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Polystyrene Supported Al(OTf)3: a Stable, Efficient, Selective, and Reusable Catalyst 
for Sulfonylation of Arenes with Sulfonic Acids
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Cross-linked polystyrene supported aluminium triflate (Ps-Al(OTf)3) was found to be an efficient and chemoselective 
heterogeneous Lewis acid catalyst for the direct conversion of arenes to sulfones using sulfonic acids as sulfonylating 
agents. The solid acid catalyst is stable (as a bench top catalyst) and can be easily recovered and reused without 
appreciable change in its efficiency.
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Introduction

Organosulfones are useful intermediates in a wide range of 
fields such as agrochemicals,1 pharmaceuticals,2,3 and polymers.4 
In particular, aryl sulfones have received much attention as 
powerful anti-HIV-1 agents.5 They also possess high antifungal, 
antibacterial, and antitumoral activities.6,7 Aryl sulfones have 
been prepared by Friedel-Crafts sulfonylation of arenes using 
sulfonyl chlorides8-21 or by the condensation of arenes with sul-
fonic acids.22-30 The later method has the following advantages: 
more availability of starting materials (sulfonic acids are co-
mmon precursors of sulfonyl chlorides), the reaction produces 
water as the only by-product, which meets recent requirement 
for environmentally benign processes, and the products are purer 
and the isolation of products is simple with no need of acid 
removal. However, only a few studies on the use of sulfonic 
acids as sulfonylating agents have been reported and many of 
these procedures are not quite successful as practical and general 
synthetic methods. For instance, Graybill reported polyphos-
phoric acid as a catalyst for the direct sulfonylation of arenes.22 
However, polyphosphoric acid is a viscous liquid and is not easy 
to handle and the reaction suffers from low yields and long 
reactions times. MeSO3H/P2O5 (as dehydrating agent) has been 
studied for the synthesis of sulfones using sulfonic acids.25 This 
method has certain disadvantages such as time consuming, 
thermal decomposition of reagent, and using a 10-fold excess 
of methansulfonic acid. Recently, it was also shown that Fe3+- 
montmorillonite, Nafion-H, and P2O5/Al2O3 promote the sul-
fonylation of arenes using sulfonic acids.11,26,29 Although these 
methods are environmentally safe, the reactions have some 
limitations such as unsatisfactory yields, long reaction times, 
and reflux conditions. Sulfonylation of arenes using sulfonic 
acids without the need of any catalyst has been reported but in 
this method the reactions occur in the presence of 1.5 molar 
equivalents of Tf2O in CH3NO2 which results in a substantial 
amount of waste and in corrosion problems.30 In view of this, a 
reliable method for this useful reaction involving heterogeneous 
catalysts is in demand.

In a continuation of our ongoing program to develop envi-
ronmentally benign methods using heterogeneous Lewis acid 
catalysts, we found that Ps-Al(OTf)3 was a good catalyst for 

highly chemoselective dithioacetalization of carbonyl com-
pounds.31 Along this line, we now wish to report that Ps-Al(OTf)3 
is also highly chemoselective catalyst for the sulfonylation of 
arenes using benzenesulfonic acid (PhSO3H), p-toluenesulfonic 
acid (TsOH), and methanesulfonic acid (MeSO3H) in solvent- 
free conditions (Scheme 1).

Experimental

Chemicals were either prepared in our laboratory or were 
purchased from Merck and Fluka. Polystyrene (8% divinyl-
benzene, prepared via suspension polymerization, polyvinyl-
pyrrolidone 90 K as suspension agent, grain size range: 0.25 - 
0.6 mm) was obtained from Iran Polymer and Petrochemical 
Institute. The capacity of the catalyst was determined by the 
Mohr titration method and atomic absorption technique using 
a Philips atomic absorption instrument. Reaction monitoring 
and purity determination of the products were accomplished by 
GLC or TLC on silica-gel polygram SILG/UV254 plates. Gas 
chromatographic analysis was performed on Shimadzu GC. 
14-A. IR spectra were run on a Shimadzu model 8300 FT-IR 
spectrophotometer. NMR spectra were recorded on a Bruker 
Advance DPX-300 spectrometer.

