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Abstract 

Bis(trifluoromethyl)cadmium complexes react with antimony trihalides in polar 
solvents to form Sb(CF,), in high yield. The reactions proceed stepwise and the 
mono- and bis(trifluoromethyl)antimony compounds formed as intermediates have 
been identified from their NMR spectra. 

Introduction 

The first, and until now the only, method for the preparation of Sb(CF,), was 
that described by Dale et al. in 1957 [l]. Sb(CF,), is the main product from the 
reaction of elemental antimony with CF,I at 165-170 o C/50 bar; by-products are 
Sb(CF,),I and SbI,. Recently Morrison et al. [2,3], Burton et al. [4] and our group 
[5] have described the excellent synthetic potential of Cd(CF,), complexes. We 
showed that these complexes react either as nucleophilic trifluoromethylation re- 
agents or as difluorocarbene reagents [6,7] depending on the reaction conditions. 
Subsequently we developed a new and convenient method for the high-yield 
synthesis of Sb(CF,), during our investigations on the polar trifluoromethylation 
reactions of Cd(CF& complexes. We describe here the reactions of antimony 
trihalides with Cd(CF,), complexes, and the NMR spectra of the SbCF, com- 
pounds. 

Results 

We investigated the reactions of the antimony trihalides SbX, (X = Cl, Br, I) 
with Cd(CF,), complexes in various solvents. The reactions are very slow in diglyme 
and DMSO, but fast in pyridine, glyme, acetonitrile and DMF. The best solvent is 
acetonitrile, because there appear to be no side reactions of the Cd(CF,), complexes 
with the solvent under the conditions used. The rate of reaction of the antimony 
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halides SbX, decreases in the series X = Cl > Br > I, which corresponds to the order 
of the extent of dissociation of SbX, as indicated by conductivity measurement [8]. 

(The degree of dissociation corresponding to 2 SbX, %[SbX, - 2glyme]+ + SbX,- 

can also be assessed from molecular weight measurements.) In all cases Sb(CF,), is 
formed as the final product in high yields: 

3 Cd(CF,), .2 CH,CN + 2 SbX, + 3 CdX, + 2 Sb(CF,), + 6 CH,CN 

The reaction can be conveniently monitored by 19F NMR spectroscopy. Initial 19F 
NMR signals grow up at - 60.4, - 52.3 and -41.2 ppm beside the signals of the 
CdCF, compounds (Fig. 1). These new signals came from the mono-, bis- and 
tris-(trifluoromethyl)antimony compounds. The chemical shifts and coupling con- 
stants J(19F, 13C) do not depend on the halogen in the antimony halide used. At the 
end of the reaction only the signals of the CdCF, complexes and Sb(CF,), are 
observed. 

Sb(CF3)3 

Sb(CF& 

\ 
1 (“F-%) 

I 

Sb(CF& *D - 41.00 
I 

- 42.00 

ppm 

SbCF$ D (7) 

I I 

I I I 1 I I I 

-30 -40 -50 -60 -70 -80 -90 

ppm 

Fig. 1. I9 F NMR spectrum of the reaction mixture of Cd(CF,),.ZCH,CN and SbCI, in CH,CN. 
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Table 1 

19F NMR chemical shifts and coupling constants ‘J(19F, 13C) and 4.J(‘9F, 19F) of the intemediate 

Sb(CF,)z 
+ 

SbX, WCF3),+ 

6 (mm) ‘J(19F, “C) (Hz) ’ 4J(‘9F, 19F) (Hz) AS (Hz) 

SbCl, -52.1 363.2 4.1 38.7 
SbBr, - 52.4 363.8 4.1 38.7 
SbI, - 52.4 363.2 4.1 38.7 

u The 13C satellites are split into quartets. 

The intermediately formed mono(trifluoromethyl)antimony compound could not 
be identified with certainty, because no ‘J(F, C) coupling could be detected. It is 
unlikely that Sb(CF,)Cl,, Sb(CF,)Br, and Sb(CF,)I, or the conceivable cations 
Sb(CF,)Cl+, Sb(CF,)Br+ and Sb(CF,)I+ would have identical chemical shifts, 
because the comparable tellurium compounds show significant shifts to low field in 
the series Te(CF,),F, (-53.6 ppm), Te(CF,),Cl, (-48.9 ppm) and Te(CF,),Br, 
(-44.9 ppm) [9]. The formation of a solvated dication SbCFt+, which is rapidly 
converted into Sb(CF,),+, . IS a possibility. Sb(CF,),+ is identified by the splitting 
into quartets of the 13C satellites in the 19F NMR spectra of the solutions. The 
chemical shifts and the coupling constants of the Sb(CF,),+ cation do not depend 
on the halogen of the antimony halide; the data are almost identical (see Table 1). 

