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Abstract Novel COH, NiH, Cu" and Zn" complexes of the
polynucleating oxaza macrocyclic ligand (LH,4) derived
from the 2:2 condensation of pyrazole-3,5-dicarbohydraz-
ide and 2,6-diformyl-4-methylphenol have been synthe-
sized. Ligand and complexes were characterized on the
basis of elemental analysis, IR, '"HNMR, UV-Visible,
magnetic susceptibility, ESR and conductivity measure-
ments, FAB-mass and thermal analysis. Present Zn" and
Cu" complexes are binuclear in nature with octahedral
geometry, where as Co" and Ni"' complexes are tetranu-
clear with square-planar geometry. Cu" and Co" com-
plexes are paramagnetic whereas Zn" and Ni'' complexes
are diamagnetic. Only the copper complex has shown
redox property in the applied potential range while the
ligand and other complexes are found to be electrochemi-
cally innocent.

Keywords Tetranuclear - Pyrazole-3,5-dicarbohydrazide -
2,6-diformyl-4-methylphenol - Square-planar

Introduction

Considerable recent attention has been given to coordina-
tion compounds prepared from ligand systems capable of
binding multiple metal ions in the immediate proximity to
each other. Complexes of this type are of importance in
studies of electron transfer, magnetic interactions, optical
phenomena, excited-state reactivity, biomimetic chemistry,
mixed valency and ionophoric activity. One strategy for the
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design of multimetallic systems has involved the use of
polynucleating macrocyclic ligands [1-9]. Macrocyclic
transition metal complexes are of immense interest because
of their structural description and stability. A characteristic
feature of d-group transition metals is their ability to form
complexes with a variety of neutral molecules such as
carbon monoxide, isocyanides and various ligands with
delocalized p orbitals in addition to lone-pairs of electrons;
they have vacant p orbitals that are available for
occupation.

In particular, nitrogen donor macrocycles are found to
be more specific towards the size of the guest and show
high binding affinity with the same [10-13]. Macrocyclic
organic ligands of 3,5-disubstituted pyrazole derivatives
show the remarkable ability to form the stable transition
metal complexes by involving their diazine group as
endogenous bridge.

Ligands derived from 2,6-diformyl-4-substituted phe-
nols have attracted a lot of attention, mainly because they
can act as good precursors for macrocyclic systems. An
important aspect of these ligands is that the phenolic
oxygen of the 4-substituted phenol has a tendency to
simultaneously coordinate to two metal atoms acting as a
bridge. The donor groups of these ligands provide a sig-
nificant diversification of the coordination sites making
them good candidates for metal ion complexation and for
mimicking biological systems. The study of their stereo-
chemical, electronic, magnetic, catalytic and spectroscopic
properties have allowed the proposal of probes for some
important applications. It has been studied the biological
activity of related compounds with interesting results [14—
21].

It is an interesting target to study the magnetic, elec-
trochemical and structural aspects of macrocyclic com-
plexes derived from 3,5-disubstituted pyrazole since
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coordination diversity of amine and imine functionalities
explores the architectural changes in the metal complexes
to behave distinctly in their physico-chemical properties
even though the chelating atoms present are same. It is also
fascinating to investigate whether coordination has occur-
red through the oxygen, or advantage is taken only by the
available nitrogen donors to form macrocyclic complexes.
In the present article we wish to report the synthesis,
characterization and electrochemistry of a novel macro-
cyclic ligand obtained by “2 4+ 2” condensation of 2,6-
diformyl-4-methylphenol with pyrazole-3,5-dicarbohyd-
razide and its bi- and tetranuclear Co™, Ni", Cu"™ and Zn"
complexes.

Experimental
Materials and methods

All chemicals used were of reagent grade. Solvents were
dried and distilled before use according to standard pro-
cedures [22]. 2,6-Diformyl-4-methylphenol was prepared
according to the method reported by Denton and Sus-
chitzky with slight modification [23]. Pyrazole-3,5-dicar-
bohydrazide was prepared according to the earlier reports
with slight modifications [24]. The metal salts used were in
hydrated form, i.e., CoCl,.6H,0, NiCl,.6H,O, CuCl,.2H,0
and ZnCl,.

