
Sulphur compounds containing NS and NSO donor atoms
and their metal complexes have been found to exhibit fungi-
cidal, bactericidal, antiviral and antitubercular activities.1—3)

It has been observed that small structural changes may en-
hance anticancer and antiviral activity of transition metal
complexes.4)

The metal complexes derived from ethyl-a-(N-phenylthio-
carbamyl) cyanoacetate were investigated.5) As an extension
of this work, we report herein the preparation and characteri-
zation of new metal complexes derived from ethyl-a-(N
phenylthiocarbamyl)acetoacetate (HEPTA). Also, their elec-
trochemical behaviour was investigated.

Experimental
All the chemicals were of analytical grade-high purity materials (BDH).
Preparation of Ligand The ligand, ethyl-a-(N-phenylthiocarbamyl)-

aceto acetate, was synthesized according to the general published method6)

as ethylacetoacetate (12.8 ml, 0.1 mol) was added dropwise to sodium sand
(2.3 g, 0.1 mol) in 30 ml dry ether, under ice-bath cooling. Phenylisothio-
cyanate (10.25 ml, 0.1 mol) was added to the reaction mixture. On stirring
for 24 h, a yellow precipitate is formed and separated by filtration. The
formed precipitate (sodium salt of HEPTA) was dissolved in cold water,
acidified with dil. HCl and filtered. The purity was checked by elemental
analysis (Table 1) and IR spectra. The yield is 12 g (46%). The ligand is

readily soluble in most organic solvents and insoluble in H2O.
Preparation of the Complexes The complexes were prepared by mix-

ing equimolar amounts of HEPTA, (0.265 g, 1 mmol) in 30 ml absolute
EtOH, and the metal acetate (0.5 mmol) in 50 ml doubly distilled water. The
solid complexes that formed immediately are stirred in a water bath for 2 h.
The Pd(II) complex is prepared by the same method using the calculated
amount (0.09 g, 0.5 mmol) of PdCl2 in 2 ml conc. HCl solution and precipi-
tated by adding 0.5 g NaOAc as a buffering agent. The product in all cases
was removed by filtration, washed several times with H2O and finally dried
in a vacuum desiccator over anhydrous CaCl2.

Analyses and Measurements The metal content was determined com-
plexometrically using semi-xylenol orange (SXO) as indicator7) or gravimet-
rically in the case of Pd(II). Carbon and hydrogen analyses were carried out
at the Microanalytical Unit of Mansoura University. IR spectra in the 200—
4000 cm21 range were recorded on a Mattson 5000 FTIR Spectrometer as
KBr discs. Solid and solution spectra were recorded on a Unicam UV2-100

UV/visible spectrometer. Conductivity measurements for 1023
M solution in

dimethyl formamide (DMF) were made using a Tacussel conductivity bridge
type CD6NG. Magnetic measurements were made on a Johnson Matthey
magnetic susceptibility balance and Hg[Co(NCS)4] as a calibrant. E.S.R.
spectrum of the solid Cu(II) complex was made at room temperature with a
JEOL JESRE2XG Spectrometer (100 KHz magnetic field modulation) cali-
brated with 2,2-diphenyl-1-picrylhydrazyl (DPPH) at Tanta University. The
TG graphs of the complexes were recorded between 20—1000 °C using a
Shimadzu Thermogravimetric Analyzer TGA-50 with a-Al2O3 as a refer-
ence. The electrochemical measurements of the investigated complexes were
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Table 1. Analytical and Physical Data for HEPTA and Its Complexes

Compound
Found (Calcd) %

Empirical formula, (F.Wt)
Colour

C H M X
m eff. (BM) Lma) Yield (%)

HEPTA yellow 58.5 5.9 — — — — 46
C13H15NO3S, (265.337) (58.8 5.7)
[Cu(EPTA)(OAc)] yellow-green 47.0 4.7 16.0 — 0.79 8 84
C15H17NO5SCu, (386.935) (46.6 4.4 16.4)
[Co(EPTA)2] green 53.5 4.8 10.2 — 2.18 4 91
C26H28N2O6S2Co, (587.588) (53.1 4.8 10.0)
[Ni(EPTA)2] red-brown 53.4 4.7 10.0 — diam. 4 90
C26H28N2O6S2Ni, (587.368) (53.2 4.8 9.99)
[Zn(EPTA)(OAc)] white 46.5 4.6 16.3 — diam. 10 80
C15H17NO5SZn, (388.775) (46.3 4.4 16.1)
[Cd(EPTA)2] pale-yellow 49.0 4.7 17.2 — diam. 5 77
C26H28N2O6S2Cd, (641.068) (48.7 4.4 17.5)
[Pd(EPTA)Cl2] orange 35.5 3.6 24.1 15.7 diam. 7 87
C13H15NO3SPdCl2 (442.651) (35.3 3.1 24.0 16.0)

a) ohm21 cm22 mol21.



carried out in DMF in the presence of tetramethylammonium bromide as
supporting electrolyte. The electrochemical cell assembly consists of
Ag/AgCl as reference electrode, platinum wire of 0.5 mm diameter as work-
ing electrode and glassy carbon electrode (GCE) as auxiliary electrode. The
CV measurements were carried out on a potentiostate wave generator (Ox-
ford electrodes) equipped with Phillips PM 8043 X-Y recorder.

