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Abstract: Background: 2-aminoselenazoles became an important core in medicinal chemistry after 
the discovery of Ebselen and Ethaselen. Therefore, many researchers have reported the synthesis of 
small selenazole intermediates via Hantzsch cyclization using a wide array of methodologies and 
catalysts. 

Methods: In this work, we investigated the formation of 2-aminoselenazoles on various organic 
solvents and in water, under catalyst-free conditions. Moreover, these molecules and their  
2-aminothiazoles analogues were assessed in vitro for their antitubercular activity against 
Mycobacterium tuberculosis and the results compared. 

Results: Instant reactions were observed when using polar aprotic solvents and all selenazoles were 
synthesized in water using sonochemistry. Furthermore, two selenazoles and one thiazole displayed 
activity in the µM range and the selenium heterocycles seems to be more potent than their sulphur 
analogues. 

Conclusion: This is the first study of selenazoles against M. tuberculosis. It is noteworthy that  
2-amino-1,3-selenazoles are interesting synthetic intermediates that could be incorporated into 
novel prototypes against tuberculosis. 

Keywords: Tuberculosis, selenazole, synthesis, methodology, ultrasound, hantzsch cyclization. 

1. INTRODUCTION 

 Selenium is an essential nutrient found in some seleno-
proteins [1], which can be obtained from food as a trace ele-
ment. The body of an adult contains 5-15 mg of selenium, 
with four different selenium containing blood plasma com-
ponents found in kinetic studies [2-7]. 

 The effects of this element are controversial. Insufficient 
intake of selenium can lead to a deficient status; ingestion of 
this element in high quantities can lead to poisoning and 
toxic effects [8, 9]. Nevertheless, scientists believe that sele-
nium can prevent some age-related pathologies, acting both 
as a heavy metal detoxifying agent and as an anti-
inflammatory [10]. 
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 Interest in the synthesis of selenium-containing heterocy-
cles has grown after the advent of Ebselen and Ethaselen 
(Fig. 1), which can act as safe, potent antioxidants [11]. 
Moreover, many selenazoles are being reported for their in-
teresting pharmacological activity, such as antitumor, anti-
melanogenic and anti-inflammatory. 

 In 2015, our research group has published a review  
article highlighting the synthesis and biological properties  
of 1,3-selenazoles [12]. Although, many researchers have 
published articles on the formation of simple and complex 
1,3-selenazoles [13-18] it seems that the aspects regarding 
the formation of this nucleus via Hantzsch’s reaction and 
how they relate to the 1,3-thiazole synthesis, are not yet fully 
understood. 

 Moreover, with the resurgence of tuberculosis (TB) in the 
21st century, mainly due to the advent of multidrug resistant 
Mycobacterium tuberculosis strains and the high mortality 
among patients co-infected with TB and HIV, it is urgent to 
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develop new, potent, less toxic and cheaper drugs, with new 
mechanisms of action. In this context, to the best of our 
knowledge, there are no reports of selenazole activity studies 
against TB. 

 Therefore, in this work we investigated the synthetic as-
pects underlying the formation of 2-aminoselenazoles in 
various solvents without catalysts, and herein report, for the 
first time, the activity of these synthetic intermediates 
against Mycobacterium tuberculosis ATTC 27294 and com-
pare it to the activity of their 2-aminothiazole analogs. 

2. MATERIALS AND METHODS 

2.1. Chemistry 

 All reagents were used as obtained from commercial 
suppliers without further purification. Ultrasound reactions 
were carried out in a Multiwave Eco-Sonics QR750  
ultrasonic generator (20 kHz, 750 W) equipped with a  
converter/transducer, and titanium oscillator (horn, diameter 
= 4 mm). Melting points were determined on a Buchi  
Melting Point B-545 and are uncorrected. NMR spectra were 
recorded using a Varian Unity 300 and 500 (Varian Inc., 
Palo Alto, CA, USA) or on Bruker DRX 400 spectrometers 
(Bruker, Billerica, MA, USA) in DMSO-d6, MeOD or Ace-
tone-d6 with TMS as the internal standard. Mass spectrome-
try analyses were performed on MS micromass ZMD using 
electrospray ionization. Samples were introduced by the 
standard direct insertion probe method. All spectral data and 
melting points for the synthesized compounds have been 
previously published [19]. 

