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Under mild conditions, Ph3CBF4 readily fluorinates the Si-H bond(s) of 
tialkylsilanes and dialkylsilanes. The use of this reagent in the successful fluor- 
ination of HSiMe2CH2Fe(C0)2Cp suggests that the reaction can be used to 
fluorinate silicon compounds that possibly would not survive more vigorous 
fluorination reactions. A convenient preparation of diorganofluorosilanes that 
have both hydrogen and fluorine bonded to silicon is described. 

Introduction 

As part of a study concerning the interaction of organosilanes with various 
reagents that are capable of hydride abstraction, we have observed that Ph,CBF* 
readily fluorinates the Si-H bond of organosilanes at room temperature. If this 
reaction would parallel the mild halogenation of organosilanes by triphenyl- 
methyl( trityl)chloride, -bromide and -iodide [ 11, the observed fluorination would 
be of considerable value from a synthesis point of view in two respects. It would 
provide a method for fluorinating various silicon compounds that possibly would 
not survive other more standard fluorination reactions and it would offer a con- 
venient synthesis of various diorganofluorosilanes that have both hydrogen and 
fluorine bonded to silicon. In this paper, we report the results of utilizing 
Ph3CBF4 as a mild fluorinating reagent in these two respects. 

Results and discussion 

Our results indicate that trialkylsilanes undergo quantitative reaction with 
solid Ph3CBF4 at room temperature to form the corresponding trialkylfiuoro- 
silane, BF3, and Ph3CH (eqn. 1). The reactions are particularly suited to vacuum 

R&H + Ph,CBF, + R3SiF + Ph&H + BF3 
R = Me, Et 

(1) 
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line techniques on a preparative scale in that no solvent is required and the very 
volatile BF3 (b-p. -101”) and non-volatile Ph&H by-products are easily separ- 
ated from the moderately volatile fluorosilanes. 

The course of the reaction is not surprising in view of an earlier observation 
by Corey and West that PhsSiH could be converted into Ph$iBr by its reaction 
with Ph3CBBr4 in dichloromethane (eqn. 2) [ l]. These authors also found that in 

Ph&BBr4 + Ph&Gf-f --t Ph$iBr + Ph&H + BBr3 (2) 

appropriate solvents triphenylmethyl-chloride, -bromide, and -iodide also haiogen- 
ate the Si-H bonds of Ph$iH, PhlSi& (one or both Si-I-I bonds halogenated), 
EtsSiH and HSi& smoothly at room temperature (eqn. 3). Our fluorination 

ZSi-H + Ph,CX + $ Si-X + Ph&H (3) 
(X = Cl, Br, I) 

results are different from the above in that a solvent was not required for the 
reaction and Ph,CF did not appear to fluorinate organosilanes satisfactorily. 
Since the solid phase reaction utilizing the easily prepared (or purchased) 
Ph3CBF4 was so satisfactory from a synthesis point of view, we did not attempt 
to modify conditions or seek a suitable solvent for the possible fluorination 
utilizing Ph&F. 

Although Me3SiH and Et3SiH are easily converted to the corresponding 
trialhylfluorosilane by this method, a particularly significant feature of the reac- 
tion is its ability to produce pure dialkylmonofluorosilanes by the interaction 
of equimolar amounts of PhJCBFq with dialkylsilanes (eqn. 4). In a previous 

-/* R,SiH, + Ph,CBF, -+ R$I 
‘F 

+ Ph&H + BFs (4) 

R = Me, Et 

publication, we pointed out the advantage of using organosilicon hydrides as 
precursors to these kinds of compounds [2]. However, until now the chief 
disadvantage of directly fluorinating silicon hydrides was the fact that more 
than one Si-H bond is fluorinated, invariably resulting in mixtures of fluoro- 
sihmes that are difficult to separate by conventional methods. 

Although we were successful in the stepwise fluorination of dialkyl- 
silanes by this method, we were not successful in partially fluorinating an 
organosilane that contained three Si-H bonds, viz. EtSiH3. “he rate of fluor- 
mating this compound is much sIower than it is with trialkyl or dialkylsilanes 
and during the longer reaction time required for fluorination, a mixture of 
ethylfluorosilanes resulted. 

An example of utilizmg Ph&BF, to introduce a silicon-fluorine bond 
into a silicon compound that possibly could not survive some of the more 
common procedures for producing such bonds [3] is found in the mild fluor- 
ination of HSiMe,CHzFe(CO),Cp by this reagent in methylene chloride (eqn. 5). 