Results and Discussion
The complexes were prepared according to the following

equations:

The analytical and physical data for the isolated solid com-
plexes are listed in Table 1. The complexes are quite stable in
air and insoluble in most common organic solvents but easily
soluble in DMF. Their molar conductivities at 25 °C lie in the
range associated with non-electrolytes.8) Molecular weight
determinations confirm the monomeric nature of the com-
plexes.

IR Spectral Studies In Table 2 are listed the IR assign-
ments of the bands that undergo significant change on coor-
dination of ethyl-a-(N-phenylthiocarbamyl) acetoacetate.
Four possible forms (Fig. 1, structures a—d) of HEPTA are
expected; in fact its IR spectrum shows the characteristic
bands (I—IV) of thioamide and the carbonyl bands of both
ester and ketone revealing the keto/thioketo form (a) in the
solid state. The spectrum exhibits bands at 3420, 1736, 1657
and 810 cm21 attributed to g(NH), g(C5O)ester, g(C5O)k

and g(C5S) vibrations, respectively. The suggested form is
also supported by the absence of any bands due to g(SH) and
g(OH) vibrations.

Structure 1 in Fig. 2 is proposed for [Co(EPTA)2],
[Zn(EPTA)(OAc)] and [Cd(EPTA)2]. Coordination of the
carbonyl group causes g(C5O)k to shift by 20—30 cm21 to
lower wave numbers. The loss of the proton from the CH at-
tached to the thioketo group is confirmed from the disappear-
ance of thioamide band IV, g(C5S), with the appearance of
new bands at —670 cm21 due to g(C5C) and g(C–S) vibra-
tions, respectively. Coordination of both oxygen and sulfur is
also consistent with the presence of g(M–O)9) and
g(M–S)10,11) vibrations at 390—430 and 315—370 cm21, re-
spectively.

In the Ni(II) complex, the ligand chelates as in structure 2
(Fig. 2) where the thioamide IV band is shifted by 18 cm21 to
lower wave number indicating its coordination. The enoliza-

tion of the carbonyl of the ester group is confirmed by the
disappearance of g(C5O) observed at 1736 cm21 in the un-
complexed ligand. Bands at 365 and 438 cm21 have been as-
signed to g(M–S) and g(M–O) vibrations, respectively.

The behaviour of HEPTA in its chelation with the Cu(II)
ion is different. The enolization is taken through the ketonic
carbonyl of HEPTA as in structure 3 (Fig. 3). The only differ-
ence is the disappearance of the band at 1657 cm21 in the un-
complexed ligand. The coordination through oxygen and sul-
fur is supported by the presence of g(M–O) and g(M–S) at
455 and 360 cm21, respectively. The acetato complexes show
two weak bands at ca. 1555 and ca. 1375 cm21 assigned to g s

OAc and g as OAc vibrations, respectively. The difference (ca.
180 cm21) between the two bands may suggest the bidentate
nature12) of the acetato group.

HEPTA chelates in the neutral form (a) in its reaction with
PdCl2. The chelation is carried out through the two carbonyl

i-reflux, 2h
ii-0.5g NaOAc

PdCl HEPTA Pd(HEPTA)Cl2
2 ml HCl, H O, EtOH

21 2 → [ ]

EtOH

M5Co; Ni or Cd, n52—4
M(CH COO) H O 2HEPTA [M(EPTA) ]3 2 2 reflux, 2 h 2⋅  →n 1

reflux, 2h
M5Cu or Zn, n52

M(CH COO) H O HEPTA [M(EPTA)(OAc)]3 2 2
H O, EtOH2⋅  →n 1
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Table 2. IR. Spectral Bands (cm21) of Ethyl-a-(N-phenylthio-carbamyl)acetoacetate (HEPTA) and Its Metal(II) Complexes

Compound g(NH) g(C5O)ester g(C5O)k g(C5S) g(M–O) g(M–S)

HEPTA 3420 1736 1657 810 — —
[Co(EPTA)2] 3435 1736 1642 — 430 370
[Ni(EPTA)2] 3457(w) — 1657 792 438 365
[Cu(EPTA)(OAc)] 3437 1733 — 710 435 360
[Zn(EPTA)(OAc)] 3441 1730(w) 1630 — 415 325
[Cd(EPTA)2] 3464 1736 1630 — 390 315
[Pd(HEPTA)Cl2] 3483 1707 1644 810 360 —

Fig. 1. Possible Structures of the Ligand

Fig. 2



groups as shown in structure 4 (Fig. 3) where the two bands
at 1736 and 1657 cm21 in the uncomplexed molecule are
shifted by 15—30 cm21 to lower wave numbers. The band at
360 cm21, due to g(M–O), confirmed the mode of chelation.
The other characteristic bands for the NH and the thioamides
are more or less unshifted. The different behaviours of the
ligand towards the different metal ions are mainly due to the
ability of the ligand to chelate through its different forms.

