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ABSTRACT

In this work tridentate Schiff base was prepared from the reaction of 4-amino-2,3-
dimethyl-1-phenyl-3-pyrazolin-5-one with isatin. The product (L) was characterized by (FT-
IR), (UV-Vis) spectroscopy and elemental analysis (C.H.N). (L) has been used as a ligand to
prepare number of metal complexes with Mn(II), Co(II), Ni(Il), Cu(Il), Zn(IT) and Cd(II). The
prepared complexes were isolated, characterized and their structural geometries were
suggested by using elemental analysis (C.H.N), flame atomic absorption technique, FT-IR
and UV-Vis spectroscopy, in additional to magnetic susceptibility and conductivity
measurements, metal to ligand [M:L] ratio was obtained for all complexes in ethanol using
molar ratio method, which gave comparable results with those obtained for the solid

complexes.

Keywords: Synthesis, characterization, pyrazolin derivative, isatin, Schiff base and transition

metal complexes.

INTRODUCTION

A large number of Schiff bases and their complexes have been studied for their
interesting and important class of ligands in coordination chemistry)). Schiff base derivatives
are known to possess biological activites”. The development of the field of bioinorganic
chemistry has been increased the interest in Schiff base complexes, since, it has been

recognized that many of these complexes may serve as models for biologically important
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species > . Coordination compounds derived from isatin have been reported to possess
antibacterial, antifungal, analgesic and anti-inflammatory activity ©-”. Also, Schiff bases of
pyrazoline derivative and its complexes have a variety of applications in biological, clinical,
analytical and pharmacological areas ®. The present paper describes synthesis and
characterization of Mn(II), Co(Il), Ni(II), Cu(Il), Zn(Il) and Cd(II) complexes of Schiftbase
derived from the condensation of 4-amino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one with

isatin.

Experimental

All chemicals were of highest purity and were used as received.
Physical Measurements and Analysis :

Melting points were recorded on Gallenkamp melting point apparatus and were
uncorrected. FT-IR spectra were recorded using FT-IR 8300 Shimadzu in the range of (4000-
200)cm™. Samples were measured as Csl disc. Electronic spectra were obtained using UV-
1650pc. Shimadzu spectrophotometer at room temperature. The measurements were recorded
using a concentration of 10°M of the complex in dimethylformamide as solvent. Micro
analytical data for C.H.N were obtained using EA-034, mth. Flame atomic absorption was
obtained using Shimadzu corporation model 6809. Conductivity measurments were obtained
using corning conductivity meter 220. These measurements were obtained in DMF as solvent
using concentration of 10°M at 25°C. Magnetic susceptibility measurements were obtained at

25°C on the solid state applying Faraday's method using Bruker BMs instrument.

Synthesis of Schiff Base Ligand (L) :

The synthesis of Schiff base is schematically presented at scheme 1. An ethanolic
solution of 4-amino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one (2.03g, 0.01mole) was added to
an ethanolic solution of Isatin (1.47g, 0.01mole) with few frops of glacial acetic acid. The

mixture was refluxed for 4hrs., the solvent was removed and solid product was collected and
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crystallized from ethanol. Some of the physical and chemical properties of the prepared ligand

are listed at table 1.

H4C NH, o
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(L)

Scheme 1

Synthesis of Schiff Base Complexes (Ei-Es) :

Ethanolic solution (10ml) of each one of the following metal chloride (1mmole),
MnCl2.4H20, CoCl.6H20, NiCl,.6H2O, CuCl.2H20, ZnCl, and CdCl, was added to an
ethanolic solution (10ml) of (0.332g, Immole) of (L) with stirring. The mixture was heated
under reflux for 2hrs. during this time a precipitate was formed. The product was isolated by
filtration, washed several times with hot ethanol and then dried under vacuum. Some of the

physical and chemical data of the prepared complexes are shown at table 1.

Study the Complexes Formation in Solution :

Complexes of (L) with metal ions were studied in the solution using ethanol as solvent
in order to determine [M:L] ratio in the complex following molar ratio method . A series of
solution were prepared having a constant concentration 10~°M of the metal ion and (L). The
[M:L] ratio was determined from the relationship between the absorption of the absorbed light
and the mole ratio of [M:L]. the results of complexes formation in solution were listed at table
1.
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RESULTS AND DISCUSSION

A. Elemental Analysis :

The physical analytical data of (L) and its metal complexes are given at table 1, in a
satisfactory agreement with the calculated values. The suggested molecular, which are
formulas also supported are subsequent spectral and molar ratio, as well as, magnetic

moment.

