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SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(7), 1149-1161 (1996) 

LIGATIONAL BEHAVIOUR OF 1-PICOLINOY L-4-PHENY L-3- 
THIOSEMICARBAZIDE (HZPTS) TOWARDS SOME 

TRANSITION METAL IONS 

M. E. Khalifa*, T. H. Rakha and M. M. Bekheit 
Department of Chemistry, Faculty of Science, Mansoura University, Mansoura, Egypt 

ABSTRACT 
Complexes of 1 -picolinolyd-phenyl-3-thiosemicarbazide (H2PTS) 

with Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II), Hg(I1) 
and U02(VI) have been synthesized and characterized on the basis of 
elemental analyses, molar conductivities, magnetic moment and spectral 
(IR and visible) studies. IR spectral data show that H2PTS behaves in a 
monoanionic bidentate or tetradentate and bianionic tetradentate manner. 
All complexes are non-electrolytes. An octahedral structure is proposed 
for the Cr(III), Mn(II), Fe(III), Co(I1) and Ni(I1) complexes, while a 
square-planar one is suggested for Cu(HPTS)CI.H,O and CU(PTS) 
according to the data of magnetic and electronic spectral measurements. 

INTRODUCTION 
Metal complexes of thiosemicarbazides are of current interest due to 

their biological activity against smallpox, viral diseases and certain types 
of tumourl.2. Extensive investigations have been made on transition metal 
complexes of aromatic and aliphatic tliiosemicarbazides3-~3. Studies on 
metal coinplexes of ( 1 -isonicotinoyl or 1 -nicotinoyl)-4-phenyl-3- 
tliiosemicarbazide have beeii reported~J.~5. As an extension of our previous 
work and i n  order to understand fully the diverse coordinating properties 
and reactivity of this important class of ligands, we now report the 
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1150 KHALIFA, RAKHA, AND BEKHEIT 

synthesis and strtrctural studies of transition metal complexes fonned by 
the interaction between metal chlorides or acetates and l-picolinoyl-4- 
phenyl-3-thiosemicarbazide (Fig. 1) 

EXPERIMENTAL 

Reagents 
All chemicals used are of BDH quality (British Drug, LTD, England). 

Synthesis of the Ligand 
1 -Picolinoyl-4-phenyI-3-thiosemicarbazide (H2PTS) was prepared 

by refluxing phenylisothiocyanate (13.6 mL, 0.1 mole) and picolinic acid 
hydrazide (1 3.7 mL, 0.1 mole) in absolute ethanol (60 d) for 30 min. On 
cooling, yellow crystals were separated. The product was filtered off, 
washed, recrystallized fioin absolute ethanol and finally dried in a vacuum 
desiccator over anhydrous CaC1,; yield 22 g (80%), m.p., 182°C. 

Synthesis of Metal Chelates 
Tlie complexes M(PTS).nH,O (M = Cu(II), Zn(I1) or Ni(I1); n = 0 

or 2) and Co(HPTS)(Ac0).2H20 were prepared by adding a solution 
of (0.272 g, 1 inmole ) of H2PTS in 50 mL absolute ethanol to solution 
of 1 inmole of metal acetate in 25 i d  bidistilled water. The mixture was 
heated under reflux for 0.5 hr. The U02(PTS).2H20 complex was 
prepared by the same method using uranyl acetate in absolute ethanol. The 
Cd(HPTS)2 complex was prepared using 1 ininole of the cadmiitin acetate 
and 2 ininole of H2PTS. 

The complexes M(HPTS)CI.H20 (M = Mn(II), Co(II), Cu(II), 
Zn(l1) or Cd(1l)) and M(HPTS)CI2.nH20 (M = Fe(II1) or Cr(II1); n = 0 or 
2) were synthesized by mixing a solution of (0.272 g, 1 inmole) of H2PTS 
in 50 mL absolute ethanol and a solution of 1 itunole of the metal chloride 
in 25 mL absolute ethanol. The mixture was heated under reflux for 0.5 hr. 
The M(PTS).nH,O complexes (M = Hg(I1) or Mn(I1); n = 0 or 2) were 
prepared by the same method in the presence of (0.82 g, 10 inmole) 
sodium acetate as a buffering agent. Tlie products were filtered off, 
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1-PICOLINOY L-4-PHENYL-3-THIOSEMICARBAZlDE COMPLEXES 1151 

3 

S 

Fig. 1. Structure of the Ligand (H2PTS) 

washed several times with absolute ethanol followed by diethyl ether and 
finally dried in a vacuum desiccator over anhydrous CaC1,. 

