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During Lhe course of our studies on the oxidations of organic sulfur 

compounds with various oxidants, we have gradually realized that there are two 

kinds of mechanistic ways for the oxygenative vxidation on the sulSur atom; 

namely 'I Nucleophilic Oxidation ti and II Electrophilic Oxidation “. l1 An 

electrophilic oxygenative oxidation takes place preferentially on an electron- 

rich sulfenyl sulfur atom, while a nucleophilic oxygenation occurs on such an 

electron-poor sulfur as sulfinyl sulfur aturn. Although the oxidatton of 

divalent sulfur compounds such as sulfides by peracids has been well-established 

to be initiated by the electrophilic attack of the terminal oxygen of the 

peracids on the sulfur atom( eq. 1 1, 2) trivalent sulfur compounds, such as 

sulfoxide or thiolsulfinate which also has a divalent sulfur atom, may be 

oxidized via either the nucleophilic or the electrophilic oxidation or both of 

the sulfinyl sulfur atom( eq. 1' & 2 ). In fact, two types of oxygenations 

have already been reported for the oxidation of sulfoxide( eq. 1' & 2 ). 3,41 
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Nucleophilic Oxidation: 

I ocs: RO2- I + O&--O-O-R 4 _,_g,O-O-R I 
I I 1: 1 d o+s* + Ro- (2j4) 

I 

Thiolsulfinates are quite interesting species to study the mode of the 

oxidation since they possess both sulfenyl and sulfinyl sulfur atoms, and the 

attacking site can be readily traced by the use of unsymmetrical thiolsulfinates. 

For example, in the oxidations of a very stable unsymmetrical thiolsulfinate, 

3-methyl-1,2-dithiane-l-oxide l_, 5) these two kinds of oxidations can be clearly 

seen as shown below equations (3) and (4). While two regio-isomeric 

unsymmetrical thiolsulfonates( 2 h 2' ) were produced in the oamc ratio( lrl 1 - - 
nearly quantitatively when &( 0.027 nunole 1 5) was oxidized with the system of 

either 30% 11202-AcOII( 0.03 mmole, 0.4 ml, at 27“ for 48h )6b) or MCPESA-CHC13 

( 0.03 mmole, 0.4 ml, at 2T for lh 1 6b) , the oxidation with either NaI04-AcOH- 

H20( 0.03 mmole, 0.4 ml, 0.15 ml, at 27" for 14h ) 6b) or NaIO4-dioxan-H20--8 SO 
2 4 

( 4.0 mmole, 12 ml, 6.6 ml, a few drops, at 20' for 4h, for 3.33 mmole of 1 I 6a) 

afforded only one isomeric thiolsulfonate 2. - 
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In the oxidation with peroxide or peracid shown in eq. 3, an electrophilic 

oxidation is believed to have taken place via the initial formation of the 

intermediary "ff-disulfoxide ,,7) which may collapse to yield " only " two isomer! 

2 & 2'( although four products are obtained generally >, since this stable 

cyclic system tends to keep the original skeletal structure with the sulfur- 

nul fur linkage. Formation of the two isomeric thiolsulfonates( 2 & 2' ) has 

undoubtedly been taken place via the intramolecular oxygen transfer from the 

adjacent sulfinyl group after the initial formation of "d-disulfoxide ", as 

we have already suggested before. 
7a) 

ThUS, this type of oxygenation can be 

commonly called W Electrophilic Oxidation q of the divalent sulfur atom. 

In the reaction shown in eq. 4, only the oxygenation of the sulfinyl sulfur of 1 

to form sulfonyl group takes place affording selectively only the corresponding 

thiolsulfonate 2, as reported in the oxidation of acyclic compounds. 
8) we 

believe this oxidation to be a typical I1 Nucleophilic Oxidation ' of sulfinyl 

sulfur of 1, because of the following reasons. _ 



1. While the electrophilic oxidation takes place on the sulfenyl sulfur, the 

sulfinyl sulfur of the thiolsulfinate is more susceptible than the electron-rich 

sulfenyl sulfur for the nucleophilic attack of the nucleophilic oxidant. 

2. In the reaction of 3 with NaIO4 in alcohols the solvent alcohol can - 

compete with the nucleophilic attack on the sulfinyl sulfur atom, thus affording 

sulfinate 4 together with thiolsulfonate 2, 81 while the amount of the sulfinate 4 

decreases with the steric bulkiness of the alkyl group of the alcohol used. 

NaIo4 : 
Ph-S-S-Me > Ph-S-O-R + Ph-S-S-Me 

8 
ROH-H20, r.t. 

$ tr 
3 4 5 

R= Et 39% 42% 

'Pr 27 67 
t 
Bu 7 82 

(5) 

3. Other metallic oxides such as KMnO4, 9) Se02, NaC103, and NaIO 10) 
3 

also 

found to be nucleophilic oxidants, and oxidize selectively unsymmetrical 

thilsulfinate 5 in aqueous acetic acid at 20°, to the corresponding 

thiolsulfonate 7 _* 
Oxidant Time[h] Yield[%la 

NaI04 1.0 quant. 

NaI03 0.5 quant. 

w-101 0 Se02 30 80b 

p-Tol-S-S-Ph Fp-Tel-:-s-Ph 0.5 4oc 

8 
AcOH-H20, 20' 

$ 
-O4 
NaC103 30 3oc 

6 7 a) Yield by HPLC. b) Substrate 6 - - 
was recovered( 20% ). c) Other - 
further oxidized products were formed 

4. The oxidation with Na104 is an acid-catalyzed reaction. When diphenyl 

sulfoxide was treated with an equimolar amount of NaI04 in neutral dioxan-water 

solution at 20", diphcnyl sulfone was obtained in ca. 30% for 20h, but in the 

presence of a catalytic amount of hydrogen chloride, the yield of the sulfone 

increased up to ca. 95% even in 30 min. 6a) 

5. The effect of substituent, observed in the oxidation of a few S-phenyl-p- 

substituted-benzenethiolsulfinates with NaIOj in aqueous acetic acid, 6a) revealed 

that an electron-reliezing substituent accelerated the rate of the reaction. 

Thus, in the nucleophilic oxidation of thiolsulfinate the likely intermediate 

is the sulfurane which collapses in the rate determining formation of the 

thiolsulfonate as in the oxidation of the sulfoxide with peroxides and peracid 

anions( eq. 2 ).4) 
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