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Summary 

It has been esmblished that the reaction of triethyl-, dimethyl phenyl- and 
dimethyl benzyl-silanes with trifluoroacetic acid is rather complex and can in- 
clude not only dehydrocondensation with the formation of acyl oxysilanes, 
but is also accompanied, to a considerable extent, by thermal transformation of 
trialkyl(ary1) silyl trifluoroacetates into the corresponding disiloxanes, the split- 
ting of Si-0 and SF-C bonds, ionic hydrogenation of the intermediate trifluoro- 
acetic aldehyde, and benzylation of both the initial compounds and the prod- 
ucts (in the case of alkyl, benzyl hydrosilanes). 

Introduction 

Alkyl(ary1) hydrosilanes are known to react with carboxylic acids, forming 
the corresponding acyl oxysilanes in the presence of such catalysts as Al/I2 mix- 
ture [I], Al halogenides 121, acids and bases 131, colloidal Ni [4-101, metallic- 
Pt, Pd, Rh and other elements of Group VIII, as well as their compounds [2,5, 
11,121, under the action of irradiation and peroxides [2], of alcohol and alkali 
[ 131 and in such electron-donating solvents as pyridine, dimethyl formamide, 
quinoline, etc_ [7,14,15]. 

At the same time, aIkyl(ary1) hydrosilanes are widely used for the purposes 
of ionic hydrogenation in the medium of trifluoroacetic acid [15-181 (only 
reviews are cited), the authors, as a rule, being interested only in the final pre- 
parative result of hydrogenation. The question of what can happen with various 
alkyI(ary1) hydrosilanes when they interact directly with trifluoroacetic acid 
remains, practically, unresolved_ 

In this communication we present the data obtained by studying the reactions 
of. triethyl-,._dimetbyl phenyl- and dimethyl benzyl-sikmes with trifluoroacetic 
-acid;~:~::_~~~~‘,.--__,:- -..--.. )-;, ;I _ :-- -. .,l- _: 

_;__- T. . . . 
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Reaction of triethyl silane with trifluoroacetic acid 

When triethyl silane reacts with trifluoroacetic acid in the mol. ratio 1 : 3, 
after heating the mixture at 70” C for 10 h, the following reaction products, 
along with the rmreacted initial compounds, are found (wt% determined by GLC 
analysis): triethyl silyl trifluoroacetate (I), 28%; hexaethyl disiloxane (II), 35%; 
andlow-boilingsubstances-ethyl trifluoroacetate(III),0.1%;l,l,l-tifluoro- 

ethyl trifluoroacetate (IV), 5.8% and trinuoroacetic anhydride (V), 4.1% (see 
Table 1). Hydrogen was also evolved during the reaction, but its quantity was 
not measured- 

What attracts attention is, firstly, that quite a substantial amount of hexa- 
ethyl disiloxane (II) is formed, since the reaction was conducted with anhydrous 
acid and in the conditions excluding moisture penetration, so that the hydrolysis 
of the ester (I) formed as shown in eqn. 1 is, to a considerable extent, impossible. 

Et,SiH + CF,COOH + EtBSiOCOCF3 + Hz (1) 
<I) 

In all probability, the disiloxane (II) is formed as a result of the thermal trans- 
formation of the ester (I) 1191 as in eqn. (2): 

2Et3SiOCOCF3~ cCF3cooH’ CF&OOCOCF, + (Et&i),0 (2) 
(1) W) (11) 

Having observed the transformation of the ester (I) into the disiloxane (Table 
l), we were convinced that this is actually so_ 

It should be noted that reaction (2) is, to a certain extent, reversible, as the 
heating of the disiloxane (II) with the anhydride (V) leads to the formation of 
the ester (I) in amounts of up to 4% (Table 1). 

