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Abstract 

Organomercury(II) dithiocarbazate complexes of 
the type RHgL (I) and RHgL’ (II) [R = phenyl 
(C,Hs), o-hydroxyphenyl (o-HO&H& p-llydroxy- 
phenyl (p-HO&H& p-acetoxyphenyl @-AcOCeH4), 
2-fury1 (2C4HaO); L = phenyldithiocarbazate, L’ = 

II 

2,4-dinitrophenyldithiocarbazate] have been synthe- 
sised and characterised. Conductance measurements 
indicate that the compounds are non-electrolytes. 
From IR and UV spectral studies it is concluded that 
the dithiocarbazate moiety is bidentate. Fluorescence 
studies have been carried out for o-, p-HOCeH4HgL 
and o-, p-HOCeH4HgL’ complexes and relevant 
photochemical parameters have been elucidated. For 
CeHsHgL, p-HOC6H4HgL, p-AcOC6H4HgL and p- 
HOC6H4HgL’ complexes, thermal studies (TG and 
DTA) have been carried out and kinetic and thermo- 
dynamic parameters for thermal degradation have 
been enumerated. In addition, the fragmentation 
patterns of the complexes have been analysed on the 
basis of mass spectra. The complexes show positive 
fungicidal and bactericidal activities. 

*Author to whom correspondence should be addressed. 
Phenylhydrazinium phenyldithiocarbazate was 

prepared by the method of Anthoni [ 111. Potassium 
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Introduction 

The field of metal dithiocarbazates has grown 
from a primarily synthetic, exploratory stage to a 
more sophisticated stage where studies of reactivities, 
molecular structures and biochemical investigations 
are actively pursued. This is the outcome of the fact 
that the dithiocarbazate ligands exhibit many stereo- 
chemical and biochemical features [l-3]. Thus many 
new ligands have been designed to test various 
hypotheses regarding structural and medicinal proper- 
ties, in particular antitumor activity of the com- 
plexes. With this aim we carried out the synthesis 
and characterisation of a number of organomercury- 
(II) dithiocarbazates. This is in sequence to our 
investigation of metal ion-biomolecule interactions 
[4,51. 

Experimental 

The following instruments were used: Elico 
conductivity Bridge, Model CM-82 for conductance 
measurements; Perkin-Elmer grating 621 spectrom- 
eter for IR spectra; Perkin-Elmer W-Vis Spectro- 
photometer, model 554 for W spectra; Jasco FP-550 
spectrofluorometer for fluorescence studies; 
Shimadzu, Kyoto (Japan) Thermobalance for 
recording TG and DTA curves simultaneously in 
nitrogen atmosphere at a heating rate of 15’ min-‘, 
with a chart speed of 5 mm mini. Mass spectra were 
recorded at the Central Drug Research Institute, 
Lucknow, India. 

Nitrobenzene was purified for conductance 
measurements by the method of Fay et al. [6]. 
QHsHgCl [7], o-, p-HOC6H4HgC1 [8], p-AcOC6H4- 
HgCl [9] and 2-C4H30HgC1 [lo] were prepared by 
standard methods. 

Preparation of Ligands 
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TABLE I. Physical Characteristics and Elemental Analyses 
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Compound Decomposition An 
(“C)a (C = 1.5 X 1O-3 M) 

Analysis, found (talc.) (%) 

HS S N 

CeHsHSL 120 0.46 43.68(43.55) 13.75(13.89) 6.18(6.07) 
o-HOC,&HgL 127 0.52 42.18(42.08) 13.30(13.42) 5.78(5.87) 
p-HOCeH4HgL 105 0.58 41.96(42.08) 13.51(13.42) 5.97(5.87) 
p-AcOCeH4HgL 118 0.50 38.76(38.67) 12.48(12.34) 5.49(5.39) 
2C4H30HgL 114 0.46 45.06(44.51) 14.32(14.20) 6.18(6.21) 
CeHsHgL’ 133 0.48 36.31(36.43) 11.73(11.62) 10.03(10.17) 
o-HOCeH4HgL’ 178 0.52 35.52(35.40) 11.20(11.29) 9.72(9.88) 
p-HOCeH4HgL’ 135 0.56 35.53(35.40) 11.18(11.29) 9.99(9.88) 
p-AcOCbH4HgL’ 103 0.50 32.80(32.95) 10.65(10.51) 9.35(9.20) 
2C4H30HSL’ 122 0.48 37.21(37.10) 11.60(11.83) 5.28(5.17) 

aUncorrected values. bin ohm-’ cm2 moT’. 

