2-hydroxy-5-methylbenzophenonimi- 
nato)Cu(ll) or Ni(ll) (2 g) was taken in alcohol (30 ml) and



to this was added en (2ml) or pn (2 ml) and refluxed (5 hr). 

It was filtered, washed, dried and reerystallized from 

chloroform.

The analysis of metal, earhon and hydrogen (in some 

cases), and nitrogen contents in the complex compounds have 

been done as described in Chapter 2. The results of the 

analysis have been presented in the Table 5.1 - 5.4.

TLC analysis
TLC has been carried out for most of the mixed diamine 

complexes using a mixture of chloroform + ether (5:3) as 

the solvent.

Conductance measurements
The conductivities of the complexes in . chloroform 

were measured using a Toshniwal Conductivity Bridge of the 
type ClOl/oiA.

Magnetic measurements
Magnetic susceptibilities of the compounds were 

determined at room temperature using Gouy method.

Visible spectral studies
The reflectance spectra of few complexes in solid 

state with 1:1 lithium fluoride were determined in the range
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400 - 1000 nm. The electronic absorption spectra of the 
bis and mixed diamine Schiffbase complexes in chloroform 
solution were taken in the range 400 - 1000 nm. The 
absorbance was plotted against wavelength. The solid and 
solution spectra of the complexes have been presented in 

the Pigs. 5.1 - 5.19.

NMR spectral studies
NMR spectra of two complexes (Table 5.2, No.T & Table 

5.3, No.12) and N,N»-ethylene bis(salicylaldimine) Schiffbase 
were recorded in CDClg on a Perkin-Elmer B-32 NMR spectrometer. 
Tetra methyl silane was used as an internal standard. The 

proton chemical shifts are shown as follows.

Complex

N,N'~ethylene(salicy- 
laldiminato,2-hydroxy- 
4-methylbenzophenoni- 
minato)Ni(Il)

N,N’-ethylene bis ( salicylaldimine)

N,N'-propylene (2-hydroxy-l-naphthal- 
diminato,2-hydroxy-5- 
methylbenzophenonimi- 
nato)Ni(ll)

Proton Chemical Shifts ( ■£ downfield from. SiMe^) 
Types of Proton ,

I
t

f
C~H

fcX
1CH^CHg

t

C*3

2.5 2.8-
3.9

6-7 7.8

2.5 2.8-
3.4

6.2 -

2.5 2.7-
3.6

5.8-
6.1

8.2
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IR Spectral studies
The IR spectra of some complexes were obtained in

-1Hujol phase in the range 4000 - 600 cm . The spectra of 
the compounds (Table 5.1, No.5, 6, 11 & 17) were obtained 
in KBr pellet. The positions of the absorption bands have

been shown below.

Complexes
N,N'-ethylene-bis(2-hydroxy- 
benzophenoniminato)Cu(ll)

N ,N« -propylene--bis( 2-hydroxy- 
benzophenoniminato)Cu( II)

Characteristic bands ( “I \cm )
2900(b) 1600(s) 1540(m)
1460(s) 1390(s) 1360(m)
1320(w) 1270(w) 1250(m)
1220(w) 1180(w) 1160( m)
1130( w) 1080(m) 1050( m)
1000(w) 950(w) 930(w)
900( w) 850( m) 800(w)
770(w) 7 60( s ) 7 40( m)
710(s) 640(w)

2900(b) 1590(m) 1530( m)
1520(m) 1460(s) 140 O(w)
138 0(s) 1360(w) 1350(w)
1330( m) 1310(w) 1280(w)
1260(w) 1250(m) 1210(w)
1150(m) 1120(w) 1110(w)
1070(m) 1030(w) 1010(w)
970(w) 930(w) 910(w)
860(w) 840( m) 780(w)
770(m) 740(w) 730(w)
710(m) 620( m)



N,N'-ethylene bis(2-hydroxy- 
4-methyIben zophenoniminato)
Ni(II)

Bis(N-ethyleneamine-2-hydro- 
Xy_4_methylbenzophenoniniina- 
to)Ni(ll)

Bis(N-ethyleneamine-2-hydro-
xy-5-methylbenzophenonimina-
to)Ni(ll)

3060(ia> 302o(w) 2980( m)

2920(m) 2860(m) 1610(b)

1560(m) 1510(m> 148 5(m)

1475(m) 1440(s) 1420(m)

138o(s) 1350( w) 1330(b)

1260(w) 1250(m) 1215(w)

1170(s) 1125(s) 1090(w)

1070(m> , 102 5(w) 1015(w)

10©5(s) 960(s)' 925(w)

900(w) 860(s) 790(s)

775(s) 755(s) 740(w)

7 30( s } 700(s) 690(w)

625(s)

3360(m) 3300( m) 3090(w)

3070( m) 3010(w) 2920(s)

2880(s) 1590(m) 1520(m)

1490(w) 1460( m) 1440(m)

138 0(w) 1350(s) 1335(s)

