
NOTES

The vC=N absorption of the pyridine ring8,1?
appears at 1590± 5 cm-l in the ligands and remains
unaffected on complexation. In-plane and out
of plane ring deformation modes of pyridine are
observed at 1'"0.1620and 410 cm-1 respectively in the
spectra of the ligands and their adducts, suggesting
non-participation of the pyridine N atom in co
ordinationl8.

The bands appearing at 1605 and 1610 cm-l in
the spectra of the ligands IC1 and IC2 respectively
may be attributed to the vC=N (azomethine).
In the spectra of the complexes these bands appear
to be split into two strong peaks at 1645± 20 cm-l
and 1618± 6 cm-I, the former may be assigned
mainly to vC=N whilst the lower band may be
due to vC=N coupled with aromatic vC'-OCstretchl5.
The shift of 20 to 60 cm-I, towards higher frequency
suggests coordination through the exocyclic N
atomI9-22.

It is concluded that the Schiff bases behave as
monodentate ligand coordinating through azomethine
N atom. An octahedral structure is suggested
ior the complexes in the solid state.
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Nitration and broniination reactions have been
carried out on Cu(II) complexes of Schiff bases
derived from 2-hydroxybenzophenone and 2-hydroxy
I-naphthaldehyde. In the case of 2-hydroxybenzo
phenone, the electrophilic substitution takes place in
the phenolic ring rather than in the substituent group
attached to the azomethine carbon. Dinitration and
dibromination take place on each of the ligands
resulting in tetranitro and tetrabromo compounds.
It is observed that in 2-hydroxy-l-naphthaldehyde
moeity, only mono nitration takes place at C-6, and
this results in dinitro products in the case of bis
(2-hydroxy-l-naphthaldiminato)Cu(I1) and N,N'-ethyl
enebis(2-hydroxy-l-naphthaldiminato)Cu(I1) but tri
nitro products in the case of (2-hydroxy-l-naphthal
diminato)(salicylaldiminato )Cu(I1) and N,N'-ethylene
(2-hydroxy-l-naphthaldiminato)( salicylaldiminato )Cu
(II) complexes. The complexes have been charac
terized on the basis of elemental analyses, spectral
and magnetic studies.

REACTIONS of coordinated ligands have evokedconsiderable interest in recent years and a
number of reports on halogenation, nitration, thio
cyanation, acetylation and formylation reactions
have appearedI-19. In continuation of the work
on nitration of Schiff base complexes derived from
2-hydroxyacetophenone, reported earlier from our
laboratory20, we report here the resnlts of our investi
gation on nitration and bromination of some Schiff
base complexes of Cu(II). Nitration reactions have
been mostly performed on Cu(II) complexes, because
they are more stable and the ligand does not break
easily. The mild nitrating agent acetylnitrate used
in the present reaction was formed in sit·u by the
reaction of copper(II) nitrate with acetic anhydride.
This reagent is especially useful in the case of co
ordinated ligands because unlike strong nitrating
agents (N204, HN03 and H2S04), it does not cause
the decomposition of the Schiff base complexes.

N-Bromosuccinimide was used as the brominating
agent. It has been used by many workers for
brominating coordinated ligands3,5,8-lo. The bro
mlnium ion (BrT)produced in situ acts as an electro
phile in the bromination reaction of coordinated
ligands.

All the complexes used for the present reactions
were prepared according to the published proce
dure21,22. Acetic anhydride (BDH), copper(II)
nitrate trihydrate (Riedel), sodium acetate (Pfizer)
and N-bromosuccinimide (Riedel) were used as
such.

Nitration reactions were carried out on the follow
ing Schiff base complexes.
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(a) Bis (2-hydroxybenzophenoniminato)Cu(II), (b)
N, N' eth ylenebis (2 -hydroxybenzophenoniminato )Cu
(II), (c) N,N'-propylenebis(2-hydroxybenzophenon
imin to)Cu(II), (d) bis(2-hydroxy-1-naphthaldimi
nato) u(II), (e) N,N'-ethylenebis(2-hydroxy-1-naph
thaldminato)Cu(II), (f) (2-hydroxy-1-naphthaldimi
nato) (salicylaldiminato)Cu (II) and (g) N,N'-ethylene
(2- h droxy- 1- naphthaldiminato) (salicylaldiminato)
Cu(I ).