2,Cdinitrophenyldithiocarbazate was prepared by 
dissolving 9.9 g (0.05 mol) 2,4-dinitrophenylhydrazine 
in a minimum quantity of anhydrous dimethyl- 
formamide and adding 2.8 g (0.05 mol) potassium 
hydroxide. To the stirred mixture, 3.8 ml (0.05 mol) 
carbon disulphide was added. After 1 h, a mixture of 
ethylacetate and petroleum ether (50 ml, 1: 1 V/V) was 
added to the stirred contents and the product so 
obtained was filtered and dried. 

Preparation of Complexes 
A suspension of phenylhydrazinium phenyldithio- 

carbazate (0.05 mol) or potassium 2,4_dinitrophenyl- 
dithiocarbazate (0.05 mol) in 25 ml THF was slowly 
added to a solution of RHgCl (0.05 mol) in 25 ml 
THF. The contents were stirred for about 3 h and 
filtered. The filtrate was evaporated to one-fourth of 
its original volume and petroleum ether was added. 
The solid product separated out, was filtered and 
dried. It was recrystallised from acetone solution by 
the addition of petroleum ether. 

Results and Discussion 

The complexes are red or brown in colour. They 
are soluble in THF, DMSO and acetone. Conductance 
measurements reveal that compounds are non- 
electrolytes. From TLC and elemental analyses it is 
concluded that the compounds are pure. Some physi- 
cal characteristics and elemental analysis data are 
presented in Table I. 

IR Spectra 
The evidence for S-S bonding in the complexes is 

provided by the N-H stretching frequencies. In the 
free ligand, the v(N-H) stretching frequency is 
observed at 3150 cm-‘. If N-S bonding occurs, the 
v(N-H) stretching frequency in the metal complexes 
should occur at lower frequencies than in free ligands. 
However, in the complexes under investigation the 
v(N-H) is shifted to a higher frequency (-3300 

cm-‘) which supports the inference of S-S bonding 
[ 121. Further evidence for the S-S chelation is 
provided by the v(CzS) stretching frequency. The 
criterion concerning the v(CzS) stretching frequen- 
cy as applied to dithiocarbamates [13] should be 
applicable to the dithiocarbazates too [14]. The free 
ligands show a doublet at 980 and 1005 cm-’ while 
the complexes exhibit a single strong band at - 1000 
cm-’ which supports the inference of S-S bonding. 

The IR spectra of metal complexes show a strong 
band in the 1350-1370 cm-’ region which is 
attributed to the v(C~N) stretching frequency. In 
the free ligands the v(C~N) frequency occurs at 
1335 cm-r. The occurrence of this frequency at 
lower energy in the free ligands as compared to the 
metal complexes is expected since on complexation 
there is an increase in electron density on the sulphur 
atoms due to back donation of electrons from metal 
d-orbitals to the vacant antibonding sulphur orbitals. 
This effect increases the (C’ZN) bond order. In the 
far infrared region the medium intensity bands are 
observed at -360 cm-’ due to the v(Hg-S) 
stretching frequency [ 151. 

U V Spectra 
In the UV region an intense band appears at ca. 

226 nm (log E - 4.35) due to the intraligand r--71* 
transition of the NZC’ZS group [16-181. The 
intraligand rr--7~* transition of the S’zC’2-S group 
generally appears as a shoulder band and is associated 
with the inequivalence of the C’ZS bonds of the 
ligand [ 191. In the present compounds although this 
band is observed in the case of ligands at 322 nm (log 
E 3.75), it tends to disappear in the case of metal 
complexes, showing thereby that the dithiocarbazate 
ligand is S-S bonded to the metal ions. This fact is in 
agreement with IR studies. 

