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Triton-X-100: Green Media for Aza and Thia-Michael Addition
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Triton-X-100 (non-ionic) is found to be an inexpensive and non-
toxic reaction medium as well as catalyst for aza and thia-Michael
addition under milder and neutral reaction conditions at room tempera-
ture. This eco-friendly protocol offers the ease of operation, avoid the
use of acid and base catalysts for this conversion, no side reactions
observed and moreover can be recovered and recycled.
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INTRODUCTION

The development of new ways to use catalysts and the use of alternative green
solvents for catalytic reactions are areas that continue to attract attention1. While
the use of water as solvent is probably the most desirable approach, this is often not
possible due to the hydrophobic nature of the reactants and the sensitivity of many
catalysts to aqueous conditions2. Other alternatives include (a) the use of supercritical
fluid media3 that have the advantage of facile solvent removal and easy recycle but
require high pressure. (b) Fluorous based systems4 have the advantage of being
highly hydrophobic and the solvents are probably innocuous but have the disadva-
ntage of being volatile and expensive systems. (c) Ionic liquids5 have a particularly
useful set of properties, being non-volatile and virtually insoluble in water and
alkanes but readily dissolving many transition metal catalysts. They are, however,
very expensive. In this communication we describe the use of a simple and widely
available polymer Triton-X-100 as nontoxic, inexpensive, non-ionic liquid solvents
of low volatility.

The Michael reaction (discovery in 1889)6 has been used as one of the most
useful methods for effecting carbon-carbon bond formation and later has also been
efficiently manipulated for carbon-sulphur and carbon-nitrogen bond forming pro-
cesses7. Among various nucleophilic additions, the Michael addition of thiols to
electron deficient alkenes constitutes a key step in biosynthesis8 and in the synthesis
of compounds with promising biological activities9,10. The conjugate addition of
nucleophiles to electron deficient olefins is well-known in organic synthesis11. It is
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used extensively in the synthesis of pharmaceutical intermediates, peptide analo-
gues, antibiotics and other biologically active molecules and drugs12. A number of
procedures either based on activation of amines and thiols with base13 or activation
of the acceptor olefins with Lewis acids14. Several synthetic organic methodologies
has demonstrated several inorganic salts such as zeolites15, Hf(OTf)3

16, alumina in
DMF at 80 ºC17, synthetic and natural phosphates18, InBr3

19, Bi(NO3)3
20, Bi(OTf)3

21,
Nafion® SAC-1322 and InCl3

23. Ionic liquids have been introduced in place of metal
catalysts for aza and thia-Michael addition reactions24. Previously, we have reported
aza-Michael reaction of N-alkyl and N-aryl piperazine with acrylonitrile using cop-
per nanoparticles as catalyst under mild reaction condition25. Recently, the utility
of polyethylene glycol as non-ionic solvent for Michael addition reaction of amines
to electron deficient alkenes has been reported26. Kamal et al.27 have been reported
the conjugate addition of thiols to conjugated alkenes employing polyethylene glycol
as a reaction media. In this communication we describe the use of a simple and
widely available polymer, Triton-X-100 (Fig. 1). Triton-X-10028 is one of the most
commonly used non-ionic surfactant for solubilizing membrane proteins during
isolation of membrane-protein complexes.
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Fig. 1. Structure of Triton-X-100

Triton-X-100 has a number of benign characteristics that underlie, for example,
chemically stable in most acidic and alkaline solutions, effective performance across
a broad temperature range, readily biodegradable. To the best of our knowledge,
Triton-X-100 had not been used as reaction media for organic transformations. It is
a new green recyclable reaction medium for conjugate addition of amines and thiols
to conjugated alkenes at room temperature without any use of acid-base catalysts.
Such reactions do not generate any toxic waste by product.

