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Due to the increasing demand for new pharmaceuticals showing biological activity against pathogenic microorganisms, 
there is increasing search for new compounds with predicted biological activity. Variously substituted thioamide 
derivatives with 1.3 and 1.2 ring of thiazole and 1,3,4-thiadiazole, as well as pyrazole were assessed for their activity 
against Candida albicans. Activity of majority of tested thioamides was larger as compared with that of the reference 
drugs. The electron parameters of obtained N-heterocyclic thioamides were determined and dependencies on their 
biological activity against Candida albicans were studied. The best electron compliance of produced bindings with 
the activity against Candida albicans was observed for the derivatives containing 1,3,4-thiadiazole ring.
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Occurrence of pathogenic fungi infections has 
increased rapidly[1-3]. This is directly related to 
the increasing population of immune-compromised 
people in connection with the use of antibiotics[4-7]. 

treat and are associated with a number of relapses. 
Candida spp. seems to be the predominant etiologic 
agent of mycoses. With the reduced immunity 
of an organism, these pathogens are dangerous 
parasites, which cause systemic candidiasis. In 
recent years, an increased resistance to antifungal 
agents has been recorded and this problem is a 
major challenge for medicine and pharmacy, as 
well as for those who are involved in designing 
the compounds with potential antifungal activity. 
To solve the problem of drug resistance, diverse 
mechanisms of action against Candida should 
be taken into account during designing new 
biologically active compounds.

Heterocyclic bindings containing nitrogen and 
sulfur atoms are an important class of compounds 
in medicinal chemistry[8]; among others, thiazole 
ring is an integral part of many biologically 

active compounds such as the antifungal drug 
abafungin[8]. Similar effects have been reported for 
ring compounds composed of three heteroatoms 
such as thiadiazoles and triazoles that exhibit some 
pharmacological activity[9]. In recent years, various 
thiadiazole derivatives have been intensively studied, 
which revealed their multilateral biological activity 

and antifungal properties[10]. Imidazole, pyrazole, 
and thiazole derivatives also attracted the interest 
of those who are involved in the synthesis of 
biologically active compounds because of these 
properties[11-13]. 

In general, chemical descriptors associated with 
different properties of the molecules can be used in 
the QSAR approach commonly applied in the search 
for the relationship between chemical structure and 
biological activity of a molecule. These include 
electron (HOMO and LUMO), thermodynamic 
(molar refraction), and structural energies (surface 
area, volume of the compound). HOMO and LUMO 
orbitals are very important parameters used in quantum 
chemistry. Based on their characteristics, it can be 
specified how a molecule would interact with other 
molecules. The HOMO orbitals can be considered as 
an electron donor group, while the LUMO orbitals as 
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free sites able to accept them. Due to the interaction 
between these orbitals, π-π* transition, with respect 
to the molecular orbital theory, is observed[14-16]. 
Energy of the HOMO orbitals can be directly linked 
to the ionization potential, whereas the LUMO orbital 
energy can be associated with the electron affinity. 
The difference between the orbital energies of HOMO 
and LUMO is referred to as energy gap, which is an 

important parameter that can determine the reactivity or 
stability of molecules[16].

The aim of present calculations was to determine 
the electron parameters of N-heterocyclic thioamides 
containing the modified heterocyclic systems as well 
as to search for any relationship with their biological 
activity against Candida albicans.

TABLE 1: CHEMICAL STRUCTURES AND ANALYTICAL DATA OF 2,4-DIHYDROXYPHENYLOTHIOAMIDES
Compound ‑R Formula m.p.(°) IR (cm−1) 1H‑NMR (ppm, TMS), MS m/e (%)
1a N

S

C10H8N2O2S2 235‑237 3484 (OH), 1590 C(=S) NH, 1492, 
1454, 1421 C (SH)=N, 1322, 1300, 
1212, 1165, 1124, 1069, 986 C=S, 
953, 849, 812, 759, 738

13.44 (N=C (SH)…N); 10.67 (2‑COH, H, 
s); 10.12 (4‑COH, H, s), 252 (M+o), 235, 
219 (M+o‑SHo), 163, 153 (B=100), 141, 137, 124, 
117, 111, 97, 81, 77, 69, 58, 53, 45

1b N

S

CH3 C11H10N2O2S2 114‑115 3241(OH, NH), 2874 (CH, CH3), 
1602 (C=N), 1521 C(=S) NH, 1457 
[cis=NC (SH)‑], 1384, 1329, 1205 
(C‑O), 1124, 1004 (C=S)

13.71 (2‑HOC, s), 11.83 (NH, s), 10.07 (4‑COH, 
s), 8.30 (3‑COH, d), 6.79 (C5’‑H, s), 6.38 (C5‑H, 
C6‑H, m, 2H), 3.41 (CH3, s, 3H), 266 (M+o), 250, 
233 [M‑SH°]+, 184, 168, 153, 137, 114, 98, 71, 
69, 55, 45, 39

