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 Abstract: Background: Thiohydantoins are an important class of heterocyclic compounds in drug 
discovery since they are related to a wide range of biological properties including antimicrobial ac-
tivity. 

Objective: The objective of this study was to synthesize a series of thiohydantoins derived from L-
aminoacids and to evaluated their inhibitory effect on the growth of Gram-negative and Gram-
positive bacteria. 

Methods: All title compounds were synthetized by reaction of L-amino acids with thiourea or am-
monium thiocyanate. Their antimicrobial activities were evaluated against bacterial strains by broth 
microdilution assays. The time-kill kinetics, the antibiofilm activity and the cytotoxicity to mamma-
lian cells were determined for the compound that exhibited the best antimicrobial profile (1b).  

Results: Eleven thiohydantoins were readily obtained in good yields (52-95%). In general, thiohy-
dantoins were more effective against Gram-positive bacteria. Compound 1b (derived from L-
alanine) showed the best antibacterial activity against Staphylococcus epidermis ATCC 12228 and 
S. aureus BEC 9393 with MIC values of 940 and 1921 μM, respectively. The time-kill kinetics 
demonstrated time-dependent bactericidal effect in both strains for this derivative. Besides, 1b also 
exhibited antibacterial activity against biofilms of S. epidermidis ATCC 12228, leading to a 40% 
reduction in their metabolic activity compared to the untreated control. No cytotoxicity of 1b to 
mammalian cells was observed at MIC values. 

Conclusion: The data reported herein indicate relevant antimicrobial activity of thiohydantoins de-
rived from L-aminoacid, mainly 1b, as potential pharmacophore to guide further chemical modifica-
tion aiming at the search for new and improved antimicrobial agents. 
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1. INTRODUCTION 

 Microbial infections are associated with high morbidity 
and mortality among hospitalized patients worldwide. 
Healthcare-Associated Infections (HAI) lead to increased 
hospital stay and financial losses for the health system. The 
World Health Organization (WHO) emphasizes that out of 
every 100 hospitalized patients, 7 (in developed countries) 
and 10 (in developing countries) will acquire at least one HAI, 
which can be associated with high mortality rates [1, 2]. 

 These infections become even more relevant when 
associated with antimicrobial resistant microorganisms in 
which treatments with the last resort antibiotics are 
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ineffective Considering the negative impact of antibiotic 
resistance throughout the health system, the discovery and 
development of new efficient and safer drugs are needed. 
Thus, the screening for antimicrobial agents with different 
mechanisms of action is particularly promising, because of 
their potential for the establishment of new strategies to 
control antimicrobial resistant pathogens [3-5]. 

 In drug discovery, thiohydantoins are an important class 
of heterocyclic compounds since these compounds are 
related to a wide range of biological properties, such as 
anticonvulsant, antiparasitic, antiviral, antitumoral, 
antioxidant, anticarcinogenic, anti-ulcer, anti-inflammatory, 
antithyroid, hypolipidemic, and antimicrobial activity [6-22]. 
Therefore, in our continuous program to the search for new 
candidates for antimicrobial agents, we proposed the 
synthesis of some thiohydantoins (1a-i and 2a-c) by a 
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cyclization reaction using nine different L-amino acids and 
thiourea as starting material. The design concept used for 
proposing the synthesis and antimicrobial evaluation of 
thiohydantoins was supported by our previous results that 
showed the inhibitory effect of some acylthioureas on 
growth of several bacterial and fungal species [23]. Besides, 
the potential of the acylthioureas as antimicrobial agents also 
can be confirmed by several reports in the literature [24-27]. 
Hence, as thiohydantoins are cyclic analogues of 
acylthioureas, we decide to investigate their antibacterial 
potential against gram-positive and gram-negative bacteria, 
including antibacterial-resistant strains. Several lateral chains 
of amino acids were chosen to verify the influence of the 
different steric and electronic characteristics on the 
biological activity and, therefore, to carry out a preliminary 
structure-activity relationship study of this series of 
compounds. Moreover, the most promising compound was 
analyzed for bacterial killing-kinetics and antibiofilm 
activity, and cytotoxicity for mammalian cells (Fig. 1). 

2. EXPERIMENTAL  

2.1. General 

 Analytical grade solvents were used as received. The 
Melting Points (MP) were determined on hot plate apparatus 
Microchemistry MQAPF 302. NMR spectra were obtained 
on a Bruker spectrometer (Model Ascend 400) operating at 
400.13 MHz for 1H and 100.13 MHz for 13C equipped with a 
5 mm broadband probe. NMR spectra were recorded using 
DMSO-d6 or D2O as a solvent. Chemical shifts (δ in ppm) 
were referenced for residual solvent signals (DMSO in 
DMSO at 2.50, HDO in D2O-d2 at 4.70). The multiplicity of 
the 1H NMR signals are reported as follows: Singlet (s), 
doublet (d), double-doublet (dd), triplet (t), quartet (q), broad 
(br) and multiplet (m). The coupling constants (J) are 
reported in Hz. 

2.2. Chemistry  

2.2.1. Synthesis of Thiohydantoins (1d-i) 

 A mixture of a L-amino acid (60mmol) and thiourea  
(20mmol) was placed in a round bottomed flask and heated 

at 170-210ºC for 60 minutes under magnetic stirring. The 
mixture was allowed to cool down at room temperature and 
water (20 mL) was added. The resulting mixture was heated 
to dissolve all the solids present and then, stored at 5°C for 
24 hours. The crystals were removed by vacuum filtration 
and the crude product was purified by recrystallization in 
water. 

2.2.1.1. 5-Isopropyl-2-Thioxoimidazolidin-4-One (1d) 
 (L-valine) Yield: 196.00 mg (62%); Yellow solid; Mp. 
134-136°C (Lit. Mp. 137-140ºC [28, 29]); 1H NMR (400 
MHz, DMSO-d6) δ 0.81 (d, J= 6.77 Hz, 3H), 0.95 (d, J= 6.77 
Hz, 3H), 2.00-2.07 (m, 1H), 4.10 (d, J= 3.65 Hz, 1H), 10.02 
(br, 1H); 13C NMR (100 MHz, DMSO-d6) δ 16.5 (CH3), 18.7 
(CH3), 30.4 (CH), 66.2 (CH), 176.4 (C=O), 183.4  
(C=S). 

