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1. Introduction
Expect few ribozymes, enzymes are protein-based biological catalysts. They catalyze chemical reactions in living things 
under moderate conditions with 100 % efficiency and no by-products. While biochemical transformations are easy and 
fast in the presence of enzymes, they do not take place, or it takes too long for them to occur in the absence of enzymes. 
Therefore, enzymes are essential biomolecules for the continuity of life [1]. Enzyme studies are also of great importance in 
illuminating many problems in our daily life. It is known that some diseases, especially genetic disorders, are caused by a 
deficiency or complete absence of one or more enzymes. It is also determined that some diseases occur when the enzyme 
activity is higher than its normal value. For this reason, most drug active ingredients are designed to interact with enzymes.

Enzyme inhibitors are molecules that stop or slow down enzymatic catalysis. The catalysis of enzymes has a very 
important place in performing cellular activities. Therefore, it is expected for enzyme inhibitors to be of pharmaceutical 
importance. Enzyme inhibition studies provided valuable information about enzyme mechanisms and helped us illuminate 
certain metabolic pathways [2].

Many of the drug molecules are inhibitors since inhibition of enzyme activity can correct a metabolic disorder or cause 
a pathogen to die. Most research in the field of biochemistry and pharmacology has focused on this topic. For the drugs 
to be considered as enzyme inhibitors, they must be highly specific and act at low concentrations. So, the side effect and 
toxicity of the drug will be low [3].

The discovery of new enzyme inhibitors is the first step in drug design. One of the ways of discovery and a successful 
road, which is still used, is the way of trial and error. In this method, drug candidate compounds that are thought to affect 
the target enzyme are interacted with the enzyme to find the most suitable drug and to develop better derivatives from it 
[4].

Acetylcholinesterase (AChE, EC 3.1.1.7) and butyrylcholinesterase (BChE, EC 3.1.1.8) are serine-hydrolase enzymes 
[5]. It has been noticed that both isozymes are found in higher levels in Alzheimer’s disease (AD) [5]. Accordingly, the 
inhibition of AChE and BChE is considered a significant neuroprotective target in discovery of AD drugs [6]. Urease, 
an enzyme of family amidohydrolases, is responsible for the urea hydrolysis into ammonia and CO2 or carbamate [7,8]. 
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The overexpression of urease leads to various adverse health effects including cryptococcosis, tuberculosis, yersiniosis, 
peptic ulcers and urolithiasis; thus, inhibition of urease by the potent urease inhibitors has recently attracted scientific 
attention [8]. The pivotal enzyme of the melanin biosynthesis is tyrosinase. Melanin has primarily a photoprotective role 
in human skin, while its accumulation may result in skin hyperpigmentation. Therefore, the tyrosinase activity inhibition 
is considered an interesting way to regulate melanogenesis [9]. 

Most drugs contain sulfur [10], oxygen, and nitrogen [11]. Biological activity generally increased when both sulfur and 
nitrogen are present in the same compound. This has increased interest in such compounds in pharmaceutical studies. 
According to the substituents they contain, thioureas show various biological activities, i.e., anti-HIV, antituberculosis, 
anticancer, antimalarial, anticonvulsant, anticholinesterase, antityrosinase, and antiurease [7,12–18].

Thioureas are the leading organosulfur compounds used to produce heterocyclics from thiourea skeleton. Thioureas 
give a good starting for many synthetic drugs [19]. Various aliphatic, aromatic, heterocyclic, and chiral thioureas can be 
synthesized from isothiocyanates and primary or secondary amines by condensation in various solvents. They are reported 
for their pharmaceutical, antitubercular, antiinflammatory, anticonvulsant, anticancer, anti-thyroid, anthelmintic, anti-
HIV, high-density lipoprotein (HDL)-raising, antidiabetic, anti-hypertensive, anti-epileptic, DNA-binding, hypnotic, and 
anesthetic activities [20–27]. It can also be used as an enzyme inhibitor such as acetylcholinesterase, butyrylcholinesterase, 
anti-phenoloxidase, carbonic anhydrase, etc. [19,28–31].

In recent years, due to the rapid increase in the studies on the development of chiral drug active substances, chiral 
drugs have become a subject of interest in the pharmaceutical industry. However, asymmetric synthesis is used for 
obtaining single enantiomers, but it is difficult to find suitable reagents and starting materials. The most suitable method 
is to use chiral catalysts or kinetic separation of the racemic mixture using enzymes, which has limitations. As a result, 
the separation of these substances into their enantiomers is a very difficult process because they are obtained as racemic 
mixtures. In addition, it has been observed that the toxic values of the product formed because completely synthetic 
reactions are high. Chiral thiourea and their derivatives show many biological activities such as anticancer, anticonvulsant, 
antibacterial, anti-HIV, antifungal, antiviral [32].

This study was aimed to synthesize new biological active chiral thioureas starting from ˪-cysteine and isothiocyanates 
and to check their cholinesterase (ChE), tyrosinase, and urea inhibition activities. Substituent effect on the biological 
activity was also studied that may lead to the design of new productive drugs. Thiourea derivatives derived from various 
aromatic isothiocyanates have been reported for their novel pharmacological activities such as in the treatment of 
Alzheimer’s disease, pigmentation of melanin, and diseases that may arise from Helicobacter pylori. Thus, it is expected 
that the synthesized organic compounds may be new generation drugs having these properties.

2. Experimental
2.1. Chemistry
The solvents and chemicals used in this study were obtained from Aldrich, Fluka, Merck. The thin layer chromatography 
plates (TLC, Merck Silica Gel 60 F254) were used to monitor the reactions. Melting points of the synthesized compounds were 
controlled by a Stuart SMP20 automated melting point apparatus (UK). Infrared spectra were recorded on a PerkinElmer 
1620 model FT-IR spectrophotometer while elemental analyses (C, H, N, S) were performed on a VarioMICRO elemental 
analyzer (Elemental Analyses System, GmbH, Hanau, Germany). 1H NMR spectra were run on a Bruker Avance-DPX-400 
NMR spectrometer (Bruker BioSpin, Billerica, MA, USA) in DMSO-d6 solvent where tetramethylsilane (TMS) was used 
as an internal standard. All biological measurements were carried out on SpectraMax 340PC384 (Molecular Devices, San 
Jose, CA, USA) equipment using a 96-well microplate reader.
2.1.1. General procedure of compounds (1-17)
Various phenylisotiyocyanates (1 mmol) were added to the solution of ˪-cysteine (1 mmol) in methanol : water (1 : 1 v :v) 
at room temperature, and the mixture was stirred for 24 h. The precipitated solid was recrystallized from n-butanol and 
submitted for structural elucidation. 

N-phenyl-N’-(2-mercapto-carboxyethanyl)thiourea (1) [33]
White solid. Yield: 57 %. mp 188–190 °C. IR νmax (cm–1): 3676 (OH), 3261, 3227 (N - H), 2971 (Ar - CH), 2901 (R - CH), 

2509 (C - S), 1587 (C = O), 1492 (N - H), 1359 (C = S), 1229 (C - N). Anal. Calcd for C10H12N2O2S2: C 46.85; H 4.72; N, 
10.93; S, 25.02 %. Found: C 46.22; H 4.70; N 10.13; S 24.88 %.

N-(4-bromophenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (2)
White solid. Yield: 51 %. mp 200–201 °C. IR νmax (cm–1): 3671 (OH); 3082, 3003 (N - H), 2988 (Ar - CH), 2901 (R - CH), 

2601 (C - S), 1587 (C = O), 1477 (N - H), 1399 (C = S), 1243 (C - N), 1066 (C - Br). Anal. Calcd for C10H11BrN2O2S2: C 
35.83; H 3.31; N 8.36; S 19.13 %. Found: C 35.77; H 3.24; N 8.21; S 19.09 %. 

N-(4-chlorophenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (3) [33] 
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White solid. Yield: 45 %. mp 193–195 °C. IR νmax (cm–1): 3676 (OH), 3158, 3112 (N-H), 2987 (Ar - CH), 2901 (R - CH), 
2551 (C - S), 1594 (C = O), 1488 (N - H), 1348 (C=S), 1261 (C-N), 1096 (C - Cl). Anal. Calcd for C10H11ClN2O2S2: C 41.30; 
H 3.81; N 9.63; S 22.05 %. Found: C 41.03; H 3.76; N 9.55; S 22.01 %. 

N-(4-fluorophenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (4)
White solid. Yield: 61 %. mp 181–182 °C. IR νmax (cm–1): 3663 (OH), 3195, 3103 (N - H), 2987 (Ar - CH), 2901 (R - CH), 

2582 (C - S), 1595 (C = O), 1505 (N - H), 1340 (C = S), 1240 (C - N), 1223 (C - F). Anal. Calcd for C10H11FN2O2S2: C 43.78; 
H 4.04; N 10.21; S 23.38 %. Found: C, 43.40; H, 4.01; N, 10.15; S, 23.29 %. 

N-(4-(trifluoromethyl)phenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (5)
White solid. Yield: 24 %. mp 205–206 °C. IR νmax (cm–1): 3676 (OH), 3212, 3190 (N - H), 2976 (Ar - CH), 2901 (R - CH), 

2591 (C - S), 1600 (C = O), 1516 (N - H), 1319 (C=S), 1264 (C - N), 1208 (C - F). Anal. Calcd for C11H11F3N2O2S2: C 40.73; 
H 3.42; N 8.64; S 19.77 %. Found: C 40.66; H 3.31; N 8.61; S 19.53 %. 

