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Summary. Copper(II)  complexes of  the type [Cu(L)X], 
where L =  tridentate anion of  2-acetylpyridine Nn-di - 
ethyl thiosemicarbazone and X=C1  or Br, were 
screened against seven fungal strains pathogenic to 
man viz. Aspergillus niger, Aspergillus fumigatus, Can- 
dida albicans, Cryptococcus neoformans, Tricophyton 
rubrum, Epidermophyton floccosum and Microsporum 
canis. The greater growth inhibition exhibited by the 
bromo complex can be explained on the basis of  its 
lower Cu(I I ) /Cu(I )  redox couple and greater covalent 
bonding. These compounds  represent a novel class of  
metal-based antifungal agents which provide opportu-  
nities for a large number  of  synthetic variations for 
modulat ion of  the activities. 
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Introduction 

Thiosemicarbazones possess a wide range of  biological 
activities including anti tumor (French and Blanz 1966; 
Moore  et al. 1970), antiviral (Logan et al. 1975), anti- 
malarial (Klayman et al. 1979) and antileprotic 
(Hooper  and Purohit  1983; Collins et al. 1982). Studies 
have shown that their metal complexes, especially those 
containing copper(II)  and iron(II), are more active than 
the uncoordinated thiosemicarbazone molecules (Sco- 
viii et al. 1982). This enhanced biological activity of  me- 
tal thiosemicarbazones has been under  investigation for 
some time; studies on the antifungal properties of  het- 
erocyclic thiosemicarbazones were published a few 
years ago (Parwana et al. 1985). The electrochemical 
potentials of  copper(II)  complexes of  2-acetylpyridine 
Nm-dialkylthiosemicarbazones have been indicated to 
play a significant role in the antifungal properties 
against common subcutaneous fungi, viz. Aspergillus 
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niger and Paecilomyces variotti (Kumbhar  et al. (1991)). 
Thus, we were motivated to extend these studies to in- 
clude other classes of  fungi and to examine the in- 
fluence of  redox potentials (either metal- or ligand- 
based) on the antifungal properties of  this class of  com- 
pounds. The present work indicates that the com- 
pounds possess a broad-spectrum antifungal activity 
against a variety of  fungi including Tricophyton rubrum, 
Epidermophyton floccosum, Candida albicans, Aspergil- 
lus fumigatus, Cryptococcus neoformans and Microspo- 
rum canis which can be correlated with the Cu(I I ) /  
Cu(I) redox couple of  these compounds.  

Experimental procedures 

Syntheses, as well as the spectral and magnetic properties, of 
[Cu(L)C1] and [Cu(L)Br] where L=tridentate anion of 2-acetylpy- 
ridine N4-diethylthiosemicarbazone were reported previously 
(West et al. 1990). 

The cyclic voltammetric experiments were performed on a 
BAS-CV-27 assembly in conjunction with an X/Y recorder. Meas- 
urements were made on the degassed (N2 bubbled for 15 rain) 1 
mM solutions in dimethylsulfoxide containing 0.1 M tetraethyl- 
ammonium perchlorate as supporting electrolyte. The working 
electrode was a platinum inlay electrode referenced with an Ag/ 
AgC1 electrode and platinum wire as auxiliary electrode. 

The antifungal activities of the test complexes, along with the 
standard antifungal compound, viz. mycostatin, were determined 
by the well-diffusion method (Copper 1964). Inhibition was deter- 
mined as the diameter of the inhibitory zone. The minimum inhi- 
bitory concentrations (MIC) were determined by the serial dilu- 
tion method (Reevs et al. 1978). 

Results and discussion 

Structural studies on the copper(II)  complexes have 
shown that the overall geometry of  these compounds is 
planar with a general formula of  [M(L)X], where 
L - - an io n  of  2-acetylpyridine Na-diethylthiosemicarba - 
zone and X = CI or Br. The structural parmameters de- 
rived from the optical and ESR spectra of  these com- 
pounds (Table 1) are in agreement with such an assign- 
ment. 
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T a b l e  1. Structural parameters of the copper(II) complexes of 2- 
acetylpyridine N4 -diethylthiosemicarbazone 

Parameter Value for compound 

[Cu(L)Cll [Cu(L) Brl 

/z a 1.7 1.6 
2Blg ~ 2B2g (cm- i) 14430 14490 

gn 2.149 2.126 
kll 0.57 0.52 

2B2g ~ 2Eg (cm- 1) 17180 17 360 
g± 2.024 2.038 
k.L 0.48 0.61 

A (cm -1) 0.0187 0.0171 
a 2 0.67 0.61 

a The value is given in Bohr magneton, #/#B 
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Fig. 1. Cyclic voltammograms (scan rate 100 mV s -1) of 1 mM 
solutions in dimethylsulfoxide, 0.1 M tetraethylammonium per- 
chlorate at 25 ° C. (a) [Cu(L)CI], (b) [Cu(L)Br] where L=tridentate 
anion of 2-acetylpyridine N4-diethylthiosemicarbazone 

The cyclic vol tammetr ic  profiles of  the two com- 
plexes (Fig. 1) indicate three reduction peaks (A, B and 
H) and several oxidation peaks (C, D, E, F and G). Re- 
peated  scans show that the main reduction peak,  de- 
noted by A, and its oxidation counterpart ,  D, are re- 
versible. These two peaks  represent reduction of  cop- 

per(II)  to copper(I)  and oxidation of  copper(I)  to cop- 
per(I I )  within the scan rates employed,  the separat ion 
between them, 60-80 mV, is characteristic of  a quasi- 
reversible one-electron process arising p robab ly  f rom 
the relaxation process involved in a stereochemical  
change f rom planar  copper( I I )  to tetrahedral  copper(I).  
The metal  center in the b romo complex (E ° = - 0 . 3 7  V) 
is easier to reduce than its chloro counterpar t  
(E ° = - 0.42 V). However  the values of  the redox poten- 
tials for both  the compounds  are indicative of  consider- 
able 'hard-acid '  character for the heterocyclic thiosemi- 
carbazone ligand, making it comparab le  to the ethylen- 
ediamine type of  ligands ( E ° =  - 0 . 3 5  V). 

