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MECHANISMS OF SOLVOLYSIS OF ORGANOSILICON COMFOUNDS. 

1. INTRODUCTION 

The reactions considered in this review may be summarised 

as-in (1): 

R'OH f R3Si-Y --, R3Si-OR' + HY (R'=H, alkyl, Y=OR, NR2, CR31 (1) 

The general characteristics of acid and base catalysed 

solvolyses of Si-OC were established several- years ago [44], 

and may be extended to Si-N and Si-C substrates: 

(i) Acid-catalysis involves prior protonation of the 



Si-Y substrate followed by attack of R'OH, and 
: 

(ii) base-catalysis involves attack of RO- (or R'OH + 

and loss of Y-. In either case a penta-coordinate inter- 

mediate may be involved. In acid catalysis a small excess 

of positive charge on silicon is likely in the transition 

state, while in base catalysis a rather larger negative 
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charge is expected- Furthermore, with acid catalysis the 

ease of protonation of the Si-Y will be of great importance, 

while with base catalysis the leaving ability of Y will be 
'_ 

very important. 

In the following chapters it is shown how these simple 

ideas may be refined and quantified to provide a more 

definite picture of the solvolyses. 

In the analysis of substituent effects on rates, 

use is made of the Hammett equation (2): 

lg k = lg k. + p-a (2) 

In such an analysis, the type of u-constants used in the 

correlation, and the sign and magnitude of the p-value are 

of mechanistic significance. It has been shown that 

co-constants are to be preferred to u-constants in Hammett 

correlations involving substituted phenyl grouns attached 

to silicon [84, 1031. The applicability of the co-constants 

demonstrates that there is no additional dr-p, bonding 

between the silicon atom and the aryl group in the 

transition state, and that only the inductive effect of the 

aryl group is kinetically significant. 

For carbon compounds most p-values fall between -I-and 

+4 for reactions in solution, but may be more negative for 
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electrophilic aromatic substitution 11111. Reaction : 

mechanisms for crganosilicon compounds may be written in 

analogy with well-established mechanisms for carbon compounds 

only if it can be shown that p-values are on the same scale 

for the two classes of compounds. Examination of the 

literature reveals that p-values reported for rates of 

organosilicon compounds fall in the same range as for carbon 

compounds Cl121 (Tables 2, 3, 7, 8, 11, 12). However, 

organosilicon reactions analogous to those defining the 

extreme.o-values for carbon compounds involving formal 

charges on the reaction centre are not known. Independent 

evidence is not available that the silicon atom will 

tolerate positive or negative charges in the transition 

state to the same extent as C, 0, or N atoms. The 

possibility cannot be ruled out that further experimental 

work will result in a broadening of the p-scale for 

organosilicon relative to carbon compounds. In the absence 

of such results, however, it is assumed that organosilicon 

reaction centres furnish p-values on the scale known in 

organic chemistry, and the reaction constants are regarded 

as measures of charge development at silicon in the 

transition state [64, 1231. 

As a second-row element, silicon has available 

3d-orbitals which may be used for bonding, extending the 

covalency to five or six. Stable penta- and hexa-coordinate 

organosilicon species are known 144, 92, 1121, and 

3d-bonding has been used to rationalise results for both 

ground state and excited state silicon for a wide variety 

of data. 
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Hexa-coordinate silicon complexes represent the maximum 

coordination number for silicon. Although such complexes 

have been proposed in solvent induced racemisation of 

chlorosilanes L403, reaction mechanisms for solvolysis 

reactions are generally thought to involve no complexes 

higher than penta-coordinate. 

Reaction mechanisms may be written involving expanded 

octet intermediates and classified according to Sommer C1121: 

SNi-Si. This mechanism involves simultaneous nucleophilic 

attack at Si and electrophilic attack at Y resulting in 

a cyclic transition state and is commonly assumed for 

reactions leading to retention of configuration: 

SN2-Si. This is similar to the SN2 mechanism of organic 

chemistry and involves simultaneous bond-formation and 

-breakage, and inversion of configuration: 

*__,&___y 2 

Retention could, however, also result from equatorial attack 

in this mechanism 1441. 

SN2*-Si. The formation of a penta-coordinate complex in a 

fast step is involved, and this mechanism gives rise to 

the highest possible py values. For base catalysed reactions 

psi values greater than zero result: 

&&__y 

I 
3 
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Sn2*fSi. This mechanism involves rate-determining formation 

of a penta-coordinate complex. Minimum values of pv are 

obtained, i-e. for base catalysed reactions pY. > 0 only as 

a result of inductive transfer of negative charge from the 

silicon atom, and in acid catalysed reactions pY c 0 and 

attains its minimum value due to a formal positive charge 

on Y. 

\/ 
X---Si-Y 4 

I - 

For the mechanisms involving addition complexes, the 

stereochemical outcome may be inversion, retention or 

racemisation if Pseudo-rotations of the complexes are 

involved. 