N-(4-methoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (6)
White solid. Yield: 51 %. mp 211–213 °C. IR νmax (cm–1): 3663 (OH), 3256, 3197 (N - H), 2989 (Ar - CH), 2907 (R - CH), 

2564 (C-S), 1587 (C = O), 1502 (N - H), 1360 (C = S), 1296 (C - N). Anal. Calcd for C11H14N2O3S2: C 46.14; H 4.93; N 9.78; 
S 22.39 %. Found: C 46.11; H 4.80; N 9.66; S 22.24 %. 

N-(4-cyanophenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (7)
White solid. Yield: 84 %. mp 217–219 °C. IR νmax (cm–1): 3676 (OH), 3227, 3177 (N - H), 3065 (Ar - CH), 2968 (R - CH), 

2568 (C - S), 1615 (C = O), 1505 (N - H), 1334 (C = S), 1297 (C - N). Anal. Calcd for C11H11N3O2S2: C 46.96; H 3.94; N 
14.93; S 22.79 %. Found: C 46.69; H 3.82; N 14.90; S 22.66 %. 

N-(5-chloro-2-methoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (8)
White solid. Yield: 42 %. mp 209–210 °C. IR νmax (cm–1): 3663 (OH), 3274, 3075 (N - H), 2973 (Ar - CH), 2901 (R - CH), 

2543 (C - S), 1591 (C = O), 1488 (N - H), 1405 (C = S), 1293 (C - N), 1015 (C - Cl). Anal. Calcd for C11H13ClN2O3S2: C 
41.18; H 4.08; N 8.73; S 19.99 %. Found: C, 41.10; H, 4.00; N, 8.71; S, 19.86 %. 

N-(2-chloro-5-(trifluoromethyl)phenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (9)
White solid. Yield: 28 %. mp 247–248 °C. IR νmax (cm–1): 3659 (OH), 3251, 3201 (N - H), 2961 (Ar - CH), 2928 (R - CH), 

2531 (C - S), 1670 (C = O), 1522 (N - H), 1324 (C = S), 1294 (C - N), 1081 (C - Cl). Anal. Calcd for C11H10ClFN2O2S2: C 
36.82; H 2.81; N 7.81; S 17.87 %. Found: C 36.76; H 2.73; N 7.64; S, 17.77 %. 

N-(2,4-dimethoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (10)
White solid. Yield: 11 %. mp 240–241 °C. IR νmax (cm–1): 3672 (OH), 3339, 3148 (N - H), 3148 (Ar - CH), 2968 (R - CH), 

2524 (C - S), 1596 (C = O), 1502 (N - H), 1384 (C = S), 1284 (C - N). Anal. Calcd for C12H16N2O4S2: C 45.55; H 5.10; N 8.85; 
S 20.27 %. Found: C 45.28; H 5.05; N 8.74; S 20.21 %. 

N-(2,5-dimethoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (11)
White solid. Yield: 64 %. mp 222–223 °C. Anal. Calcd for C12H16N2O4S2: C 45.55; H 5.10; N 8.85; S 20.27 %. Found: C, 

45.52; H, 5.07; N, 8.63; S, 20.18 %. 
N-(3,4-dimethoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (12)
White solid. Yield: 84 %. mp 229–231 °C. IR νmax (cm–1): 3676 (OH), 3256, 3214 (N - H), 2988 (Ar - CH), 2908 (R - CH), 

2516 (C - S), 1612 (C = O), 1511 (N - H), 1393 (C = S), 1267 (C - N). Anal. Calcd for C12H16N2O4S2: C 45.55; H 5.10; N 8.85; 
S 20.27 %. Found: C 44.98; H 5.03; N 8.84; S 20.10 %. 

N-(3,5-dimethoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (13)
Orange solid. Yield: 32 %. mp 230–232 °C. IR νmax (cm–1): 3670 (OH), 3316, 3083 (N - H), 3082 (Ar - CH), 2987 (R - 

CH), 2544 (C - S), 1588 (C = O); 1537 (N - H); 1420 (C=S); 1257 (C-N). Anal. Calcd for C12H16N2O4S2: C 45.55; H 5.10; N 
8.85; S 20.27 %. Found: C 45.41; H 5.02; N 8.80; S 20.13 %. 

N-(3,4,5-trimethoxyphenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (14)
White solid. Yield: 27 %. mp 239–240 °C. IR νmax (cm–1): 3672 (OH), 3193, 3138 (N - H), 2989 (Ar - CH), 2969 (R - CH), 

2532 (C - S), 1601 (C = O), 1504 (N - H), 1368 (C = S), 1228 (C - N). Anal. Calcd for C13H18N2O5S2: C 45.07; H 5.24; N 8.09; 
S 18.51 %. Found: C 45.03; H 5.11; N 8.04; S 18.30 %. 

N-(2,5-dichlorophenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (15)
White solid. Yield: 35 %. mp 233–234 °C. IR νmax (cm–1): 3676 (OH), 3187, 3105 (N - H), 2988 (Ar - CH), 2901 (R - CH), 

2511 (C - S), 1583 (C =O), 1507 (N - H), 1384 (C=S), 1295 (C - N), 1184 (C - S). Anal. Calcd for C10H10Cl2N2O2S2: C 36.93; 
H 3.10; N 8.61; S 19.72 %. Found: C 36.90; H 3.04; N 8.53; S 19.61 %. 

N-(4-(dimethylamino)phenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (16) [34]
Yellow solid. Yield: 74 %. mp 238–239 °C. IR νmax (cm–1): 3676 (OH), 3252, 3178 (N-H), 2988 (Ar-CH), 2901 (R-CH), 

2528 (C-S), 1591 (C=O), 1514 (N-H), 1347 (C=S), 1295 (C-N). Anal. Calcd for C12H17N3O2S2: C 48.14; H 5.72; N 14.03; S 
21.42 %. Found: C 48.10; H 5.67; N 14.03; S 21.34 %. 
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N-(4-(diethylamino)phenyl)-N’-(2-mercapto-carboxyethanyl)thiourea (17)
White solid. Yield: 70 %. mp 225–226 °C. IR νmax (cm–1): 3676 (OH), 3357, 3204 (N - H), 2969 (Ar - CH), 2900 (R - CH), 

2537 (C - S), 1606 (C = O), 1515 (N - H), 1401 (C = S), 1264 (C - N), 1184 (C - S). Anal. Calcd for C14H21N3O2S2: C 51.35; 
H 6.46; N 12.83; S 19.58 %. Found: C 51.22; H 6.39; N 12.77; S 19.51 %. 
2.2. Biological activities
2.2.1. Anticholinesterase inhibitory activity
The in vitro anticholinesterase activity of all synthesized compounds (1 - 17) was performed according to Ellman’s method 
using 96 well microplate reader. Herein, acetylcholinesterase (AChE) from electric eel and butyrylcholinesterase (BChE) 
horse serum was used. The acetylthiocholine iodide and butyryl thiocholine chloride were utilized as substrates. DTNB 
(5,50-dithiobis(2-nitrobenzoic) acid was used as coloring agent to measure the anticholinesterase activity [35]. The 
compounds (1 - 17) were tested at four µM concentrations, i.e., 400-200–100-50 µM in triplicate measurements.
2.2.2. Tyrosinase inhibitory activity
The solutions of chiral thiourea compound (17) were prepared at four different concentrations, i.e., 400, 200, 100, and 
50 mM in EtOH. Additionally, EtOH was used as a control, while kojic acid with ˪-mimosine was used as tyrosinase 
standards. The results are given as 50 % concentration (IC50). The spectrophotometric analysis of tyrosinase inhibitory 
activities was performed according to the slightly modified literature procedures of Hearing [36].
2.2.3. Urease inhibitory activity
Solutions of chiral thioureas (1 - 17) were prepared at four different concentrations, i.e., 400, 200, 100, and 50 µM for 
urease inhibitory assay in EtOH. Additionally, EtOH was used as a control, while thiourea was used as urease standards. 
The results are given as 50 % concentration (IC50) for urease inhibitory activity assay. The spectrophotometric analysis of 
urease inhibitory activity was performed according to the literature procedures by measuring ammonia production using 
the indophenol method as described earlier [37].
2.3. In silico ADME prediction
Computational studies of the synthesized thioureas 1 - 17 were predicted using Molinspiration for molecular properties, 
Molsoft for absorption of molecular properties, and SwissADME online [38] server. Calculated molecular volume (Mv), 
molecular weight (Mw), the logarithm of the partition coefficient (milog P), the number of hydrogen-bond donors 
(nOHNH), the number of hydrogen-bond acceptors (nOH), topological polar surface area (TPSA), the number of rotatable 
bonds (Nrotb), and Lipinki’s rule of five were determined using Molinspiration and Molsoft online property calculation 
toolkits. The percentage absorption was calculated by the equation [38]:
2.4. Statistical analysis
The bioactivity tests were carried out in triplicate at four different concentrations. Results are given as IC50 (µg / mL). The 
data were the mean ± S.E.M. (standard error of the meaning) of triplicate analyses of each concentration under the 95 % 
reliability (p < 0.05).

