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Ni(I1) and Cu(i!) complexes of Schiff base ligand derived from
4-ethylaniline with isatin (1H-indole-2.3-dione) were prepared. The
chemical ‘structures were ‘confirmed by means of analytical and
spectroscopic (IR, UV-Vis, FAAS, Mass) techniques as well as

~ magnetic and thermal measurements. The complexes have 1 12
metal : ligand ratios and arc paramagnetic. The IR spectra indicate
that the ligand coordinates as bidentate through metal(ll) ions viag
the carbony! oxygen and the azomethine nitrogen. The complexes
with the molecular formula »{Cu(}-ﬂ,)zCig}.{Ni(HL)ﬂClz are non-
electrolyte and 1 : 2 electrolyte, respectively. Solid state conductiv-
ities of synthesized compounds were measured using four-probe
technique on a compressed pellet at room temperature. The ligand
and Ni(1l), Cu(ll) complexes were studicd polentiometrically in
different aqua-organic solvent mixtures and temperatures. Proton-
ation constants of the ligand and overall formation constants of the
complexes were calculated from potentiometric data using the pro-
gram TITFIT.

Key Words: Isatin-anilines, Schifl bases, Ni(I1l) and Cu(li)
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INTRODUCTION

The synthetic versatility of isatin has led to extensive use of this compound in
organic synthesis. It has stemmed from the interest in the biological and
pharmacological properties of the derivatives': . Isatin and its derivatives have
been used as reagents in dye industry as well. Although, it was first synthesized
in the last century and recently it was discovered in mammalian tissues and body
fluids. It was observed that monoamine oxidase was inhibited by isatin and its
derivatives by in vitro studies®. ‘ : '

As Schiff bases contain different donor atoms, they are an important class of
ligands in coordination chemistry, being reported widely®. Schiff bases of isatin

tDepantment of Chemistry, Faculty of Arts and Sciences, Yildiz Technical University, 34210,
Davutpasa, Istanbul, Turkey.



were reported to possess ‘antibacterial®, antifungal®, antiviral?, anti-HIV®, anti-
protozoal’ and anthelmintic'? activities. They also exhibit significant anticonvul-
sant activity, apart from other pharmacological properties'!. Schiff base
complexes incorporating two metal ions are of special interest, they are similar
to those found in living organisms, e.g., enzymes and proteins, and develop their
activity in the presence of two or more metal jons'2 Stability constants or
equilibrium constants for metal complex formation have long been employed as
an effective measure of the affinity of a ligand for a metal ion in solution and
have served as a quantitative indication of success or failure of ligand design.
Stability constants are needed to determine the nature of the metal complex
formed under a wide variety of conditions for many applications in diverse areas
of science and industry. o o

The object of the present study is to investigate the complexes formed by the
reaction of nickel and copper ions with Schiff base (ISE or HL) derived from
isatin and 4-ethylaniline. Further insight into the bonding and possible geometric
structures were made by elemental analyses, magnetic moment measurements.
solid-state and molar conductivities, thermal analyses, IR, UV-Vis, and mass
spectra of the complexes. Formation constants of the proton-ligand and metal-
ligand complexes were also calculated from potentiometric data using the
program TITFIT developed by Zuberbiihler and Kaden'®

EXPERIMENTAL

Isatin (IH-indole-2 3-dione). 4-cthylaniline and phosphorus pentoxide were
purchased from E. Merck and Aldrich. Metal chlorides were obtained from Fluka.
All other chemicals used in this investigation were of reagent grade purity.
Ethanol was distilied and dried prior to use.

The microanalyses of carbon. hydrogen, and nitrogen were carried out on a
Carlo-Erba 1106 elemental analyzer. Nickel and copper were determined on a
Unicam Solaar 929 atomic absorption spectrometer. Chloride ions were deter-
mined by a Jenway 3040 ion analyzer multimeter. The IR spectra were recorded
with a Unicam Mattson 1000 FTIR spectrometer (in the range 4000—400 cm™)
using KBr disc (1 mg/100 mg) technique. The electronic spectra were recorded
on a Philips PU 8700 spectrophotometer (in the 190-700 nm region). 'H, 1°C
NMR spectra of the Schiff base were recorded with a Bruker Ac-200 instrument
‘using TMS as internal standard and DMSO-dg as solvent. Fast atom bombardment
FAB-mass spectra were measured on a micromass Zabspec mass spectromelter.

