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Abstract 
 
An improved environmentally benign procedure for synthesis of substituted 2-cyanomethyl-4-phenylthia- 
zoles under focused microwave irradiation using glycerol as solvent has been carried out. The method allows 
the synthesis of products in excellent yields with short reaction times and the work-up is easy. This approach 
can be applied to the preparation of a variety of derivatives. 
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1. Introduction 
 
An important problem that faces organic chemists today 
is the development and improvement of methods for the 
synthesis of compounds with specific desired properties. 
Single-step syntheses are advantageous since they sim-
plify known synthetic procedures for the preparation of 
intermediates and the reaction time can be reduced th- 
rough various improvements, such as the use of environ- 
mentally friendly conditions and energy sources. 2-He- 
tarylacetonitriles are versatile reagents that have been 
extensively utilized in heterocyclic synthesis. Recently, 
interest in the synthesis of 2-thiazolyl-substituted pyrro- 
les has increased due to the discovery of highly efficient 
enzyme inhibitors among the 2-thiazolylpyrroles deriva-
tives [1,2]. Several 3-(1,3-thiazol-2-yl)pyridine-2(1H)- ones 
have been found to act as selective GABAA (γ-aminobutyric 
acid) antagonists and anxiolytics [3,4]. 

2-Hetarylacetonitriles are important intermediates for 
the synthesis of compounds that are useful in the treat-
ment and/or prevention of neuronal disorders, neurode-
generative or inflammatory diseases, and cancer or me- 
tabolic disorders [5-7]. Highly efficient inhibitors of so- 
me enzymes are derivatives of thiazolyl-substituted pyr- 
rols [8]. 2-cyanomethylthiazoles are very valuable dye 
intermediates for the synthesis of fluorescent coumarins, 
suitable as laser dyes or as fluorescent covalent probes 

for labeling of oligonucleotides with very high fluores-
cence quantum yield (approximately 1) [9-13]. 

Many reactions have been developed in recent years 
that involve the synthetic potential of 2-hetarylacetoni- 
triles toward electrophiles [14-16]. One of the most com- 
monly used procedures for the synthesis of the thiazole 
ring is based on the Hantzsch reaction (the reaction of α- 
halo ketones with thioamides), which proceeds by heat- 
ing the reaction components in ethanol and gives the 
target compounds in good yields [12,17]. However, 2- 
methyl-4-phenylthiazole can only be prepared by heating 
α-bromoacetophenone with thioacetamide in anhydrous 
ethanol in the presence of gaseous hydrogen chloride for 
prolonged periods [18]. 

In the work described here we aimed to develop a 
highly efficient and reproducible procedure for the syn-
thesis of substituted 2-cyanomethyl-4-phenylthiazoles un-
der focused microwave irradiation using glycerol as sol-
vent, which is widely recognized as an eco-friendly sol-
vent in organic chemistry [19-21]. 
 
2. Experimental 
 
All products were characterized and/or compared with 
reported data. Melting points were obtained on a Gal- 
lenkamp apparatus and are uncorrected. 1H-NMR spectra 
of the compounds not reported previously were recorded 
on Varian 200 MHz and Bruker Avance 250 MHz spec-
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trometers in CDCl3 as solvent. The HPLC-MS technique 
in experiments for the optimization of reaction condi-
tions was carried out on an Agilent HP1100 system. Ele- 
mental analyses were performed on a Vario III instru-
ment. All microwave irradiation experiments described 
herein were performed using a single-mode Initiator 2.5 
equipment from Biotage AB using standard Pyrex sealed 
vessels (capacity 2 mL - 5 mL). Experiments were per-
formed in power-control mode where the temperature 
was monitored using the built-in calibrated IR sensor. 
Vessels can be operated at temperatures up to 250˚C and 
a pressure of 20 bar (pressure is not monitored). The 
vessel has been introduced in the microwave cavity of 
the Initiator 2.5 equipment and covered with a safety lid. 
The progress of the reactions was monitored by TLC 
(Merck F 254 silica gel; dichloromethane:hexane, 6:1). 
All starting materials and solvents were commercial 
products from Sigma-Aldrich. The products that have not 
been reported previously were characterized by 1H-NMR 
spectroscopy and elemental analysis. Analytically pure 
samples of the reaction products were obtained by re-
crystallization from ethanol. 
 
2.1. General Procedure for Preparation of 

Compounds 3a-3j in Biotage 
Microwave System 

 
2-Cyanothioacetamide (1) (0.001 mol) and the appropri-
ate substituted 2-bromoacetophenone (2a-j) (0.001 mol) 
were mixed in a 2 mL - 5 mL microwave vial with anhy-
drous glycerol (3 mL - 4 mL). The reaction mixture was 
prestirred for 4 min and irradiated at 40 - 45 Watts for a 
time ranging between 3.5 min and 4.5 min (Table 2). The 
product (3a-3j) was dissolved in ethanol (1 mL - 2 mL) 
and precipitated by dilution with water (50 mL). The 
resulting solid was filtered off and air dried. 
 
