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PYRAZOLE AROYL HYDRAZONES AS LIGANDS-I 1,3-DIPHENYLPYRAZOLE-

4-CARBOXALDEHYDE BENZOYL HYDRAZONE AS LIGAND FOR METAL COMPLEXES
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The 1, 3-diphenylpyrazole-4-carboxaldehyde benzoyl hydrazone on reaction with various metals gave corresponding
complexes which were characterized through their metal analysis and by applying spectrophotometeric techniques.
Stability constants of these complexes were also calculated by spectrophotometric Job's continuous variation method.
A tentative structure of complexes involving co-ordination through nitrogen and oxygen of the hydrazone moiety with
the metals is suggested.
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Introduction
Since Sacconi's (Sacconi 1953) work on aroyl and acyl
hydrazones several chemicals have studied behaviour of
hydrazones as chelating agent for transition and non-transi-
tion metals (Sayed and Iskander 1971; Teotiaet a/1980; Dutta
and Sarkar 1981; Duttaand Kuntala 1989; Bhagi et a/1989).

Literature reveals hydra zones are used as herbicides, insecti-
cides. nematocides, rodenticide, plant growth regulators.
Plasticizers, stabilizers for polymer, polymerization initators
and antioxidants (Katyal and Dutt 1975). Recently aroyl
hydrazones have beeen studied extensively from the analyti-
cal point of view. (Dey et a/1991; Dey et a/1992; Malik and
Chaudhry 1992; Dey and Nandi, 1994).

Although both transition and non-transition metal complexes
of aroyl hydrazone ligands have been studied in recent years.
No such work on the metal complexes of the aroyl hydrazone
derived from condensation of benzoyl hydrazide with 1, 3-
diphenyl pyrazole-4-carboxaldehyde have been described in
the literature. Presently, we would like to report our results on
the chelating potential of benzoyl hydrazone of 1, 3-
diphenylpyrazole-4-carboxaldehyde.

Experimental

Synthesis of organic ligand. The ligand 1, 3-diphenyl-
pyrazole-4-carboxaldhyde benzoyl hydrazide was synthesized
by refluxing 1, 3-diphenylpyrazoie-4-carboxaldhyde (Kira
et a/1969) with benzoyl hydrazide for thirty minutes. The
hydrazone was obtained by cooling and was recrystallized in
ethanol to give light yellow crystals m.p. 110°C.
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General method for preparation of metal complexes.
Solution (0.005 mol) of the metal salts in ethanol were refluxed
with the ethanolic solution (0.005 mol) of ligand for a period of
thirty to sixty minutes. The complexes were obtained by pour-
ing the reaction mixture in distilled water. They were purified
by recrystallization in ethanol and stored in desiccator over
anhydrous magnesium sulphate. The results are presented in
Table 1.

Metal analysis. The percentage composition of the metals
in the complexes presented in Table 1 were carried out by
atomic absorption method. The results of these analysis are
given in Table 2.

Infrared spectral measurements. The infrared spectra of
the complexes were taken as KEr discs on Perkin Elmer Infra-
red Spectrometer. The important assigned absorption bands
are presented in Table 3.

Stability constant calculations. The stability constants
(Job 1925; Shirifand Awad 1962) of various complexes were
calculated by applying the spectrophotometric Job's continu-
ous variation method. The stock solution of Jigands and
metals (Ix IO" M) in ethanol were prepared according to the
requirement of Job's method. In series of flasks the sum of
the number of moles of ligand plus sum of the number of
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moles of metal were kept constant. The pH values were
adjusted and their absorbance was measured at a A . The

max

stoichiometry of various complexes was determined by
plotting absorbance against various concentrations of the
ligand and metal. These graphs were used to determine the
stability constants of various complexes by using the follow-
ing formula.

A
--Cm
Aex

K
f
=----------------------

(Cm-N AexCm) (C]-N AexCm)

A = Observed absorbance
Aex = Extrapolated absorbance
Cm = Concentration of metal
C] = Concentration of ligand
K, = Stability constant/formation constant:

The results obtained by the method are reported in Table 4.

Results and Discussion

1, 3-Diphenylphyrazole-4-carboxaldehyde benzoyl hydrazone
is found to form complexes with metals in ratio L : M :: 2 : 1 as
indicated in Table 1 and 2.