EXPERIMENTAL

A mixture of amine/thiol (1 mmol), alkene (1.5 mmol) and Triton-X-100 (1.9 g)
was placed in 25 mL round-bottomed flask. The reaction mixture was stirred at room
temperature until the reaction was complete. The reaction mixture was extracted
with hexane, the extract dried and concentrated under reduced pressure and resulting
crude product was purified by silica column chromatography using ethyl acetate
and hexane as an eluent to obtain the adduct in excellent yield (Schemes I and II).
The recovered Triton-X-100 can be reused for five cycles without significant loss
of activity. All organic compounds except 2-chloro-3-(4-methyl-piperazin-1-yl)-
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propionitrile and 2-chloro-3-(4-methoxyphenyl-sulfanyl)-propionitrile (entry 6 and
14, respectively in Table-1), reported in literature25-27,29,30 and are fully characterized
by spectral analysis. For entry 6: 1H NMR δ (CDCl3, 300 MHz), 4.10 (t, J = 4.5 Hz,
1H), 3.84 (t, J = 4.8 Hz, 1H), 3.71-3.60 (m, 12H); 13C NMR δ (ppm, 75 MHz),
116.1, 66.5, 60.5, 56.1, 44.2, 31.2; TOF MS ES+ 152.18 (M-35) as parent peak and
for entry 14: 1H NMR δ (CDCl3, 300 MHz), 7.39 (d, J = 8.5Hz, 2H), 6.81 (d, J = 8.5
Hz, 2H), 4.22 (t, J = 7.7 Hz, 1H), 3.74 (s, 3H), 3.20 (d, J = 6.9 Hz, 2H). 13C NMR
(CDCl3, 75 MHz), 160.4, 153.2, 135.5, 122.1, 115.6, 55.3, 29.6. MS TOF ES+ 228.54
(M+1), 193.10 (M-35).

N NR H +
R'

EWG
Triton-X-100

room temperature N NR

EWG

EWG = CN, COCH3, COOCH3
R' = H, Cl

Scheme-I

RSH + EWG
room temperature

Triton-X-100
RS

EWG

R = Aryl and alkyl
EWG = CN, COMe, CO2Me

Scheme-II

RESULTS AND DISCUSSION

The reactions of various amines and thiols with a variety of electron deficient
alkenes are examined. The results are summarized in Table-1. Initially, readily available
N-methyl piperazine (Table-1, entry 1) and thiophenol (Table-1, entry 11) were subjected
to cyanoethylation in Triton-X-100 at room temperature for 35 min and 20 min,
respectively. The corresponding product were obtained in 99 and 96 % after the
standardized protocol. No by-product formation was observed. This reaction pro-
cedure is compatible with various conjugated alkenes included α,β-unsaturated
ketones, nitriles and carboxylic esters. The reaction proceeds efficiently at room
temperature without need for acid or base catalyst and goes to completion in short
reaction time. With lower amounts of Triton-X-100, the mixing is insufficient, which
results in lower yields. Similarly, at higher concentration of Triton-X-100, yields
are inadequate.

In order to prove that the use of Triton-X-100 as solvent is also practical, it must
be conveniently recycled with minimal loss and decomposition. Since Triton-X-
100 is immiscible with aliphatic hydrocarbons, the desired product may be extracted
with compounds such as cyclohexane or hexane and retained. Triton-X-100 may be
reused. The solvent phase was recycled with no loss of reactivity for five cycles,
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TABLE-1 
AZA AND THIOLS-MICHAEL REACTION WITH ELECTRON  

DEFICIENT ALKENES IN TRITON-X-100A 

Entry Unsaturated alkenes Product Time (min) Yield (%)B 

1 CN
 

N NMe

CN  

35 99 

2 CN
 

N NPh

CN  

30 99 

3 CN
 

Me N N

CN  

30 99 

4 CN
 

NO2 N N

CN  

30 99 

5 CN
 

N N

CN

OMe  

30 99 

6 
CN

Cl  

N N

Cl

CN

Me

 

35 96 

7 
COOMe

 
O N

COOMe  
35 99 

8 
COOMe

 
N

COOMe

 

40 94 

9 
O

 

N O
Et

Et

 
35 99 

10 
O

 

N O

 

35 99 

11 
CN

 

S
CN

 

20 95 

12 
CN

 
OMe

S
CN

 

25 92 

13 
CN

 
n–Bu

S
CN

 
40 88 
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14 
CN

Cl  
OMe

S
CN

Cl

 

40 87 

15 COOMe
 

S
COOMe

 

30 90 

16 COOMe
 

n–Bu
S

COOMe

 
40 85 

17 COOMe
 

n–Bu
S

COMe

 
40 82 

18 

O

 SPh

O

 

25 92 

19 

O

 S

O

OMe

 

30 90 

AReaction conditions: 1 mmol of amine, 1.5 mmol of electron deficient alkene, 1.9 g Triton-
X-100, 25 ºC. BIsolated yield. 

although a slight weight loss was observed from cycle to cycle due to degradation
of Triton-X-100. The stability of Triton-X-100 under reaction conditions was studied
also by the analysis of the reaction mixture by GC-MS.