Th complexes were nitrated by taking (a), (b),
(c), ( ), (e), (f) or (g) (0·5 g) and acetic anhydride
(15 1) in a flask fitted with calcium chloride guard
tube and stirring for 15 min at 0° (ice-bath). Pow
dere Cu(N03k3R20 (0·80 g) was added in small
porti ns over a period of 30 min. The ice-bath
was emoved after 5 hr; but the stirring was conti
nued for five more hours. The resulting green
coloued substance was decomposed by pouring
into ice-cold water (150 ml) containing sufficient
amo nt of sodium acetate. The contents were
stirr d for 2 hr and the precipitate thus obtained
was ltercd, washed, first with water and then with
50% ethanol.

Br mination of (a), (b) and (c) was performed
as fllows: To a solution of (a), (b) or (c) (0·5 g)
in lVIF (20 ml), a stoichiometric amount of N
bron osuccinimide in DlVIF (15 ml) was added.
Afte stirring the mixture for 1 hr at room tempe
ratu e, it was poured into 300 ml of cold distilled
wate. The resulting yellow coloured precipitate
was 'ltered, washed with water, 50% ethanol and
drie .

T e complexes were analysed for metal, nitrogen,
carb n, hydrogen (in some cases) and bromine
(Tab e 1). Conductivity measurements were carried
out' n chloroform using Toshniwal conductivity
brid e CL01/01A. The magnetic susceptibilities
of t1 e complexes were determined at room tempe
ratu by the Gouy method using Rg[Co(NCS)41
as t calibrant. Infrared spectra of the complexes
were recorded on a Perkin-Elmer 427 infrared

grating spectrophotometer. The electronic spectra
of the complexes were recorded (in chloroform)
on a DU-2 Beckman spectrophotometer in the
range 400~1000 nm.

Analytical data of the complexes are in agree
ment with the molecular formulae assigned to them
(Table 1). The molar conductances of all the
complexes in chloroform or DMF show that they
are non-electrolyt es.

Nitration of (a), (b), (c), (d), (e), (f) and (g) gave
the products, bis(2-hydroxy-3,5-dinitrobenzopheno
niminato )Cu(II), N,N'-ethylenebis(2-hydroxy-3,5-di
nitrobenzophenoniminato )Cu(II), N ,N' -propylene
bis (2-h ydroxy-3, 5-dinitrobenzophenoniminato) Cu (II)
bis(2-hydroxy-6-nitro-1-naphthaldiminato )Cu(II), N,
N' -eth ylene bis (2-h ydroxy-6-nitro-1-naphthaldiminato)
Cu(II), (2-hydroxy-6-nitro-1-naphthaldiminato) (3,5
dinitrosalicylaldiminato)Cu(II) and N,N'-ethylene
(2- hydroxy -6 -nitro-1-naphthaldiminato) (3,5 -dinitro~
salicylaldiminato )Cu(II). respectively.

The products isolated after bromination of (a),
(b) and (c) were bis(2-hydroxy-3,5-dibromobenzo~
phenoniminato) Cu(II), N ,N'-ethylenebis(2-hydroxy
3,5-dibromobenzophenoniminato)Cu(II) and N,N'
propylenebis (2-h ydroxy- 3,S-dibromobenzophenonimi
nato)Cu(II) respectively.

As expected 3,S-dinitro derivatives are formed,
the electrophilic substitution taking place in ortho
and para positions to the hydroxy group. The
-OR group has the mesomeric effect directing the
incoming nitro group to ortho and para positions.
A similar behaviour is observed in the case of the
coordinated 2-hyclroxybenzophenonimin complexes
also. Dinitration takes place on each ligand result
ing in compounds with four nitro groups. Even
when excess of nitrating agent was used, nitration
in the phenyl substituent (on the azomethine carbon)
could not be brought about.

