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Abstract: Reaction of arylmethyl/heteryl methyl chloride (1) with aryl sulphinate sodium salt (2)
yields the corresponding sulphone derivative promoted by triethanolamine at room temperature. 
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Introduction 

The aryl sulfones are having common structures in valuable molecules in fields such as 
pharmaceuticals, agrochemicals and polymer sciences1. In particular, their immense utilities 
in medicinal chemistry and their unique bioactivities have attracted considerable attention on 
their synthesis. For example, diaryl sulfones have been reported to inhibit HIV-12 reverse 
transcriptase and diphenyl sulfone3 is used as an intermediate for the synthesis of 
4,4’-diamino-diphenyl sulfone (DAPSONE), which is effective for leprosy treatment4. The 
aryl sulfones can be prepared from the transition metal-catalyzed reactions using sulfonic 
acids or sulfonyl chloride5 but the pre-functionalizing such as metallisation or halogenations 
of arenas are required. A well-known process involving the formation of new C-S bond from 
aromatic C-H bonds is the Friedel-Crafts (FC) sulfonylation of various arenes, especially 
electron-rich arenas6,7. Sulfonchlorides or sulfoanhydrides are general substrates employed 
in the FC sulfonylation. 

 It is well known that chiral amino alcohols, such as natural amino alcohols, 
carbohydrate- and camphor-derived amino alcohols and ferrocenyl amino alcohols, have 
been widely used as ligands (O, N-ligands) in, for example, the asymmetric alkynylation of 
aldehydes8, the asymmetric addition of diethylzinc to aldehydes and imines9, the asymmetric 
ruthenium-catalysed transfer hydrogenation of ketones10, the enantioselective 
trimethylsilylcyanation of aldehydes11 and in enantioelective henry reactions12. Furthermore,  
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Buchwald and co-workers have disclosed that trans-1,2-diaminocyclohexane serves as an 
excellent ligand (N,N-ligand) in the copper-catalysed amidation of aryl halides and in the        
N-arylation of N-heterocycles (C,N bond coupling)13 and ethylene glycol as a ligand 
(O,O-ligand) in the copper-catalysed amination of aryl iodides (C-N bond coupling)14 in 
2001 and 2002, respectively. Most recently, Gozalez-Bobes and Fu discovered that amino 
alcohols such as prolinol and trans-2-aminocyclohexanol are effective ligands (O,N-ligands) 
in the nickel-catalysed Suzuki reactions of unactivated alkyl halides, including secondary 
alkyl chlorides, with arylboronic acids (C-C bond coupling)15. However, triethanolamine 
exhibited lower activity in the Heck reaction of chlorobenzene with styrene in water using 
catalytic palladium on charcoal16. 

 Herein we report on triethanolamine, cheap and commercially available organic 
compound, an efficient and recyclable, phase transfer catalyst free and as reaction medium 
in synthesis of 1-(arylsulfonyl) aryl/heteryl methanes. 

 In continuation of our earlier work17-20 on synthesis of new heteryl derivatives with 
potential biological activity, we now wish to report the preparation of the title compounds 
under phase transfer catalyst (PTC)-free conditions i.e. without using any PTC, in the 
presence of triethanol amine (TEOA) as resourceful reaction medium at room temperature. 
The results of these studies are presented in this communication. 

Experimental 
Melting points are uncorrected and were determined in open capillary tubes in sulphuric acid 
bath. TLC was performed on silica gel-G and spotting was done using iodine or UV-light. 
IR spectra were recorded with Perkin-Elmer 1000 instrument in KBr phase. 1H NMR was 
recorded on VARIAN 400MHz instrument and Mass spectra were recorded on Agilent-LC-
MS instrument. The following experimental procedures are reprehensive of the general 
procedures used to synthesize all compounds. 

General procedure for preparation of 3a-j 
A mixture of 1 (10 mmol), 2 (10.1 mmol) and triethanol amine were stirred at RT till the 
reaction was complete, as shown by TLC. After carrying out the reaction, the mixture was 
filtered and the filtrate extracted with diethyl ether [note: the solubility of Triethanolamine 
in diethyl ether is approx 1.2-1.4% at 25 oC]23. Triethanolamine was separated and washed 
successively with Et2O (2x5 mL) and hexane (5 mL) in order to remove adsorbed organic 
substrates. It can be reused directly without further purification. The physical and spectra 
data of the compounds 3a-i are as follows. 