A control experiment was conducted in the absence of Triton-X-100 in ether or
cyclohexane and it was observed that addition of N-phenyl piperazine or thiophenol
to acrylonitrile produced the corresponding product (Schemes I and II) in 18 %
yield in 48 h8.

There was no reaction in the absence of Triton-X-100. Thus, the probable mechanism
for the amines to conjugated alkenes employing Triton-X-100 as recyclable reaction
medium may be due to the attraction between the Triton-X-100 hydroxyl group
oxygen and hydrogen attached to nitrogen of amine/sulphur of thiol, which makes
the N-H/S-H bond weaker, enhancing the nucleophilicity of nitrogen/sulphur for
addition to electron-deficient alkenes.

In conclusion, we have described herein a highly efficient catalyst as well as
green reaction media, Triton-X-100 (non-ionic) for the Michael addition reaction
of different amines and thiols with electron deficient alkenes. Triton-X-100 offers
a convenient, environment friendly, thermally stable, inexpensive and recyclable
reaction medium. This methodology offers significant improvements with regard
to yield of products, simplicity in operation, cost efficiency and green aspects avoiding
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toxic catalysts and solvents. More significantly, this work clearly demonstrates the
potential of Triton-X-100 as a non-ionic liquid to act as an efficient and recyclable
catalyst and shows much promise for further applications.

ACKNOWLEDGEMENT

The authors are grateful to the DST for financial assistance (Project No. SR/FTP/
CS-62/2006).

REFERENCES

1. D.E. Bergbreiter and S. Furyk, Green Chem., 6, 280 (2004).
2. A. Haimov and R. Neumann, Chem. Commun., 876 (2002).
3. R.S. Oakes, A.A. Clifford and C.M. Rayner, J. Chem. Soc., Perkin Trans I, 917 (2001).
4. (a) I.T. Horvath and J. Rabai, Science, 266, 72 (1994); (b) L.P. Barthel-Rosa and J.A. Gladysz,

Coord. Chem. Rev., 190, 587 (1999).
5. (a) R.A. Sheldon, Chem. Commun., 2399 (2001); (b) C.L. Hussey, Pure Appl. Chem., 60, 1763

(1988); (c) M.J. Earle and K.R. Seddon, Pure Appl. Chem., 72, 1391 (2000).
6. A.J. Michael, Prakt. Chem., 35, 349 (1889).
7. P. Permutter, Conjugated Addition Reactions in Organic Synthesis; Pergamon: Oxford, p. 114 (1992).
8. E. Fujita and Y. Nagao, Bioorg. Chem., 6, 287 (1977).
9. (a) A.L. Fluharty, in ed.: S. Patai, In The Chemistry of the Thiol Group; Wiley Interscience: New

York, Part 2, p. 589 (1974); (b) B.M. Trost and D.E. Keeley, J. Org. Chem., 40, 2013 (1975); (c)
A. Kumar, R.V. Salunkhe, R.A. Rane and S.Y. Dike, J. Chem. Soc., Chem. Commun., 485 (1991).

10. R.A. Sheldon, Chirotechnologies, Industrial Synthesis of Optically Active Compounds; Dekker:
New York (1993).

11. P. Perlmutter, Conjugated Addition Reactions in Organic Synthesis, Pergamon Press, Oxford
(1992).

12. (a) L.B. Han and M. Tanaka, Chem. Commun., 395 (1999), V.M. Arredondo, S. Tian, F.E.
MacDonald and T.J. Marks, J. Am. Chem. Soc., 121, 3633 (1999); (b) A. Orjales, L. Alonso-
Cires, L. Labeaga and R. Corcóstegui, J. Med. Chem., 8, 1273 (1995); (c) Y.E. Ahmad, E. Laurent,
P. Maillet, A. Talab, J.F. Teste, R. Dohkan, G. Tran and V. Ollivier, J. Med. Chem., 40, 952
(1997).