It is known that electrophilic substitution takes
place only. at C-6 in the free 2-hydroxy-1-naphthal
dehyde23• We find that in the case of coordinated

TABLE 1 -ANALYTICAL, ELECTRONIC SPECTRAL AND MAGKETIC MOMENT DATA OF THE KITRATED AKD
BROMINATED SCHIFF BASE COMPLEXES

Found (Ca1c.), %Complexes

Bis-( -hydroxy-3,5-dinitrobenzophenoniminato) Cu(II)*
N ,N' thylenebis-(2- hydroxy-3, 5-dinitrobenzophenoniminato)

Cu( I)
N ,N' Propylene bis-(2- hydroxy- 3,5-dinitro benzophen oniminato)

Cur I)
Bis-( -hydroxy-6-nitro-l-naphthaldiminato) Cu (II)
N,N' Ethylenebis-(2-hydroxy-6-nitro-l-naphthaldiminato) Cu (II)
(2-H droxy-6-nitro-l-n aphthaldiminato) (3,5-dinitrosalicy 1-
aldi inato) Cu(II)

N,N' thylene-(2-hydroxy-6-nitro-1-naphthaldiminato)
(3,5 initrosalicvlaldiminato) Cu(II)

Bis-( -hydroxy-3-,5-dibromobenzophenoniminato) Cu(II)*t
N ,N' thylen ebis-(2-hydroxy- 3,5-di bromo ben zophenoniminato)

Cu( I)*t
N,N' ropylenebis-(2-hydroxy-3 ,5-dibromo benzophenoniminato)

Cui I)t

Metal

9,84 (9,99)
9·25 (9-60)

9·12 (9'41)

12-60 (12'87)
12·10 (12-23)
12·90 (13·00)

12·09 (12'34)

7-83 (8'24)
7·72 (7-97)

7·52 (7'83)

N

12·83 (13-21)
12·26 (12-69)

11·97 (12-43)

11·34 (11'34)
10-81 (10-77)
13·64 (14-32)

12·97 (13-60)

3,58 (3-63)
3·42 (3'51)

3·26 (3-45)

Amax I"eff
(nm)

IBM)

575, 585

1·75
550, 590

2·03

555, 590

1·99

565

1·85
560

1'90
570

1·92

555

1-88

555

1·79
560

1·92

555

1·96

*Satisfactory C, H analyses were also obtained.
tSatisfactory Br analyses was obtained.
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IN continuation of our work on the formationconstants of transition metal chelates of salicyl
hydroxamic acid (SHA) and its substituted deriva
tivesl-3, we report in this note the results of our
studies on some rare earth chelates with these
ligands.

Rare earth oxides, obtained from Bhabha Atomic
Research Centre, Bombay, were converted into
the corresponding perchlorates and were estimated
as oxalates. The details regarding the reagents,
instrumentation and the calibration of glass elec
trode in the mixed solvent have been reported
earlier'.

The thermodynamic stability constants of Pr(III),
Nd(III), Sm(III), Gd(III), Dy(III), Er(III) and Yb(III)
complexes with salicylhYdroxamic acid (SHA) and
5-chloro-, 5-bromo-, 5-nitro-, 4-chloro- and 4-bromo
salicylhydroxamic acids have been determined in
50% (vlv) aq dioxane at I&=O·IM (NaCIO,) and 300
using Calvin-Bjerrum potentiometric titration tech
nique. The ionic nature of these chelates has been
predicted from the examination of the Born equation
and the relation log K=o pK+b.

Formation Constants of Pr(III), Nd(III),Sm(I1I),
Gd(III), Dy(III). Er(I1I) & Yb(III) Chelates

of Salicylhydroxamic Acids
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From magnetic and spectral studies, it is inferred
that these complexes have a square-planar geometry.
Substitution does not affect the absorption spectra
and magnetic properties.

The IR spectra of the substituted compounds
show bands similar to those present in unsubstituted
Schiff base complexes. In the IR spectrum of the
substituted monoamine Schiff base complex, a
band around 3200 cm-1 corresponds to free =N-H
group. This band is, however, absent in the substi
tuted diamine Schiff base complexes. In both the
monoamine and diamine Schiff base complexes,
a band around 1620 cm-1 corresponds to \lC=N.
In all the compounds a band is observed around
1260 cm-1 which may be assigned to \lC-O. The
nitrated compounds show a strong band near 1550
cm-1 due to asymmetrical stretch of N02 group
while a band appears around 1340 cm-1 due to
symmetric stretch of N02 group.
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