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Abstract 

A task-specific ionic liquid, [bmim]OH, has been found to be a highly efficient catalyst for one-

pot three-component coupling of aryl aldehydes, nitromethane, and thiols for the synthesis of β-

nitro sulfides in water. The main advantages of the present protocol include the use of 

inexpensive simple substrates and an ionic liquid as a basic catalyst. 

ArCHO +CH3NO2+ RSH
[bmim]OH (20 mol%)

Ar
NO2

RS

H2O, 100 oC
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Introduction 

Water has attracted considerable attention in recent years as a versatile solvent in organic 

chemistry because of its power to minimizing toxic organic solvent disposal and waste 

production.
1-3

 Water as a solvent is non-toxic, non-inflammable and has high heat capacity, 

possibility of controlling pH, isolating insoluble solid products by filtration and recycling 

inorganic catalysts.
1
 

Due to the fact that organic products can be proposed directly in a single step and diversity 

can be achieved simply by varying the reaction substrates,
4
 the multi-component reactions 

(MCRs) were utilized to synthesize novel chemicals, drug-like scaffolds, and natural product 

compounds has pervaded in organic transformation.
5,6

 

Ionic liquids (ILs) have attracted increasing interest in organic synthesis owing to their great 

potential not only as alternative green reaction media but also as new catalysts and reagents, and 

because they are also easy to recycle.
7-14

 

Nitro olefins have been recognized as versatile building blocks and synthetic intermediates 

due to their easy conversion into a variety of diverse functionalities.
15-21

 These compounds are 

markedly electron-deficient and powerful dienophiles in the Diels-Alder reaction.
18

 

Alternatively, these electrophilic alkenes readily undergo Michael addition with many different 

nucleophiles because of the strong electron-withdrawing nature of the nitro group. 

Heteroatom-centered nucleophiles such as sulfur, oxygen, nitrogen, and phosphorous anions 

are good nucleophiles for the Michael addition to nitroalkenes, which provides a useful method 

for the introduction of two heteroatoms on vicinal positions, in which the nitro group can be 
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readily converted into other functional groups such as keto (the Nef reaction), cyano, and amino 

groups.
18, 22-27

 

The reaction of thiols with nitroalkenes in the presence of a base is the most common method 

for the preparation of β-nitro sulfides.
28-36

 The treatment of β-nitro acetals with thiols in the 

presence of triethylamine has also been reported for the preparation of β-nitro sulfides.
37

 

Recently, ionic liquids such as n-Bu4NBr,
38

 and Me4NF
39

 have been introduced as efficient 

catalyst for the Michael addition of thiols to α,β-unsaturated carbonyl compounds, as well as 

limited numbers of nitroolefins. Several other procedures for the preparation of β-nitro sulfides 

from thiols and β-nitrostyrenes have been introduced, using ammonium chloride as a catalyst,
40

 

and catalyst-free reaction under neat condition
41

 or in water
42

 as medium. 

Results and Discussion 

In recent years, basic ionic liquids (BILs) have been used as environmentally friendly 

solvents and catalysts with high activity and selectivity and easily recoverable materials 

which can replace traditional bases such as KOH, H2CO3, NaOAc, and Et3N. 1-Butyl-3-

methylimidazolinium hydroxide, [bmim]OH, is one such BIL which acts as a reaction 

medium as well as a basic catalyst and has varied applications in the field of synthetic 

methodology development.
43-47

 

To the best of our knowledge, there is no report of constructing β-nitro sulfides by a 

one-pot, three-component reaction of an aryl aldehyde, nitromethane, and thiols. 

Considering the above points along with our ongoing efforts to develop new one-pot 

synthetic processes,
48-55

 we report herein the first ionic liquid [bmim]OH-promoted 
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synthesis of β-nitro sulfides using a three-component coupling reaction of aromatic 

aldehydes, nitromethane, and thiols in water at 100 ºC. 

To find the optimal conditions, a mixture of benzaldehyde (1.0 mmol), nitromethane 

(1.0 mmol), and thiophenol (1.0 mmol) was examined under various conditions (Table 1); 

the effect of different solvents, temperatures, basic catalysts as well as ionic liquids were 

examined. The best result (86%) was obtained by carrying out the reaction in the presence 

of [bmim]OH ionic liquid. The use of other organic and inorganic basic catalysts such as 

Et3N, DABCO, K3PO4 and Cs2CO3 resulted in a considerable drop in yields (under 45%). 

Also, optimization of the solvent was investigated and it was found that among 

acetonitrile, dimethyl sulfoxide, N,N-dimethylformamide, toluene, water, and even 

solvent-free conditions, the best result in terms of yield was obtained with water (Table 1, 

Entries 4-10). 

