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The new salts CH;S(H)F*MF;~ and CF,;S(H)F*MF;~ (M = As, Sb) have been prepared by reacting RSH (R = CHj, CF;) with
XeF*MF in liquid anhydrous HF and characterized by NMR (‘H, °F, *C), Raman, and IR spectroscopic methods. The spectral
data are compared with those of the known compounds R,SF*MF;~ (R = CH;, CF;). The preparation of CH;S(CI)F*MF, is
also reported; these salts were formed by reacting CH;S(H)F*MF;~ with Cl, in HF.

Introduction

In the course of our investigations of the synthetic potential
of XeF*MF,~ (M = As, Sb) we succeeded in preparing the mo-
nofluorinated sulfonium salts CF,S(CI)F*MF,~,2 SCLLF*MF,~,}
and (CF;),SF*MF, * (M = As, Sb). In all cases the behavior
of XeF*MF;™ as an extremely mild and selective fluorinating agent
with a high oxidation potential is observed. These properties are
especially important in the preparation of H,SF*SbF,",° which
is a very unstable compound.

The high oxidation potential of XeF*MF," is demonstrated by
the formation of monofluorooxonium salts H,OF*MF,",¢ which
we have recently reported.

H,0 + XeF*MF, — H,OF*MF, + Xe )
M = As, Sb

In continuation of our investigations on sulfanes, it seemed likely
that SH derivatives should also be fluorinated oxidatively to form
fluorosulfonium salts. Thermolysis reactions of them might lead
to new fluorosulfuranes.

With the preparation of CH,S(H)F*MF;~, the spectroscopic
series of (CH,),_,S(H),F* salts (n = 0-2) is now complete.>!5
In this context the comparison of their reactivities with those of
the homologous oxygen compounds (CH;),_,O(H),F*MF;™ is of
interest. The stabilities of these recently prepared monofluoro-
oxonium cations®’ differ greatly. While CH;O(H)F*MF, and
(CH;),OF*MF;~ are extremely explosive, H,OF*MF" is abso-
lutely harmless.

We therefore felt it important to study the behavior of the
homologous S compounds.

Experimental Section

Materials and Apparatus. Literature methods were used for the syn-
thesis of XeF*MF,” (M = As, Sb),! CF;SH,” and DF.!° HF (Bayer)
was treated with F,; CH;SH (Merck) was used as received. Cl, (Messer
Griesheim) was stored over CaO. Standard high-vacuum techniques
were employed throughout all preparative procedures; nonvolatile com-
pounds were handled in a dry N, atmosphere by using Schlenk tech-
niques. All reactions were carried out in a KEL-F reactor fitted with a
KEL-F valve. Infrared spectra were recorded on a Bruker IFS 113v
spectrometer between NaCl or polyethylene plates in an IR low-tem-
perature cell!! at 135 K. Raman spectra were run on a Coderg T 800
spectrometer equipped with an Ar* laser operating at 514.5 nm and
400-mW laser power level and using a low-temperature cuvette at 195
K. The maximum resolution was 5 cm™., and all vibrational spectroscopic
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measurements showed reproducibility within £5 cm™. The NMR
spectra of HF solutions were recorded on a Bruker Model AM 300
spectrometer (*C, 75.5 MHz; °F, 282.5 MHz; 'H, 300 MHz) with
positive shifts being downfield from the external standards TMS ('*C,
'H) and CCI;F (I°F). The pulse width was 2 us (°F), 2.5 us (*3C), and
1.4 us ("H). A total of 256 scans were run for each spectrum; the
maximal resolution was 4.3 Hz (*F), 1.2 Hz (**C), and 1.1 Hz ('H) per
data point. Mass spectra were recorded with IE = 70 eV on a Finnigan
MAT 8230 instrument. For the measurements the samples were ther-
molyzed in a high vacuum from a glass vessel, fitted with a Young valve,
into the mass spectrometer.

Preparation of RS(H)F*MF, (R = CH,, CF;; M = As, Sb). A
1-mmol amount of XeF*MF,~ (M = As, Sb) was dissolved in 5§ mL of
HF in a KEL-F reactor. After the addition of equimolar amounts of
RSH (R = CH;, CF;) at 77 K the reaction mixtures were stirred for 2-3
h at 213 K. Then all volatile compounds were removed by pumping at
213 K, and yellowish solids remained. These were stable at temperatures
below 233 K.

NMR Data, CH,;S(H)F*MF;": °F NMR §(SF) = -177.0 ppm; *C
NMR §(CH;) = 24.3 ppm; '"H NMR &(SH) = 4.27 ppm, 6(CH;) = 3.45
ppm. CF,S(H)F*MF,: '°F NMR &@SF) = -133.2 ppm, &(CF;) =
-52.3 ppm, 'J(CF) = 325 Hz; 3C NMR 4(CF;) = 124.3 ppm (q),
1J(CF) = 327 Hz; 'H NMR &(SH) = 4.83 ppm.