In the previous work5) on ethyl-a-(N-phenylthiocarbamyl)-
cyanoacetate, the ligand prefered to coordinate with all the
studied metal ions in the thiol form because it exists mainly
in this form even in the solid state.

Magnetic, Electronic and ESR Spectral Studies Listed
in Table 3 are the band maxima of the solid state and solution
(DMF) electronic transitions for HEPTA and its metal (II)
complexes. Omitted from the table are the higher energy
p→p* transitions (ca. 40000 cm21) which are not altered on
complex formation. The n→p* transitions associated with
the thioamide and carbonyl functions of HEPTA are found at
33780, 31850 and 28490 cm21 in DMF solution with log e5
4.088, 4.086 and 4.218, respectively. These bands are shifted
to higher frequencies in nujol with the observation that the
last one has been resolved into two peaks. The spectra of
complexes generally show the higher energy band
(33780 cm21) unshifted. The lower energy n→p* in the lig-
and is apparently shifted to higher energy in the spectra of
Ni(II), Cu(II) and Zn(II) complexes and not observed in the
Co(II) complex. Additional bands in the region 25000—
27000 cm21 are due to S(p)→M charge transfer bands.13)

The electronic spectrum of the Co(II) complex exhibits
one main band at 16800 cm21 in nujol attributed to the 4A2→
4T1 (P) transition, i.e. n3, in the tetrahedral ligand field. This

band is also observed in DMF solution at 16780 cm21 with
two shoulders at 17035 and 16530 cm21; the splitting may
due to the transitions to 4B1 and 4B2 states.14) Its magnetic
moment value (2.18 BM) is lower than that reported for
tetrahedral structure around the Co(II) ion. This subnormal
value may be due to lower symmetry15) or due to a non or-
bital contribution to the magnetic moment. It is also sug-
gested that the strong Co–S bond may reduce the magnetic
moment value.

The electronic spectrum of the Ni(II) complex shows two
bands at 21270 and 17210 cm21, in DMF solution, which
may be due to the 1A1g→1A2g and 1A1g→1B1g transitions, re-
spectively, in a square planar geometry.16) In the spectrum
recorded in nujol, the first band is resolved into two bands at
21690 and 20490 cm21 where the last band is shifted to
higher energy. The diamagnetic nature of this complex sup-
ports the square planar geometry. Also the Pd(II) complex is
diamagnetic indicating a square planar geometry as expected
for a d8 metal ion.17)

The magnetic moment (0.79 BM) measured for
[Cu(EPTA)(OAc)] is lower than the value reported for the
spin only moment (1.73 BM) measured for Cu(II) with one
unpaired electron. The anomalous moment may be due to
spin–spin interaction in the crystalline state. The electronic
spectrum of this complex shows two broad band in DMF so-
lution at 16370 cm21, with log e51.57, and 16625 cm21 (sh)
consistent with square planar stereochemistry18) and assigned
to the 2B1g→2A1g and 2B1g→2Eg transitions.

In order to obtain further information about the stereo-
chemistry and to determine interaction in [Cu(EPTA)(OAc)],
the X-band ESR spectrum in the solid state was recorded at
room temperature. The isotopic signal at go52.104 is com-
parable to recently studied complexes of Cu(II) with square-
planar Cu(II) species.19)

Thermal Studies The TG thermograms of [Ni(EPTA)2]
show a thermal stability up to 163 °C after which two main
decomposition steps are observed. The first step in the range
163—267 °C which is accompanied with a weight loss of
61.22% corresponds to the removal of two PhNH1MeCO1
OEt (Calcd 61.37%). One undefined step at 267—359 °C is
observed corresponding to the removal of the rest of the car-
bons as CO2. The second decomposition step in the range
359—692 °C is characterized by a weight loss of 14.9% at-
tributed to the conversion of NiS leaving NiO comprising
13.0% of the initial mass. This agrees well with the elemen-
tal analysis (Table 1).