Molar conductances of the compounds were measured in DMSO on a WPA
CMD750 conductivity meter. Solid-state electrical conductivity measurements
were performed with the films removed from electrode surface on a Keithley 617
electrometer connected to a four-probe head with gold tips and calculated from

the following equation:
‘ _.‘ -1 _%m
o=V I(ln - dn]

where V is the potential in volts, [ is current in A and d, is the thickness in c¢m.
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Schiff base and the complexes were ‘prepared in the form of tablets with
thicknesses of ca. 0.05 cm at a pressure of ca. 10 tons'?. Magnetic measurements
were performed on a Sherwood Scientific apparatus at room temperature by
Gouy’s method using CuSO45H,0 as the calibrant and corrected for diamagnet-
ism by applying Pascal’s constants. Thermal analyses of the complexes were done
on a Shimadzu 50 model TGA. Melting points were measured on a Biichi melting
point B-545 instrument. Potentiometric titrations were carried out using Metrohm
E-415 Dosimate and Metrohm E-510 pH-meter. A Metrohm 6.0204.000 combined
glass electrode was used for pH measurements. The microelectrode was standard-
ized from calculated acid concentrations in titrations covering the pH range
20-12.0. The instrument was calibrated before and after each series of pH
readings under the same conditions using two buffer solutions at 4.0 and 7.0.

Preparation of Schiﬁ Base .

The free ligand, Schiff base, was synthesized by usual condensation reac-
tion'> '8, For the preparation of HL, a solution of isatin (1 ‘mmol) in absolute
EtOH (25 mL) was added to a stirred solution of 4-ethylaniline (1 mmol) in
absolute EtOH (25 mL). The mixture was refluxed for 4 h on water bath and kept
for one day at room temperature. The solid product was filtered, washed with
cold EtOH and Et,O and then dried in vacuo (over P,O,0). HL: yield 85%, deep
orange crystals, m.p. 212°C. Anal. Found: C 76.80, H 5.60, N 11.20. Calcd. for
CyH2N,O: C 76.77, H 5.63. N 1.19. IR spectral data (KBr, cm"): 3234-3182
V(NH), 2927-2851 v(—CHz;—, CHy), 1753 v(C==0). 1650 v(C==N), 1625
V(C==C). '"H NMR (DMSO-d¢): 1.23 (m, 3H, CHj). 2.50 (m. 2H. —CH,),
6.43-6.65 (two symmetric m, 2H. Ar-H), 7.00-7.40 (two m, 6H, Ar-H). 11.09 (s,
IH. NH). *C NMR: 15.57 (—CH3), 27.63 (—CHy—), 115.28, 117.45, 119.74,
122.53. 125.15. 127.49, 128.73, 134.26, 140.56, 146.82, 148.0] (benzenoid and
indole ring C atoms). 154.65 (C==N). 163.58 (C==0).

Preparation of the complexes

A solution of CuCl,-2H,0 (0.179 g, | mmol) in absolute EtOH (10 mL) was
added, under continuous stirring, to the solution of the ligand (1 mmol). HL (0.250
g) in absolute EtOH (40 mL). The mixture was stirred and heated to 80°C for 1 h
and turned to a brown coloured solution. The mixture was left to stand overnight
at room temperature. The precipitated complex was filtered off, washed with cold
EtOH several times and Et,O and then dried in vacuo over P4Ojg. Yield 85%.
Red-brown crystals. m.p.: 252°C. Anal. Found: C 60.12, H4.50, N 8.33, C] 10.10,
Cu 10.40. Calcd. for CagHysN40,Cl,Cu: C 60.49, H 4.44, N 8.82, Cl 1116, Cu
10.10%. Ay, cm™': 17980. IR spectral data (cm™', KBr): 3175 v(NH), 2927~
2851 V(—CH3—, CH,), 1702 v(C==0), 1620 v(C==N), 1 625 V(C==C). Yegrt 2.10
' B.M. Molar conductance (in Q' cm? mol™!) of a 107* M solution in DMSO at
- 25°C:17.8. IR « : : T ' d

