
Inorganica Chimica Acta, 171 (1990) 165-169 

Transmetalation and Adduct Formation as Routes to Heterobimetallic 
[ (DABP)M-MCI, ] Complexes [ DABP = the Dinegative Anion of 
(1,2-Dimethyl-1,2ethanediylidene)bis( hydrazinecarbothiopiperidinamide)] 

AHMED EL-TOUKHY* and HOMAID ALMADFA 

Department of Chemistry, Faculty of Science, University of Qatar, P.O. Box 2713 (Doha. Qatar) 

(Received November 6,1989) 

165 

Abstract 

By employing the simple reaction of a mono- 
nuclear complex, [(DABP)Pd] , and a homobinuclear 
complex [(DABP)Zn]*, [DABP = the dinegative 
anion of (1,2dimethyl-I ,2ethanediylidene)bis- 
(hydrazinecarbothiopiperidinamide)] with an an- 
hydrous metal(l1) chloride in 1: 1 and 1:2 molar 
ratios, respectively, we were able to prepare a number 
of heterobimetallic complexes [(DABP)M-M&l 
(M,M’=Pd,Ni; Pd,Cu; Pd,Zn; Ni,Zn or Cu,Zn). 
Reaction of [(DABP)Pd] with MC& proceeds with 
simple adduct formation while reaction of [(DABP) 
Zn], with MClz takes place initially by substitution 
of zinc in [(DABP)Zn], with M in MCll (transmetal- 
ation) followed by adduct formation. The driving 
force for the transmetalation reaction is the high 
affinity of the DABP ligand to Pd, Cu and Ni ions 
relative to the Zn ion. The spectral properties (IR, 
UV-Vis, ‘H NMR and ESR) of these new heterobi- 
metallic products are discussed. 

Introduction 

Thiosemicarbazones have been found to possess a 
broad spectrum of chemotherapeutic properties, 
among them antibacterial [l] , antiviral [2], anti- 
malarial [3] and antitumor [4] activities. In the case 
of, for instance, 3ethoxy-2oxobutyraldehyde bis- 
(thiosemicarbazone) the presence of copper(l1) or 
zinc(l1) ion enhances the antineoplastic activity in 
both in vitro and in vivo systems [5]. Similarly, the 
presence of copper ion augments the antitubercular 
activity of p-acetamidebenzaldehyde thiosemicarba- 
zone [6]. The ligand hexa-2,Sdione bis(4-phenyl- 
thiosemicarbazone) possesses in vitro activity against 
E. coli; the nickel chelate shows a four-fold increase 
in this activity [7]. In certain instances palladium has 
also been seen to increase the activity of thiosemi- 
carbazone ligands [8]. 
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The activity of these ligands can also be modified 
by derivatization [3]. Since small changes to the 
ligand have been shown, in some instances, to 
markedly alter antiviral or carcinostatic activity 
[8-121 of the metal chelates, many chelates of thio- 
semicarbazone derivatives have been studied as 
potential antitumor agents. 

The recent development of interest in binuclear 
complexes owes much to their potential as models for 
that group of metalloproteins for which the biological 
function is known, or believed, to be associated with 
the occurrence of the metal centers in pairs [13]. 
These data provided the original basis of our interest 
in binuclear metal(l1) complexes of thiosemicarba- 
zone. 

This paper discusses the synthesis and coordina- 
tion chemistry of binuclear complexes prepared 
through adduct formation and for transmetalation 
[14, 151 of bis(thiosemicarbazone) complexes name- 
ly (1,2dimethyl-1,2ethanediylidene)bis(hydrazine- 
carbothiopiperidinamido)palladium(ll) and zinc(l1) 
with MClz salts (M = Pd(ll), Ni(ll), Cu(l1) and 
Zn( II)). 

Experimental 

Materials 
The synthesis of [(DABP)Pd] and [(DABP)Zn]* 

complexes followed literature procedures [ 161. 
Methods for purification of all reactants and solvents 
have been described previously [14, 161. Anhydrous 
metal(H) chlorides were obtained from the hydrate 
(Aldrich) by heating overnight at 130 “C under 
vacuum. 

Preparation of [(DABPJPd-MCiJComplexes, 
(M = Pd(II), Ni(II), Cu(II) or Zn(II)) 

A clear green solution of [(DABP)Pd] complex 
(5 mmol) in methylene chloride (30 ml) was treated 
with a solution of the appropriate metal(l1) chloride 
(5 mmol) in methanol (20 ml). The reaction mixture 
was stirred vigorously at room temperature for 12 h, 
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after which the product solution was filtered into 
hexane (100 ml). The precipitated complex was 
filtered off and dried in a vacuum desiccator over 

p4%3. 

