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Abstract
Novel fluorocarbamodithioa to copper (II) complexes were synthesized by one pot two step reaction
protocol by the reaction of fluoroanilines with carbon disulfide followed by the addition of copper
chloride, with the aim to evaluate their antifungal potential. The relative evaluation of fluoro and nonfluoro carbamodithioato copper complexes for their in vitro antifungal potential against various
phytopathogenic fungi viz. Puccinia hordei, Puccinia striiformis and Bipolaris sorokiniana revealed
remarkable potential of non-fluorinated complexes in comparison to fluorinated analogues. Tetraaqua
phenyl carbamodithioa to copper (II) chloride (1a) inflicted the highest fungitoxicity in most of the cases.
Keywords: Copper chloride; fluorine moiety; bioactive ligands; mycelial growth; phytopathogens

1. Introduction
Copper (Cu) fungicides viz. Burgundy mixture, Bordeaux mixture, copper oxychloride, cupric
sulfate, cupric carbonate, cuprous oxide, copper hydroxide, copper zinc chromate etc are used
worldwide [1]. The copper ions are generally toxic due to its tendency to alternate between its
cuprous Cu (I) and cupric Cu (II) oxidation states [2]. and ultimately get detoxification in nature
by sulfidation. Various methodologies are practised to detoxify copper [2]. by its slow release
in ionic form. Complexation with thio ligands is a fruitful strategy for control release of copper
ion, thereby reducing toxicity [3]. without affecting its biopotential. This is owing to strong
affinity of this soft metal ion with soft thio ligands. Moreover, The combination or
complexation of copper ions with other bioactive compounds or ligands are reported to have
augmented bioactivities [4, 5].
Carbamodithioates have great deal of attention due to their interesting chemistry and wide
utility [6-10] These are important synthetic intermediates [11] which are ubiquitously found in a
variety of biologically active compounds and exhibit valuable biological effects [12, 13]
including antifungal [14-16] antioxidant, [17] antimicrobial activities [18, 19] etc. These are
commonly used organic fungicides in terms of tonnage and play pivotal role in agriculture.
These are well known to cause pesticidal action due to low mammalian toxicity, high
efficiency in controlling various plant pathogenic fungi16 and multisite mode of action [20]. Till
now, there are many carbamodithioates commercially available as fungicides, among them
thiram, disulfiram, ziram, and ferbam are some commonly used fungicides.
Carbamodithioates are also versatile ligands [21] capable of forming complexes with most of
the transition elements to get stabilized transition metals in a variety of oxidation states.
Copper complexes with carbamodithioate ligands have reported literature on synthesis and
characterization [22] but there are scanty studies on their derivatization for evaluation against
phytopathogenic fungi, [23] which is a pertinent concept needing exploration on agrochemical
research front.
Fluorination of organic compounds represents molecular modifications technique in
agrochemicals due to positive changes in the physiochemical properties of molecules
providing better bioavailability to the plant tissues [24] So, present paper describes the rationale
synthesis of fluorocarbamodithioato copper complexes for comparative evaluation with non
fluoro analogues on the antifungal evaluation studies against phytopathogenic fungi.
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2-fluoroaniline and 3-trifluoromethyl aniline (0.02 mol) was
dissolved in 15 ml of ethanol followed by drop-wise addition
of 1.52 ml of carbon disulfide (0.02 mol), under ice cold
conditions, to afford in situ carbamodithioic acid solution. To
the same cold reaction mixture, the cupric chloride dissolved
in minimum amount of water, was added slowly in different
molar ratio (1:1 and 1:2), while continuous stirring to obtain a
colored precipitates. The resulting precipitates were then
filtered, washed several times with cold water followed by
ethanol. It was dried under vacuum to get respective Cu (II)
complexes (1a-5a, 1b-5b).
When the mixture of two different anilines (0.01 mol each)
was dissolved in 15 ml of ethanol in a flask, CS2 (0.02 mol,
1.52 ml) was added at low temp. To the same flask, cupric
chloride (0.01 mol, 1.70 g) dissolved in 10 ml of water, was
added drop-wise, while continuous stirring to obtain
respective precipitates. These were separated by filtration and
washed with cold water followed by ethanol to get
heteroleptic Cu (II) complexes (6-7).

