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COMPLEXING ABILITY OF SOME 2-PYRAZOLINE- 
4-DITHIOCARBOXYLIC ACID DERIVATIVES* 

S. A. EL-GYAR, M. A. EL-GAHAMI and M. M. KANDEEL 
Chemistry Department, Faculty of Science, Assiut University, Assiut, Egypt 

(Received March 3, 1991; in final form April 18, 1991) 

Substituted 2-pyrazoline-4-dithiocarboxylic acid complexes with Cu(II), Ni(II), Co(II), La(III), Ce(III), 
Th(1V) and UO,(II) have been isolated. The structures of the complexes are recognized by elemental 
analyses, thermal decomposition, electronic and IR spectral data as well as conductance measurements. 
The ligands are coordinated to the metal ions as monovalent bidentate ligand. Thermogravimetric 
studies indicate that these complexes are stable up to 180°C and undergo complete decomposition in 
the range 180-430°C resulting in the formation of stable metal oxides. In Th(IV), Ce(III), or La(II1) 
nitrate complexes, nitrate ions are bidentately coordinated to the metal ion, resulting in the formation 
of six-coordinate nitrato complexes. The formula of the complexes suggests that, uranyl ion has a 
coordination number of six. This is achieved by coordination of two molecules of the bidentate title 
ligands in addition to the two water molecules which have already been bonded to the UO,(II) species. 
A distorted octahedral structure is proposed for Cu(II), Ni(I1) and Co(I1) complexes. 

Key words: Metal comptexes of 2-pyrazoline-4-dithiocarboxylic acids; electronic and IR spectra; 
conductance; thermogravic analysis 

INTRODUCTION 

Generally, substituted pyrazoles have long been acclaimed for their medicinal 
values. Due to the biological implications of the pyrazole derivatives even in the 
light against cancer , l  the coordination chemistry of pyrazole-derived ligands has 
been taken up only in recent  year^.^-^ 

Our interest in the coordination chemistry of biologically active compounds led 
us to study the ligating properties of some-2-pyrazoline-4-dithiocarboxylic acids 
whose coordination chemistry is less developed in the literature. These compounds 
were found to have a wide application as drugs and pharmaceutical preparations.6 
We report herein the preparation and characterization of Cu(II), Ni(II), Co(II), 
La(III), Ce(III), Th(1V) and UO,(II) complexes of these compounds either in their 
solid or solution states. 

RESULTS AND DISCUSSION 

Colors, analytical results and molar conductivity values for the prepared complexes 
are given in Table I. Two of the ligands used in this study (L, and L2), are flexi- 
dentate where they can act as monobasic bidentate (structures I or 11) ligands. 
However, IR and electronic spectra provide ample evidence in favor of the co- 
ordination of the ligands through structure I1 and monobasic bidentate mode as it 
is given hereafter. 

* Presented at the 3rd IBN SINA Symposium Jan. 28-31 (1991), Aswan, Egypt. 
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METAL DITHIOCARBOXYLATES 121 

I I1 
X = NH, l-phenyl-3-methyl-5- X = 0, l-phenyl-3-methyl-2- 
imino-2-pyrazoline-4-di thio- pyrazolin-5-one-4-dithiocar- 
carboxylic acid (L,). boxylic acid (L2). 

The results of elemental analysis are consistent with 1:2 metal ion to ligand com- 
plexes having the formulae [M(L),X, nH,O]X,, where M = Cu(II), Ni(II), Co(II), 
UO2(I1); X1 = 0; n = 2; X2 = 0; when M = Ce(II1) or La(II1); X, = NO;; n 
= 2; X, = 0; when M = Th(1V); X1 = NO;; n = 2; X2 = NO;. 

Except in the case of the Th(1V)-complexes, the measured molar conductance 
values of the other complexes are in the range 4.40 to 25.70 Ohm-' cm2 mol-'. 
This suggests the nonelectrolyte nature of such complexes. 