2.2.1.2. 5-Isobutyl-2-Thioxoimidazolidin-4-One (1e) 

 (L-leucine) Yield: 292.26 mg (85%); Yellow solid; Mp. 
165-170°C (Lit. Mp. 177-178ºC [28, 29]); 1H NMR (400 
MHz, DMSO-d6) δ 0.88 (d, J= 6.71 Hz, 6H), 1.44-1.49 (m, 
2H), 1.76-1.83 (m, 1H), 4.22 (dd, J= 5.17-8.33 Hz, 1H), 
10.12 (s, 1H), 11.66 (s, 1H); 13C NMR (100 MHz, DMSO-
d6) δ 22.0 (CH3), 23.4 (CH3), 24.4 (CH), 59.7 (CH), 177.4 
(C=O), 182.4 (C=S). 

2.2.1.3. 5-(2-(methylthio)Ethyl)-2-Thioxoimidazolidin-4-
One (1f) 

 (L-methionine) Yield: 252.67 mg (72%); Yellow solid; 
Mp. 139-145°C (Lit. Mp. 147-149°C [28, 29]); 1H NMR 
(400 MHz, DMSO-d6) δ 1.77-1.88 (m, 1H), 1.90-1.99 (m, 
1H), 2.04 (s, 3H), 2.49-2.59 (m, 2H), 4.30 (dd, J= 4.89-7.75 
Hz, 1H), 10.08 (br, 1H), 11.69 (s, 1H); 13C NMR (100 MHz, 
DMSO-d6) δ 14.9 (CH3), 29.1 (CH2), 30.7 (CH2), 60.0 (CH), 
176.8 (C=O), 182.9 (C=S). 

2.2.1.4. 3-Thioxohexahydro-1H-Pyrrolo [1, 2-c]Imidazol-1-
one (1g) 
 (L-proline) Yield: 114.57 mg (37%); Yellow solid; Mp. 
153-155°C (Lit. Mp. 161-163ºC [29, 30]); 1H NMR (400 
MHz, DMSO-d6) δ 1.60-1.71 (m, 1H), 2.03-2.18 (m, 4H), 
3.66-3.73 (m, 1H), 4.39 (dd, J= 6.19-10.06 Hz, 1H), 11.73 
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Fig. (1). Design concept of thiohydantoins (1a-i and 2a-c).� 
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(br, 1H); 13C NMR (100 MHz, DMSO-d6) δ 26.3 (CH2), 
27.3 (CH2), 47.8 (CH2), 66.8 (CH), 175.8 (C=O), 186.5 
(C=S). 

2.2.1.5. 5-Benzyl-2-Thioxoimidazolidin-4-One (1h) 

 (L-phenylalanine) Yield: 290.91 mg (71%); Yellow 
solid; Mp. 165-167°C (Lit. Mp. 178-180ºC [28, 29]); 1H 
NMR (400 MHz, DMSO-d6) δ 2.98 (dd, J = 4.94-14.36 
Hz, 2H), 4.55 (t, J= 4.94 Hz, 1H), 7.16-7.29 (m, 5H), 
10.06 (s, 1H), 11.43 (s, 1H); 13C NMR (100 MHz, 
DMSO-d6) δ 36.1 (CH2), 61.8 (CH), 127.3 (CH), 128.6 
(CH), 130.1 (CH), 135.5 (C), 176.1 (C=O), 182.7 (C=S). 

2.2.1.6. 5-((1H-indol-3-yl) Methyl)-2-Thioxoimidazolidin-4-
One (1i) 

 (L-tryptophan) Yield: 162.03 mg (33%); Yellow solid; 
Mp. 166, 5-168,2°C (Lit. Mp. 190-192ºC [28, 29]); 1H 
NMR (400 MHz, DMSO-d6) δ 3.08-3.19 (m, 2H), 4.53 
(dd, J= 4.24-4.91 Hz, 1H), 6.95-7.00 (m, 1H), 7.04-7.08 
(m, 1H), 7.11 (d, J= 2.37 Hz, 1H), 7.31-7.33 (m, 1H), 
7.55 (d, J= 7.94 Hz, 1H), 10.06 (s, 1H) 10.91 (s, 1H), 
11.37 (s, 1 H); 13C NMR (100 MHz, DMSO-d6) δ 26.1 
(CH2), 61.8 (CH), 107.8 (CH), 111.7 (CH), 118.8 (CH), 
121.3 (CH), 124.6 (C), 127.8 (C), 136.3 (C), 176.7 (C=O), 
182.8 (C=S). 

2.2.2. General Procedure for the Synthesis of Acyl-
thiohydantoins (2a-b) and Thiohydantoin (2c) 

 A mixture of the appropriate L-amino acid (13.3 mmol) 
and ammonium thiocyanate (13.3 mmol) was added to acetic 
anhydride (79.3 mmol) and was placed in a round bottomed 
flask and heated at 100ºC for 30 minutes under magnetic 
stirring. The mixture was allowed to cool down at room 
temperature and cold water (20 mL) was added. Then, the 
mixture was stored at 5ºC for 24 hours, the crystals were 
removed by vacuum filtration and the crude product was 
purified by recrystallization in water. 

2.2.2.1. 1-Acetyl-2-Thioxoimidazolidin-4-One (2a) 

 (L-glycine) Yield: 110.50 mg (52%); Orange solid; Mp. 
168-170°C (Lit. Mp. 173-174ºC [31]); 1H NMR (400 MHz, 
DMSO-d6) δ 2.68 (s, 3H), 4.40 (s, 1H), 12.57 (s, 1H); 13C 
NMR (100 MHz, DMSO-d6) δ 27.0 (CH3), 52.6 (CH2), 169.8 
(C=O), 170.8 (C=O), 182.9 (C=S). 

2.2.2.2. 1-Acetyl-5-Methyl-2-Thioxoimidazolidin-4-one (2b) 

 (L-alanine) Yield: 210.70 mg (92%); White solid; Mp. 
160-162°C (Lit. Mp. 164-166ºC [31]); 1H NMR (400 MHz, 
DMSO-d6) δ 1.43 (d, J= 7.00 Hz, 3H), 2.71 (s, 3H), 4.68 (q, 
J= 7.00 Hz, 1H), 12.63 (s, 1H); 13C NMR (100 MHz, 
DMSO-d6) δ 16.3 (CH3), 27.8 (CH3), 59.2 (CH), 170.1 
(C=O), 174.4 (C=O), 182.7 (C=S). 