2. Experimental
2.1 Materials and measurements
All the chemicals were purchased from Loba Chemie and S.D
Fine Chemicals. All the reagents and solvents used were of
AR grade and were used as supplied, without further
purification. Melting points were taken in open capillaries in
an electric melting point apparatus and are uncorrected. The
1
H NMR spectra were recorded on a Bruker Avance II 400
NMR spectrometer with DMSO and CDCl3 as solvents and
TMS as internal solvent. IR spectra were recorded on Perkin
Elmer FT-IR spectrometer using KBr disc (range 4000–400
cm-1). UV-Visible spectra were recorded with a double beam
spectrophotometer, having a path length of 1 cm. CHNS
Analysis was made on Thermo Finnigan instrument.
Conductivity measurements of 10-3 M solutions of the
complexes in DMSO were recorded on conductivity bridge
type 305 with a cell having constant 1.
2.2 General synthesis of copper complexes
Aniline viz. aniline, 3-chloro-4-fluoroaniline, 4-fluoroaniline,
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Synthetic strategy of sy nthesis of copper (II) complexes

2.2.1 Tetraaqua phenyl carbamodithioatocopper (II)
chloride (1a)
Brownish green solid of C7H14ClCuNO4S2 (76% yield); M.P.
>300; Elemental analysis: found (calc.): C% 24.55 (24.78),
H% 4.03 (4.16), N% 4.00 (4.13), Cu% 18.25 (18.73); 1H
NMR (DMSO-d6): δ 6.46-7.01(m, 5H, 5ArH), 4.24 (s, 1H, CNH Aromatic ring), 10.50 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 27 (Sm2mol-1×10-6).

2.2.3 Tetraaqua-(4-fluorophenylcarbamodithioato) copper
(II) chloride (3a)
Dark green solid of C7H13ClCuFNO4S2 (78% yield); M.P.
>300; Elemental analysis, found (calc.): C% 23.50 (23.53),
H% 3.67 (3.82), N% 3.20 (3.92), Cu% 17.65 (17.78); 1H
NMR (DMSO-d6): δ 6.43-6.72 (m, 4H, 4ArH), 4.24 (s, 1H,
C-NH Aromatic ring), 10.29 (bs, 2H, coordinated water);
Molar conductivity (DMSO): 27 (Sm2mol-1×10-6).

2.2.2 Tetraaqua - (3-chloro – 4 - fluorophenyl
carbamodithioato) copper (II) chloride (2a)
Green solid of C7H12Cl2CuFNO4S2 (79% yield); M.P. >300;
Elemental analysis, found (calc.): C% 21.43 (21.46), H% 3.07
(3.09), N% 3.27 (3.58), Cu% 16.05 (16.22); H NMR (DMSOd6): δ 6.31-6.69 (m, 3H, 3ArH), 4.02 (s, 1H, C-NH Aromatic
ring), 10.35 (bs, 2H, coordinated water); Molar conductivity
(DMSO): 30 (Sm2mol-1×10-6).