3. Results and discussion
A series of chiral thioureas (1 - 17) derived from ˪ -cysteine were synthesized in this study. While compounds 1 [33], 3 [33], 
and 16 [34] from the synthesized target are known substances, the others are novel. The preparation of the target molecules 
was carried out by synthetic route outlined in Figure 1. 

In the IR spectra of chiral thioureas (1 - 17) (compound 11 except), a weak band was observed in compound 11 at 
3082–3357 cm–1 for NH bands attached to the aromatic ring and at 3003–3227 cm–1 for NH bands attached to aliphatic - 
CH - as expected. Additionally, the -OH band of the carboxylic acid group at 3659 - 3676 cm–1, aromatic C - H bands at 
2961 - 3148 cm–1, aliphatic C - H bands at 2900 - 2969 cm–1, C = O band of the carbonyl group at 1568 - 1670 cm–1, NH 
band at 1477 - 1537 cm–1, C = S band of thiocarbonyl group at 1319 - 1420 cm–1, C - N band at 1228 - 1297 cm–1 and SH 
band of thiol group at 2509-2601 cm–1 were observed. The characteristic N - H, C = S and C - N tensile vibrations has been 
reported at 3190–3384, 1302–1393 and 1201–1282 cm–1, respectively [14]. C - F band of compound 4, 5 and 9 containing 
fluorine were observed at 1208–1223 cm–1, C - Cl band of compound 5, 8 and 9 containing chlorine at 1081–1215 cm–1 

while C - Br band of compound 2 containing bromine were observed at 1066 cm–1. 
In the 1H NMR spectra of the synthesized compounds (1 - 17), -NH peaks linked to the aromatic ring of the thiourea 

( - NH - CS - NH - ) group were observed at 7.13–9.61 ppm, while the - NH peaks linked to the aliphatic structure were 
observed at 7.71–10.55 ppm. Proton of carboxylic acid ( - COOH) was observed at 9.70–11.72 ppm; - CH - proton as 
multiple at 4.78–5.38 ppm; and the thiol ( - SH) proton were found at 1.08–3.17 ppm. - CH2 - protons resonated as Ha and 
Hb at 2.91–3.85 and 2.81–3.64 ppm, respectively. Protons in the - CH2 - SH are neighboring the chiral carbon, which are 
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heterotopic as reported in our previously study [39]. Detailed 1HNMR peaks of all the synthesized compounds are given 
in Table 1.

All the synthesized compounds were tested for their in vitro anticholinesterase inhibitory activity against AChE and 
BChE enzymes. The results are compared with galantamine as given in Table 2. Among the synthesized series, 17, 16 and 
14 exhibited excellent activities than galantamine in both assays. Moreover, against AChE, 17 (IC50: 5.7 ± 1.0 µM), 10 (IC50: 
6.8 ± 1.1 µM), 9 (IC50: 7.2 ± 0.5 µM), 12 (IC50: 7.8 ± 0.6 µM), 6 (IC50: 8.1 ± 0.9 µM), and 8 (IC50: 9.5 ± 1.2 µM) compounds 
exhibited higher activities. In the BChE inhibitory assay, 17 (IC50: 18.1 ± 0.5 µM), 16 (IC50: 24.6 ± 0.7 µM), 14 (IC50: 29.5 

 
Figure 1. Synthesis of ˪-cysteine-based thioureas tuned with various functionalities.

Table 1. 1H NMR spectra data of synthesized thiourea derivatives (1 - 17).

Compound 1H NMR (400 MHz, DMSO - d6)

1

10.01 (s, 1H, - OH), 7.97 (s, 1H, Ar -NHCSNH - CH), 7.53 (d, J = 8.0 Hz, 2H, ortho protons of Ar - NHCSNH - 
CH), 7.34 - 7.32 (m, 3H, meta protons of Ar - NHCSNH - CH and Ar – NHCSNH - CH), 7.13 (t, J1 = 6.8, J2 = 6.0 
Hz, 1H, para protons of Ar - NHCSNH - CH), 5.16 (m, 1H, Ar - NHCSNH - CH), 3.70 (dd, J1 = 4.8, J2 = 4 Hz, 1H, - 
CHCH2SH), 3.10 (dd, J1 = 5.2, J2 = 4.0 Hz, 1H, - CHCH2SH, Ha), 2.99 (dd, J1 = 5.2, J2 = 4.8 Hz, 1H, -CHCH2SH, Hb).

2

9.95 (s, 1H, - OH), 7.94 (s, 1H, Ar - NHCSNH - CH), 7.18 (d, J = 7.6 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 
7.55 - 7.43 (m, 3H, meta protons of Ar - NHCSNH - CH and Ar - NHCSNH - CH), 5.15 (m, 1H, Ar – NHCSNH - CH), 
3.09 (dd, J1 = 9.6, J2 = 4.0 Hz, 1H, - CHCH2SH), 2.98 (dd, J1 = 9.6, J2 = 4.0 Hz, 1H, - CHCH2SH, Ha), 2.38 (dd, J1= 4.0 Hz,  
J2 = 4.0 Hz, 1H, - CHCH2SH, Hb).

3

10.12 (s, 1H, - OH), 8.15 (s, 1H, Ar - NHCSNH - CH), 7.47 - 7.45 (m, 3H, meta protons of Ar - NHCSNH - CH and Ar 
- NHCSNH - CH), 7.37 (d, J= 8.0 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 5.10 (m, 1H, Ar - NHCSNH - CH), 
3.97 (dd, J1 = 5.6, J2=4.2 Hz, 1H, - CHCH2SH), 2.91 (dd, J1=5.8, J2 = 5.6 Hz, 1H, - CHCH2SH, Ha), 2.82 (dd, J1 = 5.6, J2 = 
4.2 Hz, 1H, - CHCH2SH, Hb).

4

10.44 (s, 1H, - OH), 7.94 (s, 1H, Ar - NHCSNH - CH), 7.82 (s, 1H, Ar - NHCSNH - CH), 7.0 (m, 2H, meta protons of 
Ar - NHCSNH - CH), 6.78 (t, J1 = 8.4, J2 = 8.8 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 5.08 - 4.94 (m, 1H, Ar 
- NHCSNH - CH), 3.64 (dd, J1 = 8.8, J2 = 4.8 Hz, 1H, -CHCH2SH, Ha), 3.19 (dd, J1 = 8.8, J2 = 4.2 Hz, 1H, - CHCH2SH, 
Hb), 3.05 (dd, J1 = 4.8, J2 = 4.2 Hz, 1H, - CHCH2SH).

5

9.85 (s, 1H, - OH), 8.76 (s, 1H, Ar - NHCSNH - CH), 7.83 (d, J = 8.4 Hz, 2H, meta protons of Ar - NHCSNH - CH), 
7.79 (s, 1H, Ar - NHCSNH - CH), 7.46 (d, J = 7.2 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 5.15 (m, 1H, Ar - 
NHCSNH - CH), 3.89 (dd, J1 = 4.6, J2 = 4.0 Hz, 1H, - CHCH2SH), 2.11 (dd, J1 = 5.8, J2 = 4.6 Hz, 1H, - CHCH2SH, Ha), 
2.71 (dd, J1 = 5.2, J2 = 4.0 Hz, 1H, - CHCH2SH, Hb).
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± 1.1 µM), 13 (IC50: 37.2 ± 0.1 µM) and 10 (IC50: 45.8 ± 0.4 µM) displayed higher activities than galantamine (IC50: 46.4 ± 
0.8 µM).

Synthesized chiral thiourea derivatives were evaluated for their inhibitory effects on tyrosine enzyme at different 
concentrations. The results were compared with kojic acid and ˪-mimosine as given in Table 2. According to assay results, 
14, 10, 12, 6, 13, and 11 showed the best tyrosinase inhibitory activity with IC50 values of 1.1 ± 0.1, 1.5 ± 0.3, 1.6 ± 0.6, 1.9 
± 0.5, 2.2 ± 0.9 and 2.9 ± 0.2 mM, respectively. 

The chiral thiourea derivatives were evaluated for their inhibitory effects on urease enzyme at different concentrations. 
The results were compared with thiourea (Table 2). Compound 14 (IC50: 13.4 ± 0.8 µM), 17 (IC50: 16.5 ± 0.6 µM), 10 (IC50: 
20.9 ± 1.0 µM), and 11 (IC50: 22.1 ± 0.1 µM) exhibited excellent activities in the urease inhibitory activity than thiourea 
with IC50 of 24.20 ± 0.3 µM. 

Table 1. (Continued).

Compound 1H NMR (400 MHz, DMSO - d6)

6

9.96 (s, 1H, - OH), 7.78 (s, 1H, Ar - NHCSNH - CH), 7.56 (s, 1H, Ar - NHCSNH - CH), 7.35 (d, J = 8.0 Hz, 2H, meta 
protons of Ar - NHCSNH - CH), 6.92 (d, J = 8.0 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 5.12 (m, 1H, Ar - 
NHCSNH - CH), 3.65 (dd, J1 = 4.8, J2 = 4.2 Hz, 1H, - CHCH2SH), 3.44 (s, 3H, - OCH3), 2.97 (dd, J1 = 5.4, J2 = 4.8 Hz, 
1H, - CHCH2SH, Ha), 2.90 (dd, J1 = 5.8, J2 = 4.2 Hz, 1H, - CHCH2SH, Hb).