1300(m) 1290(w> 1260( S )

1230(s) 1200(m) 1170(w)

114o(s) ;.1110( m) 1070(s)

1040(w) 1030(w)" 1020(s)

970(s) 950(s) 940(w)

910(s) 900(s) 870(w)

850(s) 830(s) 800(w)

780(s) 750(s) 720(s)

700(s) 690(s) 625(s)

3340( m) 3300(w) 3240( m)

3060(m) 2920(m) 2880( m>

1610( m) 1590(w) 1525(m)

1490(w) 1470( m) 1440(s)

1410(s> 1380('w) '1330( m)
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Bis(N-ethyleneamine-2- 
hydroxyb en zophe n on i mi n at o) 
Ni(ll)

Bis(N-propyleneamine-2- 
hydroxybenzophenoniminato) 
Ni(II)

N,N*-ethylene(salicyidldi- 
minato,2-hydroxybenzopheno- 
niminato)Ni( II)

1290(m) 1260(s) 1240^w)

1230(s) 1205(m) 1170(w)
1140(s) 1120(w) 1100( w)

1070(m) 1020(m) 980(w)
960(w) 920(m) 880(w)

820(s) 790(s) 770( m)
710(w) 700(s) 650(s)

3320( m) 3200(w) 2900(b)

1600( m) 1530(w) 147 0(s)
1380(s) 1360(w) 1270( m)
1240(w) 1210(w) 1150( m)
1120(w> 1080( m) 1020(m)

1000(w) 980(m) 960(w)
920(w) 900(w) 880(w)
850(w) 790(w) 77 0( m)
7 30( m) 710(w) 67 0( w)

3340(m) 3220(w) 3100( w)

2900(b) 1610('m) 1540( m)

i470(s) 1390(s) 1350( m)
1320(w) 1275(m) 1250( m)

1210( w) 1180(w) 1160(m)
1120(w) 1080(w) 1030(m)

1010(w> 940(w) 920(w)
860( w) 850(w) 830(w)

790(w) 770(m) 740(w)

720(m) 680(w)

2900(b) 2860( m) 1630(s)
1600( m) 1580(w) 1540( m)
1450(s) 1390(w) 1380(w)
1350( m) 1330(w) 1320( w)



N ,N» -ethy:iene( salieylal- 
diminato,2-hydroxybenzo- phenoniminato)Cn(II)

N „N • -ethylene( salieylal- 
diminato,2-hydroxy-5-methyl- benzophenoniminato)Ni( II)

N,N'-ethylene!2-hydroxy-l- 
naphthaldiininato ,2-hydroxy- benzophenoniminato)Cu(ll)

1255(n) 1240(w) 1225(w)
1200(m) 1150( m) 1130(s)
1090(s) 1070(w) 1030(s)
990(w) 980(w) 955(m)
950(w) 910(m> 860(w)
850(m) 840(w) 800(w)
780(w) 750( m) 740( is)
730(m> 710( w) 670(w)

2900(b) 1610(m> 1570(w)
1520(w) 1450(s) 1370(s)
1350( m) 1310(w) 1200(w)
1150(m) 1120(w) 1050(m)
1000(w) 950(ra) 930( w)
900( m) 870(w) 840( m)
7 60(w) 740(w) 7 30( m)

2900(b) 2860(m) 1620( m)
1610(w) 1600(m) 1570( m)
1530(m) 1510(w) 1450(s)
142o(w) 1380( m) 1350( in)
1340(w) 1320( m) 1250(m)
1200(w) 1170(m) 1140( m)
1090(w) 1050(w) 1030(m)
950(m) 925(w) 910( m)
890(w) 860( m) 840( m)
800(w) 780(m) 7 50(s)
740(m) 730(w) 700( m)

2900(b) 1610(m) 1540(m)
1460(s) 1380( s ) 1250(w)
1220(w) 1190(m) 1160(w)
1120(w) 1090(w) 1020( m)



N ,N*-ethylene( 2-hydroxy-1- 
naphthaldiminato,2-hydroxy- 
benzophenoniminato)Ni(II)

N ,N'-propylene(2-hydroxy~l- 
naphthaldiminat o,2-hydroxy- 
benzophenoniminato)Ni(II)

N ,N.» -ethylene( 2-hydroxy~l-
naphthaldiminato,2-hydroxy-
5-methylbenzophenoniminato)
Cu(H)

970(m) 920( w) 900(w)
850( m) 830(m) 7 60( w)

740(m> 690(w)

2900(b) 1610(m) 1540(m)

1460(s) 1380(s) 1350(w>

1310( w) 1250(m) 1220(w)

1190( m) 1170( w) 1150( m)
1100(m) 1030( w) 980(w)

950(m) 920(w) 860( m)
830(s) 760(w) 740( s)

2900(b) 1610( m) 1550(w)

1510(w) 1470( s) 1390( m)

1380(w> 1350( m) 1330(w)

1320(w) 1300( w) 1260( m)

