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Abstract – Optically active 3-sulfenyl-2-oxindoles were synthesized by a 

asymmetric substitution with a chiral phase-transfer catalyst. The reaction was 

suggested to proceed in a radical mechanism. 

3-Substituted oxindoles have received much attention due to their diverse biological and pharmaceutical 

activities,1 thus their asymmetric synthesis has been intensively investigated in recent years.  Among the 

syntheses of 3-substituted oxindoles, those of 3-sulfenyl-2-oxindoles were less explored.  Recently,  

anticancer, antifungal, and antitubercular activities have been found in many oxindoles with a thio group 

at the chiral carbon center.2 Therefore, the methods for the synthesis of 3-sulfenyloxindoles have 

become to be widely investigated.3 Among these methods, direct sulfenylation is the most straightforward.  

Only recently, asymmetric sulfenylations of 3-substituted oxindoles catalyzed by a chiral organocatalyst 

were independently reported by Enders, Cheng, and Jiang.4  In addition, Feng et al. reported similar 

sulfenylation catalyzed by a chiral N,N’-dioxide-Sc(OTf)3 complex.5  We have been investigating 

catalytic asymmetric construction of quaternary carbon center catalyzed by a chiral phase-transfer catalyst 

(PTC), and found that 3-hydroxyoxindoles are obtained in high yields and high enantioselectivities using 

cinchonidine derived PTC as an organocatalyst.6  The method is operationally simple and 

environmentally benign, thus we became interested in the application of the method to the synthesis of 

3-sulfenyloxindoles.  In this paper we report a direct sulfenylation of 3-substituted oxindoles with 

diphenyl disulfide catalyzed by PTC. 
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In our previous work,6 hydroxylation of oxindole under phase-transfer catalyzed conditions was assumed 

to proceed through a radical intermediate, which reacted with oxygen to give hydroxylated product.   
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Table 2. Sulfenylation of 4 with diphenyl disulfide catalyzed by PTC

a Determined by chiral HPLC analysis. b The absolute configuration of the major 

  isomer was S.

a
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Therefore, the sulfenylation was investigated using diphenyl disulfide which could afford the sulfenylated 

product by a radical process.  Initially, we carried out the sulfenylation of 3-allyl-2-oxindole using an 

achiral tetrabutylammonium iodide (TBAI) as a PTC, and found that sulfenylated product was obtained in  

a quantitative yield (eq.1).  We thus investigated asymmetric sulfenylation with chiral PTCs which were 

commercially available (Table 1), and the result was that cinchona alkaloid derived PTC gave moderate 

to good enantioselectivities, while spirobinaphthyl quaternary ammonium salt 2 and tartrate derived 

bis-ammonium salt 3 gave low enantioselectivities. When trifluoromethylbenzyl substituted cinchoninium 

salt 1b was used, the best yield and enantioselectivity were obtained. The absolute configuration of the 

major isomer of 5a was determined after removal of the PMB group, by comparison of the retention time 

in chiral HPLC analysis with that of literature.5 Next we investigated scope of the substrate using 1b as 

the PTC (Table 2).  The result was that generally high chemical yields and moderate enantioselectivities 

were obtained.  Phenyl substituted oxindole, however, gave low enantioselectivity (entry 13).  To 

consider the reaction mechanism, we also conducted the reaction using DMPO as a radical trapping 

reagent. 

 
 

When 5 equivalent of DMPO was used instead of diphenyl disulfide, radical coupling product 6 was 

obtained in 16% yield accompanied with hydroxy oxindole 7, which would be produced via the reaction 

with solvated oxygen (Scheme 1). The result indicated the presence of a radical intermediate in the course 

of the reaction, and a plausible reaction mechanism was shown in Scheme 2.   
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Ammonium enolate 8, which is generated by the counter cation exchange with potassium enolate, 

transfers a single electron to diphenyl disulfide to produce a radical intermediate 9 and a benzenethiyl 

radical.7  Radical coupling of 9 with benzenethiyl radical occurs to afford sulfenyloxindole 5.  

Concomitantly generated ammonium thiolate changes the counter anion with potassium salt of oxindole 

to give ammonium enolate 8.  Therefore, asymmetric induction is thought to occur in the radical 

coupling step.  In the general phase transfer catalytic reactions, asymmetric induction occurs when a salt 

complex of enolate with PTC reacts with an electrophile.  In the present reaction, the radical coupling is 

considered to occur before the electrically neutral radical separates from the chiral ammonium ion, 

because moderate to good enantioselectivities were obtained.  

In conclusion, we have described asymmetric sulfenylation of oxindoles using a chiral PTC derived from 

Cinchona alkaloids which are readily available.  The reaction was suggested to proceed by a radical 

mechanism which has not reported so far in the reaction with PTC except our example.6  The present 

method would be also applicable for the C-C bond formation, thus syntheses of 3,3-bis-alkyl substituted 

2-oxindoles which cannot be obtained by the ionic reaction are now under investigation. 
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