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SYNTHESIS. CHARACTERTSATION AND ANTIFUNGAL ACTTVTTY OF 

RuI I 1  I )  COMPLEXES WITH HETEROCYCLIC DTTHTOCARBAMATES 

R .  Ramesh and K. Natarajan* 
Department o f  Chemistry 
Rharathiar University, Coimhatore-641 046, India 

Several new hexa-coordinated ruthenium(1TT) 

Complexes o f  the type [RuX2(EPh3)2(LLt)], (X = C 1  o r  Br; E = 

P or As) [where L L t  = rnorpholinedithiocarhamate (Morphdtc), 

piperidinedithiocarhamate (Pipdtc) and piperazinedithlo- 

carhamate (Pzdtcl have been synthesised. In all these 

complexes the heterocyclic dithiocarbamates behave as a 

uninegative btdentate (SS) chelating ligand. It has been 

observed that the incoming ligand replaces a halide, a 

tertiarv phosphine/arslne and methanol from the starting 

complexes. All the complexes have been charactertsed on the 

hasis o f  analytical and spectroscopic data. The new 

complexes showed a reasonable amount o f  antifungal 

activities. 

INTRODUCTION 

The chemistry o f  metal dithiocarhama 

investigated due to their wide applications, 

es has been 

Interesting 

I677 
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C H Z - C H ~  S 
\ '# . / 

Y N -C '€3 Na' 

S 
\ \ / 

C H Z - C H ~  

Fig. I. Dithiacarbamate Ligands 

where Y = 0.  Mnrphrltc 

= C H 2 ,  Pipdtc 

= NH, Pzd t c 

structural properties and biocidal Despite 

c o n s i d e r a h l e  i n t e r e s t  i n  ? h e  t r a n s i t i n n  m e t a l  

dithiocarbamate complexes. 4-9 relativelv little w n r k  has so 

far been dnne on the preDaration and characterisation nf the 

mixed ligand complexes o f  ruthenium( T T T l  with heterncvclic 

dithincarbamates. We report here the synthesis, charac- 

terisation and some antifungal activities n f  triphenvl- 

phosphine complexes of ruthenium(TTT1 with heterocyclic 

dithiocarbamates. The dithiocarbamates used In this study 

are of the type shown in Fig. I. 

EX PE R TME NTAL 

All reagents used were Analar 

grade. All solvents were freshlv dis 

n r  

i l  

of chemicallv Dure 

ed before use. TR 

spectra were recorded in K B r  on a Perkin-Elmer 5 9 7  IR 

grating spectrophotometer in the range 4000-200 ern-'. 
Electronic spectra were obtained from dichloromethane 

solutions on a Hitachi-Elmer model 2 0 / 2 0 0  spectrophotometer. 
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EPR spectra of powdered samples were recorded with a Bruker 

ER-200 EPR spectrometer at X-band frequencies. Cyclic 

voltammetric studies were carried out in acetonitrile using 

a glassy-carbon working electrode and the potentials were 

referenced to an Ag/AgCl electrode. Microanalyses were 

performed at the Research and Development Laboratory, 

Hindustan Photo Film Industry, Ooty. Melting points were 

recorded on a Mettler Fh51 instrument and are uncorrected. 

The st art ing complexes [ RuC13( PPh3) 3 1 lo, , 
[RuBr3 (AsPh3) 3 JI2, [RuBrj (PPh3 )2MeOH]13 and the 1 igands 14 

were prepared by the methods reported in the literature. 

11 [RuCl3 (AsPh3) 3 1 

The fungus Fusarium sp. was grown on a potato- 

dextrose agar (PDA) medium and purified by the single spore 

isolation technique. Seven day old cultures were used for 

the study. Several solutions of different concentration 

(ppm) of  rutheniurn(TI1) complexes and of the ligands were 

prepared in DMSO. The percentage inhibition o f  the complex 

against the fungal growth were then calculated. 

Preparation of [RuX2(EPh3)2(LL1)I (X = C1 o r  B r :  E = P o r  

Pipdtc, Pzdtcl As; LL' = Morphdtc 

To a solut 

in benzene ( 20 mL) 

on of [RuC13(PPh3)31 (0.12 g ;  0.125 mmol) 

the appropriate sodium salt of piperidine 

dithiocarbamate (0.020 g ;  0.125 mmol) (1:l mole ratio) in 

methanol ( 5  mL) was added. The solution was heated under 

reflux for 5 h. After concentrating the solution to about 2 

mL. the product was separated by the addition of a small 
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quantity of hexane. The compound was recrystallised from 

CHzC12/n-hexane and dried under vacuum. All other Complexes 

were prepared using similar procedures. Yield : 70%: 

0.07Z.g. 

RESULTS AND DISCUSSION 

The new complexes having the general molecular 

formula [RuX2(EPh3)2(LL1)1 have been obtained from the 

reactions o f  [RuX3(EPh3)31 o r  [RuBr3(PPh3]2(MeOH)] with 

various dithiocarbamates. The analytical data given in 

Table I are in good agreement with the molecular formula 

arrived at for all the complexes. All the complexes are 

coloured and are quite stable in air. 