7

10.42 (s, 1H, - OH), 8.47 (s, 1H, Ar - NHCSNH - CH), 7.87 (s, 1H, Ar - NHCSNH - CH), 7.22 (d, J = 6.8 Hz, 2H, meta 
protons of Ar - NHCSNH -  CH), 6.54 (d, J = 6.8 Hz, 2H, ortho protons of Ar - NHCSNH - CH), 5.29 (m, 1H, Ar - 
NHCSNH - CH), 3.46 (dd, J1 = 5.2, J2 = 4.6 Hz, 1H, - CHCH2SH), 3.10 (dd, J1 = 5.8, J2 = 5.2 Hz, 1H, - CHCH2SH, Ha), 
2.99 (dd, J1 = 5.6, J2 = 4.6 Hz, 1H, - CHCH2SH, Hb).

8
11.47 (s, 1H, - OH), 10.55 (s, 1H, Ar - NHCSNH - CH), 8.60 (s, 1H, Ar - NHCSNH - CH), 7.67 (s, 1H, Ar - H), 
7.26 - 7.46 (m, 2H, Ar - H), 5.17 - 5.10 (m, 1H, - CHCH2SH), 3.98 (s, 3H, OCH3), 3.12 (dd, J1 = 5.8, J2 = 5.6 Hz, 1H, - 
CHCH2SH, Ha), 3.08 (dd, J1 = 5.8, J2 = 4.2 Hz, 1H, - CHCH2SH, Hb), 2.97 (dd, J1 = 5.6, J2 = 4.0 Hz, 1H, - CHCH2SH).

9
10.21 (s, 1H, - OH), 9.07 (s, 1H, Ar - NHCSNH - CH), 7.13 - 6.99 (m, 2H, Ar - NHCSNH - CH and Ar - H), 6.60 (d, J 
= 8.3 Hz, 2H, Ar - H), 4.75 - 4.62 (m, 1H, - CHCH2SH), 3.33 - 3.36 (m, 2H, - CHCH2SH, Ha and Hb), 1.08 (dd, J1 = 5.2, 
J2 = 4.2 Hz, 1H, - CHCH2SH).

10
11.57 (s, 1H, - OH), 9.68 (s, 1H, Ar - NHCSNH - CH), 9.61 (s, 1H, Ar - NHCSNH - CH), 6.00 - 5.91 (m, 3H, Ar - H), 
5.16 - 5.06 (m, 1H, - CHCH2SH), 3.95 (s, 6H, OCH3), 2.81-2.95 (m, 2H, - CHCH2SH, Ha and Hb), 2.33 (dd, J1 = 4.8, J2 = 
4.0 Hz, 1H, -CHCH2SH).

11
10.99 (s, 1H, - OH), 9.76 (s, 1H, Ar - NHCSNH - CH), 9.55 (s, 1H, Ar - NHCSNH - CH), 6.67 - 7.01 (m, 3H, Ar - H), 
5.14 - 5.07 (m, 1H, - CHCH2SH), 3.83 (s, 6H, OCH3), 2.87 - 3.03 (m, 2H, - CHCH2SH, Ha and Hb), 2.38 (dd, J1 = 4.8, J2 
= 4.2 Hz, 1H, - CHCH2SH).

12
11.66 (s, 1H, - OH), 9.88 (s, 1H, Ar - NHCSNH - CH), 9.69 (s, 1H, Ar - NHCSNH - CH), 6.80 - 7.14 (m, 3H, Ar - H), 
5.13 - 5.08 (m, 1H, - CHCH2SH), 3.70 (s, 6H, OCH3), 2.98 - 3.10 (m, 2H, - CHCH2SH, Ha and Hb), 2.41 (dd, J1 = 5.0, J2 
= 4.4 Hz, 1H, - CHCH2SH).

13
10.68 (s, 1H, - OH), 8.95 (s, 1H, Ar - NHCSNH - CH), 8.47 (s, 1H, Ar - NHCSNH - CH), 7.24 - 6.70 (m, 3H, Ar - H), 
5.16 - 5.11 (m, 1H, - CHCH2SH), 3.78 (s, 6H, OCH3), 2.92 - 3.02 (m, 2H, - CHCH2SH, Ha and Hb), 2.33 (dd, J1 = 5.6, J2 
= 4.8 Hz, 1H, - CHCH2SH).

14
10.34 (s, 1H, - OH), 9.42 (s, 1H, Ar - NHCSNH - CH), 8.45 (s, 1H, Ar – NHCSNH - CH), 6.97 - 6.24 (m, 2H, Ar - H), 
5.17 - 5.12 (m, 1H, - CHCH2SH), 3.76 (s, 9H, OCH3), 3.38 - 3.17 (m, 2H, - CHCH2SH, Ha and Hb), 2.40 (dd, J1 = 5.0, J2 
= 4.6 Hz, 1H, - CHCH2SH).

15
11.00 (s, 1H, - OH), 9.85 (s, 1H, Ar - NHCSNH - CH), 9.63 (s, 1H, Ar - NHCSNH - CH), 7.09 - 6.66 (m, 3H, Ar - 
H), 5.16 - 5.10 (m, 1H, - CHCH2SH), 3.79-3.64 (m, 2H, -CHCH2SH, Ha and Hb), 3.17 (dd, J1= 5.2, J2= 4.8 Hz, 1H, 
-CHCH2SH).

16
11.72 (s, 1H, - OH), 9.43 (s, 1H, Ar - NHCSNH - CH), 9.02 (s, 1H, Ar - NHCSNH - CH), 7.05 - 6.64 (m, 4H, Ar - H), 
5.38 - 5.29 (m, 1H, - CHCH2SH), 3.14 (dd, J1 = 5.2, J2 = 4.0 Hz, 1H, - CHCH2SH, Ha), 3.06 (dd, J1 = 5.2, J2 = 4.8 Hz, 1H, - 
CHCH2SH, Hb), 2.93 (s, 6H, - N(CH3)2), 2.87 (dd, J1 = 4.8, J2 = 4.0 Hz, 1H, - CHCH2SH).

17

11.69 (s, 1H, - OH), 9.86 (s, 1H, Ar - NHCSNH - CH),  9.68 (s, 1H, Ar - NHCSNH - CH), 7.78 - 7.26 (m, 2H, Ar - H), 
6.96 - 6.68 (m, 2H, Ar - H), 5.38 - 5.27 (m, 1H, - CHCH2SH), 3.76 - 3.62 (m, 4H, N(CH2CH3)2), 3.12 (dd, J1 = 5.6, J2 
= 4.0 Hz, 1H, - CHCH2SH, Ha), 2.99 (dd, J1 = 5.6, J2 = 4.6 Hz, 1H, - CHCH2SH, Hb), 2.84 (dd, J1 =4.6, J2 = 4.0 Hz, 1H, - 
CHCH2SH), 1.32 (s, 6H, N(CH2CH3)2).
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Table 2. Anticholinesterase, tyrosinase and urease inhibitory activities of the synthesized 
compounds (1-17)a.

Compound

Anticholinesterase 
Inhibitory Activity

Tyrosinase Inhibitory 
Activity

Urease Inhibitory
Activity

AChE assay
IC50 (µM)

BChE assay
IC50 (µM)

Tyrosinase assay
IC50 (mM)

Urease assay
IC50 (µM)

1 23.4 ± 1.2 66.0 ± 0.1 9.7 ± 1.0 64.6 ± 0.4
2 36.4 ± 0.2 75.1 ± 0.5 28.8 ± 0.1 66.1 ± 0.7
3 31.7 ± 0.8 72.8 ± 1.1 16.1 ± 0.9 58.2 ± 0.4
4 28.5 ± 0.5 70.4 ± 0.9 12.5 ± 0.3 61.5 ± 0.3
5 16.7 ± 0.2 64.3 ± 0.7 10.4 ± 0.2 46.2 ± 0.7
6 8.1 ± 0.9 58.2 ± 0.1 1.9 ± 0.5 31.3 ± 0.2
7 46.8 ± 1.3 84.4 ± 0.9 35.0 ± 1.1 68.3 ± 0.5
8 9.5 ± 1.2 61.2 ± 0.5 4.0 ± 0.6 34.8 ± 0.2
9 40.3 ± 1.4 80.0 ± 0.6 15.7 ± 0.5 50.2 ± 0.1
10 6.8 ± 1.1 45.8 ± 0.4 1.5 ± 0.3 20.9 ± 1.0
11 7.2 ± 0.5 49.7 ± 0.9 2.9 ± 0.2 22.1 ± 0.1
12 7.8 ± 0.6 54.0 ± 1.3 1.6 ± 0.6 26.5 ± 0.4
13 5.7 ± 1.0 37.2 ± 0.1 2.2 ± 0.4 16.5 ± 0.6
14 4.8 ± 0.9 29.5 ± 1.1 1.1 ± 0.1 13.4 ± 0.8
15 44.6 ± 0.3 82.9 ± 0.4 22.2 ± 0.9 55.4 ± 1.3
16 4.2 ± 0.6 24.6 ± 0.7 4.7 ± 0.3 44.3 ± 1.1
17 3.9 ± 0.6 18.1 ± 0.5 5.3 ± 0.8 38.0 ± 0.4
Galantamine b 4.6 ± 0.1 46.4 ± 0.8 NT NT
Kojic acidb NT NT 0.66 ± 0.4 NT
L-mimosineb NT NT 0.70 ± 0.1 NT
Thioureab NT NT NT 24.20 ± 0.3

a Values expressed are means ± S.E.M. of three parallel measurements. p< 0.05, significantly 
different with student’s t-test. b Reference compounds. NT: Not tested.