1c
N

S

O CH3

O

C14H14N2O4S 124‑126 1707 C=O, 1506 C(=S) NH, 1020 C=S 11.98 (s, C2‑OH), 11.83 (NH, s), 10.15 (C4‑OH, 
s), 8.25 (CAr‑H, 1H, d), 7.00 (C‑H), 6.26 (CAr‑H, 
2H, sextet), 4.11 (OCH2C(=O), 2H, t), 3.85 (CH2, 
2H, q), 1.22 (CH3, 3H, t), 338 (M+o, 28)

1d C14H12N2O5S2 201‑203 3461 (OH), 3139 (OH), 2926 (CH), 
1741 (C=O), 1674(C=O), 1604 (C=N), 
1558 (C=C), 1513 C(=S) NH, 1466, 
1394 C (SH)=N, 1371, 1343, 1302, 
1258, 1218, 1160, 1119, 1049, 1010, 
986 C=S, 957, 847, 807, 772

11.74 (2‑COH, H, s); 10.63 (NH, H, s), 
10.28 (4‑COH, H, s); 4.35 (CH2O, 2H, q), 
1.35 (CH3, 3H, t), 352 (M+o), 319 (M+o‑SHo), 
281, 279, 250, 245, 217, 210, 200, 178, 169, 
153 (B=100), 136, 127, 116, 97, 85, 72, 69, 44

1e N

S NO2

C10H7N3O4S2 172‑174 3434 (OH), 3401(OH), 3264 (CH), 
3095 (CH), 2937 (CH), 2862 (CH), 
1625 (C=N), 1588 (C=C), 1493 C(=S) 
NH, 1469, 1433 C (SH)=N, 1310, 
1259, 1196, 1051, 979 C=S, 892, 
860, 808, 785, 737

11.80 (2‑COH, H, s); 10.69 (NH, H, s); 
9.75 (4‑COH, H, s), 297 (M+o), 264 (M+o –SHo), 
257, 184, 167, 153, 145 (B=100), 137, 124, 
115, 99, 72,57, 45

1f
N

S

Br
C16H11BrN2O2S2 204‑205 3306 (OH), 2922 (OH), 2832 (CH), 

1619 (C=N), 1557 (C=C), 1527 C(=S) 
NH, 1470, 1386 C (SH)=N, 1306, 
1221, 1121, 1073, 1008, 987 C=S, 
960, 907, 828, 738

13.55 (N=C (SH)…N); 12.06 (2‑COH, H, s); 
10.34 (4‑COH, H, s), 407 (M+o), 374 (M+o‑SHo), 
273, 271, 254, 214, 212, 174, 153 (B=100), 
133, 110, 97, 89, 69, 53, 45

1g
N

S

Cl

CH3 C16H13ClN2O2S2 239‑240 3578 (OH), 3433 (OH), 2850 (CH), 
1620 (C=N), 1588 (C=C), 1519 C(=S) 
NH, 1487, 1460, 1427 C (SH)=N, 
1377, 1324, 1217, 1175, 1126, 1072, 
1048, 986 C=S, 962, 942, 856, 826, 
806, 760, 739, 704

13.33 (N=C (SH)…N); 11.78 (2‑COH, H, s); 
10.32 (4‑COH, H, s); 2.41 (CH3, 3H, s), 
376 (M+o), 343 (M+o‑SHo), 241, 226, 224 (B=100), 
189, 182, 153, 147, 136, 115, 97, 69, 63, 45

2

N
S

CH3 C11H10N2O2S2 112‑113 3456 (OH), 3247 (OH), 2950 (CH), 
2832 (CH), 1583 (C(=S) NH), 1487, 
1462, 1438 (C(‑SH)=N), 1336, 1294, 
1261, 1220, 1183, 1125, 1054, 988 C=S, 
966, 877, 859, 834, 817, 783, 752, 729

11.87 (2‑COH, H, s); 10.65 (NH, H, s); 
10.18 (4‑COH, H, s); 3.85 (CH3, 3H, s), 
267 (M+o), 246, 234 (M+o‑SHo), 217, 200, 168, 
153, 137, 135, 110 (B=100), 108, 82, 69, 64, 52

3

N

S

N

S

S

OH
*

C10H8N2O3S3 204‑5 3463 (OH), 3412 (OH, NH), 2974 (CH), 
1719 (C=O), 1618 (C=N), 1491 [C(=S) 
NNHC(=S)], 1468, 1442, 1388, 1324, 
1280 (C‑O), 1199, 1177, 1122, 1089 
C=S (inring), 1057 (C=Stioamide)

11.46 (2‑COH, H, s), 11.08 (4’‑COH enolic 
form, s, H), 10.40 (NH, s), 10.06 (4‑COH, H, 
s), 8.00 (C5’‑H, C3‑H, d‑d, 2H), 6.97 (C5’‑H, s, 
H), 6.53 (C6‑H, 6, m, 1H), 300 (M+o) (B=100), 
282 (M+o‑H2O)+, 267 (M+o‑SHo)+, 239 191,167, 
153, 135, 115, 69, 59, 45, 39