Nickel(II) complex of ligand was prepared by a procedure analogous to the
copper(Il) complex using NiCl,-6H;0 and absolute EtOH as solvent. Yield 82%.
Brown microcrystals. m.p.: 369°C. Anal. Found: C 59.91, H 4.53, N, 8.45, Cl
10.85. Cu 9.18. Calc. For C40HN,0,Cl,Cu: C 60.98, H 4.48, N 8.89, Cl 1.25,
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Cu 9.31%. Agaxe cm™': 20300. IR spectral data «(cm", KBr): 3310-3100, v(NH),
2927-2851 v(—CH3—, CHj), 1702 W(C==0), 1615 V(C=N), 1625 v(C=C).
Mg 3.45 B.M. Molar conductance (in Q' cm? mol™) of a 16~ M solution in
DMSO at 25°C: 155.3.

Potentiometric Titrations

The potentiometric studies were performed in waler-acetone, water-dioxane,
and water-ethanol (25-75%, v/v) due to the low solubility of the ligand of water.
The experimental ,procedure employed to determine the protonation constants by

, potentiometric measurements of hydrogen concentration has been described in
“detail elsewhere. The ionic strength of the medium was kept virtually constant at
0,1 M NaClO, as backgmuhd electrolyte. All titration solutions were prepared in
a total volume of S0 mL thermostated at different temperatures (10, 25, 30,
40° + 0.1°C). Purified nitrogen gas was bubbled through the-titrated solution to
ensure stirring and neutral inert atmosphere. Furthermore, the solution was stirred
‘magnetically to mixing. , :

The titration solution, in 50% volume organic solvent-aqua medium, were
prepared under the following conditions:

Solution A: HCIO, (2.5 mL, 0.1 M), NaClO4(5 mL. 0.1 M), water (17.5 mlL).
organic solvent (ethanol, acetone, dioxane) (25 mL). ,

Solution B: HCIO, (2.5 mL, 0.1 M), NaClO,4 (5 mL, 0.1 M), solution of ISE
in organic solvent (ethanol, acetone, dioxane) (5 mL, 0.01 M), water (17.5 mL),
organic solvent (ethanol, acetone, dioxane) (20 mL.).

Solution C: HCIO4 (2.5 mL, 0.1 M), NaClO,4 (5 mL, 0.1 M), solution of ISE
in organic solvent (ethanol, acetone, dioxane) (5 mL, 0.01 M), aqueous solution
of metal salt (i.e., CuCl,-2H,0. NiCl,-6H,0) (5 mL 0.01 M), water (12.5 mL),
organic solvent (ethanol, acetone, dioxane) (20 mL).

The solutions were titrated with 0.1 M NaOH in increments of 0.1 mL. The
corresponding change in the pH value of the solution was measured. For each
protonation constant two separate titrations were performed, each of 50 data
points, covering a pH-range 2-12. The data obtained were analyzed on PC
equipped with the program TITFIT".

RESULTS AND DISCUSSION

The solid complexes were synthesized using | : 1 mole ratio of all reactants
but complexes indicate | : 2 metal-to-ligand stochiometry. The complexes are
airstable, non-hygroscopic and are also characterized by high melting points. The
- complexes are insoluble in H,O and n-hexane and sparingly soluble in common
organic solvents, but soluble in DMF and DMSO.

