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2-Trifluoromethyl-1,3-dithianylium triflate: a convenient ‘masked’
electrophilic pentafluoroethylation reagent�
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Abstract—With 2-trifluoromethyl-1,3-dithianylium triflate for the first time the synthesis, isolation and full structural characteriza-
tion of an �-perfluoroalkylcarbenium salt was achieved. The title compound can be easily obtained on a preparative scale. The
thermally stable dithianylium salt in combination with fluorodesulfurization chemistry is a promising novel reagent for the
electrophilic polyfluoroalkylation of organic substrates, demonstrated by the pentafluoroethylation of O-nucleophiles.
© 2003 Elsevier Ltd. All rights reserved.

�-Trifluoromethylcarbenium ions are a structurally
remarkable species, since they are inductively destabi-
lized by the trifluoromethyl group as a strong electron-
withdrawing substituent (�m=0.43, �p=0.541), e.g. the
comparison of reaction enthalpies for CF3CH3�
CF3CH2

++H− and CH3CH3�CH3CH2
++H− shows, that

the formation of the trifluoroethyl cation is by 53 kcal
mol−1 less favorable than the ethyl cation.2

In numerous studies �-polyfluoroalkyl carbenium ions
have been postulated as intermediates,3 or generated in
situ under special conditions and then characterized.4

In these cases the cationic center was additionally stabi-
lized by electron-donating substituents (aryl or het-
eroatom, type 1). Stabilizing by charge delocalization in
this case is effective enough to allow the study of the
cation in solution or in the gas phase by spectroscopic
methods.

Nevertheless, such cases are rare, and the synthesis of
carbenium salts in isolated form is rather difficult. To
the best of our knowledge only few compounds of such

type have been isolated, namely the cluster complexes 2,
where the �-trifluoromethylcarbenium center is stabi-
lized by a direct metal···C+ interaction.5

It is also known6 that a single arylthio moiety is not
sufficient to stabilize the cation 1 (EDG=ArS, R=H).
However, non-fluorinated carbenium ions containing
two alkylthio substituents (type 3) are stable, and the
corresponding salts can be easily obtained on a prepar-
ative scale.7 Such compounds have great synthetic
potential; e.g. by the addition of phenols or acidic
alcohols followed by oxidative fluorodesulfurization8

new �,�-difluoroalkylethers, liquid crystalline molecules
were synthesized,7d,e so far not available using other
methods.

In the framework of our search for novel reagents for
selective polyfluoroalkylation of organic molecules
under mild conditions,9 we wish to report here the
synthesis, X-ray molecular structure (as the first exam-
ple of structurally defined �-CF3 carbenium ion) and
demonstrate the perspectives of synthetic application of
2-trifluoromethyl-1,3-dithianylium triflate 4+·CF3SO3

−

as a new convenient reagent for ‘electrophilic’
pentafluoroethylation.
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The dithianylium salt 4+·CF3SO3
−, a colorless crys-

talline solid, was obtained in 66% yield reacting pro-
pane-1,3-dithiol (5) with trifluoroacetic anhydride,
followed by treatment with trifluoromethanesulfonic
acid (Scheme 1).10

The 1H, 13C and 19F NMR data confirm the proposed
structure. The 13C resonance at �=208.3 is due to the
carbenium character of the C(2) carbon.7d

The X-ray structure analysis of 411 exhibit a half-chair
conformation for the 1,3-dithiane ring (Fig. 1). The
atoms C(7), C(2), S(2) and S(3) are co-planar (average
deviation 0.3 pm), C(4), C(5) and C(6) are above or
below this plane by −6.7, 61.6 and −9.8 pm,
respectively.

The C(2)�C(7) bond length in 4+ is 154.3(3) pm, i.e. by
ca. 5 pm longer than the corresponding bond length in
the non-fluorinated cation 6+ (Table 1). The S�C(2)
bonds are almost of the same length. Comparative
DFT calculations12 for the cation 4+ and its methyl
analogue 7+, for which a solid state molecular structure
is not known yet, exhibit a bond lengthening of the
same order (Table 1).

Compound 4+·CF3SO3
− is unexpectedly stable. Pro-

tected from air, it can be stored at −30°C for months
without any change, at ambient temperature it shows a
slow greyish discoloration. 4+·CF3SO3

− can even be
handled under air for a short time without
decomposition.

One of the most challenging problems in preparative
fluoroorganic chemistry is a satisfying method for elec-

Table 1. Selected bond lengths (pm) for cations 4+, 6+ and
7+

4+a 7+cBond 4+c6+b

150(2)C(2)�C(7) 155.8154.3(3) 150.8
S�C(2)d 169.3168.4167.5(14)166.5(1)

a X-Ray structure analysis, this paper.
b X-Ray structure analysis with SbCl6

- as counter ion.7c

c DFT calculation (B3LYP/6-31G*).12

d Average value.

trophilic perfluoroalkylation. The reactivity of almost
all known ‘electrophilic’ reagents for perfluoroalkyla-
tion13 is based on an electron transfer, preceding the
transfer of the perfluoroalkyl radical. The reactivity of
these reagents is limited, e.g. for primary alcohols only
one example of O-polyfluoroalkylation using O-CF3-
dibenzofuranium salt was reported.13d Direct O-
polyfluoroalkylation of secondary alcohols is unknown
to the best of our knowledge.

Our preliminary results show, that 4+·CF3SO3
− can be

used as a reagent for the electrophilic introduction of
polyfluoroalkyl substituents in organic substrates. This
application of 4+·CF3SO3

− opens up new synthetic per-
spectives, clearly demonstrated by the successful pen-
tafluoroethylation of oxygen nucleophiles 8, especially
in the case of secondary alcohol 8a. Treatment of
deprotonated 8 with 4+·CF3SO3

− gave the
dithioorthoesters 9, which in their turn were oxidatively
fluorodesulfurized using 1,3-dibromo-5,5-dimethylhy-
dantoin (DBH) in 70% HF/pyridine solution, forming
the pentafluoroethyl substituted compounds 10
(Scheme 2).14 It should be pointed out, that C2F5O
derivatives 10, being important for liquid crystal appli-
cations, are hardly accessible otherwise.

The polyfluoroalkylation of other O, C, N and P-nucle-
ophiles via 4+·CF3SO3

− together with study of other
aspects of its reactivity, as well as the synthesis of
similar stable �-perfluoroalkyl carbenium salts are in
progress15 and will be published elsewhere.

In conclusion, we report a convenient synthesis of the
�-trifluoromethyl carbenium salt 4+·CF3SO3

−. Two elec-
tron-donating alkylthio substituents are sufficient for
stabilizing the carbenium center, in spite of the elec-
tron-withdrawing CF3 group, allowing us to isolate and
fully characterize the title compound. The X-ray inves-
tigation (the first example for an �-trifluoromethyl car-
benium species) showed, that the +C�CF3 bond is by 5
pm longer than the respective +C�CH3 bond in the
analogous compound. Compound 4+·CF3SO3

−, easy to
synthesize on preparative scale, is a new and inexpen-
sive reagent for ‘electrophilic’ introduction of pen-
tafluoroethyl moiety into organic substrates.

Scheme 1. Synthesis of the dithianylium salt 4+·CF3SO3
−.

Figure 1. Molecular structure of 4+·CF3SO3
− (thermal ellip-

soids with 50% probability).
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Scheme 2. Synthesis of the pentafluoroethylether 10.
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