4a NN

S
CH3

C11H11N3O2S2 265‑266 3389 (OH), 3154 (OH), 3039 (CH), 
2975 (CH), 2934 (CH), 1566 (C=N), 
1532 (C=C), 1492 C(=S) NH, 1454, 
1389 C (SH)=N, 1233, 1202, 1121, 
1044, 989 (C=S), 964, 903, 862, 813, 
767, 740, 714

13.40 (N=C (SH)…N); 10.62 (2‑COH, H, s); 
10.25 (4‑COH, H, s); 3.18 (CH2, 2H, q); 
1.31 (CH3, 3H, t), 281 (M+o), 264, 248 (M+o‑SHo), 
226, 161, 153, 136 (B=100), 113, 108, 97, 85, 
80, 69, 54, 45, 39

Contd...
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TABLE 1: CONTD...
Compound ‑R Formula m.p.(°) IR (cm−1) 1H‑NMR (ppm, TMS), MS m/e (%)
4b NN

S

C12H11N3O2S2 280‑281 3594 (OH), 3349 (OH), 3154 (OH), 
3078(CH), 1611 (C=N), 1567 (C=C), 
1493 C(=S) NH, 1458, 1362 
C (SH)=N, 1330, 1291, 1256, 1230, 
1215, 1120, 1091, 1062, 1031, 1010, 
989 C=S, 959, 895, 874, 845, 812, 
765, 730

12.27 (N=C (SH)…N); 10.76 (2‑COH, H, 
s); 9.13 (4‑COH, H, s); 2.73 (CH2, 4H, s); 
1.43 (CH, H, s), 293 (M+o), 276, 226, 161, 153, 
136 (B=100), 125, 108, 97, 91, 81, 69, 53, 41, 
39

4c NN

S

CH3

CH3

CH3

C13H15N3O2S2 249‑250 1566 NHC=S, 1019 C=S 13.40 (s, C(=N) SH…N), 11.82 (s, 2C‑OH), 
10.23 (s, 4‑COH, 1H), 8.30 (m, CAr‑H, 2H), 
6.22 (sextet, CAr‑H, 2H), 1.42 (s, 3 CH3, 9H)
309 (M+o, 64.18)

4d NN

S
S CH3

C11H11N3O2S3 253‑255 3389 (OH), 3154 (OH), 3039 (CH), 
2965 (CH), 2934 (CH), 1566 (C=N), 
1482 C(=S) NH, 1474, 1379 
C (SH)=N, 1213, 1212, 1131, 1024, 
989 C=S, 964, 908, 872, 823, 787, 
746, 724

13.16 (s, N=C (SH)…N, 1H), 11.76 (2‑COH, 
s, H), 10.28 (4‑COH, , s, H), 3.72 (SCH2, 
2H, m), 1.312 (CH3, 3H, t), 313 (M+o), 297, 
280 (M+o‑SHo), 252, 226, 210, 193, 178, 161, 
153, 145, 136 (B=100), 119, 108, 91, 80, 69, 
59, 45, 39

4e NN

S
SH

C9H7N3O2S3 224‑225 3337 (OH), 3252 (OH), 3137 (OH), 
2925 (CH), 1610 (C=N), 1553 C(=S) 
NH, 1510 (C=C), 1477 C (SH)=N, 
1363, 1330, 1260, 1175, 1059, 1036, 
977 C=S, 846, 755, 716

13.25 (s, N=C (SH)…N); 11.88 (s, 2‑COH, H); 
10.29 (4‑COH, s, H), 285 (M+o), 252 (M‑SHo), 
241, 200, 168, 153, 133 (B=100), 116, 100, 91, 
74, 57, 43

5a
N

N
H

O CH3

O C15H13N3O4S 215‑216 1671 (C=O), 1591 (C=N), 
1524 (C=C), 1496 C(=S) NH, 1461, 
1376 C (SH)=N, 1221, 1051 C=S

10.75 (s, NH, 1H), 4.18 (q, OCH2, 2H), 1.43 (t, 
CH3, 3H), 307 (M+o, 40.96), 261, 203, 192, 172, 
153 (100), 137, 110, 97, 69, 53, 39

5b

N
N

CH3

CH3 C12H13N3O2S 210‑211 1617 (C=N), 1563 C(=S) NH, 
1526 (C=C), 1471 C (SH)=N, 1435, 
1420, 1401, 1386, 1363, 1243, 1216, 
1078

10.89 (s, NH, 1H), 3.52 (s, NCH3, 3H), 1.8 (s, 
CH3, 3H) 399 (lack of M+ pick), 184, 153 (100), 
142, 111, 97, 87, 57, 45

5c

N
N

CH3

C17H15N3O2S 224‑225 1613 (C=N), 1505 (C=C), 1466 
C (SH)=N, 1450, 1417, 1360, 1237, 
1215, 1187, 1154, 1121, 1013 C=S

10.88 (s, NH, 1H), 3.66 (s, NCH3, 3H)
323 (M+o, 17.15), 293, 205, 184, 173 (100), 137, 
130, 117, 102, 97, 77, 69, 57, 51