In the development the oral bioavailability of new drug candidates, obtaining the maximum level of bioavailability 
is thought to play a significant role [40, 41]. Many drug candidates have a poor pharmacokinetic profile that limits their 
development. The ADME properties of chiral thioureas derivatives (1 - 17) were computed using SwissADME online 
toolkit. Evaluated parameters are presented in Table S1. Lipinski’s rule of five is an important approach to describe the 
relationships between physicochemical and pharmacokinetic properties in particularly and to be satisfied. According to 
this theory, this in silico study determines the drug-likeness of synthesized compounds compared to known drug. In 
Table S1, among synthesized chiral-thiourea drug-likeness scores was higher (–0.07) for 14. A good oral bioavailability is 
evaluated as the main of Log P ( < 5), MW ( < 500), HBA ( ≤ 10) and HBD ( < 5) values. The molecular flexibility is identified 
by the number of rotatable bonds (nROTB) which must be <10. nROTB values for the synthesized chiral derivatives are 
in the range of 6–9. Solubility parameter is whether the drug is soluble or moderately soluble, an important factor for 
the absorption of the drug. The insolubility is calculated using log S (ESOL) ranges 0–6 [42]. Pharmacokinetic properties 
such as blood brain barrier (BBB) permeability, gastrointestinal absorption and skin permeability are presented in Table 
S2. The bioavailability scores are given in Table S2 as Lipinski rule, Ghose (Amgen), Veber (GSK), Egan (Pharmacia) and 
Muegge (Bayer). P-glycoprotein (P - gp substrate) plays a prominent role in absorption and disposition of drugs. CYP1A2, 
CYP2C19, CYP2C9, CYP2D6, CYP3A4, which are the inhibitors of isoenzyme, means there might be the opportunities 
of accumulation or drug-drug interaction causing toxicity. According to the Ghose rule (put forward by Amgen),–0.4–+ 
5.6 of log P value should be between the 40–130 of molar refractivity, 180–480 of molecular weight and 20-70 of number 
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of atoms. According to the Egan rule, which put forward by Pharmacia Company for the prediction of human intestinal 
absorption stating, the log P value should not be more than 5.88 while TPSA should not be more than 131.6. The orally 
active stated by Verber for GSK pharmaceuticals, particularly, in some drugs like steroids, the molecular weight should be 
more than 500 D and nROTB number 10 or fewer, while PSA should not be more than 140 A0. Parameters of the Muegge 
rule proposed by Bayer Pharmaceuticals should be Mw (200–600 D), log P (- 2–+5), TPSA ( < 150), nROTB ( < 15), HBD 
( < 5), and HBA ( > 10) and, < 7 number of rings, > 4 number of carbon atoms, and number of heteroatoms more than 1. 
PAINS in Table S2, indicated whether the compound was a specific condition inherently. Synthetic Accessibility (SA) Score 
attributed principally on the assumption that the molecule in ‘really’ attainable having correlation with the ease of synthesis 

[42]. The bioactivity scores by a numerical value computed by Molinspiration of synthesized chiral - thioureas were offered 
as comparing with standard drug based on enzyme inhibitor (EI), GPCR ligand (GPCRL), ion channel modulator (ICM), 
kinase inhibitor (KI), nuclear receptor legend (NRL) and protease inhibitor (PI), as given in Table S3.

These studies give us important information without conducting experimental studies on the possible effects of chemical 
compounds on metabolism from their molecular structure and whether they can be used as drugs. Thousands of molecules 
are synthesized in the world every year. If will be very costly, is we do their bioactivity tests in the laboratory environment. 
Therefore, ADME studies are very important in understanding the potential of compounds as drugs [43]. It plays an 
important role in the drug development process, which lessens pharmacokinetic failures in the optimization stage of lead 
molecules and studies in several clinical phases of drug candidates with known pharmacodynamic and pharmacokinetic 
properties. This strategy is an efficient alternate approach to in silico prediction to use ADME (Absorption, Distribution, 
Metabolism and Elimination) prediction that brings us advantages over experimental predictions. For this purpose, the 
ADME studies of synthesized chiral thiourea compounds were carried out and are shown in Figure S1. Reliable drug 
considering bioavailability radar head, flexibility ( < 9), lipophilicity (-0.7–+ 0.5), polarity (20A–130A), saturation (0.25 < 
1), size (150 g / mol > 500g), and solubility ( < 6).

Gastrointestinal absorption (GI) and blood-brain barrier (BBB) are two pharmacokinetic behaviors critical to predict 
at different stages of the processes of drug discovery. As an accurate predictive model, the Brain Or IntestinaL EstimateD 
permeation (BOILED - Egg) method is handled by calculating the polarity and lipophilicity of small molecules. This 
approach is widely used to provide a visual cue in profiling synthesis of novel compounds in terms of their potential to 
be orally absorbed [44, 45]. For drug discovery, an attempt was made to evaluate the predictive power of the model for 
gastrointestinal passive absorption, given the undeniable efficacy of the Egan egg, and to describe it by predicting access 
to the brain via passive diffusion to finally place the BOILED - Egg (Brain or Gut Prediction model of Change). The 
graphical prediction of GI and BBB permeation of the synthesized thiourea compounds is shown in Figure 2. It explains 
well penetration within the brain with good intestinal absorption for yellow region, intestinal absorption for white region, 
and poor intestinal absorption for gray region. According to the BOILED - Egg plot, none of the chiral thiourea for 
BBB representing the yellow circle found in this region. In the white ellipse, which is the human intestinal absorption, 
compounds (compound 7, 10, 11, 12, 13, and 14 except) lie in this white ellipse. Compounds 7, 10, 11, 12, 13, and 
14 were in the gray area showing poor intestinal absorption. The blue dots, evidence of exhibiting good bioavailability, 
indicated that compounds could be a substrate for P - glycoprotein, reducing its absorption and penetration within brain. 
Particularly, compounds 1, 2, 3, 4, 5, 15, 16 and 17 may be promising agents that can be absorbed very easily by the 
gastrointestinal tract without a potential BBB permeability.

Alzheimer’s is an irreversible brain disorder defined by the loss of memory and learning ability in older patients. 
This disease is influencing large population around the world. Most of the clinically used drugs used to treat Alzheimer’s 
disease are acetylcholinesterase inhibitors (AChEIs). The enzyme Acetylcholinesterase (AChE), (E.C.3.1.1.7) have a key 
role in the hydrolysis of the released acetylcholine neurotransmitter [46]. If acetylcholinesterase is hindered, the hydrolysis 
of acetylcholine can be inspected which can be beneficial in the Alzheimer’s or dementia symptomatic relief [47]. But 
these drugs can maintain only symptomatic benefits and suffer with therapeutic potential loss in time. Besides, there is an 
immediate need of novel cholinesterase inhibitor agents with force and active therapeutic for the Alzheimer’s treatment. 
The in vitro anticholinesterase, tyrosinase and urease inhibition activities of the synthesized thiourea compounds (1 - 
17) is being reported in this study for the first time. Generally, these compounds exhibited excellent anticholinesterase, 
tyrosinase and urease inhibition activities. Tertiary amine (17, 16) and trimethoxy (14) based compounds showed more 
activity than galantamine against both AChE and BChE enzymes. According to the obtained data, the chiral thiourea 
derivatives containing a tertiary amine and trimethoxy groups utilized for their AChE and BChE inhibitory activity may 
be promising for further studies to treat Alzheimer’s disease. 

Melanin is a group of natural pigments that plays primary role in determining the color of eye, hair, and skin. 
Congenital tyrosinase deficiency causes melanin production disorder in the body while skin defects happen due to excess 
melanin synthesis. Cancer and Parkinson’s disease depends on abnormalities in activity of tyrosinase [48–51]. In this 
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context, many researchers that modulate the tyrosinase 
activity have discovered numerous natural and synthetic 
compounds [52–56]. Especially, synthetic phenylthiourea 
derivatives comprise another well-known major class of 
tyrosinase inhibitors. Among the synthesized compounds 
that thiourea derived compounds containing methoxy 
group had better tyrosinase activity. In general, it was 
found that compounds showed better tyrosinase activity as 
the number of methoxy groups increased in the structure. 
In this context, it can be concluded that the synthesis of 
different thiourea derivatives containing methoxy groups 
may be potential candidates for the treatment of skin 
disease associated with melanin biosynthesis. 

