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Summary 

Benzyltrimethylsilane is cleaved slowly by trifluoroacetic acid at 70°C to 
give, in addition to the expected trirnethyisilyl trifluoroacetate and. toluene, 
mainly o- and p-trimethylsilylmethyldiphenyhnethane (I and II) along with 
smaller amounts of dibenzyl, o- and p-methyldiphenylmethane, and benzyl tri- 
fluoroacetate. Addition of benzyl trifluoroacetate substantially increases the 
yields of I and II, and it is suggested that they are formed by benzyl trifluoro- 
acetate benzylation of benzyltrimethylsilane, and.that the benzyl trifluoroace- 
late is formed from methylenecyclohexadiene intermediates themselves pro- 
duced by ring-protonation of benzyltrimethylsilane followed by loss of the 

Me3Si+ entity. Addition of water up to about’5 wt.-% incr&ses the.rate of 
cleavage and diverts the reaction towards formation of toluene and hexamethyl- 
disiloxane. m-Methoxybenzyltrimethylsilane is much more readily cleaved by. 
trifluoroacetic acid, which is consistent with reaction via a methylene&yclo- 
hexadiene type of intermediate, and m-methylanisole is the sole aromatic product.- 

Introduction 



::. ~~~~~~c~oric~=~id:[.l] and benzene co&ining .trifluoroacetic acid [Z] i but for 
:.benzyltrimethylsilane-itself, and its’derivatives with X = o;and p-Me, .-F, -Cl, 

t-1’: o-B& .m-- and j-CF3, p-t-Bu and p-OMe direct cleavage of the benzyl-Sn bond 
-see+ to ‘occurs at a r&e not much greater than that of the %-Me bonds [1,2J - 

:_. Silicon compounds of the type Ph(CH, ), SiMe, are known to undergo slow 
_ -..cleava-ge of both Si-Me and Ph(CH,),-Si bonds for n = 2-4 in trifluoroacetic 

acit. at 70°C [3 ], and we have now examined the rather more rapid cleavage in 
this medium of the benzyl--silicon bonds in benzyl- and m-methoxybenzyl- 
~tiimethylsilane. 
SCHEME 1 

5H2 MMe3 CH MMe3 I 2 r p-3 MMe3+ 1 
+ CF3COOH - 

OMe 

1 -Me3M02CCF3 

We have found that for the silicon as for the tin compounds, there is a clear 
difference in behaviour between the benzyl and m-methoxybenzyl derivatives. 
The methoxy- compound is quite readily cleaved; in a 1 : 10 (molar ratio) mix- 
ture of the compound and trifiuoroacetic acid, m-methyhmisole is formed in 
about 20% yield after 1 h at room temperature (ca. 20°C). After 18 h at 70°C 
no starting material remains, and m-methylanisole is the sole aromatic product 
revealed by GLC analysis. 

The parent benzyltrimethylsilane reacts much more slowly, and when a 
1: 10 (molar ratio) PhCHZ SiMe3/CF3COIH mixture was kept at 70°C for 24 h 
about. 70% of unchanged benzyltrimethylsilane remained (see Experimental), 
and this was the greatly dominant component of the mixture as revealed by 
GLC (Table 1). The expected trimethylsilyl trifluoroacetate was present, along 
with some toluene, but there were greater amounts of higher molecular weight 
products, which were shown to be p- and o-trimethylsilylmethyldiphenylmethane 

3 
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(I and II), There were.also small amounts of benzyl trifluoroacetate, and a mix- 
ture (III) of dibenzyl (IIIa) with its isomers o- (IIIb) andp-methyldiphenyl- 
methane (IIIc)_ (Small amounts of products of higher molecular weight were 
also present, and these probably include compounds~of the tybe Me,SiCH, - 
CsHJ(CH2Ph)2 (see below).) Hydrogen was also formed, but the quantity was 
not .determined. 

We must emphasize the qualitative nature of the results of the’ determination 
of the product compositions, since there was not even approximate quantitative 
agreement between the analysis carried out (on mixture keptfor 3 h at 70°C) 
in the U.S.S.R., and those carried out (on mixtures kept for 24 h at 70°C) in the 
U.K. In the former analyses the mixtures were injected directly on to the GLC 
column, whereas in the latter the samples were usually obtained by hexane 
extraction after addition of water. (This converts the trimethylsilyl trifluoro- 
acetate into hexamethyldisiloxane, which was not separated from the hexane 
in the GLC analysis.) However, for the purpose of the qualitative discussion below 
the differences are unimportant. Reactions were usually conducted in sealed 
ampoules after evacuation; some reactions carried out in the U.S.S.R. without 
this removal of air appeared to take place substantially more slowly, but in the 
absence of further investigation this possibility is ignored in the discussion below. 