Fluorescence Studies 
In the fluorescence spectra the absorption band is 

observed at ca. 228 nm (log E - 3.5) while the emission 
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band is at ca. 455 nm. Thus, in accordance with the 
Franck-Condon principle and thermal relaxation of 
vibrational modes, the fluorescence spectra is ob- 
served on the red side of the absorption spectra in an 
approximately mirror image relationship [20]. In 
these complexes, however, the mirror image pattern 
is slightly disrupted with the appearance of a weak 
band at 313 nm (loge v 1.4). The appearance of this 
band may be traced back to the fact that the coupling 
of electron spin and orbital angular momentum is 
strong in atoms like mercury [21]. Due to this the 
clear distinction between the singlet and triplet states 
breaks down; the singlet states have a partly triplet 
character and the triplet states a partly singlet 
character. The additional band thus arises due to the 
triplet + singlet transition, Hg6?Pr) + Hg6(%), 
which is forbidden by the rule prohibiting a change 
in multiplicity, AS = 0. Not only is the AS = 0 rule 
violated, but also the more stringent requirement that 
the transition J = 0 + J = 0 is not allowed. As a result 
the 313 nm radiation is not absorbed by the mercury 
atom and it is not a resonance line. However, atoms 
in the 6(3Pr) state can be collisionally deactivated to 
the 6(3P0) state, and if no reverse activation step 
occurs the atom will stay in this metastable state until 
it finally emits the forbidden 313 nm radiation and 
returns to the ground state [2 11. The spectrum is free 
from anti-stokes effects. The pattern of the spectrum 
follows Levschin’s rule, indicating that the geometry 

of the excited state is not very different from that of 
the ground state [22]. 

The actual radiative lifetime of the excited state, 
r is smaller than the intrinsic radiative lifetime, TV, 
indicating the possibility of non-radiating energy dissi- 
pation processes depopulating the excited state. Thus, 
fluorescence remains the dominant but certainly not 
the exclusive mode of emission. The non-radiative 
processes, i.e. inter-system crossing and internal con- 
version, compete with fluorescence. Therefore, 
Einstein’s probability of spontaneous absorption, 
B exceeds the corresponding probability of spon- 
tagbus emission, A,,. The quantum yield of fluo- 
rescence, intersystem crossing and internal conversion 
follow the order @n > Grac > @ro. These priorities are 
also established by their respective rate constants [2 11. 

The summation of rate constants for all the photo- 
chemical and photophysical processes competing with 
fluorescence, ZKi, equals the sum of Krao and Kro. 
Thus apart from fluorescence, intersystem crossing 
and internal conversion, there seems to be no other 
mode of emission, radiative or non-radiative, in the 
present case [22]. The oscillator strength, f, has been 
calculated from the relation f= 4.31 X 1O-9 JendV, 
which is valid if we assume a Lorenzian shape for the 
absorption band. The factor Jep dir is replaced by 
E,, A8 where ATi is the half band width of the 
absorption band [22]. The relevant data are pre- 
sented in Table II. 

TABLE II. Fluorescence Spectral Parameters 

Parameter 

Quantum yield of fluorescence: 

Of 

Quantum yield for inter- 
system crossing: 61s~ 

Quantum yield for internal 
conversion: I&C 

Oscillator strength: f 

Actual radiative lifetime: 

7 (s) 

Intrinsic radiative lifetime: 

ro (s) 

Rate constant of fluorescence 
emission: Kf (s-l) 

Rate constant for intersystem 
crossing: KIsc (s-r) 

Rate constant for internal 
conversion: KIC (s-r) 

Einsteins absorption 
probability: B,, 

Einsteins emission probability: 
A 

mn 

p-HQC6H4HgL o-HOC6H4HgL p-HQC6H4HgL’ o-HOC6H4HgL’ 

0.88 0.78 0.80 0.87 

0.11 0.21 0.19 0.12 

0.0034 0.0033 0.0033 0.0029 

0.031 0.046 0.038 0.039 

3.07 x 10-E 2.75 X 1O-8 2.75 x 10-s 2.66 x lo-* 

3.48 x 1O-8 3.52 X lo-’ 3.43 x 10-a 3.05 x 10-a 

0.28 x lo8 0.28 lo* x 0.29 x lo8 0.32 x lo* 

0.038 x 1Oa 0.078 x 10’ 0.072 x lo8 0.047 x 10s 

0.0011 x 108 0.0012 x 10s 0.0012 x 108 0.0011 x 10s 

1.25 x 108 1.43 x 108 1.17 x 108 1.21 x 10s 

0.5 1 x 108 0.59 x 108 0.48 x lOa 0.50 x 108 
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STEP 1 X Hg$-NH-NH--Q - X Hz 

(X=H, OH, OAC) 

STEP lo HO NO, - HO S-Hg-SCN + 0,N 
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STEP 2 X-S-tig-SCN- HgS tS + X 
u -u- 

NC 

STEP 3 HgS + s - 2s + Hg 

STEP4 2s _ VOLATILIZES 

Scheme 1. 