The final product of all reactions is Sb(CF,),, which was also identified from its 
NMR spectra (Figs. 1 and 2). The 19F NMR spectrum of the acetonitrile solution of 

Fig. 2. 13C NMR spectrum of neat Sb(CF,),. 
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Sb(CF,), shows a singlet at - 41.2 ppm (neat compound - 39.4 ppm [lo]). The 13C 
satellites are split into septets with coupling constants ‘J(19F, 13C) 363.2 Hz and 
4J(‘9F, 19F) 4.1 Hz; the isotope shift is about 39 Hz. There is quartet of multiplets at 
6 135.9 ppm in the 13C NMR spectrum with ‘J(19F, 13C) 363 Hz. The 13C data for 
the neat compound are: S (13C) 131.9 ppm, ‘J(19F, 13C) 359.1 Hz and 3J(‘9F, 13C) 
3.8 Hz (Fig. 2). 

After 8 h reaction at room temperature the 19F NMR spectrum of the solution 
indicates only the presence of Cd(CF,)X and Cd(CF,), complexes and Sb(CF,),. 
Tris(trifluoromethyl)antimony is easily isolated in about 80% yield from the reaction 
mixture by vacuum distillation at - 40 o C. From the NMR observations we propose 
the following reaction steps (donor molecules are omitted): 

2 SbX, * SbX,+ + SbX,- 

SbX2+ + Cd(CF,), + Sb(CF,)X+ + Cd(CF,)X 

jS:;CF3)2+ ) + X- 

Sb(CF3)2+ + Cd(CF,), + Sb(CF,),+ + Cd(CF,) + -tCd(CF,)X 

Sb(CF3)2+ + Cd(CF,), + Sb(CF,), + Cd(CF,)+ sCd(CF,)X 

Sb(CF,),+ + Cd(CF,)+ + Sb(CF,), + Cd’+ %CdX, 

Sb(CF3)2+ + Cd(CF,)+ + SbX,- + Sb(CF,), + CdX+ + SbX, 

If a stoichiometrical excess of antimony trihalide is used, additional equilibria are 
formed, similar to those described by Emeleus et al. and Walaschewski [11,12] for 
As(CF,)I,: 

Sb(CF3)2+ + SbCl,- P Sb(CF,),Cl+ SbCl, 

2 Sb( CF, ),Cl * Sb(CF,), + Sb(CF,)Cl, 

2 Sb(CF,)Cl, # Sb(CF,),Cl + SbCl, 

When the reaction mixture is stirred at room temperature for 7 d, the 19F NMR 
spectra indicate the formations of SbF, along with some pentafluoroethyl-cadmium 
and -antimony compounds. These new compounds are formed by partial decom- 
position of the SbCF, and CdCF, derivatives: 

Sb(CF, )3 -+SbF,+3 ]CF, 

Cd(CF, )z -+CdF,+2 ]CF, 161 
Sb(CF,), + n 1 CF, + Sb(CF,),_.(C,F,),, (n = l-3) 

Cd(CF,), + n 1 CF, +Cd(CF,),-.(C,F,). (n = 192) 

Experimental 
Chemicals. Cd(CF,), complexes were prepared as described previously [13]. The 

antimony trihalides were dried at 20°C/10-3 Torr for about 12 h (SbCl,: Fa. 
Merck, Darmstadt; SbBr, as in ref. 14; SbI, as in ref. 15, but in toluene instead of 
benzene). 
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Soluents. CH,CN: Fa. Merck, Darmstadt, dried over P40io; glyme: Fa. Aldrich, 
Beerse, dried over CaH,; diglyme: Fa. Merck, Darmstadt, dried over LiAlH,; 
DMF: Fa. Baker, Deventer, dried over CaH,. 

NMR spectra. All spectra were recorded with a Bruker AM 300 FT NMR 
Spectrometer. 19F NMR: H, 282.41 MHz; 13C NMR: H,, 75.47 MHz. Standards: 
CCl,F (ext., 19F), TMS (ext., 13C). 

All reactions were carried out under dry nitrogen. The antimony trihalides are 
dissolved in 4 ml acetonitrile at - 30°C and an equimolar amount of solid 
Cd(CF,), .2CH,CN is added. The reaction mixture is stirred for about 8 h and 
Sb(CF,), (m.p. -58°C b.p. 71.7”C [l]) then isolated by vacuum distillation at 
-40°C. 

SbCl s SbBrs SbI, 

235 360 501 mg 
1.03 1.01 1.00 mm01 

Cd(CF,) s. 2CHsCN 501 501 501 mg 
1.51 1.51 1.51 mm01 

Yield of Sb(CF,)s 269 246 272 mg 
82% 75% 83% 

Mass spectrum of Sb(CF,), (70 eV; + 50°C; only 12’Sb containing fragments; 
m/e). 328 (Sb(CF,),+, 5.6%); 309 (Sb(CF,),CF,+, 0.9%); 259 (Sb(CF,),+, 29.5%); 
209 (Sb(CF,)F+, 53.3%); 190 (SbCF,+, 25.5%); 159 (SbF,+, 100%); 140 (SbF+, 
31.0%); 121 (Sb+, 16.8%). 
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