1230(w) . 1200(m) 1170(w)

1150( m) 1050(w) 1000( m)
950(w) 870(m) 840( m)
790(w) 770(w) 750(m)

2900(b) 2860(m) 1630( m)

1610(w) 1585(m) 1530(m)

1500(w) 1460(s) 1440(w)

1410(m) 1380( m) 1360(w)

1330( m) 1260(w) 1240(m)

1210(w) 1180(m) 1170(w)
1140(m) 1100(w) 1080(w)
1060(w) 1030(w) 970(w)

960(w) 920(w) 880(w)

865(m) 830(m) 820(w)

790(w) 7 60( w) 7 50( m)

740( m) 720(m) 700( m)



N,N'-ethylene!2-hydroxy-l- 
naphthaldiminato,2-hydroxy- 
5-methylbenzophenoniminato) 
Hi(Xl)

N,N»-propylene(2-hydroxy-l- 
naphthaldiminato,2-hydroxy- 
5-methylbenzophenoniminato)
Ni(Il)

N,N'-ethylene!2-hydroxy- 
acetophenoniminato,2-hydroxy- 
benzophenoniminato)Cn(II)

N,N’-ethylene!2-hydroxy- 
aeetophenoniminato,2-hydroxy- 
benzophenoniminato/Ni! II)

2900(b) 1610(m) 157 0(w)
1510!w)

/
1460(s) 1380(s)

1350!w) 1320(w) 1290(w)
1250!m) 1200( m) 1150( m)
1070(w) 1020(w) lOOo!w)
940! m) 870(w) 830( m)
790(w) 7 60( w) 740( m)

2900!b) 1620( m) 1605(s)
1540!w) 1500( m) 1460(s)
140®! m) 1380(m) 1360(m)
1340!m) 1320(w) 1255( m)
1210! w) 1190(s) 1150(m)
1140( w) 1130(w) 1115(w)
1100(w) 1090(w) 1070(w)
1030!m) 99o( m) 970(w)
940! m) 930(w) 900(w)
850( m) 840(w) 830(m)
820( s) 
730(s)

770( w) 760(m)

2900(b) 1600(m) 1540( in)
1520(w) 1460( s) 1380(s)
1340(w) 1260(w) 1240( m)
1190(w) 1160(w) 1140(m)
1090( m) 1030(w) 990( m)
970(w) 940(m) 890(’w)
850(m) 830(w) 820(w)
770( w) 730(m)

2900(b) 1600(w) 1580(m)

1520( m) 1500(w) 1450(s)

1370(s) 1340(w) 1270(w)
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N,N'-propylene(2-hydroxy- 
ac e t o phen oni mi n at o, 2-hydroxy- 
benzophenoniniinato}Ni( II)

N,N*-ethylene!2-hydroxy- 
benzophenoniminato,2-hydroxy- 
4-methylbenzophenoniminato) 
Cu(ll)

N ,N•-propylene!2-hydroxy- 
benzophenoniminato,2-hydroxy- 4-methylbenzophenoniminato) 
Cn!ll)

1240(m) 1160(w) 1140(m)
1020!w) 960(w) 920( w)
870(m) 840(m) 730(s)

2900(b) 1600(m) 1560(w)
1530(w) 1460(s) 138 0(s)
1350(w) 1270(m) 1250(w)
1210(w) 1170(m) 1140( m>
1060(m) 1020(m) 970(w)
920(w) 890(w) 820(m)
740( s )

2900(b) 1600( in) 1560( m)
1510(w) 1440(s) 1380(m)
1350(w) 1330(m) 1260(s)
1220(w) 1170(m) 1160(w)
1150(m) 1130(m) 109 0(w)
1070(m) 1020(w) 1010(w)
960(m) 920(w) 870( m)
850(w) 790(w) 780(w)
750(m) 
630(w)

730(m) 700( m)

2900(b) 1610(m) 1570(m)
15l0(w) 1460(s) 1400( in)
1380( m> 1360(m) 1330(m)
1250(m) 1210(w) 1190(m)
1140(m) 1120(w) 1090(w)
1060(m) 1010(w) 990(m)
950(w) 920(w) 890(w )
860( m) 820(m) 760(w)
730(s) ‘ ^



N ,N ’ -ethylene( 2-hydroxy- 
benzophenoniminato ,2-hydroxy- 5-methylbenzophenoniminato) 
Ni(ll)

N,N•-propylene(2-hydroxy- 
4-raethylbenzophenoniminato, 
2-hydroxy-5-methylben zo- phenoniminato)Ni( II)

Results

2900(b) 16i0(m) 1560( m)
1510( m) 1450(s> 1390(m)
1350(w) 1330(m) 1250(s)
1210(w) 1170( m) 1160(w)
1150(m) 1120(m) 1090(w)
107 0(m) 1050(w) 1010( m)
960(m) 910(w) 890(w)
860(m) 850(w) v 790(w)
780(m) 7 40(s) 7 30( m)
700(s) 660(w) 630( w)

2900(b) 1610(m) 1565(m)
1510(w) 1460(s) 1410( w)
1375(m) 1335(m) 1290(w)
1250(s) 1175(w) 1160( w)
1130(m) 1100(w) 1070(w)
1020( m) 970(w) 920(w)
860( m) 840(w) 820(m)

1?oCOt- 7 60( w) 740(w)
720(w) 700(s>

Discussion

Analysis of the complexes corresponds to the expected 
structure. All the Schiffbase complexes are quite stable at 
room temperature. They are found to be non-conducting 
indicating non-electrolytic nature.