Preparation of the ligand (LH,)

Pyrazole-3,5-dicarbohydrazide (0.2 mol) was taken in
50 ml of absolute ethanol, to which 2,6-diformyl-4-
methylphenol (0.2 mol) was added slowly with stirring.
Further the mixture was stirred at room temperature for
15 min. The reaction mixture was refluxed on water bath for
4 h. The orange solid that formed was filtered off and washed
with hot ethanol (MP: 317 °C, Yield: 68%) (Fig. 1).

Preparation of complexes

To the stirred ethanolic solution (50 ml) of respective
metal chlorides (0.02 mol), ligand (0.005 mol) was added
and stirred further for about 15 min and then the reaction
mixture was refluxed on water bath for 4 h. So obtained
solid was filtered off, washed with hot ethanol and dried
over fused CaCl,.

Analyses and physical measurements

Estimation of the metal(Il) ions was done according to
the standard methods. The molar conductivity measure-
ments were made on ELICO-CM-82 conductivity bridge.
The magnetic susceptibility measurements were made on
Faraday balance at room temperature  using
Hg[Co(SCN)4] as calibrant. The '"H NMR spectra were
recorded in DMSO-dg solvent on Bruker-300 MHz
spectrometer at room temperature using TMS as internal
reference. IR spectra were recorded in a KBr matrix
using an Impact-410 Nicolet (USA) FT-IR spectrometer
in 4000-400 cm™"' range. The electronic spectra of the
complexes were recorded on a Hitachi 150-20 spectro-
photometer in the range of 1000-200 nm. The cyclic
voltametric studies were performed at room temperature
in DMSO under O, free condition using CH instruments
Electrochemical analyzer, CHI-1110A (USA). The ESR
spectra of the copper complexes were scanned (at room
temperature and liquid nitrogen temperature) on a Varian
E-4X-band EPR spectrometer, using TCNE as the
g-marker. TG and DTA measurements of the complexes
were recorded in nitrogen atmosphere on Universal
V24F TA instrument keeping final temperature at
1000 °C and heating rate 10 °C/min. The FAB mass
spectra were drawn from JEOL SX 102/DA-6000 mass
spectrometer using Argon/Xenon (6 kV, 10 mA) as the
FAB gas.

HN /\WJ\ NH
| |
CH, o o N N—NH N=
Absolute ethanol
2 + 2 HN o NH 000 5
R NH H;C OH HO CH,4
i i 2 NH 2 Reflux
O OH O —N HN—N N—
| |
2,6-Diformyl-4-methylphenol ~ Pyrazole-3,5-dicarbohydrazide HN M NH
o} 0

Fig. 1 Preparation of the macrocyclic ligand LHy
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Results and discussion

The analytical and physicochemical data of the complexes
are summarized in Table 1. All complexes are stable in air
at room temperature, non-hygroscopic in nature, insoluble
in common organic solvents and partially soluble in sol-
vents like DMF, DMSO and acetonitrile.

FTIR spectral studies

The FTIR spectra give some important information
regarding the skeleton of the complexes. The spectrum of
the macrocyclic Schiff base was compared with that of its
starting material which does not show any band corre-
sponding to amino and aldehyde groups, confirming the
condensation of these groups [25]. The spectrum of free
macrocycle shows bands at 3314, 3100, 1663, 1626 and
1250 cm ™" which can be assigned to the hydrazide v(NH),
pyrazole v(NH), amide v(C=0), azomethine v(C=N) and
phenolic v(C-0) respectively [26]. The v(C=N) has shifted
to lower frequency region in all complexes due to coordi-
nation through nitrogen. In case of Cu and Zn complexes
amide >C=0 shifted to 1622 and 1626 cm™" respectively
indicating the coordination of oxygen. Further pyrazole
v(NH) absorption remained unchanged, suggesting the non
involvement of pyrazole diazine component in the coor-
dination. The absence of amide >C=0 in Ni and Co
complexes suggests that the complexes are in imidol form.
Disappearance of pyrazole v(NH) in Ni and Co complex
shows involvement of pyrazole diazine component in the
coordination through deprotonation. v(C—O) for phenolic

group has shifted to higher frequency in all complexes due
to the coordination of —OH upon deprotonation [27]. The
appearance of bands in the region of 15301545 cm™' in
all the complexes suggests phenoxide bridging with the
metal ions [28, 29]. Further, the bands in the region
520-570 and 400480 cm™' are due to the formation of
M-0 and M-N bonds respectively [24] (Table 2).