2.1.1. General Procedure for the Synthesis of 5g in Various 
Solvents 

 2-bromoacetophenone 1g (199mg, 1mmol), selenourea 3 
(147mg, 1.2mmol) and 5mL of the corresponding solvent 
(water, DMF, MeCN, MeOH, EtOH or Dichloromethane) 
were added to a round bottle flask under magnetic stirring at 
room temperature. After completion (TLC), the solvents 
were concentrated under reduced pressure and the solids 
filtered and washed with 1mL of water. 

2.1.2. General Procedure for the Preparation of Com-
pounds 4a-g and 5a-g in Water 

 Corresponding 2-bromoacetophenones 1a-g (199-278mg; 
1mmol), thiourea 2 (91.2mg; 1.2 mmol) or selenourea 3 
(147mg; 1.2mmol) and 5mL of water were added to a round 
bottom flask and reactions proceeded under ultrasonic irra-
diation in a Multiwave Eco-sonics QR750 ultrasonic genera-
tor (20 kHz, 750 W) equipped with a converter/transducer, 
and titanium oscillator (horn, diameter = 4 mm) for 10 min-
utes. Afterwards, the mixture was cooled down and the 

products were filtered and washed with 1mL of water, fur-
nishing the desired thiazoles or selenazoles. 

2.1.2.1. 4-(4-methoxyphenyl)thiazol-2-amine hydrobromide 
(4a) 

 Beige solid; Yield US: 98%; mp 228-231ºC. 1H NMR 
(400 MHz, acetone-d6): δ = 7.80-7.76 (m, 2H, Ph), 6.93-
6.89 (m, 2H, Ph), 6.76 (s, 1H, H5), 6.35 (sl, 2H, NH2), 3.80 
(s, 3H, OCH3). 13C NMR (100 MHz, acetone-d6): δ = 169.7 
(C2), 160.9 (C4′), 152.5 (C4), 130.1 (Ph), 128.8 (Ph), 115.4 
(C3′), 101.2 (C5), 56.4 (OCH3) MS (ESI): m/z = 206.9 
([M]+, 100%). 

2.1.2.2. 4-(4-fluorophenyl)thiazol-2-amine hydrobromide 
(4b) 

 White solid; 53%; Yield US: 57%; mp 236-237ºC. 1H 
NMR (400 MHz, acetone-d6): δ = 7.92-7.86 (m, 2H, Ph), 
7.15-7.08 (m, 2H, Ph), 6.91 (s, 1H, H5), 6.43 (sl, 2H, NH2). 
13C NMR (100 MHz, acetone-d6): δ = 169.1 (C2), 163.0 (d, J 
= 242.8 Hz, C4′), 150.6 (C4), 132.8 (d, J = 3.1 Hz, C1′), 
128.5 (d, J = 7.9 Hz, C2′), 115.9 (d, J = 21 Hz, C3′), 102.6 
(d, J = 1.1 Hz, C5). MS (ESI): m/z = 194.9 ([M]+, 100%). 

2.1.2.3. 4-(p-tolyl)thiazol-2-amine hydrobromide (4c) 

 Pale yellow solid; Yield US: 85% mp 285-287ºC. 1H 
NMR (400 MHz, acetone-d6): δ = 7.77-7.71 (m, 2H, Ph), 
7.16 (d, J = 7.9 Hz, 2H, Ph), 6.85 (s, 1H, H5), 6.38 (sl, 2H, 
NH2), 2.32 (s, 3H, CH3). 13C NMR (75 MHz, DMSO-d6): δ 
= 170.1 (C2), 139.1 (C4), 139.0 (Ph), 129.5 (Ph), 125.9 (Ph), 
125.6 (Ph), 101.8 (C5), 20.7 (CH3). MS (ESI): m/z = 190.9 
([M]+, 100%). 

2.1.2.4. 4-(4-nitrophenyl)thiazol-2-amine hydrobromide (4d) 

 Yellow solid; Yield US: 65% mp 235-238ºC. 1H NMR 
(400 MHz, MeOD): δ = 8.32 (d, J = 8.9 Hz, 2H, H3’), 7.95 
(d, J = 8.9 Hz, 2H, H2’), 7.30 (s, 1H, H5). 13C NMR (125 
MHz, DMSO-d6): δ = 168.54 (C2), 147.46 (C4), 145.92 
(C4′), 140.61 (C1′), 126.19 (Ph), 123.83 (Ph), 106.46 (C5). 
MS (ESI): m/z = 221.9 ([M]+, 100%). 