5d

N
N

C14H14N2O4S 124‑126 1490 NHC=S, 1024 C=S 11.83 (s, 2C‑OH, H), 11.43 (s, NH), 10.17 (s, 
4C‑OH), 8.22 (m, CAr‑H, 6H), 6.44 (sextet, 
CAr‑H, 2H), 3.39 (t, CH2CH2, 4H), 313 (M+o, 
24.13)

5e
N

N O

C16H13N3O3S 176‑178 2943 (CH), 1680 (C=O), 1592 (C=N), 
1498 (C(=S) NH, 1452 C (SH)=N, 
1338, 1312, 1242, 1175, 1154, 1087, 
1030 C=S

10.48 (d, NH, 1H)
327 (M+o, 3215), 310, 208, 175 (100), 160, 153, 
136, 110, 91, 77

5f
N

N O

ClCl

Cl

C16H10Cl3N3O3S 180‑181 1619 (C=N), 1554 (C=C), 1502 (C=N), 
1462 NHC=S, 1354, 1293, 1242, 
1123, 1014 C=S

12.76 (s, NH, 1H)
431 (19.35), 234, 221, 208 (100), 197, 195, 
167, 153, 136, 108, 99, 72

5g

N N

NH2 O C17H14N4O3S 124‑126 1656 (C=N), 1625 (C=C), 1554 (C=C), 
1502 (C=C), 1471 C(=S) NH, 1460 
C (SH)=N, 1434, 1341, 1264, 1226, 
1213, 1153, 1121, 1055 C=S

10.57 (wide pick, 3H)
427.2 [2M+ + Na]+, 405.2 [2M+ + H]+ (100), 
355, 303.2, 279.3, 257, 225 [M+Na]+, 217, 
203.1 [M+H]+ (100), 185, 153, 96, 87, 65

5h

N
N

CN

CN C19H13N5O2S 145‑147 1625 (C=N), 1588 (C=N), 
1540 (C=C), 1511 C(=S) NH, 1469 
C (SH)=N, 1445, 1407, 1343, 1208, 
1114, 1049 C=S

11.85 (s, NH, 1H), 4.19 (t, CH2CN, 2H)
223 (100), 184, 153, 91, 77 (lack of molecular 
ion M+)
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MATERIALS AND METHODS 

The study included 22 synthesized thioamide derivatives 
with 1.3 and 1.2 ring of thiazole, as well as 1,3,4 ring of 
thiadiazole and pyrazole (Table 1). The compounds were 
obtained using the corresponding amines and the patented 
thioarylillating reagent[17]. All derivatives of the general 
equilibrium formuloes shown in (fig.1) are provided 
with a 2,4-dihydroxyphenyl substituent determining the 
chemical properties and biological efficacy.

Analytical investigations:
Melting point measurements on a Boetius apparatus 
are given uncorrected. The EI-MS spectra were 
recorded with an AMD-604 mass spectrometer 
(electron ionization at 70 eV). The parameters of 
the basic band and characteristic fragmentation 
ions corresponding to the products of the primary 
fragmentations and to the structure relatively close 
to that of the tested compound are given. The 1H 
NMR spectra were recorded with an FT-NMR Tesla 
BS 567 A spectrometer (100 MHz) in relation to 
TMS. The spectra of compounds were registered 
mainly to confirm the structure and if possible to 
determine the chemical shift of thioamide proton. The 
oscillation spectra were recorded with a Perkin-Elmer 
apparatus (in KBr). In Table 1 the frequencies of 
stretching vibrations in the equilibrium states of the 
amidothione system typical of frequencies are also 
listed. 

Antifungal activity: 
Material for the study on the Sabouraud medium 
consisted of yeast-like fungi isolated from different 
onthocoenoses. In order to define the antifungal 
activity of the compounds were tested against Candida 
albicans reference strains 10231 ATCC and 200 fresh 
clinical isolates of C. albicans. Identification of strains 
was made using the CandiSelect medium by Sanofi 
Diagnostics Pasteur. Their resistance was determined in 
relation to the reference formulations (fluconazole and 
itraconazole). Fluconazole (Pfizer Inc,) and itraconazole 
(Janssen Pharmaceutica) were obtained as reagent-grade 
powders from their respective manufacturers.

The assessment of compounds sensitivity was 
made by means of the plate dilution method. 
Minimum inhibitory concentration (MIC mg/ml) 
was determined on the classic Sabouraud medium 
(Bio-Rad). For yeasts MICs were determined by the 
agar dilution procedure according to the National 
Committee for Clinical Laboratory Standards 
(NCCLS) reference document M27 National 
Committee for Clinical Laboratory Standards. The 
reference method was applied for broth dilution 
antifungal susceptibility testing of yeasts. Starting 
inocula were adjusted by the spectrophotometric 
method densitometric (bioMerieux) to 1×105 CFU/
ml. A solvent control was included in each set of 
assays; the DMSO solution at the maximum final 
concentration of the 1% had no effect on fungal 
growth.