The IR spectra of the free ligand shows a broad band around 3200 cm™, which
can be attributed to NH streching vibration of isatin moiety. The position of this
band remains at nearly the same frequency in the spectra of both complexes,
suggesting the non-coordination of this group. Bands at 1753 and 1650 cm™,
respectively, due to C==0 and C==N group stretching frequencies in the ligand,
shift towards lower values in the complexes, indicating that the carbonyl oxygen
atom of isatin moiety and the azomethine nitrogen atom are coordinated'”.
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According to measurements of the magnetic susceptibility, the isolated com-
plexes are paramagnetic.With account of obtained values of pg. [Cu(HL),Cl,]
has octahedral, while [Ni(HL),]Cl, tetrahedral ligand environment which corre-
lates with the positions of absorption bands in their electronic absorption
spectra'®,

TGA and DTG analyses of Ni(Il) and Cu(Il) complexes were conducted in air
within the range 25-700°C at 10°C/min rate. TGA and DTG curves show that
the Ni(II) and Cu(ll) complexes have great stability up to 310 or 216°C, above
which -point - weight loss begins. For complexes [Ni(HL),Cl,] and
[Cu(HL),]Cl, decomposition proceeds in two main steps. The first step includes
elimination of chlorine atoms in the 316-355°C and 216-249°C ranges, respec-
tively. The second step includes decomposition of the Isatin-Schiff base moiety;
the thermal decomposition finishes with the formation of metal oxides (NiO or
CuO) as the final product (Figs. | and )"
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Fig. I. TGA and DTG curves for the {Ni(HL),Cl,] complex
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Fig. 2. TGA and DTG curves for the [Cu(HL),ICl; compiex

The molar conductivity measurements in DMSO (freshly prepared 10° M
solutions) indicate that the Cu(II) complexes behave as non-electrolytes. Chloride
ions are inside the coordination sphere. High molar conductance of the Ni(ll)
complex supports the fact that this compound is 1 : 2 cﬁcc’imlyww.

The conductivity range for semi-conducting materials is known® to be
1077-10% s cm™. The solid-state electrical conductances (8) at room temperature
of HL and [Cu(HL),Cl]. [Ni(HL),]Cl, complexes are 1.17 x 107 5.05 x 107°;
5.35x 107° s cm™, respectively. Both Schiff base and its complexes are found be
“semi-conducting. but Schiff base shows a higher conductivity than the parent

21
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- complexes, which can be attributed to partial destmcnon of stmng delocahzauon
in the ligand by complexation.

~ The FAB-mass spectrum of the {CU(HL)ZC »} complex does not display the
expected molecular ion peak but instead exhibits peaks at m/z =251.1, 503.2,
563.2, attributable to the [HL + 1], [2HL + 2]* and [2HL + Cu]* fragment ions,
respectively. The FAB-mass spectrum of the [Ni(HL),]Cl, complex, similar to
that of the [Cu(HL),Cl,] complex, also shows a stmng peak, m/z = 251.2, due to
the [HL + 1]* ion. ,

The structural formulas of Cu(Il) and. Ni(II) complexes shown in Fig. 3 are
consistent with the above mentioned data. The illustrated single crystal structure
of copper complexes of hexyl derivative of ISE also suppons the following
suggested formula [unpubhshcd data] : :
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Fig. 3. Suggested structure of the complexes

The protonation behaviour and overall formation constant of ISE and its metal
[Ni(II). Cu(Il)] complexes were studied in 0.] M NaClO, solution at 250.1°C
temperature. The experiments were conducted in organic solvent mixture:
25-75% volume ethanol-water, dioxane- water, acetone-water [Table-1]. The
ligand solution was titrated with standard sodium hydroxide to give the potentio-
metric equilibrium curve. A maximum number of two protons can be liberated
- from the ligand HL in the pH range 2.0-12.0. The distribution diagrams of ISE
indicate that the doubly protonated species of ligand H,L.* predominate at
pH =4 and HL show a maximum around pH = 5-7. Free ligands (L") of ISE
appear to dominate above pH=9.