Phvsical Measurements 
The metal and chloride contents were analysed by standard 

methodsl6. Carbon and hydrogen were detennined by the Microanalytical 
Unit of Mansoura University. Magnetic moinents at 25°C were detennined 
using a Gouy balance and Hg[Co(SCN),] as a calibraut. Electronic spectra 
in DMSO were recorded on a Perkin-Elmer 3B spectrophotometer. IR 
spectra were obtained using a Perkin-Elmer 1430 spectrophotometer as 
Nujol mulls between CsI plates. Molar conductivities in  DMSO at 25°C 
were measured using a Tacussel conductivity bridge type CD6NG. 

RESULTS AND DISCUSSION 

analyses and conductivities are listed in Table I. 

following equations: 

The physical data of the complexes together with the elemental 

The fonnation of the complexes may be represented by the 

M(Ac0)Z + H2PTS Aqueous -+ M(PTS).nH20 + 2AcOH ( 1 )  

U$(AcO)Z + H2PTS Absolute ethanol ~ U02(PTS).ZH20 + 2 AcOH (2)  

Cd(AcO)2 + 21I2~rs Aclueous -j Cd(HPTS)I + 2 AcOH (3)  

[M = Cu(n), Zn(II) or Ni(0); n = 0 or 21 
reflux 0.5 hr 

Co(HPTSXAcO).2H20 + AcOH 

reflux 0.5 hr 

reflux 0.5 hr 
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I-PICOLINOY L-4-PHENY L-3-THIOSEMICARBAZIDE COMPLEXES 1153 

Absolute ethanol 

reflux 0.5 hr 
Absolute ethanol 

reflux 0.5 hr 

+ MC12+I!21rI'S 

-+ MCI) + l121rlS 

Absolute ethanol -j MCI2+I 121'15 
CHjCOONa + H20 
reflux 0.5 hr 

M(11PTS)CI.H20 + HC1 (4) 

M(Hl'TS)Cl2.13120 + HCI ( 5 )  

[M = F~(UJ) or cr(n1); 11 = o 01 2) 

[M = Mi(Il). Co(ll). Cu(0). Zn(U) or Cd(0)l 

M(l?S).tIll20 + 2HC1 ( 6 )  

[M = Hg(U) or Mn(n), n = 0 or 2) 

All the metal complexes are stable in air and insoluble in common 
organic solvents but soluble in dimethylformamide (DMF) and 
dimethylsulphoxide (DMSO). The molar conductivities in DMSO at 25°C 
(Table I) indicate a non-electrolytic nature for the complexes~7. The high 
values of the molar conductivities for some complexes suggest partial 
dissociation in DMSO. 

Infrared Spectra 
The most important IR assignments in the spectrum of the free 

ligand as well as the bonding sites have been determined by a careful 
comparison of both the ligand and its metal complexes (Table 11) and by 
considering our previous work3-13. The IR spectniin (N~io l  mull) of 1 -  
picolinoyl-4-phenyl-3-thiosemicarbazide (H2PTS) shows bands in the 
3 100-331 0 cm-1 region assigned to the stretching vibration of NH groups. 
The strong band at 1658 cm-1 is attributed to the v(C=O) vibration. The 
medium intensity band at 995 cm-1 is assigned to the v(I4-N) vibration. 
The two bands at 705 and 1240 cm-1 are assigned to v(C=S) and a 
combination of v(C=S) and v(CN), respectively. No bands exist above 
3500 cm-1 or in  the 2500-2600 an-' region which would be due to v(0H) 
and v(SH)18 vibrations, respectively. The absence of these bands indicates 
-the presence of H2PTS in the thione fonn. Two weak broad bands at a. 
2200 and ca. 1950 cm-1 are assigned to the stretching and bending 
vibrations of (N-H ... 0). This may suggest the presence of intramolecular 
hydrogen bondiiigl9, as shown in Fig. 1. 

