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Abstract 
An efficient and eco-friendly synthesis of 2-amino-1,3-selenazoles in ionic liquid/water solvent 
system is described. The paper describes synthesis of 2-amino-1,3-selenazoles by condensation 
of various phenacyl bromide with selenourea under ambient conditions in short reaction times. 
This protocol has notable advantages such as the absence of any added catalyst, simple operation 
and excellent yields of products and recyclability of the ionic liquid. 
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Introduction 
 
The synthesis of selenium containing heterocycles has been extensively studied, not only 
because of strong interest in these compounds as synthetic tools,1 but also as a result of their 
biological activities.2 1,3-Selenazoles are of pharmacological relevance, due to their antibiotic 
and cancerostatic activity.3 A prominent example is the antibiotically active C-glycosyl 
selenazole, selenafurin.3a Recently, it was reported that 1,3-selenazole possess strong inhibitory 
activity against inducible nitric oxide synthase.4 2-Amino-1,3-selenazole are also good 
superoxide anion-scavengers.5 Moreover, 2-dialkylamino-1,3-selenazole6a has become of interest 
as a starting material for preparing dyes.6b-c

In view of the importance of selenazole and its derivatives, several methods for the synthesis 
of selenazoles were reported. The most widely used method is by the application of Hantzsch 
procedure. Most of the methods available for the synthesis of selenazole had drawbacks such 
as use of polar and anhydrous organic solvents at higher temperature,  basic reaction conditions 
such as use of triethylamine/ammonia,  use of catalyst such as β-cyclodextrin,  longer reaction 
times and low yields in the presence of water.  Furthermore, selenoureas are air and light 
sensitive, so there is a need to develop a process under mild conditions such as ambient 
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temperature at enhanced rate of reaction to prevent the unstable selenoureas triggering unwanted 
side reactions thereby reducing their air and light sensitivity thereby improving the selectivity to 
the required 2-aminoselenazoles. 

Thus the development of a simple, convenient and environment friendly approach for the 
synthesis of 1,3-selenazole is still needed. Organic reactions in aqueous media have attracted 
much attention recently not only because water is the most abundant, environmentally benign, 
and cheapest solvent but also because unique selectivity and reactivity can be expected from this 
solvent.10 Among a variety of possible green solvent alternatives for catalytic reactions, room-
temperature ionic liquid (RTIL) reaction media continue to be an area of increasing research 
activity. Moreover, they have shown great promise as attractive alternatives to conventional 
solvents. They possess the unique advantages of high thermal stability, negligible vapour 
pressure, immiscibility with a number of organic solvents and recyclability.11 These advantages 
become even more attractive if such reactions can be conducted using ionic liquids in aqueous 
media.12

In continuation to our ongoing interest in the development of green organic synthetic 
processes for the preparation of biologically active heterocycles by the use of ionic liquid,13 we 
herein report for the first time a simple, efficient and  eco-friendly process for the synthesis of 
substituted 2-amino-1,3-selenazoles in ionic liquid/water mixture as an efficient solvent system 
at ambient temperature in significantly enhanced reaction rates.  
 
 
Results and Discussion 
 
When p-chlorophenacyl bromide 1d was treated with selenourea 2 in 1-n-butylimidazolium 
tetrafluoroborate, ([Hbim]BF4)/H2O mixture (1:1) at ambient temperature, it afforded 4-(p-
chlorophenyl)-2-amino-1,3-selenazole 3d in 94% yield in 10 min (Scheme 1).  
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Scheme 1 
 