2.2.2.3. (Z)-5-Ethylidene-2-Thioxoimidazolidin-4-one (2c) 

 (L-threonine) Yield: 105.06 mg (56%); Yellow solid; 
Mp. 252-255°C (Lit. Mp. 264ºC [28, 32]); 1H NMR (400 
MHz, DMSO-d6) δ 1.86 (d, J= 7.68 Hz, 3H), 5.71 (q, J= 7.68 
Hz, 1H), 11.92 (s, 1H), 12.06 (s, 1H); 13C NMR (100 MHz, 
DMSO-d6) δ 13.0 (CH3), 112.2 (CH), 132.2 (C), 164.6 
(C=O), 178.4 (C=S). 

2.2.3. General Procedure for Deacetylation. Synthesis of 
Thiohydantoins 1a-b 

 Corresponding acyl-thiohydantoin (1 mmol) was added 
at 10 mL of hydrochloric acid solution (5M) and was placed 
in a round bottomed flask and heated at 110ºC for 60 
minutes under magnetic stirring. The mixture was allowed to 
cool down at room temperature and then, the resulting clear 
yellow solution was extracted with 3 x 10 mL of ethyl 
acetate. The combined organic layers were dried over 
Na2SO4, concentrated, and dried under vacuum to afford the 
thiohydantoins of interesting.  

2.2.3.1. 2-Thioxoimidazolidin-4-One (1a) 

 (L-glycine) Yield: 6.38 mg (55%); Orange solid; Mp. 204-
206°C (Lit. Mp. 229-231ºC [31, 33]); 1H NMR (400 MHz, 
DMSO-d6) δ 4.08 (d, 2H), 9.84 (s, 1H), 11.64 (s, 1H); 13C NMR 
(100 MHz, DMSO-d6) δ 50.8 (CH2), 175.1 (C=O), 183.9 (C=S). 

2.2.3.2. 5-Methyl-2-Thioxoimidazolidin-4-One (1b) 

 (L-alanine) Yield: 12.36 mg (95%); White solid; Mp. 
158–160°C (Lit. Mp. 165-166ºC [31-34]); 1H NMR (400 
MHz, DMSO-d6) δ 1.24 (d, J = 7.16 Hz, 3H), 4.22 (dd, J= 
0.86-6.97 Hz, 1H), 9.99 (s, 1H), 11.62 (s, 1H); 13C NMR 
(100 MHz, DMSO-d6) δ 16.5 (CH3), 56.7 (CH), 177.7 
(C=O), 182.5 (C=S). 

2.3. Antimicrobial Activity 

2.3.1. Bacteria and Growth Conditions 

 Staphylococcus epidermidis ATCC 12228, S. epidermidis 
ATCC 1E4248, Streptococcus pyogenes ATCC 19615, 
Klebsiella pneumoniae ATCC 700603, K. pneumoniae 
ATCC 10031, Proteus mirabilis ATCC 7002, Escherichia 
coli ATCC 8739, Enterococcus faecium ATCC 6569, 
Streptococcus agalactiae ATCC 13813, and methicillin-
resistant S. aureus (MRSA) BEC9393 were included in this 
study. Bacteria were grown in Brain Heart Infusion (BHI, 
Difco) agar at 37oC for 24 h. Before the experiments, colony 
forming units (CFU) of each bacterium were transferred to 
BHI Broth to achieve a turbidity equivalent to a 0.5 
McFarland standard using the DensiCHECK™ PLUS 
colorimeter (bioMérieux), which corresponded to 
approximately 1.0 to 2.0 x 108 CFU/mL (standard bacterial 
suspension). Bacteria were stored in BHI containing 20% 
glycerol at -80oC. 

2.3.2. Determination of Minimum Inhibitory Concentration 

 The inhibitory activity of the thiohydantoins on the 
growth of all bacteria was determined by broth microdilution 
assays according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines [35]. A standard bacterial 
suspension of each bacterial species was added to wells of 
96-wells U-bottom microtiter plates (Techno Plastic 
Products, Switzerland) containing twofold serial dilutions of 
each compound in Muller-Hinton Broth (MHB, Difco®). 
Concentrations ranging from 62.5 to 1000 µg/mL were 
evaluated. Wells containing medium or medium plus 1% 
DMSO and wells without bacterial cells in each plate served 
as growth and sterility controls, respectively. The minimum 
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inhibitory concentration of the thiohydantoins was 
determined at total inhibition of visual growth after 24 h at 
37 oC compared to untreated cells. The assays were carried 
in duplicate on three different occasions. 

2.3.3. Time Kill Kinetics 

 The bacterial killing kinetics in presence of thiohydantoin 
1b was analyzed by time-kill assay [36]. Bacterial cells (5 x 
106 CFU/mL) were added in MHB containing the compound 
at MIC values and incubated at 37oC. At specific time points 
(0, 2, 4, 7, 10 and 24 h), 20 µL were removed from each well 
and diluted tenfold in 0.15 M phosphate-buffered saline pH 
7.2 (PBS). An aliquot of 100 µL of each dilution was 
inoculated on plates of MH Agar and the CFU counts were 
determined after incubation at 37ºC for 24 h. Data of two 
independent experiments were averaged and plotted as log10 
CFU/mL versus time (h). 

2.3.4. Effect of Compound 1b on Staphylococcus 
Epidermidis Biofilm 
 The effect of thiohydantoin 1b was evaluated against 
established biofilm of S. epidermidis ATCC 12228. Biofilm 

was formed on polystyrene surface of flat-bottomed 96-well 
microtiter plates (Techno Plastic Products, Switzerland) 
according to Stepanovic et al. (2007) with modifications 
[37]. Briefly, 20 µL of standard bacterial suspension was 
placed in each well containing 180 µL of MHB, and the 
plates were incubated statically at 37oC for 24 h. After the 
incubation, the medium was aspirated off and sessile cells 
were gently washed with sterile PBS. Fresh MHB (200μL) 
containing thiohydantoin 1b at MIC concentration  
(125 μg/mL) was added and the plate was incubated for 
further 24 h. Thiohydantoin-free wells and biofilm-free wells 
were included as controls. Metabolic activities of treated 
sessile cells were compared to untreated cells using the  
2,3-bis(2 methoxy 4-nitro-5-sulfo-phenyl)-5- [(phenylamino) 
carbo-nyl]-2H-tetrazolium hydroxide (XTT)- reduction assay 
[38]. A 200 �L-aliquot of XTT-menadione [1 mg/mL XTT, 
0.4 mM menadione (Sigma Chemical Co., USA)] was added 
to each well, and the plates were incubated in the dark at 
37°C for 3 h, after which the optical density was measured at 
492 nm with a microtiter plate reader (Synergy HT, Biotek). 
Experiments were carried out in quintuplicate on two 
different occasions. 