2.2. Characterization Data for the 

Thiazolylacetonitriles 3a-3j 
 
2-(4-phenylthiazol-2-yl)acetonitrile (3a): M.p. 61˚C - 
63˚C (from MeOH) (lit.[22], 62˚C - 63˚C; lit.[23], 60˚C). 

2-[4-(4-chlorophenyl)thiazol-2-yl]acetonitrile (3b): 
M.p. 69˚C - 71˚C (from MeOH) (lit.[24], 69˚C - 70˚C). 

2-[4-(4-fluorophenyl)thiazol-2-yl]acetonitrile (3c): 
M.p. 63˚C - 65˚C (from MeOH) (lit.[25], 64˚C). 

2-(4-p-tolylthiazol-2-yl)acetonitrile (3d): M.p. 95˚C - 
97˚C (from MeOH) (lit.[26], 97˚C - 98˚C). 

2-[4-(4-methoxyphenyl)thiazol-2-yl]acetonitrile (3e): 
M.p. 59˚C - 61˚C (from MeOH) (lit.[23], not reported). 
(found C, 62.32; H, 4.04; N, 11.99; S, 13.75. C12H10N2OS 
requires C, 62.59; H, 4.38; N, 12.16; S, 13.92%) δH (250 
MHz; CDCl3) 3.88 (s, 3H, CH3), 4.20 (s, 2H, CH2), 6.98 

(dd, 2H, J = 6.77, 2.14 Hz, ArH), 7.37 (s, 1H, ArH), 7.84 
(dd, 2H, J = 6.78, 2.13 Hz, ArH). 

2-[4-(4-hydroxyphenyl)thiazol-2-yl]acetonitrile (3f): 
M.p. 148˚C - 150˚C (from MeOH) (lit.[27], not reported), 
(found C, 60.88; H, 3.52; N, 12.66; S, 14.49. C11H8N2OS 
requires C, 61.09; H, 3.73; N, 12.95; S, 14.83%) δH (250 
MHz; CDCl3) 4.19 (s, 2H, CH2), 6.92 (dd, 2H, J = 6.66, 
2.17 Hz, ArH), 7.36 (s, 1H, ArH), 7.79 (dd, 2H, J = 6.66, 
2.16 Hz, ArH). 

2-[4-(3-hydroxyphenyl)thiazol-2-yl]acetonitrile (3g): 
M.p. 118˚C - 120˚C (from MeOH), (found C, 60.76; H, 
3.52; N, 12.66; S, 14.49. C11H8N2OS requires C, 61.09; 
H, 3.48; N, 12.71; S, 14.56%) δH (250 MHz; CDCl3) 4.21 
(s, 2H, CH2), 6.88 (dd, 1H, J = 7.41, 2.75 Hz, ArH), 7.32 
(dd, 1H, J = 6.99, 1.21 Hz, ArH), 7.42 - 7.46 (m, 2H, 
ArH), 7.51 (s, 1H, ArH). 

2-[4-(biphenyl-4-yl)thiazol-2-yl]acetonitrile (3h): M. 
p. 113˚C - 115˚C (from MeOH) (lit.[27], not reported), 
(found C, 73.71; H, 4.19; N, 9.96; S, 11.48. C17H12N2S 
requires C, 73.88; H, 4.38; N, 10.14; S, 11.60%) δH (250 
MHz; CDCl3) 4.27 (s, 2H, CH2), 7.48 (d, 2H, J = 7.39 
Hz, ArH), 7.56 (s, 1H, ArH), 7.65 - 7.72 (m, 5H, ArH), 
7.99 (d, 2H, J = 8.59 Hz, ArH). 

2-{4-[4-(pyrrolidin-1-yl)phenyl]thiazol-2-yl}acetoni
trile (3i): M.p. 157˚C - 159˚C (from MeOH), (found C, 
66.67; H, 5.34; N, 15.39; S, 11.68. C15H15N3S requires C, 
66.88; H, 5.61; N, 15.60; S, 11.90%) δH (200 MHz; 
CDCl3) 2.05 (t, 4H, J = 13.18 Hz, CH2CH2), 3.37 (t, 4H, 
J = 12.75 Hz, CH2CH2), 4.17 (s, 2H, CH2), 6.65 (d, 2H, J 
= 8.08 Hz, ArH), 7.25 (d, 1H, J = 7.65 Hz, ArH), 7.76 (d, 
2H, J = 8.93 Hz, ArH). 