The infrared spectra values of 1, 3-diphellylpyrazole-4-
carboxaldehyde benzoyl hydrazone and complexes with
different metals are given in Table 3. While relevant bands
under consideration and their shift on complexation are
shown in Table 5.
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The free ligand exhibits characteristic bands in the spectrum
but the bands belonging to N-H, C=O and C=N modes of
stretching (Dyer 1974; Bellamy 1980) appearing at 3160,1634
and 1590 cm' respectively are of interest being diagnostic in
complexation process. The strong band at 1590 em:' of the
ligand is due to C=N stretching frequency (Dutta and Sarkar
1981). In complex No. I, II, III, IV VI, VIII, lX and X this band is
shifted to lower frequency by 5 to 20 cm' and appears as a
strong band thus confirming the coordination with metal
through azomethine nitrogen (Mustafa and Wafa 1990). The
weaker N-H absorption band at 3160 ern:' of the ligand broad-

Table 2
Amount of metals in complexes of 1, 3-diphenylpyra-

zole 4-carboxaldehyde benzoylhydrazone.
[C23HISN40]iTI

S.No. Complex no. Metal Found (%) Calculated(%)

1 I Iron 7.35 7.11

2 11 Cobalt 6.15 7.40
3 III Nickel 6.58 7.46
4 N Copper 8.67 7.92
5 V Zinc 8.50 8.16
6 VI Cadmium 14.57 13.27
7 VII Mercury 17.95 21.40
8 Vl1I Tin 16.46 13.87
9 lX Bismuth 20.85 22.20
10 X Lead 20.56 22.20

Table 1
Formula, colour, percentage yield and decomposition temperature of complexes

Complex No Formula L: M Colour Yield (%) Decomp. temp=C

I (C23 HISN4 0\ Fe Black 40 225

11 (C23 HISN4 0)2 Co Light Orange 45 250

III (C23 HISN4 0)2 Ni Dark Orange 65 250

N (C23 H]SN4 0)2 Cu Greay 70 250

V (C23 HISN4 0)2 Zn Yellow 45 282

VI (C23 H]s N4 0)2 Cd Offwhite 45 210

VII (C23 H]SN40)2 Hg Off white 48 230

Vl1I (C23 HISN4 0)2 Sn Light Green 48 250

lX (C23 H]SN4 0)2 Bi Off white 47 250

X (C23 H]SN4 0)2 Pb Offwhite 48 250
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Table 3
Infrared spectra of 1, 3-diphenynpyrazole 4-carboxal-

dehyde benzoyl hydrazone and its complexes
-I

S_No. Complex No. Bands (em ) and Intensity

1. Ligand 3160w3000s 1635vs 1590s 1545s 1530s
1500m 1440w 1410w 1370m 1350s 1285vs
1210s 1140w 1070m 1050s 950m 900w
830w 750s 69Ovs.
3020w 1625w 1580vs 1500vs 149051430w
1360s 1300w 1210s 1130w 1040m 1010m
950w 830w 760s 695vs.
3040w 1630s 1585m 1490s 1350s 1200m
10140m750m 690s.
3010w 1600vw 1570s 1490vs 1410w
1340vs 1275w 1190s 1030s 950m 940w
750s70Ovs.
3025w 1585s 1560w 1480vs 1430w 1360s
1205vs 1040s10IOm945m830s745s68Ovs.
3150m 3050m 1590s 1555m 1500m 1485vs
1425m 1380w 1355vs 1300w 1240m 1200s
1188w 1040s 1020w950m 810s 750s 685vs
56Ow.
349Ow3150m3034m 1620s 1580m 1535s
1490s 1430w 1400w 1370w 1345s 1285vs
1210s 1065m 1045s 950m 825m 750s
685vs.
3040w 1590s 1505vs 1380s 1220s 1050w
850m 830m 770m 750m 705s.
3465w3025w 1600w 1585m 1480vs 1420s
1340s 1195s 1040m 1005m.
1630vs 1580s 1540s 1490m 1290s 1215w
1140w 1045w945w825m750.
302lw 1580s 1475vs 1425s 1325vs 1200s
1040s 1000vs 820w 750s 720s
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ens on complexation with Fe(Ill). Co(ll), Ni(ll), Cu(ll), Hg (II)
Sn(II). Bi(lll) and Pb(ll) metals and suffers displacement ono
cm' and 10 ern" with Zn(H) and Cd(H) metals respectively.
The very strong absorption band ofC=O at 1635 cm' totally
disappears on complexation with Cu(II), Zn(ll), Hg(ll) andPb(II)
metals while it shows a negative displacement of 5 to 35 em:'
on complexation with Fe(III), Co(ll), No(lI), Cd(ll), Sn(ll) and
Bi(III). This shifting and broadening of absorption bands are
due to involvement of the oxygen of C=C and nitrogen of the
N-H in complex formation.