Urease (urea amidohydrolase, E.C. 3.5.1.5) is a nickel-
containing enzyme that catalyzes the urea hydrolysis into 
ammonia and carbamate, which is the last step of nitrogen 
metabolism in living organisms [57, 58]. The quick and 
spontaneous decomposition of carbamate gives carbonic 
acid and a second molecule of ammonia. These reactions 
may lead to significant pH increase. Moreover, they are 
liable for negative impacts of urease activity in animal 
and human health. Urease is one of the most common 
factors that is responsible for gastrointestinal infections 
and urinary tract [59]. Urease has direct influence on the 

infectious stone formation. Furthermore, it is involved in 
the pathogenesis of ammonia and hepatic encephalopathy, 
urolithiasis, pyelonephritis, hepatic coma, and urinary 
catheter encrustation [60, 61]. It is also known as the 
main reason of pathologies induced by Helicobacter pylori 
(HP), which permits bacteria to survive at acidic pH of 
the stomach during colonization and consequently plays a 
significant role in the gastric and peptic ulcer pathogenesis 
[45]. 

4. Conclusion
A series of chiral N-(substitutedphenyl)-N’-(2-mercapto-
carboxyethanyl)thioureas derivatives (1-17) were 
synthesized in this study. Structures of synthesized 
compounds were confirmed by spectroscopic methods 
using IR, 1H NMR, and elemental analysis (C, H, N, S). 
Compounds containing tertiary amine in the synthesized 
thiourea derivatives, especially those containing 
2,4-diomethoxy, 2,5-dimethoxy, and 3,4,5-trimethoxy, 
showed notable urease activities. In conclusion, novel 
thiourea-derived pharmaceuticals can be synthesized for 
urease inhibition based on tertiary amine and methoxy 
groups.

30

Figure 2. Graphical distribution of synthesized chiral thioureas and enzyme inhibitor standards according to the 
BOILED - EGG predictive model.



SICAK / Turk J Chem

674

References

1. Price N, Stevens L. Fundamentals of enzymology. Oxford: Oxford University Press, 1982, pp. 33. doi: 10.1016/0307-4412(83)90083-3

2. Nelson DL, Cox MM. Lehninger Principles of Biochemistry. 3rd ed., United States, New York: W. H. Freeman Press, 2000, pp. 201. doi: 
10.1007/s00897000455a

3. Robinson PK. Enzymes: principles and biotechnological applications. Essays in Biochemistry 2015; 59: 1-41. doi: 10.1042/bse0590001

4. Koppitz M, Eis K. Automated medicinal chemistry. Drug Discovery Today 2006; 11: 561-568. doi: 10.1016/j.drudis.2006.04.005

5. Saeed A, Shakil Shah M, Ali Larik F, Khan SU, Channar PA et al. Synthesis, computational studies and biological evaluation of new 1-acetyl-
3-aryl thiourea derivatives as potent cholinesterase inhibitors. Medicinal Chemistry Research 2017; 26: 1635-1646.  doi: 10.1007/s00044-
017-1829-6

6. van Greunen DG, van der Westhuizen CJ, Cordier W, Nell M, Stander A et al. Novel N-benzylpiperidine carboxamide derivatives as potential 
cholinesterase inhibitors for the treatment of Alzheimer’s disease. European Journal of Medicinal Chemistry 2019; 179: 680-693. doi: 
10.1016/j.ejmech.2019.06.088

7. Bano B, Kanwal, Khan KM, Lodhi, A, Salar U et al. Synthesis, in vitro urease inhibitory activity, and molecular docking studies of thiourea 
and urea derivatives. Bioorganic Chemistry 2018; 80: 129-144. doi: 10.1016/j.bioorg.2018.06.007

8. Kanwal, Khan M, Arshia, Khan KM, Parveen S et al. Syntheses, in vitro urease inhibitory activities of urea and thiourea derivatives of 
tryptamine, their molecular docking and cytotoxic studies. Bioorganic Chemistry 2019; 83: 595-610. doi: 10.1016/j.bioorg.2018.10.070

9. Meziant L, Bachir-bey M, Bensouici C, Saci F, Boutiche M et al. Assessment of inhibitory properties of flavonoid-rich fig (Ficus carica L.) 
peel extracts against tyrosinase, α-glucosidase, urease and cholinesterases enzymes, and relationship with antioxidant activity. European 
Journal of Integrative Medicine 2021; 43: 101272. doi: 10.1016/j.eujim.2020.101272

10. Feng M, Tang BH, Liang S, Jiang X. Sulfur containing scaffolds in drugs: synthesis and application in medicinal chemistry. Current Topics in 
Medicinal Chemistry 2016; 16: 1200-1216. doi: 10.2174/1568026615666150915111741

11. Kavanagh KL, Guo K, Dunford JE, Wu X, Knapp S et al. The molecular mechanism of nitrogen-containing bisphosphonates as antiosteoporosis 
drugs. Proceedings of the National Academy of Sciences 2006; 103: 7829-7834. doi: 10.1073/pnas.0601643103

12. Venkatachalam TK, Mao C, Uçkun FM. Effect of stereochemistry on the anti-HIV activity of chiral thiourea compounds. Bioorganic and 
Medicinal Chemistry 2004; 12: 4275-4284. doi: 10.1016/j.bmc.2004.04.050

13. Nishida CR, de Montellano PRO. Bioactivation of antituberculosis thioamide and thiourea prodrugs by bacterial and mammalian flavin 
monooxygenases. Chemico-Biological Interactions 2011; 192: 21-25. doi: 10.1016/j.cbi.2010.09.015

14. Yıldız İN, Oruç Emre EE, Taşdemir D, Karaküçük İyidoğan A, Ulaşlı M et al. Design and synthesis of novel thioureas derived from 4‐(4‐
fluorophenoxy)aniline as anticancer agents. Journal of the Chinese Chemical Society 2017; 64: 321-330. doi: 10.1002/jccs.201600193

15. Oliveira RB, Souza Fagundes EM, Soares PP, Andrade AA, Krettli AU et al. Synthesis and antimalarial activity of semicarbazone and 
thiosemicarbazone derivatives. European Journal of Medicinal Chemistry 2007; 43: 1983-1988. doi: 10.1016/j.ejmech.2007.11.012

16. Çelen A, Kaymakçıoğlu B, Gümrü S, Toklu H, Arıcıoğlu F. Synthesis and anticonvulsant activity of substituted thiourea derivatives. Marmara 
Pharmaceutical Journal 2011; 15: 43-47. doi: 10.12991/201115430

17. Larik FA, Shah MS, Saeed A, Shah HS, Channar PA et al. New cholinesterase inhibitors for Alzheimer’s disease: Structure activity relationship, 
kinetics and molecular docking studies of 1-butanoyl-3-arylthiourea derivatives. International Journal of Biological Macromolecules 
2018; 116: 144-150. doi: 10.1016/j.ijbiomac.2018.05.001

18. Liu P, Shu C, Liu L, Huang Q, Peng Y. Design and synthesis of thiourea derivatives with sulfur-containing heterocyclic scaffolds as potential 
tyrosinase inhibitors.  Bioorganic and Medicinal Chemistry 2016; 24: 1866-1871. doi: 10.1016/j.bmc.2016.03.013

19. Naz S, Zahoor M, Umar MN, Alghamdi S, Khayam Sahibzada MU,  et al. Synthesis, Characterization, and pharmacological evaluation of 
thiourea derivatives. Open Chemistry 2020; 18: 764-777. doi: 10.1515/chem-2020-0139

20. Alcolea V, Plano D, Karelia DN, Palop JA, Amin S et al. Novel seleno- and thio-urea derivatives with potent in vitro activities against several 
cancer cell lines. European Journal of Medicinal Chemistry 2016; 113: 134-144. doi: 10.1016/j.ejmech.2016.02.042

21. Mishra A, Batra S. Thiourea and guanidine derivatives as antimalarial and antimicrobial agents. Current Topics in Medicinal Chemistry 
2013; 13: 2011-2025. doi: 10.2174/15680266113139990126

22. Pattan S, Kedar M, Pattan J, Dengale S, Sanap M et al. Synthesis and evaluation of some novel 2,4-thiazolidinedione derivatives for 
antibacterial, antitubercular and antidiabetic activities. India Journal of Chemistry. 2012; 51: 1421-1425. 

23. Arden C, Petrie JL, Tudhope SJ, Al-Qanzi Z, Claydon AJ et al. Elevated glucose represses liver glucokinase and induces its regulatory protein 
to safeguard hepatic phosphate homeostasis. Diabetes 2011; 60: 3110-3120. doi: 10.2337/db11-0061

https://doi.org/10.1007/s00044-017-1829-6
https://doi.org/10.1007/s00044-017-1829-6
https://doi.org/10.1016/j.eujim.2020.101272


SICAK / Turk J Chem

675

24. Kulakov I, Nurkenov O, Akhmetova S, Seidakhmetova R, Zhambekov Z. Synthesis and antibacterial and antifungal activities of thiourea 
derivatives of the alkaloid anabasine. Pharmaceutical Chemistry Journal 2011; 45: 15-18. doi: 10.1007/s11094-011-0551-9

25. Ganes, A. Biological activities of some pyrazoline derivatives. International Journal of Pharma and Bio Sciences 2013; 4: 727-733.