4-[2-(cyanomethyl)thiazol-4-yl]benzonitrile (3j): M. 
p. 164˚C - 166˚C (from MeOH) (lit.[28], not reported), 
(found C, 63.81; H, 2.85; N, 18.11; S, 13.87. C12H7N3S 
requires C, 63.98; H, 3.13; N, 18.65; S, 14.23%) δH (250 
MHz; CDCl3) 4.21 (s, 2H, CH2), 7.67 (s, 1H, ArH), 7.75 
(dd, 2H, J = 6.73, 1.68 Hz, ArH), 8.03 (dd, 2H, J = 6.73, 
1.76 Hz, ArH). 
 
3. Results and Discussion 
 
The Hantzsch reaction remains one of the most reliable 
routes to thiazoles and it involves the reaction of a α- 
bromomethylketone with a thioamide in refluxing etha-
nol or THF and treatment of the resulting thiazolyl hy-
drobromide with aqueous ammonia [29]. The reaction 
mechanism is well-known and described in the literature 
[30]. Different variants of this important approach have 
been reported and these include the use of a mixture of 
ethanol/DMF as solvent; addition of the α-bromoketone 
dropwise, stirring the reaction mixture overnight at room 
temperature for 30 minutes - 45 minutes and then heating 
the mixture under reflux; pouring the reaction mixture 
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into water and extracting the product with ethyl acetate or 
diethyl ether, instead of treatment with aqueous ammonia 
[21,23,24,31]. Another reported route provides 2-(cyano- 
methyl)thiazoles through the reaction of 2-sulfonylthia- 
zoles with alkyl-2-cyanoacetates in the presence of a base, 
such as NaH, in DMF to give 2-(thiazoly-2-yl)cyanoacetate 
esters, which were then hydrolyzed and decarboxylated 
[26]. Recently, new environmentally benign synthetic pro-
tocol for obtaining 2-amino-4-arylthiazoles employing mi- 
crowave irradiation in water was reported. [32]. 

A literature survey revealed that the synthesis of 2- 
cyanomethyl-4-phenylthiazoles from 2-cyanothioaceta- 
mide and substituted 2-bromoacetophenones under mi- 
crowave irradiation has not been reported to date. The 
novel synthetic procedure to obtain substituted 2-cyanome- 
thyl-4-phenylthiazoles involved the use of a Biotage mi-
crowave system (Initiatior 2.5) with focused microwave 
irradiation (Scheme 1). 

We initially studied the progress of the reaction in poly-
ethylene glycol 400 (PEG-400), which has been established 
as a green solvent due to a number of advantages, such as 
its wide availability at low cost and its low environmental 
impact [33]. Studies aimed at optimizing the cyclization 
reaction were carried out with 2-cyanothioacetamide (1) 
and 2-bromo-4’-chloroacetophenone (2b) (Table 1). 

It was found that when the reaction was carried out in 
a closed vial in PEG-400, traces from the corresponding 
2-[4-(4-chlorophenyl)thiazol-2-yl]acetamide were ob- 
tained along with the desired product in the reaction 
mixture (Table 1, entries 1 - 4). This observation was 
explained in terms of the presence of small amounts of 
water in the solvent and to the HBr generated as the re-
action progressed. The formation of the amide as a 
by-product (11% - 14%) was proved by HPLC-MS on 
the reaction mixture. When the reaction was carried out 
in water as solvent the amide derivative was obtained as 
main product. These results led us to use an anhydrous 
solvent while keeping the aim for an environmentally 
sustainable synthetic procedure. The reaction was thus 
carried out in glycerol, which has even more advantages 
from an economic point of view (Table 1, entries 5, 8). 
Glycerol is more viscous than PEG-400 and for this rea-
son both longer pre-stirring of the reaction mixture to 
obtain a good suspension and higher stirring rate during 
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Scheme 1. Preparation of substituted 2-cyanomethyl-4- 
phenylthiazoles under microwave. 

the reaction were necessary. In order to avoid the forma-
tion of the amide as by-product we decided to add 1 or 
1.5 mole equivalents of triethylamine (TEA) or N, N- 
ethyldiiso-propyllamine (EDIPA) to the reaction mixture, 
but the presence of amide was also observed in these 
cases (Table 1, entires 7, 9, 10, 11, 12). Furthermore, 
when experiments with glycerol as solvent were per-
formed, it was found that the temperature reached in the 
reaction mixture during the irradiation was a substantial 
factor that influenced the product yield and the presence 
of amide as by-product. Reactions carried out in glycerol 
at temperatures higher than 145˚C - 160˚C also led to the 
formation of amide. 