Table 1. Results for the synthesis of thiohydantoins (1a-i) and (2c), and acyl-thiohydantoins (2a-b). 

OH

O

NH2

R

S

NH2H2N
HN NH

S

L-amino acid

(1a-i)

(2a-b)

HCl (5M)

110˚C

and

(2c)

O R

HN N

S

O R

HN NH

S

O

2

4

170-180˚C

Ac2O, NH4SCN

100˚C

Ac

5

 
Entry L-amino Acid Thiohydantoin R Yield (%) 

1 Glycine 1aa H 55 

2 Alanine 1ba Me 95 

3 Threonine 1c OHCHCH3 - 

4 Valine 1d i-Pr 62 

5 Leucine 1e i-Bu 85 

6 Methionine 1f (CH2)2SCH3 72 

7 Proline 1g Pyrrolidine 37 

8 Phenylalanine 1h Bn 71 

9 Tryptophan 1i CH2-3-indole 33 

10 Glycine 2a H 52 

11 Alanine 2b Me 92 

12 Threonine 2cb CHCH3 56 

aYield obtained from hydrolysis of corresponding acetylated derivative. bProduct resultant by elimination process.�
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2.3.5. Cytotoxicity Assay 

 The cytotoxicity of compound 1b (1000 to 31.5 µg/mL) 
was evaluated on LLC-MK2 cells (Macaca mulata kidney 
epithelial cells, ATCC® CCL-7™). Epithelial cells were 
grown in Roswell Park Memorial Institute (RPMI) medium 
1640 (Invitrogen-Gibco, USA) supplemented with 10% (v/v) 
heat-inactivated fetal bovine serum, 2 mM L-glutamine, 100 
IU/mL penicillin, 100 µg/mL streptomycin and 2.5 μg/mL 
amphotericin B. The cells were grown in a flat-bottomed 96-
well microtiter plate at a density of 2.5 x104 cells/well for 24 
h in 5% CO2 at 37°C. At confluence, non-adherent cells were 
removed by washing with sterile PBS. The medium (200 µL), 
containing different concentrations of the tested compounds 
(1000 to 31.5µg/mL), was added to each well and the plates 
were incubated for 48 h. Cell viability was determined by the 
dimethylthiazol diphenyl tetrazolium bromide (MTT, Sigma 
Chemical Co., USA) reduction method according to the 
manufacturer’s recommendations. The assays were carried 
out in triplicate on two separate occasions. 

3. RESULTS AND DISCUSSION 

3.1. Chemistry  

 A series of eleven thiohydantoin derivatives were 
synthesized by three synthesis methods. The first involved a 
condensation reaction between thiourea and nine L-amino 
acids (glycine, alanine, threonine, valine, leucine, 
methionine, proline, phenylalanine and tryptophan). 
Thiohydantoins 1d-f and 1h derived from amino acids with 

non-polar side chains were obtained in good yields (62 to 
85%) by direct condensation between L-amino acids and 
thiourea in absence of solvent [29] and readily isolated by 
precipitation from water (Table 1). The derivatives 1g and 1i 
were obtained from proline and tryptophan in lower yields 
37% and 33%, respectively using this methodology (Table 1, 
entries 7 and 9). The thiohydantoins resulting respectively 
from alanine, glycine and threonine were not obtained or 
isolated under these reaction conditions. 

 Alternatively, the derivatives 1a and 1b, were obtained in 
good yields utilizing the second method by treatment of 
corresponded amino acid with acetic anhydride and 
ammonium thiocyanate to give the corresponding acyl-
thiohydantoins 2a and 2b, which were hydrolyzed in acidic 
media resulting on the compounds 1a and 1b with 55% and 
95% yield respectively (Table 1) [39, 40]. Conversely, under 
the same acetylation conditions, the compound 2c was 
obtained directly as an elimination product with a C5/C6 
double bond (Table 1) (Supplementary Material).  

 The 1H NMR spectra showed the characteristic signal for 
the NH proton at 9.90-12.7 ppm and the 13C NMR spectra 
showed the signal for C = O and C = S endocyclic carbon 
resonances at 173.0-179.1 and 182.4-184.3 ppm, 
respectively. The signals corresponding to the CH3 protons 
of the acetyl-thiohydantoins were observed in the 1H NMR 
spectra at 2.68-2.71 ppm and the acetyl C=O signal for on 
spectra at 169.7-170.1 ppm in the 13C NMR spectra. The 13C 
NMR spectra to the compound 2c showed the signals for  
C = O and C = S endocyclic carbon resonances at 164.6 and 

Table 2. The in vitro activity of thiohydantoins derivatives 1a-i and 2a-c against four different strains of sensitive gram-positive 

bacteria.  

Compounds R 

Gram-positive bacteria MIC (µM*) 

S. epidermidis 
ATCC 12228 

S. pyogenes 
ATCC 19615 

S. agalactiae 
ATCC 13813 

E. faecium 
ATCC 6569 

S. aureus 
BEC 9393 

1a H  R R R 8610 R 

1b Me  940 R R R 1921 

1d i-Pr R R R 6320 R 

1e i-Bu 726 2903 2903 5806 R 

1f (CH2)2SCH3 R R R R 2628 

1g Pyrrolidine R R R 6402 R 

1h Bn 606 R
 

R 4848 2424 

1i CH2-3-indole 1019 2038 2038 R 2038 

2a H  R 1581 1581 R 1581 

2b Me  2904 2904 2904 5807 2904 

2c CHCH3  1758 3517 3517 7033 R 

Erythromycin -------- 0.25 0.01 0.12 - - 

Vancomycin -------- - - - 0.5 0.5 
R = MIC > 1000 µg/mL, which indicates that the strain is resistant to tested substance. *MIC were determined as µg/mL, but the values of thiohydantoin compounds were converted 
in µM to perform an adequate structure-relationship study. -: Not determined. 
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178.4 ppm respectively, as also was observed the 
characteristic signals for the unsaturated carbons 
corresponding to the C5/C6 double bond at 132.2 and 112.2 
ppm respectively (Table 1). The 1H NMR spectra showed the 
characteristic signal for the NH proton at 11.9-12.1 ppm and 
the signal corresponding to the proton α-carbonyl was not 
observed, confirming the formation of elimination product 
2c. Furthermore, all detected 1H and 13C NMR signals were 
consistent with the presence of the corresponding aliphatic or 
aromatic group in each compound of the series and 
compared with the data published from the literature. 