All compounds were dissolved in 1% DMSO solution 
and further dilutions were made applying 0.9% 
NaCl. The Sabouraud medium in the amount of 
15 ml was poured into Petri dishes of 9 cm diameter. 
Once solidified, the substrate in the following dishes 
contained the tested compounds of the concentrations 
from 200 to 6.25 mg/l.

The test suspensions were obtained from 24 h cultures 
of pure fungi strains. Density of the suspension was 
determined using a densitometer (BioMerieux) and a 
set at approximately 105 cells per 1 ml of saline. The 
prepared suspensions were plated on the Petri dishes 
with the Sabouraud medium (pH 7.2) containing 
increasing concentrations of the compound. The first 
control system cultures were composed of tested 
strains inoculated to the medium not containing the 
compound, while the second substrate was a solution 
containing 1% DMSO. All results were read after 24 
and 48 h incubation at 37°. Biological assays were 
performed at the Medical University of Bialystok. 
Table 2 summarizes the results of biological tests.

Computing: 
Spartan Pro 1.08 software (Wavefunction, Inc.) was 
used for calculations. It was helpful for determining 

Fig. 1: Structure of the obtained compounds R represents the heterocyclic system.
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the HOMO and LUMO energies of the obtained 
compounds using the Hartree-Fock ab initio method 
and the self-adjusted database 6-31**. The HOMO and 
LUMO energies of compounds were used to determine 
the size of the HOMO-LUMO gap. In addition, 
the descriptors characterizing: The electronegativity 
(x = −0,5 (HOMO–LUMO)), hardness index (η=0,5 
(HOMO-LUMO)), softness index (Sm=1/η), and 
electrophilicity (ω=x2/2η), taking into account both 
above measures, were determined (Table 3).

The values of the electron density, as well as the 
HOMO energy value were used to calculate the 
electron orbital density limit R(I), which represents 
the HOMO electron density at the sulfur atom within 
thioamide binding, that probably plays a decisive 
role in the possible interactions with the molecular 
target. The values of R(I) are expressed in the Eqn.; 
R(I)=(fr(i)/-EHOMO)×102 (1) where: fr(i) is the HOMO 
electron orbital density limit at an i-th atom, while 
EHOMO is the HOMO energy expressed in electronvolts 
(eV) and measured from the level 0[18].

RESULTS AND DISCUSSION 

In majority cases, activity of tested thioamides against 
Candida albicans was larger compared to that of 
the reference drugs used (Table 2). The following 
compounds were particularly effective: 1e, 3, 5c, 5e, 
5g, 5h. When seeking the QSAR dependence, the 
attempts to link the activity of compounds with the 
descriptors that quantify the electronic effects, were 
undertaken. The size of the HOMO-LUMO energy 
gap was calculated assuming that sulfur atoms of the 
equilibrium thioamide/imidothiole binding may be 
one of the most effective chemical moieties due to 
the largest electron density derived from the HOMO 
orbital (Table 3).

When considering the structure of the obtained 
compounds in computing relationships, it can be found 
that due to the energy of molecular orbitals, they belong 
to hard nucleophiles (relatively low HOMO energy at 
LUMO energy remaining on the average level). If the 
conclusions about the relationship between HOMO-
LUMO gap size and the reactivity of molecules are taken 
into account, quite high capacity for cellular interactions 
can be predicted for most of the obtained compounds[19]. 

Dependencies observed between the listed log MIC 
values and the theoretical parameter R(I) are the 
confirmation of the adopted assumption defining the 
role of sulfur atoms within thioamide/imidothiole 
binding during inhibitory processes. The directional 
tautomerization resulting from the influence of 
heterocyclic systems has some impact on the electron 
states of sulfur atom, as indicated by the correlation 
parameter R(I) with the activity of the compounds. High 
correlation of the descriptor describing the thioamide 
form with activity towards Candida albicans was 
reported in the group of derivatives with thiadiazole ring 
(Table 4, fig. 2). In the group of pyrazole derivatives, 
the compounds with thiazole and thiazoline systems, 
there were obtained correlations were average (Table 4).

The relationships of these compounds and other 
descriptors quantifying the electron effects were 
also considered, but the level of correlation for 
particular descriptors depended on a tautomeric 
form. In general, better equations were obtained in 
the analysis of imidothiole tautomers and describing 
parameters η and Sm (hardness and softness indices, 
respectively). Within the thiazole group, weak 

TABLE 2: MIC VALUES OF THIOAMIDE DERIVATIVES
Compound MIC (µg/ml)