Penta-coordinate silicon complexes have been commonly 

assumed in many discussions of the solvolysis of R2SiY. 

Such complexes have, however, never been physically 

detected as intermediates, and their existence is based on 

circumstantial evidence only. 

In this situation the addition-elimination mechanism 

must compete with the synchronous mechanism as a reasonable 

model for the solvolysis, and it is of great interest to 

investigate further the consequences of the two mechanisms 

to try to decide between them. 

The reactions studied conform to eqn. (1). In Chapters 

two to four Si-OC, Si-N and Si-C compounds are discussed. 

The literature of the last ten years up to the end of 1974 

is comprehensively reviewed, and some of the more important 

earlier studies are included. Papers dealing with the 
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mechanistic aspects of the cleavage are discussed, while 

purely synthetic work is not included. 

In Chapter five a general mechanism is proposed, based 

on a discussion of the evidence presented in Chapters two 

to four_ 

Some of the main results of studies on the solvolysis 

of R3SiY have been reviewed recently by Prince 1961. 

2. MECHANISMS OF SILICON-OXYGEN CLEAVAGE. 

The Si.-OC bond is fairly reactive in both acid and 

base catalysed solvolyses, as compared to analogous carbon 

compounds, and it is always the silicon-oxygen bond rather 

than the carbon-oxygen bond that is cleaved in this system. 

Formation of Si-OC by silylation of hydroxyl groups is a 

very general reaction with applications‘in analytical 

chemistry and in organic synthesis, but the reaction 

mechanisms of Si-OC cleavages have been less well studied. 

It is shown below that the solvolyses follow SNi-Si and 

SN2-Si mechanisms, the latter not necessarily strictiy 

synchronous. 

Stereochemistry. For solvolysis reactions, the rate 

equation cannot give information about molecularity, and 

the uni- or bi-molecularity of reactions has to be decided 

by non-kinetic methods. 

Stereochemical inversion of silicon-oxygen compounds 

Is the result of the S 
N 
2-Si mechanism, according to the 

SN2-Si stereochemistry rule 1113, 1203. In the transition 
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state-for inversion reactions there is electrophilic 

assistance from the solvent R'OH:- 

Nu___&_-PR 
’ . 

H-OR' 

In-addition, electrophilic.stabilisation of the charge in 

the transition state of the inversion mechanism is favoured 

by solvents having large dielectric constants Cl193. 

In less polar solvents the mechanism changes from 

SN2-Si to SNi-Si. The SNi-Si retention mechanism may be 

written involving penta-coordinate complexes which undergo 

pseudo-rotation to permit apical exit oE OR 11171. 

'6*5 
a-Np I .‘-Si-Me + MOR' + : 

RO' 

pseudo-rot. 

(31 
Me RO---y 

; kk>bR' 

a-Np 

c-Np ’ /&6H5 M = Li, Na 

It is, however, not necessary to include M in the transition 

state, and the retention may be explained by a non-cyclic 

sN2*= Si mechanism involving rate determining formation of 

a penta-coordinate complex which subsequently undergoes 

pseudo-rotation. 

A general procedure for rationalising inversion or 

retention of configuration in reactions involving pseudo- 

-rotating bipyramidal complexes has been described [82]. 

Activation parameters.. The most significant results of the 

studies concerning-the effect of temperature on rates are 
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the highly negative activation entropies in both acidic, 

basic; and-neutral solutions (Table 5). These values seem 

to be inconsistent with a unimolecular mechanism and are 

also more negative than entropies usually found for 

bimolecular substitution reactions of organic compounds [102]t 

The order of reaction with respect to solvent 

molecules is quite similar for organosilicon and analogous 

organic reactions, and it seems likely that specific factors 

operate for silicon (in Si-OC) to give the highly negative 

activation entropies [33]. The presence of two electro- 

negative atoms close to the silicon atom in the transition 

state favours octet expansion, and the silicon atom may 

extend its covalency by forming new cr- and d,-p, bonds. 

The transition state for silicon is thus more complex than 

for carbon, and this may be an explanation of the low 

activation entropies. However, the results for Si-N and 

Si-C show that the low activation entropies are not general 

for silicon (see below). 

Solvent effects. The faster rates of cleavage of phenoxy- 

silanes in dioxan/water than in ethanol/water [Z, 591 or 

isopropanol/water C33] probably result from poorer solvation 

of the initial state in dioxan/water. These results conform 

to the electrostatic model of solvent effects 1601. 

Acid catalysed reactions. The acid catalysed solvolyses 

conform to the general scheme (4): 

-i- 
R3Si-OR' + BH + R3Si-OHR' i- B- (4a) 

+ 
R3Si-OHR' -, products (4b)- 
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.; :&tom,, &-Id 

., 

.;, -.. iustronqly acidic-solution this protoi..+an,b& 
_._ .I. : 
.- observe~db*AMR C&3]. I --.:. . . -;-__ _ .; .. _,_ ._._ : 
r., ': 
-. 