Stability constant of the complexes has been calculated using
spectrophotometric Job's continuous variation method.
Stoichiometry of the complexes has also been determined.
The results reveal that in these complexes metal to ligand ratio
is 1:2. The values of stability constants reported in Table 4 are
in agreement except that of complex No.III with the general
order of stability of complexes Fe < Co <Ni < Cu >Z which has
been established before (Grinberg and Yatsimerski 1952, Irring
and Williams 1953; Mustafa and Wafa 1990).

Atomic absorption studies and stoichiometric studies by Job's
continuous variation method reveal that complexes formed
have the metal to ligand ratio 1:2. The ligand could form com-
plex with metal coordinating through either the ketonic or
enolic form; the infrared studies are of great help in deciding
the mode of coordination. It is well known that N-H gives an
absorption band. When it is involved in coordination it shifts
to lower frequency or broadens as is observed in the case of
anunonium, amine, hydrazones and hydrazides etc. metal com-
plexes (Narang and AganvaI1975). The ligand gives a weak
absorption band of N-H stretching frequency at 3160 ern:'
which on chelation broadens in majority of cases except in
complex No. V and VI. The broadening or shifting of this band
is due to the involvement of the N-H of hydrazone in complex-
ation or its enolization. The literature indicates that the carbo-
nyl absorption band of the hydrazones does not totally

.•
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Table 4
Stability constants of 1, 3-diphenynpyrazole 4-carboxaldehyde benzoylhydrazone (10 M) with metal salts

Complex
No.

Metal
-4

(10 M)
A

4. III

5. N

Aex
A/AexCmK

f
= --------------------------

(Cm-AlAexCm) (CI-AlAex Cm)

6. V

3.25
3.43
3.06

2.58x1d
2.95xld

7
5.75x1O
7.68x1d
1.91x108

2.35x10
8

2.21xld

8.41
8.47
7.76
8.89
8.07
8.73
8.34

7. VI

1:2
1:2
1:2
1:2
1:2
1:2
1:2

2.80
2.01
3.07
2.99

8. VII

9. VllI

10. IX

11. x

I
IT
III
N
V

VI
X

Iron(Ill) chloride
Cobalt(lI) chloride
Nickel(II) chloride
Coper(I!) chloride
Zinc(ll) chloride
Cadmium(II) chloride
Lead(II) acetate

3.23
3.41
3.02
2.79
2.19
3.05
2.97
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Based on the given evidence the structure for these complexes is
represented as

Keto Form

disappear unless it is enolized. When it is involved in com-
plexation, the carbonyl absorption band appears at a lower
frequency. Total disappearance of the carbonyl absorption
band in the complex NO.III. V. VII and X supports the idea of
enolization and strongly indicates that the N-H group is
involved in bonding and consequently enol is deprotonated
in the coordination process (Narang and Agarwal 1975; Dey
et al1992; Dey and Nandi 1994). The very strong carbonyl
absorption band offree ligand at 1635 cm' shows a negative
displacementof5 to 35 cm' in complex No. I, II, III. V, VIII and
Xl. This behaviour of negative shift indicates that carbonyl
absorption band is not enolized and the ligand coordinates

Table 5
Important infrared spectral bands (cm') of 1, 3-dip-
henylpyrazole 4-carboxaldehyde benzoylhydrazone

and its complexes
S.No. Comp <-NH SFT in <-C=O SFT in <-C=N SFT in

No. <-NH C=O C=N

1 Ligand 3160w 1635 V8 15905
2 I Bb 1625w -10 15808 -10
3 II Bb 1630s -5 1585vs -5
4 III Bb 1600vw -35 15708 -20
5 IV Bb 1585s -5
6 V 3130m -30 1590s
7 VI 3150m -10 16208 -15 1580m -10
8 VII Bb 1590s
9 VIII Bb 1600 -35 1585m -5
10 IX Bb 1630vs -5 1580s -10
11 X Bb 1580 -J 0
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with metals in keto form (Syed and Iskander 1971). The free
ligand shows a strong band at 1590 em" which is attributed to
C=N stretching frequency (Dutta and Sarkar 1981). On com-
plexation this absorption band shifts to lower frequency (Table
5). This confirms the coordination through nitrogen ofN-H
group (Teotia et alI980). The negative shift in the C=Nand
C=O bands shows that ligand is a bidentate and coordinates
with metals in keto form. But in some cases total disappear-
ance of carbonyl absorption band indicates the enolic
behaviour of ligand (Teotia et al 1980; Moustafa and Wafa
1990).
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