Preparation of ((DABP)M-ZnC12J Complexes 
(M = Pd(II), Ni(II) or Cu(II)) 

The title complexes were prepared by the same 
method as above except 2.5 mmol of the dimeric 
[(DABP)Zn]* complex were used instead of 5 mmol 
of the monomeric [(DABP)Pd] complex. 

Analytical Procedures 
Elemental analyses of nickel, copper, zinc and 

palladium were performed by Dr T. R. Gilbert with 
an inductively coupled plasma spectrometer at North- 
eastern University, Boston, MA. Nitrogen and sulphur 
analyses were made by Galbraith Laboratories, 
Knoxville, TN. 

Physical Measurements 
Solution electronic spectral measurements were 

made with a Perkin-Elmer 552 spectrophotometer in 
matched quartz cells at room temperature. The 
solvent nitromethane was used as reference. Infrared 
spectra (KBr disks) were obtained with a Pye Unicam 
SP 2000 spectrophotometer calibrated with the 906.5 
or 3026.3 cm-’ absorption of polystyrene. ‘H NMR 
spectra were recorded with a Varian T60A spectrom- 
eter at 37 “C using TMS (6 = 0) as internal standard. 
Merck DMSOd6 was used as solvent. ESR spectra 
were recorded at 100 KHz modulation and 10 G 
modulation amplitude on a Varian E-9 spectrometer. 
10 mW incident power was used and resonance condi- 
tions were at c. 9.75 CHz (X-band) at room tempera- 
ture and c. 9.10 GHz at 16 K. Spectra at low tem- 
perature was obtained with an Air Products LTD3- 
110 Heli-Tran liquid helium transfer refrigerator. 
The field was calibrated with a powder sample of 
DPPH (g = 2.0037) [17]. 

Results and Discussion 

The reaction of the trans(l,2-dimethyl-1,2ethyl- 
idene)bis(hydrazinecarbothiopiperidinamide) ligand 
(I) [ 181, with metal(I1) salts in a 1: 1 ligand-to-metal 

C”3 
‘C=N-NH-C-N 

C N- ;-HN-N= c’, ! 
3 

S CH3 

I 

molar ratio gave the neutral metal(H) chelates in 
which the dinegative anion of I present in the cis 
form behaves as a dibasic tetradentate ligand chelated 
to the central metal ion via the two imino nitrogen 

and the two deprotonated thiol sulphur. Although, 
the palladium complex of I is the monomeric square 
planar complex II, the corresponding zinc complex, 
III, exists as a dimer [16, 181 to obviate an un- 
favourable square planar zinc 
[14,19]. 
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The binuclear metal(B) complexes, IV, (M,M’= 
Pd,Ni; Pd,Cu; Pd,Zn or Pd,Pd) were prepared by 
adding an alcoholic solution of anhydrous metal(H) 
chloride to the methylene chloride solution of II at 
room temperature. The nucleophilicity of the thiolate 
sulphur atoms in II is responsible for this simple 
adduct formation. 

Bearing in mind the fact that the thermodynamic 
stability order of MNzSz complexes [20] is PdNzSz > 
CuNzSz > NiN2S2 > ZnNzSz and our recently 
discovered transmetalation phenomenon [ 14, 151, 
we were able to prepare the heterobimetallic com- 
plexes IV (MM’ = Pd,Zn; Ni,Zn or Cu,Zn), by trans- 
metalating the zinc ion in III with the palladium, 
copper and nickel ions in their metal chlorides, then 
adduct formation takes place. The complexes that we 
were able to isolate in reasonably pure form are stable 
indefinitely at 25 “C and are given in Table 1. 

The IR spectra of complexes IV are consistent 
with dimeric molecules in which the organic ligand is 
acting as a dianionic tetradentate to the endogenous 
metal ion and bridging the exogenous metal ion via its 
two thiolato sulphur atoms. This is evident from the 
disappearance of v(N-H) and the negative shift in 
v(C=N) bands, as compared to the spectrum of the 
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TABLE 1. Analytical data for [(DABP)M-M’C12] complexesa 

Compound Colour N (%) 8 (%) Pd (%) Ni (%) cu (%) Zn (%) 

[(DABP)Pd-PdClz] red 12.66 9.73 32.11 
(12.92) (9.85) (32.74) 

[(DABP)Pd-NiC12] bright 13.62 10.53 18.04 9.56 
red (13.94) (10.62) (17.66) (9.79) 

[ (DABP)Pd-CuC12] brown 13.71 10.13 17.23 10.37 
(13.84) (10.54) (17.53) (10.46) 

[(DABP)Pd-ZnClz] greenish 13.55 10.28 17.08 10.51 
brown (13.79) (10.46) (17.47) (10.74) 

[(DABP)Ni-ZnCl2] brown 14.76 11.13 10.44 11.34 
(14.97) (11.41) (10.52) (11.66) 

[(DABP)Cu-ZnC12] reddish 14.39 10.98 11.05 11.17 
brown (14.84) (11.30) (11.23) (11.55) 

aCalculated values are given in parentheses. 

parent Iigand I and the large shift (Av = 40 cm-‘) in 
v(C--S) as compared to the IR spectrum of the 
monomeric palladium complex II. The medium inten- 
sity bands centered at c. 280 and 365 cm-‘, Table 2, 
proposed for v(M-S) and v(M-Cl), respectively, is 
another evidence for the bridging structure IV. 