For the optimization of the reaction conditions, we chose the cyclocondensation reaction 
between p-chlorophenacyl bromide and selenourea as a model reaction. Initially, we carried out 
the reaction between p-chlorophenacyl bromide and selenourea in water at room temperature, 
where it furnished the desired product in low yield (58%) even after long reaction period (6 h) 
(Table 1, Entry 8). Next, when we carried out the reaction in the IL, 1,3-di-n-butylimidazolium 
bromide ([Bbim]Br), it furnished the product in 91% in 35 min (Table 1, Entry 1). However, a 
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similar reaction in more Brønsted acidic IL, 1-n-butylimidazolium tetrafluoroborate ([Hbim]BF4) 
furnished the product in 94% yield in 15 min (Table 1, Entry 2). Interestingly, it was observed 
that addition of water to ionic liquid, [Hbim]BF4 in 1:1 ratio enhanced the rate of 
cyclocondensation reaction as reaction time was reduced from 15 min to 10 min while in the case 
of [Bbim]Br, the reaction time was reduced from 35 min to 25 min on addition of water to 
[Bbim]Br in 1:1 ratio. Thus, the reaction in [Bbim]Br/H2O mixture (1:1) was found to be 
relatively sluggish as compared to the [Hbim]BF4/H2O mixture. It may be pointed out that the 
ionic liquid [Hbim]BF4 and [Bbim]Br were selected for this transformation because of their 
excellent miscibility with water. The role of IL may be postulated in terms of Lewis/Brønsted 
acidity, thereby promoting the reaction. The addition of water to IL may presumably play an 
important role in the process due to the good water solubility of the selenoureas. 
 
Table 1. Optimization of solvent system for the synthesis of 3d 

Entry 
 

Solvent Time 
(min) 

Yield 
(%)a

1 [Bbim]Br 35 91 
2 [Hbim]BF4 15 94 
3 [Hbim]BF4 + H2O (1:1) 10 94 
4 [Hbim]BF4 + H2O (2:1) 10 94 
5 [Hbim]BF4 + H2O (1:2) 30 89 
6 [Bbim]Br+ H2O (1:1) 25 90 
7 H20 + [Hbim]BF4

b 60 87 
8 H2O 120c 58 

aIsolated yield after column chromatography.  
bIL, [Hbim]BF4 in catalytic amount.  
cNo further progress upto 6 h. 
 

For optimization of solvent system, different ratios of water and IL were investigated and the 
optimum results were obtained by using IL/water in 1:1 ratio (Table 1, entry 3). All further 
reactions were done using [Hbim]BF4/H2O system (1:1) as the reaction medium. Using these 
optimal reaction conditions, we next examined the scope and generality of this process. Several 
2-amino- and N,N-dimethylamino-1,3-selenazoles 3a-m were prepared from a variety of 
substituted phenacyl bromides and selenoureas and results are summarized in Table 2. It was 
observed that under these conditions, a wide range of phenacyl bromides having electron-
withdrawing as well as electron-donating groups such as nitro, chloro, fluoro, methyl and phenyl 
easily underwent cyclocondensation with selenourea as well as with N,N-dimethylselenourea to 
afford substituted 4-aryl-2-amino-1,3-selenazole in short reaction times in excellent isolated 
yields. Similarly, α-bromo-2-acetonaphthone smoothly reacted with selenourea and N,N-
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dimethylselenourea to afford the corresponding products in excellent yields (Table 2, Entry 
7,13).  

 
Table 2. Synthesis of 2-amino-1,3-selenazoles 3a-m in IL/water system  

Entry Ar R’ Product 3 
Time 
(min) 

Yield (%)a Mp (°C) 

1 C6H5 NH2 3a 10 91 
131-132 
(132)8a

2 4-MeC6H4 NH2 3b 10 93 
167-168 
(167)8a

3 4-FC6H4 NH2 3c 15 94 119-120 

4 4-ClC6H4 NH2 3d 10 94 
155-156 
(157)8a

5 3-(O2N)C6H4 NH2 3e 15 97 196-197 

6 4-C6H5C6H4 NH2 3f 20 96 138-139 

7 β-C10H7 NH2 3g 10 95 145-146 

8 C6H5 NMe2 3hb 10 94 ____ 

9 4-MeC6H4 NMe2 3i 10 95 49-50 

10 4-FC6H4 NMe2 3jb 10 96 ____ 

11 3-(O2N)C6H4 NMe2 3k 15 97 104-105 

12 4-C6H5C6H4 NMe2 3l 10 96 127-128 

13 β-C10H7 NMe2 3m 10 97 123-124 

aIsolated yield after column chromatography.  
bliquid.  
 

