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ABSTRACT: 4 Schiff’s base containing tetradenticity N,N-bis-(3-hydroxyquinoxaline)-
2-carboxidine-1,8-diaminenaphthalene, henceforth abbreviated as NBHCN, has been
prepared by condensation of two moles of 3-hydroxyquinoxaline-2-carboxaldehyde
with one mole of 1,8-diaminonaphthalene. This Schiff’s base has been made to undergo
complexation with Co(Il) and Ni(Il) metal ions. On the basis of their elemental analysis and
molar conductivity values, the complexes have been formulated as [M(NBHCN)JX, ] where
Xstands for water, pyridine and a-picoline which act as secondary ligands. The comparison
of infrared spectra of metal complexes with that of NBHCN (Schiff’s base ligand) indicates
its coordination through two azomethine nitrogen and two deprotonated hydroxyl oxygen
atoms. Thus, the ligand acts as a bivalent tetradentate anionic one joining through four
potential sites to the metal ions. The magnetic moments of Co(Il) complexes have been
found in the range of 4.90-4.91 Bohr Magnetone (BM) which is greater than three unpaired
electrons in spin free octahedral complexes of Co(Il) metal ion. The slightly excess value
of magnetic moment of Co(ll) complexes from u, = 3.87 BM, where u, is magnetic moment
due to spin-only motion, may be attributed to *T,, ground state of ’F term of d-system
in octahedral symmetry, being orbitally triply degenerate, makes sufficient contribution
to the magnetic moment of the complexes. The octahedral symmetry of Co(ll) complexes
has further been confirmed by their electronic spectra which display three bands due to
Tro=> Togp “Tiguy= *Asgry and Ty y=>*T o) spin-allowed transitions. The magnetic
moment values of Ni(Il) complexes have been found in the range of 3.0-3.2 BM which is
also greater than its m,value of 2.818 BM, corresponding to two unpaired electrons under
octahedral symmetry. The appearance of three bands in their electronic spectra due to
Ayy = Ty, A5y = Ty and °A,, — T, p) spin-allowed transitions is indicative of
octahedral symmetry around Ni(Il). Their v,/v, values also support octahedral geometry
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around metal ions and decrease in Racah parameters B from free metal ions to complexes
is indicative of appreciable covalent character in M-L bonds.

Keywords: Macrocyclic ligand, tetradenticity, distorted octahedral, spectroscopic
characterisation, tetradentate ligand

1. INTRODUCTION

Transition metal complexes of Schiff’s base macrocycle have been of considerable
interest in terms of structural complexity and biological functions.!? Tetradentate
Schift’s base ligands are able to coordinate with many different metal ions
forming stable compounds and some of these compounds have been recognised
as oxygen carrier.>* The tetradentate Schiff’s base complexes of transition metal
ions have shown an exponential increase in inorganic catalysis for various organic
preparations.”® The importance of coordination compounds of multidentates
Schiff’s base is widely known in pharmaceutical (antitumor, antiviral,
antituberculosis and antimicrobial) and industrial (analytical reagent, polymer,
coatings and fluorescent material) fields.”"® N-hetrocycles like quinoxaline,
quinozoline and their analogues are important hetrocycles that are present in
many naturally occurring alkaloids and possess interesting pharmacological
activities like antihypertensive, analgesic, anti-inflammatory, anticancer and
anti-HIV activities.!*!® The Schiff’s bases containing quinoxaline units are also
known to exhibit wonderful pharmacological properties. The literature, however,
reveals that no work has been reported on the metal complexes of Schiff’s base
derived from quinoxalinealdehyde and naphthalene-1,8-diamine. Therefore, we
report herein the synthesis and characterisation of the Schiff’s base derived from
3-hydroxyquinoaxaline-2-carboxaldehyde and 1,8-diaminonaphthalene and its
metals complexes with Co(Il) and Ni(Il) metal ions in which the tetradenticity
of the ligand may lead to the formation of macromolecule type coordination
compounds with interesting spectral data.

2. EXPERIMENTAL

All the chemicals used were of analytical grade. 3-hydroxyquinoxaline-
2-carboxaldehyde was procured from Merck (Hyderabad, India), whereas
1,8-diaminonaphthalene was procured from Nice (Patna, India). The ligand N,N-
bis-(3-hydroxyquinoxaline)-2-carboxidine-1,8-diaminonaphthalene  has  been
prepared by refluxing 2 mmol of 3-hydroxyquinoxaline-2-carboxaldehyde and
1,8-diaminonaphthalene in the presence of HCI (pH = 3.6) for 5 h, whereby a yellow
precipitate appeared which was filtered on suction pump and it was recrystallised
in ethanol. It is illustrated in Figure 1.
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Figure 1: Illustration of ligand preparation.

