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Trifluoromethanesulfenamides (CFsSN-molecules) are interesting products for further applications. In particular,
the presence of the CF3SN group can contribute to increase their lipophilicity. The better way to obtain such
products is the direct trifluoromethylthiolation of the corresponding amines. Herein, an efficient method under

g;t;ggen mild conditions (room temperature, iodide catalysis) is described to obtain the expected tri-
N-tosyl fluoromethanesulfenamides in a late-stage functionalization. This method is based on the use of the reagent

BB23 (N-tosyl, N-methyltrifluoromethanesulfenamide), demonstrating the high versatility and polyvalence of

N-methyltrifluoromethanesulfenamide
this reagent in organofluorine chemistry. Some bioactive elaborated compounds were successfully

functionalized.

1. Introduction

Due to the specific properties of the fluorine atom [1,2], fluorinated
molecules have found many uses in the last decades in a wide range of
applications from materials to life sciences [3-12]. In order to propose
new molecules with new properties for targeted applications, the
development of new fluorinated groups has been a dynamic research
field these last years [13,14]. These new groups have allowed the
improvement of specific properties. In particular, lipophilicity is an
important targeted parameter to modify the physicochemical properties
of molecules [15,16].

To achieve such an objective, the association of the CF3 moiety with
heteroatoms seemed to be a valuable strategy [13,14]. Some years ago,
we have shown that the CF3SN group possesses a high Hansch-Leo lip-
ophilicity parameter which allows to increase the lipohilicity of com-
pounds bearing this group (Table 1) [17].

Despite such interest in such CF3SN-molecules, the main efficient
synthetic approach to such compounds remains essentially the tri-
fluoromethylthiolation of amines with a trifluoromethylthiolating re-
agent, as recently well reviewed in the literature (Scheme 1) [18].

Some years ago, we developed a family of reagents, namely the tri-
fluoromethanesulfenamides, which are efficient to perform various tri-
fluoromethylthiolations [19-21]. In particular, the BB23 reagent
(N-tosyl, N-methyltrifluoromethanesulfenamide) has emerged in recent

* Corresponding authors.

years as a highly versatile reagent in fluorine organic chemistry that can
be used in a wide range of reactions [21].

The use of this reagent to form the CF3S-N bond by tri-
fluoromethylthiolation of amines has been briefly described previously,
but required harsh conditions, requiring prior deprotonation of amines
with BuLi (Scheme 1), which is not compatible with sensitive com-
pounds [17,22].

In this context, in order to propose an easy and efficient access to
CF3SN-molecules under mild conditions and to continue to demonstrate
the high versatility of the BB23 reagent in fluorine chemistry, we
decided to reinvestigate its ability to trifluoromethylthiolate amines.

2. Results and discussion

In our recent studies on the synthesis of thiocarbamoyl fluorides by
reaction of BB23 with amines in the presence of BuyNI [23], we
observed the formation of  the corresponding  tri-
fluoromethanesulfenamide (2a) as a by-product (Scheme 2). In this
study, we hypothesized that the intermediate species CF3SI, formed by
the reaction of BB23 with BuyNI [24], could react directly with amine to
form the corresponding CF3SN-product (2a) (Scheme 2).

Encouraged by this interesting result, we decided to delve into this
side-reaction to determine the optimal conditions for obtaining the
CF3SN-product under milder conditions (Table 2).
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Table 1
Hansch-Leo lipophilicity parameter (ng)
of fluorinated groups.

Group TR

CF3 0.88
CF30 1.04
CF3S 1.44
CF3Se 1.61
CF3SN 1.50

BB23 seemed to be able to react with the amine without the addition
of BuyNI at 60 °C for 16 h (entry 1). At 20 °C, the yield was slightly lower
(entry 2), but decreased significantly for only 1 h (entry 3). The use of 1
equivalent of BuyNI significantly improved the reaction (entry 4). To
develop the mildest conditions, only catalytic amounts of BusNI were
considered (entries 5-10). With 0.1 equivalent the obtained yields
remained good (entries 5-7), but a longer reaction time was required to
obtain an excellent result (entry 7). The amount of BusNI could also be
reduced to 0.05 equivalent but with slower kinetics (entries 8-10). Good
results were also obtained with Bu4NCl (entry 11) or BuyNBr (entry 12),
but with lower yields. Finally, alkaline sources of iodide anions can also
be used (entries 13-14), but with also lower yields, probably due to
lower solubility.

Therefore, the optimal conditions selected were 0.1 equivalent of
BuyNI, at 20 °C for 16 h (entry 7).

These optimal conditions were then applied to various amines
(Scheme 3).

