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epoxides with sodium sulfinates in ionic liquid [TPA][Pro]
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An efficient synthesis of β-hydroxy-sulfones is described by the reaction of sodium sulfinates with
epoxides in ionic liquid [TPA][Pro] as an efficient reaction medium to afford the corresponding
β-hydroxy-sulfones in excellent yields.
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1. Introduction

Sulfones are a very important and fascinating branch of chemistry [1, 2]. Among sulfones,
β-hydroxy-sulfones are very important group of intermediates as they are important key con-
stituents in organic synthesis [3, 4]. The optically active β-hydroxy-sulfones are of great utility
in organic synthesis, as they have been used as building blocks in the synthesis of vari-
ety of compounds such as racemic and non-racemic lactones [5–7], tetra hydro furans and
furanones [8–10]. Recently, compounds of this class have proved its efficiency as a chiral
controller in asymmetric Diels–Alder and alkylation reactions [11]. Despite their importance,
comparatively few methods for the preparation of β-hydroxy-sulfones have been reported in
literature, which includes by chemical reduction of β-keto-sulfones [11–14], by bio reduc-
tion using baker’s yeast [15] and using fungus Curvularia lunata [16]. The optically active
β-hydroxy-sulfones can be achieved by a lipase promoted kinetic resolution methods [17, 18].
However, the preparation of β-hydroxy-sulfones by the opening of epoxides with sulfinate
salts has been much less thoroughly investigated [19–26], because the generation of basic
alkoxide adducts leads to a progressive increase in the basisity of the reaction medium. This
in turn, promotes side reactions involving the starting epoxides. Very recently, the synthesis
of β-hydroxy-sulfones via opening of epoxides with zinc sulfinates have been reported [27].

In recent years, the use of ionic liquids (ILs) as green solvents in organic synthetic processes
has gained considerable importance due to their solvating ability, negligible vapor pressure,
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easy recyclability and reusability [28–32]. Maschmeyer et al. [33], have reported the syn-
thesis of ionic liquids using quaternary ammonium hydroxide and carboxylic acids, which
are inexpensive and can be prepared easily. Recently, we reported the facile synthesis of β-
keto-sulfones in ionic liquid [TPA][Pro] [34]. In continuation of our work, we envisaged the
synthesis of β-hydroxy-sulfones.

SCHEME 1

2. Results and discussion

In this report (scheme 1), we describe an efficient method for the synthesis of β-hydroxy-
sulfones in ionic liquid [TPA][Pro]. This method does not need expensive reagents or
special care to exclude the moisture from the reaction medium. We prepared ionic liquid
[TPA][Pro] using tetrapropyl ammonium hydroxide and L-proline in aqueous medium at
60 ◦C. Tetrapropyl ammonium hydroxide is a strong base, which readily deprotanates the car-
boxylic acid moiety of amino acid like L-proline to form a carboxylic acid salt and water, the

Figure 1. 1H NMR (300 MHz, D2O) of ionic liquid [TPA][Pro].
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Table 1. Screening of different solvents on the
reaction of styrene oxide with p-toluenesulfinate at

80 ◦C.

Entry Solvent Time Yield (%)

1 EtOH 12 h Nil
2 1,4 Dioxane 12 h Nil
3 Isopropanol 12 h Trace
4 CH3CN 12 h 10
5 PEG-400 4 h 90
6 Water 6 h 60
7 Neat 4 h 50
8 [TPA][Pro] 1 h 92

Table 2. Synthesis of β-hydroxy-sulfones via opening of epoxides with sodium sulfinates in ionic liquid
[TPA][Pro].

Sodium Yield
Entry Epoxide sulfinate Product Time (h) (%)† [Ref.]

1 1 92 [14]

2 1 90 [13]

3 2 89

4 2 90

5 3 89 [26]

6 3 90 [4]

(continued)
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Table 2. Continued.

Sodium Yield
Entry Epoxide sulfinate Product Time (h) (%)† [Ref.]

7 2 90

8 2 90

9 1 90 [14]

10 2 92 [13]

11 3 95 [14]

12 3 94 [13]

13 MeSO2Na 3 90

†Isolated yields after column chromatography. All products gave satisfactory spectral data.
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resulting salt being a liquid at room temperature. The formation of ionic liquid [TPA][Pro]
has been confirmed by its 1H NMR spectrum (figure 1). We first examined the reaction of
styrene oxide with sodium p-toluenesulfinate in ionic liquid [TPA][Pro] at 80 ◦C to give the
corresponding β-hydroxy-sulfone in 92% in 1 h. In order to optimize the reaction conditions,
we carried out the above reaction in various organic solvents such as, EtOH, 1,4 Dioxane,
IPA, CH3CN, PEG-400 and water. The poor yields in protic solvents and less polar solvents
are probably due to the lower solubility of the sulfinate salt in these solvents, coupled with
the fact that the nucleophile ( p-C6H4SO−

2 ) is solvated in protic solvents, thereby, reducing
its effective nucleophilicity. It was observed that in ionic liquid [TPA][Pro], the reaction was
complete in excellent yields (scheme 1, table 1). Further, it has been found that, the sulfinate
sulfur nucleophile preferentially attacked from less hindered side to yield the corresponding
β-hydroxy-sulfone (scheme 1) and no trace of formation of sulfinate esters was observed.
Encouraged by the above reaction conditions, we extended the generality of the reaction by
reacting different sodium sulfinates with various epoxides in ionic liquid [TPA][Pro] to yield
the corresponding β-hydroxy-sulfones in excellent yields (table 2).