The complexes were prepared by refluxing the ethanolic solution of the
Schiff’s base ligand, i.e., N,N-bis-(3-hydroxyquinoxaline)-2-carboxidine-1,8-
diaminonaphthalene (NBHCN) and ethanolic solution of metal chloride of Co(II)
and Ni(I) taken in 1:1 molar ratio for about 30 min followed by the addition of the
secondary ligands, pyridine (2 mmol) or a-picoline (2 mmol) to it and was further
refluxed for about 1 h. The reacting mixture was stirred after cooling in ice for about
10 min whereby precipitate appeared was collected by filtration on suction pump
and was washed by ethanol and water. It was dried in an air oven. The melting
points of the compounds were determined on digital melting point apparatus Sturt
SMP-40. The molar conductances of complexes were determined on a digital
conductivity meter, MCD, HPG-3001 in dimethyl sulfoxide (DMSO) solution of
10~ M concentration. The microanalysis of ligand and complexes was carried out
on a FLASH, EA-1112 for the determination of carbon, hydrogen and nitrogen
contents of compounds. The contents of metals, Co and Ni in complexes were
estimated gravimetrically. The infrared (IR) spectra of ligand and complexes were
recorded on Fourier transform infrared spectrometer (FTIR) model RZX (Perkin
Elmer) by KBR disc method. The electronic spectra of complexes in DMSO were
recorded on Hitachi-330, UV-Vis-NIR Spectrometer. The magnetic susceptibility
of complexes was determined on Gouty balance at room temperature.

3. RESULTS AND DISCUSSION

3.1  Micro Analytical Data and Molar Conductivity

The micro analytical data and molar conductivity of ligand and complexes are
presented in Table 1.
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Table 1: Analytical, melting point, magnetic susceptibility, conductivity measurement of
ligand NBHCN and its metal complexes.

Melting % Analysis found / (calculated) A

S.no. Compound point (ohm™ cm? K
0 o (BM)
( C) M C H N mol )
1. Ligand[NBHCN] 175°C - 71.76 3.62 17.56 - -
(71.48) (3.83) (17.88)
2. [Co(NBHCN)(H,0),] 280°C 1026 59.87 3.32 14.76 15 491
(10.48) (59.68) (3.55) (14.92)
3. [Co(NBHCN)(Py),] 288°C 8.40 66.89 3.62 16.18 17 4.90
(8.61) (66.56) (3.79) (16.34)
4. [Co(NBHCN)(a.-Pico),] 290°C 8.06 63.59 4.00 15.48 16 4.90
(8.27) (67.32) (4.20) (15.70)
5. [Ni(NBHCN)(H,0),] 272°C 10.11 59.96 3.25 14.79 15 3.20
(10.32) (59.78) (3.55) (14.92)
6. [Ni(NBHCN)(Py),] 278°C 8.32 66.88 3.62 16.16 18 3.00
(8.48) (66.66) (3.80) (16.37)
7. [Ni(NBHCN)(c.-Pico),] 290°C 8.00 67.68 4.08 15.61 17 3.01

(8.14) (67.41) (421) (15.73)

The conductivity of complexes lies in the range of 15-18 ohm™ c¢cm? mol™' which
is indicative of non-electrolytic nature of complexes.!>?° On the basis of elemental
analysis and conductance values, complexes were formulated as [M(NBHCN)X,)]
where NBHCN = Schiff’s base ligand and X = H,O, pyridine and a-picoline.

3.2 IR Spectra

The important and significant IR bands before and after complexation have been
detected and assigned. The free ligand displays two broad bands at 3430 cm ™! and
3420 cm ! which may be assigned to H-bonded vy of enolic tautomeric form and
H-bonded vy in amide tautomeric form of the three ligand.?'*? It shows that the
free ligand exists in tautomeric form which is further confirmed by the absence
of medium band at 1690 cm™! due to v, of ketoform.?*"2¢ In the IR spectra of the
complexes, all these three bands disappear which indicates the dehydrogenation
of phenolic OH group and coordination through deprotonated oxygen.?”
The azomethine group vq,_y absorbs sharply at 1600 cm ™ in the IR spectra of
free ligand.*'*? The other sharp band at 1520 cm™ is fairly assigned to endocyclic
Vey Vibration of quinoxaline ring. The former band shifts to higher frequency and
appears at 1640—1650 cm™! while the second band remains intact at 1590 cm™! in
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the spectra of complexes. It clearly predicts that azomethine nitrogen is involved
in the coordination. The endocyclic nitrogen does not participate in coordination
to the metal ions.>*>° The abnormal increase in v after coordination to the
metal ions may be attributed to the extensive delocalisation of -electrons in fully
conjugated Schift’s base ligand. Thus, the IR spectra of complexes on comparison
with that of free ligand reveals that the ligand coordinates through two azomethine
nitrogen and two deprotonated phenolic OH groups. The coordination through
nitrogen and oxygen is further confirmed by the appearance of two new bands,
i.e., at 470—460 cm ! and at 430—420 cm ' which may be assigned to v, o and
Vy_s Tespectively.®® The appearance of two new bands at 3390 cm™ and 900 cm™
in spectra of complexes no. 1 and 4 as in the table may be due to stretching and
rocking mode of vibration of coordinated water.>” The appearance of new bands
at 760 cm! in IR spectra of complexes no. 2 and 5, and at 765 cm™! in complexes
no. 3 and 6 show the presence of pyridine and a-picoline within the coordination
sphere of these complexes.?®