The effect of the reaction temperature was also checked, and the best performance was 

observed at 100 ºC. The optimum catalyst loading for the ionic liquid [bmim]OH was 

found to be 20 mol% (Table 1, Entry 5); however, a catalyst loading lower than 20 mol% 

gave decreased yield (Table 1, Entry 6), while an increase in the catalyst concentration to 

40 mol% did not appreciably increase the yield (Table 1, Entry 7). Therefore, it was 

decided to use [bmim]OH as the catalyst, H2O as the solvent, and 20 mol% of the catalyst 

at 100 ºC as the optimum conditions in further studies. 

To survey the generality of the catalytic protocol, we studied this thia-Michael reaction 

using various aryl and heteroaryl aldehydes as well as different thiols including aromatic 

thiols and alkyl thiols under the optimized reaction conditions. The results are listed in 
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Table 2, and β-nitro sulfides could be obtained in good to excellent yields (75-96%). 

Generally, the reaction rate of aromatic thiols was found to be faster than that of alkyl 

thiols (Table 2, Entrie 1-6). The reaction was almost equally facile with both electron-donating 

and moderate electron-withdrawing substituents on the aldehydes (Table 2, Entries 7, 10 and 13). 

Heteroaryl aldehydes such as furfural and thiophene-2-carbaldehyde also reacted with thiols to 

give the products in good to high yields (Table 2, Entries 12 and 14). 

Conclusion 

In summary, a simple and very efficient one-pot three-component procedure for the synthesis 

of β-nitro sulfides starting from aldehydes, nitromethane, and thiols in water using a task-specific 

ionic liquid, [bmim]OH, has been developed. This method offers marked improvements with 

regard to operational simplicity, greenness of procedure, avoiding hazardous organic solvents 

and toxic catalysts, general applicability, reaction conditions, high isolated yields, and thus it 

provides a better and practical alternative to the existing procedures.
28-42

 

Experimental 

All chemicals were purchased from Merck and Fluka chemical companies. Melting points were 

determined on a Büchi melting point B-540 apparatus. Fourier transform infrared (FT-IR) 

spectra were recorded on an ABB Bomem Model FTLA 2000 spectrophotometer. Nuclear 

magnetic resonance (NMR) spectra were recorded at 300 (
1
H) and 75.4 (

13
C) MHz, on a 

commercial Bruker DMX-300 instrument using CDCl3 as solvent. Chemical shifts were 

determined by reference to residual CHCl3 in CDCl3. The Supplemental Materials contains 

sample 
1
H and 

13
C NMR spectra for the known products (Figures S 1 -- S 16) 

General procedure 
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A mixture of an aromatic aldehyde (1.0 mmol), nitromethane (1.0 mmol), thiol (1.0 mmol), 

and [bmim]OH (20 mol%) in water (2 mL) was stirred at 100 C for an appropriate time of 5-12 

h (Table 2). The course of the reaction was monitored by thin layer chromatography (TLC) until 

the starting materials disappeared completely. Then, water (8 mL) was added to the reaction 

mixture, and extracted with diethyl ether (2 × 10 mL). The combined organic layer was dried 

(Na2SO4) and the solvent was evaporated under reduced pressure, and the crude product thus 

obtained was purified by preparative TLC (silica gel, eluent EtOAc/n-hexane = 1:10) to obtain 

pure products. The remaining ionic liquid was rinsed with ether (5 mL), dried under vacuum at 

90 C for 2 h to eliminate any water trapped and reused for subsequent runs.
45 

  

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 1

1:
07

 1
6 

M
ar

ch
 2

01
6 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 7 

References 

[1] Li, C-J.; Chan, T. H. Organic Reaction in Aqueous Media, Wiley: Chichester, 1997. 

[2] Tundo, P.; Anastas, P. T. Green Chemistry: Challenging Perspectives. Oxford University 

Press: Oxford, 1999. 

[3] De Simone, J. M. Science 2002, 297, 799-803. 

[4] Houck, J. E. B.; Younai, A.; Shaw, J. T. Curr. Opin. Chem. Biol. 2010, 14, 371-382. 

[5] Toure, B. B.; Hall, D. G. Chem. Rev. 2009, 109, 4439-4486. 

[6] Aron, Z. D.; Overman, L. E. Chem Commun. 2004, 253-265. 

[7] Zhao, D.; Wu, M.; Kou, Y.; Min, E. Catal. Today. 2002, 74, 157-189. 

[8] Sun, W.; Xia, C-G.; Wang, H-W. Tetrahedron Lett. 2003, 44, 2409-2411. 

[9] Chowdhury, S.; Mohan, R. S.; Scott, J. L. Tetrahedron 2007, 63, 2363-2389. 

[10] Kamal, A.; Chouhan, G. Tetrahedron Lett. 2005, 46, 1489-1491. 

[11] Earle, M. J.; Katdare, S. P.; Seddon, K. R. Org. Lett. 2004, 6, 707-710. 