2.2.4 Tetraaqua - (2-fluorophenylcarbamodithioato)
copper (II) chloride (4a)
Green solid of C7H13ClCuFNO4S2 (84% yield); M.P. >300;
Elemental analysis, found (calc.): C% 25.43 (23.53), H% 3.65
(3.82), N% 3.22 (3.92), Cu% 17.62 (17.78); 1H NMR
(DMSO-d6): δ 6.44-6.78 (m, 4H, 4ArH), 4.51 (s, 1H, C-NH
Aromatic ring), 10.81 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 27 (Sm2mol-1×10-6).
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2.2.5
Tetraaqua
(3-trifluoro
methylphenyl
carbamodithioato) copper (II) chloride (5a)
Blackish green solid of C8H13ClCuF3NO4S2 (79% yield); M.P.
>300; Elemental analysis, found (calc.): C% 23.52 (23.59),
H% 3.20 (3.22), N% 3.29 (3.44), Cu% 14.99 (15.12); 1H
NMR (DMSO-d6): δ 6.46-7.24 (m, 4H, 4ArH), 4.32 (s, 1H,
C-NH Aromatic ring), 10.29 (bs, 2H, coordinated water);
Molar conductivity (DMSO): 28 (Sm2mol-1×10-6).
2.2.6 Diaquabis (phenylcarbamodithioato) copper (II)
complex (1b)
Reddish green solid of C14H16CuN2O2S4 (80% yield); M.P.
242-244; Elemental analysis, found (calc.): C% 37.92 (38.47),
H% 2.98 (3.92), N% 6.21 (6.41), Cu% 14.05 (14.54); 1H
NMR (DMSO-d6): δ 7.46-7.01 (m, 10H, 10ArH), 4.24 (s, 1H,
C-NH Aromatic ring), 10.50 (bs, 2H, coordinated water);
Molar conductivity (DMSO): 13 (Sm2mol-1×10-6).
2.2.7
Diaquabis
(3-chloro-4-fluorophenyl
carbamodithioato) copper (II) complex (2b)
Green solid of C14H12Cl2CuF2N2O2S4 (82% yield); M.P. 245247; Elemental analysis, found (calc.): C% 31.29 (31.63), H%
2.19 (2.42), N% 5.02 (5.17), Cu% 11.11 (11.72); 1H NMR
(DMSO-d6): δ 6.31-6.70 (m, 6H, 6ArH), 4.02 (s, 1H, C-NH
Aromatic ring), 10.37 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 14 (Sm2mol-1×10-6).
2.2.8 Diaquabis (4-fluorophenylcarbamodithioato) copper
(II) complex (3b)
Dark green solid of C14H14CuF2N2O2S4 (75% yield); M.P.
235-237; Elemental analysis, found (calc.): C% 34.87 (35.54),
H% 3.35 (3.20), N% 5.87 (5.92), Cu% 13.07 (13.43); 1H
NMR (DMSO-d6): δ 6.43-6.75 (m, 8H, 8ArH), 4.10 (s, 1H,
C-NH Aromatic ring), 10.30 (bs, 2H, coordinated water);
Molar conductivity (DMSO): 9 (Sm2mol-1×10-6).
2.2.9 Diaquabis (2-fluorophenylcarbamodithioato) copper
(II) complex (4b)
Blackish green solid of C14H14CuF2N2O2S42 (77% yield); M.P.
236-238; Elemental analysis, found (calc.): C% 35.12 (35.54),
H% 3.01 (3.20), N% 5.15 (5.92), Cu% 12.93 (13.43); 1H
NMR (DMSO-d6): δ 6.45-6.76(m, 8H, 8ArH), 4.50 (s, 1H, CNH Aromatic ring), 10.80 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 9 (Sm2mol-1×10-6).
2.2.10
Diaquabis
(3-trifluoromethylphenyl
carbamodithioato) copper (II) complex (5b)
Green solid of C16H14CuF6N2O2S4 (88% yield); M.P. 247249; Elemental analysis, found (calc.): C% 33.35 (33.53), H%
2.43 (2.64), N% 4.19 (4.89), Cu% 10.50 (11.09); 1H NMR
(DMSO-d6): δ 6.45-7.21 (m, 8H, 8ArH), 4.32 (s, 1H, C-NH

All the tests are performed in triplicate and the reported data
is the mean of three replicate tests performed with each
antifungal compound. The SPSS statistical software was used
for calculation of mean and analysis of the results recorded
for antifungal evaluation.
2.3.2 Poisoned food technique