Benzene 
+ + Sodium salt of ------------ 

Dithiocarbamates Ref lux 

where LL' = Dithiocarbamates 

IR Spectra 

In all the new complexes the v C = N  and v c = s  

stretching frequencies of the dithiocarbamates fall in the 

range 1460-1485 cm-l and 980-1000 cm-' (Table 111 indicating 

the coordination t h r o u g h  the two sulphur a t o m s  o f  

dithiocarbamate. Besides, the complexes exhibited only one 

stronR band at - 1000 cm-l supporting the bidentate 

nature of the dithiocarbamate moiety. A doublet is expected 
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in the case of monodentate behaviour 15-17. Further 

confirmation of such a behaviour of ligands comes from the 

analysis of the position of the V C = N  mode. In fact this 

band undergoes a hlue-shift in all the complexes, while in 

the case of unidentate behaviour. this stretching mode would 

shift towards lower wave numbers o r  remains unchanged at the 

same value of the free dithiocarbamate sodium salt. 18 

Electronic Spectra 

The electronic spectra of all the complexes in 

dichloromethane showed two bands in the region 465-250 nm 

(Table T I ) .  The ground state of Ru(IIT) ( $  configuration) 
is 2T2g and the first excited doublet levels in the order of 

increasing energy are 2 A 2 g  and 2Tlg which arise from the 

In most of the ruthenium(IT1) t zgeg configuration. 

complexes the UV and visible spectra show only charge 

transfer bands.20 Based on the values of the extinction 

coefficient, all bands have been assigned to charge transfer 

transitions arising from an excitation of an electron from 

the metal tzg level to unfilled molecular orbitals derived 
from the Tl*  level of the ligands. There is another 

possibility that the absorption behaviour could involve 

ligand to metal charge transfer from the halide ligands. 

However, the nature of the spectra and the extinction 

coefficients show a similarity to the spectra of other 

octahedral Ru(I1I) complexes 21-23 wherein a metal to ligand 

charge transfer has been indicated. Hence, we propose a 

metal to ligand charge transfer transitions for all the 

Ru(II1) complexes. 

t3 

4 1  
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-0.28V (reduction) vs an Ag/AgCl e ectrode (Table IV). The 

redox processes observed for these complexes are only metal 

centered R U ~ " - R U ~ I I  and Ru'II-Ru couples. Some of the 

complexes showed reversible redox couples with peak-to-peak 

separation ( A E p )  values ranging from 60-70 mV which is 

characteristic of a single step one electron-transfer 

process 26-28. The triphenylphosphine complexes of the type 

[RuClz(PPh3)2(Pzdtc)] showed an irreversible oxidation at 

0 .69  V and a reversible reduction at -0 .19  V. The complexes 

[RuClz(PPh3)2(Pipdtc)] and [RuBr2(AsPh3)2(Morphdtc)l showed 

only irreversible oxidations and reductions. The reason for 

the irreversibility for these complexes may be due to a 
29 short-lived oxidised and reduced state of the metal ion. 

Hence, from the electrochemical data i t  is inferred that the 

present ligand system is ideally suited f o r  stabilizin~ the 

higher oxidation states of ruthenium ion. 

Anti fungal Activity 

Pipdtc, Pzdtc, Morphdtc and their ruthenium(TI1) 

complexes show a fair degree of activity against the fungus 

Fusarium sp. However, the ligands show a poorer inhibitory 

effect than their complexes. The toxicity increases with 

increasing the concentration of the complexes (Table V). 

The antifungal activity o f  the complexes with respect to the 

ligands in general vary in the order Pzdtc > Pipdtc > 

Morphdtc. The reason for the fungicidal activity of the 

compounds may be due to the presence of the C = S  group 

present in the ligands as well as in their complexes. 3 0  
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Table  I V .  C y c l i c  Vol tammetr ic  Data of Some R u ( I I 1 )  
Complexes 

* S u p p o r t i n g  e l e c t r o l y t e  : [NEt4]C104 0.05M; Ef = 0.5 (Epa + Epc) ,  where 

Epa a n d  Epc a r e  a n o d i c  a n d  c a t h o d i c  peak p o t e n t i a l s ,  r e s p e c t i v e l y ;  

s c a n  r a t e  50 m V s - l ;  a l l  p o t e n t i a l s  a r e  r e f e r e n c e d  t o  Ag/AgCl. 

2. [RuC12(PPh3)2(Pipdtc)]  1 0  12 20 30 40  

3. P z d t c  6 11 1 4  15 1 9  

3. [RuCl 2(PPh3) ( P z d  tc) I 1 2  18 25 3 2  4 2  

4 .  Morphdtc  6 8 12 13 1.5 
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The IR spectra of the complexes clearly indicate the 

chelated nature of the dithiocarbamate showing the 

coordination through the two sulphur donor atoms. The 

electronic spectral data indicate an octahedral geometry for 

the complexes and they are very similar to other Ru(II1) 

complexes reported earlier. From the EPR data 

(discussed earlier), T t  has been suggested that there i s  

some kind of distortion from perfect octahedral geometry for 

some of the complexes based on the number of lines observed 

in the EPR spectra. The cyclic voltammetric studies show a 

single step one electron transfer processes which are metal 

centered in all the complexes and there is no marked 

influence on the electron transfer processes from the 

presence of different types of ligands in the complexes. On 

the basis of the elemental analyses, IR, electronic spectra, 

EPR spectral data and cyclic vol tammetric data the 

octahedral structure in F i g .  2 has been tentatively 

proposed. 

EPh3 
I 

\ 
Y Ru , C - N  

I 
EPh3 

F i g .  2. Suggested Structure of the Ruthenium Complexes 
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(X = C1 o r  R r :  E = P or As: Y = 0 ,  Morphd t c 

= CH2, PipdtC 

= NH. Pzdtc 
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