Candida albicans
10231 ATCC

Candida albicans isolates
No 200

MIC Min Max
1a 100 180±80 50 200
1b 120 100±50 50 150
1c 200 160±70 50 200
1d 200 200± 200 200
1e 25 47.5±30.5 25 100
1f 100 100±35 50 200
1g 100 170±55 50 200
2 100 120±40 50 200
3 25 20±6 10 50
4a 100 167.5±88.5 50 200
4b 100 100±40 50 150
4c 200 200±100 50 200
4d 150 167±80 50 200
4e 100 130±55 50 200
5d 100 180±70 50 100
5a 200 125±45 50 200
5b 200 160±80 100 200
5c 200 50±30 25 200
5e 50 18.3±12 6.25 50
5f 200 100±50 50 200
5g 50 28.3±15 25 50
5h 200 70±40 50 200
Itraconazole 200 182.5±65 120 200
Fluconazole 200 200±200 100 200
Activity of thioamide derivatives from n‑(1,3 and 1,2 thiazoles, 1,3,4‑thiadiazoles, 
pyrazoles) groups expressed in MIC (µl/ml) in relation to candida (sabouraud 
medium, reading after 24 h of incubation)
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or average correlations between the activity and 
descriptors quantifying the electron effects (x, η, Sm 
and ω) were recorded. A similar level of correlation 
of these parameters and activity was observed in a 
number of pyrazoles, and only for the electrophilicity 
descriptor ω determined for the thioamide forms, a 
large similarity of this parameter to the activity was 
reported (Table 4, fig. 3).

In the mycological literature there are numerous 
studies on the resistance of yeast-like fungi to currently 
used antifungal agents[20-22]. A correlation has been 
demonstrated between the amount of phospholipase 
produced and virulence in C. albicans strains and other 
yeast species. Some fungi such as: Mucor, Rhizopus, 
Aspergillus, Penicillium and Candida, have the ability 
of releasing hydrolytic enzymes into the environment, 

TABLE 3: DESCRIPTORS QUANTIFYING THE ELECTRON EFFECTS OF THIOAMIDES
Compound E HOMO (eV) E LUMO (eV) R (I) for sulfur atom HOMO‑LUMO gap χ η Sm ω

1a −8.36 1.78 0.55 10.14 5.07 −3.29 −0.30 −3.91
1a’ −8.14 2.03 0.42 10.17 5.09 −3.06 −0.33 −4.23
1b −8.24 1.80 0.55 10.05 5.02 −3.22 −0.31 −3.92
1b’ −8.07 2.29 0.47 10.36 5.18 −2.89 −0.35 −4.64
1c −8.37 1.72 0.04 10.09 5.05 −3.33 −0.30 −3.83
1c’ −8.16 2.30 0.48 10.46 5.23 −2.93 −0.34 −4.66
1d −8.64 1.53 0.51 10.18 5.09 −3.56 −0.28 −3.64
1d’ −8.34 1.87 0.38 10.20 5.10 −3.23 −0.31 −4.03
1e −8.92 0.49 0.45 9.41 4.71 −4.22 −0.24 −2.63
1e’ −8.94 0.96 0.33 9.90 4.95 −3.99 −0.25 −3.07
1f −7.97 1.44 0.54 9.41 4.70 −3.26 −0.31 −3.39
1f’ −8.07 1.86 −0.02 9.93 4.97 −3.11 −0.32 −3.97
1g −8.35 1.68 −0.54 10.03 5.01 −3.33 −0.30 −3.77
1g’ −8.24 2.27 0.37 10.51 5.25 −2.99 −0.33 −4.62
2 −8.66 1.42 0.53 10.08 5.04 −3.62 −0.28 −3.51
2’ −8.77 2.14 0.37 10.90 5.45 −3.31 −0.30 −4.48
3 −8.44 1.78 0.51 10.21 5.11 −3.33 −0.30 −3.92
3’ −8.88 2.25 0.33 11.14 5.57 −3.32 −0.30 −4.67
4a −8.55 1.66 0.50 10.22 5.11 −3.45 −0.29 −3.79
4a’ −8.53 2.18 0.41 10.71 5.36 −3.17 −0.32 −4.52
4b −8.48 1.63 0.49 10.11 5.06 −3.42 −0.29 −3.73
4b’ −8.47 2.23 0.42 10.71 5.35 −3.12 −0.32 −4.59
4c −8.54 1.68 0.36 10.22 5.11 −3.43 −0.29 −3.81
4c’ −8.57 2.31 0.37 10.88 5.44 −3.13 −0.32 −4.73
4d −8.39 1.55 0.51 9.94 4.97 −3.42 −0.29 −3.61
4d’ −8.67 2.27 0.40 10.94 5.47 −3.20 −0.31 −4.67
4e −8.64 1.48 0.34 10.12 5.06 −3.58 −0.28 −3.57
4e’ −8.54 1.77 0.35 10.31 5.16 −3.39 −0.30 −3.93
5a −7.95 2.55 0.71 10.49 5.25 −2.70 −0.37 −5.10
5a’ −8.28 3.30 0.46 11.58 5.79 −2.49 −0.40 −6.73
5b −8.34 2.12 0.62 10.46 5.23 −3.11 −0.32 −4.40
5b’ −8.10 2.62 0.45 10.72 5.36 −2.74 −0.36 −5.24
5c −7.85 2.06 0.67 9.91 4.95 −2.90 −0.35 −4.23
5c’ −7.80 2.56 0.47 10.36 5.18 −2.62 −0.38 −5.12
5d −7.30 1.92 0.82 9.22 4.61 −2.69 −0.37 −3.95
5d’ −7.33 2.73 0.59 10.06 5.03 −2.30 −0.43 −5.50
5e −7.85 1.57 0.66 9.42 4.71 −3.14 −0.32 −3.53
5e’ −7.91 2.21 0.45 10.12 5.06 −2.85 −0.35 −4.50
5f −8.62 1.62 0.55 10.24 5.12 −3.50 −0.29 −3.75
5f’ −8.68 2.21 0.38 10.89 5.45 −3.24 −0.31 −4.58
5g −8.20 2.68 0.61 10.88 5.44 −2.76 −0.36 −5.37
5g’ −8.62 3.12 −0.14 11.73 5.87 −2.75 −0.36 −6.26
5h −8.72 1.65 0.50 10.37 5.18 −3.53 −0.28 −3.80
5h’ −8.98 2.39 0.38 11.37 5.69 −3.30 −0.30 −4.90
Descriptors quantifying the electron effects of thioamides from n‑(1,3 and 1,2 thiazoles, 1,3,4‑thiadiazoles, and pyrazoles) groups. Denotations X, X’ are 
assigned to the thioamide and imidothiole forms, respectively
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which break down the multimolecular compounds– 
polysaccharides, proteins, lipids, hydrocarbons[23]. 