Co(HPTS)(Ac0).2H20 and Cd(HPTS), show that q2PTS behaves as a 
mononegative bidentate ligand coordinating via the NH group and the 

The IR spectra of the complexes Cr(HPTS)CI2.2H2O, 
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1-PICOLINOYL4PHENY L-3-THIOSEMICARBAZIDE COMPLEXES 1155 

enolic carbonyl oxygen (=C-OH) with tlie displacement of the hydrogen 
atom from the latter group, forming a five-membered ring including the 
metal atom. This inode of chelation (Fig. 2) is supported by the following 
evidence: (i) the disappearance of v(C=O) with the appearance of new 
bands in the 1580 - I590 an-1 and 11 80 - 1 195 cm-1 regions assigned to 
v(O-C=N)ZO and v(C-O)2I, respectively; (ii) v(N-N) shifts to a higher 
wave number; ( i i i )  tlie appearance of new bands in  the regions 500-480 
and 450-440 cm-1 and at 280 an-1 assigned to v(M-0)22, v(M-N)23 and 
~ ( C r - c l ) ~ ~ ,  respectively. The Co(HPTS)(Ac0).2H20 complex shows two 
bands at 1535 and 1415 cml assignable to V(C-O)as and ~ ( c - 0 ) ~  bands 
of the acetate group. The difference (120 cm-1) between these two bands 
indicates a bridging or bidentate bonding for the acetate g r o u p .  

Cu(HPTS)CI.H20, coordinating via the NH group and the thiol sulphur 
atom with loss of the proton from the latter group. This mode of 
complexation (Fig. 3) is conf i ied  by the following: (i) the disappearance 
of v(C=S) with the appearance of new bands due to v(S-C=N)20 and 
v(C-S)26 ; (ii) v(C=O) remains more or less at the same position ; (iii) the 
appearance of new bands at 415, 345 and 295 cm-1 assignable to 
v(Cu-N)23, v(Cu-S)27 and v(Cu-C1)24, respectively. 

In M(PTS).nH,O [M = Cu(II), Zn(II), Hg(II), Mn(II), Ni(I1) and 
U022+; n = 0 or 21, H2PTS behaves as a binegative tetradentate ligand, 
coordinating through the enolic carbonyl oxygen and the nitrogen of the 
NH groyp from one end, and the thiol sulphur atom and the nitrogen atom 
of the NH g~otip fioin the other, with the loss of both protons from the 
enolized carbonyl and thiol groups. Geometrical factors prevent the 
coordination of all the donors to a single metal ion, which must, therefore, 
act as a bridging unit between two metal centres, giving a polymeric 
structure as shown in Fig. 4. This inode of complexation is suggested by 
the following evidence: (i) the disappearance of the v(C=O) and v(C=S) 
bands ; (i i)  the appearance of new bands due to ~ ( 0 - C = N )  and 
v(S-C=N)20, v(C-O)21 and v(C-S)26 and (iii) the appearance of new bands 
in the regions 495-460, 450-410 and 340-310 cin-1 assignable to 
v(M-O)~~,  v(M-N)23 and v(M-S)27, respectively. 

Also, H2PTS acts as a mononegative bidentate ligand in 

7. 
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1156 KHALIFA, RAKHA, AND BEKHEIT 

Fig. 2. Structures of the Complexes Cr(HPTS)CI2.2H2O and Co(HPTS)(Ac0).2H20 

Fig. 3 .  Structure of the Cu(HPTS)CI.H20 Complex 

x 

M = Cu(II), Zn(II), Hg(1I); X = 0) or 
M = Mn(lI), Ni(l1) and U02*+; X = H20 

Fig. 4. Structure of the Complexes M(PTS).nH20 

Finally, H2PTS can also act as mononegative tetradentate ligand 
coordinating through the carbonyl oxygen and the nitrogen atom of the h3 
group from one end and the thiol sulphur atom and the nitrogen atom of 
the h group on the other, with loss of the proton from the thiol group as 
shown in Fig. 5. This behaviour is found in the case of the complexes 
M(HPTS)CI.H,O [M = Mn(II), Co(II), Zn(I1) and Cd(II)] and 
Fe(HPTS)CI,. This mode of complexation is supported by the following 
observations: (i) v(C=O) shifts to lower wave number; (ii) the 
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l-PICOLINOYL-4-PHENYL-3-THIOSEMICARBAZIDE COMPLEXES 1157 

