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Abstract 

A number of Ru(I1) complexes of six monoacid 
bidentate N-S donors in the form of ring substi- 
tuted 4-phenylthiosemicarbazides have been synthe- 
sized and characterized by elemental analysis, cond- 
uctance and magnetic susceptibility measurements 
as well as by various spectroscopic techniques such as 
UV-Vis, IR and NMR spectroscopy. All the com- 
plexes have the general formula [Ru(LH)~X~].~H~O 
where LH = a substituted thiosemicarbazide and X = 
Cl and I. From IR study the trans disposition of these 
two coordinated X ions has been established. In 
all the complexes the ligand binds itself to the Ru(I1) 
ion in its keto form through its thiocarbonyl sulphur 
atom and the nitrogen atom of the terminal -NH2 
group of the thiosemicarbazide moiety. Reactivity 
of these [Ru(LH)~X~]*~H~O complexes towards 
various types of reagents like pyridine, DMF, NH4- 
SCN, NaHSO,, C$HsCN and PPhs has been examined 
and the products have been characterized. In all these 
reactions ruthenium is found to retain its t2 oxida- 
tion state. Antibacterial activity of some of the 
Ru(LH),X2*nH20 complexes have been examined 
against E. coli and the corresponding minimum inhi- 
bitory concentration (MIC) values are reported. 

Introduction 

At present coordination chemistry of ruthenium- 
(II) bound to nitrogen donors is an active area of 
research for various reasons. Many such compounds 
exhibit important catalytic and photochemical acti- 
vity [l] . Some of these compounds are also impli- 
cated as model systems for studies on nitrogen fixa- 
tion [2] and at least one such compound (the pent- 
ammine aquo ruthenium(H) complex) has been found 
to possess DNA binding characteristic [3]. However, 
a survey of relevant literature has revealed that the 
chemistry of Ru(I1) ligated to chelating ligands con- 
taining mixed hard-soft donor atoms like nitrogen 
and sulfur has not been adequately explored. In this 
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context we have undertaken a programme of systema- 
tically studying ruthenium complexes of some N-S 
donors such as thiosemicarbazides and thiosemicar- 
bazones and this paper reports the first part of our 
investigation in this area. Our interest in this pro- 
gramme is two-fold. Firstly to examine the reactivity 
of ruthenium(I1) ligated to NS donor centres towards 
various types of Lewis bases of both hard and soft 
type. Secondly, to examine the biological activity 
of these complexes. It has been proposed [4] that 
complexes in which the metal atom is of class (b) 
and is bound with ligands which contain sulfur 
donor centres are likely to be biologically most 
active, mainly because these two factors usually 
confer lipid solubility on metal complexes. As the 
ligands of our choice are known to possess anti- 
bacterial, antiviral, antimaterial, antileprotic and 
antitumor activities [5] it is quite possible that due 
to ligation to ruthenium this activity may be signifi- 
cantly modified. 

Results and Discussion 

The ligands used in this work are 4-substituted 
thiosemicarbazides e.g. 4-phenyl, 4-(p-methyl phen- 
yl), 4-(p-chloro phenyl), 4-(p-ethoxy phenyl), 4-(p- 
methoxy phenyl), 4-(o-methoxy phenyl) thiosemi- 
carbazides all of which can exist in keto and enol 
form. Though there are one or two cases in which the 
thiosemicarbazides act as monodentate ligands bind- 
ing to the metal centre through the sulfur atom, in 
almost all other cases thiosemicarbazides react as 
chelating ligands towards transition metal ions utilis- 
ing the sulfur atom and the terminal hydrazinic nitro- 
gen atom of the thiosemicarbazide chain [6]. The 
only known solid complexes of thiosemicarbazide 
coordinating through the sulfur atom only are the 
polymeric Ag(I) complexes [7]. We have prepared 
several dichlorobis thiosemicarbazide complexes of 
ruthenium(I1) by reacting RuCls with the corres- 
ponding donor molecules taken in slight excess of the 
stoichiometric requirement, all the reactions being 
carried out in ice cold conditions. The correspond- 
ing iodo complexes were prepared in methanol under 
reflux. In all cases deep red-violet air stable com- 
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TABLE I. Analytical Data for Ru(I1) Complexes 