TLC analysis of all the mixed Schiffbase complexes 
were done using a mixture of chloroform + ether (5:3) as the 
solvent. This solvent was sleeted after trying several
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solvents in the TLC analysis of a 1:1 mixture of N,N'-ethylene 

bis(salicylaldiminato)M(lI) and N,N'-ethylene bis(2-hydroxy- 

ben zophenoniminato)M(ll) or N ,N'-ethylene bis(2-hydroxy-l- 

naphthaldiminato)M(ll) and N,N’-ethylene bis(2-hydroxybenzo- 

phenoniminato)M(ll) or N,N’-ethylene bis(2-hydroxyacetopheno- 

niminato}M(lI) and N,N'-ethylene bis(2-hydroxybenzophenonimi- 

nato)M(ll) complexes, using the same solvent, gave two spots. 

This indicates that the two components have distinct Ef values. 

The mixed Sehiffbase complexes, however, showed only one spot 

with the same solvent. This shows that the mixed complexes 

are pure and a single compound rather than a mixture of the 

bis complexes of the two ligands.

The diamine Sehiffbase complexes (5-1) are obtained 

by treating the bis ketonic complex, bis(2-hydroxybenzo- 

phenonato or its methyl derivatives)Cu(II) or Ni(ll) (2~l) 

with excess of en or pn. Since they have two basic centres 

they form Sehiffbase readily. The above Sehiffbase complexes 

(5-1) can also be prepared by treating bis(2-hydroxybenzo- 

phenoniminato or its methyl derivatives)Cu(II) or Ni(ll) (2-II) 

withcofltenbmWen or pn. In this case amine exchange reaction 

takes place. The reaction can be shown as follows.



112

°*--L + U^N-CI+- - - - - - - - - - - >

R.

5-1

2-11 + H2N--CH-CI12-NH2 —5> 5-1 + 2NHg
i'

E

E = H or CHg

The magnetic moment of the copper(ll) complexes are 

in the range 1.8 - 2.0 B.M. expected for square planar 

structure. Slightly higher value than the spin only value 

may be because of spin orbit coupling . The visible spectra 

show a band at — 550 nm ( € 350} as expected for square

planar structure.

Nickel(ll) square planar complexes are expected to be 

diamagnetic. The Ni(ll) complexes, however, are weakly 

paramagnetic (eff. «^1.10 B.M.). All the complexes were



recrystallized until constant magnetic susceptibility 
was obtained. The paramagnetism observed may be due to 
polymerization as discussed earlier. The visible spectra 
of the Schiffbase complexes in chloroform solution show a 
band <-^*550 nm ( 300). The absence of bands beyond
600 nm confirms square planar structure for the complexes,.

The higher value of extinction coefficient for the 
Cu(ll) and Ni(ll) complexes indicates that nitrogen atoms 
are in cis position resulting in a structure without centre 
of symmetry. The displacement of the band to lower wave-

12length in Schiffbase complexes indicates stronger M-N bond

However, bis keto imine Schiffbase complexes of Ni(ll) 
bis(2-hydroxybenzophenoniminato)Ni(II) or bis(2-hydroxy-4 or 
5-methylbenzophenoniminato)Ni(II) (2-II) on treatment with 
dilute en or pn (0.2M) gave a product containing two diamine 
molecules (Table 5.1, No.5, 6, 11,12, 17 & 18). This may 
be explained by considering the formation of a compound of 
the type 5-II where two diamine molecules undergo condensation 
at one end only, the other NH2 group remaining free. The 
reaction can be shown as follows.



<2-1 + H^JM- CH-CHX-N^
k R

R
5-ii

fl = H or CH3

The free NH2 group cannot occupy the fifth and sixth
13 14positions around the Ni(ll) ion because of steric reasons * .

These may,however, get linked with Ni(ll) of another molecule 

leading to the formation of a polymeric structure. The 
bis(2-hydroxybenzophenonato)Ni( II) was also refluxed with 
en or pn (2M solution) for a shorter time (30 minutes) when 

a mixture was obtained. A part was soluble in chloroform 
showing the presence of the compound 5-1 and the remaining 
insoluble portion corresponded to the compound 5-II.

During the formation of en or pn Schiffbase complexes
from bis ketonic or bis salicylaldehyde complexes, the
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transform gets converted to eis form. The mechanism of 
this conversion is not known. It can be thought that cis to 
trans conversion takes place through the formation of the 
compound 5-II.