In order to confirm the presence of the acetate group and
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Table 3. Solid State and Solution (DMF) Electronic Spectra (cm21) of Ethyl-a-(N-phenylthiocarbamyl)acetoacetate (HEPTA) and Its Metal (II) Complexes

Compound State Intraligand bands Charge transfer bands d–d Bands

HEPTA DMF 33780 (4.088), 31850 (4,986), 28490 (4.218) — —
Solid 35090, 32050, 28990, 27625 — —

[Co(EPTA)2] DMF 33330 (4.15) — 17035 (sh), 16780 (sh), 16530 (2.24)
Solid 33330, 26810 24330 16800

[Ni(EPTA)2] DMF 33360 (sh), 30670 (sh), 29410 (sh), 28730 (4.61) — 21270, 17210
Solid 32570, 30960, 29070, 27320 — 21690, 20490, 19760

[Cu(EPTA)(OAc)] DMF 33330 (sh), 30960 (4.09), 28900 (4.16), 27550 (sh) — 16370 (1.57), 6625 (sh)
Solid 35090, 33110, 30960 25905, 22675 17360

[Zn(EPTA)(OAc)] DMF 33110, 28900 — —
[Cd(EPTA)2] DMF 28170 25770, 23640 —

Fig. 3



to know the thermal stability of the complexes isolated from
metal acetate, [Cu(EPTA)(OAc)] is taken as an example. The
TG thermograph of this complex shows thermal stability up
to 110 °C after which three decomposition steps are ob-
served. The first one in the range 110—263 °C with a weight
loss of 46.27% corresponds to the elimination of PhNH1
OEt1Me (Calcd 46.66%). The second step with a weight
loss of 16.06% corresponds to the removal of the chelated
acetato group (Calcd 15.28%). The third step with 9.17%
weight loss is attributed to the removal of the remaining car-
bons (Calcd 9.33%). The final product (CuO) has 20.65%
residual which agrees with the data in Table 1.

Electrochemical Studies The CV data of the complexes
are summarized in Table 4. Two well defined cathodic waves
at 20.8 and 0.3 V coupled with two anodic waves at 20.3
and 1.06 V versus Ag/AgCl electrode are observed for the
Ni(II) complex at 100 mV·s21. The two electrode couples
are safely assigned to irreversible couples NiI/II and NiII/III, re-
spectively. The ratio of the peak currents of the reverse (ir) to
forward (if) scan remains constant (0.94) at slow and high
scan rates as expected for NiII/I species. Increasing the scan
rate ($500 mV·s21) increases the cathodic-anodic peak sep-
aration and the ratio of ir/if varied from 0.9—0.98 for the
electrode couple NiII/III. The data suggest the formation of
different species with varying scan rate or the species that
formed initially in the reduction process changed to some
other forms that are not reoxidized at the same potential.

The CV of the Cu(II) complex displayed a well defined ca-
thodic wave at 20.6 V coupled with an anodic wave at

100 mV·s21 in the potential range 21.0—1.0 V. The elec-
trode couple is assigned to CuI/II. The effect of scan rate
(Table 5) on the CV. of the Cu(II) complex confirms the for-
mation of different complex species. The assignment of this
electrode couple was confirmed by controlled potential elec-
trolysis on the electrode potential of the couple. The value of
n was found to be 1.01—1.21 establishing one electron trans-
fer for each electrode couple.

In the CV of the Co(II) complex, two well defined ca-
thodic waves at 20.80 and 0.36 V coupled with two anodic
waves at 20.53 and 0.6 V are observed. Controlled potential
electrolysis at 20.90 and 0.60 V showed one mole electron/
mole of the complex for each couple. Therefore, the two
electrodes are possibly assigned to CoI/II and CoII/III with
E°520.665 and 0.48 V, respectively, at 100 mV·s21. No sig-
nificant changes were observed on the peak potentials, ca-
thodic-anodic peak separation and the ratio of ir/if on chang-
ing scan rate from 50 to 500 mV·s21.

The CV of the Zn(II) complex revealed an irreversible
electrode couple with cathodic wave at 20.46 coupled with
an anodic wave at 0.34 V at 100 mV·s21. The two waves are
assigned to the redox behaviour of the ligand.
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Table 4. Cyclic Voltammetric Data for the Investigated Complexes in
DMF at 100 mV·s21 Scan Rate

First electrode Second electrode
couple couple

Type of complex

2Ec(V) 2Ea(V) DEp(V) Ec Ea DEp

[Ni(EPTA)2)] 20.80 20.30 0.50 10.30 1.06 0.76
[Co(EPTA)2] 20.80 20.53a) 0.27 10.36 0.60 0.24
[Cu(EPTA)(OAc)] 20.6 20.1 0.50 — — —
[Zn(EPTA)(OAc)] 20.46 10.34 0.80 — — —

a) Ill defined.

Table 5. Effect of Scan Rate (50—200 mV·s21) on the Electrochemical
Behaviour of Copper (II) Complex

Scan rate Ea(V) Ec(V) DEp(mV)

50 20.612 20.152 460
100 20.6 20.10 500
200 20.580 20.110 578