The decreased yield of the anhydride (V), as compared with that to be ex- 
pected from equation (2), seems to be caused by the subsequent reactions (see 
Experimental section); 

CF,COOCOCF, + Et&Ii + EtlSiOCOCFs + [CF,CHO] (3) 
<v> <I) WI) 

The trifluoroacetic aldehyde formed (VI) participates immediately in ionic hy- 
drogenation [ZO] as in eqn. (4): 

+ 

CF,CHO 5 CF,CI-P+OH HSiEtj CF,C&OH (4) 

<VI> WW 

The l,l,l-trifluoroethyl alcohol (VII), formed in the reaction, was isolated as 
the corresponding ester, CF3CH,0COCF3 (IV). (It is to be noted that, when 
the ester (IV) was being isolated, the impurity of the alcohol (VII) waspresent- 
in the chromatograms of .the fractions prior to the preparative GLC purification. 
It is also possible that the CFsCH@CI-I~CFs ester, tihich.*e had not detected 
c~oma~graphi*y; ,-.*O p-hQr. -_" '.._,3-:r'.-.. ::~_‘_1_- :: :I: -. ;:_.T:’ -~ :I I_*<.;-: : 

- The appearance .of th&&r (IV) Was rather unexp&ted, but it-.%@, nt$ert&& ;: __-,: 
less, isolated in~its~pu&~~~fiji_preparative ~~.-~~~phy~~constjlh~~_~_~~~~~~~~~~~~,l_~ ._ . .~. ._ ._. _:,__ ,-_: 
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and PMR spectra corresponded to those of the authentic sample, which we syn- 
thetized by the reaction of the anhydride (V) with the alcohol (VII). 

It has been further established that hexaethyl disiloxane (II) is easily split by 
trifluoroacetic acid as follows: 

Et$iOSiEt+ + CF&OOH * Et$iOH f Et,SiOCOCF, (5) 
(II) (1) 

Et,SfOH + CF,COOH * Et3SiOCOCF3 + HZ0 (6) 
(1) 

We observed the above reactions when studying the interaction of hesamethyl 
disiloxane with trifluoroacetic acid directly in the PMR tube. With a 1 I 1 mol. 
ratio of hexamethyl disiloxane to trifluoroacetic acid (reaction without heating) 
the protons of the methyl groups of trimethyl silyl trifluoroacetate are observed; 
with a 1 : 3 mol. ratio, the peak, characteristic for the protons of hexamethyl 
disiloxaue, is ouly slightly present, and the main peak characterizes the protons 
of trimethyl silyl trifluoroacetate. In addition to this, GLC analysis of the prod- 
ucts of the reaction of both hexamethyl- and hexaethyl-disiloxanes with tri- 
fluoroacetic acid (mol. ratio 1 : 1) shows the presence of trimethyl silyl tri- 
fluoroacetate (up to 43%) and the ester (I) (up to 8%); the reversibility of re- 
actions (5) and (6) is shown by the formation of the corresponding hexaalkyl 
disiloxanes (seen from the GLC analysis data) during the interaction of trimethyl- 
and triethyl-silanols with trimethyl- and triethyl-silyl trifluoroacetates; and the 
reaction of trimethyl- and triethylsilanols with trifluoroacetic acid results in the 
formation of trialkyl silyl trifluoroacetates and hexaalkyl disiloxanes, trialkyl 
silanols being absent in the reaction products (according to GLC analysis data). 

A possible mechanism of the reaction whereby hexaalkyl disiloxanes are 
being split by trifluoroacetic acid includes the following [21]: 

AlkXSiOSiklkk3 %A&$ibSiAlk3 

I!I 

(‘i) 

Alk$&iAlk3 % Alk& + Alk,SibH, 

I: 

(6) 

? 
Alk$i x AlksSiOCOCF~ 

(1) H+ 
* 

Alk,SiOH, <2) AlksSiOCOCFs + H,b 

(9) 

(10) 

We are inclined to attribute the-fact that the ester (III) is being formed to the 
possible splitting of the Si-CHzCH, bond by trifluoroacetic acid- 

A few remarks on the possible mechanism of reaction (1). We found the de- 
crease in triethyl silane in the reaction with trifluoroacetic acid to depend on 
the ratio between the.reagents (Fig. 1). Thus; with the m_ol. ratio of sihme to 
the acid equal to 1-.: 10 tit 50°C; the reaction-more or less te&inatedin 10 mm- 
(after 10 min tiethyIs&&ewas alm;ist absent iir tbe~clrr~matogram o;itl+e~~ 
action products); &&&of the relationships obtained (Fig.:1).Showed it poS_-.- -1. : -. : ._ ~1 ; --- 
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.-,i..- -. . , ._ : . _ j .~ ._ _ - -_- r---_ 
r_ -: e c- .:- -;- --I : -?I? :?) 