Aromatic ring), 10.29 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 8 (Sm2mol-1×10-6).
2.2.11 Diaqua (3-chloro-4-fluorophenylcarbamodithioato)
(phenylcarbamodithioato) copper (II) complex (6)
Reddish green solid of C14H14ClCuFN2O2S4 (76% yield); M.P.
262-264; Elemental analysis, found (calc.): C% 34.07 (34.35),
H% 2.85 (3.09), N% 5.12 (5.72), Cu% 12.96 (12.98); 1H
NMR (DMSO-d6): δ 6.45-7.05(m, 8H, 8ArH), 4.10 (s, 1H, CNH Aromatic ring),10.36 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 11 (Sm2mol-1×10-6).
2.2.12
Diaqua
(4-fluorophenylcarbamodithioato)
(phenylcarbamodithioato) copper (II) complex (7)
Dull green solid of C14H15CuFN2O2S4 (87% yield); M.P. 270272; Elemental analysis, found (calc.): C% 36.53 (36.95), H%
3.19 (3.54), N% 5.94 (6.16), Cu% 13.14 (13.96); 1H NMR
(DMSO-d6): δ 6.42-7.21(m, 9H, 9ArH), 4.39 (s, 1H, C-NH
Aromatic ring), 10.24 (bs, 2H, coordinated water); Molar
conductivity (DMSO): 12 (Sm2mol-1×10-6).
2.3 Antifungal Evaluation
The spores of P. striiformis and P. hordei were obtained from
stripe rust of wheat and barley respectively from experimental
area of PAU (Punjab Agricultural University 2016),
Ludhiana. B. sorokiniana was cultured on potato dextrose
agar (PDA). The culture of B. sorokiniana was obtained from
seed pathology laboratory of PAU, Ludhiana and the standard
propiconazole which served as the positive control were
obtained from their respective manufacturers.
2.3.1 Spore germination inhibition technique
The stock solution of 1000 g/ml were prepared of all the
complexes, which were further diluted by adding distilled
water. Complexes were insoluble in water, thus the required
amount of complex were dissolved in minimum amount of
Triton-X 100 and further distilled water was used to complete
the volume. Serial dilutions were done to 500, 250, 100, 50,
25 and 10 g/ml respectively.
Spore suspension was made by adding sterilized distilled
water to the fresh spores of respective fungi. Suspension was
filtered through three layers of sterilized cheese cloth in order
to remove mycelial particles under aseptic conditions.
Haemocytometer was used to form standardized spore
suspension (1 × 106 spores/ml). Small droplets (0.02 ml) of
test solution and spore suspension in equal amount were
seeded in the cavity of the cavity slides. These slides were
placed in Petri plates lined with moist filter paper and were
incubated for 24 hrs at 15 oC in case of B. sorokiniana, for 7296 hrs at 15 oC in case of P. hordei and P. striiformis. The
numbers of spores germinated were counted and per cent
spore germination inhibition was calculated by the following
formula:

Potato dextrose agar (PDA) medium was prepared by using
250 g peeled potato, 20 g dextrose and 20 g agar in 1 litre
water which was then autoclaved for half an hour. 47.5 ml of
Potato Dextrose Agar (PDA) media was taken in the
volumetric flask to which 2.5ml of stock solution (2000
g/ml) of the test formulation were added to give the resulting
50 g/ml of Complex-PDA concentrate. The contents of the
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flask were poured aseptically into the Petri plates. Similarly,
50 g/ml Complex-PDA concentrate of the test solutions
were prepared using 1.3 ml of test solution in 48.7 ml of
PDA. Similarly, the lower concentrations of PDA were
prepared. Test samples, however, were replaced by the equal
amount of PDA only in the control set. After solidification of

the medium, 3mm culture disc of mycelium, the test fungus
was aseptically placed to each Petri plate and were incubated
at 25±1 °C. The average diameter of fungal colonies were
measured on 7th day after inoculation. The per cent mycelial
growth inhibition were recorded using the following formula:

The antifungal activity was expressed in terms of percent
radial growth inhibition. The ED50 values (Effective dose at
which 50% of inhibition of fungal spores occur) were
calculated from per cent mycelial growth inhibition.

3.3 1H NMR Spectra
The 1HNMR spectra of the complexes were determined in
DMSO. It exhibited various peaks corresponding to protons
present in the complexes and all the protons responded in the
expected region In complexes, the multiplets appeared due to
10 protons in complex1b, 9 protons in complex 7, 8 protons in
complex 3b-5b and 6, 6 protons in complex 2b, 5 protons in
complex 1a, 4 protons in complexes 3a-5a, 3 protons in
complex 2a near δ 6.31–7.21 corresponding to aromatic
protons in respective anilines. The proton bonded to nitrogen
attached to aromatic ring showed signal near δ 4.02-4.50. The
complexation of water molecule with copper ion showed
broad signal near δ 10.24-10.81.

