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NEW METAL COMPLEXES DERIVED FROM 

CHLORIDE4-PHENYE3-THIOSEMICARBAZIDE 
WITH SOME DIPOSITIVE METAL IONS 

1- ACETYETRIMETHYLAMMONIUM 

AA. ELASMY and MM. MOSTAFAf 
Department of chemistry, IlUnolr State University, Normal, Illinofr 61 761, U S A .  

(Recrlved September 9,1982) 

The preparation and chatrcterization of mme dipodtive metal bn complexes derivod from l-acetyl- 
trimethylpmmonium c h b r i d ~ - p h e n y l - 3 - t h i o ~ ~ b P z l d e  [ (ATFTS)] Q u reported. The aoM 
wrnplexe: with the cornpodtion [M(ATPTS)X,)Cl .nH,O, (M-Mn(1I). Cu(lI), Zn(11) and Hg(II); 
X=Cl, Br, HSO,, Ac or NO, and n-0-3), [M(ATPTS), X, )CI,, (M=Ni(II), Cu(l1) and Cd(11); X=Q,Br), 
[Co(A"PTS) Q(H,O)]CI, .H,O and [Cu(ATPTS)SO,Py, ICl, have been chrrctorlzed on the bad: of 
elemental inalyrer and rpectn (IR, vidbb iutd NMR), as well i s  magnetic and coductivity moawe- 
mentr. 1R spectral data indicate that the b a n d  mordtnrtes via the cubonyl oxygen or thioarbonyl 
sulphur atoms and the appropriate hydrazide nitrogen atom to give a 5-membered &elating ring. 

INTRODUCTION 

In continuation of our earlier work'" on bands containing the thioremicarbazide group, 
we report herein the preparation and characterization of new metal complexes derived 
from ATPT!3 with some dipositive metal ions. The stereochemistry of the isolated comp- 
lexes has been determined with the help of spectral and magnetic measurements. 

RESULTS AND DECUSSION 

All the metal complexes (Table 1) are stable in air and partially soluble in most common 
organic solvents but easily mluble in DMF and DMSO except the Ni(I1) complex which is 
insoluble in all organic dventa tried. The molar conductivity of uncomplexed ATPTS 
( 5 5  ohm-'cm'mole-') in DMF at 25' falls in the range reported for uni-univalent 
electrolytes,6 indicating that the chloride ion is readily ionized in DMF and therefore the 
ligand can be represented by structure (I). 

The molar conductivities of the metal complexes in DMF are found in ranges which 
have been reported for 1 : 1 or 1 : 2 electro1ytes.b'' 'Ihe high value (125 ohm-'cm2 
mole-') of the Co(I1) complex suggesta the presence of two chloride ions in the outer 
sphere and therefore the possibility of a coordinated water molecule as is indicated in 
Table 1. 

fTo whom d conwpondenca ahould be addreued. 
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THIOSEMICARBAZIDE COMPLEXES 293 

The infrared spectrum of uncomplexed ATPTS shows two bands at 1680 and 
1700 cm-' which are assigned to hydrogen bonded and free carbonyl groups respectively. 
Also, the band at 1240 an-' may be assigned to vcs of a thiocarbonyl group. No bands 
were observed above 3500 cm-' or in the region 2600-2550 cm-I . All these observations 
indicate that the band  exists mainly in the keto form (I). The presence of two broad 
weak bands at cu. 2140 cm-' and 1870 cm-' which are due to N-H- - - 0 stretching 
and bending vibrations' may suggest the presence of intramolecular hydrogen bonding 
(structure 11). 

R ' C -  NH -. 

II I 
0 N-CS-NH-R .\.\ / 

c1- 
I 

H 

(11) R = phenyl and R' = (CH3),N%H2 

The disappearance of the carbonyl band on complexation in the spectra of all comp- 
lexes except those of Cu(1I) bromide, Cd(I1) and Hg(II) chloride with the simultaneous 
appearance of new bands at 1550 and 1080 cm-', which were assigned respectively to 
N- C ..a9 and ((2-0) vibrations, may be taken as an evidence for participation of the 
(C-0) group in bonding. The enolization of the carbonyl group takes place through the 
adjacent (NH) group. The exceptions above show a decreases in V, indicating that the 
thioketo group acts as a coordination dte. 