Additional features, mainly apparent in Table 1, are as follows: (a) The 
amount of toluene relative to that of the other products shows a marked in- 
crease in the reaction time. There is no apparent increase in the yields of I and 
II between 24 and 96 h reaction. (b) Addition of benzyl trifluoroacetate marked- 
ly increases the yields of I and II, and probably also of the isomer mixture III, 
and more surprisingly, apparently also leads to more toluene and the produc- 
tion of some hexamethyldisiloxane. (c) Addition of a little sulphuric acid has a 
larger and mainly similar effect, but the yields of the mixture III and toluene 
are much increased. (d) Addition of toluene has little effect. (e) When 5 wt.-% of 
water is initially present, the rate of disappearance of the benzyltrimethylsilane 
is somewhat raised and the yield of toluene substantially increased. With a few 
per cent of water present, when toluene forms a substantial proportion of the 
products, it is possible to measure the rate of conversion of the starting material 
to toluene very roughly by monitoring the absorption at 273.5 nm [1,4,5]. (At 
lower water concentrations, where toluene is a minor product, formation of I 
and II leads to an increase instead of a decrease of optical density at this wave- 
length.) The rate of the reaction to give toluene appears to pass through a 
maximum at about 5 wt.-% water. (f) Toluene was shown to be readily benzyl- 
ated by benzyl trifluoroacetate, to give IIIb and IIIc, and probably dibenzyl- 
toluenes. 

Discussion 

The ready reaction of m-methoxybenzyltrimethylsilane is consistent with 
the operation for this compound of the mechanism shown in Scheme 1. Cleavage 
of benzyltrimethylsilane is much more complex,-since benzyl~trifluoroacet 
arid hydrogen are~fotied in addition.to the expected toluene. The other,.ab-, :. 
normal products;&‘ILand ID; cair.be;readily accotited for .once the;forn@on ;: _,- 
of be&y1 trkluoroacetke is“i&_o&ised,: &nce t& compound ‘&c.tsas an effect+. .: ~.. .: 
: :. . _. _,. 1 _ :,. _‘-. 

. . . ; : _:. . . .,,.. _-:.,:. ._. -- _ .y,- _... .: _ 
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’ i be@$ating agent in the medium c&aerned, &d thus~ben~yltrimethylsi&e, -- 
-.:- ‘. which. is quitestrongly activated towad&-Attack by ele&ophilea [ 3,43 is readily 
~.. eouverted intsI,and 11. Formation of.IIIb and.IIIc &a& be.adcounted-for mainly 
-:.A; in &ms’of sub&&rent ‘normal’ cleavage of the MeJSi-CH2 Ar bonds of I and,11 
.- whicbshould occur at.a fairly similar rate to that of Me,Si-CH2Ph-bonds, -’ 
..-:. _though benzylation of product .toluene may make a minor contribution. The 
_ m&$ed increase in production of I, II~~%Ilb and IIIc (&d also of ma, see below) 
.-. m the-presence of added. benzyl trifluoroacetate, and especially of IIJb and 111~ 

.- --iii tho.presence of the more powerful cleavage reagent sulphuric acid, is confir- 
mation of these proposals. 

The abnormality of the cleavage thus lies essentially in the formation of 
benzyl trifluoroacetate and hydrogen, in the overall process represented by 
eqn. 1. 

Me3 SiCH* Ph + 2 CF3 COZ H + Me3SiOz CCF3 + PhCHz O2 CCFs + HZ (1) 

The simplest mechanism one can envisage for this overall process is direct 
cleavage of the PhCH,-Si bond in the abnormal direction represented in Iv, to 
give benzyltrifluoroacetate and trimethylsilane, since the latter would readily 
undergo solvolysis to give trimethylsilyl trifluoroacetate and hydrogen. However 

Meg$j ----$H,Ph 

cleavage of the Si-C bond in the direction SiX’ is contrary to general ex- 
perience [6], and no special factors are apparent which should favour it in this 
particular case*. We suggest instead that the initial attack of acid results in the 
formation of methylenecyclohexadiene (V). (For simplicity the corresponding 
isomeric intermediates produced by initial protonation at the ortho-position are 
again neglected.) Some of this then undergoes the usual acid-catalysed aromati- 
zaticn to give toluene, but rather more, we suggest, is converted into benzyl 
trifluoroacetate. This latter reaction, for which possible route is outlined in 
Scheme 2, is closely analogous to the formation of p-methylbenzyl acetate.(VI) 

SCHEME 2 

during nitration.of p-xylene by acetyl nitrate in acetic anhydride, which is 

* We qote that breaking of t&z Si-C b&d,ti_the direction shown in IV involves fo&ation of Si-I-I 
: and C-0 bonds.rather than the markedly stronger Si-0 am.C’-EI i&~& prod&& I& COITUS 

.~ cl&age. . . : .-.. -. _, 1 '. 1 .-. 

