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caused arising directly or indirectly in connection with or arising out of the use of
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SYNTHETIC COhMUNICATIONS, 29(20), 3597-3603 (1 999) 

CARO'S ACID SUPPORTED ON SILICA GEL. PART 1 : 
OXIDATIVE COUPLING OF THIOLS TO DISULFIDES 

B. Movassagh* , M. M. Lakouraj", and K. Ghodrati 

Department of Chemistry, Ran University, Kermanshah 67149, Iran 

Abstract: Mild and efficient method for preparation of disulfides from thiols is 
described using Caro's acid supported on silica gel . 

Amongst different methods of preparing disulfides, much attention have been 

paid to oxidation of thiols. Oxidation of thiols to disulfdes without overoxidation is 

an important transformation in organic chemistry and biochemistry which is well 

investqgtted over the years. The disulfide bond formation is important in peptides' 

and hioactive 

Oxidation of thiols proceed stepwise, giving disulfides initially ; overoxidation 

of disulfdes leads ultimately to sulfonic acids but several intermediates frequently 

canbe~btained.~What happens in any particular oxidation depends onthe 

disukide, oxidant , possible catalyst and solvent .4 Many reagents have been 

introduced to oxidize thiols to disulfides under controlled condi t i~ns.~ '~~ Oxidative 

coupling of thiols have also been accomplished using clay - supported iron ( III ) 

* To whom the correspondence should be addressed. 
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3598 MOVASSAGH, LAKOURAJ, AND GHODRATI 

nitrate ( Clayfen )” , calcium hypochlorite / montmodlonite K10 , and Fe ( III ) 

ion exchanged montmorillonite.23 However, no studies are known in literature 

exploiting peroxysulfiric acid, Caro’s acid, for this purpose. Although Caro’s acid 

is a strong oxidizing agent, its utility in organic synthesis has been limited by its 

insolubility in common organic solvents, and its rapid deactivation on storage. This 

reagent is prepared in situ fian potassium persulfate and sulfuric acid.” 

We hereby report that Caro’s acid supported on silica gel canbeusedto 

oxidize aliphatic as well as aromatic thiols to the corresponding &&ides in 

acetonitrile. The oxidation is canied out by stirring the reagent with thiol in 

acetonitrile at room temperature under air atmosphere giving in h& yields 

(Table 1). The reagent selectively oxidizes thiols to the corresponding symmetric 

disulfides without overoxidation . The attractive features of this supported reagent 

Caro’s acid / SiOz 
2 RSH ? RSSR 

(1) Acetonitde, 20°C (2) 

include its modified activity and simple reaction work up to mere filtration and 

washing with the solvent. The reagent showed a good shelf life at least of one week. 

It can be stored as powder in a fiidge. It did not show any loss of activity when 

compared with that of the fieshty prepared reagent. 

Two experiments are also conducted with p-methyl- and p-chlorothiophenol 

in nitrogen atmosphere under identical conditions and afforded the corresponding 

disulfides in 91 and 89% yields respectively. These results demonstrate the 
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CARO’S ACID SUPPORTED ON SILICA GEL. I 3599 

Table 1. Oxidative Coupling of Thiols (1) to the Disulfides (2) 

Entry R Reaction Disulfide 
Time(h) Yield*(%) 

Ph 

4 - M e C a  

4-ClCA 

3 - M e C a  

2-HOZCCsH4 

2-Me02CC& 

PhCHZ 

iso-c4Hg 

4.5 

5.5 

5.5 

6 

24 

4.5 

5 

7 

4.5 

4.5 

8.5 

89 

92 

94 

95 

69 

94 

85 

99 

77 (98)b 

84 (97f’ 

96 ( 

’ Yields refers to isolated product. 
Yields are based on GC analyses. 

efficiency of Cam’s acid-Si02 in an oxidative coupling in either inert or air 

atmosphere. 

Summing up, the Caro’s acid-silica gel system is shown to be a mild efficient , 

and practical reagent for the oxidation of various thiols to thecorresponding 

disulfides in iugh yields . 
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3600 MOVASSAGH, LAKOURAJ, AND GHODRATI 

EXPERIMENTAL SECTION : 

Products were characterized by comparison of their physical data with those 

of authentic samples . 'H NMR spectra were recorded on a JEOL JNM-PMX- 

60SI spectrometer . lR spectra were obtained using a Shimadzu IR 470 

instnunent. The purity determination of the substrates andreactionmonitoring 

were carried out by either analytical gas chromatography OR a Shimadzu 

Chromatopac C-R6A instrument or TLC on a silica gel polygram SILG / UV 254 

plates , Melting points were all corrected . 

Preparation of Caro's acid - silica gel reagent 

To ice cooled 98% sulfuric acid ( 4.7 g ) is added in small portions potassium 

persulfate ( 4.5 g ) with stirring ; to this is added crushed ice ( 13 g ) and water 

( 4 g ) and the temperature is kept below l5OC . Silica gel ( 5 g , TLC grade, 

Kieselgel 6OG, particle size 15 p n  ) is added in portions to the mixture and stirred 

for 4 h in ice-water bath . The mixture is then filtered under suction and dried in a 

desiccator to give a white free flowing powder. 

Typical oxidation procedure 

p -Chlorothiophenol ( l c  , 0.51 g ,3.5 mmol ) is dissolved in acetonitrile 

( 20 ml ) and Caro's acid - s i c a  gel ( 2.1 g , Caro's acid content 3.5 mmol) 

added in small portions to the solution . The heterogenous mixture is magnetically 

stirred at room temperature for 5.5 h . The mixture is then filtered through a 

sintered glass funnel and the residue is washed thoroughly with acetonitrile . The 
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CARO'S ACID SUPPORTED ON SILICA GEL. I 3601 

filtrate is evaporated and redissolved in dichloromethane , washed with 5% sodium 

hydroxide solution and water . Dryins ( M g S 0 4  ) and evaporation of the organic 

layer gave the crude disulfide ( 2c ) which recrystallized fiom methanol ; yield 

0.47 g, m.p. 68-69OC (Lit.= m.p. 71°C ) . 

Acknowledgment : The financial support by the Razi University Research 

Council is gratefully acknowledged . 
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