The above Schiffbase complexes (5-II) are quite 
insoluble in all the organic solvents1;.

These insoluble en or pn Schiffbase complexes (5-II)
exhibit paramagnetism with magnetic moment in the range
-~3.4 B.M. corresponding to two unpaired electrons. The
expected spin only value for tw^unpaired electon is 2.83 B.M.

The excess over the expected spin only value found for the
present complexes (5-II) can be attributed to spin orbit 

15coupling . The reflectance spectra of the compounds show 
bands at —-'550 nm, >-—900 nm and a shoulder at —•'760 nm.
From magnetic and spectral studies it is inferred that these 
complexes (5-Il) have a distorted octahedral geometry, due 
to polymerization through the free -NH2 of the diamine 
molecules.

It is well known that planar (NiN^) type complexes 
can be converted into octahedral ones by co-ordination of 
additional ligands . The conversion of square planar
Ni(ll) complexes into octahedral adducts, by the co-ordination 
of en or glycine as ligands has also been observed by the help

-j Qof circular dichroism studies



116
The mixed ligand complexes, (salicylaldehydato,2-hydroxy- 

henzophenonato)Cu( H) or Ni(ll) or (salicylaldehydato,2-hydro- 
xy-4 or 5-methylbenzophenoniminato}Cu(II) or Ni(ll) (3-l), on 
treatment with en or pn leads to the formation of new mixed 
Sehiffbase complexes (5-III) with the diamines condensed at 
one end with salieylaldehyde and at the other end with 2-hydroxy- 
benzophenone or its methyl derivatives. The above complexes 
(5-III}) have also been prepared by treating the mixed imine 
Sehiffbase complexes, (salicylaldiminato,2-hydroxybenzopheno- 
niminato)Gu(n) or Ni(ll) or (salicylaldiminato ,2-hydroxy-4 or 
5-methylbenzophenoniminato}^u(ll) or Ni(ll) (3-III), with en 
or pn. In this case amine exchange reaction takes place.
The reaction can be shown as follows.

3-III + --» 5-III + 2NHg
{
R

R = H or CHg



117

Treatment of the mixed ligand complexes, (2-hydroxy-l- 
naphthaldehydato,2-hydroxybenzophenonato)Cu( II) or Ni(ll) or 
( 2-hydroxy-l-naphthaldehydato,2-kydroxy-4 or 5-methylbenzo- 
phenonato)Cu(n) or Ni(ll) (3-11}, with en or pn results in 
the formation of Schiffbase complexes 5-IV. The above complexes 
have also been prepared by amine exchange reaction by treating 
the mixed imine Schiffbase complexes, (2-hydroxy-l-naphthal- 
diminato,2-hydroxybenzophenoniminato)Cu(II) or Ni(ll) or 
(2-hydroxy-l-naphthaldiminato,2-hydroxy-4 or 5-methylbenzo- 
phenoniminato)Cu(ll)or Ni(ll) (3-IV),with en or pn. These 
are all new types of complexes with the diamines condensed at 
one end with 2-hydroxy-l-naphthaldehyde and at the other end 
with 2-hydroxybenzophenone or its methyl derivatives. The 
reaction can be shown as follows.

3-IV + H2N-CH-CH2-NH2 --» 5-IV + 2NHg
tE



All of the Cu(ll) mixed Sehiffbase complexes are 

paramagnetic, with magnetic moment around «^1.9 B.M. , showing 
the presence of one unpaired electron. The visible absorption 

spectra of the complexes in chloroform solution show a band 
at ^-550 nm ( £ 360). From spectra and magnetic studies,
all the Cu(ll) mixed Sehiffbase complexes have been assigned 

a square planar structure.

The Ni(ll) mixed Sehiffbase complexes obtained are 
weakly paramagnetic (yu eff. 1.0 B.M.). The complexes were 

reerystallized until constant magnetic susceptibility was 
obtained. The paramagnetism observed may be due to polymeri

zation as discussed earlier. The visible spectra of the 
Sehiffbase complexes in chloroform solution show a band 550 nm 
(£^140) indicating a square planar structure for these comple

xes.

The higher extinction coefficient in the case of en or 

pn Sehiffbase complexes is due to the cis structure with lower 

symmetry.

In order to further support the mixed ligand nature of 
the complexes the visible spectrum of the N,N'-ethylene(sali- 
cylaldiminato,2rhydroxybenzophenoniminato)Cu(II) (c) was 
compared with the spectrum of N,N'-ethylene-bis(salicylaldi- 

minato)Cu(ll) (a) and N,N'-ethylene-bis(2~hydroxybenzopheno- 
niminato)Cu(II) (b). *t is observed that the spectrum of (&)
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shows a band at 565 nm, The spectrum of (b) exhibits a 

band at 545 nm. The spectrum of (C) is however different 

from (a) and (b) with a band at 560 nm, intermediate between 

that of (a) and (b), This shows that this is the proposed 

single compound and not a mixture of (d) and (b). The 

spectra have been presented in Fig. 5.11 .

