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Summary

Benzyltrimethylsilane is cleaved slowly by trifluoroacetic acid at 70°C to
give, in addition to the expected trimethyisilyl trifluoroacetate and toluene,
mainly o- and p-trimethylsilylmethyldiphenylmethane (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 tnﬂuoroace-
tate is formed from methylenecyclohexadiene intermediates themselves pro-
duced by ring-protonation of benzyltrimethylsilane followed by loss of the '
Me, Si* entity. Addition of water up to about 5 wt.-% increasas 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 methylenecyclo- :
hexadiene type of intermediate, and m-methylanisole is the sole aromatic product.

Introduction

v TWO groups of workers recently mdependently observed that the benzyl— -“.
. tin bonds in some XCsH,;CH,—SnMe; compounds can be cleaved by acids to -

give XCsH,Me compounds by an unusual mechanism;,. mvolvmg ring protonatlon -
followed by loss of the Me3 Sn* entlty togivea methylenecyclohexadlene inter-" - "
-'T’medlate as represented in Scheme 1 [1,2] # *% :'This mechanism appears to’ operate
= for X = m~MeO and probably also for X m—Me, in. both aqueous-methanohc




perchlonc ac1d [1] and berizene contalmng tnﬂuoroacetlc ac1d [2] but for

benzyltnmethylsﬂane itself, and its derivatives with X = o- and p-Me, -F, -Cl,

o-Br, m-'and p-CFa, D- -t-Bu and p-OMe direet cleavage of the benzyl—Sn bond

- - seems to.occur, at a rate not much greater than that of the Sn—Me bonds [1,2].
. Silicon eompounds of the type Ph(CH,), SiMe; are known to undergo slow

_-cleavage of both Si—Me and Ph(CH, ),—Si bonds for n = 2—4 in trifluoroacetic

- acitat 7 0°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-
tnmethylsﬂane
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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 cleavéd; in a 1 : 10 (molar ratio) mix-
ture of the compound and trifluoroacetic acid, m-methylanisole 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) PhCH, SiMe; /CF;CO, H 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
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(I and II). There were also small amounts of benzyl trifluoroacetate, and a mix-
ture (III) of dibenzyl (Illa) with its isomers o- (IIIb) and p-methyldiphenyl-
methane (I11e). (Small amounts of products of higher molecular weight were
also present, and these probably include compounds of the type Me;SiCH, -
Cs¢H;(CH,Ph), (see below).) Hydrogen was also formed but the quantlty was
not determined.

We must emphasize the qualitative nature of the results of the determmatlon
of the product compositions, since there was not even approximate quantitative
agreement between the analysis carried out (on mixture kept for 8 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. (¢) 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 11 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 IIlc, and probably dibenzyl-
toluenes.

Discussion

The ready reaction of m-methoxybenzyltrimethylsilane is consistent with A
the operation for this compound of the mechanism shown in Scheme 1. Cleavade‘ i
of benzyltnmethylsﬂane is much more complex, since benzyl tnﬂuoroacetate
‘and hydrogen are formed in addltlon to the expected toluene. The other ab-
normal products,.I, I and III can be’ readlly accounted for once the formatlon o
of benzyl tnﬂuoroacetate is recogmsed smce thls compound acts_as an effectlve o




benzylat ng agent in the medlum concemed and thus benzyltnmethylsﬂane,
which is quite ‘strongly. activated towards attack by electrophlles [38,4] is readily

- - converted into I'and 1I. Formatlon of ITIb and Illc can be accounted for mainly

i terms ‘of subsequent ‘normal’ cleavage of the Me; Sl—CHzAr bonds of I and L
Whlch 'should occur at a fairly similar rate to that of Me;Si—CH,Ph bonds,"
though benzylatlon of product toluene may make a minor contribution. The
‘marked increase in production of I, II, IIIb and IIlc (and also of IIla; see below)
_-in the presence of added benzyl trifluoroacetate, and especially of IITb and ITlc
- .-in the presence of the more powerful cleavage reagent sulphurlc acid, is conflr—
- mation of these proposals.
S The abnormality of the cleavage thus lies essentla]ly in the formatlon of
' benzyl tnﬂuoroacetate and hydrogen, in the overall process represented by
eqn 1.

Me3 SICH2 Ph + 2 CF3 COzH g Me3D102 CCF 3 + Phl.;Hz 02 CCF3 + H2 (1)

7 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
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cleavage of the Si—C bond in the direction Si~C* 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 atiack 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)

.SCHEMEZ
 CHpSiMe;  CHaSiMes CHo0.CCF,
© H+ , _Measl Q C%COZH ©

) ) ) 7
’ durmg mtratlon of p xylene by acetyl n1trate in acetlc anhydnde, whlch is

FWe note f.hat brea.kmg of t.he Sl—C bond m the ﬂu:ecuon shown in IV mvolves formahon of Sx.—H ’
S and C—O bonds rather than the markedly stronger SI.—O and C-—H bonds produced by normal
cleavage L . . L ;




bélievéd to pfoceéd by the route shown in Scheme 3[T71*. vahas; in fact, been .