Fig. 1. Decrease in EtjSill in reaction with CF3COOII in the following molecular ratios and temperature 
I”c:ol:3.50°;x1.3.500;~1:10.200;=1:10.30’. 

sible to measure the conversion rate (though rather approximately). With a mol. 
ratio 1 : 1, the decrease in triethyl s&me was found to be a second order pro- 
cess; with the .mol. ratio of s&me to the acid 1 : 10, the reaction has an apparent 
second order, which is quite obvious. Taking into account the poor nucleophilic 
properties of trifluoroacetic acid and its being a strong acid (Ho = -3.2) [ 221, 
one would think it unlikely for the rate determining step to be nucleophilic at- 
tack by trifluoroacetate anion. In ali probability, the reaction proceeds in ac- 
cordance with the four-centre SNi-Si mechanfsm [ 231, as exemplified by the 
interaction of diorganosilanes with carboxylic acids in the DMFA medium [ 241 

H 
_M -. 

E t3St::_ 
‘. 

y . . . 

the course of the reaction, as it seems, being determined first of all by the stage 
of the hydride ion detachment from the silicon atom under the action of the 
proton of the acid, which plays the part of the hydride ion acceptor. 

Reaction of dimethyl phenyl s&me with trifluoroacetic acid 

When the reaction of dimethyl phenyi silane with trifluoroacetic acid is con- 
ducted at the mol. ratio of 1 : 3, after heating the mixture at 100°C for 15 h, 
there are found in t+e reaction products, along with the unreacted initial com- 
pounds, the following: dimethyl phenyl silyl trifluoroacetate (VIII), 25.1%; sym. 
tetramethyl diphenyl disilpxan~_ (IX), 3.3%; benzene (X), 15.9%; octamethyl 
cyc~otetrasiloxtie~ (XI), 0.8%; sym. tetramethyl disiloxane (XII), 1.9%; and 
l~w-~c&~~&s&&& &9%,Lcqnstituting, mainly, a mixture of ester (IV) and 
pydr@eW) (TapIF 2).:.: _-I = 1 Y 
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The formation of the above products is possible as a result of the following 
reactions: 

Me,PhSiH + CFsCOOH + MezPhSiOCOCF, + Hz 
<VIII) 

(11) 

Then, similarly to what we observed in the reactions of triethyl silane (Table 
2): 

2 M+PhSiOCOCFs F CP$OOCOCF, + (MelPhSi)tO (12) 
(VIII) <v1 (IX) 

CF3COOCOCF3 + Me,PhSiH + MelPhSiOCOCFa + [CF&HO] (13) 
09 Wnn Wn 

CF&HO 5 CFsCHAOH HSihIeqPtf CF3CH20H 
-H* 

(14) 

<VI> <VII) 

In addition to this, the Si-phenyl bond splitting * reaction is to a large extent 
taking place [ 25,261: 

MeaSH I Me$H H 

tHt & - 0 + Mef (15) 
(Xl 

The dimethyl silyl trifluoroacetate (XIII) formed * can then participate in the _ 
following transformations: 

2 Me2HSiOCOCFs D CFsCOOCOCFs + (MezHSi)10 
<xnU <v) <xxx> 

MelHSiOCOCF3 + CF,COOH + MezSi(OCOCF& + H, 
(XIII) (XIV) 

Subsequent reactions of compounds XII and XIV can lead to the formation of 
octamethyl cyclotetrasiloxane: 

Me2HSiOSiMe2H + 2 CF&OOH =+ 2 Me,HSiOCOCF, + Hz0 
<xrrr <XIII> 

(16) 