HSiMe,CH,Fe(CO)&Zp + Ph$ZBF4 + FSiMezCHzFe(CO),Cp + Ph$H + BF3 
(5) 
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A solvent was used in the reaction owing to the viscous nature of the hydrosilyl- 
methyl complex. This silicon hydride derivative is not particularly stable thermal- 
ly [4] and would most likely not survive a vigorous halogenation reaction. 

Some qualitative experiments were carried out concerning the interaction 
of Ph&BFq with the substituted hydrosilanes, MeSiHC& and (HSihJe,)lO. In 
the attempted fluorination of MeSiHCl,, substitution occurred at the Si-Cl 
bond rather than at the Si-H bond (eqn. 6). The mhed chloro-fluoro derivative 

MeSiHCll + PhXCBFq + MeSiHClF + Ph&CI + BF, (6) 

in eqn. 6 was not isolated, but under the conditions of the reaction it presum- 
ably underwent disproportionation to form MeSiHCl, and MeSiHF,. The 
major volatile product in the reaction of Ph3CBFJ with (HSiMez)20 (l/l mole 
ratio) was Me$iHF. Fluorination of the Si-H bond did occur, as evidenced 
by the isolation of a small amount of (FSiMez)zO, but the BF3 generated in 
the fluorination undoubtedly cleaved the starting silosane producing the 
Me,SiHF (eqn. 7) [5]. 

3 (HSiMe,),O + 2 BF3 --t 6 Me,SiHF + B203 (7) 

Experimental 

Apparatus and techniques 
All preparations and purifications of air sensitive compounds were carried 

out in nitrogen or in vacua by using standard dry-box or vacuum line techniques 
[6]. Equipment employed has been described in previous publications [7]. Un- 
less othenvise stated, each reaction was carried out in a 100 ml round-bottomed 
flask that could be attached to the vacuum line via a 4 mm stopcock and ground 
glass joint. NMR spectra were obtained in DCCI; (- 20% concentrations), using 
TMS and/or cyclohexane as internal standards. 

Materials 
Dimethylsilane and EtSiHs were prepared by a standard LiAIHq reduction 

of the corresponding chloride in di-n-butyl ether 181. Diethylsilane, Et$iH, Me$iH, 
MeSbHCl? and (HSiMez)zO were obtained from commercial sources and puri- 
fied on the vacuum line. The purity of each of the above silicon compounds 
was checked by spectroscopic analyses. Triphenylmethyl tetrafluoroborate was 
prepared by adding fluoroboric acid dropwise to a solution of Ph&OH in 
propionic anhydride [ 91. The material was recrystallized from methylene 
chloride and ether and stored in a brown bottle in a desiccator*. Triphenyl- 
methyl fluoride and KBFj were obtained from commercial sources and used 
as received. 

The synthesis of HSiMe,CHzFe(CO)&p is described in a separate publica- 
tion [IO]. 

l Triphenylmethyl tetrafluoroborate purchased from Catiomc Reagents. Inc. was also found to be 

satldactory Zor the lluorlnatlon reactIons descrlded in thus work. 
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TABLE I 

CONDITIONS AND PRODUCTS FOR THX REACTION OF TRIPHENYLMETHYL TETRAFLUORO- 
BORATE WlTH SOME ORGANOSfLANESa 

0rganosil;lne Quanhty Ph JCBFA 
(mmol) (mmol) 

Reactlon 

Ume 

(h) 

Organofluorosilane QUdIlLItY Y leld 

rsoLted (mmol) (%b) 

hk+tHb I.9 2.4 . 0.5 hlegSlF 1.9 100 

EL~SLH 2.1 2.6 1.5 EtgSiF 2.1 100 

hle?SiH? 2.0 2.5 0.5 hle?SIHF 2.0 100 

hlez.%!-fz 2.0 4.4 8 Me2SIFZ 1.9 95 

EtZSiHZ 2.0 a.4 1.5 EtzSrHF = 2.0 100 

o 
All ract.mn.5 were carried out at room temperature. 