It can be observed that almost all reactions were complete in just 10-20 min at ambient 
temperature. Selenoureas are air and light sensitive, so it becomes most necessary to develop a 
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process which would be faster at mild conditions to avoid the unstable selenoureas triggering 
unwanted side reactions thereby reducing their air and light sensitivity thereby improving the 
selectivity to the required 2-aminoselenazoles. To the best of our knowledge, this is the first 
synthesis of 2-amino-1,3-selenazole which was carried out at ambient temperature at enhanced 
rate without any volatile, polar organic solvent and any added catalyst affording the products in 
excellent yields (91-97%). All the products were characterized by their melting point, IR, 
elemental analyses, 1H and 13C NMR spectroscopy. For known compound, the values were in 
good agreement to those reported in literature. 

The experimental procedure is very simple. A mixture of phenacyl bromide 1 and selenourea 
2 was stirred in [Hbim]BF4/H2O (1:1) system for 10-20 min at ambient temperature. The 
vigorous stirring is necessary for the success of the reaction. After completion of the reaction, as 
indicated by the disappearance of the spot corresponding to phenacyl bromide on TLC, the 
reaction mixture was poured into water (10 mL) and product was extracted using ethyl acetate. 
The aqueous layer consisting of the IL was dried in vacuo (80 °C at 10 mmHg) to remove water, 
leaving behind the IL, [Hbim]BF4 which was reused and recycled three times for a typical 
reaction of p-chlorophenacyl bromide and selenourea without any loss in yield. For this, 
recovered IL was mixed with water in 1:1 ratio and used as the solvent system. 
 
 
Conclusions 
 
In conclusion, we have demonstrated that a highly efficient and eco-friendly synthesis of 4-aryl-
2-amino-1,3-selenazole has been achieved using [Hbim]BF4/H2O solvent system. The current 
method presents a practicable synthetic process for 2-amino-1,3-selenazole because of the 
following advantages: (1) use of water and ionic liquid as environmentally benign reaction 
media, (2) very high yield (91-97%) and short reaction time (10-20 min), (3) ambient 
temperature, (4) absence of any added catalyst and organic solvent as reaction medium and (5) 
recyclability of the ionic liquid.  
 
 
Experimental Section 
 
General Procedures. 1H NMR and C NMR spectra were recorded on a Bruker AV-200 
spectrometer in CDCl  and DMSO-d  using TMS as internal standard. Infrared spectra were 
recorded with ATI MATT-SON RS-1 FTIR spectrometer using KBr pellets. Elemental 
analyses were obtained using a flash EA 1112 thermofinnigan instrument and were carried 
out at the National Chemical Laboratory, Pune, India. Melting points were recorded in open 
capillary on