26. Hasanen J, El-Deen I, El-Desoky R, Abdalla A. Synthesis of some nitrogen heterocycles and in vitro evaluation of their antimicrobial and 
antitumor activity. Research on Chemical Intermediates 2014; 40: 537-553. doi: 10.1007/s11164-012-0981-3

27. Rivera A, Maldonado M, Rios-Motta J. A facile and efficient procedure for synthesis of new benzimidazole-2-thione derivatives. Molecules 
2012; 17: 8578-8586. doi: 10.3390/molecules17078578

28. Imran S, Taha M, Ismail NH, Fayyaz S, Khan KM et al. Synthesis, biological evaluation, and docking studies of novel thiourea derivatives of 
bisindolylmethane as carbonic anhyras II inhibitor. Bioorganic Chemistry 2015; 62: 83-93. doi: 10.1016/j.boorg.2015.08.001

29. Choi J, Jee JG. Repositioning of thiourea-containing drugs as tyrosinase inhibitors. International Journal of Molecular Sciences 2015; 16: 
28534-28548. doi: 10.3390/ijms161226114.

30. Antunes S, Corre JP, Mikaty G, Douat C, Goossens PL et al. Effect of replacing main-chain ureas with thiourea and guanidinium surrogates 
on the bacterial activity of mebrane active oligourea foldamers. Bioorganic & Medicinal Chemistry 2017; 25: 4245-4252. doi: 10.1016/j.
bmc.2017.04.040

31. Suyoga, Vardhan D, Shantharam C, Suhas R, Sridhara M et al. Synthesis and urease inhibition studies of ureas and thioureas derived from 
amino acids conjugated heterocycle. International Journal of Chemistry and Pharmaceutical Sciences 2013; 4: 54-58. 

32. Liu J, Yang S, Li X, Fan H, Bhadury P et al. Synthesis and antiviral bioactivity of chiral thioureas containing leucine and phosphonate 
moieties. Molecules 2010; 15: 5112-5123. doi: 10.3390/molecules15085112

33. Kojime, M. Syntheses and antincrobial properties of isothiocyanate derivatives. Journal of Pharmaceutical Science 1974; 63: 1801-1803. doi: 
10.1002/jps.2600631135

34. Mahachi TJ, Carlson RM, Poe DP. p-N,N-dimetilaminophenylisothiocyanate as an electro-chemical label for high-performance liquid 
chromatographic determination of amino acids. Journal of Chromatography 1984; 298: 279-288. 

35. Ellman GL, Courtney KD, Andres V, Featherstone RM. A new and rapid colorimetric determination of acetylcholinesterase activity. 
Pharmacology 1961; 7: 88-95. doi: 10.1016/0006-2952(61)90145-9

36. Khatib S, Nerya O, Musa R, Shumel M, Tamir S, Vaya J. Chalcones as potent tyrosinase inhibitors: The importance of 2,4-disubstituted 
resorcinol moiety. Bioorganic and Medicinal Chemistry 2005; 13: 433-441. doi: 10.1016/j.bmc.2004.10.010

37. Weatherburn MW. Phenol-hypochlorite reaction for determination of ammonia. Analytical Chemistry 1967; 3: 971-974. doi: 10.1021/
ac60252a045

38. Ertl P, Rohde B, Selzer P. Fast calculation of molecular polar surface area as a sum of fragment-based contributions and its application to the 
prediction of drug transport properties. Journal of Medicinal Chemistry 2000; 43: 3714-3717. doi: 10.1021/jm000942e

39. Sıcak Y, Oruç-Emre EE, Öztürk M,  Taşkın-Tok T, Karaküçük-Iyidoğan A. Novel fluorine-containing chiral hydrazide-hydrazones: Design, 
synthesis, structural elucidation, antioxidant and anticholinesterase activity, and in silico studies. Chirality 2019; 31: 603-615. doi: 10.1002/
chir.23102

40. Hou T, Xu X. Recent development and application of virtual screening in drug discovery: an overview. Current Pharmaceutical Design 2004; 
10: 1011-1033. doi: 10.2174/1381612043452721

41. Tatar E, Karakuş S, Küçükgüzel ŞG, Öktem-Okullu S, Ünübol N et al. Design, synthesis, and molecular docking studies of a conjugated 
thiadiazole–thiourea scaffold as antituberculosis agents. Biological and Pharmaceutical Bulletin 2016; 39: 502-515. doi: 10.1248/bpb.
b15-00698

42. Shweta M, Rashmi D. In vitro ADME studies of TUG-891, a GPR-120 inhibitor using swissadme predictor. Journal of Drug Delivery and 
Therapeutics 2019; 9: 366-36927. doi: 10.22270/jddt.v9i2-s.2710

43. Ferreira LL, Andricopulo AD. ADMET modeling approaches in drug discovery. Drug Discovery 2019, 24, 1157-1165. doi: 10.1016/j.
drudis.2019.03.015

44. Şenkardeş S, Han Mİ, Kulabaş N, Abbak M, Çevik Ö et al. Synthesis, molecular docking and evaluation of novel sulfonyl hydrazones as 
anticancer agents and COX-2 inhibitors. Molecular Diversity 2020; 24: 673-689. doi: 10.1007/s11030-019-09974-z

45. Daina A, Zoete V. A BOILED-Egg to predict gastrointestinal absorption and brain penetration of small molecules. Chem Med Chem 2016; 
11: 1117-1121. doi: 10.1002/cmdc.201600182

46. Saini R, Saxena AK. The structural hybrids of acetylcholinesterase inhibitors in the treatment of Alzheimer’s disease: A review. Journal of 
Alzheimer’s and Neurodegenerative Diseases 2018; 4: 1-25. doi: 10.24966/AND-9608/100015



SICAK / Turk J Chem

676

47. Bari WU, Zahoor M, Zeb A, Khan I, Nazir Y et al. Anticholinesterase, antioxidant potentials, and molecular docking studies of isolated bioactive 
compounds from Grewia optiva. International Journal of Food Properties 2019; 22: 1386–1396. doi: 10.1080/10942912.2019.1650763

48. Cavalieri EL, Li KM, Balu N, Saeed M, Devanesan P et al. Catechol ortho-quinones: The electrophilic compounds that form depurinating 
DNA adducts and could initiate cancer and other diseases. Carcinogenesis 2002; 23; 1071-1077. doi: 10.1093/carcin/23.6.1071

49. Asanuma M, Miyazaki I, Ogawa N. Dopamine or L-DOPA-induced neurotoxicity: The role of dopamine quinone formation and tyrosinase 
in a model of Parkinson’s disease. Neurotoxicity Research 2003; 5: 165-176. doi: 10.1007/BF03033137

50. Pan T, Li X, Jankovic J. The association between Parkinson’s disease and melanoma. International Journal of Cancer 2011; 128: 2251-2260. 
doi: 10.1002/ijc.25912

51. Sendoel A, Kohler I, Fellmann C, Lowe SW, Hengartner MO. HIF-1 antagonizes p53-mediated apoptosis through a secreted neuronal 
tyrosinase. Nature 2010; 465: 577-583. doi: 10.1038/nature09141

52. Chang TS. An updated review of tyrosinase inhibitors. International Journal of Molecular Sciences 2009; 10: 2440-2475. doi: 10.3390/
ijms10062440

53. Kim YJ, Uyama H. Tyrosinase inhibitors from natural and synthetic sources: Structure, inhibition mechanism and perspective for the future. 
Cellular and Molecular Life Sciences 2005; 62: 1707-1723. doi: 10.1007/s00018-005-5054-y

54. Ubeid AA, Do S, Nye C, Hantash BM. Potent low toxicity inhibition of human melanogenesis by novel indole-containing octapeptides. 
Biochimica et Biophysica Acta 2012; 1820: 1481-1489. doi: 10.1016/j.bbagen.2012.05.003

55. Solano F, Briganti S, Picardo M, Ghanem G. Hypopigmentingagents: An updated review on biological, chemical and clinical aspects. Pigment 
Cell and Melanoma Research 2006; 19: 550-571. doi: 10.1111/j.1600-0749.2006.00334.x

56. Halaouli S, Asther M, Sigoillot JC, Hamdi M, Lomascolo A. Fungal tyrosinases: New prospects in molecular characteristics, bioengineering 
and biotechnological applications. Journal of Applied Microbiology 2006; 100: 219-232. doi: 10.1111/j.1365-2672.2006.02866.x

57. Mobley HL, Hausinger RP. Ureases: significance, regulation, and molecular characterization. Microbiological Reviews 1989; 53: 85-108. doi: 
10.1128/mr.53.1.85-108.1989

58. Karplus PA, Pearson MA, Hausinger RP. 70 Years of Crystalline Urease: What Have We Learned? Accounts of Chemical Research 1997; 30: 
330-337. doi: 10.1021/ar960022j

59. Collins CM, D’Orazio SEF. Bacterial ureases: structure, regulation of expression and role in pathogenesis. Molecular Microbiology 1993; 9: 
907-913. doi: 10.1111/j.1365-2958.1993.tb01220.x

60. Mobley HLT, Island MD, Hausinger RP. Molecular biology of microbial ureases. Microbiological Reviews 1995; 59: 451-480. doi: 10.1128/
mr.59.3.451-480.1995

61. Samtoy B, DeBeukelaer MM. Ammonia encephalopathy secondary to urinary tract infection with proteuis mirabilis. Pediatrics 1980; 65: 
294-297.