3.2. Antimicrobial Activity  

 Firstly, the antibacterial activity of all thiohydantoins 
derivatives 1a-i and 2a-c, and reference antimicrobials 
were evaluated against Gram-positive and Gram-negative 
bacteria, and the MIC values are showed in Tables 2 and 
3, respectively. As expected, all bacteria were sensitive to 
reference antimicrobials according to the CLSI 
breakpoints. 

 In general, the thiohydantoins were more effective 
against Gram-positive bacteria. Remarkably, S. epidermidis 
seems to be more sensitive to thiohydantoins derivatives, as 
judged by the MIC values, which ranged from 606 to 2904 µM. 
Except for 1b, the presence of aromatic groups (1h and 1i) or 
bulky aliphatic groups (1e and 2c) in the side chains led to an 
improvement of antimicrobial activity. A decrease of 
antimicrobial activity resulting by the presence of an acetyl 
group at R2 is another important trend in this series of 
compounds (1b versus 2a and 1a versus 2b). 

 Interestingly, thiohydantoin derivatives also exhibited a 
good inhibitory activity on the growth of MRSA BEC 9393 
strain. MRSA is one of the leading causes of human 
infections worldwide [41]. The acquisition of mecA gene, 
which encodes a penicillin-binding protein (known as 
PBP2a) with lower affinity to beta-lactam antibiotics, is the 
main mechanism of methicillin-resistance. Crucially, besides 
beta-lactams this bacterium has become resistant to nearly all 
commercially available antibacterial agents, limiting 
therapeutic options [42]. In this study, the thiohydantoin 1f 
inhibited the planktonic growth only of MRSA strain. In 
addition, substances 1h, 1i, 1b and 2a were also active 
against this resistant strain, exhibiting MIC values equal to 
or higher than those of S. epidermidis. The presence of 
aromatic groups (1h and 1i) or a methyl group (1b) in the 
side chain was also important to the biological activity 
against MRSA. However, the presence of acetyl group at R2 
did not reduce the antimicrobial activity as occurred against 
Gram-positive sensitive strains (Table 2), contrariwise, there 
was an improvement in the potency of the acetylated 
derivatives.  

 After these considerations about the preliminary SAR 
study, the compound 1b was selected to the time-kill assay 
since it showed good inhibitory activity against both S. 
epidermidis ATCC 12228 and MRSA BEC 9393. Thus, 
planktonic cells of both strains were grown in the presence 
of compound 1b at MIC (125 µg/mL and 250 µg/mL, 
respectively) and CFU counts were determined at time-
intervals during 24 h (Fig. 2). 

 The thiohydantoin 1b showed a time-dependent 
bactericidal effect in both strains (Fig, 2). After a lag phase 

Table 3. The in vitro activity of thiohydantoins derivatives 1a-i and 2a-c against three different strains of sensitive gram-negative 

bacteria.  

Compounds R 

Sensitive Gram-negative Bacteria 

MIC (µM*) 

K. pneumoniae ATCC 10031 P. mirabilis ATCC 7002 E. coli ATCC8739 

1a H  R R R 

1b Me  R 1921 R 

1d i-Pr R R R 

1e i-Bu R R 2903 

1f (CH2)2SCH3 R 2628 R 

1g Pyrrolidine R R R 

1h Bn R
 

R R 

1i CH2-3-indole 2038 R R 

2a H  R R R 

2b Me  R R R 

2c CHCH3  3517 R R 

Ciprofloxacin ---------- 0.06 0.12 0.06 
R = MIC > 1000 µg/mL, which indicates that the strain is resistant to tested substance. * MIC were determined as µg/mL, but the values of thiohydantoin compounds were converted 

in µM to perform an adequate structure-relationship study.  
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of about 2 h, control cultures (without 1b) showed a gradual 
increase in the number of CFUs over 24 h. In contrast, for S. 
epidermidis ATCC 12228, the presence of compound 1b at 
MIC reduced the planktonic cell population approximately 
by 3 and 6 log10 CFU/mL (� < 0.05) after 4 h and 7 h of 
incubation, respectively, compared to the initial inoculum. 
Similarly, 1b provoked a reduction of approximately 3 log10 
CFU/mL (P < 0.05) for S. aureus BEC 9393, after 4 h of 
incubation, and no CFUs were detected after 7 h of 
incubation. 

 

 

Fig. (2). Bactericidal activity of thiohydantoin 1b against Staphylo-
coccus species.  

 

 In this study, thiohydantoin 1b also exhibited an 
antibiofilm activity against S. epidermidis ATCC 12228. It is 
well known that most S. epidermidis infections are 
associated with its capacity of adhering and forming biofilm 
on implanted medical devices [43]. Microbial biofilms 
consist of a community of surface-attached sessile cells 
embedded in a self-produced extracellular polymeric 
substance [44]. Notably, sessile cells display reduced 
sensitivity to antimicrobials and host defense mechanisms 
compared to that of planktonic cells [43, 44]. The treatment 
of established (after 24 h of formation) with 1b at MIC (940 
µM) decreased significantly (� < 0.05) the viability of 
sessile cells. A decrease of 40% in metabolic activity of the 
treated biofilm was observed compared to the untreated 
control (biofilm in absence of 1b). 

3.3. Cytotoxicity of Thiohydantoin 1b to Mammalian 
Cells 

 To assess the cytotoxic effect of compound 1b to 
mammalian cells, LLC-MK2 cells were exposed to 
increasing concentrations of the compound. In presence of 
bactericidal concentrations of 1b for S. epidermidis ATCC 
(MIC = 125 µg/mL) and MRSA BEC 9393 (MIC = 250 
µg/mL), 96 and 92% of mammalian viable cells were 
detected by the MTT reduction assay, after 48 h of 
incubation (Table 4). The calculated concentration of 1b that 
was cytotoxic to 50% of the cells (CC50) was 935.7 µg/mL, 
indicating the potential of this compound as a good 
prototype in the search of new antimicrobial drugs. 

Table 4. Effect of thiohydantoin 1b on viability of LLC-MK2 

cells (Macaca mulata kidney epithelial cells, ATCC
®

 

CCL-7
™

). 

Concentration of 1b 

(µg/mL) 
1000 500 250 125 62.5 31.2 

% Viable Cell* 41 97 92 96 100 100 

*LLC-MK2 cells were treated for 48 h with different concentrations of compound 1b. 
Cell viability was determined by the MTT reduction method according to the manufac-
turer’s recommendations. 