2.1.2.5. 4-(4-chlorophenyl)thiazol-2-amine hydrobromide 
(4e) 

 Pale yellow solid; Yield US: 98% mp 235-238ºC. 1H 
NMR (400 MHz, MeOD): δ = 7.66 (d, J = 8.6 Hz, 2H, Ph), 
7.53 (d, J = 8.6 Hz, 2H, Ph), 7.13 (s, 1H, H5). 13C NMR (75 
MHz, DMSO-d6): δ = 170.0 (C2), 133.7 (C4), 129.6 (Ph), 
128.9 (Ph), 128.2 (Ph), 127.5 (Ph), 103.5 (C5). MS (ESI): 
m/z = 210.9; 211.8 ([M]+,100%; [M + 1]+, 33%). 

2.1.2.6. 4-(4-bromophenyl)thiazol-2-amine hydrobromide 
(4f) 

 White solid; Yield US: 75% mp 226-227ºC. 1H NMR 
(400 MHz, MeOD): δ = 7.71-7.65 (m, 2H, Ph), 7.61-7.56 
(m, 2H, Ph), 7.13 (s, 1H, H5). 13C NMR (75 MHz, DMSO-
d6): δ = 168.27 (C2), 148.58 (C4), 134.05 (Ph), 131.27 (Ph), 
127.48 (Ph), 120.01 (Ph), 102.32 (C5). MS (ESI): m/z = 
256.8; 254.9 ([M]+, 100%; [M + 2]+, 98%). 

2.1.2.7. 4-phenylthiazol-2-amine hydrobromide (4g) 

 White solid; Yield US: 82% mp 220-222ºC. 1H NMR 
(400 MHz, acetone-d6): δ = 7.86 (d, J = 7.2 Hz, 2H, Ph), 
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Fig. (1). Ebselen and ethaselen. 
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7.35 (dd, J = 7.6, 7.6 Hz, 2H, Ph), 7.25 (t, J = 7.3 Hz, 1H, 
H4’), 6.93 (s, 1H, H5), 6.41 (sl, 2H, NH2). 13C NMR (100 
MHz, acetone-d6): δ = 169.0 (C2), 151.7 (C4), 136.2 (Ph), 
129.2 (Ph), 128.0 (Ph), 126.6 (Ph), 102.4 (C5). MS (ESI): 
m/z = 177.0 ([M + H]+, 100%). 

2.1.2.8. 4-(4-methoxyphenyl)-1,3-selenazol-2-amine hydro-
bromide (5a) 

 Salmon solid; Yield US: 58%; mp 229-231ºC. 1H NMR 
(400 MHz, MeOD): δ = 7.56 (d, J = 8.9 Hz, 2H, Ph), 7.22 (s, 
1H, H5), 7.04 (d, J = 8.9 Hz, 2H, Ph), 3.85 (s, 3H, OCH3). 
13C NMR (75 MHz, DMSO-d6): δ = 174.7 (C2), 160.4 (C4′), 
138.5 (C4), 127.81 (Ph), 122.7 (Ph), 114.9 (C3′), 104.7 (C5), 
55.8 (OCH3) MS (ESI): m/z = 254.9 ([M+H]+, 100%). 

2.1.2.9. 4-(4-fluorophenyl)-1,3-selenazol-2-amine hydro-
bromide (5b) 

 Pale yellow solid; Yield US: 75%; mp 236-238ºC. 1H 
NMR (400 MHz, acetone-d6): δ = 7.92-7.86 (m, 2H, Ph), 
7.42 (s, 1H, H5), 7.09 (t, J = 8.9 Hz, 2H, Ph), 6.71 (sl, 2H, 
NH2). 13C NMR (100 MHz, acetone-d6): δ = 171.5 (C2), 
162.2 (d, J = 244.0 Hz, C4′), 150.1 (C4), 132.7 (d, J = 3.0 
Hz, C1′), 127.7 (d, J = 8.0 Hz, C2′), 114.6 (d, J = 22 Hz, 
C3′), 105.0 (d, J = 2.0 Hz, C5). MS (ESI): m/z = 243.0 
([M+H]+, 100%). 

2.1.2.10. 4-(p-tolyl)-1,3-selenazol-2-amine hydrobromide 
(5c) 

 Brown solid; Yield US: 70%; mp 285-288ºC. 1H NMR 
(400 MHz, acetone-d6): δ = 7.76-7.72 (m, 2H, Ph), 7.37 (s, 
1H, H5), 7.17-7.12 (m, 2H, Ph), 6.65 (sl, 2H, NH2), 2.31 (s, 
3H, CH3). 13C NMR (75 MHz, DMSO-d6): δ = 169.1 (C2), 
150.7 (C4), 136.0 (Ph), 133.1 (Ph), 128.9 (Ph), 125.7 (Ph), 
104.8 (C5), 20.7 (CH3). MS (ESI): m/z = 238.9 ([M+H]+, 
100%). 