"H NMR spectral studies

The macrocyclic ligand and its Zn" complex were scanned
in the range 0-16 6 ppm for proton NMR studies. Within
this range N-H of pyrazole [26], N-H amide, C-H azo-
methine and O—H phenolic protons resonate at 14.22, 9.85,
9.03 and 12.30 & ppm respectively. '"H NMR spectrum of
Zn" complex differs from ligand spectrum, shows three
signals at 11.99, 10.36 and 9.12 § ppm which are assigned
to pyrazole N-H, amide -NH and C-H azomethine
respectively. It is again emphasized the non-involvement of
pyrazole diazine group in the coordination. Aromatic pro-
tons are found in the range 6.90-8.77 6 ppm. The shift of
amide signal to 10.36 6 ppm and absence of phenolic -OH
peak suggests the coordination via deprotonation. The
spectrum of Ni'' complex shows signals at 12.28 and 8.80
0 ppm, which can be assigned to imidol ~OH and azome-
thine —CH respectively. The aromatic protons are resonated
in the region 6.90-7.90 6 ppm. The absence of peak cor-
responds to pyrazole N-H suggests the involvement of
pyrazole ring in coordination via deprotonation. Ar—CHj
protons are observed at 2.33 ¢ ppm for ligand and com-
plexes (Table 3).

Table 1 Analytical, magnetic moment and conductance data of co', Ni'', cu" and Zn" complexes

SI. No  Complex Metal Carbon Hydrogen Nitrogen Chloride Uere in BM Molar conductance
mho ¢cm? mol ™

1) [Co4LCLICI,  24.19 (23.64) 33.17 (33.70) 2.28 (2.00) 16.64 (16.85) 15.54 (14.22) 2.15 106.7

2) [Ni4LCL]Cl,  23.69 (23.59) 33.89 (33.76) 2.07 (2.01) 17.26 (16.88) 15.61 (14.25) - 113.2

3) [Cu,LH,ICl,  15.93 (15.49) 40.32 (40.97) 2.89 (2.68) 20.59 (20.48) 9.42 (8.64) 1.79 102.4

4) [Zn,LH,]Cl,  16.12 (15.87)  41.06 (40.77) 2.54 (2.67) 20.64 (20.38) 9.35 (8.60) - 103.6

Calculated values are given in the parenthesis

Tfa ?le 2 d Int(ria'rted spectlral data Compounds N-H N-H >C=0 (Amide) >C=N Cc-O0

of ligand and 1ts complexes (Hydrazide) (Pyrazole) (Azomethine) (Phenolic)
LH, 3314 ~3100 1663 1626 1250
[Co4LCL]Cl, - - - 1624 ~ 1260
[Ni4LCL]Cl, - - - 1625 ~1270
[Cu,LH,]Cl, 3207 3080 1622 1590 1264
[Zn,LLH,]Cl, 3292 3062 1626 1573 ~1270
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Table 3 'H NMR spectral data of the compounds in DMSO-d

Compounds —NH Pyrazole (ring) —OH Phenolic —OH Imidol =CH Azomethine Aromatic region
LH, 14.22 12.30 - 9.03 7.05-8.99
[Zn,LH,] Cl, 11.99 - - 9.12 6.90-8.77
[Ni4LCL]Cl, - - 12.28 8.80 6.90-7.90

Chemical shift values of the protons were measured with respect to TMS

Table 4 UV-Visible spectral

data of ligand and its complexes Compounds

Peak values (in nm) (Apyay in cm™?

