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Abstract: N-formylmorpholine accelerated synthesis of thiazolane derivatives by employing of three-component reactions of 

primary amines, dialkyl acetylenedicarboxylates and isothiocyanates under solvent-free conditions at room temperature in a 

good yield. The above synthetic procedure offers rapid access to novel and diversely substituted thiazolane derivatives.  
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Introduction 

Multicomponent reactions (MCRs) are significant 

method for preparation of complex molecules from 

simple starting materials [1]. The molecules that were 

generated by this procedure is attracting for medicinal 

and synthetic chemists [2]. Also, producing many of 

substance by expand environmentally gentle paths is 

the important point in chemistry [3]. Green chemistry 

move towards procedure that decreases byproducts, 

waste and energy costs [4]. Of all the trends in 

chemistry, medicinal and pharmaceutical chemistry 

with their conventionally big volume of waste/product 

ratio, are ready for greening [5]. In addition, the 

removal of explosive organic solvents in organic 

synthesis is the most important purpose in green 

chemistry [6-8]. Heterocycles with nitrogen group are 

a main piece of natural and unnatural compounds with 

significant biological activity [9]. Also, several 

pesticides possessing a heterocycle with an S or an N 

atom are known in agriculture [10].  

A large numbers of heterocycles with an S  and N 

atoms have emerged as active pharmaceutical 

ingredients in several drugs for their potential  of anti-

inflammatory [11,12], anti-tumour [13] anti 

hyperlipidemic [14],
  

anti-hypertensive [15],
 
anti-HIV 

[16] and several other biological properties [17, 18].
 
In 

this research, we have investigated a simple three-

component reaction between alkyl propiolates, primary 

amines and isothiocyanates in the presence of N-

formylmorpholine under solvent-free conditions at 

room temperature. Herein by employing of 3-MCR in 

water, thiazolane derivatives 4 as product in good 

isolated yield was synthesized (Scheme 1).  
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Scheme 1: Three-component reaction for synthesis of thiazolane derivatives. 
 

Results and discussion 

The structures of compounds 4a–e were apparent 

from the 
1
H NMR, 

13
C NMR and IR spectra which are 

in agreement with the proposed structures. For 

example, the 
1
H NMR spectrum of 4a displayed two 

signals for vicinal methine protons at δ = 4.78 and 

4.92, which appeared as two doublets with 
3
JHH values 

of 12.4 Hz. The methoxy groups were showed as two 

singlets at δ = 3.78 and 3.85. Observation of 
3
JHH = 

12.4 Hz for the vicinal methine protons in 4a indicates 

the dominance of anti arrangement. The carbonyl 

groups resonances in the 
13

C NMR spectra of 4a 

appeared at 172.5 (C=O), 173.7 (C=O) ppm. Also the 

mass spectra of 4a displayed the molecular ion peak 

with the correct m/z values.  A proposed mechanism 

for the formation of compound 4 is shown in Scheme 

2. Apparently, the zwitterionic intermediate of 6, that 

formed from the reaction of N-formylmorpholine 

(X3N) and the electron deficient acetylenic ester 1 is 

protonated by the intermediate 5 (That was generated 

in situ from the reaction of primary amine 2 and 

isothiocyanate 3) to producing intermediates  of 7 and 

8. Nucleophilic attack of the conjugate base of 7 on 

intermediate 8 leads to adduct 9, which undergoes a 

proton transfer process to afford a new zwitterion 10. 

Intramolecular cyclization reaction of 10 with the 

elimination of N- 

 

 

 

 

formylmorpholine group produces compound 11. 

Finally, in the water media, with the elimination of the  

carboxylic acid from 11 leads to the product of 4 

(Scheme 4). 

Conclusion 

In summary, we report a reaction which involving 

alkyl propiolates and primary amines in the presence 

of catalytic amount of N-formylmorpholine at room 

temperature which affords a new route to the synthesis 

of functionalized pyrroles.  

Experimental 

All chemicals used in this work were purchased from 

Fluka (Buchs, Switzerland) and were used without 

further purification. Melting points were measured on 

an Electrothermal 9100 apparatus. Elemental analyses 

for C, H, and N were performed using a Heraeus 

CHN–O-Rapid analyzer. Mass spectra were recorded 

on a FINNIGAN-MAT 8430 spectrometer operating at 

an ionization potential of 70 eV. 
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Scheme 2: Proposed mechanism for the formation of 4. 