Preparation of RS(D)F*MF;~ (R = CH;, CF;; M = As, Sb), The
same reactions as described above were carried out in DF, and the re-
maining solids were washed three times with the DF solvent to complete
the H/D exchange.

Preparation of CH,;S(CI)F*MF;~ (M = As, Sb). An equimolar
amount of Cl, was condensed at 77 K onto a solution of CH;S(H)F*-
MF;™ (M = As, Sb) in HF. The reaction mixture was stirred for 3 h at
213 K. After removal of the HCI and the solvent by pumping at 183 and
then 213 K, yellowish white solids remained. These were stable at tem-
peratures below 223 K.

NMR Data: '°F NMR §(SF) = -119.3 ppm, *J(HF) = 13.7 Hz; ’°C
NMR (CH;) = 34.4 ppm; 'H NMR §(SH) = 4.1 ppm, *J(HF) = 14.2
Hz.

MS Data. CH,;S(CI)F*AsF,~: m/e = 86 (5%) (SCIF*), 82 (60)
(CH,SCI%), 67 (100) (SCI*), 47 (48) (CH,S™), 51 (10) (SF*), 151 (7.7)
(AsF/*), 132 (5.7) (AsF;%), 113 (5) (AsF,"), 94 (8) (AsF*). CH,S-
(C)F*SbF: m/e = 86 (4.6%) (SCIF*), 82 (56) (CH,SCI*), 67 (100)
(SCI*), 47 (48) (CH,S™), 51 (6.9) (SF*), 197 (3.4) (SbF,*), 178 (5)
(SbF;*), 140 (5.5) (SbF*), 121 (3) (Sb*).

Results and Discussion

Monofluorinated sulfonium salts RS(H)F*MF;~ (R = CH,,
CF;; M = As, Sb) are formed by the reaction between RSH (R
= CH,, CF;) and XeF*MF;~ (M = As, Sb) in HF at 218 K (eqs
2 and 3). Their characterization has been carried out by NMR

CH,SH + XeF*MF,- — CH,S(H)F*MFs + Xe  (2)
CF,SH + XeF*MF, — CF,S(H)F*MFs + Xe  (3)

and vibrational spectral studies. For unequivocal assignment of
the S—H vibrations, H/D isotope exchange reactions were carried
out at the SH groups.

Both salts are extremely sensitive to hydrolysis. Decomposition
is observed above 233 K with formation of Sg2*(MF"),, which
is recognizable by its blue color. The thermal stabilities of these
RS(H)F* salts are considerably lower than those of the already
known members of the series RSX,* (R = CH;, CF;; X = H,
F), which are all stable at room temperature.'>!* The same effect
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occurs in the case of the mixed chlorine—fluorine substituted
sulfonium cations (CF;),SCl,_,F* (n = 0, 1)%3 in contrast to the
behavior of the pure chloro- or fluorosulfonium cations
(CFy),SX;.,* (n=0, 1; X = Cl, F).1*!3 By comparison to the
analogous oxonium salts, RO(H)F*MF,~ (R = CH;,, CF,), the
sulfonium salts are thermally more stable and nonexplosive.” The
comparison of the NMR data of the new salts with those of the
corresponding dimethyl- and bis(trifluoromethyl)sulfonium salts
shows the expected tendency in the '°F NMR chemical shifts for
the SF groups. The new sulfonium salts show a downfield shift
(CH,;S(H)F*, 6(SF) = -177.0 ppm; CF,S(H)F, &(SF) = -133.2
ppm), in contrast to secondary halides known from the literature
((CH,),SF*, 5(SF) = ~190.7 ppm;'¢ (CF;),SF*, 8(SF) = -159.4
ppm*). This can be explained on the basis of a decreasing electron
density at the F atoms of the SF group. The minor shielding effect
of the F atoms corresponds well with a decreasing diamagnetic
contribution to the chemical shift. The same effect is responsible
for the downfield shift of the '°F resonances on going from the
methylated to the perfluoromethylated sulfonium salts. The other
signals found in the NMR spectra are due to the CF; group in
CF,;S(H)F* (8(CF,) = —52.3 ppm) and to the anions (§(AsF;")
= -56 ppm,'* 5(SbF,;") = —116 ppm!%). The '3C NMR shifts of
the CH; and CF, groups are found within the expected ranges
(6(CH;) = 24.3 ppm, 6(CF;) = 124.3 ppm). The 'H NMR
spectra of CH,S(H)F*MF¢™ contain the signal at § = 3.45 ppm
for the methyl group and a broad signal at 4.27 ppm due to the
SH function. In CF,S(H)F* a downfield shift of 6(SH) to 4.83
ppm occurs, which can be explained by a decrease of electron
density at the H atom. All 'H signals were found to be shifted
more upfield than expected (i.e. 5(SH) = 6.4 ppm in SH;*-
AsF,~'°). This may be due to stronger interactions of these two
cations with the solvent HF.