2.1.2.11. 4-(4-nitrophenyl)-1,3-selenazol-2-amine hydro-
bromide (5d) 

 Yellow solid; Yield US: 78%; mp 236-239ºC. 1H NMR 
(400 MHz, MeOD): δ = 8.36 (d, J = 8.9 Hz, 2H, H3’), 7.89 
(d, J = 8.9 Hz, 2H, H2’), 7.70 (s, 1H, H5). 13C NMR (75 
MHz, DMSO-d6): δ = 170.2 (C2), 147.6 (C4), 145.8 (C4′), 
141.0 (C1′), 126.6 (Ph), 123.9 (Ph), 111.4 (C5). MS (ESI): 
m/z = 269.9 ([M+H]+, 100%). 

2.1.2.12. 4-(4-chlorophenyl)-1,3-selenazol-2-amine hydro-
bromide (5e) 

 Salmon solid; Yield US: 98%; mp 237-239ºC. 1H NMR 
(400 MHz, acetone-d6): δ = 7.88 (s, 2H, Ph), 7.51 (s, 1H, 
H5), 7.36 (d, J = 8.6 Hz, 2H, Ph), 6.73 (sl, 2H, NH2). 13C 
NMR (75 MHz, DMSO-d6): δ = 170.0 (C2), 149.9 (C4), 
135.0 (Ph), 131.7 (Ph), 128.8 (Ph), 128.0 (Ph), 107.1 (C5). 
MS (ESI): m/z = 258.8 ([M+H]+, 100%). 

2.1.2.13. 4-(4-bromophenyl)-1,3-selenazol-2-amine hydro-
bromide (5f) 

 Pale brown solid; Yield US: 97%; mp 223-226ºC. 1H 
NMR (400 MHz, MeOD): δ = 7.67 (d, J = 8.6 Hz, 2H, Ph), 
7.56 (d, J = 8.6 Hz, 2H, Ph), 7.44 (s, 1H, H5). 13C NMR (75 
MHz, DMSO-d6): δ = 174.1 (C2), 137.9 (C4), 131.9 (Ph), 

129.2 (Ph), 127.9 (Ph), 122.2 (Ph), 107.5 (C5). MS (ESI): 
m/z = 232.8 ([M+H]+, 100%). 

2.1.2.14. 4-phenyl-1,3-selenazol-2-amine hydrobromide 
(5g) 

 Salmon solid; Yield US: 73%; mp 220-221ºC. 1H NMR 
(400 MHz, MeOD): δ = 7.63 (dd, J = 7.8, 1.8 Hz, 2H, Ph), 
7.51-7.47 (m, 3H, Ph), 7.39 (s, 1H, H5). 13C NMR (125 
MHz, DMSO-d6): δ = 169.4 (C2), 149.4 (C4), 134.5 (C1′), 
131.2 (Ph), 128.3 (Ph), 127.5 (Ph), 106.6 (C5). MS (ESI): 
m/z = 224.0 ([M + H]+, 100%). 

2.2. Biology 

 The antimycobacterial activity of both 2-aminoselenazoles 
and 2-aminothiazoles was assessed against M. tuberculosis 
ATTC 27294 using the Micro plate Alamar Blue Assay 
(MABA) [20]. This is a nontoxic methodology, which uses a 
thermally stable reagent and shows good correlation with 
proportional and BACTEC radiometric methods [21, 22]. For 
this procedure, 200 mL of sterile deionized water was added 
to all outer-perimeter wells of 96 sterile well plates (falcon, 
3072: Becton Dickinson, Lincoln Park, NJ) to minimize 
evaporation of the medium in the test wells during incuba-
tion. 96 plates received 100 mL of the Middlebrook 7H9 
broth (Difco laboratories, Detroit, MI, USA) and successive 
dilutions of the compounds 4 and 5 were made directly on 
the plate. The final drug concentrations tested were 0.01 to 
20.0 μg/mL. Plates were covered and sealed with parafilm 
and incubated at 37°C for five days. 25 mL of a freshly pre-
pared 1:1 mixture of Alamar Blue (Accumed International, 
Westlake Ohio) reagent and 10% tween 80 were then added 
to the plate and incubated for 24 h. A blue color in the well 
was interpreted as no bacterial growth, and a pink color was 
scored as growth. The Minimal Inhibitory Concentration 
(MIC) was defined as the lowest drug concentration, which 
prevented a color change from blue to pink. MIC values rep-
resent means of three separate experiments and the variation 
coefficient of the method is 9.8 %. 

