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INTRODUCTION

It is well known from the literature that amides form an
interesting class of ligands possessing -NH, and >C=0 groups
which can act as donor sites. The amide derivatives have been
investigated extensively by coordination chemists [1-5]. Substi-
tuted amides and its derivatives are well known to possess
biological properties such as fungicidal, herbicidal and insec-
ticidal activities [3,4]. Such organic compounds when coordi-
nated with metal salts could exhibit enhanced microbiological
activities when administered in the form of metal complexes
[6-8]. However, the direct use of transition metal salts as
antimicrobial agents cannot be recommended, as they are very
toxic to both the microbes and the host animals. It is quite likely
that the presence of aminobenzyl substituent on nicotinamide
moiety could effectively alter the extent of antimicrobial acti-
vities of the nicotinamide compound. Further, several types
of amino benzyl compounds possessing varied biological and
pharmacological activities have also been reported in literature
[3,8]. In continuation of our earlier work [9-12], herein we
report the synthesis of N-(1-pyrrolidinobenzyl)nicotinamide
and its complexation characteristics with Cu(II), Co(II), Ni(II)
and Zn(II) salts. The ligand behaved as a bidendate manner

Published online: 29 February 2016; AJC-17791

-
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coordinates to the metal ions through the carbonyl oxygen
and nitrogen atom of pyrrolidine moiety.

EXPERIMENTAL

Preparation of N-(1-pyrrolidinobenzyl)nicotinamide:
For the preparation of N-(1-pyrrolidinobenzyl)nicotinamide
ligand, nicotinamide (12.1 g, 0.1 mol), pyrrolidine (10 mL,
0.1 mol) and benzaldehyde (10 mL, 0.1 mol) were taken in
1:1:1 mole ratio in ice-cold condition. Nicotinamide was mixed
with pyrrolidine and stirred to get a clear solution. Benzaldehyde
was then added drop-wise and stirred in ice-bath. The resulting
reaction mixture was kept at room temperature for 4 days. The
solid product formed was filtered, washed with distilled water
to remove the unreacted nicotinamide and pyrrolidine followed
by CCl, to remove any unreacted benzaldehyde (Scheme-I).
N-(1-Pyrrolidinobenzyl)nicotinamide was then dried and
recrystallized in ethanol. Yield: 62 %; m.p.: 164 °C.

Synthesis of metal complexes using N-(1-pyrrolidino-
benzyl)nicotinamide: The ligand N-(1-pyrrolidinobenzyl)-
nicotinamide being insoluble in water, all the complexes were
prepared in non-aqueous medium. In a typical procedure,
N-(1-pyrrolidinobenzyl)nicotinamide was dissolved in chloro-
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Scheme-I: Formation of Mannich base

form and mixed with an ethanolic solution of the metal salt,
MCI, [where M = Ni(II), Cu(II), Co(II) and Zn(II)] in 1:1
(metal:ligand) mole ratio. The reaction mixture was warmed
on a water-bath for 1 h. The resulting solid complex formed
was separated by filtration, washed with distilled water and
dried in vacuo (Scheme-II).

T ﬁ
+ M
QCH NH L\@ 3
N

P

1:1 (metal:ligand) ratio

-—

OH,

o~ S

TN ™S

OH,

A TN
N | n P
N - N

M = Co(II), Ni(II) and Zn(II)

M = Cu(Il)

Scheme-II: Formation of metal complexes

RESULTS AND DISCUSSION

All the coloured metal complexes are stable at room tempe-
rature. However, on heating they decomposed. The thermogra-
vimetric analysis of metal complexes is found to be thermally
stable up to 280 °C. The final product of thermal decomposition
was found to be the metal oxide. Molar conductance values of
the complexes reveal their non-electrolytic nature [13]. The
magnetic susceptibility measurement values show tetrahedral
for cobalt and zinc, square-planar for nickel and octahedral
geometry for copper complexes.

Infrared spectra: The ligand N-(1-pyrrolidinobenzyl)-
nicotinamide shows its characteristic bands at 3300, 1640 and
1100 cm™ which have been assigned to v(NH), amide v(C=0)
and v(C-N-C) of pyrrolidine group, respectively [14]. In the
IR spectra of all the complexes, the V(NH) band remained at
the same position as in the free ligand, indicating that the
secondary nitrogen is not involved in the coordination to the
metal ion. In all the complexes, the amide v(C=0) and v(C-N-C)

of pyrrolidine bands displayed substantial negative shifts with
fairly low intensity indicating coordination through the oxygen
of amide moiety and nitrogen of pyrrolidine entity present in
the ligand. The Cu(Il) complex showed a hump at 3450-3000
cm™ followed by sharp peaks at 850-820 and 650-620 cm™
attributed to stretching and rocking modes, respectively of
coordinated water molecules [15-18]. According to elemental
analysis, the Co(II), Ni(I) and Zn(IT) complexes also contain
water molecule. However, a band around 880 cm!, characteristic
for coordinated water, is not observed in the IR spectrum of
those complexes. It may thus be assumed that the water mole-
cules are lattice held. Some new bonds were found around
530-540, 440-450 cm™ of M-O, M-N bonds, respectively
[19,20] which further confirm that the ligands are bidentate in
nature. In all the complexes, an additional medium band found
at 325 cm™ is assigned to M-Cl stretching vibration [21,22].

