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Synthesis and Characterization of the Mercaptosulfonium Cation, HSShi"
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The synthesis of the first known mercaptosulfonium saliS;HAsFs~, H3S,"SbR~, and B3S;"AsFs™ is reported.
The salts were prepared by protonation @Blin the superacidic systems HAsFs, HF—SbFs, and DF-AsFs,
respectively. The solids decomposed at 213 K under formation of sulfur g@idgdlts. The mercaptosulfonium

salts are characterized by vibrational spectra. An ab initio and a general valence force field were calculated for

the HS;* cation. The calculations give a conformation with thetSbond antiperiplanar to the lone pair of

SH,".
Introduction Chart 1. Cations of Hydrides with Two Basic Centers
The solution of AsEand Sbk in HF belong to the strongest HN'-NH,  |H,0-OH
acid®! The superacidic systems have been used successfully H,N"-'NH,
for the protonation of very weak bases like$#2 HzAs 3 Ha-

H,P™-PH, H,S™-SH ‘

Sbh3 H4P,,* H,0..5 The known cations of hydrides with two
basic centers are given in Chart 1. TheNd™ cation is a weak
acid (Ka = 6.1) but its basicity (g = 15.1) is sufficient for polysulfane® AsFs and Sbk (Merck) were fractionally distilled. DF
a protonation to the §N,2* cation®’ In case of Diphosphan,  was prepared from 30, and Cak® DF and HF were dried with
the basicity is much lower and the protonation give the fluorine.

monocation which is only stable in solutiénThough HO is Infrared spectra were recorded on a Bruker ifs 113v spectropho-
in water a weak acid (0, = 11.6), stable peroxonium salts tometer. Spectra of dry powders were obtained between CsBr plates.
were prepared by Christie in the systems+#sF and HF The Raman spectra were recorded on a Coderg T800 using fan Ar
SbR;.5 Analogous reactions with homologous$d, which is laser tube (514.5 nm) from Spectra Physics. The spectra were recorded

expected to be a weaker base, have not been studied yet.  in a glass tube cooled with liquid nitrogen.

The thermodynamically unstable disulfane decompose very —Preparation of HsS;*AsFe~ and HsS;"SbFs™. In a 30 mL KEL-F
easy to HS and sulfur. The decomposition is catalyzed by reactor, 220 mg (1 mmol) of SgFor 170 mg (1 mmol) of Ask

traces of bases. Therefore the disulfane requires special’eSPectively, was dissolved 2 g of HF. Thesolution was frozen at
conditions in preparation and handling. 77 K and layered with HF (0.5 g). 43, (1 mmol) was condensed into

the reaction mixture, and it was slowly warmed to 213 K. The

mercaptosulfonium salt precipitated as a colorless solid on thawing.
Excess of HF was removed under a dynamic vacuum at 213 K. The
All synthetic work and sample handling were performed by colorless mercaptosulfonium salts are not soluble in HF. The decom-

Experimental Section

employing standard Schlenk techniques and a standard vacuum linePOSition takes place at 233 K.
(stainless steel or glass, respectively). The glass vacuum line and the Preparation of DsS;*AsFs~. An amount of 0.5 mmol of 55, was
reaction vessels have been treated with concentrated hydrochloric acidstirred with 2 g of DF. Themixture was frozen at 77 K and layered
and dried by vacuum. %, was obtained by distillation of crude  with 1 g of DF. Ask (0.6 mmol) was condensed into the reaction
mixture, and it was slowly warmed to 213 K. Further isolation was
® Abstract published imAdvance ACS Abstractdfay 1, 1996. carried out as described above. A deuteration grade of 99% was
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Results and Discussion
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Table 1. Vibrational Spectra (cm) of HsS;"AsFs™, DsS;"AsFs™, H3S*SbR™, HoS,, and Their Assignments

HsS,"AsFs™ DsS;"Asks~ H3sS,"SbR~ H2S,
Raman IR Raman IR Raman Raman assignment
2531 m 1846 s 2495(30) Y(SX)
2495(38) 2496 m 1826(35) 1819 s 2494(42) 2477(47) v(SX)
1182(1) 1189w 851w 1185(1) 0(SXy
905 w 680 sh O(SSX)
865(25) 630(26) 620 sh 864(22) 884(5) 0(SSX)
817w 870(2) O(SSX)
492(100) 491w 492(100) 505(100) v(SS)
474(95) 470 mw 482(100) 480 w 474(90) v(SS)
247(9) 251s 223(24) 231m 250(14) 237(8) T
200(24) 202 m 198(19) 206 mw 196(9) 128(76) lattice
159(16) 166(34) 161(12) 57(5) lattice
713 vs 711vs v3(MF¢™)
692(6) 691(4) 655(6) v1(MFs™)
580(2) 572(2) v2(MF¢™)
388 vs 388 vs va(MFg™)
377(3) 377(2) 280(3) vs(MFg™)
aX=H,D
A
A
i) And