The reaction gave good yields with aliphatic amines (2a-c,i),
whereas only moderate to low yields were observed with aniline de-
rivatives (2d-e). This could be explained by the lower nucleophilicity of
anilines. Such a difference in reactivity favors the chemoselectivity of
the reaction, as illustrated with compound 2f, where only the aliphatic
nitrogen was trifluoromethylthiolated in the presence of an aromatic
nitrogen. Surprisingly, the reaction with tryptoline 1g gave a mixture of
mono- and bis-trifluoromethylthiolated products (ratio 58:42). A good
yield of bis-trifluoromethylthiolated compound 2g was obtained by
using 2 equivalents of BB23. Contrary to aniline, the low nucleophilic
aromatic nitrogen was able to react well under these conditions. This
phenomenom was confirmed by the good yield obtained with indole 2h.
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Scheme 2. Formation of CF3SN-product during the thiocarbamoyl fluoride
formation. Yields determined by °F NMR spectroscopy with PhCF; as inter-
nal standard.

This higher reactivity of the heteroaromatic nitrogen could be ratio-
nalized by the higher acidity of the hydrogen carried by the nitrogen
atom, which could interact with the sulfonamide anion released during
the formation of CF3SI, thus enhancing the nucleophilicity of the ni-
trogen (Scheme 4). Hydrochloride salts have also been directly involved
in the reaction (2i-j), but required the addition of 1 equivalent of DIPEA
(diisopropylethylamine). More sophisticated bioactive compounds have
also been successfully trifluoromethylthiolated as illustrated by the
Fluoxetine (2j), Sildenafil (2k) and Vonoprazan (21) derivatives. Finally,
ephedrine (an  amino-alcohol) was  chimioselectively  tri-
fluoromethylthiolated in a satisfactory yield (2m).

The proposed mechanism of the reaction is summarized in Scheme 4.

The reagent BB23 reacts with the iodide anion (from BuyNI) to form
the transient CF3SI species and releases a sulfonamide anion. The amine,
eventually activated by interaction with sulfonamide, can then react
with the highly electrophilic CFsSI to give the expected product 2.

3. Conclusion

In conclusion, this work confirms the high versatility of the reagent
BB23 and confirms its high polyvalence in the toolbox of organofluorine
chemistry. The results described provide an efficient method to obtain

O
F
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Scheme 1. Synthesis of CF3SN-product by trifluoromethylthiolation of amines.
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Table 2
Optimization of the formation of 2a.

N

S\N/SCFg . NH Bu,NI (\N/SCFS
! N CHs N, T N
BB23 1a 23
Entry BuyNI (eq.) T(°C) t (h) 2a?
1 - 60 16 62
2 - 20 16 54
3 - 20 1 33
4 1 20 1 75
5 0.1 20 1 67
6 0.1 20 4 82
7 0.1 20 16 920
8 0.05 20 1 54
9 0.05 20 4 68
10 0.05 20 16 80
11 0.1 (BuyNCl) 20 16 78
12 0.1 (BuyNBr) 20 16 88
13 0.1 (K1) 20 16 76
14 0.1 (CsD) 20 16 84

2 Yields determined by !°F NMR spectroscopy with PhCF3 as internal
standard.

various CF3SN-molecules under mild conditions by late-stage function-
alization of the corresponding amine. This method has also allowed the
trifluoromethylthiolation of various bioactive amines (from commercial
drugs).

4. Experimental section

Typical procedure for the synthesis of trifluoromethanesulfenamides (2):
In a 10 mL vial, BB23 (145 mg, 0.5 mmol, 1 equiv.) is dissolved in
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anhydrous acetonitrile (1 mL) and the amine 1 (0.5 mmol, 1 equiv.) is
added. Tetrabutylammonium iodide (18.5 mg, 0.05 mmol, 0.1 equiv.) is
added and the reaction mixture is stirred at room temperature for 16 h.
The yield is determined by 19 NMR using a,a,a-trifluorotoluene (PhCFs)
as an internal standard. After completion of the reaction, the reaction
mixture is transferred to a separatory funnel and water (10 mL) and
dichloromethane (10 mL) are added. The aqueous layer is extracted with
dichloromethane (3 x 10 mL). The organic layers are combined and
dried using MgSOy, filtered and concentrated under vacuum. The crude
obtained is purified using flash chromatography to afford the desired
compound.

Supplementary materials: Experimental section and copies of NMR
spectra of all the synthesized compounds.
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Scheme 4. Proposed mechanism.
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Scheme 3. Trifluoromethylthiolation of various amines. Yields determined by °F NMR spectroscopy with PhCF; as internal standard (in parentheses isolated
yields). [a] with 2 eq. of BB23 and 0.2 eq. of BuyNI. [b] From the hydrochloride salt, with 1 eq. of DIPEA.
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