The second reduction peak, B, for these compounds  
corresponds to the reduction of  the azomethine double 
bond  of  the coordinated thiosemicarbazone ligand and 
its value - 1 . 2 2  V is comparable  with those observed 
for many  aromat ic  thiosemicarbazone ligands ( -  1.31 V 
at p H  6.0; Eisner and Eisner 1970). This reduction is 
fol lowed by three oxidation peaks  C, E and F which are 
due to coupled chemical  reactions. Peaks G and H cor- 
respond to the oxidation reduction peaks ot the halide 
ligands. 

The inhibitory activities of  the copper ( I I )  complexes 
were examined against all four  types of  fungi, i.e. Der- 
matophytes  (Tricophyton rubrum, Epidermyphyton floc- 
cosum); subcutaneous and systemic (Aspergillusfumiga- 
tus, Microsporum canis); Candidiasis (Candida albi- 
cans) and opportunist ic  (Cryptococus neoformans). 
From the results summarized in Table 2, it is evident 
that both  compounds  possess a broad-spec t rum anti- 
fungal activity. Since the inhibitory activities o f  the me- 
tal complexes are found to be significantly higher than 
the free ligands, it may be concluded that complexat ion 
is able to modulate  or alter a ligand proper ty  crucial for 
the biological activity of  the th iosemicarbazone com- 
pounds.  In  an earlier communicat ion  (Kumbhar  et al. 

Table 2. Electrochemical parameters and antifungal activity of 
copper(II) 2-acetylpyridine N4-diethylthiosemicarbazones 

Parameter Value for compound 

[Cu(L)C1] [Cu(L)Br] mycostatin 

E ° (A-D) IV] -0.46 -0.38 -- 
E p (B) [V] - 1.22 - 1.22 -- 

Inhibition zone 
[mm] (MIC [lxg/ml]) 
for: 

A. niger 10 (62.5) 13 (31.5) -- (31.5) 
A. fumigatus 12 (62.5) 14 (62.5) -- (62.5) 
C. albicans 12 (125) 12 (62.5) -- (31.5) 
C. neoformans 9 (125) 17 (62.5) -- (62.5) 
T. rubrurn 9 (125) 11 (125) -- (62.5) 
E.floccosum 10 (125) 12 (62.5) -- (231.5) 
M. canis 12 (125) 14 (62.5) -- (62.5) 

Concentration of the compounds was 200 mg/ml in dimethylsulf- 
oxide. Redox potentials were measured vs Ag/AgC1. Inhibition 
was measured as the diameter of the growth inhibition zone (6.0 
mm=no inhibition). MIC=minimum inhibitory concentration 
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Fig. 2. Log(dose)/log (response) curves for [Cu(L)Br] against four 
classes of fungi: A. niger (1), C. albicans (2), T. rubrum (3) and C. 
neoformans (4) 

1991), we have shown that substitution on the thiosem- 
icarbazone side chain at the terminal  N 4 center affects 
the second reduction peak,  B, in the cyclic vo l tammo-  
grams of  the copper ( I I )  compounds  and the corre- 
sponding ligand reduction potentials can be correlated 
with their  antifungal properties.  In the present  case var- 
iation in the auxiliary halo ligand results in a change in 
the meta l -based redox couple (from - 0 . 4 6  V for  the 
chloro compound  to - 0 . 3 8  V for the b romo com- 
pound).  This shift towards more positive potential  is re- 
flected in the increased antifungal activity of  the b romo 
complex against  all of  the organisms examined. The ob- 
servation suggests that coarse and fine tuning of  anti- 
fungal activities of  these copper  complexes of  thiosemi- 
carbazone ligands may  be possible with the help of  
both  the auxiliary ligand and the N 4 substituents. 

Studies on the concentrat ion dependence  of  the anti- 
fungal activities of  the present  compounds  indicate lin- 
ear relationships (Fig. 2) while the min imum inhibitory 
concentrat ions (Table 2) indicate that  these compounds  
possess activity comparable  to the s tandard antifungal  
compounds  like mycostatin,  at least for Cryptococus 
neoformans, Microsporum canis, Aspergillus niger and 
Asperoillusfumioatus, which are the most  com m o n  sys- 
temic and  opportunis t ic  fungi. It  has been shown that 

the antifungal activity of  mycostat in is related to its dis- 
ruptive action on the membrane  structure, while the 
th iosemicarbazone compounds  are known to block 
D N A  synthesis through inhibition of  r ibonucleotide di- 
phosphate  reductase enzyme. 

This work has not only shown a broad-spec t rum an- 
tifungal activity for copper(I I ) - th iosemicarbazone com- 
plexes, but also ways in which reduction potentials o f  
these compounds  can be controlled for effective biolog- 
ical activities. 
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