 

IR spectra were measured on a Shimadzu IR-460 

spectrometer. 
1
H, and 

13
C NMR spectra were measured 

with a BRUKER DRX-500 AVANCE spectrometer at 

500.1 and 125.8 MHz, respectively. 
1
H, and 

13
C, 

spectra were obtained for solutions in CDCl3 using 

TMS as internal standard or 85% H3PO4 as external 

standard. 

General procedure for preparation of compounds 13: 

To a magnetically stirred mixture of activated 
acetylenes 1 (2 mmol) and N-formylmorpholine (5 
mol%) was added a mixture of isothiocyanates 3 and 
primary amines 2 (2 mmol) at room temperature. The 
reaction mixture was then stirred. After the completion 
of the reaction [6 h;TLC (AcOEt/hexane 1:7) 
monitoring], the solid residue was filtered and washed 
by cold diethyl ether to afforded pure compounds 4.  

Methyl 2-(methylimino)-1,3-thiazolane-5-

dicarboxylate (4a):  

Yellow powder, m.p. 164-166°C, yield: 0.26 g 

(75%). IR (KBr) (νmax/cm
-1

): 1738, 1567, 1456, 1385, 

1257 cm
-1

. 
1
H NMR (500 MHz, CDCl3): δ 3.24 (3 H, s, 

NMe), 3.75 (3 H, s, MeO), 3.87 (1 H, dd, 
2
JHH =16 Hz, 

3
JHH = 7 Hz, CH), 4.12 (1 H, dd, 

2
JHH =16 Hz, 

3
JHH = 3 

Hz, CH), 4.78 (1 H, dd, 
3
JHH 7 Hz 

3
JHH 3 Hz, CH), 6.14 

(1 H, broad, NH) ppm. 
13

C NMR (125.7 MHz, CDCl3):
 

δ 35.8 (NMe), 39.4 (CH), 47.5 (CH2), 52.4 (MeO), 

163.2 (C=N), 172.5 (C=O) ppm. MS, m/z (%): 174 

(M
+
, 15), 143 (84), 31 (100). Anal. Calcd for 

C6H10N2O2S (174.22): C, 41.36; H, 5.79; N, 16.08. 

Found: C, 41.24; H, 5.62; N, 15.96%. 

Methyl 2-(ethylimino)-1,3-thiazolane-5-dicarboxylate 

(4b): 

Yellow powder, m.p. 158-160
o
C, yield: 0.33 g 

(87%). IR (KBr) (νmax/cm
-1

): 1740, 1527, 1475, 1322, 

1254 cm
-1

. 
1
H NMR (500 MHz, CDCl3): δ 1.27 (3 H, t, 

3
JHH = 7.5 Hz, Me), 3.32 (2 H, q, 

3
JHH = 7.5 Hz, NCH2), 

3.78 (3 H, s, MeO), 3.94 (1 H, dd, 
2
JHH =15.8 Hz, 

3
JHH 

= 8.2 Hz, CH), 4.23 (1 H, dd, 
2
JHH =15.8 Hz, 

3
JHH = 5.5 

Hz, CH), 4.62 (1 H, dd, 
3
JHH 8.2 Hz 

3
JHH 5.5 Hz, CH), 

6.22 (1 H, broad, NH) ppm.
13

C NMR (125.7 MHz, 

CDCl3):
 
δ 14.2 (Me), 38.6 (CH), 43.5 (NCH2), 45.2 

(CH2), 52.6 (MeO), 162.4 (C=N), 174.2 (C=O) ppm. 

MS, m/z (%): 188 (M
+
, 20), 145 (78), 43 (100), 31 

(100). Anal. Calcd for C7H12N2O2S (188.25): C, 44.66; 

H, 6.43; N, 14.88. Found: C, 44.72; H, 6.53; N, 

14.95%. 

Ethyl 2-(butylimino)-1,3-thiazolane-5-dicarboxylate 

(4c):  
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White powder, m.p. 147-149
o
C,  yield: 0.32 g (70%). 

