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THE REDUCTION OF ARYLSULVONYL CHLORIDES 
AND SODIUM ARYLSULFINATES WITH TiCl ,/Sin 

SYSTEM. A NOVEL METHOD FOR THE 
PREPARATION OF DIARY L DISULFIDES 

Junquan Wang Y ongmin Zhang ' 
Department of Chemistry, Hangzhou University, 

Hangzhou, 3 I0028 ,P. R. China 

A B S R A C T  : TiCl.i/Sm system reduces arylsulfonyl chlorides and 

sodium arylsulfinates to corresponding diaryldisulfides in modeiate to 
good yields in T H F  at 60°C. 

Since arylsulfonyl chlorides arc easily prepared by the 
chlorosulfonation of aromatic compounds with 'chlorosulfonic acid"' , 
their conversion to other organic sulfur compounds with sulfur in the 

lower oxidation states is synthetically useful. Among these, organic 
disulfides are a class of useful synthetic intermediates because of its use 
in a variety of chemical  transformation^^"^^. As a result many reagents 
have been used for the reductive coupling of sulfonyl chlorides to the 
corresponding disulfides , such as sodium tellurated borohydride 

NaBH zT e3["', piperidinium tetrat hiotungstate ( 

x To whom correspondence should be addressed 
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136 WANG AND ZHANG 

sodium cyanoborohydride NaBH3CNC6], aluminium triiodide Al13C73, 

boron t r iiod id e BIs[*' , d iph osp hor us t et rii iod id e P2Id 
Recently, low-valent titanium reagents"'] and samarium 

reagentsCLL1 have been of great interest in organic synthesis 
respectively. We have recently reported the reductive deoxygenation 
of sulfoxides with TiCI4/Sm In the cause of exploring 
further the synthetic utility of TiCl.,/Sm system, we found that 
arylsulfonyl chlorides and sodium arylsulfinates can be readily reduced 
to diaryldisulfides in moderate to good yields in THF at 60"C(See 
scheme). Some results were summarized in the Table. 

, e t c. 

Experiment Section 

The solvent tetrahydrofuran was freshly distilled from sodium/ 
benzophenone ketyl prior to its use. QNMR spectra were recorded on 
a JEOL JUM -PMX 60 SI (6OMHz) instrument using TMS as 
internal standard. Melting points were uncorrected. Benzenesulfonyl 
and p -toluenesulfonyl chlorides are commercially available , other 
sulfonyl chlorides were prepared according to known literatureC13]. 
Sodium arylsulfinates were dehydrated prior to reduction. 

General procedure for the reduction of arylsulfonyl 
chlorides and sodium arylsulfinates : 

Under an inert atmosphere of nitrogen, 1. 14g (6mm0l) Tic14 
was added by syringe to a stirred slurry of 0. 3g (2mmol) powdered 
samarium in 20 ml T H F  in a 50ml three-neck flask. The mixture 
was stirred magnetically for lh  at room temperature. A light blue 
suspension was obtained. A solution of arylsulfonyl chloride( lmmol) 
in T H F  or solid sodium arylsulfinate (lrnmol) was then added to this 
stirred suspension in one portion. The mixture was stirred for 2h at 
60'C and cooled to room temperature. A dilute solution of HC1(5% , 
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TiCb/Sm SYSTEM 

Scheme 
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Entry 

T iCl, /Sm/T H F 
ArSSAr ArSo2C1 6OC,2h * 

(a) : Ar =GHs- 
(b): Ar=l-CH&H,- (e) : Ar=3-CHs-4-ClGHr 

(c) : Ar =4-CICsH4- 

(d):  Ar=4-BrCsHd- 

TiCl4/Sm/THF 
ArsAr Arso2Na 60C,2h * 

Table. Physical and spectral data of the products 

55-56/60 

42.5-44/48 

68-70/72 

89--110/94 

-18-50 

56-58/60 

12 - -1 4 /-I 8 

68-69/72 

'ield * ( % ; 

65 

62 

74 

77 

61 

83  

80 

76 

' HNMR (CCI,) , 6(ppm) 

7.0-7.68(m) 

2.33(~,6H),6.9-7.48(m,8H) 

7.07-7.5O(rn) 

7.33-7.43(rn) 

2. 33(s96H) ,7 .  1-7.33(rn,GH) 

7.08-7.67crn) 

2. 29(s.6H),6. 92-7. 5(m,8H)  

7. 0-7. 50(1>>) 

* Yields of isolated products. 
* * All products gave satisfactory IR spectra(S---S,u=550-400cm-'). 

I Oml) and ether (20m1) were added. The  organic layer was seperated 
and thc aqueous layer was extracted with ether (201nl). The  
combined organic solution was washed with water (2Oinl X 3)  and 
dricd over anhydrous Na2S04. The  solvent was removed under 
reduced pressure. The  residue was then purified by preparative TLC 
on silica gcl(cyc1ohexane as cluent 1. 
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138 WANG AND ZHANG 

In view of the easily available starting materials, satisfactory 
yield, siinple experimental procedure and neutral conditions the 
present procedure offers an attractive alternative to the methods for 
the preparation of diaryldisulfides. 

Acknowledgement: We are grateful to the National Natural Science 
Foundation of China for financial support. 
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