2-(Toluene-4-sulfonylmethyl)-1H-benzimidazole (3a) 
M.P. (oC): 201 [Lit: 20221]; IR (KBr) cm-1: 3000 (NH), 1302 (SO2); 

1H-NMR (DMSO-d6): δ 
2.4 (s, 3H, -CH3), 4.95 (s, 2H, -CH2), 7.2-7.7 (m, 8H, Ar-H), 12.6 (bs, 1H, -NH, D2O 

exchangeable); M +. +1: 287; Anal. Calcd. for (C15H14N2O2S) requires: C, 62.92; H, 4.93; N, 
9.78%; Found: C, 62.86; H, 4.87; N, 9.74%. 

2-Benzenesulfonylmethyl-1H-benzimidazole (3b) 
M.P. (oC): 199-201 [Lit: 198-20021]; IR (KBr) cm-1: 3426 (NH), 1324 (SO2); 

1H-NMR 
(DMSO-d6): δ 4.85 (s, 2H, -CH2), 7.15-7.80 (m, 9H, Ar-H), 12.65 (bs, 1H, -NH, D2O 

exchange- able); M +. +1: 273; Anal. Calcd. for (C14H12N2O2S) requires: C, 61.75; H, 4.44; 
N, 10.29%; Found: C, 61.70; H, 4.40; N, 10.26%. 
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2-[1-(Toluene-4-sulfonyl)-ethyl]-1H-benzimidazole (3c) 
M.P. (oC): 155 [Lit: 154-5621]; IR (KBr) cm-1: 3388 (NH), 1308 (SO2); 

 1H-NMR (DMSO-
d6): δ 1.84 (d, J=7.16 Hz, 3H, -CH-CH3), 2.36 (s, 3H, -C6H4-CH3-(p)), 4.68 (q,  J=7.14 Hz, 

1H, -CH-CH3), 7.2-7.7 (m, 8H, Ar-H), 10.3 (bs, 1H, -NH-, D2O exchangeable); M +. +1: 301; 
Anal. Calcd. for (C16H16N2O2S) requires: C, 63.98; H, 5.37; N, 9.33%; Found: C, 63.94; H, 
5.35; N, 9.30%. 

2-(1-Benzenesulfonyl-ethyl)-1H-benzimdazole (3d) 
M.P. (oC): 181 [Lit: 18021]; IR (KBr) cm-1: 3000, 1308 (SO2); 

1H-NMR (DMSO-d6): δ 1.9 
(d, J=7.16 Hz, 3H, -CH-CH3), 4.7 (q, J=7.12Hz, 1H, -CH-CH3), 7.2-7.7 (m, 9H, Ar-H), 10.3 

(bs, 1H, -NH, D2O exchangeable); M +. +1: 287; Anal. Calcd. for (C15H14N2O2S) requires: C, 
62.92; H, 4.93; N, 9.78%; Found: C, 62.86; H, 4.91; N, 9.74%. 

1-Methyl-2-(toluene-4-sulfonylmethyl)-1H-benzimidazole (3e) 
M.P. (oC): 206; IR(KBr) cm-1: 1300 (SO2); 

1H NMR (CDCl3): δ 2.45 (s, 3H, -CH3), 3.95 (s, 

3H, -NCH3), 4.75 (s, 2H, -CH2), 7.2-7.7 (m, 8H, Ar-H); M +. +1: 301; Anal. Calcd. for 
(C16H16N2O2S) requires: C, 63.98; H, 5.37; N, 9.33%; Found: C, 63.94; H, 5.32; N, 9.28%. 

2-Benzenesulfonylmethyl-1-methyl-1H-benzimidazole (3g) 
M.P. (oC): 172; IR(KBr) cm-1: 1336 (SO2); 

1H NMR (CDCl3): δ 1.85 (d, J=7.18Hz, 3H, -
CH2-CH3), 2.40 (s, 3H, - C6H4-CH3-(p)), 3.95 (s, 3H, -NCH3), 4.70 (q, J=7.0 Hz, 1H, -CH-

CH3), 7.2-7.7 (m, 8H, Ar-H); M +. +1: 315; Anal. Calcd. for (C17H18N2O2S) requires: C, 
64.94; H, 5.77; N, 8.91%; Found: C, 64.90; H, 5.75; N, 8.86%. 

