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Mixed ligand complexes of the type (MLL') where M=Cu(II) or Ni(II), LH=salicylaldehyde
and L'H=benzoylacetone or dibenzoylmethane have been prepared. On treatment of (MLL')
with ammonia, methyl- or ethyl amine, only the salicylaldehyde part of the molecule forms
Schiff base, the p-diketone part remaining unreacted. This schiff base complex can also be
prepared by treating the metal-amine complex with an equivalent amount of salicylaldehyde
and p-diketone. Amine-exchange reactions have also been carried out. The salicylaldehyde
part reacts with ethanolamine to form schiff base, while the p-diketone part is removed in the
case of Cu(II) complex. The complexes, have been characterized on the basis of elemental
analyses, TLC, conductance, magnetic moment and spectral studies.

IN continuation of our earlier work! on mixed
ligand complexes of the type (MLL') where
LH = salicylaldehyde and L'H = acetylace-

tone, we report in this paper mixed ligand complexes
of the type (MLL') where M = Ni(II) or Cu(II).
LH = salicylaldehyde, L'H = benzovlacetone (BA)
or dibenzoylmethane (DBM). The reactions of the
complexes with ammonia, alkyl amines and ethanol
amine have also been investigated.

Materials and Methods
The compounds (I) and (II) were prepared in the

same way as reported earlier",
Reactions of mixed ligand complexes with ethanol-

amine - Cu(II) mixed ligand complexes containing
salicvlaldimirie and ~-diketone were treated with
a slight excess of monoethanolamine. The mixed
ligand compound dissolved and the solution was
refluxed on a water-bath. The product was obtained
by pouring water into the reflux. In the case of
Ni(II) , solid did not dissolve on addition of ethanol-
amine. The completion of the reaction was judged
by change in colour of the solid on refluxing. In
both the cases the solid was filtered, washed with
water and finally with 50% ethanol. The Cu(II)
complexes were recrystallized from absolute ethanol.
The Ni(II) complexes have very low solubility and
could not be recrystallized. The analytical data
of the complexes are shown in Table 1. Conduc-
tance, TLC, magnetic measurements and spectral
studies were carried out as reported earlier".

Results and Discussion
On treatment with excess ammonia or alkyl

amines, mixed ligand complexes (I) give mixed
Schiff base complexes (II).

The coordinated aldehyde in(I) undergoes reac-
tion with primary amines to form Schiff bases. The
coordinated aldehyde becomes more susceptible
to nucleophilic attack" due to coordination with
the metal ion.
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The diketones however remain unaffected because
coordinated diketones have very little tendency
to undergo Schiff base formation due to delocali-
zation of -e-electrons over the whole chelate ring
which gives it a pseudo-aromatic character", As
a result of this the reactivity of the carbonyl group
is very much reduced.

Compound II (R" =H) could also be prepared
by adding a mixture of the two ligands to the metal-
amine complex solution, such that the metal and
the two ligands were in equimolar ratio. Here the
Schiff base formation involving condensation of
salicylaldehyde with coordinated amine group is
facilitated due to the template effects.

Compound II (R" = CH3 or C2Hs) could be
obtained by amine exchange with II 0R"=H).

The amine-exchange reaction proceeds by a
nucleophilic attack of the exchanging amine on
the electron deficient carbon of the polarized imine.
A more basic amine (which is more nucleophilic)
replaces a less basic amine from the Schiff base.
The reaction is, however, concerrtration dependant
also. A higher concentration of less basic amine
may replace the more basic amine from the Schiff
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TABLE 1 - A~ALYTICAL AND PHYSICOCHEMICALDATA OF Cu(lI) AND Ni(lI) :\fIXED LIGAND AND
:\IrXED SCHIFF BASE COMPLEXES

Complex Found (Calc.), % Amax
(nm)

M N

(Benzoylacetonato) (salicylaldehydato )Cu (II) 18·47 650
(18,39)

(Benzoylacetonato) (salicylaldimino)Cu(II) 18·59 H2 630
(18-44) (4-06)

(Benzoy lacetcnato) (saJicylaldimino)Ni(U) 17·09 4·08 550
(17,28) (H2)

{Dibenzoylmethanato) (saJicylaldimino )Cu (II) 15-49 3·56 640
(15·63) (3-44)

(Dibenzoylmethanato) (salicylaldimino)Ni(lI) 14·53 3·23 550
(14-61) (3-48)

(Benzoylacetonato) (N-methylsalicylaldimino)Cu(II) 17·54 3·81 630
(17-71 ) (3·90)

{Benzoy lacetonato) (N -eth ylsaJicylaldimino) Cu (II) 16·33 3·54 640
(16,44) (3·62)

(Benzoylacetonato) (N-methylsalicylaldimino)Ni(lI) 16·67 3·73 560
(16·59) (3·95)

(Benzoylacetonato) (N-ethylsalicylaldimino)Ni(lI) 15·55 3·75 560
(15·38) (3·66)

·(Dibenzoylmethanato) (N-methylsaJicylaldimino)Cu(II) 15·03 3·15 650
(15'11) (3·33)

(Dibenzoylmethanato) (N-methylsalicylaldimino)Ni(lI) 14·26 3·46 540
(14-12) (3·37)

-(Dibenzoy Imet hanato) (N-ethylsalicylaldimino)Cu(lI) 14·36 3·09 650
(14-17) (H2)

(Dibenzoylmethanato) (N-ethylsalicylaldimino)Ni(II) 13·12 3·28 560
(13'23) (3-15)