Ketoimine Schiffbase complexes, (2-hydroxyacetopheno- 

nirainato,2-hydroxybenzophenoniminato)Cu(II) or Ni(ll) (4-1), 

on treatment with en or pn leads to the formation of mixed 

Schiffbase complexes (5-V) with the diamine condensed at one 

end with 2-hydroxyacetophenone and at the other end with 

2-hydroxybenzophenone. Reaction of en and pn on (2-hydroxy- 

ben zophenoniminato ,2-hydroxy-4 or 5-methylbenzophenoniminato) 

Cu(ll) or Ni(ll) (4-II) or (2-hydroxy-4-methylbenzophenonimi- 

nato,2-hydroxy-5-methylbenzophenoniminato)Cu(ll) or Ni(ll) (4'III) 

leads to the formation of the Schiffbase complexes (5-YI) 

and (5-VIl). Here also amine exchange takes place with the 

diamines condensed in the first case (5-VI) with 2-hydroxy

benzophenone at one end and 2-hydroxy-4 or 5-methylbenzophenone 

at the other end and in the second case (5-yil) with 2-hydroxy- 

4-methylbenzophenone at one end and 2-hydroxy-5-methylbenzo- 

phenone at the other end. The reaction can be shown as

follows.
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5-1

U~!l -t- ~ CH— CW^-NW^

R

. <%% *

S~B
R = H or CH3; X = 4-CHg or 5-CHg



m
Most probable structure for all the Gu(ll) complexes 

is square planar. These complexes are paramagnetic having 
y-u eff. values in between 1.8 - 1.9 B.M. indicating the 
presence of one unpaired electron. The visible spectra of 
all the Cu(ll) complexes exhibit one broad band at ^ 550 nm 
(£-'■' 350) as expected for square planar structure.

The Ni(ll) diamine Schiffbase complexes obtained are 
weakly paramagnetic (eff. ^ 1.10 B.M.). The paramagnetism 
observed here may be due to polymerization as discussed earlier. 
They have square planar structure. The visible absorption 
spectra of Ni(ll) complexes show only one broad band at^ 550 nm 
( £ ^ 150). The extinction coefficient values are high for the 
en and pn Schiffbase complexes indicating that nitrogen atoms 
are in cis position resulting in structure without centre of 
symmetry. Dg^ symmetry in the trans imine complexes is reduced 
to C2v in the diamine Schiffbase complexes.

The IE spectra of the diamine Schiffbase complexes 
have been taken. The ketonic C=0 stretching mode of the
original bis ketonic or mixed ligand complexes (2-1, 3-1, 3-II)

-1 -1 at-1625 cm disappears and a new band at—1610 cm appears
in the Schiffbase complexes (5-1, 5-III, 5-IV) . This band
corresponds to C=N stretch and indicates the formation of
the Schiffbase. In the IE spectra of the Schiffbase complexes
prepared from the bis imine (2-II) or mixed imine Schiffbase
complexes (3-III, 3-IV, 4-1, 4-II & 4-III) , the N--H stretching
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~1frequency at~3300 cm disappears indicating that complete 

substitution reaction has taken place. The band at-1610 cm’ 
corresponds to C=N stretching vibration. However, the

“idiamine Schiffbase complexes (5-11} show bands at —■' 3300 cnf 
corresponding to NH, confirming the presence of free NH2 
group.

The NMR spectrum of the mixed Schiffbase complex
yN,N'-ethylene(salicylaldiminato,-2-hydroxy—l-methlbenzopheno- 

niminato)Ni(II) has been obtained. The NMR spectrum of 
N,N’-ethylene-bis(salicylaldiminato)Ni(II) or N,N'-ethylene- 
bis(2-hydroxybenzophenoniminato)Ni( II) could not be obtained 
for comparison because of their low solubility in chloroform, 
or CDClg. The NMR spectrum of N,Nf-ethylene-bis{salicylal- 
dimine) Schiffbase has been taken for comparison. In the 
spectrum of the complex there is a signal at 7.8T which 
corresponds to the methyl proton on the 2-hydroxybenzophenone 
ring. This is absent in the spectrum of N,N'-ethylene-bis 
(salicylaldimine) Schiffbase. In the Schiffbase complex and 
the free Schiffbase there is a signal between 6-7T corres
ponding to proton of the methylene group. In the free Schiff
base, however, the signal is not split indicating that the 
two CH2 groups are equivalent. In the mixed Schiffbase 
complex (Table 5.2,No.7) there are two signals and each is 
further split up. This shows that the two CH2 groups are
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non-equivalent due to attachment with aldehyde at one end 
and with ketone at the other end. The mixed complex is 
sufficiently soluble in deutrated chloroform. If it would 
have been a mixture of the two bis compounds, it would not 
have dissolved sufficiently in CDClg.