CONCLUSION 

 A facile synthesis of eleven thiohydantoins in good 
yields (52-95%) was reported using simple and convenient 
methodology. In general, the thiohydantoins were more 
effective against gram-positive bacteria. Compound 1b 
showed better results against sensible S. epidermidis ATCC 
12228 (MIC = 940 µM) and resistant S. aureus BEC 9393 
(MIC = 1921 µM). This compound exhibited a time-
dependent bactericidal effect in planktonic cells of both 
strains. Furthermore, this compound also inhibited the 
biofilm of S. epidermidis ATCC 12228, promoting a 
decrease of 40% on metabolic activity of treated biofilm. No 
cytotoxicity of 1b to mammalian cells was observed at MIC 
values. These data indicate the potential of 1b as a prototype 
to guide further chemical modification in the search for new 
and better antimicrobial agents. 

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 

 This study was approved by Committee on Animal Ex-
perimentation of the State University of Londrina: 
12417.2016.25, Brazil. 

HUMAN AND ANIMAL RIGHTS 

 Not applicable.  

CONSENT FOR PUBLICATION 

 Not applicable. 

AVAILABILITY OF DATA AND MATERIALS 

 The authors confirm that the data supporting the findings 
of this research are available within the manuscript. 

FUNDING 

 The research was supported in part by the Conselho 
Nacional de Desenvolvimento Científico e Tecnológico - 
Brasil (CNPQ), Financiadora de Estudos e Projetos - Brasil 
(FINEP) and Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior - Brasil (CAPES) - Process Code: 
88882.448535/2019-01.  

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

��

�

�

�

�

�

	




�

�

�
�� �� 	� �� ���

�������������������������

�� !�"#$��
�


��������	
�����!$$������

��������	
�����!$$��������$�%�

�� !�"#$��
�
��$�%�

%�
&�
��
'�
�(
�)
��
�
��
&�
*
��
��
��
$
)
*
+�
%�



Synthesis and Antimicrobial Activity of Thiohydantoins Letters in Drug Design & Discovery, 2020, Vol. 17, No. 1    101 

ACKNOWLEDGEMENTS 

 The authors thank Spectroscopy Laboratory (SPEC/ 
UEL/FINEP) for the NMR spectra. 

SUPPLEMENTARY MATERIAL 

 Supplementary material is available on the publisher’s 
web site along with the published article. 

REFERENCES 

[1] Wenzel, R.P.; Edmond, M.B. The impact of hospital-acquired 
bloodstream infections. Emerg. Infect. Dis., 2001, 7(2), 174-177. 

 [http://dx.doi.org/10.3201/eid0702.010203] [PMID: 11294700] 
[2] Health care-associated infections Fact Sheet., 

http://www.who.int/gpsc/country_work/gpsc_ccisc_fact_sheet_en.
pdf [Accessed Oct 18, 2017]; 

[3] Klevens, R.M.; Edwards, J.R.; Richards, C.L., Jr; Horan, T.C.; 
Gaynes, R.P.; Pollock, D.A.; Cardo, D.M. Estimating health care-
associated infections and deaths in U.S. hospitals, 2002. Public 
Health Rep., 2007, 122(2), 160-166. 

 [http://dx.doi.org/10.1177/003335490712200205] [PMID: 
17357358] 

[4] Ventola, C.L. The antibiotic resistance crisis: Part 1: Causes and 
threats. P&T, 2015, 40(4), 277-283. 

 [PMID: 25859123] 
[5] Allen, H.K.; Trachsel, J.; Looft, T.; Casey, T.A. Finding alterna-

tives to antibiotics. Ann. N.Y. Acad. Sci., 2014, 1323, 91-100. 
 [http://dx.doi.org/10.1111/nyas.12468] [PMID: 24953233] 
[6] Poyraz, S.; Belveren, S.; Ülger, M.; Sahin, E.; Döndas, H.A. Syn-

thesis, characterization, crystal structure and anti-tuberculosis ac-
tivity of some novel polysubstituted aminocarbothi-
ol/thiohydantoin-pyrrolidine derivatives. Monatsh. Chem., 2017, 
148(12), 2173-2182. 

 [http://dx.doi.org/10.1007/s00706-017-2039-0] 
[7] Abubshait, S.A. Synthesis, antimicrobial and anticancer activities 

of some 2-thiohydantoin derivatives. Indian J. Chem., 2017, 56B, 
641-648. 

[8] Souza, S.P.; Masteloto, H.G.; Silva, D.S.; Azambuja, J.H.; Bra-
ganhol, E.; Ribeiro, J.S.; Lund, R.G.; Cunico, W. Antimicrobial 
and citoxicity activities of 2-(aryl)-3-(benzo[d][1,3]dioxol-5-
yl)thiazolidin-4-ones. Lett. Drug Des. Discov., 2017, 14, 1042-
1047. 

 [http://dx.doi.org/10.2174/1570180814666170106143418] 
[9] Thanusu, J.; Kanagarajan, V.; Gopalakrishnan, M. Synthesis, spec-

tral analysis and in vitro microbiological evaluation of 3-(3-alkyl-
2,6-diarylpiperin-4-ylidene)-2-thioxoimidazolidin-4-ones as a new 
class of antibacterial and antifungal agents. Bioorg. Med. Chem. 
Lett., 2010, 20(2), 713-717. 

 [http://dx.doi.org/10.1016/j.bmcl.2009.11.074] [PMID: 20004098] 
[10] Wu, F.; Jiang, H.; Zheng, B.; Kogiso, M.; Yao, Y.; Zhou, C.; Li, 

X.N.; Song, Y. Inhibition of cancer-associated mutant isocitrate 
dehydrogenases by 2-thiohydantoin compounds. J. Med. Chem., 
2015, 58(17), 6899-6908. 

 [http://dx.doi.org/10.1021/acs.jmedchem.5b00684] [PMID: 
26280302] 

[11] Raj, R.; Mehra, V.; Gut, J.; Rosenthal, P.J.; Wicht, K.J.; Egan, T.J.; 
Hopper, M.; Wrischnik, L.A.; Land, K.M.; Kumar, V. Discovery of 
highly selective 7-chloroquinoline-thiohydantoins with potent an-
timalarial activity. Eur. J. Med. Chem., 2014, 84, 425-432. 

 [http://dx.doi.org/10.1016/j.ejmech.2014.07.048] [PMID: 
25038484] 

[12] Suzen, S.; Buyukbingol, E. Evaluation of anti-HIV activity of 5-(2-
phenyl-3′-indolal)-2-thiohydantoin. Farmaco, 1998, 53(7), 525-
527. 