b 
IO a separate experiment. hk$%H was con- 

densed mto a side arm attached to the reactton vessel so lhat rhe hfe3SiH vapor could mteract with the 
sold PhsCBF+ After 30 mm. a spectral analrsis rerealed that about 70% of the Me3Sd-l bad been con- 

rerted mto MeJStF. Because of the incomplete reaction under these condition% in all mbsequeot ex- 

periments the organosilane was condensed duectly mto tbe vessel cootaimng Lhe Ph3CSF+ e The 
’ H NMR spectrum of pure EC~SIHF UI the SF-H regloo comts of a doublet of 5 hne (l/4/6/4/1) par- 
terns centered at 7 5.37 (J(HCSiH) 2.4 Hz. J(HCSlF) 51.3 Hz). lo a separate evperunent where the 
reactants were allowed to I~JCL for 30 ruin at 0”. incomplete convers~oo was noted by the appearmce of 
a qumtet representing the SI-H s~pnal of urueacred EtzSti? at T 6.36 lo the NhlR speclrum of the 
-13-l= fraction. Smce lt IS wry dtificult to separate Et?SIH2 from Et?SIHF on the vacuum line. iL IS 
unportant to note that the ample’s NhlR spectrum isa very aenvtrve check to determme iI any of rhe 

starting organo~~es is present. 

Procedure 
The fluorination was found to be most successful when the organosilane 

was condensed from a suitable tube on the vacuum tine directly into the vessel 
containing Ph,CBF,. In most cases, a slight escess of the tetrafluoroborate salt 
was required to bring about quantitative conversions. The reaction vessel was 
allowed to warm slowly from - 196” to room temperature and was then re- 
moved from the vacuum line for occaslonal shaking to expose most of the salt 
to the silane. One method for monitoring the course of the reaction was 
tizrough the disappearance of the bright yellow color of the PhxCBF4 and the 
appearance of the off-white Ph&H. The necessary reaction time could often be 
determined just by visual inspection of the solid in the reaction flask. 

In most of the successful fluorinations, the products could be quantita- 
tively separated by allowing them to distill through a trap maintained at 
-134O into a trap maini;ained at - 196’. The fluorosilane condenses in the 
-134” trap and the BFS, identified by its infrared spectrum [ li], condenses 
in the -196” trap. The solid Ph$H, identified by comparing both its in- 
frared and proton NMR spectra with spectra obtained for an authentic sample 
of Ph,CH, remains in the reaction flask. 

The identity and purity of the fluorosilane obtained was confirmed by 
one or more of the following methods: infrared spectroscopy, ’ H NMR 
spectroscopy, and gas phase molecular weight measurements. Infrared spectra 
obtained were compared either with spectra in the literature, Me,SiF [ 121, 
MezSiFz [ 131, or authentic samples of material available in our laboratory. 

Details for five of the fluorination reactions carried out in the above 
manner are summarized in Table 1. 
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Other Reactions 

Ph $2BF4 and HSiMe2CH2 Fe(C!O)&. A solution of HSiMelCHzFe( CO)$p 
(6.8 mmol) in 25 ml of deovygenated CH&iz was cooled to 0” in a 100 ml 
round-bottomed flask under nitrogen. A CH2C12 solution (15 ml) of PhsCBFq 
(6.8 mmol) was added dropwise from a pressure equalizing addition funnel over 
a period of 30 min. During the addition, the reaction mhture was maintained 
at 0” and a gas presumed to be BFx was evolved. The reaction was allowed to 
continue for an additional hour while most of the CH2Clz was removed by a 
stream of nitrogen gas. The residue was eluted on an acid washed alumina col- 
umn with 5/95 ether/pentane and the large yellow band which appeared was 
collected. After removal of the solvent, both the NMR and infrared spectra 
indicated that the sample was a misture of FSiMezCH,Fe(CO),Cp and 
Ph3CH which was not appreciably separated by the chromatographic tech- 
nique. Since it was not easy to separate the fluoro derivative from PhJZH, 
a yield was not determined. However, the reaction appeared to be nearly 
quantitative based on the fact that FSiMe&HIFe(CO)&p and PhJJH were the 
only major components observed in the product mixture. 

A small sample of the compound was purified by first removing a large 
amount of the PhsCH by crystallizing it from pentane at -78”. Pentane was 

removed and the remaining product was distilled on the vacuum line, R.T. 
- - 196”. In a very slow distiilation, pure FSiMezCHzFe(CO)&p collected 
in the -196” trap. The purity of the matenal was confirmed by its analysrs* 
(found: C, 45.2; H, 4.9. C,,H,,FFeO$i calcd.: C, 44.8; H, 4.9%), mass measure- 
ment (Ai’ found: 268.0018, calcd.: 268.0018), and proton NMR spectrum 
(r 9.76 (d) CH3, J(H&SiF) 7.0 Hz; r 10.46 (d) CH2, J(CH2SiF) 8.7 Hz; T 5.21 Cp). 

