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Copper(I) and nickel(II) complexes of acylated thioamides and thioacy-
lated thioureas have been prepared. Measurements of their antimycobactenal 
activity showed that the ligand has not lost its antimycobactenal activity by 
entering the complex. The relation between complex-forming ability and 
antimycobactenal activity has been discussed. 

Получены комплексы меди(1) и никеля(П) с ацилированными тиоа-
мидами и тиоацилированными тиомочевинами. Измерение их анти-
микобактериальной активности показало, что лиганд не лишается 
своей антимикобактериальной активности при включении в комплекс. 
Обсуждается взаимосвязь между комплекс-образующей способнос
тью и антимикобактериальной активностью. 

Biological properties of thioamides and their reaction products as well as 
their complex-forming ability have been permanently followed in the literature 
[1—12]. Unfortunately, only little attention has been paid to biological activity 
of complexes of thioamides so far [12]. The reason is probably the fact that most 
of metal complexes of thioamides are formed in nonaqueous media [13] or in 
concentrated solutions [14, 15]. The chelates of thioamides, conditioned by 
suitable substitution of the ligand, have been studied in more detail only lately 
[7—11, 16]. Successful addition of thioamides to isothiocyanates [16] and acyla-
tion of thioamides, accompanied by measurement of antimycobacterial activity 
[4], enabled to prepare metal chelates of substituted thioamides and compare 
their antimycobacterial activity with that of the ligands themselves. In the 
previous communication [12] it was stated that the activity of copper(I) com
plexes was in many cases considerably higher than that of the ligand, however, 
this effect was not reasoned. At the same time, it is known that copper com
plexes play an important role in biological processes (see e.g. [17]). In order to 
find out to what extent are the complex-forming ability of the ligand and 
oxidation properties of the complex itself contributing to the resulting anti
mycobacterial activity, in the present work we have chosen Cu+ and Ni 2 + as the 
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central atoms, the latter of which does not undergo redox processes at biological 
conditions. 

Experimental 

The ligands used herein were prepared in our previous work [4], l-phenyl-3-acetyl-
thiourea (I) and l-phenyl-3-benzoylthiourea (II) [18, 19] as well as the brown complexes 
of Ni 2 + with the derivatives of 7V-(thiocarbamoyl)thiobenzamide of the NiL2 type [16] 
were prepared according to the literature. The same method [16] was used to prepare 
Ni 2 + complexes with TV-acylthioamides, which were also brown complexes of the general 
formula NiL2. When preparing the complex, to the solution of TV-acylthiobenzamide 
(0.01 mol) in minimum amount of acetone nickel(II) acetate (0.01 mol) in ethanol was 
added under stirring. The brown bischelate crystallized immediately. It was sucked and 
washed with acetone and ethanol. The copper(I) complexes were prepared according to 
the method used earlier [12, 13] by stirring the saturated aqueous solution of copper(II) 
acetate, anal, grade (0.01 mol) (Lachema, Brno) with saturated ethanolic solution of 
N-acylthioamide or N-acylthiourea (0.01 mol). The brown (in the case of // yellow) 
precipitates were sucked, washed with ethanol, and analyzed. 

The visible and UV spectra of complexes in ethanolic solutions (c = 10~4 and 
10 - 5 mol dm - 3 ) were measured with a Pye Unicam SP 8-100 spectrometer in 1 cm silica 
cells. IR spectra were measured, due to low solubility of complexes in common solvents, 
in nujol with a Specord IR-75 spectrometer. Magnetic-chemical measurements were 
carried out by the method described earlier [12]. 

The compounds were tested for microbiological activity using the diluting in vitro 
method on the liquid Sula medium against pathogenic strains of Mycobacterium tuber
culosis H37RV and Mycobacterium Kansassii PKG 8. The substrates were dissolved in 
DMSO to obtain solutions of different concentrations and were added to the media with 
the Mycobacterium so that the DMSO concentration was below 5 %. The minimal 
inhibitory concentration (MIC) was the lowest concentration of the substrate at which 
growth of mycobacteria was not observed after 14-day cultivation at 37 °C. 

Results and discussion 

The results of analyses of the newly prepared complexes are presented in 
Table 1. Besides the new compounds also known complexes [16] [ C 6 H 5 — 
— C ( S ) = N — C ( S ) — N H — C H 3 ] 2 • Ni (XIII) and [ C 6 H — C ( S ) = N — C ( S ) — N H 
— C 6 H 5 ] 2 • Ni (XIV) were prepared. Easy preparation of the complexes ///—VIII 
allows to suggest that the — C ( S ) = N — C ( O ) — grouping forms with N i 2 + stable 
chelates similarly as the — C ( S ) = N — C ( S ) — grouping [16], however, quan
titative comparison of both groups of complexes has not been reported hitherto. 

Diamagnetism found with all compounds described herein leads to the 
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Table 1 

Compound 

Composition and analyses of the prepared complexes 

Formula Mr 

Metal С 

M'i(calc.)/% 
M'i(found)/% 

H N S 

8 
2 

О 
TI 

> 
n 
-< r > 
4 o 

/// [C6H5—C(S)=N—C(O)—CH3]2 • Ni 415.14 14.14 52.07 3.88 6.74 15.44 н 
14.27 51.70 3.84 6.42 15.67 o 