The L + , ~  bands at 3470,3230 and 3140 cm" in the spsctrum of the llgand show a 
negative shift in the spectra of all  complexes indicating the participation of the (NH) 
groups in bond formation. The small positive shift (10-1 5 cm-') of the band at lo00 cm" 
assigned" to *-N in the spectrum of the band  may be taken as an evidence for the 
participation of at least one of the (NH) grou in bond?. The appearance of a new 
band in the low frequency region at 350 cm-'attributed to YM-N in the spectra of 
the complexes lends support for the participation of one of the (NH) groups in bonding. 
Also, the appearance of new bands at 1340 and 410 cm" to (OH) defor- 
mation and ~ ~ - 0  lend support for structures (110 and (IV). Strong evidence for the 
presence of a free (OH) group in the coordinated ligand comes from proton magnetic 
resonance measurements of solution of the diamagnetic complexes in d6-DMS0. In, 
for example, a solution of [Zn(ATPl'S)Cl,] Cl, the (OH) proton signal at 9.35 ppm, 
downfield from TMS, disappears upon addition of D20. Studies of the Cd(I1) and H@) 
complexes did not reveal such an (OH) group which suggests that the lipnd coordinates 
in the keto form. 

t 

c1- 

(111) 
M = Mn(II), Cu(II), Zn(I1) 
X = CI, %SO*, NO,, AC 
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294 A.A. EL-ASMY A N D  MY.  MOSTAFA 

2+ I X-M-X 1 2c1- 

(CH3)3 -NCHz C = N 
I I  

LI! 
HO N H C S - N H - 0  

f T  
I I  

"-NH-CS-HN OH 0 
N = C-CHI *N.(CH3)3 

L 

M = NNII), Cu(I1) 
X = C1, Br 

The position of the ban& associated with the thioketo group'' at 1240 and 760 cm-' 
remains unchanged in the spectra of most compkxes, but both bands are shifted to lower 
wavenumbers in case of compkxes of Cu(1I) bromide, Cd(1I) and Hg(I1) chloride. The 
negative shift of the thioketo group (3040  cm-') for these complexes suggests that it 
acts as a bonding atom as shown in structure (V). ' 

r -NH-c-NH 
II I 
S 

JNH-CO-CHa- 

/"\ X 
X 

03 
M = Cu(II), Cd(II), Hg(U) 
X = C1, Br 

The new band observed at 450 an-' due" to Y M - ~  can be taken as additional evi- 
dence for this structure. 

The pyridine compkx of Cu(II) ahowr bands at 3040, 1015,910 and 710 cm-' due 
to (C-H) stretching and deformation vibrations. Also, the bands at 1615 and 1530 cm-' 
attributed16 to VCK and YC=N suggests the presence of pyridine molecules coordinated to  
the Cu(I1) ion. 

The structures of the metal complexes can be assigned on the basis of electronic spec- 
tra m solution (DMSO and pyridine) and are c o b e d  by magnetic measurements. The 
results are shown in Table 2. The value of the magnetic moment for the Co(II) complex 
is found to be 4.65 BY., which suggest8 a tetrahedral geometry for the Co(I1) ion. The 
ekctronic y c t r u m  in DMSO exhibits three absorption bands at 14,749, 16,077 and 
18,050 cm- . The strong band at 14,749 cm-' is assigned to the 'A, -+ 'T1 (p) tray; 
ition, while the band at l8PSO cm-' may be assigned to a spin-forbiddm transition. 
This spectrum is very similar to those reported for other pseudo-tetrahedral Co(I1) struc- 
tures. Structure (W) is proposed for the Co(I1) complex on the basis of its molar con- 
ductance (125 ohm-'c"mole") and the infrared spectra together with the electronic 
spectra and magnetic data. 
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THIOSEMICARBAZIDE COMPLEXES 295 

TABLE U 
SpcctrJ and magnotic propertbi of the ATPTS complexor. 

1611 
Compound (B.M.) Medium Electronic Spectra (in cm-' ) 
[Co(ATPrS)Cl(H, O)] CbH, 0 4.65 DMSO 14.749, 16,077, 18,050 

pyridine 12,195, 14,500, 18,180, 18,868 
[Cu(ATPTS)CI, 1 Q 2.02 DMSO 12,494(br), 17,000(&), 21,425 

pyrldhe 13,513 
[Cu(ATPTS)SO, ]Cl*W,O DMSO 14,705 

pyridtne 14,00O(lh), 15,400Cbr) 
[Cu(ATPTS)Ac, ] Cl-3Ha 0 DMSO 14,700 

pyridine 13,900 
[CMATPTS)(NO, )a la DMSO 13,700 

pyridine 13,940 
I ' X A m S ) ,  Bra Ic2 1.78 DMSO 12,16O(h). 13,700Cbr) 
INi(ATPTS), % I  C 4  DMSO 12,195. 14,300, 19,230, 29,585 