LH,
[Co,LCL,ICl,
[Ni,LCL]Cl,
[Cu,LH,]Cl,
[Zn,LH,]Cl,

303 (33003), 372 (26881)

771(12970), 500-410 (20000-24390), 300(33333)

736(13586), 510420 (19607-23809), 303 (33003)

710640 (14084—15625), ~440 (22727), 397 (25188), 307 (32573)
387 (25839), 308 (32467)

Molar conductivity measurements

The molar conductance values of complexes were obtained
at room temperature in DMSO solution at 10~ mol/dm?
concentration. The molar conductivity values of all the
complexes fall in the range 103.6-113.2 mho cm?® mol ™!,
which is in agreement with 1:2 electrolytic nature of the
complexes [30].

Electronic spectral studies

The electronic absorption spectra of the complexes were
recorded in DMSO solution over the range 200-1000 nm
and the spectral data are listed in Table 4. Ligand exhibits
absorption bands at 303 and 372 nm, which are due to the
intra ligand n—7w* transition and n—n* transitions
respectively. In Co™ and Ni"' complexes, band at 372 nm
has disappeared (Fig. 2) which internally supports the en-
olisation of carbohydrazide unit [26, 31] and coordination
of the diazine unit. The UV-visible spectra exhibit a
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Fig. 2 UV-Visible spectra of ligand, Co", Ni", Cu" and Zn"
complexes in the range 275-500 nm

@ Springer

medium intensity broad band at around 390 nm in Cu",
Zn" complexes and 450 nm in Co", Ni"" complexes due to
charge transfer transitions. The 2B2g—>2Eg transition of
cobalt complex and ]Alg—>lA2g transition of nickel com-
plex are obscured into their broad charge transfer transi-
tions. In addition to the above observations, present Co™!
complex shows band at 771 nm, because of the *B,,—>A,,
transition and Ni'' complex shows low intensity band at
736 nm due to 1A1g—>1B1g transition concordant with
square-planar geometry of both the complexes [32, 33].
The geometry of nickel complex is further supported by
diamagnetic nature of the complex. Electronic spectrum of
the copper complex exhibits the broad band in the range
640-710 nm corresponds to the d—d transitions which is in
agreement with the octahedral geometry [34]. The elec-
tronic spectrum of the Zn" complex does not show d—d
transition bands as expected.

Magnetic moment measurements

The room temperature magnetic moment data are sum-
marized in Table 1. Zn" and Ni" complexes are diamag-
netic whereas Cu" and Co' complexes are paramagnetic in
nature with effective magnetic moment 1.79 and 2.15 BM
respectively. Comparatively high magnetic moments rule
out the existence of antiferromagnetic exchange interac-
tion. The higher magnetic moment of copper complex is
due to spin—orbit coupling. In the doubly bridged metal(Il)
complexes having counter-complementarily bridging
groups, the overall magnetic interaction is very weakly
antiferromagnetic [15]. Naturally, as a result of bond
bridge (diazine bridging) and atom bridge (phenoxide
bridging), the metal centers are in close proximity and
super exchange interactions are expected in cobalt
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complex. But the contrary results of magnetic susceptibility
measurements are due to the more electronegative bridged
chloro ligands [13, 32]. The drop in electron density on the
metal centers caused by the electron withdrawing effect of
bridging atoms is the probable reason for less effective spin
exchange interactions.

Electron spin resonance spectral study

The X-band ESR spectrum of copper(Il) complex in solid
form scanned in the region of 9000 MHz with corre-
sponding field intensity at ~3000 Gauss. The spectra
exhibit isotropic intense broad signal with g;, 2.0793 and
2.0727 at room temperature and liquid nitrogen tempera-
ture respectively with no hyperfine splitting. This suggests
that both copper ions are in similar chemical environment.
No half field absorption which is an index of metal-metal
interaction was observed. These types of spectra were
reported earlier for the complexes bearing large organic
ligand substituents having considerable covalent character
for metal-ligand bonds [35]. The broadening in ESR signal
is found to be because of the dipolar interaction [36].
Similar nature of ESR spectra at room temperature and
liquid nitrogen temperature shows no considerable change
in the geometry of ligand field around the metal ion when
temperature is lowered.

