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Abstract 

Tris(perfluoroorgano)bismuth compounds Bi(R f)3 (R I = CF,, C, F5, n-C, F,, n- 
C,F,, n-C,F,,, n-C,F,,, C,F,) are easily prepared in high yields from the reactions 
of perfluoroorganocadmium complexes with BiCl, or BiBr, in aprotic solvents. The 
perfluoroorganobismuth halides intermediates in these reactions have been detected 
by NMR spectroscopy. 

Introduction 

Although many non-fluorinated organobismuth compounds are known, only a 
few perfluoroorganobismuth compounds have been reported. Reactions of CF, 
radicals with elemental bismuth carried out by Bell, Pullman and West [l] provided 
the first evidence for the existence of Bi(CF,),. In 1977 Lagow and Morrison [2] 
obtained Bi(CF,), in 32% yield from the reaction of BiI, with CF, radicals. In a 
method described by Juhlke et al. [3], Bi(CF,), was obtained in 31% yield in about 
100 h from the reaction of CF, radicals with Bi vapour. 

Bi(C,F,), was synthesized by Royo and Uson in 1969 [4] and by Deacon and 
Johnson in 1972 [5]: 

3 C,F,MgBr + BiCl, -+ Bi(C,F,), + 3 MgBrCl 

In recent years perfluoroorganocadmium complexes have been shown to be excel- 
lent perfluoroorganylation reagents. Three different methods for the syntheses of 
these complexes have been described [6,7,8]. References to preparations of CF, 
element compounds from Cd(CF,), complexes are listed in Table 1. 

The table indicates that perfluoroorganocadmium complexes are excellent re- 
agents for the syntheses of many new or otherwise not readily available perfluoro- 
organoelement compounds. In the present paper we show that a complete series of 
tris(perfluoroorgano)bismuth compounds can be obtained in high yields from the 
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reactions of bis(perfluorcrorganc,)cadmium complexes Lvith bismuth trihalidch in 
polar solvents. 

Results and discussion 

Perfluoronrganocadmium complexes react with bismuth trihalidch in a large 
number of solvents to form tris(perfluoroorgann)bismuth compounds: the best 
results were obtained using acetonitrile solutions. BiBr, is the most aui table starting 
material for high yield syntheses. The reactions proceed in a stepwlbc manner. A\ 
for other recently investigated perfluornalkvlationx of elemc‘nt~. the reaction rateh 
depend on the dissociation of the bismuth trihaiides and the partialI\ pcrflu~!roal- 
kylated bismuth halides Bi(K,) j.,IX,,. In the case of the trifluc~romcthyl compounds. 
for example. all the intermediates have been identified t-q “) t- N MK qIectroacop> 
(Fig. 1). The ‘“F chemical >hifts depend on the bismuth trihalidcs a& ((‘H :CN: 
external standard CC.1 i F). 

The splittings of the 13C satellites allow the assignments of the BiBr,,(CF,) ;_,, 
intermediates: BiBr,(CF,) singlet, BiBr(CI;, )? quartet. Hi(C‘F; ); septet. Other NMK 
data for these three compounds are: 
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Fig. 1. 19F NMR spectrum of BiBr,(CF,),., (n = O-2) (CH,CN; standard CCI,F, ext.). 

These data lead us to propose the following reaction 
solvent molecules are omitted): 

2 BiX, S BiX*+ + BiX,- 

BiX2+ + Cd(CF,), + XP -+ BiCFsX, + Cd(CF,)X 

BiCF,X, F? BiCF,X+ +X- 

BiCF,X+ + Cd(CF,), + XP + Bi(CF,),X+ Cd(CF,)X 

Bi(CF,),X 2 Bi(CFs)21 + XP 

Bi(CF,),+ + Cd(CF,), + X- -+ Bi(CF,), + Cd(CF,)X 

Cd(CF,)X similarly also undergoes trifluoromethylation 

Bi(CF,),X + Cd(CF,)X --) Bi(CF,), + CdX, 

sequence (the complexing 

reactions, e.g.: 

The formation of the higher perfluoroalkyl- and of the perfluorophenyl-bismuth 
compounds involves analogous sequences. The tris(perfluoroorgano)bismuth com- 
pounds can be isolated readily after the solvent is distilled off. Bi(CF,), and 
Bi(C,F,), are purified by vacuum distillation, and the other perfluoroorganobis- 
muth compounds by vacuum sublimation. The compounds, which are mainly new, 
were identified by their 19F NMR and mass spectra. 

Bi(CF,), (b.p. 5O”C/l torr) and Bi(C,F,), (b.p. 65”C/l torr) are volatile 
colourless liquids, the other Bi(R,), are white to pale yellow solids. Bi(C,F,,+,), 
(n = 1,2,3) compounds are somewhat unstable, but can be stored in solvents like 
CH,CN or C,H,CN for several days, while the other solid perfluoroorganobismuth 
compounds are, when pure, stable for several weeks. All these compounds smell like 
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