 Cytotoxicity assays were performed in murine peritoneal 
macrophages and the viability of cells was determined by  
the colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT - Sigma Chemical Co., St. Louis, 
MO, USA) method [23]. Peritoneal macrophages were ob-
tained from BALB/c mice previously inoculated with 3% 
thioglycollate medium (Sigma Chemical Co., St. Louis, MO, 
USA). The macrophages were used for the cytotoxicity assay 
in a concentration of 2x106 cells/mL (2x105cells/well) in 96-
well culture plates in RPMI 1640 medium supplemented 
with 10% inactivated fetal bovine serum, at 33oC and 5% 
CO2 atmosphere. After 24 hours, the adherent macrophages 
were incubated with several concentrations of the com-
pounds for 72 hours, at 37°C in 5% CO2. Then, the cells 
were incubated with 10 µL of a 5mg/ml solution of MTT 
during two hours at 37°C in 5% CO2. The reaction was 
stopped by adding 100 μL of acid isopropanol and the absor-
bance was measured at 570 nm (Multiskan MS microplate 
reader, LabSystems Oy, Helsink, Finland). All procedures 
performed in this assay were approved by the Ethics Com-
mittee for Animal Handling (013/2015-CEUA) of the Fed-
eral University of Juiz de Fora. 
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3. RESULTS AND DISCUSSION 

 In our continuous attempts on the synthesis of pharmaco-
logically important heterocycles, we have been studying the 
aspects regarding the synthesis of 2-amino-1,3-selenazoles 
from selenourea and α-bromoketones [19]. In the present 
work, we report the formation of this core in some common 
solvents under catalyst-free condition at room temperature. It 
should be mentioned that we were inspired by a similar work 
published in 2011 by Srinivasan and co-workers regarding 
the synthesis of 2-aminothiazoles [24]. In their paper, 
authors established that thiazole formation is fast at room 
temperature when polar solvents are used. 

 It is noteworthy that 1,3-selenazole synthesis seems to 
follow the same pattern described previously for their thia-
zole counterparts, albeit a bit faster in some cases. Instant 
reactions and high yields were observed in the formation of 
4-phenyl-1,3-selenazol-2-amine hydrobromide under polar 
aprotic solvents with high polarity index such as DMF and 
acetonitrile. Moreover, the reaction was very fast in all other 
organic solvents (Scheme 1). On the other hand, reaction did not 
proceed as smoothly in water due to solubility issues; even 
so, good yields were obtained after 50 minutes (Scheme 1). 

 In 2007, Narender and co-workers reported the synthesis 
of 1,3-selenazoles in water using supramolecular catalysts 
such as β-cyclodextrin, in an elegant method to avoid the 
reagents’ solubility issue [13]. Therefore, we decided to con-

tinue our studies with the goal of carrying out this reaction in 
water, in shorter times without using any catalyst. In this 
context, ultrasound reactors are interesting tools to increase 
reaction rates, mainly due to the cavitation effect. Reaction 
between selenourea and 2-bromo-1-phenylethanone (1:1.2), 
as in Scheme 1, was carried out in various sonication condi-
tions in order to establish the best methodology for this pro-
cedure and results are summarized in Table 1. This reaction 
was also carried out under conventional heating (80ºC) 
(methodology I) to evaluate the importance of sonication for 
this synthesis. It is noteworthy that yields increased up to 
1.8-fold, lower reaction times were needed when compared 
to conventional heating, and 50% of the maximum potency 
(375W) seemed to be optimal for this reaction. Moreover, 
splitting the total reaction time into shorter pulses did not 
affect reaction yields when comparing VI and VII. 

 All compounds described in Scheme 2, including the 2-
amino-thiazoles 4a-g, were synthesized via ultrasound in 
water, using methodology III, in good to excellent yields 
and their structures were analyzed by 1H, 13C NMR and ESI-
MS analysis. 

 All synthesized compounds were assessed in vitro against 
M. tuberculosis ATCC 27294 strain. Compounds 4e, 5c  
and 5e displayed moderate activity in the micromolar range 
(Table 2), while the other compounds did not inhibit growth 
in the tested concentrations. It is interesting to notice that 

Table 1. Ultrasound synthesis of 4-phenyl-1,3-selenazol-2-amine hydrobromide. 