I 1  
HO NH-CS-NH-Q 
L J  

2+ 

2CI-.Ha 0 
c o  
/ \  

C1 OH, 

or11 
The bands observed at 3500, 1610, 890 and 770 cm-' in the IR spectrum of the 

Co(1I) complex arsigned respectively to d . 0 ,  @aO), Q(H20) and Q,(HaO) 
vibrations" and indicate the presence of coordinated water molecules. On drying this 
complex in vucuo or by heating in an oven up to 120", only one of its water molecules 
is removed which may indicate the presence of one molecule of water in the coordination 
sphere. Dissolution of the Co(I1) complex in pyridine turns its colour from green to 
brownish-redand the spectrumexhibitsbandsat 12,195,14,500,18,180 and 18,868 a". 
These values are different from those observed in DMSO and are similar to those reported 
for six coordinate pyddine adducts of CO(II).'~ 

The spectrum of the Ni(I1) complex in DMSO exhibits three absorption bands at 
12,195, 19230 and 29,585 an-' which are respectively to 'A26 + 'Tar (~1) .  

'All + 'TIc (F) (va) and 'All + 'Tic (PI (us) transition, in octahedral geometry.20 
The ratio V a / v l  lies in the range 155-1.56 '-ZI and therefore can be taken as an od- 
ditional evidence for the proposed octahedral rtructure. 

The spectra of the Cu(11) sulphate, acetate and nitrate complexer ace all dmilpr and 
exhibit a broad band centred at a. 14,000 an-' which ia assigned to the 'B + 'All 
transition in a square planar confiiuration.m4 The h(n)  chloride complex Bows two 
bands at 19,600 and 12,494 an-' indicating in this case a pseudo-tetrahedral geometry 
at the Cu(I1) ion. The band at 19,600 cm-' may be a w e d  to a C1* Cu charge transfer. 
The structure is confirmed by the magnetic moment (2.02 BY.). The electronic spectrum 
and magnetic moment (1.78 BM.) for the Cu(II) bromide complex arc in good agreement 
with those reported for octahedral cam. The solution rpctn in pyridine of the Cu(II) 
complexes were also recorded, and exhibit a broad strong band in the reglon 13,513- 
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296 A.A. EL-ASMY AND MY.  MOSTAFA 
14,090 cm-' with a molt or kss pronounced low energy shoulder. This may be due to 
the 'Ell + ' T s  transition, indicating a distorted octahedral structure around the 
central Cu(1I) ion. 

EXPERIMENTAL 
All chemicals used were of analytical grade. The band (I) was prepared by slowly 
adding phenyl hthiocynate (135 ml) to a solution of Cirard's reagent T (acstylhydra- 
dde trimethylammonium chloride) in absolute ethanol. The mixture was refluxed on a 
water bath for IS minutes. The white product was crystaked m r a l  t h ? s  from abso- 
lute ethanol and drkd in a vacuum desiccator over anhydrous calcium chloride. The 
purity of the Ugand was checked by elemental analysis and NMR (M.P., 202'). The 
solid complexes were prepared by adding quimolnr mounts of band  and a metal salt 
in absolute ethanol. The reaction mixture was refluxed on a water bath for about 1 hr. 
and then concmtnted until precipitation occurred. The product was filtered, washed 
several times with hot ethanol and dried in a vacuum desiccator. The pyridine adduct 
of the Cu(II) sulphate complex waa prepared by adding an exam of pyridine in the cold 
to the solid complex. Elemental analyses were performed by the Microanalytical Unit of 
Mansoura Univenity. The metal and halide contents were determined by standard 
methods .% 

Electronic solution spectra of the compkxes in DMSO and pyridine were recorded on 
a Pye Unicam SP.1800 spectrophotometer. Infrared spectra were recorded on a Pye Uni- 
cam SP-2ooO spectrophotometer. Molar conductance values were measured using a 
T a m s 1  conductMty bridge (type CD6NC) in DMSO at 25'. The magnetic moment 
measurements were carried out at Alexandria University ~ i n g  a Couy balance and 
Hg[Co(SCN),] aa the d i i r an t .  Diamagnetic corrections were made using Pascal's con- 
stants. Proton magnetic reaonana spectra were measured on a Varian EM-360 (60 MHz) 
spectrophotometer. 
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