Complex Colour Ca Ha Na X 

(%) (%) (%) 

Ru(4PhTSCH)2 C12. 2H2 0 
Ru(4PhTSCH)212 
Ru(4pCH3PhTSCH)2Cl2*2H20 
Ru(4pCH3 PhTSCH)2 12 

Ru(4pClPhTSCH)2 Cl2 

Ru(4p-ClPhTSCH)2 I2 
Ru(40-0CH3 PhTSCH)2 G2 

Ru(4p-OCH3PhTSCH)2C12 

Ru(4p-OCz Hs PhTSCH)? Cl, 
Ru(4PhTSC)2py2 
Ru(4PhTSCH)2 (SCN)2 

Ru(4PhTSQ2 (PPh3)2 

Ru(4PhTSCH)2(HS0 $ 2 

[ Ru(4PhTSCH)2 (C6H5CN)2 ] Cl, 

red-violet 
rose-red 
red-violet 

iose-red 

red-violet 
rose-red 
red-violet 

red-violet 

red-violet 

green 
brown 

yellow 

red 
red 

30.8(30.9) 4.1(4.0) 15.6(15.5) 12.8(13.1) 

23.3(23.2) 3.9(3.0) 11.9(12.2) 36.1(36.8) 

33.4(33.7) 4.8(4.5) 14.5(14.7) 12.2(12.4) 

24.8(25.0) 3.6(3.4) 10.9(11.7) 35.2(35.4) 

29.0(29.2) 2.9(2.8) 14.4(14.6) 24.9(24.7) 

22.7(22.1) 2.9(2.1) 11.5(11.7) 33.1(33.5) 

33.8(33.9) 4.0(3.8) 14.6(14.8) 12.8(12.5) 

33.6(33.9) 4.0(3.8) 14.5(14.8) 12.9(12.5) 

36.0(36.3) 4.6(4.3) 13.9(14.1) 11.9(11.9) 

50.6(50.7) 4.5(4.2) 18.1(18.2) 

34.6(34.8) 3.5(3.2) 20.5(20.3) 

62.3(62.7) 4.9(4.6) 8.6 (8.8) 

28.1(28.1) 3.3(3.3) 14.0(14.0) 

47.0(47.1) 3.8(3.9) 15.7(15.7) 

aCalculated values in parenthesis. 

pounds were obtained. These complexes are of 
general formula trans-Ru(LH),X2 *&I20 (LH = thio- 
semicarbazide ligand, X= Cl, I) and contained thio- 
semicarbazides exclusively in their keto form. The 
relevant analytical data for the complexes are given 
in Table I. 

It is well known that thiosemicarbazides in the 
free state exist in rrans configuration with respect 
to the thiocarbonyl sulfur and the terminal nitro- 
gen atom of the thiosemicarbazide moiety [6] but 
during complex formation they became cis to 
each other [8]. In the IR spectra of the ligands 
there are two strong bands in the 3000-3300 cm-’ 
region corresponding to v,(NH2) and v,(NH2) beside 
one or two v(NH) bands in the same region, a strong 
band near 1600-I 640 cm’-’ corresponding to &(NH2) 
and the v(CS) band near 720-750 cm-’ [9]. On 
complexation both the 6(NH2) band and the v(G) 
band are lowered by lo-20 cm-‘, except in 4Ph- 
TSCH where the latter band shifts to a higher 
frequency. These observations clearly indicate the 
participation of the NH2 group and thiocarbonyl 
sulfur in coordination to the metal ion. The IR spec- 
tra of the complexes in the v(NH,) region are gener- 
ally obscured by a strong absorption due to the 
presence of lattice water. All the dichloro com- 
plexes exhibit one strong band at 310 cm-’ which 
is assigned to the v(Ru-Cl) vibration [lo]. This 
band is absent in the corresponding iodo complexes. 
The presence of only one v(Ru-Cl) band indicates 
a truns dihalo structure for the complexes. Since 
the iodo complexes possess all the characteristic 
properties of the chloro complexes we have con- 
cluded that the iodo complexes also possess the 
rruns dihalo configuration. However, we could 
not detect the y(Ru-I) signal because it is outside 
the range of our instrument which could record 