On the other hand the measured molar conductance values of the Th(1V)-L, 
and complexes are 70.6 and 85.6 Ohm-' cm2 mol-' respectively. These values 
indicate that such complexes are 1: l   electrolyte^.^ 

INFRARED SPECTRA 

The important IR spectral bands of the free ligands and the complexes are reported 
in Table TI. It is evident from this table that the IR spectra of the metal complexes 
exhibit marked differences from those of the free ligands. 

The spectra of the ligand (L,) has a strong band at 1640 cm-l which is attributed 
to the stretching vibration of the ring carbonyl group (-0). This band acquires 
an appreciable shift towards lower frequency in the IR spectra of the complexes 
with the appearance of a new bands at 415-435 cm-l due to (M-0).8 These shifts 
(about 10-35 cm--') in the carbonyl vibrations indicate that the L, is coordinated 
to the metal ion through the carbonyl oxygen. 

The absence of S-H stretching frequency band around 2515 and 2510 cm-' in 
the spectrum of the free L, and L, respectively, excludes the possibility of the 
existence of its "Thiol" form at least in the solid state. This is further supported 
by a new band appearing in the region 650-675 cm-' due to (M-S).9 This reveals 
that in all cases, coordination takes place through a proton elimination. 

The band observed at 3060 cm-' in the free L, ligand due to vNH'O is found at 
higher frequencies in the spectra of the corresponding metal complexes. This in- 
dicates coordination of the NH group of L, to the metal ions," a behaviour which 
confirms where in new bands are observed around 450-470 cm-' which can be 
assigned to v(M-N) vibration.'* 

The two strong bands appearing at 1295 and 1290 cm-l in the IR spectrum of 
L, and L, respectively, are assignable to vC=S. There two bands were found to 
locate, in the IR spectra of the different complexes, at almost the same frequencies 
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METAL DITHIOCARBOXYLATES 123 

as in the spectra of the free ligands. This indicates that the C=S group does not 
participate in complex formation. This is in confirmation of the conclusion that the 
complexes are formed through coordination of the sulfur thio atom, and NH group 
in case of L, and the sulfur thio atom and oxygen carbonyl group in case of Lz. 
Bands due to M-0 and M-N stretches are obtained by careful comparison with the 
IR spectra of the free ligands. With the coordination via the C==S moiety ruled 
out as described above, appearance of these two bands considered as strong evi- 
dence for attachment of the ligands to metal ions according to structure 11. 

In the IR spectra of the La(III), Ce(II1) and Th(1V) complexes three additional 
bands which are not present in the spectra of the free ligands are observed. These 
three bands appear at 1460-1490, 1280 and 1020 cm-l. These three bands are 
assigned respectively to v4, v1 and v2 mode of the nitrate ion. Since the magnitude 
of splitting of v4 - u1 is 180-210 cm-' in the metal nitrate complexes, therefore 
nitrate ions are coordinated to La(III), Ce(II1) or Th(1V) ions in a bidentate 
fashion.13 The conductivity data (cf. Table I) confirms coordination of one nitrate 
group in each complex of these metal ions. 

The IR bands due to UO:+ group are observed near 890 and 800 cm-' as strong 
and weak bands corresponding to the asymmetric stretching frequency u3(U02) 
and the symmetric stretching frequency vl(U02) respectively. These observations 
indicate that the UO;+ moiety in the present compounds is virtually linear.14 

The presence of coordinated water molecules in the prepared UOz(II), Cu(II), 
Ni(I1) or Co(I1) chelates has been confirmed by the new band appeared at 3460- 
3380 cm-' in the IR spectra of the complexes. Also, the rocking mode of coor- 
dinated water appeared as a weak vibration band in the neighbourhood of 910- 
950 cm-l.I5 

ELECTRONIC SPECTRA 

The electronic spectra of DMF solution of the complexes are recorded in the 
wavelength range 300-800 nm, v,,, and E,,, values of the different absorption 
bands are recorded in Table 111. The first band that appeared with Y,,, in the range 
27,700-35,300 cm- l is due to intraligand electronic transition.16 The bands having 
v,,, in the range 20,000-24,700 cm-' are attributable to an LMCT transition. 