B. Infrared Spectroscopic Study :

The IRspectra provide valuable information regarding the nature of functional group
attached to the metal atom. The prominent infrared spectral data of Schiff base and its
metal complexes are presented at table 2. The IR spectra of the Schiff base exhibited
characteristic band due to carbonyl group of pyrazolin ring vc-o and carbonyl group of
Isatin ring ve-o at 1651 cm™! and 1726cm™! respectively. In addition to characterizing new
band at 1585 cm™! of azomethine group ve=~ are utilized to confirm the structure of (L)
(10 table 2. A comparison of the infrared spectra of the free ligand and all metals Mn(II),
Co(ID), Ni(II), Cu(Il), Zn(II) and Cd(Il) complexes exhibited the band of carbonyl group
of pyrazolin ring in the region 1618-1630 cm™ showing shift of band to lower wave
numbers indicating that the carbonyl oxygen is coordinate to the metal ion . The band
of carbonyl group of Isatin ring in the region 1700-1714 cm™ in the metal complexes
show shift to the lower wave numbers confirms that the carbonyl oxygen is coordinate to
the metal ion !?). In addition to, all metal complexes exhibited the band of vc- in the
region 1558-1570 cm™ showing band shift to the lower wave numbers indicate that
theazomethine nitrogen is coordinate to all metal ion ®. The metal Ni(Il), Zn(Il) and
Cd(II) complexes show broad band in the region 3310 cm™ to 3440 cm™!, which may be
assigned to vo-u of coordinated water. The new bands in the region of 434-459 cm™ and
575-592 cm! in the spectra of the complexes are assigned to stretching frequencies of

(M-0O) and (M-N) bands respectively %),
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Table 2: Characteristic Stretching Vibrational Frequencies (cm™) located in the FT-IR
of (L) and its Metal Complexes

Comp. VOH of | vc-o of | wvc=0 of

No. Water Isatin | Pyrazolin ve-nAzomethine | M-N M-0
(L) - 1726 1651 1585 - -
E; - 1705 1624 1560 575 437
E. - 1701 1620 1558 590 450
E; 3310 br. 1700 1625 1565 578 434
E4 - 1714 1620 1563 584 440
Es 3380 br. 1710 1618 1570 588 445
Es 3440 br. 1707 1630 1568 592 459

C. Electronic Spectra, Magnetic Moment and Conductance Studies :
The UV spectrum of Schiff base (L) showed intense bands at 226 nm, 265 nm, which

belong to T =TT * 304 nm, 345 nm, which belong to 1 = T * (0. 19 The electronic
spectrum gives information on the electronic environment of the metal. The splitting of d
orbital and in turn the structure expected for the the complexes. Table 3 gives information
on the various electronic obtained for the complexes.

Ei: Electronic spectra of the Mn(II) complex display absorption bands at 17819, 26052

cm!  characteristic of octahedral geometry corresponding to ®A;g = ‘T.g

(G),*A1g = “Eig, *A1g (G) transitions, respectively . The complex shows magnetic
moment in the range 5.61 B.M. referes to high spin complex.
Ea2: The absorption spectra of Co(II) complex show three transitional bands in the region

12512, 16713 and 23054 cm™'. These transitions may be assigned to *Tig= *Tog (F),

“Tig = *Asg (F) and *Tig = *Tig (P) respectively. The transitions correspond to the
octahedral geometry of the complex '®. The magnetic moment of the solid complex 4.77

B.M. indicating a high spin octahedral geometry.
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E3: The electronic spectra of Ni(I) complex exhibited three bands at 16528, 22421 and
27593 cm’!, which are attributed to 'A1g— 'A,g, 'Aig— 'Big and 'A g~ 'Eg transitions,
respectively. The magnetic moment of the solid complex is diamagnetic indicating a
square planer geometry 17,

E4: The electronic spectra of Cu(Il) complex showed on band at 15985 cm! attributable
to 2Eg— 2Tag transition in the octahedral geometry ¥, The magnetic moment value was
1.79 B.M. corresponds with one unpaired electrons, table 3.