3. Results and Discussion
Newly synthesized Cu (II) complexes, obtained were
powdered solids except 4a, b and 5a, b which were semisolid
in nature and were stable at room temperature. These were
insoluble in inorganic solvents like water, partially soluble in
CHCl3, however, soluble in organic solvents like DMSO and
DMF (Dimethyl sulfoxide and Dimethyl formamide). These
were also soluble in Triton X-100, required during antifungal
evaluation.
3.1. Molar Conductance
The values of the molar conductance of 10-3 M DMSO
solutions of the complexes were measured. The values for
complexes 1a-5a confirmed that the complexes were in molar
ratio 1:1 electrolytes i.e indicating the presence of one
chloride ion outside the coordination sphere. The values for
complexes 1b-5b, 6, 7 were very low to account for any
ionisation, thus indicating the non-electrolytic nature of the
complexes. The complexes are hexa coordinated i.e their
geometry may be octahedral.
3.2 Elemental and metal analysis
The two different concentrations of the ligands with Cu viz.
1:1 and 2:1 were confirmed by elemental analysis of C, H and
N that helped to frame general structure of the synthesized
complexes. The percentage of Cu was calculated by the
estimating the Cu by conductometric titration. Found and
theoretical values of percentage of C, H, N and Cu were
closed indicated the accuracy of the proposed structure.

3.4 IR Spectra
The IR spectra of the various copper complexes, confirmed
the formation of complexes. The bands appeared in the lower
region at the range interval 411-469 cm-1 which showed the
formation of Cu-S bond. A single band in the range 933-997
cm-1 indicated the symmetrical coordination through both the
sulfur atoms. The sharp bands in the range 1500-1569 cm-1
appeared which suggested the presence of >C-N bond. The
prominent bands in the range 3137-3240 cm-1 corresponded to
the N-H stretch in the molecule linked to the aromatic ring of
different fluoroaniline moiety. The medium to strong bands in
the range 1041-1141 and 817-880 cm-1 indicated the C-F and
C-Cl bond respectively. The bands near 3120 cm-1 indicated
the presence of aromatic protons. The broad band showed
around 3308-3449 cm-1 corresponding to O-H stretching
indicated the presence of coordinated water molecules. The
various IR frequencies of the complexes are tabulated in
Table 1.

Table 1: IR spectral data of copper (II) complexes
No.
Complexes
vCu-S
vS-C-S
vC-N
vN-H
1a
[Cu(L1).4H2O]Cl
411
994
1568
3226
2a
[Cu(L2).4H2O]Cl
446
997
1561
3199
3a
[Cu(L3).4H2O]Cl
413
960
1509
3239
4a
[Cu(L4).4H2O]Cl
411
980
1500
3219
5a
[Cu(L5).4H2O]Cl
424
933
1569
3235
1b
[Cu(L1)2.2H2O]
413
933
1560
3219
2b
[Cu(L2)2.2H2O]
418
933
1560
3193
3b
[Cu(L3)2.2H2O]
416
960
1509
3239
4b
[Cu(L4)2.2H2O]
413
951
1501
3225
5b
[Cu(L5)2.2H2O]
433
933
1567
3232
6
[Cu(L1L2).2H2O]
466
980
1512
3137
7
[Cu(L1L3).2H2O]
469
951
1567
3240
L1= C7H6NS2, L2= C7H4ClFNS2, L3= C7H5FNS2, L4= C7H5FNS2, L5= C8H5F3NS2

3.5 Electronic spectral studies
The electronic spectrum of the copper complexes were
recorded in DMSO. It showed a sharp band with ƛmax around
360 nm i.e due to charge transfer transition. The two bands in

vO-H
3357
3448
3308
3312
3315
3355
3449
3449
3310
3315
3352
3337

vC-F
1141
1093
1090
1130
1141
1093
1072
1129
1102
1041

vC-Cl
880
818
880
-

the range 262-265 and 319-334 nm corresponding to the π-π*
transitions of N-C-S and S-C-S chromophores respectively.
The ligand to metal charge transfer band appeared in the
higher region due to π-π* and n-π* electron transitions near
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360 nm. All the charge-transfer bands were observed below
400 nm. The bands in the higher region corresponding to the
d-d metal transitions were less prominent (Table 2).

90-95% of the inhibition was observed at 100 µg/ml, 70-75%
at 50 µg/ml and 50% of inhibition was observed between 5020 µg/ml.
The mono-carbamodithioato complexes showed better
activity than the bis-carbamodithioato complexes. The
pictorial diagram (Fig 2) of relative effect of complexes 1a
and 1b on the radial growth gave clear inference of better
activity of 1a. Among the fluorinated copper complexes, the
complexes 2a and 2b i.e 3-chloro-4-fluoro carbamodithioato
copper complexes showed better activity than the complexes
containing only fluorine moiety (Fig 3). All the treatments
were significantly different from each other as well as the
standard at 5% level of significance. The relative
stoichiometry was an important concept and the decrease in
the stoichiometric concentration of bioactive ligand was
found to affect the antifungal potential in augmented manner.