up to 250 cm-’ only. A weak shoulder near 320 
cm-’ observed in the IR spectra of all the halo com- 
plexes, may be assigned to the V(Ru-N) vibration 
[ 111. This shoulder is found to become more promi- 
nent in the iodo complexes where the v(Ru-Cl) 
band at 310 cm-’ is absent. All the chloro com- 
plexes are diamagnetic and therefore ruthenium 
is present in the +2 oxidation state. The nonconduct- 
ing nature of the complexes confirms that the halo- 
gens are coordinated and only one strong band near 
310 cm-’ indicates that the halogens are situated 
trans to each other. Based on these observations we 
propose the following two structures for these dihalo 
complexes (Fig. 1): (a) possessing NN and SS cis 
but XX trans configuration; (b) possessing NN, SS 
and XX trans (all trans) configuration. Of these two 
possibilities, the existence of an all truns structure 
is indicated by the fact that the NMR spectra of the 
Ru(p-CH3PhTSCH)212 complex in CD& exhibits 
only one signal due to CH, protons at 6 1.93 ppm. 
[p-CH,TSCH = (4-(p-methyl phenyl) thiosemicarba- 
zide] . The nature of the electronic spectra (see below) 
of all the complexes also supports this conclusion. 

The electronic spectra of most of the complexes 
exhibit a band near 750 nm which may be assigned 

.nH,O @yj.nH20 

X 

Cis- trans (C,.) Trans-tram (qh) 

(a) (b) 

Fig. 1. Possible structures of Ru(I1) trans-dfialobis (ring- 
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Preparation of Ru(4PhTSCkpyz 
1 mmol of Ru(4PhTSCH)aCla in MeOH was treat- 

ed with 3 ml of pyridine, stirred for % h and then 
kept on a water bath for 15 min. Concentration of 
the solution in a rotary evaporator yield a green com- 
pound, which was filtered, washed with ether and 
dried in a desiccator. 

Preparation of Ru(4Ph TSCHk (HS03 )2 
1 mmol of Ru(4PhTSCH)2Clz in MeOH was treat- 

ed with 2.5 mmol of NaHSOs dissolved in 10 ml of 
water and stirred for 2 h. The resultant solution was 
then evaporated to dryness on a water bath, washed 
with water and dried over cont. sulfuric acid. 

Preparation of [Ru(4Ph TSCHk (C, H5 CN)2 / Cl2 
To an ice cold solution of 1 mmol of RuCI, in 

MeOH, a methanolic solution of 2.2 mmol of 
4-phenyl thiosemicarbazide was added drop by drop 
and the mixture was stirred in ice cold conditions 
for 1 h. To the resultant red solution 0.5 ml of 
benzonitrile was added and the mixture was stirred 
at room temperature for 3.5 h. The solution was 
evaporated to dryness and the residue redissolved in 
1:2 chloroform:methanol mixture. When this solu- 
tion was slowly evaporated the desired compound 
separated out. It was filtered, washed with water and 
benzene and then dried over fused CaC12. 

Preparation of Ru(4Ph TSCHh (SCN)2 
To a freshly prepared methanolic solution of 

Ru(4PhTSCH)aCla (1 mmol) about 2.5 mmol of 
NH,SCN was added. The mixture was refluxed for 
45 min, cooled to room temperature and then con- 
centrated on a rotary evaporator when a yellowish- 
brown compound separated out. It was filtered, 
washed several times with water and dried over fused 
CaCla . 
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