3. Conclusion

In conclusion, we have described an efficient and facile synthesis of β-hydroxy-sulfones via
opening of epoxides with sodium sulfinates using ionic liquid [TPA][Pro] as an efficient
reaction medium.

4. Experimental section

4.1 Typical experimental procedure for the preparation of ionic liquid [TPA][Pro]

An aqueous solution of tetrapropylammonium hydroxide (40% w/w, 20 mmol) was added
to an aqueous suspension of the L-proline (21 mmol). The resulting reaction mixture was
stirred at 60 ◦C for 2 h. The water was removed in vacuum (8 milli bar) at 60 ◦C. The resulting
reaction mass was dissolved in CH3CN (50 mL) and filtered to remove the unreacted L-proline.
The filtrate was dried over anhydrous sodium sulfate, solvent was evaporated under reduced
pressure to afford the ionic liquid [TPA][Pro].

4.2 Typical experimental procedure for synthesis of β-hydroxy Sulfones

To a mixture of epoxide (1 mmol), sodium sulfinate (1.1 mmol) was taken in ionic liquid
[TPA][Pro] (1 mL). The mixture stirred at 80 ◦C for an appropriate time (table 2). After com-
pletion of the reaction, as monitored by TLC, water (10 mL) was added to the reaction mass,
the product was extracted into ethyl acetate (3 × 20 mL). The combined organic extract was
dried over anhydrous sodium sulphate, evaporated under reduced pressure to give crude prod-
uct, which was purified by silica gel column chromatography. Table 2, Entry 1, 1H NMR
(300 MHz, CDCl3) δ = 2.41 (s, 3H), 3.20–3.40 (m, 2H), 3.69 (brs, 1H), 5.20 (dd, 1H, J = 1.6
and 10.1 Hz), 7.20–7.30 (m, 7H), 7.80 (d, 2H, J = 7.8 Hz); EIMS: m/z 277 (M+. + 1). 13C
NMR (75 MHz, CDCl3) δ = 21.67, 63.99, 68.44, 125.63, 128.00, 128.30, 128.74, 130.10,
136.11, 140.64, 145.27. Anal. calcd for C15H16O3S: C, 65.19; H, 5.84; S, 11.60. Found: C,
65.14; H, 5.90; S, 11.63. Entry 3, 1H NMR (300 MHz, CDCl3) δ = 1.96–2.10 (m, 8H), 2.41
(s, 3H), 3.10–3.20 (m, 1H), 3.80 (brs, 1H), 4.27–4.33 (m, 1H), 7.25 (d, 2H, J = 7.9 Hz),
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7.80 (d, 2H, J = 7.9 Hz); EIMS: m/z 239 (M+.+1). Entry 4, 1H NMR (300 MHz, CDCl3)
δ = 1.97–2.09 (m, 8H), 3.11–3.19 (m, 1H), 3.85 (brs, 1H), 4.47–4.33 (m, 1H), 7.47–7.71 (m,
3H), 7.93–7.98 (m, 2H); EIMS: m/z 226 (M+. + 1). Entry 7, 1H NMR (300 MHz, CDCl3)
δ = 1.90–2.05 (m, 6H), 2.40 (s, 3H), 3.11–3.21 (m, 1H), 3.90 (brs, 1H), 4.25–4.30 (m, 1H),
7.26 (d, 2H, J = 8.1 Hz), 7.85 (d, 2H, J = 8.1 Hz); EIMS: m/z 225 (M+. + 1). Entry 8, 1H
NMR (300 MHz, CDCl3) δ = 1.96–2.05 (m, 6H), 3.10–3.20 (m, 1H), 3.95 (brs, 1H), 4.45–
4.35 (m, 1H), 7.46–7.70 (m, 3H), 7.92–7.99 (m, 2H); EIMS: m/z 211 (M+. + 1). Entry 13,
1H NMR (300 MHz, CDCl3) δ = 3.14 (s, 3H), 3.15–3.30 (m, 2H), 3.60 (brs, 1H), 5.18 (dd,
1H, J = 1.6 and 10.1 Hz), 7.20–7.30 (m, 5H); EIMS: m/z 201 (M+. + 1).