The symmetry of the two RS(H)F* cations is C,. A total of
15 vibrations are therefore expected in both the IR and the RA
(RA = Raman) spectra. Of these 12 are observed in both spectra.
Six of them are due to the CH; or CF; groups and are found within
their typical ranges. The other six vibrations can be assigned to
the stretching modes »(SH), »(CS), and »(SF) and to the de-
formations 6(CSH), 6(CSF), and §(HSF). In CH,S(H)F*MFg",
»(SH) is shifted by 50 cm™ to higher frequencies relative to
CF;S(H)F*. Also the frequencies of the other stretching vibrations
and of the deformation vibrations in the methylated compounds
are found at higher values than those in the perfluoromethylated
cation. A comparison of the cations containing the -S(H)F group
with other fluorosulfonium cations shows that »(SF) in RS(H)F*
(R = CH,, CF;) occurs at lower frequencies than in all the known
R,SF* cations.**!® While the same tendency is observed for
v(H;C-S), »(F;C-S) does not fit in a unique scheme. Also no
unequivocal relationship between the measured frequencies of the
deformations in the RS(H)F* and R,SF* cations (R = CH;, CF;)
and the nature of R is found. The frequencies observed for »(SD)
and §(CSD) are as expected and in good agreement with the rule
of Teller and Redlich.!” Vibrational data are listed in Table I.

The mass spectra of the two salts RS(H)F*MF,” (R = CH,,
CF;; M = As, Sb) give no evidence for dissociation into sulfuranes
RS(H)F, and AsF; or SbF;. Rather decomposition to MF, HF,
and the corresponding sulfanes RSH is observed.

This behavior is significantly different from that of the pre-
viously investigated salts CF;S(CI)F*MF, and SCLF*MF,~. As
shown by matrix-isolation techniques,'® thermolysis of CF;-
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S(CI)F*MF" leads to the unusual sulfurane CF,S(CI)F., which
contains one ligand of the third period. The existence of SCL,F,
was indicated by the fragments observed in the mass spectrum
of SCI,F*MF,.

For a further characterization of the new sulfonium salts, re-
actions with chlorine were carried out (eqs 4 and 5). Beside the

CF,S(H)F*MF,~ + Cl, — CF,S(Cl)F*MF," + HCl (4)
CH,S(H)F*MF, + Cl, — CH,S(C)F*MF, + HCl  (5)
M = As, Sb

formation of HCl in reaction 4, CF,S(CI)F*MF;~ can be detected
by vibrational and NMR spectroscopy.? The hitherto unknown
chiorofluoromethylsulfonium hexafluorometalates can be prepared
in the same way as bright yellowish hydrolyzable salts that are
stable up to 233 K. They are slightly soluble in HF, while in SO,
decomposition is observed.

The vibrational frequencies of CH;S(Cl)F*MF;~ are summa-
rized in Table II. For the cation of C; symmetry 15 vibrations
are expected of which 12 are observed as well in both the IR and
the RA spectra. Six of these are due to the methyl group. The
C-S stretching mode is found at 688 cm™!, well within the range
expected for S—CHj stretching modes.!*?! The S-F and S—Cl
stretching modes were both found at the lower limits of the ex-
pected ranges, and their frequencies are significantly lower than
those found for the homologous trifluormethylated compound
CF,S(C)F*MF," (»(SF) = 851.5 cm™!, »(SCl) = 546.5 cm™).2

The '°F NMR spectra of the salts show the signals due to the
anions and also one additional quartet at § = -119.3 ppm with
3J(HF) = 14 Hz, which is due to the fluorine on sulfur coupled
to the methyl protons. The coupling constant corresponds well
to the value found for the doublet observed for the methyl group
in the 'H spectra with (CH;) = 4.1 ppm and *J(HF) = 14 Hz.
The '3C NMR shift of 34.4 ppm for the CH; group is within the
range expected for methyl groups.

Although the fragments SCIF* and SF* were observed in the
mass spectra, there is no further evidence for the presence of
CH;S(CI)F, in the gaseous dissociation products.

Conclusion

In this paper it is shown that primary sulfanes can be fluorinated
oxidatively without decomposition involving HF elimination. This
step seems to be inhibited kinetically at low temperatures. With
the formation of CH,S(H)F* the spectroscopic series of
(CH;),.,S(H),F* cations (n = 0-2) is now completed and a
comparison of their stabilities with those of the analogous oxonium
salts has been carried out. Contrary to CH;O(H)F*MF,™ and
(CH;),0F*MF~, the homologous monofluorosulfonium salts are
not explosive. Additional compounds RS(CHF*MF,~ (R = CH,,
CF;; M = As, Sb) have been synthesized quantitatively by the
reactions of the new salts with equimolar amounts of chlorine in
HF. This pathway provides an alternative route to CF,S(CI)F*,
which is also accessible from CF;SCl and XeF*.
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