NMB spectrum of the mixed propylenediamine complex,
N, 11 - propylene(2-hydroxy-1-naph thaldimina to,2-hydroxy-5- 
methylbenzophenoniminato)Ni(II) shows signals at 8.2"S • This 
corresponds to methyl protons. The signal is a multiple one 
because of the presence of the methyl group attached to 
aliphatic chain and the methyl group of the aromatic ring.
The signal between 5.3 - 6.1? corresponds to methylene group. 
The signal at 2.5 T corresponds to -N=C~H proton of the 
co-ordinated naphthaldimine part of the Schiffbase. The MMR 
spectra of other complexes could not be obtained because they 
are less soluble in CDClgO# CHCf^-
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Fig. 5.1 : Visible spectra of ■ n:jlHttlHllHllHIHlllli(a) N,N'-ethylene-bis(2-hydroxybenzophenoniminato)Cu( II),
( b) N-ethylene-bis(2-hydroxy-4-methylbenzophenoni- 

minato)Cu(II) &
(c) N,N'-ethylene-bis(2-hydroxy-5-methylbenzophenoni- 

minato)Cu(ll)
in chloroform.
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Fig. 5.2 : Visible spectra of
(a) N ,N*-propylene-bis(2-hydroxybenzophenoniminato)

: ]■■■ :■ p i : ;ii c«(Xl>. : ! :-| i | j • pgj i: j;;;; ;p>;] : -i
(b) N,N'-propylene-bis(2-hydroxy-4-methylbeazopheno-

.. j..:: .. fli Eli flat O ) C fl( 11 ) & .....
(c) N, N *-propylene-bis(2-hydroxy-5-methylbenzopheno 

niminato)Cu( II)
in chloroform.

) --- >
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Figi, 5.3 : Visible spectra of_
(a) N ,N' -ethylene-bis( 2-liydroxybenzophenoni rainato ) 

Ni(ll),
( b) N,N'-ethylene-bis(2-hydroxy-4-methylbenzophenoni- 

--—[—: 1 „ minato)Nx( II) &
( c) N,N'-ethylene-bis(2-hydroxy-5-methylbenzophenoni- 

minato)Ni(II)
in chloroform.

4-00 500 600

"X (nw)-- >



Pig. 5.4 : Visible spectra of
(a) NjN'-propylene-bisl2-hydroxybenzophenoniminato)

':T:;j T Ni(ll) |

(b) N,Nf-propylene-bis(2-hydroxy-4-methylbenzophenoni- 
minato)Ni(ll) &

(c) N,N'-propylene-bis(2-hydroxy-5-nethylbenzophenoni- 
minato }Ni( II)

in chloroform.

4-50 500 650 60°

^ (YirY] ) -- ^
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Pig. 5.5 : Reflectance spectra |Hn|Lf :j--rj-ill:::hir:::!:.:!; Lilli;! lihirjjHilLHli;

(a) Bis(N-ethyleneamine-2-hydroxybenzophenoniminato) 
Ni(ll)

( b) Bis( N-ethylenearaine-2-hydroxy-4-methylbenzophenoni- 
minato)Ni(11^

(c) Bis(N-eth^leneamine-2-hydroxy-5-methylbenzophenoni-
minato

500 600 700 <300 QOO

"Xcnmj---- ^
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Fig. 5.6 : Reflectance spectra
(a) Bis( N-propyleneamine-2-hydroxybenzophenoniminato) 

Ni(ll)
( b) Bis(N-propyleneajnine-2-hyd.roxy-4-jaetbylbenzopheno- 

niminato )Ni( lt)n'':Tr"!|r
( c) Bis(N-propyleneamine-2-hydroxy-5-methylbenzopheno- 

niminato)Ni( II)

500 600 700 %00 Q'OO

~X( Y)YV\) -->



Pig. 5.7 : Visible spectra of

(a) N^N’-etbyleneC salicylaldiminato,2-hydroxy- 
ben zophenoniminato)Cu( II),

(b) N,N*—ethylene(salicylaldiminato,2—hydroxy—4— 
methylbenzophenoniminato)Cu(II) &

( c) N,N'-ethylene(salicylaldiminato,2-hydroxy-5- 
methylbenzophenoniminato)Cu( II)

in chloroform.

^ (vir/l J------^
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Fig. 5.8 : Visible spectra of
(a) N,N'-propylene(salicylaldiminato,2-hydroxy- 

benzophenoniminato)Cu(II),
(b) N,N’-propylene(salicylaldiminato,2-hydroxy-4- 

methylbenzophenoniminato)Cu( II) &
(c) N,N’-propylene(salicylaldiminato,2-hydroxy-5- 

methylbenzophenoniminato)Cu(II)
in chloroform.