 [http://dx.doi.org/10.1016/S0014-827X(98)00053-6] [PMID: 
9836465] 

[13] Porwal, S.; Chauhan, S.S.; Chauhan, P.M.S.; Shakya, N.; Verma, 
A.; Gupta, S. Discovery of novel antileishmanial agents in an at-
tempt to synthesize pentamidine-aplysinopsin hybrid molecule. J. 
Med. Chem., 2009, 52(19), 5793-5802. 

 [http://dx.doi.org/10.1021/jm900564x] [PMID: 19743860] 

[14] Karali, N.; Gürsoy, A.; Terzioglu, N.; Ozkirimli, S.; Ozer, H.; 
Ekinci, A.C. Synthesis and preliminary CNS depressant activity 
evaluation of new 3-[(3-substituted-5-methyl-4-thiazolidinon-2-
ylidene)hydrazono]-1H-2- indolinones and 3-[(2-thioxo-3-
substituted-4,5-imidazolidinedion-1-yl) imino]-1H-2-indolinones. 
Arch. Pharm. (Weinheim), 1998, 331(7-8), 254-258. 

 [http://dx.doi.org/10.1002/(SICI)1521-
4184(199807)331:7/8<254::AID-ARDP254>3.0.CO;2-R] [PMID: 
9747182] 

[15] S.; Salhi, L.; Belkebir, A.; Ait-Yahia, O.; Boudjlida, A.; Bouguer-
ra-Aouichat, S.; Nedjar-Kolli, B. Antioxidant and anti tumoral ac-
tivities of hydrazylpyrrolidine 2,5 dione substituted and 2-thioxo 
imidazolidine 4-one. Int. J. Pharm. Chem. Biol. Sci., 2014, 4(3), 
447-452. 

[16] Buchynskyy, A.; Gillespie, J.R.; Herbst, Z.M.; Ranade, R.M.; 
Buckner, F.S.; Gelb, M.H. 1-Benzyl-3-aryl-2-thiohydantoin deriva-
tives as new anti-Trypanosoma brucei agents: SAR and in vivo Ef-
ficacy. ACS Med. Chem. Lett., 2017, 8(8), 886-891. 

 [http://dx.doi.org/10.1021/acsmedchemlett.7b00230] [PMID: 
28835807] 

[17] Tompkins, J.E. 5,5-Diaryl-2-thiohydantoins and 5,5-diaryl-N3-
substituted-2-thiohydantoins as potential hypolipidemic agents. J. 
Med. Chem., 1986, 29(5), 855-859. 

 [http://dx.doi.org/10.1021/jm00155a042] [PMID: 2939244] 
[18] al-Obaid, A.M.; el-Subbagh, H.I.; Khodair, A.I.; Elmazar, M.M.A. 

5-substituted-2-thiohydantoin analogs as a novel class of antitumor 
agents. Anticancer Drugs, 1996, 7(8), 873-880. 

 [http://dx.doi.org/10.1097/00001813-199611000-00009] [PMID: 
8991192] 

[19] Marx, J.V.; Richert, D.A.; Westerfeld, W.W. Peripheral inhibition 
of thyroxine by thiohydantoins derived from amino acids. J. Med. 
Chem., 1970, 13(6), 1179-1181. 

 [http://dx.doi.org/10.1021/jm00300a036] [PMID: 5479861] 
[20] Marton, J.; Enisz, J.; Hosztafi, S.; Timar, T. Preparation and fungi-

cidal activity of 5-substituted hydantoins and their 2-thio analogs. 
J. Agric. Food Chem., 1993, 41, 148-152. 

 [http://dx.doi.org/10.1021/jf00025a031] 
[21] LeTiran, A.; Stables, J.P.; Kohn, H. Functionalized amino acid 

anticonvulsants: Synthesis and pharmacological evaluation of con-
formationally restricted analogues. Bioorg. Med. Chem., 2001, 
9(10), 2693-2708. 

 [http://dx.doi.org/10.1016/S0968-0896(01)00204-8] [PMID: 
11557357] 

[22] Cheymol, J.; Chabrier, P.; Gay, Y. Antithyroid action and molecu-
lar structure. I. A study of thiohydantoins and their methyl esters. 
Arch. Int. Pharmacodyn. Ther., 1951, 87(3), 321-333. 

 [PMID: 14895194] 
[23] Cunha, S.; Macedo, F.C., Jr; Costa, G.A.N.; Rodrigues, M.T., Jr; 

Verde, R.B.V.; Neta, L.C.S.; Vencato, I.; Lariucci, C.; Sá, F.P. An-
timicrobial activity and structural study of disubstituted thiourea 
derivatives. Monatsh. Chem., 2007, 138, 511-516. 

 [http://dx.doi.org/10.1007/s00706-007-0600-y] 
[24] El Hady, H.A. Synthesis and antimicrobial activity of some new 

thiohydantoin and thiazole derivatives. Pharma Chem., 2012, 4(6), 
2202-2207. 

[25] Kachhadia, V.V.; Patel, M.R.; Joshi, H.S. Heterocyclic systems 
containing S/N regioselective nucleophilic competition: Facile syn-
thesis, antitubercular and antimicrobial activivty of thiohydantoins 
and iminothiazolidinones containing the benzo [b]thiophene moie-
ty. J. Serb. Chem. Soc., 2005, 70(2), 153-161. 

 [http://dx.doi.org/10.2298/JSC0502153K] 
[26] Mohamed, N.A.; Abd El-Ghany, N.A. Preparation and antimicro-

bial activity of some carboxymethyl chitosan acyl thiourea deriva-
tives. Int. J. Biol. Macromol., 2012, 50(5), 1280-1285. 

 [http://dx.doi.org/10.1016/j.ijbiomac.2012.03.011] [PMID: 
22469914] 

[27] Diţu, L.M.; Mihăescu, G.; Chifiriuc, C.; Bleotu, C.; Morusciag, L.; 
Niţulescu, G.M.; Missir, A. In vitro assessment of the antimicrobial 
activity of new N-acyl-thiourea derivatives. Roum. Arch. Microbi-
ol. Immunol., 2010, 69(1), 41-47. 

 [PMID: 21053783] 
[28] Cromwell, L.D.; Stark, G.R. Determination of the carboxyl termini 

of proteins with ammonium thiocyanate and acetic anhydride, with 
direct identification of the thiohydantoins. Biochemistry, 1969, 
8(12), 4735-4740. 