Table 2: Electronic and mass spectral data of copper (II) complexes
Complex
No.
1a
2a
3a
4a
5a
1b
2b
3b
4b
5b
6
7

N-C-S
262
264
267
263
263
264
264
262
264
262
263
265

S-C-S
330
333
319
334
326
322
343
329
335
327
328
329

ƛmax (nm)
Charge Transfer
365
360
364
362
364
370
368
360
360
365
362
368

Table 3: Antifungal potential of Cu complexes of carbamodithioates
(1a, 1b) and fluorinated carbamodithioates ED50 values (µg/ml)
Complex no.
P. hordei
1a
75
2a
78
3a
85
4a
86
5a
82
1b
79
2b
81
3b
89
4b
92
5b
83
6
87
92
7
* Propiconazole
36
*Standard fungicide

3. 6 Antifungal activity
Trends of antifungal activity against P. hordei and P.
striiformis were quite similar. Here the complex 1a with ED50
value near 76 µg/ml showed the best inhibition of germination
of fungal spores followed by complexes 1b and complex 2a
with ED50 value near 79 µg/ml. The ED50 values of the test
complexes against B. sorokiniana clearly implicated the
higher bioactivity which were comparable to the standard
fungicide (propiconazole) used. The non-fluorinated
complexes 1a and 1b were found to be more active than the
complexes with the fluorine moiety. The complex 1a showed
the best inhibition of germination of mycelial growth with
ED50 value 21 µg/ml. The radial growth inhibition of the test
complex 1a at 100, 50 and 20 µg/ml are shown in Fig 1. The

100 g/ml

Control

P. striiformis
77
80
89
89
86
80
87
97
100
95
90
100
34

50g/ml

B. sorokiniana
21
23
26
26
25
22
25
28
27
28
28
30
30

20g/ml

Fig 1: Inhibition zone of complex 1a at different concentration against B. sorokiniana

Control

1a

1b

Fig 2: Inhibition zone of mono and bis-carbamodithioato complexes (1a and 1b) respectively against B. sorokiniana
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Control

2a

3a

Fig 3: Inhibition zone of fluorinated carbamodithioato complexes (2a and 3a) respectively against B. sorokiniana

Synthetic studies indicated the chemically privileged nature of
flouro carbamodithioato copper (II) complexes owing to their
ease of preparation, in a single pot and in the absence of any
catalyst. The one pot synthesis of complexes was performed
owing to non-separation of fluorinated ligands from the
solvent systems used.
All the prepared complexes showed inhibition of fungal
growth better than the control. There is indication of the use
of CuSO4 for fungicidal activity carrying the effective activity
at concentration as low as 0.8mg/L [25] But CuSO4 has lost its
indispensability in agriculture worldwide in free form. Free
form of Cu ions show extensive disruption of membrane
integrity and loss of cell viability [26] The mancozeb (Standard
DTC used) has its ED50 value at 45ppm [27] No doubt that the
activity of prepared complexes of copper were moderate than
copper ions but better than the carbamodithioates alone,
which are in agreement with results of biological activity of
the eugenol-copper complex [28] But the results are still
commendable in comparison to standard carbamodithioates
used and propiconazole (commercial standard) against B.
sorokiniana. The further exploration is recommended in
agriculture as resistance measure against standard commercial
fungicides.

5.

6.

7.

8.
9.

10.
11.

12.
4. Conclusion
In summary, the copper complexes of fluorinated
carbamodithioates were synthesized using one pot two step
reaction protocol. Attempts to isolate the free ligand were
unsuccessful. Therefore, a one pot approach was implemented
to obtain metal complexes. The reactions were performed
without the use of sodium hydroxide, which made the workup conditions easier. Various spectral data recorded were in
conformity with the proposed structure of the complexes.
Better fungitoxicity activity of the non-fluorinated
carbamodithioato complexes showed the negative influence of
the fluorine moiety in the rest of the complexes. Against B.
sorokiniana, the complexes were found to be more bioactive
even than the standard fungicide used (propiconazole).
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