Preparation of Ps-Al(OTf)3. In a two necked round bottomed 
flask (100 mL) equipped with a reflux condenser, a solution of 
Ps-AlCl3 (3 gr, 8% DVB)18 in Freon-113 (50 mL) was prepared. 
To the stirred solution was added dropwise 5 mL of triflic acid 
over a period of 2 h, while mentioning a gentle reflux. The mix-
ture was then refluxed for 12 h. The polymer beads were filtered 
and washed with CH2Cl2 (50 mL) and then with Et2O (50 mL) 
and dried in a vacuum oven overnight to give Ps-Al(OTf)3. The 
loading of Al(OTf)3 determined was 0.41 mmol/gr.

Typical experimental procedure. In a round-bottomed flask 
(25 mL) equipped with a condenser and a magnetic stirrer a 
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Table 1. Sulfonylation of arenes with sulfonic acids using Ps-Al(OTf)3
a

Entry Arene Sulfonylating agent Productb Time (h) Yield (%) (o:m:p)c

1 benzene PhSO3H SO2C6H5 2.8 8924

TsOH SO2C6H4Me-4 2.9 8424

MeSO3H SO2Me 3 9011

2 toluene PhSO3H Me
SO2C6H5

2.4 91(6:4:90)24

TsOH Me
SO2C6H4Me-4

2.7 90(7:3:90)24

MeSO3H Me
SO2Me

2.7 90(8:2:90)10

3 biphenyl PhSO3H Ph
SO2C6H5

2.5 91(6:0:94)d,22,24

TsOH Ph
SO2C6H4Me-4

2.8 89(7:3:90)d,22,24

MeSO3H Ph
SO2Me

2.7 91(5:3:92)d,32,33

4 o-xylene PhSO3H Me
SO2C6H5

Me

2.5 92(93:7)e,12

TsOH Me
SO2C6H4Me-4

Me

2.7 90(91:9)e,12

MeSO3H Me
SO2Me

Me

2.8 89(92:8)e,11

5 m-xylene PhSO3H
SO2C6H5

Me

Me

2.6 9112

TsOH
SO2C6H4Me-4

Me

Me

2.8 8812

MeSO3H
SO2Me

Me

Me

2.9 8911

6 p-xylene PhSO3H
MeMe

SO2C6H5

2.6 9212

TsOH MeMe

SO2C6H4Me-4
2.7 8811,12

MeSO3H
MeMe

SO2Me
2.8 8911

7 anisole PhSO3H MeO
SO2C6H5

2.1 93(8:3:89)12

TsOH MeO
SO2C6H4Me-4

2.4 90(8:0:92)12

MeSO3H MeO
SO2Me

2.3 91(7:3:90)29

8 chlorobenzene PhSO3H Cl
SO2C6H5

3.3 80(9:5:86)12

TsOH Cl
SO2C6H4Me-4

3.3 76(9:5:86)12,25

MeSO3H Cl
SO2Me

3.4 89(8:0:92)11

9 bromobenzene PhSO3H Br
SO2C6H5

3.2 80(6:3:91)29

TsOH Br
SO2C6H4Me-4

3.2 77(8:2:90)29

MeSO3H Br
SO2Me

3.3 83(7:3:90)11



Polystyrene Supported Al(OTf)3 Bull. Korean Chem. Soc. 2010, Vol. 31, No. 7      1889

Table 1. Continued

Entry Arene Sulfonylating agent Productb Time (h) Yield (%) (o:m:p)c

10 naphthalene PhSO3H SO2C6H5 3.8 89(10:90)f,12

TsOH SO2C6H4Me-4 4 84(9:91)f,12

MeSO3H SO2Me 4 85(10:90)f,32,34

11 indole PhSO3H

SO2C6H5

N

H

4.1 90d,14,32

TsOH

SO2C6H4Me-4

N

H

4.3 81d,14,32

MeSO3H

SO2Me

N

H

4.2 88d,14,32

aAll reactions carried out at 40 oC in the absence of solvent, unless otherwise indicated. The molar ratio of the sulfonic acid: Ps-Al(OTf)3 is: 1:0.1. bAll 
products are known compounds and were identified by comparison of their physical and spectral data with those of the authentic samples. cYield refers 
to the mixture of isomeric products. Isomer distribution based on 1H NMR study of crude sulfones. dThe reaction was performed at 80 oC in acetonitrile. 
eIsomer distribution of 3,4-dimethylphenyl isomer to 2,3-dimethylphenyl isomer. fα:β ratio. The reaction was performed at 80 oC in acetonitrile.

