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N-(2,2,2-Trifluoroethylidene)sulfenamides (trifluoromethylated sulfenimines) were
easily prepared in one step by anodic oxidation of 2,2,2-trifluoroethylamine and diaryl
disulfides in MeCN/Et4NClO4 using MgBr) as a redox mediator. The sulfenimines
were highly useful building blocks for the preparation of trifluoromethylated amines,

aminoketone, and aminoalkanoates.

A great deal of interest has been focused on partially fluorinated organic molecules. Among them, B-
fluorinated amines and amino acids have attracted much attention as potent inhibitors of various enzymes.2) In
addition, such compounds are highly useful precursors to synthetic fluorinated peptides.3) Although a number
of fluorinated building blocks have been developed,4) preparation of desired B-fluorinated amines and amino
acids is not always straightforward.

N-Alkylidenesulfenamides (sulfenimines) are versatile building blocks for the preparation of secondary and
tertiary amines.5) Therefore, fluoroalkylated sulfenimines should be useful building blocks for the preparation of
N-fluoroalkylamino compounds. However, no paper described on such sulfenimines has been reported so far.

Here, we report anodic preparation of novel trifluoromethylated sulfenimines and their application to the
synthesis of trifluoromethylated amines, aminoketone, and aminoélkanoates. Torii and Tanaka et al., have
reported that direct transformation of a-aminoalkanoates and disulfides to the corresponding sulfenimines was
performed by electrolysis in a two-phase system using a redox mediator.6) In this reaction, an electron-
withdrawing ester group seems to play an important role, namely the ester group facilitates deprotonation of the
sulfenamide intermediate formed in the course of the electrolysis. Since a trifluoromethyl group is also strong

electron-withdrawing, this electrolytic method seems to be promising for our purpose.
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Table 1. Electrosynthesis of sulfenimines from 2,2,2-trifluoroethylamine

+ _ oyt
CFsCHNH, + ArsSAr —2 1o [ CFyCH,NHSAr | —22-H— CFCH=NSAr
2 1
Electricity Product 1
Run Ar Method?) 96480 C mol-1 Yield / %
1 Ph A 3.0 55 (1a)
2 p-Tol A 3.0 33 (1b)
3 Ph B 3.5 72 (1a)
4 p-Tol B 3.5 58 (1b)
a) See text.

With this in mind, we have attempted electrolytic transformation of readily available 2,2,2-
trifluoroethylamine and diaryl disulfides to the corresponding trifluoromethylated sulfenimines 1. At first,
anodic oxidation was carried out in a two-phase system (CH,Clp/H»O) using magnesium halides as a redox
mediator (method A) in a manner similar to that reported.6) Although MgCl; failed to give the desired product
1, MgBrj was effective for this reaction. Di-p-tolyl disulfide gave the corresponding sulfenimine 1b in a low
yield (run 2) while diphenyl disulfide provided the sulfenimine 1a in a moderate yield (run 1). After many
attempts, the yield of 1 increased when the electrolysis was done in a homogeneous system
(MeCN/Et4NC104/MgBry) (method B).7) Here again, diphenyl disulfide gave much higher yield compared to
the case of di-p-tolyl disulfide (runs 3 and 4). This indirect oxidative reaction seems to proceed via a
sulfenamide intermediate 2 in a similar mechanism as proposed previously.6- 8)

In order to demonstrate the synthetic utility of 1, an addition reaction of various kinds of carbon
nucleophiles to 1 was attempted. As shown in Scheme 1, the reactions with alkyllithium, allylmagnesium
bromide, lithium enolate, and lithium enolester were successfully carried out to provide trifluoromethylated
amines,?) aminoketone, and aminoalkanoates as the corresponding sulfenamide derivatives in good to high
yields. In our previous paper, we have shown that reductive cleavage of an S-N bond is easily performed by
treatment with HpS. 10) However, HpS was not effective for the cleavage of the S-N bond of the sulfenamide
derivatives 3 - 6. Finally, we have found that the deprotection of a phenylsulfenyl group was easily achieved by
the treatment with HCI gas in the presence of thiophenol at room temperature. For example, trifluoromethylated

B-aminoalkanoates were obtained in excellent yields as shown in Scheme 2.
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Scheme 1.

Trifluoromethylated -aminoalkanoate 7a has been prepared from ethyl trifluoroacetoacetate.11) However,
this method requires multi steps and can not be applied to the preparation of other types of aminoalkanoates such

as 7b. The aminoalkanoates 7 are known to be useful precursors to trifluoromethylated B-lactams.1 1y

;
hSNH O . R
PhSN HCI (gas) HCI:NH, O n2 CF,
CFs3 OR3 CF OR3 I:NI
- PhSH T R o H
6 7a:R'=R%?=H, R® = Et (84%)
7b:R' = R? =R® = Me (91%) Scheme 2.

In summary, we have demonstrated that anodically prepared trifluoromethylated sulfenimines are highly
versatile building blocks for the preparation of various types of amino compounds bearing a trifluoromethyl
group.

We are grateful to Prof. Tsutomu Nonaka of Tokyo Institute of Technology of his valuable suggestion.
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