1-Methyl-2-[1-toluene-4-sulfonyl)-ethyl]-1H-benzimidazole (3h) 
M.P. (oC): 182; IR(KBr): 1H NMR (CDCl3): δ 1.70 (d, J=7.18 Hz, 3H, -CH-CH3), 3.85 (s, 

3H, -NCH3), 5.10 (q, J=7.0 Hz, 1H, -CH-CH3), 7.2-7.87 (m, 9H, Ar-H);  M +. +1: 301; Anal. 
Calcd. for (C16H16N2O2S) requires: C, 63.98; H, 5.37; N, 9.33%; Found: C, 63.95; H, 5.33; 
N, 9.29%. 

1-Methyl-4-phenylmethanesulfonyl-benzene (3i) 
M.P. (oC): 190- 201; IR (KBr) cm-1: 1312 (SO2); 

1H NMR (CDCl3): δ 2.38 (s, 3H, -CH3), 

4.61 (s, 2H, -CH2), 7.11-7.57 (m, 9H, aromatic protons); M +. +1: 247. 

Results and Discussion 

In our initial attempts, triethanol amine was used in the place of triethyl benzylammonium 
chloride (TEBAC)21, which acts as phase transfer catalyst (PTC), in acetonitrile as solvent, 
used for the synthesis of 1H-2-(p-tolylsulfonyl methyl)benzimidazole. To verify the 
existence of such an auxiliary effect, we have investigated the use of triethanol amine as 
reaction medium which itself gives relief from using phase transfer catalyst as well as from 
using additional solvent (Table 1). It was found that the condensation of 2-(α-chloromethyl) 
benzimidazole 1a (i.e. 1, R=H) with p-tolylsulphinate sodium salt 2a (i.e. 2, Ar =C6H4-
CH3(p)) in triethanol amine at room temperature yielded a neat product on simple workup. 
The product has been characterized as 1H-2-(p-tolylsulfonyl methyl)benzimidazole 3a (i.e. 
3, R=H, Ar= C6H4-CH3 (p)), based on spectral and analytical data and also it was found to be 
identical with the product reported under phase transfer catalytic conditions21. 
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Table 1. (In general) 

Entry Solvent Catalyst Reaction, time h Yield % 
1 CH3CN TEBAC 3 -4  70-85 
2 CH3CN TEOA 3-3.5  75-85 
3 TEOA - 1.5-2.0 80-89 

 The above reaction has been found to be a general one and has been extended to other 
1a & 2a i.e. with various halo compounds and sulfinate derivatives, which resulted in the 
formation of different sulphones (Table 2). 

Table 2. Triethanolamine: A resourceful, reusable, reaction medium for phase transfer 
catalyst – free synthesis of 1-(arylsulfonyl) aryl/heteryl methanes 

Entry Reagent Product (3) Time, h Yield, % 
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Scheme 2. Mechanism 
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General reaction 
In order to examine the scope of this method in preparing different sulphone derivatives, we 
have examined the reactions of benzyl chlorides and phenacyl bromides with sodium 
benzene sulfinates under the above mentioned conditions. As shown in table, moderate to 
good yields of the title compounds were obtained.  

C
H

R

Cl

N
HO OH

OH C
H

R

S

O

O

ArO-S-Ar

O
Na R.T  

 

X= BrR=H,= Ph C
O

,

N

H
N

X= ClR=H,,

N

H
N

X= ClR=CH3,,

N
N

X= ClR=H,,

CH3

N
N

X= Cl,

CH3

R=CH3,
=

=

=

=

= Ph X= ClR=H,,

 

(1) (2) (3)

Scheme 3 



380                   Chem Sci Trans., 2014, 3(1), 375-381 

Recyclability of triethanolamine 
After carrying out the reaction, the mixture was filtered and the filtrate extracted with 
diethyl ether (note: the solubility of Triethanolamine in diethyl ether is approx 1.2-1.4% at 
25 oC)22. Triethanolamine was separated and washed successively with Et2O (2x5 mL) and 
hexane (5 mL) in order to remove adsorbed organic substrates. It can be reused directly 
without further purification. 

Conclusion 
We have presented herein an efficient method for the synthesis of title compounds using 
triethanolamine as the eco-friendly solvent in good to excellent yields. Moreover, this 
method is advantageous than the previously reported method by us and Triethanolamine 
could be recovered and recycled for five consecutive trials without significant loss in 
activity. The triethanolamine itself and its products of degradation are not toxic22. 
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