T —
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Figure 1. Vibrational spectra of k5,"AsFs~: trace A, infrared

spectrum of the solid as a dry powder between CsBr plates recorded at

—110°C; trace B, Raman spectrum of the solid in a glass tube recorded

at —196 °C. B
quantitatively under formation of a colorless precipitate. Ac- 800 600 400 200
cording to the elemental analysis only a single protonation of WAVENUMBER, cm™

the disulfane took place (reaction 1). Figure 2. Vibrational spectra; trace A, Raman spectrum g&f4Asks~;

trace B, Raman spectrum of;&"AsFs™.
H,S, + HF + MF,—H,S,"MF,” (M =As,Sb) (1)
are summarized in Table 1. The Raman spectras8tAsFs~
The Sbk~ salt is stable below-40 °C; the Ask salt, below and D3S;"AsFs~ are shown in Figure 2. The assignments for

—45 °C. The decomposition is similar to that of;@,™" HsS;* were made by comparison with similar compounds, since
(reaction 2). Both mercaptosulfonium salts decompose undervibrational spectra of the isoelectronic compounds likP$H,
formation of sulfur and Skt salts (reaction 3). and HPPH-, respectively, are not knowit! An ab initio

investigation which is discussed later give in accordance to the
H.,0,"MF,” — H,O'"MF,” + 7,0, (M =As,Sb) (2) isoelectronic HPSH a structure of symmet@. Consequently,
nine fundamentals (6A+ 3A) are expected for y8,". These
ME — e — 1 _ fundamentals should all be active in both the infrared and the
HS; MFe —HSTMFs + 7765 (M =4As,Sb) - (3) Raman spectra. The observed and calculated frequencies of
the HS,™ cation are summarized in Table 2.

Three hydrogen sulfur stretching modes are expected in the
region at 2500 cmt. The infrared spectrum shows a broad
band at 2496 cmt split on the high-frequency side (2531 ci
The sharp side band belongs to th&H mode of HSSH'.

The mercaptosulfonium salts are not soluble in HF and in
polar solvents like S@and SQCIF a decomposition was
observed. Because of the absence of a suitable solvent NMR
spectra could not be obtained. Also the preparation of single
crystals from the microcrystalline salts was not possible.

Therefore more detailed vibrational studies of the mercapto-
sulfonium salts were carried out. (11) Korn, M.; Oberhammer, H.; Minkwitz, Rl. Mol. Struct.1993 300,

o . 61.
Vibrational Spectra. The infrared and Raman spectrum of (12) Loos, M.: Rivail, J.-L.; Csizmadia, |. Gl. Mol. Struct.199Q 204,

H3S;tAsFs~ is shown in Figure 1 and the observed frequencies 389.
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Table 2. Experimental and Calculated Vibrational Spet@ad Potential Energy Distributi®of the HS," Cation

HsS,t DSt assignment
obsd calcd PED obsd calcd PED c
2531 2544 1008 1846 1828 1008 v3(A") v(SX)
2531 2543 1008 1846 1829 1008 v7(A'") v(SX)
2495 2511 1008 1823 1799 1008 Va(a') (SX')
1185 1187 615+225+16S 851 848 605+22S+17S va(A") O(SXy)
905 916 716+ 25S, 680 664 7086+29S, ve(A') O(SSX)
865 867 929§ 625 623 9298 vg(A'") 0(SSX)
817 829 765+ 24 S, 625 607 7986+20S vs(A') O(SSX)
482 483 928 481 480 928 vi(A") »(SS)
249 249 795+21S 223 179 796+21S vo(A'") 7(XSSX)

a Frequencies in cni. ® Percent contributions. Contribution of less than 10% to the PED are not listeale 81e symmetry coordinates, which
represents the pure character of the corresponding vibratipoi = H, D.

The broad part belongs to the symmetric and antisymmetric Table 3. Force Constantsand Geometric Parametersf H;S,",
—SH, modes which are not resolved, because of the small H2%: H2S, HeS™, S(SH)Y", HSF

difference in frequencies. In the Raman spectrum only one HaSt  HxSS  HpS?  HsS'e S(SHY™ ' H.SFH o
broad line was observed at 2495 tin A significant resolution f(SS) 2438 2.766 2.29
of the stretching modes was not detectable. f(SH) 3.722

Five deformation modes are expected faSyf. The—SH, f(SH) 3.676 4066 395 3655 361 3.521
scissoring mode occurs in both the infrared (1189 Hnand f(SH/SH) —0.030 —0.003 —0.02 —0.001 —0.063
Raman spectrum (1182 ci) as a weak band and line, {gﬁ% 12\%3'88 123?2'21 133.6 134.1 2113?5'14 134.0
respectively. The SSH deformation modes are usually weak ()  133.7 ' ' ' ' '
and occur at 905 and 817 cm The Raman spectrum shows [0O(SH,  95.80 92.12 95.71 95.1
at this region a broad band. Such a band is observed in O(SSH) 100.34 97.51 915
mercaptosulfonium salts and polysulfa@$* The torsional O(SSH)  92.48

mode is expected to occur in the frequency region below 300  a Stretching constants in N/cm and stretdfend interactions in N/cm
cm L. The line at 247 cm! has been assigned as the torsional rad.?Bond distances in pm and angles in degrééata from ref 21.
mode and the residue lines as lattice vibrations. In comparison® Data from ref 22 Data from ref 23 Data from ref 199 Data from
to the deutereted cationsB,* this line shows the expected ref 20.
isotope shift to lower frequencies. , Table 4. General Valence Force Field Matrf; of the HS,*

In the region of sulfur-sulfur stretching modes two very cation
intense lines are observed instead of one. The unexpected two
lines with almost equal intensity are caused by Fermi resonance.