[12] Bao, W.; Wang, Z. Green. Chem. 2006, 8, 1028-1033. 

[13] Dupont, J.; deSouza, R. F.; Suarez, P. A. Z. Chem. Rev. 2002, 102, 3667-3692. 

[14] Qiao, K.; Yakoyama, C. Chem. Lett. 2004, 33, 472-473. 

[15] Corey, E. J.; Estreicher, H. J. Am. Chem. Soc. 1987, 100, 6294-6295. 

[16] Rosini, G.; Rallini, R. Synthesis 1988, 833-847. 

[17] Lewis, R. J.; Moodie, R. B. J. Chem. Soc. Perkin Trans. 2, 1997, 563-568. 

[18] Barrett, A. G. M.; Graboski, G. G. Chem. Rev. 1986, 86, 751-762. 

[19] Ballini, R.; Bosica, G.; Friorini, D.; Palmieri, A.; Petrini, M. Chem. Rev. 2005, 105, 933-

972. 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 1

1:
07

 1
6 

M
ar

ch
 2

01
6 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 8 

[20] Adams, J. P.; Paterson, J. R. J. Chem. Soc. Perkin Trans. 1, 2000, 3695-3705. 

[21] Olah, G. A.; Malhotre, R.; Narang, S. C. Nitration: Methods and Mechanism, VCH: New 

York, 2001. 

[22] Pinnick, H. W. Org. React. 1990, 38, 655. 

[23] Yoshikoshi, A.; Miyashita, M. Acc. Chem. Res. 1985, 18, 284-290. 

[24] Rajappa, S. Tetrahedron 1981, 37, 1453-1480. 

[25] Ram, S.; Ehrenkaufer, R. E. A. Tetrahedron Lett. 1984, 25, 3415-3418. 

[26] Tamura, R.; Oda, D.; Kurokawa, H. Tetrahedron Lett. 1986, 27, 5759-5762. 

[27] Barrett, A. G. M.; Spilling, C. D. Tetrahedron Lett. 1988, 29, 5733-5734. 

[28] Boyd, G.V. In: Patai S (ed) The Chemistry of Amino, Nitroso, Nitro and Related Groups, 

John Wiley: New York, 1996, p 533. 

[29] Feringa, B. L.; Jansen, F. G. A. Houben-Weyl Methoden der Organischen Chemie, 4th ed.; 

vol. E 21, Thieme: Stuttgart, 1995. 

[30] Perlmutter, P. Conjugate Addition Reaction in Organic Synthesis, Tetrahedron Organic 

Chemistry Series, vol. 9, Pergamon Press: Oxford, 1992. 

[31] Da Silva, F. M.; Jones, Jr. J. J. Braz. Chem. Soc. 2001, 12, 135-137. 

[32] Kamimura, A.; Sasatani, H.; Hashimoto, T.; Kawai, T.; Hori, K.; Ono, N. J. Org. Chem., 

1990, 55, 2437-2442. 

[33] Parham, W. E.; Ramp, F. L. J. Am. Chem. Soc. 1951, 73, 1293-1295. 

[34] Cason, L. F.; Wanser, C. C. J. Am. Chem. Soc. 1951, 73, 142-145. 

[35] Azizi, N.; Khajeh-Amiri, A.; Ghafuri, H.; Bolourtchian, M. Green. Chem. Lett. Rev. 2009, 

2, 43-46. 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 1

1:
07

 1
6 

M
ar

ch
 2

01
6 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 9 

[36] Jang, Y-J.; Lin, W-W.; Shih, Y-K.; Liu, J-T.; Hwang, M-H.; Yao, C-F. Tetrahedron 2003, 

59, 4979-4992. 

[37] Ono, N.; Kamimura, A.; Kaji, A. J. Org. Chem. 1986, 51, 2139-2142. 

[38] Ranu, B. C.; Dey, S. S.; Hajra, A. Tetrahedron 2003, 59, 2417-2421. 

[39] Menand, M.; Dalla, V. Synlett 2005, 95-98. 

[40] Chen, W. Y.; Shi, L. Catal. Commun. 2008, 9, 1079-1081. 

[41] Chu, C-M.; Tu, Z.; Wu, P.; Wang, C-C.; Liu, J-T.; Kuo, C-W.; Shin, Y-H.; Yao, C-F. 

Tetrahedron 2009, 65, 3878-3885. 

[42] Hui, X-P.; Yin, C.; Ma, J.; Xu, P-F. Synth. Commun. 2009, 39, 676-690. 

[43] Wu, H.; Zhang, F. R.; Wan, Y.; Ye, L. Lett. Org. Chem. 2008, 5, 209-211. 

[44] Xu, J. M.; Liu, B. K.; Wu, W. B.; Qian, C.; Wu, Q.; Lin, X. F. J. Org. Chem. 2006, 71, 

3991-3993. 