Our results are in accordance with the previous 
reports[24-26]. Bujadakova et al.[24], assessed the 
anticandida activity of 6-amino-2-n-pentylthiobenzothiazole, 
benzylester of (6-amino-2-benzothiazolylthio) acetic acid 
and of 3-butylthio-(1,2,4-triazolo)-2,3-benzothiazole. 

The compounds were active against Candida strains. 
The first compound exhibited inhibitory activity on 
the germ-tube formation and mycelial growth in the 
C. albicans strains, while the others were not active in 
these tests. All the compounds tested were highly active 
on a nystatin-resistant C. albicans strains[24]. Similar 
findings were also obtained by Kucukbay[25]. 

In the earlier paper we evaluated antifungal activity 
of new 2,5-disubstituted amino-oxomety-loso-arylo-
thiadiazole (AOAT) derivatives against Candida 
albicans, non-Candida albicans. The mean MIC of the 
Candida albicans strains was 141.6 (37.5-200) mg/l on 
the Sabouraud’s medium. The mean MIC of AOATs 
against the non-Candida albicans strains was 153.3 
(50-200) mg/l. 

High activity of compounds 1e, 3, 5c, 5e, 5g and 5h 
suggests the need for further research on the synthesis 
of new combinations containing variously modified 
heterocyclic systems. Much data indicates that the 
biological activity of various compounds can be related 
to the energy difference between the molecular orbitals 
HOMO and LUMO[27,28], which is the largest at the 
values about 9 eV. It is quite commonly accepted that 
the ability of a compound to react with the molecular 
target is independent of the mechanism of its action. 
These relationships were examined ‘among others’ in 
research upon the activity of sulfonourea herbicides[28] 
and imidazoline derivatives[29]. The symmetry of 
HOMO and LUMO orbitals distribution attracted some 
interest, which led to the conclusion that when they are 
localized at the same sites of the molecule, their activity 
decreases[28]. The team headed by Vasanthanathan linked 
the high fungicidal activity of derivatives containing the 
furan ring also with the electron parameters and energy 
of HOMO and LUMO orbitals[30,31]. 

TABLE 4: CORRELATION EQUATIONS BETWEEN 
THIOAMIDE ACTIVITY AGAINST CANDIDA ALBICANS VS. 
DESCRIPTORS QUANTIFYING THE ELECTRON EFFECTS
Parameter Equation R2

Thiadiazole
R (I) yT= ‑171.98×2+148.11x‑29.217 0.895
η yI=36.255×2+236.26x+386.35 0.9325
S yI=3924×2+2412.7x+372.35 0.9309

Pyrazole

ω yT= ‑1.1316×2‑10.071x‑20.032 0.856

yI= ‑0.957×2‑10.267x‑25.315 0.7289
Correlation equations between the thioamide activity against candida 
albicans vs. the descriptors quantifying the electron effects. The denotations 
T, I are assigned to the thioamide and imidothiole forms, respectively

Fig. 2: log MIC vs. the calculated theoretical quantum-chemical 
parameter R(I).
Dependence between log MIC vs. the calculated theoretical quantum-
chemical parameter R(I) for thioamide compounds containing 
1,3,4-thiadiazole system in relation to anticandida activity.