]

of the sulfur-sulfur stretching mode ((492474)/2= 483 cn1?) P12 3 4 5 6 v 8 9
with the first torsional overtone (2 247 = 494 cml). 1 2.438 0.032-0.020 —0.002 0.365 0.253

Deuteration of the cation has almost no influence on the sulfur- 2 3.646 _g-ggg _8-822 _8-82‘2‘ 00'(?4153

sulfur stretching mode, but causes an isotope shift to the , : _0‘.385_(5.080_ 0134

torsional mode. Consequently, the energy difference betweens 0.782 0.108

the first overtone (2« 223 = 446 cnt?) of the torsional mode 6 0.999

and the sulfur-sulfur stretching mode (482 ¢nis to high for 7 3.706 0.060-0.004
Fermi resonance and only one line is observed for the sulfur- g 0.751 (?'(?265

sulfur stretching mode in §5,* (Figure 2).

For the Ask™ anion two infrared and three Raman active effects between the H atoms. The anti form was adopted for
modes are observed in agreement with an octahedral geometryfyrther treatment. As Table 3 shows, bond distances and angles

Ab Initio Calculations and Force Field. For the ion $H3* for S;Hs* are almost the same as for similar molecules and ions.
ab initio calculations had been performed using the force Compared with BS,2* a lengthening of the SS bond is observed,
method™>~17 A 43-21G basis set with an additional d function  put not to the extent found for S(S¥)°
(exponent 0.8f was used for the sulfur atoms, which had  The ab initio calculated force field was iterated to fit the
proved to give good results for other similar compoutftfSA experimental frequencies. The mean value of the Fermi
periplanar syn and anti form was assumed, giving both potential resonance splitting ofssin S;Hs™ was used for the calculation.
minima, with the anti form of S|Ight|y lower energy. Bond To get a good fit’F45, Fas, and Fse Connecting the Strong|y
distances are almost identical for both forms, only the SSH bond coupled SH deformational modes had to be iterated along with
angles are slightly larger for the syn forf§SH 108.089, the diagonal terms. Table 4 shows the symmetry constant
[JSSH 96.35) than for the anti form because of repulsive matrix obtained. The calculated frequency values and the main
contributions to the potential energy distribution are given in

(13) Minkwitz, R.; Kornath, A.Z. Naturforsch 1994 49h 729. f ; ;
(14) Wieser, H.. Kfger, P.: Miller, E.: Hyne. JCan. J. Chem1969 47, Table 2. The calcqla?ed frequencies for the SH vibrations show
1633, the expected deviations from the experimental data due to
(15) Pulay, PMol. Phys.1969 17, 197. _ anharmonicity effects. The SSkbrsional mode was calculated
(16) Ellé'r?zvmpﬁr'el'\é'_o‘jﬁénw U(‘)?I‘()fi'%_%?nl's‘nfggaefeﬂ H. F, Ed.  as 227 cm? (163 cnt! for the deuterium compound) for the
(17) Pulay, PTheor. Chim. Actd979 50 2'99’_p ‘ free ion. Increase of the frequency (and perhaps also the
(18) Fogarasi, G. Unpublished results.
(19) Minkwitz, R.; Krause, R.; Haner, H.; Sawodny, WZ. Anorg. Allg. (21) Marsden, C. J.; Smith, B. Phys. Chem1988 92, 347.
Chem.1991, 593 137. (22) Siebert, H.Anwendungen der Schwingungsspektroskopie in der
(20) Minkwitz, R.; Nowicki, G.; Bak, B.; Sawodny, WInorg. Chem1993 anorganischen Chemi&pringer Verlag: Berlin 1966.

32, 787. (23) Minkwitz, R.; Kornath, A.; Sawodny, W. Unpublished results.
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decrease of the isotopic shift) might be caused by the impedi- caused by a higher polarity of the SH bonds in the cations. The

ment of this motion in the crystal filed. SH/SH coupling constant shows the usual small negative value.
Comparison of the valence force constants fgrs3 with .

values of similar molecules and ions show (Table 3) a decreasewiﬁlcﬁggwkfgzgTgngr;/xgna:ngratﬂ%tgi; S(':I'Tlrir:dvtv:;(:li rx;g

of fissycompared with HS,, according to the difference of the prep P e

bond distance. As for other cations, thigy values are supported by the Deutsche Forschungsgemeinschaft and Fonds

somewhat smaller than for the uncharged molecules (without ader Chemischen Industrie.

correlated significant change of bond lengths). This might be 1C951599K