FAB-mass spectral studies

The elemental and analytical data of the complexes are
supported by the FAB mass spectrum. FAB mass spectrum
of Cu" and Ni"' complexes show peak at 820 and 997
respectively corresponding to the mass of the entire com-
plex [37]. Apart from this, spectra show some other peaks,
which are due to molecular ions of various fragments of the
complexes. The information got from FAB mass data
agrees well with binuclear nature of Cu' and Zn" com-
plexes and tetranuclear nature of Co™ and Ni" complexes.
Important conclusion drawn from FAB mass data along
with analytical and spectral data of all the complexes is that
the complexes are monomeric.

Thermal study

All prepared complexes were studied for their thermal
behavior over the temperature range of 30-1000 °C under
nitrogen atmosphere. All complexes decompose in same
fashion. TG-DTA curves show weight losses in two con-
siderable steps for all complexes. In the first step about 9%,
in the temperature range 90-160 °C attributed to the
weight loss of two counter chloride ions. In the next step,
the ligand part of the complex decompose completely and
the corresponding DTA signal is observed at 382.12 °C.

The final decomposition products were found to be metal
oxides. The thermal data is in well agreement with the
proposed structure of complexes.

Electrochemistry

The cyclic voltammograms of all ligand and complexes
were recorded in the potential range of +1.0 to —1.0 V
with different scan rates (0.15, 0.1 and 0.05 V/s). Only the
copper complex exhibits redox property. Whereas ligand
and other complexes are found to be electrochemically
innocent in the working potential domain indicating that
the electrochemical activity of copper complex is purely
metal based. The voltammogram of Cu complex shows a
single oxidation peak in the range 0.49-0.53 V in the
anodic potential scan. The cathodic scan, exhibits a single
peak in the range 0.18-0.22 V due to the reduction of metal
species. The high value of AEp, separation between the
cathodic and anodic peak potentials (Epa—Epc) which is
greater than 60 mV indicates quasi-reversible redox pro-
cess [38, 39] assignable to the Cu(IIl)/Cu(Il) couple with
Ei» [(Epc + Epa)/2] value ~0.61 V. The appearance of
Cu(IIT)/Cu(Il) and absence of Cu(Il)/Cu(I) couple can be
rationalized in terms of flexibility and the size of the
coordination cavity in the complexes and the geometric
requirements and the size of the metal ions in the different
oxidation states. The voltammogram of complex scanned
after keeping the solution overnight and at slower rates
have shown decrease in AEp value indicating the revers-
ibility of reaction with slow rate (Fig. 3).

Conclusion

It is concluded from the above investigation that, the novel
oxaza macrocycle is binucleating towards copper and zinc,
and tetranucleating towards cobalt and nickel. Magnetic
susceptibility measurements and electronic spectral studies
witnessed the presence of octahedral and square planar
ligand field around the Cu, Zn" and Ni", Co™ metal ions,
respectively. In cobalt and nickel complexes bridging
occurred through diazene of pyrazole ring by deprotona-
tion, leaving carbohydrazide unit in its enol form. How-
ever, in case of copper and zinc complexes pyrazole ring
remained intact and coordination has occurred through
carbonyl groups of pyrazole-3,5-dicarbohydrazide. Phen-
oxide bridging between two metal ions has found in all
complexes. Symmetric environment around the copper ions
has shown by the isotropic nature ESR spectra. Copper and
cobalt complexes have shown higher magnetic moments
with no antiferromagnetic exchange interactions whereas
zinc and nickel complexes are diamagnetic. Cu' complex
has shown one electron transfer redox property, while the
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Fig. 3 a Cyclic voltammogram of ligand at the scan rate of
0.05 Vs™'. b Cyclic voltammogram of Cu" complex at the scan rate
of 0.05 Vs™'

ligand and other complexes are found to be electrochemi-
cally innocent. All complexes are 1:2 electrolytes (Fig. 4).
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