The third band appearing in the absorption spectra of Co(I1) complexes was 
found to Y,, at 17,300 cm-'. This band is due to a d-d electronic transition within 
the Co(I1) chelates and lies in the range reported for six coordinate Co(I1) com- 
~1exes . l~  The position of this band is suggestive for a distorted octahedral geometry 
around Co(II), ion. Therefore, this band can be assigned to the transition 4Tlg(F) 
+ 4T,,(P). Ni(I1) complexes solutions comprise a band at 16,900 cm-l indicative 
of octahedral Ni(I1) complexes and this band is believed to be due to 3Az(F) + 
3T(F). 

The bands appearing at 19,500 cm-' in the case of Cu(I1) complexes are assigned 
to 2E,g + 2Tzg, which are usually found for tetragonal Cu(I1) comp1exes.l' 

It is noteworthy that the considerably high molar absorptivity of the d-d bands 
of both Co(II), Ni(II), and Cu(I1) chelates suggests a distorted octahedral geometry 
of the synthesized ~he1ates.l~ 
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TABLE I11 
Electranic spectra of the metal chelats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C o m p o u n d  "max (cm - 1  ).(cmaX mol-l cm2) 

co (11) -L1 17,300( 242); 30,300(4027) 
Ni  (II)-L1 16,900(180); 29,800(6398); 33,300(3365). 
Cu(I1 1-L1 19,500(71); 27,700(3214); 35,300(6788). 
La(III)-L1 22,700(2500); 31,500(3929). 
Ce(III)-L1 24,400(2387); 27,800(5032); 32,800(5935). 
Th ( 1V)-L1 20,000(3675); 33,300(2838). 
U02(II)-L1 22,300(593); 32,300(4593). 

co ( I1 ) -  L2 17,000(175); 30,300(1810). 
Ni  ( 11)-L2 16,900(200); 25,600(3750); 29,400(7250). 
Cu(I1) -L 2  19,500(210); 30,300(4670); 33,600(8920). 
La( III)-L2. 22,700(214); 30,300(3571). 
Ce(III)-L2 23,500(1345); 27,800(2836); 31,700(3345). 
Th( I V ) -  L2 21,700(630); 29,400(3520); 32,300(3800). 
U02( I1 1- L2 21,600(607); 28,600(2033). 

THERMOGRAVIMETRIC ANALYSIS 

TGA technique have been used to follow the thermal behaviour of these complexes. 
According to the results obtained, the complexes are not volatile and their decom- 
position takes place in different steps. In the Cu(II), Co(II), Ni(I1) and UO,(II) 
complexes a definite loss in mass occurs between 180-210°C corresponds to the 
presence of the coordinated two water molecules. This step is followed by the loss 
of the ligand molecules in the temperature range 25O-43O0C, giving the corre- 
sponding metal oxide. 

EXPERIMENTAL 

Preparation of the organic ligands and metal complexes: The-2-pyrazoline-4-dithiocarboxylic acid de- 
rivatives were prepared and characterized as described by Matolesy et al.'* 

The metal complexes were prepared according to the following method. An aqueous alc. solution 
of hydrated Cu(II), Co(I1) or Ni(I1) chloride; La(III), Ce(II1) or Th(1V) nitrate; UO,(II) acetate (0.01 
mol) was added to an ethanolic solution of the corresponding ligand (0.025 mol). 

The reaction mixture was stirred under reflux on a water-bath for 20-50 min and cooled to room 
temperature. The solid products were filtered off, washed several times with diethylether and dried 
under vacuum over P,O,o. 

Physical Measurements. UV-visible spectra were recorded on a CECIL 599 spectrophotometer using 
1 cm matched silica cells. IR spectra were obtained as KBr disks using a Perkin-Elmer 599-B spectro- 
photometer. Conductivity measurements were carried out using a Pyebridge in DMF solutions at 0.001 
M concentration. All measurements were carried out at room temperature (-25°C). 
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