Thermal Studies 
Thermogravimetric studies for C6HsHgL, p- 

HOC6H4HgL and p-AcOC6H4HgL indicate that the 
thermal degradation is accomplished in four steps as 
shown in Scheme 1. For p-HOC6H4HgL’, the degrada- 
tion pattern is similar, except that 2,4-dinitroaniline 
is formed instead of aniline in step 1. In the final 
step, the elemental sulphur slowly volatilizes beyond 
717 K. At 973 K, the volatilization is complete and 
the crucible of thermobalance is rendered empty. 
From the type of thermal effects on DTA curves, it is 
concluded that steps 1 and 4 are exothermic, while 
steps 2 and 3 are endothermic in nature. 

hydroxyphenyl complexes eqn. (3), were also ob- 
served in the spectra of corresponding o-hydroxy- 
phenyl analogues [29]. In the case of p-acetoxy- 
phenyl complexes eqn. (4) and fury1 complexes 
eqn. (5) the cleavage of the C-O bond is a signifi- 
cant fragmentation mode [30]. 

Biochemical Studies 

From TG curves, the order (n) and activation 
energy (Ed for steps 1 and 2 of the thermal reactions 
have been elucidated by the method of Coats and 
Redfern [23]. The sequence of E, values reveals that 
the Ar-Hg bond is cleaved during thermal degrada- 
tion as has been shown by our earlier studies [5]. 
The apparent activation entropy (S’) for step 1 has 
been enumerated by the method of Zsako’ [24]. 
From DTA curves, the change in enthalpy (AEZ) for 
the first thermal effect has been calculated in each 
case [25]. The temperature dependent calibration 
coefficient was obtained from the Currell equation 
[26]. The data are presented in Table III. 

The C6H5HgL and C6HsHgL’ complexes were 
screened against the two fungal species, Aspergillus 
fumigatus and Aspergillus niger at 25 pg/ml and 50 
pg/ml concentrations. The results of antifungal 
inhibition were compared with standard drug 
babestein, which was also tested at the same con- 
centrations. The complexes showed 45-70s inhibi- 
tion. Better inhibition was observed at a lower 
concentration for C,H,HgL complex and at a higher 
concentration for C6H5HgL’ complex. The order of 
activity is A. fumigatus > A. niger. 

TABLE III. Kinetic and Thermodynamic Parameters from 
Thermal Studies 

Compound Step n 

Mass Spectra 
The fragmentation pattern of the complexes is 

shown in Scheme 2 (l)-(5). The RHg+, R+, HgCl+ 
and Hg+ ions dominate the mass spectra [27]. Frag- 
mentation of the ligand portion, shown in Scheme 
(I), is common to all the complexes. The carbonium 
ion R+, is the base peak for all the complexes. The 
fragmentation pattern of the complex with R = 
C6H5 eqn. (2) is consistent with the mass spectra of 
similar compounds [28]. The fragments from p- 

WWW 1 1 
2 1 

p-HOC6H4HgL 1 1 
2 1 

p-AcOC6H4HgL 1 1 
2 1 

p-HOC6H4HgL’ 1 1 
2 1 

E, s+ AH 
(kcal mol-I) (e.u.) (cal g-‘) 

6.10 4.12 9.90 
2.74 - _ 

6.53 4.67 3.23 
3.43 _ _ 

5.85 3.40 14.22 
2.37 - - 

4.57 2.00 17.37 
3.35 _ _ 
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Fraqmentation Pattern 

(I) 

(2) 

(3) 

(4) 

(5) 

Hg~s~C-NHNHC*H5~t 
‘P- 

Hs/=yc-NHNHc,H, 
m/c 304 

I-CbH5Gi;;<a ; 

/A -I+ _ Hg 

+ 

Hg\Sy- NH / 

( NO212 
1' 

m/e 292 m/o 272 

CbbH9lt -“’ 4 cb”s-,+ 

m/e 270 m/e77 

HO 

m/e 294 

mlo 92 m/o 64 

m/c 336 m/e 135 m/e 76 

I- CH& 

t 
-Hg’ 1' -co* 01' 

m/o 293 m/e 92 m/e 64 

H 
Hglt -Hq’ ) 0 1’ -co ~ Al+ 

m/e 260 m/c 67 

Scheme 2. 

- 
m/o 39 

These complexes were also tested for antibacterial 
activity in vitro. The screening of the samples was 
carried out against two bacteria, viz. gram positive 
Staphylococcus aureus and gram negative Escherichia 
coli at two concentrations, viz. 50 I.cg/ml and 100 
pg/ml. The compounds showed significant inhibition 
against both the bacterial strains. They were more 
active at higher concentrations. The order of activity 
against the two microorganisms is S. aureus > E. coli. 
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