'SCHEMias . _
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shown that the methylenecyclohexadiene derivative (VII) gives p-methylbenzyl
acetate on thermolysis or on treatment with acetic acid containing acetic an- -
hydride [7]. Formation of 2,4,6-trimethylbenzyl acetate (VIII) during chlorina- -
tion of isodurene is thought to go through the analogous intermediate (IX) [8].
(But see [9].)

CH202CC Ha
(VI ) v (IX)

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 Sy 2' 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—H 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 will lose a proton to give m-methoxytoluene, is greatly stabilized; thus,

- * We note that an electron-tmnsfer proces leadmg viaa radxcal catxon to a benzyl radxca.l and a benzyl
. caxbomum ion [9] would account for some features of the reactxon. but we do not consu:lex i




_the electromc mﬂuence of the m- OMe group which greatly facmtates the forma- -
~tion. of the methylenecvclohexadlene intermediate by Scheme 1 also greatly

o facmtates the conversion of the latter into the normal toluene derivative.

.. -+ Formation of dibenzyl from benzyltrimethylsilane can be accounted for

S m terms of benzylation of the methylenecyclohexadlene as in eq. 2.

S CHy - CH,CH,Ph CH,CH,Ph'

+ PhCHY ——= , @ (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 IT thus increases as reaction proceeds.

The presence of water promotes the production of the normal cleavage
product, toluene. We cannot at present say whether this is because of a more
effective direct cleavage of the benzyl—silicon 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/H,O mixtures [5]}, and simi-
lar explanations probably apply.

Experimental

Reagents
: . Benzylirimethylsilane had b.p. 186—188°C n 9 1.4987 and m-methoxy-
benzyltrimethylsilane had b.p. 33°C/1 mmHg, n2? 1.5018. 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 sulphurie 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. Trlﬂuoroacetlc 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 (44g)ofl and II, b.p. 155—175°C/3 mmHg,
'n%:1.5508, which was shown by GLC to contain I and II in a ratio of 60 :40.
- 'This mixture was sepa.rated by preparative scale GLC (10% SE-30. on Chromosorb
: W-—HMDS) to give p- trnnethylsﬂylmethyldlphenyl methane (1), n 1.5516
“(Found: C, 79:. 6;H,8.3; Si, 11.1. C,7H,5Si calcd.: C, 80.3; H,8.7; 1, 11. 0%.) .
j., and o-tnmethylsﬂylmethyldlphenylmethane (II) contammg about’ 10% of g
ng 1.5461 (Found C, 80 6 H, 8 8 Sl, 10 7%) The 3551gnments of the b= and

’
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o-structure toIand I1, resnectlvely, were based on 'H NMR chemlcal shlft a.nd
mtegratlon data (Dr. B.D. Lavrukhm)

Reaction of toluene and benzy! trifluoroacetate in trlfluoroacetzc aczd

" 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 fractions. The first (8.8 g), b.p. 109—110°C/3 mmHg,

n§ 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. C,4H;4 calcd C, 92.3; H, 7.7%), and the
second (2.9 g), b.p. 200——210°C/3 mmHg, n¥ 1.6022, was thought to consist
of isomeric dlbenzyltoluenes (Found: C, 92. 7 H, 7.2. C;, H,0 caled.: C, 92. 65;

H, 7.35%).

Benzyl trifluoroacetate 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. GL.C analysis showed that very little if
any reaction had occurred, and no products were detected.

Sealed-tube reactions between benzylirimethylsilane and trifluoroacetic acid
(1.) Experiments in the U.S.S.R. Samples (1—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.) 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 (Na,SO,). Samples were analysed

on a 5% Carbowax 20 M column programmed from 85—200°C at 6°C/min.

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 benzyltnmethylsﬂane remained.
(iii) From one set of sealed tubes containing quantities of reactants, the gas
evolved on opening after 24 h was allowed to flow into a suitable evacuated gas- :
samplmg vessel. GLC revealed the presence of hyd.togen R

Interactzon of m-methoxybenzyltrzmethylszlane and trzfluoroacetzc aczd oL
(Expenments in the U K ) A solutlon of m-methoxybenzyltnmethylsﬂane
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in tnﬂuoroacetlc ac1d ( 1 10 molar ratlo) was sealed mto ampoules as- above e
’,The ampoules were kept {(a) at room temperatu.te (ca 20°C) for 1'h, (b) at 70°C
‘for 24 h and (c). at 70°C for 48 h. Extraction and GLC analys1s as described
under (2); above, revealed for (a) a 23 : 100 peak area ratio of m-Me006H4Me
,m~MeOCsH4CH2 S1Me3 , and for (b) and (c) only m-MeOC¢H,Me, with no un- -

’ changed m-Me0C6H40H2 SiMe; ‘and no other volatile products.’ (Hexamethyl- o
dlsﬂoxane was not sought since it came off with the n-hexane)
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