IR (KBr) (νmax/cm
-1

): 1737, 1587, 1465, 1327, 1286 

cm
-1

. 
1
H NMR (500 MHz, CDCl3): δ 1.25 (3H, t, 

3
J = 

7.5, CH3), 1.32 (3H, t, 
3
J = 7.3, CH3), 1.65 (2H, m, 

CH2), 1.72 (2H, m, CH2), 3.32 (2 H, t, 
3
J = 6.8, NCH2), 

3.97 (1 H, dd, 
2
JHH =15.2 Hz, 

3
JHH = 7.8 Hz, CH), 4.28 

(1 H, dd, 
2
JHH =15.2 Hz, 

3
JHH = 5.8 Hz, CH), 4.32 (2 H, 

q, 
3
J = 7.3, CH2O), 4.68 (1 H, dd, 

3
JHH = 7.8 Hz 

3
JHH = 

5.8 Hz, CH), 6.10 (1 H, broad, NH) ppm. 
13

C NMR 

(125.7 MHz, CDCl3):
 
δ 13.5 (CH3), 14.2 (CH3), 21.8 

(CH2), 33.2 (CH2), 42.4 (CH), 48.7 (CH2), 61.8 

(CH2O), 63.4 (NCH2), 165.7 (C=N), 173.5 (C=O) ppm. 

Anal. Calcd for C10H18N2O2S (230.33): C, 52.15; H, 

7.88; N, 12.16. Found: C, 52.23; H, 7.92; N, 12.27%. 

MS, m/z (%): 230 (M
+
, 10), 185 (87), 45 (100). 

Ethyl 2-(tert-butylimino)-1,3-thiazolane-5-

dicarboxylate (4d):  

Pale yellow powder, m.p. 167-169 
o
C, yield: 0.36 g 

(75%). IR (KBr) (νmax/cm
-1

): 1735, 1594, 1487, 1267 

cm
-1

. 
1
H NMR (500 MHz, CDCl3): δ 1.28 (3H, t, 

3
J = 

7.5 Hz, CH3), 1.32 (9H, s, Me3C), 3.85 (1 H, dd, 
2
JHH 

=16.5 Hz, 
3
JHH = 8.9 Hz, CH), 4.18 (1 H, dd, 

2
JHH =16.5 

Hz, 
3
JHH = 6.2 Hz, CH), 4.27 (2 H, q, 

3
J = 7.5, CH2O), 

4.72 (1 H, dd, 
3
JHH = 8.9 Hz, 

3
JHH = 6.2 Hz, CH), 6.27 

(1 H, broad, NH) ppm. 
13

C NMR (125.7 MHz, CDCl3):
 

δ 14.2 (CH3), 28.7 (Me3C), 39.4 (CH), 46.7 (CH2), 48.9 

(Me3C), 62.0 (CH2O), 161.8 (C=N), 174.2 (C=O) ppm. 

Anal. Calcd for C10H18N2O2S (230.33): C, 52.15; H, 

7.88; N, 12.16. Found: C, 52.24; H, 7.90; N, 12.26%. 

MS, m/z (%): 230 (M
+
, 15), 173 (68), 57 (100). 

Methyl 2-(tert-butylimino)-1,3-thiazolane-5-

dicarboxylate (4e): 

Yellow powder, m.p. 154-156 
o
C, yield: 0.35 g 

(80%). IR (KBr) (νmax/cm
-1

): 1745, 1584, 1432, 1295, 

1127 cm
-1

. 
1
H NMR (500 MHz, CDCl3): δ 1.28 (9H, s, 

Me3C), 3.78 (3 H, s, MeO), 3.90 (1 H, dd, 
2
JHH =16.8 

Hz, 
3
JHH = 9.0 Hz, CH), 4.23 (1 H, dd, 

2
JHH =16.8 Hz, 

3
JHH = 6.5 Hz, CH), 4.75 (1 H, dd, 

3
JHH = 9.0 Hz, 

3
JHH = 

6.5 Hz, CH), 6.32 (1 H, broad, NH) ppm. 
13

C NMR 

(125.7 MHz, CDCl3):
 
δ 29.2 (Me3C), 40.2 (CH), 47.8 

(CH2), 49.5 (Me3C), 162.7 (C=N), 175.3 (C=O) ppm. 

Anal. Calcd for C9H16N2O2S (216.30): C, 49.97; H, 

7.46; N, 12.95. Found: C, 49.88; H, 7.37; N, 12.84%. 

MS, m/z (%): 216 (M
+
, 20), 159 (88), 57 (100). 
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