The measured chemical shifts, 6, of the methyl 
and the piperidyl hydrogen atoms in the organic 
ligand, I, its monomeric palladium, II, and dimeric 
zinc III reactants, as well as, those in their diamag- 
netic binuclear metal(H) complexes IV are listed in 
Table 2. The ‘H NMR spectrum of the ligand I shows 
a downfield signal at 8.95 ppm due to the N-H 
proton, which disappears either upon deuteration or 
upon complex formation. It also shows a broad signal 
at 3.92 ppm due to a-CH2 protons of the piperidyl 
moiety, while the fl- and y-CH* protons appear in a 
single broad peak at 1.66 ppm. The chemical shift 
of (Y- and /I-, yCHz protons in the binuclear metal (II) 
complexes are more or less the same as for the parent 
ligand and the reactants II and III. 

The sharp signal that appeared at c. 1.80-2.15 
ppm for IV complexes (Table 2) can be assigned to 
the two methyl groups of the diacetyl residue 
indicating that they are magnetically equivalent as 
in the case of the free ligand. 

The electronic spectra of the prepared complexes 
are summarized in Table 2. The main contribution 
to these spectra in the near-UV region is due to intra- 
ligand transitions within the conjugated N& ligand 
and it is exemplified here by the spectrum of the zinc 
complex III [ 161. 

Since the dr’Zn(II) ion is spectroscopically inac- 
tive over the visible region, the electronic spectral 
features of these binuclear metal ion units containing 
Zn(II), III (M,M’= Pd,Zn; Ni,Zn; Cu,Zn) are essen- 
tially those of the MN2Sz portion. The weak coupling 

of the M(II) and Zn(I1) ions via the thiolato sulphur 
bridge is not expected to appreciably perturb the 
electronic spectroscopic features of the M(II) site. 
Besides the ligand absorptions, additional contribu- 
tions due to ligand-to-metal charge transfer (LMCT) 
transitions from filled orbitals on the donor groups 
to the metal(I1) d vacancy are expected to occur 
down to 500 nm. 

The complexes Pd,Zn; Ni,Zn and Cu,Zn exhibit 
an absorption of somewhat broadened d-d bands due 
to their relatively low intensity (Table 2) which is 
typical for square planar complexes [21]. The d-d 
transition of complexes IV (M,M’ = Pd,Ni and Pd,Cu) 
are quite intense, suggesting that the geometry at the 
M&Cl? position could be distorted from square 
planar [2 11. 

The X-band ESR spectra of copper(I1) containing 
complexes, IV, (M,M’= Pd,Cu and Cu,Zn) were mea- 
sured in nitromethane solution at ambient and liquid 
helium temperature (16 K). The results for room 
temperature ESR spectra (go = 2.1, A0 = 43.7 X 10W4 
cm-’ for the Pd,Cu complex; go = 2.08,Ao = 42.2 X 
10e4 cm-r for the Cu,Zn complex) are typical of 
isotropic spectra observed for mononuclear Cu(I1) 
complexes [22], suggesting that there is no magnetic 
interaction between the Cu(I1) center in IV and each 
of the diamagnetic Pd(I1) and Zn(I1) centres. 

The frozen nitromethane solution spectrum of IV 
(M,M’= Cu,Zn) is of the axial type (glt = 2.16,All= 
174 X 10e4 cm-‘, gL= 2.036) with a partially 
resolved structure (= 13 C) in the perpendicular com- 
ponent of the signal, probably due to superhyperfine 
coupling with the nitrogen donor of the ligand, and 
also indicative of a dX2_y~ ground state with square 
planar stereochemistry (g,, > gl, large A 11 value). 

The frozen solution spectrum of IV (M,M’= Pd, 
Cu) is also of the axial type and indicates a dX2+Z 
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ground state (gll = 2.14, Ali = 145 X lo4 cm-‘, gl= 
2.06). The All value is markedly lower than for the 
other Cu,Zn complex indicating that significant 
distortion towards a pseudo-tetrahedral arrangement 
occurs in the present case (CuS2C12 chromophore). 
The rather low gll values are typical for Cu(I1) 
chromophores containing sulphur ligands [23-261. 
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