 [http://dx.doi.org/10.1021/bi00840a012] [PMID: 4904040] 



102    Letters in Drug Design & Discovery, 2020, Vol. 17, No. 1 Camargo de Carvalho et al. 

[29] Wang, Z.D.; Sheikh, S.O.; Zhang, Y. A simple synthesis of 2-
thiohydantoins. Molecules, 2006, 11(10), 739-750. 

 [http://dx.doi.org/10.3390/11100739] [PMID: 17971750] 
[30] Elmore, D.T.; Ogle, J.R.; Toseland, P.A. Degradative studies on 

peptides and proteins. Part III. Synthesis of some 2-thiohydantoins 
as reference compounds. J. Chem. Soc., 1956, 192-196. 

 [http://dx.doi.org/10.1039/jr9560000192] 
[31] Reyes, S.; Burgess, K. On formation of thiohydantoins from amino 

acids under acylation conditions. J. Org. Chem., 2006, 71(6), 2507-
2509. 

 [http://dx.doi.org/10.1021/jo052576i] [PMID: 16526805] 
[32] Duggan, B.M.; Laslett, R.L.; Wilshire, J.F.K. Studies in thiohydan-

toin chemistry. I Some aspects of the schlack-kumpf reaction. Aust. 
J. Chem., 1996, 49, 541-550. 

 [http://dx.doi.org/10.1071/CH9960541] 
[33] Gosling, S.; Rollin, P.; Tatibouët, A. Thiohydantoins: Selective N- 

and S-functionalization for liebeskind-srogl reaction study. Synthe-
sis, 2011, 22, 3649-3660. 

[34] Elmore, D.T.; Toseland, P.A. Degradative studies on peptides and 
proteins. Part I. A new method of stepwise degradation of peptides 
from the end bearing a free amino-group, employing N-
Acyldithiocarbamates. J. Chem. Soc., 1954, 4533-4537. 

 [http://dx.doi.org/10.1039/jr9540004533] 
[35] M26-A. Clinical and laboratory standards institute: Performance 

standards for antimicrobial susceptibility testing. In: Twenty-Fourth 
Informational Supplement, Document M100, 27th Ed.; Clinical and 
Laboratory Standards Institute, Wayne, PA: CLSI, 2017.  

[36] Clinical and laboratory standards institute. In: Methods for deter-
mining bactericidal activity of antimicrobial agents: Approved 
guideline; Document M26-A, Clinical and Laboratory Standards 
Institute, Wayne, PA: CLSI, 1999. 

[37] Stepanović, S.; Vuković, D.; Hola, V.; Di Bonaventura, G.; Djukić, 
S.; Cirković, I.; Ruzicka, F. Quantification of biofilm in microtiter 
plates: overview of testing conditions and practical recommenda-
tions for assessment of biofilm production by staphylococci. 
APMIS, 2007, 115(8), 891-899. 

 [http://dx.doi.org/10.1111/j.1600-0463.2007.apm_630.x] [PMID: 
17696944] 

[38] Zago, C.E.; Silva, S.; Sanitá, P.V.; Barbugli, P.A.; Dias, C.M.; 
Lordello, V.B.; Vergani, C.E. Dynamics of biofilm formation and 
the interaction between Candida albicans and methicillin-
susceptible (MSSA) and -resistant Staphylococcus aureus (MRSA). 
PLoS One, 2015, 10(4)e0123206 

 [http://dx.doi.org/10.1371/journal.pone.0123206] [PMID: 
25875834] 

[39] Johnson, T.B.; Chernoff, L.H. Hydantoins: Synthesis of 5-
Thiohydantoins. J. Am. Chem. Soc., 1912, 35, 1208-1213. 

 [http://dx.doi.org/10.1021/ja02210a011] 
[40] Johnson, T.B. Hydantoins: The action of potassium thiocyanate on 

alanine. J. Biol. Chem., 1912, 11(2), 97-101. 
[41] Arias, C.A.; Reyes, J.; Carvajal, L.P.; Rincon, S.; Diaz, L.; 

Panesso, D.; Ibarra, G.; Rios, R.; Munita, J.M.; Salles, M.J.; Alva-
rez-Moreno, C.; Labarca, J.; Garcia, C.; Luna, C.M.; Mejia-
Villatoro, C.; Zurita, J.; Guzman-Blanco, M.; Rodriguez-Noriega, 
E.; Narechania, A.; Rojas, L.J.; Planet, P.J.; Weinstock, G.M.; 
Gotuzzo, E.; Seas, C. A prospective cohort multicenter study of 
molecular epidemiology and phylogenomics of Staphylococcus au-
reus bacteremia in nine Latin American countries. Antimicrob. 
Agents Chemother., 2017, 61(10), 1-12. 

 [http://dx.doi.org/10.1128/AAC.00816-17] [PMID: 28760895] 
[42] Hiramatsu, K.; Katayama, Y.; Matsuo, M.; Sasaki, T.; Morimoto, 

Y.; Sekiguchi, A.; Baba, T. Multi-drug-resistant Staphylococcus 
aureus and future chemotherapy. J. Infect. Chemother., 2014, 
20(10), 593-601. 

 [http://dx.doi.org/10.1016/j.jiac.2014.08.001] [PMID: 25172776] 
[43] Oliveira, W.F.; Silva, P.M.S.; Silva, R.C.S.; Silva, G.M.M.; Ma-

chado, G.; Coelho, L.C.B.B.; Correia, M.T.S. Staphylococcus au-
reus and Staphylococcus epidermidis infections on implants. J. 
Hosp. Infect., 2018, 98(2), 111-117. 

 [http://dx.doi.org/10.1016/j.jhin.2017.11.008] [PMID: 29175074] 
[44] Donlan, R.M.; Costerton, J.W. Biofilms: survival mechanisms of 

clinically relevant microorganisms. Clin. Microbiol. Rev., 2002, 
15(2), 167-193. 

 [http://dx.doi.org/10.1128/CMR.15.2.167-193.2002] [PMID: 
11932229] 

 


	Synthesis and Antimicrobial Activity of Thiohydantoins Obtained fromL-Amino Acids
	Abstract: Background
	Objective:
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	Fig. (1).
	2. EXPERIMENTAL
	Table 1.
	3. RESULTS AND DISCUSSION
	Table 2.
	Table 3.
	Fig. (2).
	Table 4.
	ETHICS APPROVAL AND CONSENT TOPARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES



