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Alkali metal salts of perfluorinated complex anions were used to effect halogen-exchange fluorination 
in organohalosilanes both in the presence and absence of solvent. By the use of salts of perfluorinated 
“non-nucleophilic” anions in a high-boiling multifunctional etheral solvent, organofluorosilanes have 
been conveniently prepared in high yields. 

Introduction 

Perfluorinated complex anions, e.g., BF4-, PFs-, SbFs-, 
AsFs-, and SiFs”, have been regarded as non-nucleophilic 
and inert or “innocentn anions. When electrochemical 
experiments were conducted using fluoroborate salts as 
electrolytes for the anodic oxidation of organic compounds 
in aprotic solvents, it was assumed that these salts of BF4- 
anion were inert.’ It was, however, clearly demonstrated 
from several controlled-potential oxidations thatthis anion 
is not truly inert and that high yields of fluorinated 
products result from the participation of this anion in the 
“followup” reactions of electrode intermediates. Thus, in 
the anodic oxidation of benzhydryl p-tolyl ketone with 
Me4N+BF4- as the current carrier p-fluorotoluene was 
obtained as the major product.’ 

Thetetrafluoroborate anion as its (expensive) silver salt 
has been used for hdogen-exchange fluorination of certain 
halo carbonyl compounds, halo epoxides and gem-diha- 
lidese2 Neighboring group participation together with 
silver ion-assisted rapid elimination of halogen was held 
responsible for the respectable yields of the fluorinated 
compounds in these reactions.2 The BF4-, PFe-, and SbFs- 
anions were also used, again, as their (expensive) silver 
salts, for halogen-exchange fluorination of chlorosilicon 
and chlorogermanium transition-metal complexes.3 In 
these reactions, too, the role of silver ion is seemingly 
obvious in accounting for the reasonable yields of the 
fluorinated compounds. 

Hexafluorosilicate anion as its sodium or ammonium 
salt has been used in effecting nucleophilic fluorination 
of organosilicon compounds. Although the high efficiency 
of these salts in the conversion of highly hindered 
chlorosilanes is of particular interest, the reactions are 
very sluggish, necessitating prolonged heating (days to 
weeks) in high-boiling ~olvents.~ Further, the toxicity of 
these reagents limits their use in such chemical transfor- 
mations.4 
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Nucleophilic fluorine transfer to aromatic compounds 
has been effected by heating an appropriate arenediazo- 
nium tetrafluoroborate normally prepared in situ; this is 
the classical “Balz-Schiemann” reaction? which in recent 
years has undergone several modifications! 

Ionic fluorination of cage hydrocarbons and their 
bridgehead halogen derivatives has been effected in 
reasonable yield with (expensive) nitronium tetrafluo- 
roborate in the presence of the not-easily-accessible 
pyridinium polyhydrogen fluoride.’ 

In the study of electrophilic nitration8 of phenylha- 
loboranes with nitronium salts of BF4- anion, fluoride ion 
exchange with phenylhaloborane was observed, with 
phenylfluoroboranes formed as side products. We have 
recently reportedg the we of perfluorinated complex anions 
as potential sources of fluoride ion for fluorodehalidation 
of arylhaloboranes in high conversion and yield. We now 
want to report a simple procedure of fluorodehalidation 
of various types of organohalosilanes using inexpensive 
and readily available alkali metal salts of perfluorinated 
complex anions. 

Results and Discussion 
When a mixture of triphenylchlorosilane and sodium 

tetrafluoroborate in a 1:l molar ratio was heated to about 
200 OC, evolution of boron trifluoride gas commenced and 
the corresponding fluorosilane was formed. The mixture 
was heated for 0.25-0.5 h, and the corresponding fluo- 
rosilane was distilled under reduced pressure in reasonable 
yield (Table 1). Formation of boron trifluoride indicates 
that the high affinity of silicon for fluorine induces 
polarization in the tetrafluoroborate anion which thermally 
dissociates with simultaneous formation of boron triflu- 
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Table 1. Fluorodechloridation of Triphenylchlorosilane 
with Sodium Tetrafluoroborate 

BF,: Phasic1 Ph&iF 
(molar ratio) solvent/vacuum catalyst % yield 

1.1:l 63 
1.1:l vacuum 77 
1.2:l BFrEhO 60 
1.2:l Alc13 41 
1.1:l tetraglyme 96 

oride and fluorosilane. Organohalosilanes are known to 
form donor-acceptor types of complexes with Lewis acids.1° 
To enhance the fluoride ion abstraction and thereby to 
increase the yield of fluorosilane, it was of interest to use 
a donor-acceptor complex of triphenylchlorosilane with 
a suitable Lewis acid. When, however, the reaction is 
carried out in presence of “catalytic” amounts of aluminum 
chloride or boron trifluoride-etherate the yield of fluo- 
rosilane actually is decreased (Table 1). This surprising 
apparent effect of an added Lewis acid suggested further 
study of this reaction. 

When the above-mentioned reaction was carried out 
under vacuum, thereby continuously removing the boron 
trifluoride, the yield of fluorosilane was moderately 
increased (Table 1). This indicates that the in-situ 
generated boron trifluoride, when it is not continuously 
removed from the system, does exert an inhibitory action. 
If, therefore, the in-situ formed boron trifluoride could be 
more completely removed or trapped, the yield of fluo- 
rosilane should be increased. Indeed, when the reaction 
of triphenylchlorosilane with sodium tetrafluoroborate was 
carried out in a high-boiling etheral solvent (e.g., tetra- 
ethylene glycol dimethyl ether), a near-quantitative yield 
of fluorosilane was obtained (Table 1). 

Following this procedure, salts of other perfluorinated 
counterions were used as a fluoride ion donor to obtain 
high yields of triphenylfluorosilane (Table 2). The pro- 
cedure was further extended to fluorinate other halosilane 
precursors (Table 2). The near-quantitative yield was 
obtained almost in all cases, the balance being the mixed 
chlorofluorosilanes as determined by the %Si NMR spectra. 

In all of these cases, the organofluorosilanes were 
distilled as a neat liquid either at  atmospheric pressure or 
under reduced pressure. The products were characterized 
by their 1H and %Si NMR spectra (Table 3) and elemental 
analysis. 

In all of these transformations, reaction with tetraflu- 
oroborate salt was faster than those with hexafluorophos- 
phate and hexafluoroantimonate salts. When the reactions 
were carried out with tetrafluoroborate and hexafluoro- 
phosphate salta in the absence of any solvent, boron 
trifluoride and phosphorous pentafluoride were the only 
gaseous byproducts and were trapped and recovered as 
their ether complexes. With hexafluoroantimonate salt 
the reaction mixture turned dark, perhaps owing to the 
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Table 2. Fluorodechloridation of Organosilicon 
ComDounan 

alkali - 
metal organosilicon % b /OC 
salt8 precursor organofluorosilane yield ($om) 

NaPF6 Ph&Cl Ph&iFo 

N&F4 PhzSiClz PhfiiFzb 

NaSbFe PhfiiClz PhZSiFzb 
NaBF4 PhMeSiClz PhMeSiFf 
KBF4 PhMeSiClz PhMeSiFZ 
NaBF4 Me(CsH6)SiClz Me(CaH6)SiFZ 
NaBF4 (n-octyl)SiMeaCl (n-octyl)SiMezFd 
LiBF4 (n-octyl)SiMezCl (n-octyl)SiMeaFd 
NaBF4 (n-octenyl)SiMezC1 (n-octeneyl)SiMefl 
KBF, (n-octenyl)SiMe&l (n-octeneyl)SiMeaF 
NaPF6 (thexy1)MezSiCl (thexyl)Me&F 
KBFd (thexy1)MezSiCl (thexy1)MezSiF 

NaSbF6 PhsSiCl PhsSiFO 

NaPFe PhfiiClz PhfiiFzb 

NaPF6 Phz-t-BuSiC1 Phrt-BuSiF 
Ph-t-BuSiFz 

Refs 11-14, respectively. 

Scheme 1 
BFd- 
I4 

92 
87 
96 
93 
95 
94 
92 
92 
97 
96 
93 
91 
94 
97 
67 
33 

165-169 (1) 
165-169 (1) 
66-70 (0.5) 
66-70 (0.5) 
66-70 (0.5) 
138-142 
138-142 
85-90 
175-180 
175-180 
174-180 
174-180 
141-145 
141-145 
135-140 (1) 
120-124 (1) 

h i - F  + BF$ 
/ + +  Solvent-trapped 

formation of antimony pentafluoride and mixed antimony 
halides. 

The role of multifunctional ether is rather important in 
the discussed halogen-exchange fluorination of halosilanes. 
Trapping of the in-situ thermally-formed Lewis acid from 
the non-nucleophilic anion by the multifunctional ether 
releases the “naked” or “nascent” fluoride ion as an active 
reagent which rapidly undergoes halogen-exchange flu- 
orination with halosilane (Scheme 1). In the absence of 
trapping solvent the Lewis acid can form donor-acceptor 
types of complexeslO which can also undergo thermally- 
assisted halogen-exchange fluorination leading to product. 
In the absence of trapping solvent, as the process continues 
under thermal conditions, a buildup of Lewis acid occurs 
which allows further complexation with either the reactant 
or the product. These complexation equilibria may be 
held responsible for the lower yield of the product 
fluorosilanes in the absence of trapping solvent. Although 
from a product formation point of view trapping of boron 
trifluoride with etheral solvent apparently is important, 
the formation of a donor-acceptor type of complex as a 
competing reaction with halosilanes cannot be ruled out 
even in the presence of such solvent. 

When the reaction is performed under constant vacuum 
the continuous removal of gaseous Lewis acid shifts the 
equilibrium toward the fluoride ion and, hence, the 
product. It was observed that in the case where the 
byproduct Lewis acid cannot be removed by practical 
vacuum (e.g., in the case of SbF6- salt), the yield of 
fluorosilane is lower. The use of a high-boiling etheral 
solvent allows the in-situ formed Lewis acid to be strongly 
complexed with it immediately; this results in a near- 
quantitative yield of fluorosilane. 

The well-recognized perfluorinated non-nucleophilic 
counterions are thermallylabile as illustrated in this paper. 
The alkali metal salta of these counterions can conveniently 
be used for high yield preparation of organofluorosilanes. 
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Table 3. 'H and "Si NMR Spectra. of Organofluorosilanes 
629si, 

organofluorosilane @H, ppm ppm (JSi-F, Hz) ref 
PhsSiF 7.63 (m), 7.43 (t), 7.37 (t) -3.43 (280) 11 
Ph2SiF2 7.90 (m), 7.35 (t), 7.21 (t) -28.50 (290) 12 
PhMeSiF2 7.73 (m), 7.59 (t), 7.50 (t), 0.65 (t) -10.94 (289) 13 
Me(C&)SiF2 5.65-5.75 (m), 5.00 (d), 1.40-1.50 (m), 0.37 (t) -0.98 (310) thii work 
n-C&,SiMe# 1.21 (m), 0.82 (t), 0.61 (t), 0.14 (d) 33.54 (283) 14 
(n-CHpCHCeHl2)SiMefl 5.64-5.72 (m), 4.79-4.89 (m), 1.25 (m), 1.11 (t), 33.35 (279) this work 

CHMezCMezSiMe2F 1.60 (m), 0.87 (d), 0.85 (d), 0.17 (d) 35.03 (290) this work 
Ph2-t-BuSiF 7.81 (d), 7.75 (d), 7.47 (m), 1.19 (d) 4.40 (290) this work 
Ph-t-BuSiFz 7.80 (m), 7.75 (d), 7.47 (m), 1.16 (t) -17.55 (313) this work 

0.53 (m), 0.09 (d) 

a TMS internal reference; chromium-acac was used to enhance silicon relaxation. 

Experimental Section 
Alkali metal S a l k  of perfluorinated complex anions (Aldrich) 

and organohalosilanes (Petrarch) were of reagent grade and were 
used as received. Tetraglyme was dried over sodium under reflux. 
Boiling pointa are uncorrected. NMR spectra were recorded on 
a 400-MHz Varian superconducting NMR spectrometer using 
TMS as internal standard. 

General Procedure of Fluorination. To 3 g (12 mmol) 
diphenyldichlorosilane in a 50-mL round-bottom flask equipped 
with a condenser were added 26 mmol of sodium tetrafluoroborate 
and 5 g of tetraglyme, and the mixture was refluxed for 0.5-0.75 
h. Distillation under vacuum afforded the diphenyldifluorosilane 
in near-quantitative yield. Fluorodechloridations of other silicon 
precursors with sodium tetrafluoroborate and other alkali metal 
salta were similarly carried out. The producta were distilled either 
at  atmospheric pressure or under reduced pressure as needed 

and characterized by 'H and 2Bsi NMR spectra and elemental 
analysis. PhaSiF, Ph2SiF2, and PhMeSiF2 are known com- 
pounds.11-18 Elemend andpea of other organofluorosilanes are 
as follows: 

Me(C&)SiF2. Anal. Calcd: C, 39.32; H, 6.60. Found: C, 
38.56; H, 6.2. 

(n-Octyl)SiMefl. Anal. Calcd: C, 63.09; H, 12.18. Found 
C, 62.99; H, 12.11. 

(n-Octenyl)SiMezF. Anal. Calcd C, 63.76; H, 11.24. Found: 
c, 63*12; H, 11*30* 

(Thexy1)MezSiF. Anal. Calcd: C, 59.19;H, 11.79. Found C, 
59.01; H, 11.50- 

H, 7.20. 

H, 6.92. 

Phrt-BuSiF: Anal. C a l d  C, 74.36;H, 7.41. Found C, 73.92; 

Ph-t-BuSiF2: Anal. Calcd C, 59.96; H, 7.04. Found: C, 60.10; 