13. (a) P. McDaid, Y. Chen and A. Deng, Angew. Chem. Int. Ed., 41, 338 (2002); (b) E. Emori, T.
Arai, H. Sasai and M. Shibasaki, J. Am. Chem. Soc., 120, 4043 (1998); (c) S. Colonna, A. Re and
H. Wynberg, J. Chem. Soc. Perkin Trans. I, 547 (1981).

14. (a) S. Kanagasabapathy, A. Sudalai and B.C. Benicewicz, Tetrahedron Lett., 42, 3791 (2001);
(b) S. Kanemasa, Y. Oderaotoshi and E. Wada, J. Am. Chem. Soc., 121, 8675 (1999).

15. R. Sreekumar, P. Rugmini and R. Padmakumar, Tetrahedron Lett., 38, 6557 (1997).
16. S. Kobyashi, C. Ogawa, M. Kawamura and M. Sugiura, Synlett, 983 (2001).
17. S. Cheng and D.D. Comer, Tetrahedron Lett., 43, 1179 (2002).
18. (a) M. Zahouily, Y. Abrouki and A. Rayadh, Tetrahedron Lett., 43, 7729 (2002); (b) Y. Abrouki,

M. Zahouily, A. Rayadh, B. Bahlaouan and S. Sebti, Tetrahedron Lett., 43, 8951 (2002).
19. M. Bandini, P.G. Cozzi, M. Giacomini, P. Melchiorre, S. Selva and A. Umani-Ronchi, J. Org.

Chem., 67, 3700 (2002).
20. N. Srivastava and B.K. Banik, J. Org. Chem., 68, 2109 (2003).
21. M.M. Alam, R. Varala and S.R. Adapa, Tetrahedron Lett., 44, 5115 (2003).
22. T.C. Wabnitz, J.-Q. Yu and J.B. Spencer, Synlett, 1070 (2003).
23. B.C. Ranu, S.S. Dey and S. Samanta, Arkivoc, 44 (2005).

5596  Yadav et al. Asian J. Chem.



24. (a) J.S. Yadav, B.V.S. Reddy and G. Baishya, Org. Chem., 68, 7098 (2003); (b) B.C. Ranu, S.S.
Dey and A. Hajra, Tetrahedron, 59, 2417 (2003); (c) B.C. Ranu and S.S. Dey, Tetrahedron, 60,
4183 (2004).

25. A.K. Verma, R. Kumar, P. Chaudhary, A. Saxena, R. Shankar, S. Mozumdar and R. Chandra,
Tetrahedron Lett., 46, 5229 (2005).

26. R. Kumar, P. Chaudhary, S. Nimesh and R. Chandra, Green Chem., 8, 356 (2006).
27. A. Kamal, D.R. Reddy and Rajendar, Tetrahedron Lett., 46,7951 (2005).
28. M.C. Barbero, J.M. Valpuesta, E. Rial, J.I. Gurtubay, F.M. Goni and J.M. Macarulla, Arch.

Biochem. Biophys., 228, 560 (1984).
29. (a) N.S. Shaikh, V.H. Despande and A.V. Bedekar, Tetrahedron, 57, 9045 (2001); (b) L.-W. Xu,

J.-W. Li, S.-L. Zhou and C.-G. Xia, New J. Chem., 28, 183 (2004).
30. (a) N.S. Krishnaveni, K. Surendra and K.R. Rao, Chem. Commun., 669 (2005); (b) B.C. Ranu

and S.S. Dey, Tetrahedron, 60, 4183 (2004); (c) M.M. Alam, R. Varala and S.R. Adapa, Tetrahe-
dron Lett., 44, 5115 (2003).

(Received: 12 November 2008;          Accepted: 30 April 2009)           AJC-7510

Vol. 21, No. 7 (2009) Triton-X-100: Green Media for Aza and Thia-Michael Addition  5597