3.3  Magnetic and Electronic Spectra

The magnetic moments of complexes have been given in Table 1. The Co(Il)
complexes exhibit magnetic moment of 4.90—4.91 BM. These values are higher
than the values for three unpaired electrons in high spin octahedral complexes,
which may be due to orbital contribution from triply degenerate ground state *T,.

These complexes display three bands, in their electronic spectra, which may be
assigned as below:

v, = T7100-7200 cm™ = *T5 — ‘Thp
v, = 14980-15250 cm™ ="*T, — *Ayp

v, = 13220-14610cm™ = ‘T (F) — “T,,(P)

The various crystal field parameters derived from electronic spectral bands of
Co(Il) complexes using Tanabe Sugano diagram are given in Table 2.

Table 2: Crystal field parameters of Co(Il) complexes.

10Dq B B
Compounds W/,
(em™) (em™) (%)
[Co(NBHCN)(H,0),] 7884 463.75 52.23 2.11
[Co(NBHCN)(Py),] 7970 498.00 48.66 2.114

[Co(NBHCN)(a-Pico),] 8028 537.00 4463 212
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The values of the various crystal field parameters are in good agreements with
values reported for slightly distorted octahedral complexes of Co(II).* !

The magnetic moment of Ni(Il) complexes are found in between 3.0-3.2 BM.
The value is greater than p, (2.83 BM) corresponding to two unpaired electrons
in octahedral Ni(Il) complexes. This may be due to second order Zeeman effect,

- 16%61) as A for Ni(II), a d3-system

is negative (—ve) and hence p 4 becomes greater than p value.*

under which p effective is given by p,,= p, (1

The electronic spectra of Ni(Il) complexes display four bands which show strong
tetragonal distortion in complexes due to which *T,, and °T,, of cubic field terms of
3F ground state term further undergo splitting and hence the assignment of bands
may be given to the following spin allowed transitions.

v = 8900-8990 cm™  ='B,, — E, ()
v: = 11640-11690 cm™' =3B1g — 3]32g
Vo= 15200-15270 cm™' =°B,, —*A,, (a)
vt = 16780-16820 cm™! =3B1g — 3Eg (b)

On the basis of these bands, the values of various crystal field parameters like
Dq,)» Dqq,, D, and D,, the extent of distortion from octahedral symmetry were
derived and values have been given in Table 3 below:

Table 3: Crystal field parameters of Ni(I) complexes.

Dq(x y) Dq(z) Ds Dt
Compound :

em’)  (em")  (em")  (cm’)
[Ni(NBHCN)(H,0),] 1165 615.50 732 314
[Ni(NBHCN)(Py),] 1164 618 736 312
[Ni(NBHCN)(0-Pico),] 1168 630.75 747.75 307.42

The values of various crystal field parameters are in good agreements with the
reported values for tetragonally distorted octahedral complexes of Ni(II).*34

4. CONCLUSION

The present study reveals that the Schiff’s base NBHCN contains four potential
sites for coordination to metal ions. Thus, it behaves as bianionic tetradentate
coordinating through two azomethine nitrogen and two deprotonated phenolic
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oxygen. On the basis of magnetic moment values and electronic spectra of Co(II)
and Ni(II), they are found to be octahedral with a little tetragonal distortion. The
four coordinated sites of the ligand lie in XY plane while water, pyridine and
a-picoline are tagged along Z-axis causing distortion in octahedral symmetry. On
the basis of Dt. values in Ni(II) complexes, the distortion power of Z-axis ligands
may be given in the following order: H,O > pyridine > a-picoline. The tentative
structure of complexes may be given as the following:

@:N\:( CHN\:[[/NCH):/N:©
N/ O/ ‘ \ o) \N

X
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