The titration data obtained for ISE in the presence of Ni(II) and Cu(ll) ions
were processed by the program TITFIT to observe the neutral and protonated
complexes. Cumulative formation constants of the specnes enwumered with all
two metal ions are summarized in Table-1. /

The numerical log B values determined in ethanol- water, dioxane-water,
acetone-water mixtures increase with increasing ethanol, dioxane and acetone
content in the solvent mixture, then the log B values decrease. We preferred the
best solvent mixture 50% volume ethanol-water and the tests were conducted in
ethanol-water 50-50% (volume) enwronmem with 1=0.1 (NaClQy) at different
temperatures (10, 30, 40 £ 0.1°C).

Protonation and overall formation constants for the ligand and its metal (Cu(Il),
Ni(dl)) mmpﬂexes atdifferent temperatures (10-40°C) are summarized in Table- 2.
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- TABLE-1 1.1

PROTONATION AND OVERALL FORMATION CONSTANTS FOR ISE AND THEIR
METAL Nidl), Cu(il) COMPLEXES AT 25 +0.1°C FOR DIFFERENT SOLVENT

~ MIXTURES
. . . Metal .
Solvent mixture Species log f* & Solvent mixture ion Species logf* A
HL 5.08 0.021 . 2+ CulL 5.56 0.0025
BBRETIRW g1 1341 0021 Cu™ CuHL - 870 0.0025
oo UHL O 8.03 00172 BRELTEW . “NiL 7 7.89 0.0053
' 8. 0172 - ;_‘\-2& i - . 0053
S0RE+30% W p1 1316 00172 SNET ML 11,00 0.0053
HL 774 0017 | a2 CuL 605 00160
TSRE+25%W 1105 0017 o o QU CuHL  12.40 00160
HL 4.86 0.0104 S0% E +50% W NiL 9.50 0.0290
} ) . VRS g TR 2+ i L P B
25%A+TS%BW L0 a3 goi0s) 0 NHL 13.00 00290
L 1052 0025 | .2+ CuL  5.008 00160
50% A+T5BW ot 1458 0025 QT CyHL 10,02 00160
HL s14 ooms| PEFPEW. . oNL o 313 001s4
4 . A ] ;o e XS i . U
T5% A+ 25%W 1 10,58 00078 NI NiHL  9.82 00154
HL 1039 0.0134 2 Cul 9.78 0.0396
2 s ; ) .
25% D+T5%W L 1322 00135 Cu™  CyHL 1520 0.0396
HL 10.04 0.1073 BHA+TW Nil 9.78 0.0395
. 4. . 24 Vi . AV A
50%D+50%W 1493 01670 NiT NiHL 1520 00395
HL 9.03 0.028 2+ Cul 6.98 0.0136
% ~
75%D+25%W 1113 0028 Cu CuHL 1164 00136
Lt 75% A +25% W _ ,
* For computational purposes, the equilibria N2t NiL S81 0.0206
of the generalized algorithm will be setup in NiHL 7.63 0.0207
terms of overall constants, designated by f 2. Cul 569 0.0094
inplaceoﬁhcmorepopuiarandmorercadily Cu CuHL 8131 0.0096
visualized stepwise constants (K). 25% D+ 75% W ., )
Ni**  NiL 5.27 00141
NiHL  7.66 0.0142

E: Ethanol. A: Acetone, D: Dioxane and W: Water, HL: 0.001 M,
~log p=Mean value of two determinations, A = Standard deviation -

TABLE-2 :
PROTONATION AND OVERALL FORMATION CONSTANTS FOR ISE AND ITS
METAL (Cu(ID), Ni(1l)) COMPLEXES AT, DnFFERENWEMPERATURﬁS (10-40°C) IN
50% (V/V) ETHANOL-WATER MEDIUM

Log B* (&)
Metal ion Species
10°C 30°C 40°C
o HL 8.49 (0.1203) 8.14 (0.1637) 8.95 (0.2046)
MHL 13.74 (0.0156)  13.79 (0.2084)  3.53(0.2622)
cu’? Cul. 5.40 (0.0714) 5.08 (0.0035)  6.05 (0.0086)
- Nil. 7.15 (0.1397) 5.79 (0.187) 597 (0.1380)
H

NiHL 14.04 (0.1193) 1373 (0.1191) 12.73¢0.1196)
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