500 55 0 600
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Fig. 5.9 : Visible spectra of
(a) N,N'-ethylene(salieylaldiminato,2-hydroxybenzo- 

phenoniminato)Ni( II),
(b) N,N'-ethylene(salieylaldiminato,2-hydroxy-4-methyl- 

benzophenoniminato)Ni(II) &
( c) N,N'-ethylene( salieylaldiminato,2-hydroxy-5-methyl- 

benzophenoniminato)Ni( II)
in chloroform.

500 550 600

^[v\YY]) ---



Fig. 5.10 : Visible spectra of
(a) N,N'-propylene(salicylaldiminato,2-hydroxy- 

benzophenoniminato)Ni( XI),
(bj KjN1-propylene(salicylaldiminato,2-hydroxy-4* 

methylbenzophenoniminato)Ni( II) &
( c) N,Nr-propylene( salieylaldiminato,2-hydroxy-5- 

aethylbenzophenoniaiaato)Ni( Iiy
in chloroform.
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Fig. 5.11 : Visible spectra of
(a) N ,N*-ethylene-bis(salicylaldiminato)Cu(II),
(b) N,N’-ethylene-bis(2-hydroxybenzQpheneniminato)

cu( ii) ,> -nirpr(e) N ,N'—ethylene(salieylaldiminat©,2-hydroxy- 
benzophenoniiainato)Cu( II) &

(d) i;i mixture of (a) & (b)
in chloroform.
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Fig. 5.12 : Visible spectra of
(a) N,N*-ethylene(2-h.ydroxy-l-saaphthaldiminato, 

2-hydroxybenzophenoniminato)CufII)t
( b) N ,N' -ethylene( 2-hydroxy-i-BaphthaldimiBatoi, 

j 2-hydroxy-l-methylbenzophenoniminato)Cu( II) &
( c) N,N,-ethylene(2-hydroxy-i-napbthaldiminatoj, 

2-hydroxy-5-methylbenzophenoniminato)Cu( HHr~
in chloroform.
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Fig. 5.13 : Visible speetra of
(a) N,N*-propylene(2-hydroxy-l-naphthaldiminato, 

2-hydroxybeazophenoniainate)Cu( II) ,
(b) N,N*-propylene(2-hydroxy-i-naphthaldiminato, 

2-hydroxy-4-methylbenzophenoniminato)Cu( II) &
(e) N,N'-propylene(2-hydroxy-l-naphthaldiminato, 

2-hydroxy-5-methylbenzophenoniminato)Cu( II)
in chloroform.
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Pig. 5.14 : Visible spectra of
(a) N,N'-ethylene(2-hydroxy-i-naphthaldiminato, 2-hydroxybenzophenoniminato)Ni( II) , ;pp;fP||||
(b) N jN’-ethyleneC 2-hydroxy-i-naphthaldiminato, 

2-hydroxy-4-inethylbenzophenoniminato)Ni( II) &
(c) N,Nf-ethylene(2-hydroxy-l-naphthaldiminato, 

2-hydroxy-5-methylbenzophenoniminato)Ni(II)
in chloroform.
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Pig. 5.15 : Visible spectra of
(a) N,N*-propylene(2-hydroxy-l-naphthaldiminato, 

2-hydroxybenzophenoniminato)Ni(II),
(b) N,N»-propylene(2-hydroxy-i-naphthaldiminato, 

2-hydroxy-d-methylbenzophenoniminato)Ni( II)
( e) M,N’-propylene(£-hydroxy-l-naphthaldiroinatof 

iiiiiii-ii 2-hydroxy-5-methylbenzophenoniminato)Ni( II)
in chloroform.
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Fig. 5.16 : Visible spectra ofN,N»-ethylene(2-hydroxyaeetophenoniminato , 2-hydroxybenzophenoniminato)Cu( Il)(, - ^ p i I-Li
(b) N ,SJ'-ethyl ene( 2-hydroxybenzophenoni.mihato, 

2-hydroxy-4-methylbenzophenoniminato)Cu( II) ,
(c) N,N'-ethylene(2-hydroxybenzophenoniminato, 

2-hydroxy-5-methylbenzophenoniminato)Cu(II) &
(d) N,N'-ethylene(2-hydroxy-4-methylbenzophenonimi- 

nat o,2-hydroxy-5-me thy1ben zopheneniminato)G«( tl)
in chloroform.
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Fig. 5.18 : Visible spectra of
(a) N,N*-ethylene(2-hydroxyacetophenoniminato,

(■2Thydroxybenzophenoniminato)Ni( II) ,
iiiip: 3:!;3 . ■ (b) N,Nt-ethyleae(2-hydroxybenzophenoniminato,

2-hydroxy-4-methylbenzophenoniminat|»)Nij(; II) ,
(c) N,N*-ethylene(2-hydroxybenzophenoniminato, 

2-hydroxy-5-methylbenzophenoniminato)Ni(ll) &
(d) N,N*-ethylene( 2-hydroxy-4-raethylbenzophenoniminato, 

2-hydroxyi-5-metliylbenzopheHOainit)aato)IIi( II):
in chloroform.
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