* It is to be noted that tbe splitting of the St-phenyl bond does not mcesfaril~ have to take place in 
the &iti8l dimethyl phenyl w only - otba asa M also po%dbIe. e.g.&- 
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Me2HSiOSiMezH + 2 CF,COOH + [Me2Si(OCOCF3)]10 + HZ 
<XII) (XV) 

2 Me,Si(OCOCF3)2 n [Me,Si(OCOCF,)],O + CF,COOCOCF3 
(xiv) (XV) W) 

2 [ Me2Si(OCOCF3)]2 0 D [MezSiO], + 2 CF&OOCOCF3 
(xv) <xi> (W 

(26) 

(21) 

(22) 

Reaction of dimethyl beuzyl s&me with trifluoroacetic acid 

When dimethyl benzyl silane reacts with trifluoroacetic acid at the mol. ratio 
of 1 I 3, after heating the mixture at lOO-120°C for 15 h, there are found in 
the reaction products, along with the unreacted initial compounds, the follow- 
ing: diinethyl benzyl silyl trifluoroacetate (XVI), 0.6%; sym. tetramethyl di- 
benzyl disiloxaue (XVII), 9.7%; benzyl trifluoroacetate (XVIII), 2.6%; toluene _ 
(XIX), 1.8%; sym. tetramethyl disiloxane (XII), 3.4%; octamethyl cyclotetra- 
siloxane (XI), 4.8%; high-boiling substances: (XX), 0.7% and (XXI), 19.6%; as 
well as traces of low-boiling substances constituting, mainly, a mixture of the 
ester (IV) and the anhydride (V) (Table 3). Proceeding from this, one can visu- 
alize the following reactions to be taking place: 

MeZPhCH2SiH + CF,COOH + Me,PhCH,SiOCOCF, + H2 
(XVI) 

(23) 

We could not isolate the ester (XVI) in its pure form even using preparative GLC. 

TABLE 3 

REACTION OF DIMETHYL BENZYL SfLANE WITH TRIFLUOROACETIC ACID 

InRid MioL 
compounds ratio 

-_ -._- 
Dimethylbenz~l 1:3 
siIane.tri!Iuoro- 
aceticacid 

ReaCtion ReaCtbY Comp~itionofrractionproduers.urt.4t 
temp_ time 

ec, <W LOW- SYrn. Toluene (XIX) 
boiling tetra- 
sub- methyldi- 
tances= SiIoxane 

<XII) 
-- 

IOO- 15 traces 3.4 I.8 
-120 

Lxiethy1benzy1 2rl 80 3 OS . 4.2 3-7 
silane.trifluoro- 
aceticaohydride 
(W 

niethYlsiIaoe. 1:3:1 100 10 traces 2.3 
triffuoroaeetic 
aeid.btnzvltri- 
nuoroacetate 
<XvIfI) 

= Seefootnoteto TabkZ.-~. 
’ Also present: kieU.ylsilane; 1.04 ~ethyl~yItdPluof~~~(1).3?.696:~b~~cthyl d&o-e. 
(II,.6.4%_ ___ :-. _: ; -_-z- _:. _,-:.- -- - ..~ . _ . . . . _ 

:.. _: :_ . 
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But taking the fraction we thought, contained the ester (XVI) and not the initial 
dimethyl benzyl silane, and processing it with alkali water-methanol solution, 
we observed the formation of the siloxane (XVII). 

Further, similar to what we observed in the reactions of triethyl silane and 
dimethyl phenyl s&me (Table 3). 

2 Me2PhCH2SiOCOCF3 ICF3Coon! CF,COOCOCF, + (MezPhCHzSi)zO 
(V) (xvii) 

(24) 

CF,COOCOCF, + Me,PhCHzSiH + iUetPhCH2SiOCOCF3 + [CF,CHO] 
G’) (XVI) <vu 

(25) 

+H* 
CF&HO G=== 

-n+ 

CF,CHfoH irsicn$‘h%N 
l CF3CH20H 

(VU (VII) 

In addition to this, toluene is formed following the reaction * of the Si-henzyl 

(27) 