Finally, to avoid the presence of water—and therefore 
the formation of amide in the reaction mixture—anhy- 
drous glycerol was used as solvent. The optimal tem-
perature range was determined to be 95˚C - 120˚C and 
this could be achieved when the reaction mixture was 
irradiated in the range 35 Watts - 40 Watts for a maxi-
mum 4 minutes - 4.5 minutes (Table 1, entries 15, 16). 
Irradiation at a power of 40 Watts for 4 minutes led to 
complete consumption of the starting materials (i.e., they 
were no longer detected by TLC) and this was considered 

 
Table 1. Optimisation of reaction conditions for 2-cyanome- 
thyl-4-(4-chlorophenyl) thiazole (3b). 

Entry Solvent 
MW 

[Watts] 
Irradiation 
time [min] 

Product 
yield [%] 

1 PEG-400 50 1 55a 

2 PEG-400 55 1.5 82a 

3 PEG-400 60 1 69a 

4 PEG-400 70 1 70a 

5 glycerol 70 1 68a 

6 PEG-400 100 1 overheated 

7 PEG-400c 60 1 76a 

8 glycerol 55 1 74a 

9 glycerolc 55 1.5 79a 

10 glycerold 60 1 65a 

11 glycerole 60 1 71a 

12 glycerolf 60 1 70a 

13 
anhydrous 
glycerol 

60 1 84 b 

14 
anhydrous 
glycerol 

40 2 74b 

15 
anhydrous 
glycerol 

40 3 78 

16 
anhydrous 
glycerol 

40 4 87 

17 
anhydrous 
glycerol 

35 3 71b 

apresence of 2-[4-(4-chlorophenyl)thiazol-2-yl]acetamide as by-product; 
bpresence of starting compound 2a; cadditional 1 mole equivalent of TEA; 
dadditional 1.5 mole equivalents of TEA; eadditional 1 mole equivalent of 
EDIPA; fadditional 1.5 mole equivalents of EDIPA. 
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The optimal conditions found for the cyclization of 1 
with 2a were successfully applied to the reactions of 1a 
with differently substituted 2-bromoacetophenones 2a-2j 
(Table 2) to give products 3a-3j. The best yields for all 
products were obtained when the reaction mixture 
wasirradiated at low power (40 Watts) for time intervals  

to represent the end of the reaction. Irradiation at a power 
lower than 35 - 40 Watts for time period between 1 min-
utes - 3 minutes did not lead to a high enough tempera-
ture for the two starting materials to react (Table 1, en-
tries 14, 17) and irradiation at higher power led to de-
composition (Table 1, entry 6). 

 
Table 2. Starting materials, reaction conditions in anhydrous glycerol and isolated yield for products 3a-j. 

Starting material Irradiation time [min] MW [Watts] Product Yield/reported yield (%) [ref] 

 
2a 

3.5 40 
 

3a 

90/81 [24], 
87 [29] 

 
2b 

4 40 

 
3b 

87/85 [27] 

 
2c 

4.5 40 

 
3c 

79/ 60 [25] 

 
2d 

4.5 40 

 
3d 

 
95/88 [27] 

 
2e 

4.5 40 

 
3e 

79/50 
[29] 

 
2f 

4.5 40 

 
3f 

75/[31]a 

COCH2Br

HO

 
2g 

3 45 

 
3g 

69 

 
2h 

4 40 

 
3h 

96 

 
2i 

4.5 40 

 
3i 

94 

 
2j 

4.5 40 

 
3j 

85 

a yield not reported 
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between 3.5 and 4.5 minutes (Table 2). “Blank” reactions 
in glycerol by conventional heating at 110˚C - 120˚C for 
4.5 minutes were carried out for products 3b and 3h. 

The reaction progress was monitored by TLC and in 
the samples from the reaction mixture by these condi-
tions only traces of products were determined. 

The majority of the synthesized compounds have been 
reported previously (Table 2).  

The novel compounds and those that have not been 
fully described were characterized by 1H-NMR spectro- 
scopy and by elemental analysis. 
 
4. Conclusions 
 
In conclusion, we carried out a highly effective and sim-
ple synthetic procedure to obtain 2-cyanomethyl-4-phen- 
ylthiazoles from different substituted 2-bromoacetophe- 
nones under microwave irradiation (Table 2). The me- 
thod can be applied to the synthesis of a variety of 2-cya- 
nomethyl-4-phenylthiazoles and gives products with high 
purity in short reaction times (3.5 minutes - 4.5 minutes). 
Minimal amounts of environmentally friendly solvents 
were used and the reaction procedure ensures easy isola-
tion of the products. 
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