Acknowledgements

The authors are thankful to CSIR and MoES, New Delhi for financial assistance and to
Dr J. S. Yadav, Director IICT for his constant encouragement.

References
[1] N.S. Simpkins. In Sulfones in Organic Synthesis, J.E. Baldwin (Ed.), Pergamon Press, Oxford (1993).
[2] T. Durst. In Comprehensive Organic Chemistry, D.H.R. Barton and W.D. Ollis (Eds.) Pergamon Press, Oxford,

UK (1979).
[3] A. Svatos, Z. Hun Kova, V. Kren, M. Hoskovec, D. Saman, I. Valterova, J. Vrkoc, B. Koutek. Tetrahedron:

Asymmetry, 7, 1285 (1996).
[4] P. Bertus, P. Phansavath, V.R. Vidal, J.P. Genet, A.R. Touati, T. Homri, B.B. Hassine. Tetrahedron: Asymmetry,

10, 1369 (1999).
[5] A.P. Kozikowski, B.B. Mugrage, C.S. Li, L. Felder. Tetrahedron Lett., 27, 4817 (1986).
[6] R. Tanikaga, K. Hosoya, S. Kaji. Synthesis, 389 (1987).
[7] T. Sato, Y. Okumura, J. Itai, T. Fujisawa. Chem. Lett., 1537 (1988).
[8] R. Tanikaga, K. Hosoya, A. Kaji. J. Chem. Soc., Perkin Trans. 1, 1799 (1987).
[9] K. Tanaka, K. Ohtake, K. Imai, N. Tanaka, A. Kaji. Chem. Lett., 633 (1983).

[10] R. Tanikaga, K. Hosoya, A. Kaji. J. Chem. Soc., Perkin Trans., 2397 (1988).
[11] G. Sarakinos, E.J. Corey. Org. Lett., 1, 1741 (1999).
[12] G. Zhao, J.-B. Hu, Z.-S. Qian, W.-X. Yin. Tetrahedron: Asymmetry, 13, 2095 (2002).
[13] B.T. Cho, D.J. Kim. Tetrahedron: Asymmetry, 12, 2043 (2001).
[14] H.-L. Zhang, X.-L. Hou, L.-X. Dai, Z.-B. Luo. Tetrahedron: Asymmetry, 18, 224 (2007).
[15] V. Gotor, F. Rebolledo, R. Liz. Tetrahedron: Asymmetry, 12, 513 (2001).
[16] R.L. Crumbie, B.S. Deol, J.E. Nemorin, D.D. Ridley. Aust. J. Chem., 31, 1965 (1978).
[17] R. Chincilla, C. Nejera, J. Pardo, M. Yus. Tetrahedron: Asymmetry, 1, 575 (1990).
[18] P. Kielbasinski, M. Rachwalski, M. Mikolajczyk, M.A.H. Moelands, B. Zwanenburg, F.P.J.T. Rutjes.

Tetrahedron: Asymmetry, 16, 2157 (2005).
[19] C.C.J. Culvenor, W. Davies, N.S. Heath. J. Chem. Soc., 278 (1949).
[20] C.C.J. Culvenor, W. Davies, N.S. Heath. J. Chem. Soc., 2198 (1949).
[21] I.W.J. Still, F.J. Ablenas. Synth. Commun., 12, 1103 (1982).
[22] G.K. Biswas, P. Bhattacharyy. Synth. Commun., 21, 569 (1991).
[23] A.K. Maiti, P. Bhattacharyya. Tetrahedron, 50, 10483 (1994).
[24] J.K. Crandall, C. Pradat. J. Org. Chem., 50, 1330 (1985).
[25] N.O. Brace. J. Fluor. Chem., 102, 21 (2000).
[26] M.C. Bernabeu, P. Bonete, F. Caturla, R. Chinchilla, C. Najera. Tetrahedron: Asymmetry, 7, 2475 (1996).
[27] N. Chumachenko, P. Sampson. Tetrahedron, 62, 4540 (2006).
[28] T. Welton. Chem. Rev., 99, 2071 (1999).
[29] P. Wasserscheid, W. Keim. Angew. Chem., Int. Ed. Engl., 39, 3772 (2000).
[30] M.J. Earle, K.R. Seddon. Pure Appl. Chem., 72, 1391 (2000).
[31] C.M Gorden. Appl. Catal, A: General, 222, 101 (2001).
[32] R. Sheldon. Chem. Commun., 2399 (2001).
[33] C.R. Allen, P.L. Richard, A.J. Ward, L.G.A. van de Water, A.F. Masters, T. Maschmeyer. Tetrahedron Lett., 47,

7367 (2006).
[34] N. Suryakiran, P. Prabhakar, K. Rajesh, Y. Venkateswarlu. J. Mol. Cat. A: Chem., 270, 201 (2007).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