[45] Ranu, B. C.; Banerjee, S. Org. Lett. 2005, 7, 3049-3052. 

[46] Hajipour, A. R.; Rafiee, F. J. Iran. Chem. Soc. 2009, 6, 647-678. 

[47] Yadav, L. D. S.; Rai, A. Tetrahedron Lett. 2009, 50, 640-643. 

[48] Movassagh, B.; Tahershamsi, L.; Mobaraki, A. Tetrahedron Lett. 2015, 56, 1851-1854. 

[49] Movassagh, B.; Rezaei, N. Tetrahedron 2014, 70, 8885-8892. 

[50] Mobaraki, A.; Movassagh, B.; Karimi, B. Appl. Catal. A: Gen. 2014, 472, 123-133. 

[51] Mobaraki, A.; Movassagh, B.; Karimi, B. ACS Comb. Sci. 2014, 16, 352-358. 

[52] Movassagh, B.; Telebsereshki, F. Helv. Chem. Acta. 2013, 96, 1943-1947. 

[53] Movassagh, B.; Alapour, S. Heteroatom Chem. 2013, 24, 174-178. 

[54] Movassagh, B.; Khosousi, S. Monatsh Chem. 2012, 143, 1503-1506. 

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 1

1:
07

 1
6 

M
ar

ch
 2

01
6 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 10 

[55] Movassagh, B.; Rakhshani, A. Chin. Chem. Lett. 2011, 22, 1179-1182. 

[56] Ziyaei-Halimehjani, A.; Saidi, M. Tetrahedron Lett. 2008, 49, 1244-1248. 

[57] Kowalczyk, R.; Nowak, A. E.; Skarzewski, J. Tetrahedron Asymmetry 2013, 24, 505-514.  

D
ow

nl
oa

de
d 

by
 [

Fl
or

id
a 

A
tla

nt
ic

 U
ni

ve
rs

ity
] 

at
 1

1:
07

 1
6 

M
ar

ch
 2

01
6 



ACCEPTED MANUSCRIPT 

ACCEPTED MANUSCRIPT 11 

Table 1. Optimization of the base-catalyzed one-pot reaction of benzaldehyde, 

nitromethane, and thiophenol
a 

PhCHO  + CH3NO2  + PhSH
Base

Ph
NO2

SPh

 

Entry Solvent 
Base (mol 

%) 

Temp. 

(°C) 

Yield
 

(%)
b
 

1 CH3CN 
[bmim]BF4 

(20) 
85 40 

2 CH3CN 
[bmim]OH 

(20) 
85 75 

3 CH3CN 
[bmim]OH 

(20) 
75 60 

4   
[bmim]OH 

(20) 
100 54 

5 H2O 
[bmim]OH 

(20) 
100 86 

6 H2O 
[bmim]OH 

(15) 
100 70 

7 H2O 
[bmim]OH 

(40) 
100 87 

8 DMSO 
[bmim]OH 

(20) 
100 63 

9 PhCH3 
[bmim]OH 

(20) 
100 10 

10 DMF 
[bmim]OH 

(20) 
100 45 

a
Reaction conditions: benzaldehyde (1.0 mmol), nitromethane (1.0 mmol), thiophenol (1.0 

mmol), base, solvent (2 ML), 6 h. 

b
Yield of isolated and purified product. 
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Table 2 One-pot three-component [bmim]OH-promoted synthesis of β-nitro sulfides
a 

ArCHO +CH3NO2+ RSH
[bmim]OH (20 mol%)

Ar

NO2

RS

H2O, 100 oC

1 2 3
 

Entry Aldehyde Thiol Product 
Time 

(h) 
Yield

 

(%)
b,c

 

1 PhCHO PhSH 3a 6 8641 

2 PhCHO 

SH

Me  

3b 6 9534 

3 PhCHO 

SH

Me  

3c 6 9134 

4 PhCHO 
SH

 
3d 6 9041 

5 PhCHO SH
 3e 12 8441 

6 PhCHO 
SH

 
3f 12 8556 

7 

CHO

MeO  

PhSH 3g 6 9441 

8 

CHO

MeO  

SH

Me  

3h 5 9634 

9 CHO

OMe

 

PhSH 3i 6 8356 

10 

CHO

Cl  

PhSH 3j 6 8741 

11 

CHO

 

PhSH 3k 8 8441 

12 
O CHO  

PhSH 3l 12 7541 
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13 
CHO

Cl

Cl  

SH

 
3m 12 7857 

14 
S CHO  

SH

 
3n 6 8557 

a
Reaction conditions: aldehyde (1.0 mmol), nitromethane (1.0 mmol), and thiol (1.0 mmol), 

catalyst (20 mol%), H2O (2 ML), 100 ºC. 

b
Yield of isolated and purified product. 

c
References are provided for known compounds. 
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