Es, Es: The UV-Vis spectra of Zn(Il) and Cd(I) complexes show no absorption peak at
range 380-1000 nm that indicates no d-d electronic transition happened d'* system in
visible region, which is a good result of Zn(II) and Cd(II) tetrahedral complexes *- 2%,
The higher value of molar conductivity (A ) in DMF indicates the electrolytic nature

behavior of these metal complexes.
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Table 3: Electronic Spectra, Conductance (in DMF) and Magnetic Moment (B.M) for
(L) and Its Metal Complexes

Comp. Bands Molar Cond. peff Suggested
Assignment
No. cm’! Ohm™'.cm®>.mol! | B.M.| Structure
44247 o
37735 T 10
(L) - - -
32894 T =TT *
28985
n -1 *
17819 SA1g— ‘Tag (G)
Eq 157 5.61 Octahedral
26052 ®A1g— “Eg, *A1g (G)
12512 “Tig—~ *Tog (F)
E» 16713 “Tig= ‘Axg (F) 166 4.77 Octahedral
23054 ‘Tig— *Tig (P)
16528 'A1g— 'Asg
E; 22421 'Ajg—= 'Big 128 Zero | Square Planer
27593 1A1g" 1Eg
E4 15985 ’Eg— *Tog 130.9 1.79 Octahedral
24876
Es L= M (C.T) 135 Zero Tetrahedral
33898
23988
Es L= M (C.T) 119.5 Zero Tetrahedral
37593
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Fig. (1) : FT-IR. Spectrum of (L) ligand (C19H16N4O>)
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Fig. (2) : FT-IR. Spectrum of [Ni(C19H16N40O2) (H20)] Cl. Complex
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Fig. (3) : UV-Visible Spectrum of ligand (L)
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Fig. (4) : UV-Visible Spectrum of Ni (II) Complex
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Fig. (5) : Molar- Ratio for Ni: L in Amax 605nm

Fig. (6) : Molar- Ratio for Cd: L in Amax 417nm

Suggested Stereo Chamistry Structure for Schiff Base (L)) and Its Metal Complexes [E;-
E¢] :

According to the results obtained from elemental and spectral analysis as well as magnetic
moment and conductivity measurements, the suggested structure of the above mentioned

compounds can be illustrated as follows :

[E1, E2, E4]
CHs, i \
H3C\N
| N=C

N
N NN
@ \ ;oo
O (0]
N%
O/ \
wihwe
N7\

M= Mn(ll), Co(ll), Cu(ll)
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Table 1: Analytical and Physical Data of Schiff Base Ligand (L) and Complexes (Ei-E)

M %ZElemental Analysis Metal
) Found (Calc.) M% | M:L
Comp. No. Color M.p.°C| Wt Suggested Formula
Found | EtOH
g/mol C H N
(Calc.)
68.32 | 4.95 16.99
(L) Orange 140 332 - - Ci9H16N4O2
(68.67) | (4.81) | (16.86)
Deep 57.63 | 4.18 13.91 6.52
E] 208 789.9 1:2 [MH(C19H16N402)2]C12
Orange (57.72) | (4.05) | (14.17) | (6.95)
Dark 57.14 | 4.08 14.34 7.61
E2 184 793.9 1:2 [Co(Ci9H16N40)2]CL,
Brown (57.43) | (4.03) | (14.10) | (7.41)
Brownish- 4729 | 342 11.23 12.63
Es 250 479.7 1:1 | [Ni(Ci9H16N1O2)H20]Cla
Red (47.52) | 3.75) | (11.67) | (12.23)
57.58 [[4.39 14.61 7.72
E4 Brown 190 798.5 1:2 [CU(C19H16N402)2]C12
(57.10) | (4.00) | (14.02) | (7.95)
Light 46.38 | 3.99 11.22 13.12
Es 226 486.4 1:1 [ZH(C19H16N402)H20]C12
Orange (46.87) | (3.70) | (11.51) | (13.44)
Pale 42.35 3.68 10.00 21.36
Es 255 533.4 1:1 | [Cd(Ci9H16N402)H,O]Cl,
Orange (42.74) | (3.37) | (10.49) | (21.07)
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