IV [C6H5—C(§)=N—C(O)—C2H5]2 • Ni 443.22 13.25 54.20 4.55 6.32 14.47 2 
13.55 53.85 4.32 6.06 14.22 g 

V [C6H5—C(S)=N—C(O)—C3H7]2 - Ni 471.25 12.46 56.06 5.13 5.94 13.61 
12.13 55.79 5.45 5.61 14.02 

VI \p-C\—C6H4—C(S)=N—C(O)—C2H5]2 • Ni 512.10 11.46 46.91 3.54 5.47 12.52 
11.20 47.29 3.78 5.55 12.30 

VII [P-CH3O—C6H4—C(S)=N—C(O)—C2H5]2 • Ni 503.25 11.67 52.50 4.81 5.57 12.74 
11.85 52.86 4.65 5.32 12.46 

VIII b-CH3—C6H4—C(S)=N—C(O)—C2H5]2 • Ni 471.25 12.46 56.07 5.13 5.94 13.61 
12.73 55.64 5.12 5.67 13.85 

IX [C6H5—C(S)—NH—C(O)—C2H5] - CuOH 273.83 23.22 43.87 4.05 5.11 11.71 
24.01 44.07 3.65 5.19 11.56 

X [C6H5—C(S)—NH—C(O)—C3H7] • CuOH 287.83 22.09 45.90 4.90 4.86 11.14 
22.46 45.32 4.32 4.82 10.90 

XI [C6H5—N(CO—CH3)—C(S)=NH] Cu 244.77 24.75 42.09 3.53 10.91 13.10 
24.56 41.43 2.98 11.36 12.92 

XII [C6H5—NH—C(S)—NH—C(O)—C6H5]3 • Cu2 • (CO—CH3)2 1013.78 12.54 54.45 4.18 8.29 9.49 
12.84 55.09 3.95 8.65 10.01 

U ) 
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conclusion that nickel complexes are square planar [20]. This conclusion is in 
good agreement with the results of measurements of electronic spectra in the 
visible region. The absorption bands in the region of about v = 20000 cm - 1 can 
be assigned to d—d transitions lA2g -> lA]g and the band at v = 27 000 cm"1 to 
lB\g -^ '^íg transition [21]. The found diamagnetism confirmed that copper is in 
the prepared complexes monovalent, which is a consequence of redox reactions 
of Cu2 + with the sulfhydryl groups of thioamides, as it was reported earlier [12]. 
Due to complexity of the IR spectra of the complexes the bands observed could 
not be assigned unambiguously. The diffuse band with the maximum at about 
v= 3300 cm"1, observed with all compounds, belongs probably to the stretch
ing vibration v(NH). In the region of about v = 1400 cm - 1 an intensive band 
ascribed to 5(NH) appeared and at v= 1550—1600 cm"1 an intensive band 
belonging to v(C=N) [22] was observed. Assignment of further bands appear
ing mainly at lower wavenumbers has not been substantiated experimentally. 

The results of antimycobacterial tests are presented in Table 2. The use of the 
same medium and the same microbial strain as in the previous works [4, 6, 12] 
and the found monovalence of copper allow to compare the individual results. 

Table 2 

Minimal inhibitory concentrations of the compounds prepared 

Compound -

/ 
II 

III 
IV 

V 
VI 

VII 
VIII 

MIC 104/(moldm-3) 
Against Mycobacterium 

tuberculosis Kansassii 
H37Rv 

3.3 
1.1 
0.37 
1.1 
0.37 
0.37 
0.12 
1.1 

P KG 8 

10 
3.3 
1.1 
3.3 
3.3 
3.3 
1.1 
3.3 

— Compound -

IX 
X 

XI 
XII 

XIII 
XVI 

Ethionamide 
INH° 

MIC- 107(moldm-3) 
Against Mycob 

tuberculosis 
H37RV 

1.1 
0.37 
1.1 
0.041 
0.12 
0.12 
0.12 
0.041 

acterium 

Kansassii 
P KG 8 

10 
1.1 
3.3 
0.37 
1.1 
1.1 
1.1 
3.3 

a) Isonicotinohydrazide. 

From the comparison it follows that conversion of thioamides into both nick-
el(II) and copper(I) complexes does not bring about a loss of their antimycobac
terial activity. This finding completes our previous observation [12]. From the 
previous study of copper(I) complexes it was not clear whether the central Cu+ 
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ion of complexes was or was not oxidized in oxidation processes proceeding in 
cells [17] under release of thioamides. Release of the ligand from Ni2+ chelates 
by biological processes appears to be less probable. Therefore, in accordance 
with the known high activity of very strong Cu complexes of dithiocarbamates 
[23], we assume that the activity of the prepared complexes is due to themselves 
and not to the ligands released on decomposition. From Table 2 it is evident that 
valence or redox reactions of the central ion are not decisive. The small differen
ces in minimal inhibitory concentrations presented in Table 2 are conditioned 
probably by other factors of which mainly lipophility is significant [24]. It seems 
that the complex-forming ability is connected with antimycobacterial activity of 
thioamides only secondarily. The experiments of the previous works [4, 6] led 
to the conclusion that antimycobacterial activity is, beside other factors, influen
ced also by polarity of bonds of the functional group. The polarity of bonds is, 
however, connected with the stability of complexes [12]. Therefore, we assume 
that, though both effects could not be separated from each other, the polarity 
of bonds is of primary significance for antimycobacterial activity. 

Of the set of complexes studied the copper(I) complex of l-phenyl-3-
-benzoylthiourea is noticeable for its composition and partly for its minimal 
inhibitory concentration. However, the latter factor is evidently connected with 
the number of ligands in the molecule. When multiplying MIC of XII by 3, we 
obtain values corresponding to Ethionamide. This is in agreement with the 
previous observation [12], according to which the MIC of copper(I) chelates of 
thioamides is approximately the same as MIC of Ethionamide. It appears that, 
with regard to antimycobacterial activity, this compound does not differ either 
from the other compounds presented in Table 2 and in the previous communica
tion [12]. 

The experimental material presented above allows to assume that the change 
in antimycobacterial activity of thioamides after entering the complex is more 
probably due to their changed ability to penetrate cells than due to changed 
biochemical mechanism of their action. 
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