Fig. 3: Dependence between log MIC vs. the calculated theoretical quantum-chemical parameter ω.
Dependence between log MIC vs. the calculated theoretical quantum-chemical parameter ω for A. thioamide and B. imidothiole compounds 
containing the pyrazole system in relation to anticandida activity.
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TABLE 5: CONTD...
Compound Carbothioamide form Iminothiol form
3

4a

4b

4c

4d

4e

5a

5b

5c

5d

5e

TABLE 5: HOMO ORBITALS ENERGY DISTRIBUTION 
FROM THE N-(1,3 AND 1,2 THIAZOLES, THIADIAZOLES 
AND 1,3,4-PYRAZOLE GROUP) IN THE DESIGNATED 
SPARTANPRO (HARTREE-FOCK)
Compound Carbothioamide form Iminothiol form
1a

1b

1c

1d

1e

1f

1g

2

Contd... Contd...
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TABLE 5: CONTD...
Compound Carbothioamide form Iminothiol form
5f

5g

5h

TABLE 6:  LUMO ORBITALS ENERGY DISTRIBUTION 
FROM THE GRUP N-(1,3 AND 1,2 THIAZOLES, 
THIADIAZOLES AND 1,3,4-PYRAZOLE GROUP) IN THE 
DESIGNATED SPARTANPRO (HARTREE-FOCK)
Compound Carbothioamide form Iminothiol form
1a

1b

1c

1d

1e

1f

1g

2

Contd...

These findings seem to confirm the results that the 
active compounds are characterized by the difference 
of HOMO-LUMO orbitals energy by about 9-10.5 eV 
(Table 3). Although these are slightly higher values 
than those quoted by the literature data, the most 
active compound (1e) in from the thiole group is 
characterized by relatively the lowest gap (9.41 eV). 
The LUMO energy value calculated for this 
compound (0.49 eV) is also the lowest in that group 
of bindings, which can suggest its specific abilities to 
form covalent bonds with nucleophiles. Symmetrical 
distribution of HOMO and LUMO orbitals in the 
imidothiole forms of 1c, 2, 4a, 4b, 4c, 5b compounds 
(Tables 5 and 6) is reflected in their relatively lower 
biological activity, whereas variable distributions 
of HOMO orbitals in the heterocyclic systems and 
particular atoms do not allow for determining their 
univocal correlations with the activity.

The obtained N-pyrazolthioamides group is 
characterized by the HOMO-LUMO gap value of 
about 9-11 eV, yet for the most active compounds 
(5e, 5g, and 5d), the values are similar to very active 
azoles[29,31-35]. The good correlation between the activity 
and R (I) indicator for thioamides with the thiadiazole 
system suggests that sulfur atom of the thioamide 
binding, due to the largest electron density of HOMO 
orbitals, would be the most sensitive towards the 
reactions associated with the electron transfer or 
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TABLE 6: CONTD...
Compound Carbothioamide form Iminothiol form
5f

5g

5h

5a

5b

5c

5d

5e

TABLE 6: CONTD...
Compound Carbothioamide form Iminothiol form
3

4a

4b

4c

4d

4e

Contd...

binding to other atoms as well as responsible for the 
reactions with biological systems. The large activity 
of these compounds can be also associated with 
the impact of sulfur atom within thioamide binding, 
showing the ability to form hydrogen bonds with 
the enzyme thioles associations as well as close and 
long-range hydrophobicity regulators. Similar results 
were obtained by Karimian et al.[36-39] when studying 
three groups of fungicidal 1,2,4-thiadiazoles. These 
authors also indicated the possibility of reaction of 
these compounds with cysteine-dependent enzymes. 
They also demonstrated that the probability of N-S 
bond cleavage within the ring and the ability to form 
hydrogen associates is proportional to the charge 
accumulation on the heteroatoms of the ring.

This allows for generalization that the calculated 
values of R(I) for the sulfur atom in thioamide/
imidothiole binding as well as the size of HOMO-
LUMO gap are important parameters that describe 
general QSAR relationships. Also Xu et al.[40] tested 
the compounds containing 1H-pyrazole ring and 
demonstrated that the HOMO-LUMO gap of about 
4-5 eV is well correlated with their fungicidal activity. 

The best correspondence between the electron 
parameters of the obtained compounds and their 
activity against Candida albicans is observed for 
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the derivatives with 1,3,4-thiadiazole ring. In this 
group of compounds, the best correlation equations 
were obtained for the imidothiole forms with the 
parameters defining the softness (SM) and hardness 
indices (η). Considering the whole group, there 
was a good correlation between the activity vs. the 
electrophilicity descriptor (ω) that describes the 
thioamide forms (fig. 3). When analyzing the most 
active compounds from the N-pyrazole group (5c, 5e, 
5g), it was found that their activity increases with the 
increasing value of Sm, which may be related to the 
results of Pearson’s, who pointed out to the fact that 
soft particles also quickly reach a molecular target[41]. 

Based on the study, it can be assumed that the 
electron parameters, regardless of their level of 
correlation, make the character of interactions between 
particular groups within compounds closer and hence 
they can be used in a rational design of bindings 
for the synthesis after setting general dependencies 
defining their kinetic properties.
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