PhiCBF4 and hleSiHC1,. PhsCBFa (2.7 mmol) and MeSiHC& (2.3 mmol) 
were allowed to react for 3 h at room temperature and fractionated as prev- 
iously described in the general procedure. The -134” fraction appeared to be 
a mixture of MeSiHCI,, MeSiHF, and a thud component, possibly MeSiHCIF. 
The -196” fraction was BF1. The contents of the -134” fraction were re- 
turned to the reaction vessel and allowed to react for an additional 16 h A 
second fractionation yielded a misture of MeSiHCI, and MeSiHF, in the -134” 
trap. Since very little BF, was generated during this additional 16 h reaction, 
it appears that MeSiHFCI was produced initially and then underwent dispropor- 
tion (eqn. 8). Exammation of the solid residue remaining in the reaction vessel 

2MeSiHCIF + MeSiHCI, + MeSiHF? (8) 

showed that it was Ph&Cl by comparing both its infrared and proton NMR 
spectra with corresponding spectra of an authentic sample of Ph$XI. No in- 
dication of the formation of Ph$H was observed in this experiment, and all 
of the PhJZBF4 had apparently reacted. The stoichiometry for the reaction 
was not determined owing to the difficulty in fractionating the reaction pro- 
ducts. However, these preliminary results do indicate that only the Si-CI 
bond of MeSiI-ICl~ was attacked by PhJCBFq, leaving the Si-H bond unchanged. 

* my& performed by Schwarzkopf hlicroam.lytical Laboratory. Woodside. N.Y. 
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P/z~CBF~ and (HSfiZe&O. Equimolar amounts (2.0 mmol) of each reactant 
were allowed to react for 15 min at room temperature. The products were dis- 
tilled at - -96’ - -120’ - -196’. The - 196’ fi-action was BP, (1.2 
mmol), the - 120” fraction was MeSiHF (2.2 mmol) and the -96” fraction was 
a mixture of components that appeared to be unstable during its manipulation 
in the vacuum line. The sample was allowed to distill through a - 23” trap, and 
in a separate fractionation allowed to condense in a - 73” trap. The small sample 
obtained in the - 73” trap was (FSiMe,),O identified by its molecular weight 
(found: 113.6, calcd.: 114.1) and infrared spectrum [14]. The total quantity 
was not determined since the fluorinated silosane was not easily fractionated 
from the other unidentified reaction products. The study of this reaction was 
not pursued in any greater detail because the method does not have utility as 
a means of selectively fluorinating the Si-H bond of the silovane without cleav- 
ing the Si-O-Si linkage. 

KBF, and Me&H. Finely ground anhydrous KBFJ (2.6 mmol) was 
combined with Me,SiH (2.0 mmol) and allowed to react at room temperature 

for 3 h. The volatile fraction was removed and shown to be pure Me,SiH (2.0 
mmol) with no indication of any BF3 in the sample. 

Ph&F and Me$3iHz. Ph,CF (2.1 mmol) and Me2SiH2 (2.1 mmol) were 
combined and allowed to react at room temperature for 1 h. The volatile material 
was removed and identified as being unreacted (CH3)$iHz (2.1 mmol). identic- 
al results were obtained when approximately 25 ml of CHzCll was added as 
a solvent and the reaction was repeated. 

Ph3CBF4 and EtSiH3. Equimolar amounts of each reactant (2.0 mmol) were 
combined and allowed to react for 30 min at room temperature. An infrared 
spectrum of the mixture revealed that only a trace of BF3 had formed and that 
very Little reaction had taken place. A similar conclusion was reached after the 
reaction continued for an additional 2.5 h. The reaction was allowed to con- 
tinue for an additional 21 h, at which time the products were distilled as 
described in the general procedure. The material in the - 134” trap could not 
be separated into its components, but appeared to be a mixture of EtSiHJ, 
EtSIH,F, and EtSiHF? from its Infrared spectrum. The - 196” trap contained 
BF, (1.9 mmol). 
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