13

3 6

 Buchi melting Point B-540 apparatus. All solvents and chemicals were of research 
grade and were used as obtained from Merck and Lancaster. Column chromatography was 
performed using silica gel (60–120 mesh size).  
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General procedures for the synthesis of 2-aminoselenazoles (3a-m)  
A mixture of phenacyl bromide 1 (1 mmol) and selenourea 2 (1.1 mmol) in ([Hbim]BF4/water 
(1:1, 3 mL) system was vigorously stirred at ambient temperature for an appropriate time (Table 
2). After completion of the reaction as indicated by TLC, the reaction mixture was poured into 
water (10 mL) and the product was extracted using ethyl acetate (3X10 mL). The combined ethyl 
acetate extracts were concentrated in vacuo. The resulting crude product was directly charged 
onto a small silica gel column and eluted with a mixture of ethyl acetate/petroleum ether to 
afford pure 2-aminoselenazole 3. 
4-(4-Fluorophenyl)-1,3-selenazol-2-amine (3c). Brown solid; mp 119-120 °C; IR (KBr, cm-1) 
3454, 3279, 1696, 1459, 1377, 1321, 1208, 771, 728; 1H NMR (CDCl3, 200 MHz) δ 5.36 (bs, 
2H, NH2), 6.99-7.08 (m, 2H, ArH), 7.20 (s, 1H, selenazole H), 7.70-7.77 (m, 2H, ArH); 13C 
NMR (CDCl3, 50 MHz) δ 106.7, 115.1, 115.5, 127.8, 128.0, 131.7, 131.7, 150.8, 159.7, 164.6, 
169.3; Anal Calcd C9H7FN2Se: C, 44.83; H, 2.93; N, 11.62%. Found: C, 44.69; H, 2.84; N, 
11.77%. 
4-(3-Nitrophenyl)-1,3-selenazol-2-amine (3e). Dark yellow solid; mp 196-197 °C; IR (KBr, 
cm-1) 3443, 1633, 1463, 1455, 1155, 771, 722; 1H NMR (CDCl3/DMSO-D6, 200 MHz) δ 6.49 
(bs, 2H, NH2), 7.0 (s, 1H, selenazole H), 7.08 (t, J 7.98 Hz, 1H, ArH), 7.59-7.69 (m, 2H, ArH), 
8.22 (t, J 1.98 Hz, 1H, ArH); 13C NMR (CDCl3/DMSO-D6, 50 MHz) δ 107.0, 119.7, 120.1, 
128.2, 130.5, 136.2, 147.2, 147.6, 169.0; Anal Calcd C9H7N3O2Se: C, 40.32; H, 2.63; N, 15.67%. 
Found: C, 40.51; H, 2.74; N, 15.53%. 
4-(4-Phenylphenyl)-1,3-selenazol-2-amine (3f). Brown solid; mp 138-139 °C; IR (KBr, cm-1) 
3412, 1538, 1462, 1376, 769, 733; 1H NMR (CDCl3, 200 MHz) δ 5.30 (bs, 2H, NH2) 7.34 (s, 1H, 
selenazole H), 7.36-7.48 (m, 3H, ArH), 7.58-7.65 (m, 4H, ArH), 7.82-7.87 (m, 2H); 13C NMR 
(CDCl3/DMSO-D6, 50 MHz) δ 104.0, 124.5, 124.7, 125.3, 126.9, 132.9, 136.7, 138.0, 148.5, 
167.5; Anal Calcd C15H12N2Se: C, 60.21; H, 4.04; N, 9.36%. Found: C, 60.37; H, 4.12; N, 
9.23%. 
4-(Naphthalen-2-yl)-1,3-selenazol-2-amine (3g). Brown solid; mp 145-146 °C; IR (KBr, cm-1) 
3415, 1595, 1519, 1462, 1377, 770, 749; 1H NMR (CDCl3, 200 MHz) δ 5.47 (bs, 2H, NH2), 7.41 
(s, 1H, selenazole H), 7.43-7.53 (m, 2H, ArH), 7.48-7.89 (m, 4H, ArH), 8.30 (s, 1H, ArH); 13C 
NMR (CDCl3/DMSO-D6, 50 MHz) δ 105.5, 123.2, 123.8, 124.6, 125.1, 126.4, 126.8, 127.0, 
131.4, 132.0, 132.4, 149.9, 168.8; Anal Calcd C13H10N2Se: C, 57.15; H, 3.69; N, 10.25%. Found: 
C, 57.04; H, 3.82; N, 10.37%. 