Methodology Total Time (Min) Number of Pulses Potency (% MAX) Isolated Yield (%) 

I 20 - - 41 

II 15 1 20% 33 

III 10 1 50% 72 

IV 5 1 50% 60 

V 10 1 90% 70 

VI 6 1 90% 58 

VII 6 3 90% 56 

 

H2N NH2

Se

N

Se
NH2.HBr

O
Br

4-phenyl-1,3-selenazol-2-amine hydrobromide

i

i: Various Solvents, r.t.
 

Solvent Yield (%) Polarity Index Reaction Time 

H2O 82 9.0 50 min 

DMF 95 6.4 Instant 

MeCN 96 5.8 Instant 

MeOH 78 5.2 < 1 min 

EtOH 74 5.1 < 1 min 

CH2Cl2 80 3.1 5 min 

Scheme 1. Synthesis of 4-phenyl-1,3-selenazol-2-amine hydrobromide in various solvents. 
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these small intermediates exhibited lower MIC values, being 
1.2 (5e) and 2.2 (5c) fold more potent than the sulfur derivative 
4e. Furthermore, active compounds did not seem to be cytotoxic. 

 Methyl and chloro substituents in the phenyl moiety of 
the structures seem to be important for the activity of this 
series. Moreover, a mLog P ranging from around 2.35 to 
2.83 might be also playing a role in the biological activity, as 
mLog P of all inactive compounds, except for compound 5f, 
fall outside of these boundaries. 

 Clearly, the assessed compounds are not as potent in vi-
tro as the first line drug rifampicin, however, it should be 
noted that the vital first line drug pyrazinamide displays a pH 
dependent in vitro MIC ranging from 41 µM up to 325.2 µM 
when pH varies from 5.5 to 5.95 [25]. Moreover, these 2-
aminoselenazoles did not show any cytotoxicity. Selenazoles 
could be easily incorporated into drug-like structures, and 
might have a new mechanism of action, which would be 
desirable in order to avoid resistance. Our research group is 
carrying out further studies in order to establish a possible 
mechanism of action for these structures. 

CONCLUSION 

 In summary, we have established that 2-aminoselenazole 
Hantzsch’s synthesis is highly dependent on the solubility of 
the reagents and on the polar index of the solvents. We have 

attempted to carry out this reaction in water without cata-
lysts, but the reaction was slow under conventional heating. 
On the other hand, fast reactions and good yields were ob-
tained under sonication. 

 The biological activity of selenazoles against M. tubercu-
losis was assessed for the first time. These small molecules 
were capable of inhibiting growth in a micromolar range and 
remarkably, selenazoles were up to 2.2 fold more potent than 
the thiazoles analogues in the tested conditions. It is note-
worthy that selenazoles may become important structures in 
the search for new prototypes against TB. 

ETHICS APPROVAL AND CONSENT TO 
PARTICIPATE 

 All procedures performed in this assay were approved by 
the Ethics Committee for Animal Handling (013/2015-
CEUA) of the Federal University of Juiz de Fora. 

HUMAN AND ANIMAL RIGHTS 

 No humans were used in this research. All animal re-
search procedures followed were in accordance with the 
standards set forth in the eighth edition of Guide for the Care 
and Use of Laboratory Animals published by the National 
Academy of Sciences, The National Academies Press, 
Washington, D.C.). 

H2N NH2

X
N

X
NH2.HBr

1a-g 2 or 3 4a-g (X = S)
5a-g (X = Se)

R

O
Br

R

a: R = 4-OMe
b: R = 4-F
c: R = 4-Me
d: R = 4-NO2

2

34

5

1'

2'
3'

4'

2: X = S
3: X = Se

e: R = 4-Cl
f: R =  4-Br
g: R = H

US, 50KHz

Water, 10min, 52-98%

 
Scheme 2. Synthesis of 2-aminothiazoles and 2-aminoselenazoles. 

Table 2. MIC value for compounds 4e, 5c and 5e. 

Compound mLog P MIC (ATCC 27294) 

N

S

NH2.HBr

Cl 4e  

2.58 476 µM 

N

Se

NH2.HBr

5c  

2.35 210 µM 

N

Se

NH2.HBr

Cl 5e  

2.83 389 µM 

Rifampicin - 1.2 µM 
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