I T-x- I _.- ‘_. ._ ._ 
srrL.2, 

- --_- _. _ _- -_- 

______ __. .-... .--.--- .- 
octa- Benzyl TdIUOIO- Dimethyl DImethyl SYm.tetm- Higb-bOiIiW 

methyl trifluoro- acetlc acid bcnzyl benzyl methyl di- compounds 

CYClO acetate silanc dyl triflu- bend di- 

teW&I- (XVIII) oroacetate suoxane (XX) <XXI) 

oxane (Xl) (XVI) <XVII) 
- 

4.8 2.6 51.0 5.8 0.6 9.7 O-7 19.6 

1.4 4.1 1.0 17.6 1.0 541 tTilCeS 12.0 

traces 43.7 19.0 * 
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bond splitting 1271 (for conciseness, here and further, o-substitution is not con- 
sidered). 

We are inclined to explain the formation of benzyl trifluoroacetate (XVIII) 
in a way similar to what has been previously substantiated [27], taking into ac- 
count the results of other studies [28,29]: 

61HMe2H+ _ gHMe&; 6 CF,COQH &I (28) 

H H ‘3 H mmIl) 

It is necessary to note that the amount of toluene, obtained at the splitting 
of the Si-benzyl bond under the action of trifluoroacetic acid upon trimethyl 
benzyl silane [27,30], is smaller than in the given case (with dimethyl benzyl 
s&me)_ Therefore, a possibility is not excluded of toluene being additionally 
formed in accordance with the reaction of ionic hydrogenation of the ester 
(XVIII): 

PhCH,OCOCF,s PhCH,iCOCF, 
-H* 

(29) 
H 

The oxonium cation formed can then he subjected to monomolecular hetero- 
lysis in a way, similar to what was observed in the case of benzyl acetate and 
concentrated sulphuric acid [ 311: 

PhCH&COCF, 2 CF,COOH + CH,Ph 

A 

(39) 

HSiMqCHzPh 
CHzPh - CHsPh + SiMezCHzPh 

<=x1 
(31) 

We see indications that reactions (29-31) are taking place: firstly, in that 
the formation of toluene and the same high-boiling products is also observed at 
the interaction of triethyl silane, benzyl trifluoroacetate (XVIII) and trifluoro- 
acetic acid: 

Et&H + CF,COOCH$h B CHsPh + (XX) (32) 
(XVIII) (XIX) 

Secondly, the high-boiling products of the reactions (XX) consist of dibenz$l 
(XXa), o- and p-methyl diphenyl methanes (XXh) and (XX& which indicates 
that the reaction of the benzylation of toluene ‘and intermediate methylene 
cyclohexadiene is taking place [27]_ 

The formation of sym; tetrarnethyl disiloxane (XII) and o&methyl cyClo- 
tetrasiloxane (XI) is p&ible-as a m&&f re&ions similarto (16+22)..- -._ ~-2 

A few remarks:@outthe high~hoili&sul&m&~ (XXI)i_&st of &;.GLC .I :_ I. ‘: 
analysis shows not ]~‘t&-~&jight &&~~~‘&‘~&z~&&t,~ &&&.XX&~B& ;-.I- 

___-, -_. --:._~.-~I_-__.;_- :_.- . . . . . .._.. _ .__. .-. -. :.. . . . . :.‘2-, : ~ _.. - ._ -., _ -~. 



CH3 

f 

53 

H CH2Ph 

! 

1_,+ 
(33) 

c 

CH2 

Q 

I I 

H H 

f 
+ 
CH2Ph - 

C H2CH2Ph 

(xscl1 

(34) 

the form of the chromatograms m&es the possibility of their preparative sepa- 
ration in our conditions doubtful. Proceeding from the results of studying the 
reaction of trimethyl benzyl silane with trifluoroacetic acid 1271, we assume 
that, probably, at the interaction of dimethyl benzyl silane, reactions similar to 
the following can also take place: 

CH,StHMe+ CH2StHMe2 CH2SIHMe2 

+ &Ph - @ --H+ @ (35) 

H CH2Ph CH2Ph 

GixIo) 