.,- ..I.. _ 
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believed to pr&eed by the route shown in Scheme 3 [7] *. It has, in fact, been. .- ; : 

SCHEME 3 

uzu) ipI) 

shown that the methylenecyclohexadiene derivative (VII) gives p-methylbenzyl 
acetate on thermolysis or on treatment with acetic acid containing acetic an- 
hydride [ 73 . Formation of 2,4,6-trimethylbenzyl acetate (VIII) during chlorina- 
tion of isodurene is thought to go through the analogous intermediate (IX) [S] . 
(But see [9] .) 

GBIL) ma 
The favoured mechanism for the conversion of VII into VI and of IX into 

VIII involves attack of acetic acid at the methylene group and departure of the 
NO; and Cl- respectively, in SN2’ processes [7]., and this has the somewhat un- 
attractive implication that hydride ion is the leaving group in the conversion of 
methylenecyclohexadiene into benzyl trifluoroacetate in trifluoroacetic acid, 
but free hydride ion is probably not involved, of course, synchronous proton 
transfer from the solvent, with formation of hydrogen, providing electrophilic 
assistance to the breaking of the C-II bond. Furthermore, the aromatization 
provides a powerful driving force in these reactions. 

The absence of this “abnormal” reaction in the cleavage of m-methoxy- 
benzyltrimethylsilane can be attributed to the fact that carbonium ion (X), 
which +.ll lose a proton to give m-methoxytoluene, is greatly stabilized; thus, 

CH3 
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’ --i&e. eletitroni&influence of the m-OMe group which greatly facilitates the forma-. 
,.. ’ &i&-i &the methylenecyclohexadiene intermediate by Scheme 1 also greatly 
.- f&&it&& the conversion of the latter into the normal toluene derivative. 

‘Formation of dibenzyl from benzyltrimethylsilane can be accounted for 
in terms of benzylation of the.methylenecyclohexadiene, as in eq. 2. 

. . 

PhCH,+ __I) (2) 

The absence of any detectable build-up in the amounts of products I and II 
as the reaction progresses can reasonably be attributed to a balance between the 
formation of these products and their removal by further benzylation to give di- 
and tri-benzylated compounds which would have escaped detection. The ratio 
of toluene to products I and II thus increases as reaction proceeds. 

The presence of water promotes the production of the normal cleavage 
produqt, toluene. We cannot at present say whether this is because of a more 
effective direct cleavage of the benzylsilicon bond (cf. that of benzyl-tin 
bonds [1,2]), or, as we favour, diversion of the methylenecyclohexadiene inter- 
mediate towards simple aromatization. The rate maximum at about 5 wt.-% of 
water corresponds with similar maxima observed for aromatic hydrogen exchange 
and for cleavage of aryl-SiMe, bonds in CF3 CO* H/HZ 0 mixtures [ 51, and simi- 
lar explanations probably apply. 

Experimental 

Reagents 
Benzyltrimethylsilane had b-p. 186-188°C; n&! 1.4937 and m-methoxy- 

benzyltrimethylsila.ne had b.p_ 33”@/1 mmHg, ng 1.5013. Less than 1% of 
impurity was revealed in each case by GLC- 

Trifluoroacetic acid (500 ml) was distilled from silver oxide (5 g), and 
then fractionated from concentrated sulphuric acid (50 ml). 

Preparative scale reaction 
A mixture of benzyltrimethylsilane (21.6 g, 0.144 mol) and trifluoroacetic 

acid (164.1 g, 1.44 mol) was heated at 72-75°C under a reflux condenser for 
3 h_ Trifluoroacetic acid and trimethylsilyl trifluoroacetate were distilled off, and 
the residue was fractionated at reduced pressure to give unchanged benzyltrimethyl- 
silane (13.8 g; 64%) and a mixture (4,4 g) of I and II, b-p. 155-175OC/3 mmHg, 
ng. I 5508 which was shown by GLC to contain I and II in a ratio of 60 T 40. 

. . This &x&e was separated by preparative .&ale GLC (10% SE-30 on Chromosorb 
AW-Hl$DS)‘td givep-trimethylsilylmethyldi~henyl methane (I), n&!’ 1.5516. 
(Found.C, 79;6; H, 8.3; Si, 11.1. C&,H&i calcd.: C, 80.3;.H, 8.7; Si, li.O%;) 

-. -arid &tzimethylsilylmethyldiphenylmethane (II) containing about 10% of .I, _. 
.n~:~p.546~-~-~ound:.~Cg 89.6; H, 8.8; Si, 10.7%);-The~assignments of the.p_&rd __ _.. 