OCH3

OCH3

SO2C6H4Me-4

(10 mmol)

Cat. /  40 oC / 2.4 h

TsOH (7.5 mmol)

Cat.: a: Ps-AlCl3 (1.2 mmol); b: Ps-Al(OTf)3 (0.75 mmol)

15%a, 90%b

SO2C6H4Me-4

 Cat. / CH3CN

TsOH (7.5 mmol)

(10 mmol) 5%a, 84%b80 oC / 4 h

Scheme 2

solution of m-xylene (10 mmol) and TsOH (7.5 mmol) was pre-
pared. Ps-Al(OTf)3 (0.75 mmol) was added to the solution and 
the reaction mixture was stirred magnetically at 40 oC. Progress 
of the reaction was followed by TLC and GC. After completion 
of the reaction, the catalyst was filtered off and washed with 
CH2Cl2 or ether (2 × 15 mL) and the filtrate was washed with 
10% NaHCO3 solution (2 × 10 mL) and water (10 mL). The 
combined organic layers were dried over anhydrous Na2SO4, 
concentrated in vacuo, and the residue was recrystalized from 
CH2Cl2/n-hexane to give (2,4-dimethylphenyl)tolylsulfone as 
a white crystalline solid: Yield 88%, mp 52 - 53 oC (lit.,12 51 - 
52 oC). The spent catalyst from sulfonylation reactions was 
washed with ether and used again without further drying. Repre-
sentative examples of spectroscopic data are given below.

Di(p-tolyl)sulfone (Table 1, entry 2): 1H NMR (300 MHz; 
CDCl3) δ 2.31 (s, 5.40H, para isomer), 2.36 (s, 0.18H, meta 
isomer), 2.41 (s, 0.42H, ortho isomer), 7.27 (d, J = 8.0 Hz, 4H), 
7.78 (d, J = 8.0 Hz, 4H); IR (KBr) 1160, 1315 cm‒1.

(2,4-Dimethylphenyl)p-tolylsulfone (Table 1, entry 5): 1H 
NMR (300 MHz; CDCl3) δ 2.41 (s, 3H), 2.43 (s, 3H), 2.45 (s, 
3H), 7.12 (s, 1H), 7.24 (d, 1H), 7.80 (d, 2H), 7.78 (d, 2H,), 8.09 
(d, 1H); IR (KBr) 1157, 1315 cm‒1.

(Chlorophenyl)methylsulfone (Table 1, entry 8): 1H NMR 
(300 MHz; CDCl3) δ 2.95 (s, 2.76H, para isomer), 3.19 (s, 
0.24H, ortho isomer), 7.39-8.11 (m, 4H); IR (film) 1156, 1318 
cm‒1.

Napthyltolylsulfone (Table 1, entry 10): 1H NMR (300 MHz; 
CDCl3) δ 2.26 (s, 2.73H, β-isomer), 2.28 (s, 0.27H, α-isomer), 
7.28 (m, 2H), 7.51-7.64 (m, 2H), 7.80-8.16 (m, 5H), 8.55 (d, 
J = 8.6 Hz, 1H), 8.71 (d, J = 8.5 Hz, 1H).

3-(4-Methylphenylsulfonyl)-1H-indole (Table 1, entry 11): 
1H NMR (300 MHz, CDCl3) δ 2.25 (s, 3H), 6.81-6.90 (m, 
4H), 7.07-7.19 (m, 2H), 7.27-7.31 (m, 2H), 7.49 (d, 1H, J = 8.0 
Hz), 8.19 (brs, NH); IR (KBr) 3330, 1582, 1450, 1388, 1299, 
1230, 1147, 1097, 758 cm‒1.