N,N-Dimethyl-4-phenyl-1,3-selenazol-2-amine (3h). Viscous liquid; IR (KBr, cm-1) 2921, 
2871, 1566, 1479, 773;  1H NMR (CDCl3, 200 MHz) δ 3.26 (s, 6H, CH3), 7.38 (s, 1H, selenzole 
H), 7.40-7.52 (m, 3H, ArH), 7.96-8.01 (m, 2H, ArH); 13C NMR (CDCl3, 50 MHz) δ 40.9, 105.0, 
126.3, 127.2, 128.3, 136.0, 153.0, 172.1; Anal Calcd C11H12N2Se: C, 52.60; H, 4.82; N, 11.15%. 
Found: C, 52.47; H, 4.94; N, 11.03%. 
N,N-Dimethyl-4-p-tolyl-1,3-selenazol-2-amine (3i). Dark brown solid; mp 49-50 °C; IR (KBr, 
cm-1) 3018, 2922, 2872, 1563, 1490, 1554, 1425, 1322, 1215, 758; 1H NMR (CDCl3, 200 MHz) 
δ 2.35 (s, 3H, CH3), 3.15 (s, 6H, CH3), 7.15-7.19 (d, J 7.96 Hz, 2H, ArH), 7.21 (s, 1H, selenazole 
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H), 7.74-7.78 (d, J 7.96 Hz, 2H, ArH); 13C NMR (CDCl3, 50 MHz) δ 21.2, 40.9, 104.1, 126.2, 
129.0, 133.3, 136.9, 135.1, 172.1; Anal Calcd C12H14N2Se: C, 54.35; H, 5.32; N, 10.56%. Found: 
C, 54.53; H, 5.21; N, 10.68%. 
N,N-Dimethyl-4-(4-fluorophenyl)-1,3-selenazol-2-amine (3j). Viscous liquid; IR (KBr, cm-1) 
2921, 2872, 1572, 1489, 843, 756, 728; 1H NMR (CDCl3, 200 MHz) δ 3.14 (s, 6H, CH3), 6.99-
7.08 (m, 2H, ArH), 7.17 (s, 1H, selenazole H), 7.79-7.86 (m, 2H, ArH); 13C NMR (CDCl3, 50 
MHz) δ 41.0, 104.4, 114.9, 115.3, 127.9, 128.0, 132.3, 132.3, 152.0, 159.6, 164.2, 172.2; Anal 
Calcd C11H11FN2Se: C, 49.08; H, 4.12; N, 10.41%. Found: C, 49.17; H, 4.23; N, 10.58%. 
N,N-Dimethyl-4-(3-nitrophenyl)-1,3-selenazol-2-amine (3k). Dark yellow solid; mp 104-105 
°C; IR (KBr, cm-1) 2924, 1566, 1529, 1348, 1048, 770, 697; 1H NMR (CDCl3, 200 MHz) δ 3.17 
(s, 6H, CH3), 7.41 (s, 1H, selenazole H), 7.51 (t, J 7.89 Hz, 1H, ArH), 8.07-8.19 (m, 2H, ArH), 
8.69 (t, J 1.96 Hz, 1H, ArH); 13C NMR (CDCl3, 50 MHz) δ 41.0, 107.2, 121.2, 121.7, 129.2, 
132.0, 137.5, 148.5, 150.6, 172.4; Anal Calcd C11H11N3O2Se: C, 44.61; H, 3.74; N, 14.19. 
Found: C, 44.48; H, 3.91; N, 14.33%. 
N,N-Dimethyl-4-(4-phenylphenyl)-1,3-selenazol-2-amine (3l). Brown solid; mp 127-126 °C; 
IR (KBr, cm-1) 2921, 2872, 1574, 1477, 848, 730; 1H NMR (CDCl3, 200 MHz) δ 3.17 (s, 6H, 
CH3), 7.31 (s, 1H, selenazole H), 7.33-7.48 (m, 3H, ArH), 7.58-7.66 (m, 4H, ArH), 7.92-7.96 
(dd, J 8.41 and 1.76 Hz, 2H, ArH); 13C NMR (CDCl3, 50 MHz) δ 41.0, 105.1, 126.7, 126.8, 
127.0, 128.6, 135.1, 139.8, 140.8, 152.7, 172.1; Anal Calcd C17H16N2Se: C, 62.39; H, 4.93; N, 
8.56%. Found: C, 62.28; H, 4.81; N, 8.67%. 
N,N-Dimethyl-4-(naphthalen-2-yl)-1,3-selenazol-2-amine (3m). Brown solid; mp 123-124 °C; 
IR (KBr, cm-1) 3018, 2924, 1560, 770; 1H NMR (CDCl3, 200 MHz) δ 3.20 (s, 6H, CH3), 7.40 (s, 
1H, selenazole H), 7.42-7.49 (m, 2H, ArH), 7.78-7.96 (m, 4H, ArH), 8.40 (s, 1H, ArH); 13C 
NMR (CDCl3, 50 MHz) δ 41.0, 104.4, 114.9, 115.3, 127.9, 128.0, 132.3, 152.0, 159.6, 164.5, 
172.2; Anal Calcd C15H14N2Se: C, 59.81; H, 4.68; N, 9.30%. Found: C, 59.89; H, 4.77; N, 
9.37%. 
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