M = MI@), Co(ll), Zn(l1) and Cd(ll) 

Fig. 5.  Structure of the Complexes M(HPTS)CI.H20 

disappearance of v(C=S) with the appearance of iiew bands due to 
v(S-C=N)20 and v(C-S)26 and (iii) the appearance of iiew bands in the 
regions 5 15,485, 430-405 , 350-335 and 290-260 cm-1, assignable to 
v(M-0)22, v(M-N)23, v(M-S)27 and v(M-Cl)ZJ, respectively. 

The uranyl complex exhibits three bands at 920, 830 and 250 cin-1 
assigned to v3, v I  and v., vibrations, respectively, of the dioxouranium 
ioii2X. The force constant (F) of v(U=O) is calculaoted by the method of 
McGlynn d.29, the Fuo value is 6.99 mdyne A l .  The U - 0  bond 
distance is calculated with the help of the equation? 

RU-0 = 1.08 F-”3 + 1.17 

a 
The U-0 bond distance is 1.735 A and falls in the usual region as reported 
earlier31. 

All the hydrated complexes are thermally stable up to ca. 150°C 
which may indicate the presence of water molecule(s) in the inner sphere. 

Magnetic and Electronic Spectral Studies 

absorption bands at 21277 (vl)  and 26316 cm-1 (v2) attributable to 
4A2g(F) -+ JT2g(F) (vl)  and 4A2,(F) + 4 ~ ~ g ( F )  (v2) 
respectively, in an octahedral environment around the Cr(II1) ion. The 
magnetic inoineiit (3.53 BM) can be taken as additional evidence for the 
octahedral configuration. 

The electronic spectrum of Cr(HPTS)CI2.2H2O exhibits two strong 
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1158 KHALIFA, RAKHA, AND BEKHEIT 

Tlie electronic spectniin of Fe(HPTS)CI2 shows two bands at 21740 
and 29410 an-1 assipiable to 6Alg + 4T2g(G) and 6Alg + JT2g(D) 
transitions33, respectively. The magnetic moment value (6.1 BM) for this 
coinplex indicates that it is of tlie spin-free octahedral type. 

The ltefi;' values (5.6-5.8 BM) for the inanganese(II) co~npouiids are 
as expected for high-spin 3d5 systems. The electronic spectrum of 
Mn(HPTS)CI.H20 displays very weak absorption bands and it is difficult 
to assigi them to definite traiisitioiis34. The electronic spectrum of 
Mn(PTS).2H20 shows one broad baud at 14706 cm-1 attributable to the 
6Alg + jTlg(G) transition34 for an octahedral structure around Mi(I1) ion. 
The other characteristic bands for d-d transitions are difficult to be 
recognized in this complex 

spectra of the Co(1I) co~nplexes, the two broad bands at 
- ca. 15400 and ca. 22200 cm-1 are assigned to 1Tlg + 4A2g and 
J T l g - +  JTIg(P) transitions3', respectively. Also, the values of the magtietic 
inoineiit (4.4-4.5 BM) are in good agreement wit11 those reported for an 
octahedral structure. 

Tlie electronic spectniin of Ni(PTS).2H20 shows two 
bands at 16130 and 22220 cm-1 assignable to 3A2g + 3Tlg(F) and 
3A2g+3T1g(p) transitions33, respectively. Also, the value of p e g  (2.4 
BM) is additional evidence for an octahedral structure. 

The electronic spectra of the Cu(I1) coinplexes give one broad band 
with a maximum in the 14290-1 5 150 cm-1 range due to the 2BIg+2Alg 
transition in  a square-planar geoinetry35. The band at 27020 cm-1 in the 
electronic spectniin of Cu(H€'TS)CI.H20 may be assigned to CI+Cu 
charge transfe~-36. Also, the values of peff(l SO-1.66 BM) lie within tlie 
range of Cu(I1) ions. 

Finally, the UV spectrum of the uranyl complex shows a band at 
26670 cm-1 assigned to tlie ICg+ -+ *ql transition for dioxouraniutn 

I n  tlie 

( ~ 1 1 3 7 .  
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