SICAK / Turk J Chem

1

Figure S1. The bioavailability radar of synthesized chiral thioureas and enzyme inhibitor standards using Swiss ADME predictor.
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Table S1. SMILES, Lipinski rule of five and drug likeness of the synthesized thioureas.

Thioureas SMILES Molecular properties Drug likeliness

1

C1=CC=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H]

Molecular formula: C10H12N2O2S2
Molecular weight: 256.03
Number of HBA: 4
Number of HBD: 4
MolLogP: 1.12
MolLogS: –1.95 (in Log (moles/L)) 2865.75 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 225.28 A3

Number of stereo centers: 1
Drug-likeness model score: -0.56

2
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])Br

Molecular formula: C10H11BrN2O2S2
Molecular weight: 333.94
Number of HBA: 4
Number of HBD: 4
MolLogP: 2.15
MolLogS: -2.76 (in Log (moles/L)) 584.03 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 247.13 A3

Number of stereo centers: 1
Drug-likeness model score: 0.09

3
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])Cl

Molecular formula: C10H11ClN2O2S2
Molecular weight: 290.00
Number of HBA: 4
Number of HBD: 4
MolLogP: 1.91
MolLogS: -2.66 (in Log (moles/L)) 632.30 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 242.47 A3

Number of stereo centers: 1
Drug-likeness model score: 0.48

4
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])F

Molecular formula: C10H11FN2O2S2
Molecular weight: 274.02
Number of HBA: 4
Number of HBD: 4
MolLogP: 1.38
MolLogS: –1.99 (in Log (moles/L)) 2782.27 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 231.19 A3

Number of stereo centers: 1
Drug-likeness model score: 0.23

5
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])C(F)(F)F

Molecular formula: C11H11F3N2O2S2
Molecular weight: 342.02
Number of HBA: 4
Number of HBD: 4
MolLogP: 2.26
MolLogS: -2.80 (in Log (moles/L)) 516.91 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 262.20 A3

Number of stereo centers: 1
Drug-likeness model score: -0.44
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Table S1. (Continued).

Thioureas SMILES Molecular properties Drug likeliness

6
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC

Molecular formula: C11H14N2O3S2
Molecular weight: 286.04
Number of HBA: 5
Number of HBD: 4
MolLogP: 0.37
MolLogS: –1.85 (in Log (moles/L)) 4010.36 (in mg/L) 
MolPSA: 56.24 A2

MolVol: 262.12 A3

Number of stereo centers: 1
Drug-likeness model score: -0.08

7
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])C#N

Molecular formula: C11H11N3O2S2
Molecular weight: 281.03
Number of HBA: 5
Number of HBD: 4
MolLogP: 0.92
MolLogS: -2.12 (in Log (moles/L)) 2121.05 (in mg/L) 
MolPSA: 65.75 A2

MolVol: 259.25 A3

Number of stereo centers: 1
Drug-likeness model score: -0.50

8
C1=CC(=CC(=C1Cl)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC

Molecular formula: C11H14ClN2O3S2
Molecular weight: 320.01
Number of HBA: 5
Number of HBD: 4
MolLogP: 1.88
MolLogS: -2.59 (in Log (moles/L)) 827.94 (in mg/L) 
MolPSA: 55.54 A2

MolVol: 273.58 A3

Number of stereo centers: 1
Drug-likeness model score: 0.23

9
C1=CC(=CC(=C1Cl)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC(F)(F)F

Molecular formula: C11H10ClF3N2O2S2
Molecular weight: 357.98
Number of HBA: 4
Number of HBD: 4
MolLogP: 2.86
MolLogS: -3.23 (in Log (moles/L)) 209.66 (in mg/L) 
MolPSA: 48.00 A2

MolVol: 278.66 A3

Number of stereo centers: 1
Drug-likeness model score: 0.07

10
C1=C(C=C(C(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC)OC

Molecular formula: C12H16N2O4S2
Molecular weight: 316.06
Number of HBA: 6
Number of HBD: 4
MolLogP: 1.32
MolLogS: -2.12 (in Log (moles/L)) 2398.85 (in mg/L) 
MolPSA: 63.17 A2

MolVol: 289.44 A3

Number of stereo centers: 1
Drug-likeness model score: -0.49
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Table S1. (Continued).

Thioureas SMILES Molecular properties Drug likeliness

11
C1(=CC=C(C(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC)OC

Molecular formula: C12H16N2O4S2
Molecular weight: 316.06
Number of HBA: 6
Number of HBD: 4
MolLogP: 1.31
MolLogS: -2.12 (in Log (moles/L)) 2408.92 (in mg/L) 
MolPSA: 63.17 A2

MolVol: 289.44 A3

Number of stereo centers: 1
Drug-likeness model score: -0.26

12
C1=C(C(=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC)OC

Molecular formula: C12H16N2O4S2
Molecular weight: 316.06
Number of HBA: 6
Number of HBD: 4
MolLogP: 0.84
MolLogS: -2.00 (in Log (moles/L)) 3140.17 (in mg/L) 
MolPSA: 63.95 A2

MolVol: 288.55 A3

Number of stereo centers: 1
Drug-likeness model score: -0.62

13
C1(=CC(=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC)OC

Molecular formula: C12H16N2O4S2
Molecular weight: 316.06
Number of HBA: 6
Number of HBD: 4
MolLogP: 1.52
MolLogS: -2.06 (in Log (moles/L)) 2776.34 (in mg/L) 
MolPSA: 63.78 A2

MolVol: 289.19 A3

Number of stereo centers: 1
Drug-likeness model score: -0.20

14
C1(=C(C(=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])OC)OC)OC

Molecular formula: C13H18N2O5S2
Molecular weight: 346.07
Number of HBA: 7
Number of HBD: 4
MolLogP: 0.82
MolLogS: -2.08 (in Log (moles/L)) 2860.61 (in mg/L) 
MolPSA: 71.67 A2

MolVol: 320.39 A3

Number of stereo centers: 1
Drug-likeness model score: -0.07

15
C1=CC(=CC(=C1Cl)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])Cl

Molecular formula: C10H10Cl2N2O2S2
Molecular weight: 323.96
Number of HBA: 4
Number of HBD: 4
MolLogP: 2.86
MolLogS: -3.14 (in Log (moles/L)) 235.51 (in mg/L) 
MolPSA: 48.69 A2

MolVol: 259.89 A3

Number of stereo centers: 1
Drug-likeness model score: -0.14
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Table S1. (Continued).

Thioureas SMILES Molecular properties Drug likeliness

16
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])N(C)C

Molecular formula: C12H17N3O2S2
Molecular weight: 299.08
Number of HBA: 4
Number of HBD: 4
MolLogP: 1.38
MolLogS: -2.27 (in Log (moles/L)) 1594.71 (in mg/L) 
MolPSA: 51.50 A2

MolVol: 274.83 A3

Number of stereo centers: 1
Drug-likeness model score: -0.13

17
C1=C(C=CC(=C1)
N(C(N(C(C(=O)O[H])CS[H])
[H])=S)[H])N(CC)CC

Molecular formula: C14H21N3O2S2
Molecular weight: 327.11
Number of HBA: 4
Number of HBD: 4
MolLogP: 2.12
MolLogS: -2.85 (in Log (moles/L)) 461245 (in mg/L) 
MolPSA: 51.43 A2

MolVol: 313.14 A3

Number of stereo centers: 1
Drug-likeness model score: -0.11
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Table S3. Molinspiration bioactivity scores and Molsoft calculated percentage 
absorptions for thioureas 1-17.

Thioureas
Molinspiration bioactivity scores Molsoft 
GPCRL ICM KI NRL PI EI Absorption, %

1 –0.53 –0.35 –0.94 –0.97 –0.07 0.19 87.83
2 –0.59 –0.42 –0.89 –1.00 –0.18 0.11 87.83
3 –0.45 –0.32 –0.85 –0.87 –0.07 0.17 87.83
4 –0.43 –0.33 –0.78 –0.81 –0.04 0.19 87.83
5 –0.16 –0.15 –0.48 –0.37 0.18 0.25 87.83
6 –0.43 –0.39 –0.77 –0.75 –0.03 0.17 84.65
7 –0.34 –0.29 –0.59 –0.60 0.07 0.29 79.63
8 –0.41 –0.40 –0.66 –0.76 –0.12 0.08 84.65
9 –0.16 –0.17 –0.41 –0.39 0.10 0.15 87.83
10 –0.32 –0.43 –0.60 –0.60 –0.02 0.14 81.46
11 –0.33 –0.41 –0.59 –0.64 –0.01 0.13 81.46
12 –0.32 –0.38 –0.57 –0.65 0.02 0.16 81.46
13 –0.30 –0.36 –0.58 –0.58 0.05 0.18 81.46
14 –0.24 –0.34 –0.46 –0.59 0.08 0.16 78.27
15 –0.39 –0.30 –0.71 –0.84 –0.10 0.13 87.83
16 –0.28 –0.29 –0.59 –0.61 0.08 0.23 86.72
17 –0.15 –0.28 –0.50 –0.49 0.13 0.17 86.72

GPCRL: GPCR ligand; ICM: Ion channel modulator; KI: Kinase inhibitor; NRL: 
Nuclear receptor ligend; PI: Protease inhibitor; EI: Enzyme inhibitor.