Results and Discussion

Ps-Al(OTf)3 was prepared by the exchange reaction bet-
ween cross-linked polystyrene supported AlCl3 (Ps-AlCl3) and 
triflic acid in Freon-113 under reflux conditions. Using cataly-
tic amounts of this catalyst in the sulfonylation of arenes with 
PhSO3H, TsOH, and MeSO3H as sulfonylating agents high to 
excellent yields of product are obtained at 40 oC (Table 1). The 
optimum molar ratio of Ps-Al(OTf)3 to sulfonylating agent 
was 0.1:1. The aromatic compounds act as both the substrate 
and the solvent. From the results, it is clear that Ps-Al(OTf)3 is 
capable of catalyzing not only the sulfonylation of activated 
arenes but also that of weakly deactivated arenes (entries 1-9). 
The methodology showed the excellent positional selectivity 
as the para substituted product was formed exclusively. Further 
the improvement in regioselectivity was also observed in sulfo-
nylation of naphthalene (entry 10). The sulfonylation of indole 
with sulfonic acids in the presence of Ps-Al(OTf)3 was also 
studied and the corresponding 3-arylsulfonyl indoles were ob-
tained in 81 - 90% yields (entry 11). No N-substituted products 
were observed under these reaction conditions. Sulfonylation 
of highly deactivated arenes such as nitrobenzene and 1,2-di-
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40 oC / 2.4 h

Ps-Al(OTf)3CH3

(10 mmol)

(0.75 mmol)

SO2Ph

H3C
PhSO3H (7.5 mmol)

Usea 1 2 3 4 5

Yield (%) 91 91 90 90 88
aRecovered catalyst was used successively (Use 2,3,…).

Scheme 3

chlorobenzene failed. Side product formation was not observed 
in the reactions we have studied. Ps-Al(OTf)3 was stable under 
the reaction conditions and there is no leaching of acid moieties 
during reactions. Steric crowding of supported catalyst influ-
ences positional selectivity (isomer distribution) observed in 
the sulfonylation of aromatic compounds.

It is important to note that Ps-Al(OTf)3 shows more catalytic 
activity than Ps-AlCl3 in sulfonylation of aromatic compounds 
with sulfonic acids (Scheme 2).18

When Ps-Al(OTf)3 was used as catalyst for sulfonylation 
reactions, no band corresponding to -SO2 stretching in the IR 
spectrum of Ps-Al(OTf)3 was observed after the reactions in 
either the presence or absence of substrate, indicating that poly-
styrene itself does not undergo sulfonylation under experimental 
condition used. Probably sulfonylation reactions are not favored 
with Ps-Al(OTf)3 as a π complex is formed between polystyrene 
and Al(OTf)3.

To find out whether there are any possibility to exchange 
between OTf and sulfonic acid used as sulfonylating agent, 
Ps-Al(OTf)3 was added to a solution of TsOH and nitrobenzene 
and the mixture was stirred at 40 oC for 4 h. Then, the catalyst 
was filtered off and the filtrate was analyzed for its TfOH con-
tent, which showed a negligible release of TfOH.35 The filtrate 
was found to be inactive for the sulfonylation reaction. Also, 
the recovered solid catalyst (from the above reaction mixture) 
and fresh Ps-Al(OTf)3 have the same IR spectrum and show 
absorption peaks due to the triflate groups at 1245 - 1275, 1190, 
1025, and 780 cm‒1.31 These observations indicate that no ex-
change occurs between OTf and sulfonic acid used as sulfonyl-
ating agent.

Ability to recycling of Ps-Al(OTf)3 is a notable feature, since 
the catalyst was recovered and reused five times for the prepara-
tion of sulfones without significant decrease in its efficiency 
(Scheme 3). The capacity of the catalyst after five uses was 
0.40 mmol Al(OTf)3 per gram.

Conclusion

In conclusion, we have developed the use of Ps-Al(OTf)3 as 
an inexpensive, easy to handle, non-corrosive, reusable, and 
environmentally benign catalyst for the sulfonylation of aroma-
tic compounds. High chemoselectivity, mild and solvent free 
conditions, easy workup, short reaction times, and high to excel-
lent yields are other obvious advantages of the present method.
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