Electronic absorption spectra: The electronic absorption
spectra of the ligand and its copper(Il), cobalt(Il) and nickel(II)
complexes recorded in DMSO solution are shown in Fig. 1.
The green Cu(II) complex showed a broad band at 14060 cm'™
which is assigned to °E, — *Ta, transition indicating octahedral
geometry [23] for the complex. The Co(II) complex exhibits
a band with absorption maximum at 16680 cm™ which is
assigned to *A, — *T transition which supports tetrahedral
geometry [24] for the complex. The Ni(Il) complex showed a
characteristic band at 14580 cm™ which is assigned to 'A;,—
'B, transition confirming a square-planar geometry [25] for
the complex. The above facts are also evidenced by the magnetic
susceptibility data.
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Fig. 1. Electronic absorption spectra of the Mannich base N-(1-pyrrolidino-
benzyl)nicotinamide (a), Cu-PBN (b), Co-PBN (c) and Ni-PBN (d)
complexes

Magnetic susceptibility measurements: The magnetic
moment value for Cu(Il) complex (1.9 B.M.) indicates the
octahedral arrangement of the ligand around the central metal
ion. The four coordinated Co(II) complex shows s value of
4.1 B.M. which supports the tetrahedral geometry for the
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complex. The observed zero magnetic moment value confirms
the square-planar environment for the Ni(IT) complex, in con-
formity with the fact that all known square-planar complexes
of Ni(Il) are diamagnetic. The Zn(II) complex is also found to
be diamagnetic as expected for d'° configuration and on the
basis of analytical and spectral data four coordinated tetrahedral
geometry is proposed for the Zn(IT) complex.

EPR spectra: The EPR spectrum of copper complex
provides informations which are important in studying the
metal ion environment. The X-band EPR spectra of the Cu(II)
complex, recorded in DMSO at 77 and 300 K are shown in
Figs. 2 and 3.

Fig. 2. EPR spectrum of Cu-PBN complex in DMSO at 300 K
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Fig. 3. EPR spectrum of Cu-PBN complex in DMSO at 77 K

The spectrum of the copper complex at room temperature
shows one intense absorption band in the high field and is
isotropic due to the tumbling motion of the molecules. How-
ever, this complex at liquid nitrogen temperature shows four
well-resolved peaks with low intensities in the low field region
and one intense peak in the high field region. The copper

complex exhibits the g, value of 2.266 and g, value of 2.083
which indicate that the unpaired electron lies predominantly
in the d,2.,2 orbital [26]. The observed g value is less than 2.3
for the complex indicating covalent nature. The A value (-528
cm™) calculated using the relations, g, = 1/3 [gy + 2g.] and
gw=2(1-2A/10Dq), is less than the free Cu(II) ion (-832 cm™)
which also supports covalent character of M-L bond in the
complex. The G value of 3.84 indicates negligible exchange
interaction of Cu-Cu in the complex. The in-plane 6-bond strength
represented by molecular orbital coefficients, o (covalent in-
plane o-bonding) and 3* (covalent in-plane n-bonding) were
calculated using the following equations:

o’ = - (A1/0.036) + (g - 2.0023) + 3/7(g. - 2.0023) + 0.04
B?= (g - 2.0023) E/-8\oi?

If the value of o = 0.5, it indicates a complete covalent
bonding, while the value of o = 1.0 suggests a complete ionic
bonding. The observed value of o = 0.88 suggests that the
unpaired electron spends 88 % of its time on metal and 12 %
on the ligand atoms. Since the o of the complex [27] is less
than unity which indicates that the complex has some covalent
character in the ligand environment.

Cyclic voltammetry: The cyclic voltammogram of the
Cu(II) complex (0.01 M) in MeCN solution in 1.0 to -1.2 V
potential range indicates quasi-reversible one-electron process
[28]. A noteworthy feature has been observed in the cyclic
voltammogram of Cu(II) complex which is shown in Fig. 4.
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Fig. 4. Cyclic voltammogram of Cu-PBN complex in MeCN at 300 K (0.1
TMAP); scan rate 50 mV s’

During the forward scan, it shows two cathodic reduction
peaks, one at +0.24 V and another at -0.84 V which are
attributed to reduction of Cu(II) — Cu(I) and Cu(I) — Cu(0),
respectively. During the reverse scan, it shows two anodic
oxidation peaks, one at -0.76 V and another at +0.56 V which
are attributed to oxidation of Cu(0) — Cu(I) and Cu(l) —
Cu(Il), respectively.

Antimicrobial activity: The ligand N-(1-pyrrolidino-
benzyl)nicotinamide and its copper(Il), cobalt(Il), nickel(II)
and zinc(IT) complexes were tested for antibacterial activity.
Mueller-Hinton agar was used for testing the susceptibility of
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microorganisms to antibacterial agents by well diffusion method
[29,30], using DMF as solvent, at a concentration of 0.01 M
against the Gram-positive bacteria like S. aureus, B. subtilis
and Gram-negative bacteria such as E. coli, P. auroginosa.
Ampicillin was used as the standard for comparing the results.
The zone of inhibition values were determined at the end of an
incubation period of 24 h at 35 °C. It has been observed from
the results that the metal complexes have a higher activity than
that of the free ligand and the standard.
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