.:. .-.: 

-: .- : . : .-_ _. :. _ . . ‘-- . . 
._-.- _ ,{. -... ,_:.: . . ..L.~ .._ ._. 
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o-structure to I and LI, respectively, were based on 1 H NMR chemical shift and 
integration data (Dr. RD. Lavrukhiu). .\ 

I?eactidn of toluene and benzyl trifluoroacetate in trifluoroacetic acid 
A mixture of toluene (4.6 g, 0.05 mol), benzyl trifluoroacetate (10.2 g, 

0.05 mol), and trifluoroacetic acid (17.1 g, 0.15 mol), was kept for 10 h at 72- 
75“ C beneath a reflux condenser. Unchanged toluene, trifluoroacetic acid and 
a little benzyl trifluoroacetate were removed, and the residue was fractionally 
distilled to give two fractious. The first (3.8 g), b-p_ 109-llO”C/3 mmHg, 
ng 1.5729, was shown by GLC to consist of a mixture of o- and p-tolyl(phenyl)- 
methane (Found: C, 91.6; H, 8.3. C14Hi4 calcd.: C, 92.3; H, 7.7%), and the 
second (2.9 g), b.p. 200-21O”C/3 mmHg, n g 1.6022, was thought to consist 
of isomeric dibenzyltoluenes (Found: C, 92.7; H, 7.2. CzlHzo calcd.: C, 92.65; 
H, 7.35%). 

Benzyl trifiuoroacetate and trifluoroacetic acid 
A 1: 10 mixture of benzyl trifluoroacetate and trifluoroacetic acid was kept 

in a sealed ampoule at 70°C for 24 h. GLC analysis showed that very little if 
any reaction had occurred, and no products were detected. 

Sealed-tube reactions between benzyltrimethylsilane and trifluoroacetic acid 
(1.) Experiments in the U.S.S.R. Samples (l-5 g) of the reaction mixtures 

(Table 1) were placed in ampoules, which were evacuated with cooling in liquid 
nitrogen and then sealed. They were kept at 70°C for 3 h then opened, and 
samples were injected on to the GLC columns (10% SE-30 on Chromosorb:W). 
The compositions in Table 1 are based on peak areas, and are assumed to cor- 
respond roughly with wt.-% values. Experiments were conducted at least in 
duplicate. 

(2. j Experiments in the U.K. (i) The samples in-sealed ampoules, as above, 
were usually kept at 70°C for 24 h, then broken under a mixture of water and 
2 ml of n-hexane. The mixture was shaken, then the n-hexane layer was separ- 
ated, washed 3 times.with water, and dried (NalS04). Samples were analysed 
on a 5% Csrbowax. 20 M column programmed from 85-200° C at 6” C/mm 
In some experiments samples of the reaction mixture were injected.directly into 
the GLC system. Authentic samples of benzyl trifluoroacetate, dibenzyl, and 
o- and p-methyldiphenylmethane were available to establish retention times, and 
use of a combined GLC-mass spectral system confirmed the nature of products 
I and II. (ii) In order to obtain some measure of the extent of reaction, after 
24 h a 1 ml sample of the mixture was added to 1 ml of a n-hexane solution con- 
taining an appropriate concentration of n-hexadecane. After several washings, 
the hexane extract was analysed by GLC as above. With the aid of appropriate 
calibrations it was shown that ca. 70% of the benzyltrimethylsilane remained.. 
(Gi) Born one set of sealed tubes contain@g quantities of reactits, the gas. 
evolved on opening after 24 h was allowed to flow into a suitable evacuated gas.. 
sampling vessel.. GLC revealed the presence of hydrogen. 

Interaction of m-methoxy benzyltri~eth~lkane and .trifluoro&cekc &id : _. - 
. . -1 (&~erime@in the.U;K.). A solutick of .rn;niethoxybenzy!trim~~~~~~~ 

.- :~:._.. --:. -- 
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in tiifluoroacetic acid: (1:‘: 10 m&r ratio) was seal&- inti a&~,o&es ~&&&e~ :. ‘. :: : 

-‘I& a&pou& were kept (a) at rdoti temperature (&I. %I~_~) for.&:h,.(&) atl@“C. 
fojz 24 h a%d (c).at 70°C for 48 h. Extraction and_(%LC %nalysis e &scribed : I- ..:‘I_: 
under (2); above,.revea&i for (a) a 23 : 160 peak area.ra&‘&&-MeO&H,Me :. ... 
&MeOC6HqCJ&Si&Ie,, and for (b) and (c) only m-MeOC&I&Me;-with no ti- ... 
changed m-MeOC6 &C&I2 Si&‘le, and no other volatile products. (H&z&ethyl- 
disiloxane was npt sought since it came off with the n-hexane). ‘_ .: :: .’ 
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