(Aquo) [N ·(2-hydroxyethylene)salicylaldimino ]Cu (II) 25-57 5·58 640
(25,88) (5·70)

(Benzoylacetonato) [N-(2-hydroxyethylene)salicylaldimino] 14·98 3·42 560
Ni(II) (15·30) (3-65)

(Dibenzoylmethanato) [N-(2-hydroxyethylene)salicylaldi- 13-54 HI 550
mino]Ni(II) (13,17) (3-14)

E fl.e£! (BM)
(mole/em)

48 1·90

70 1·94

2·59

80 1·87

2·57

72 1·93

65 1·87

3·10

2·92

76 1·89

3·13

72 1·89

2·91

78 1·76

2-89

2·91

Satisfactory C and H analyses were obtained for compound I. Compounds obtained by amine-exchange reactions
gave comparable analytical data to the mixed complexes obtained directly.

base5,6. Amine-exchange was carried out using
excess amine and employing amine as the reaction
solvent.

Further, amine-exchange reactions with ethanol-
amine were also attempted with the present Cu(II)
and Ni(II) mixed ligand complexes. In the case
of Cu(II) complexes, the aldirnine part reacted with
ethanolamine to form a tridentate ligand in which
OH group of ethanolamine provided the third co-
ordination site. The ~-diketone part was, however,
removed and the final compound attained tetra
coordination through coordination of a water mole-
cule (III).

Similar monomeric complexes of tridentate
ligands with solvent molecule occupying the fourth
position have been reported earlier". A mechanism
similar to that proposed by Chakrovarty et al» in
the case of Cu(II) complexes of Schiff bases, may
be operative here also.

In the case of Ni(II) complexes also the salicyl-
aldehyde moiety condenses with monoethanolamine
to form a tridentate ligand. However, the ~-dike-
tone part is also retained, though it does not undergo
condensation with monoethanolamine. Thus all
the four equatorial positions around Ni(II) remain
occupied. The -OH group of N-(2-hydroxyethylene)
salicylaldimine remains uncoordinated because the
Schiff base cannot occupy positions in two different

pianes9,lO (IV). The structure however needs con-
firmation by X-ray study.

Similar reactions of ethanolamine with bis(sali-
cylaldimino)Cu(II) and- Ni(II) have been carried
out in our Iaboratoryt-. It has been observed that
in Cu(II) complexes, one of the salicylaldehyde
molecule forms a tridentate ligand with monoetha-
nolarnine and occupies three positions around the
Cu(II) ion; the other salicylaldehyde molecule is
removed. In the case of Ni(II) complex, however,
both the salicylaldehyde molecules undergo con-
densation with monoethanolamine.

The reason why the diketone is removed in the
case of Cu(II) and retained in the case of Ni(II)
may be due to the difference in the stereochemistries
of Cu(II) and Ni(II) complexes.

TLC analysis shows the compounds to be pure.
The results of elemental analyses agree with the
suggested structures (Table 1). All the Schiff base
complexes obtained are soluble in common organic
solvents. They are found to be non-conducting
indicating their non-electrolytic nature.

The Cu(II) complexes are paramagnetic having
magnetic moments corresponding to one unpaired
electron. The visibJ.e spectrum shows a broad band
at .-..-650 nm in agreement with square-planar struc-
ture. Ni(II) square-planar complexes are expected
to be diamagnetic. The present Ni(II) complexes,
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however, exhibit paramagnetism. Paramagnetism
in Ni(II) complexes of the type (I) and (II) could
be attributed to oxygen bridging in these
complexesw+s. Paramagnetism in compound (IV)
is due to the weak coordination of the -OH group
of the Schiff base with the metal ion in neighbouring
complex molecules. This results in polymerization
and formation of distorted octahedral structure in
solid state and accounts for paramagnetism. The
visible spectra of Ni(II) complexes in chloroform
exhibit shoulders around 550 nrn. There is no band
beyond ~600 nm indicating square-planar structure
in solution. This may be due to breaking up of
polymerization in the solution.

In the IR spectra of compounds (I) and (II), no
bands are observed in the region 3400 crrr" showing
thereby that the -OH hydrogen of aldehyde or
ketone gets dissociated after complexation. In
compound (I), a band around 1625 crrr+ corresponds
to aldehydic vC = 0, while a band around 1580
crrr! corresponds to vC~:O of the diketone which
has delocalized "It-electrons. However, in the com-
pound (II) (R" = H) the band around 1625 cm-1
disappears and a new band appears around 1600
crrr! which is assigned to vC = N of the imine link-
age. The band at 1500 cm-1 due to vC = 0 of
diketorie group is, however, retained indicating
that it does not undergo condensation. There is
also a band around 3300 em? corresponding to free
vN-H. This band is, however, absent in case of
Schiff base complexes derived from alkylamines.

The IR spectrum of compound (III) exhibits a
broad band in the region 3400 em? corresponding
to OH stretch, confirming the presence of water.
There is also a band around 800 em"! corresponding
to the O-H out-of-plane deformation. This indi-
cates the presence of coordinated water. The
IR spectra of compound (IV) also exhibits a band
around 3400 ern+ corresponding to O-H stretch.
This shows that the -OH of the ethanolamine has
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weak coordination and hence tile proton does not
get dissociated. Besides the compound also exhibits
bands in the regions 1600 ern+ and 1580 em?
corresponding to vC=N and vCu:O groups of
diketone, respectively, indicating thereby that the
diketone does not condense with the amine-group.
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