The appearance of other compounds is also, obviously, possible. These are, e.g.: 
o-isomers, corresponding siloxanes and silyl trifhkroacetates, formed from the 
substances Of the ma type, products of acidic splitting along the Si-benzyl 
and &O-Si b&s, as well as compounds obtairied by electrophilic substitu- 
tion into the aromatic ring with the insertiori of two or more benzyl groups, etc. 
:?Alo& w&h-re+tiotij33),:the formation of substances XXb and XXc is pos- 

: .~. $@a;S a- @ilt -of ac&iic splitting of the -Si-benz.yI bond in compounds similar 
:_:.-’ :b,xj&: .I : ._- : --- ,_ 
:_:-. -:i _::_-.:._- ___. _ : -___ _ : 



54 

C&S: HMe2 C l-I,!% l-4 Me2 
I 

I- Me2HS10COCF3 

1 
XrII) 

(36) 

Ci-$Ph 

mxc) 

It has, thus, been established that the reaction of triethyl-, dimethyl phenyl- 
and dimethyl benzyl silanes with trifluoroacetic acid is a rather complex one and 
can include not only dehydrocondensation with the formation of acyl oxysilanes, 
but also be accompanied, to a considerable extent, by the splitting of Si-? and 
Si-C bonds, ionic hydrogenation of the intermediately formed trifluoroacetic 
aldehyde, benzylation of both the initial compounds and those formed in the 
reaction (in the case of alkyl benzyl hydrosilanes). 

Experimental 

Trietbyl-, dimethyl phenyl- and dimethyl benzyl silanes, ethyl-, triethyl silyl-, 
trimethyl silyl-, f,l,l-trifluoroethyl and benzyl trifluoroacetates, sym. tetra- 
methyl-, sym. tetramethyl diphenyl- and sym. tetramethyl dibenzyl disiloxanes, 
trimethyl- and triethyl silanols were synthetized following the conventional 
procedures, the physical constants of these compounds corresponded to those 
given in the literature. The other compounds, used in the work, were com- 
mercially produced in the USSR, l,l,l-trifluoroethyl alcohol produced by MERK- 
Schuchardt Co. Trifhroroacetic acid was purified by distillation in a rectifying 
column, fiit over silver oxide and then over cone. sulphuric acid. The purity of 
all the products was checked by GLC_ LKhM-8 and LKh-7 analytical ‘chro- 
matographs, PAKh V-5 preparative chromatograph, carrier gas helium, SP- 
SE-30 (10%) or SKTFT-50 (10%) on Chromosorb-W or Chezasorb AW-HMDS 
were used_ IR spectra were taken on UR-10 and UR-20 spectrophotom- 
eters, PMR spectra on Varian T60 and Hitachi-Perkin Elmer R-20 spectrom- 
eters_ 

The results of individual experiments are presented in Tables1;3. All experi- 
ments were conducted in sealed ampules. The overall weight of samples used was 
O-3-0.5 g. The content of individual compounds in reaction products is given 
in w-t.% according to GLC data, 
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Dimethyl phenyl silyl triflrtoroacetate (VIII) 
The mixture of 4 g (O-027 mol) of dimethyl phenyl silane and 3.4 g (O-029 

mol) of trifluoroacetic acid was heated in a refluxer in a Nz atmosphere for 10 h 
at 120-130°C. By distillation 2.1 g (2&3%) of the 69-75”Cf26 mmHg fraction 
was isolated; by the last preparative GLC purification (temperature of column 
157°C) 1.3-g of VIII, ng 1.4471 were obtained. Analysis: Found: C, 48.29; H, 
4.55; Si, 10.92. CIOHIIF302Si &cd.: C, 48.39; H, 4.42; Si, 11.29%. 

l,l,l-Trifluoroethyl trifluoroacetate (IV) 
The mixture of 4.2 g (0.029 mol) of dimethyl phenyl silane and 5.8 g (0.028 

mol) of trifluoroacetic anhydride (V) was heated in a refluxer in a Nz atmosphere 
for 3 h at temperature <SO” C_ By distillation 0.39 g of the 40-51” C fraction 
was isolated; by the last preparative GLC purification (temperature of column 
68°C) 0.21 g of IV were obtained_ 
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