. . ' -l?&ztroti,donatinq groups increase thg.rates &f-the - 
._-.- 

ai=id tiatalysed -reactions,‘ whether they-are attached.to the 
. . 

leaving group or to the.&ilicon atom (Tables.2 and_ 3); 

For those. reactions which are sh&nto be catalysed by- 

acid, -series 6, 8, and 9 in Table 2, small negative p-values 

are calculated for substrates having ,substituents in the 

.aryl group attached to silicon, indicating that the silicon 

atom is slightly more positive in the transition state 

than in the reactant state.. This qives support to a bi- 

molecular mechanism rather than a dissociative one. In 

further support of a bimolecular mechanism it was found 

that cr" constants qave significantly better correlation 

coefficients than (J t (and a) constants in the Hammett 

equation 11231. It was argued by Vencl Cl231 that cr+ 

constants ought to be used for reactions involving sili- 

conium ions 5 due to the similarity with the carbonium ion 

intermediate 1 for the S,l hydrolysis of carbinyl chlorides, 

defining the s+ scale. 

6 8 
XC6H4SiMe2 XC6H4CMe2 

6 
-. 

.Much.-of the classical work don&to establish the S,l 

mechanism inorganic chemistry has been parallelled for 

or,qanosilicon substrates C40 I.‘. Several .work&Chave -_- 1’ 

: sought to collect evid&c& .&.f&v&zr of the si_li&oniun.ion 
.._. 

., _. 
lhyp.oth.esis in d.ynamic- systems. 

: 
:Ho,~gv&f, the results. 0-f - 
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_. .. -. :. i .:.__ 
:::: ._, .__ 

:‘-,t.~reoc~~~-~.?F. c 2g, ,:_ &&& &-& ,_ i ii8 ] , and:.p;;ikc;C;;:, & j:.._ 

.. : : 

--'studies _; 
. : .: .- 

and of- spect&cb~ic~experi&nts [88;- 951, have- A_'.: --. -I 
. . 

all failed-to domonstrafe-the- existence of--the siliconi&' .- ;r 

-ion ..in. solution.' It-has been possible,.however, to generite : : 

siliconium ions in the gas phase and-to study their 

reactions' in the mass spectrometer C87, 1171. 

-'Few studies have been made on the kinetic effect of 

substituents in the leaving group (see Table 3). Electron 

donating substituents increase the basicity of the leaving 

group [42, 75, 811, and stabilise the protonated inter-' 

mediates S an-d 2 1941. 

R3Si-;fR 
i- 

A 

R3Si-OCOR 

;I 

The transition state for the slow step of the solvolysis 

will have a somewhat similar charge distribution, and for a 

given reaction series negative p-values are calculated 

(in dilute acid) Cl, 2, 221. Comparing different leaving 

groups, it is expected that the rates increase with the 
.: 

basicity of the leaving group so that the most basic 

substrates react fastest. This is observed: the benzyloxy- 

silanes 10 react much faster than the phenoxysilanes 11 - - 

under comparable conditions 12, 221 (Table 3) _ 

(XC6H4)Me2Si-0CH2C6H4X' (XC6H4) Me2S i-OC6H4X' 



-CH:, group I.891 (note; howeveT, that factors reported-in 

the literature are all based on positive p-values) itis 

seen that more positive charge is localised on the oxygen 

of 10 than of 11 in the transition state, while there is - - 

a similar excess of positive charge on silicon in the two 

transition states. This suggests a more reactant-like 

transition state for 10 than for 11. - - 

It has been stated that acyloxysilanes generally react 

faster than alkoxysilanes 111, 1121. This may be true for 

the base catalysed and spontaneous reactions, but no 

studies have been reported which would permit this generali- 

sation to include acid catalysed reactions. According to 

the present hypothesis that the rates increase with the 

basicity of the leaving group, one would expect the acyloxy- 

silanes to react more slowly than the benzyloxysilanes and 

phenoxysilanes in the range of acid concentration where the 

reactions are acid catalysed. 

Increasing size of the alkyl groups attached to the 

silicon atom decreases the rates (Table 4). This is 

opposite from that expected on the basis of the polar effects 

discu&ed above, and may be reasonably associated with 

steric hindrance to the nucleophilic attack of R'OH at 

the silicon atom. The steric effects observed on replacing 

methyl groups with bulkier alkyl g<oupS are in general 

agreement with the effects observed in nucleophilic 

displacements on carbon 1571. 

In the hydrolysis of Bu3SiOPh 

molecules of water are involved in 

one may act as nucleophile and the 

in aqueous dioxan two 

the transition state, 

other as base C33]. 



H 0---+,Ph 
2 

$ 

H2i) 

In this reaction, the proton is transferred in the rate 

-12 - 
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determining step, and the abnormally small isotope effects 

may be caused by D20 being a weaker nucleophile and base 

than Ii20 C331. However, the use of kH/kD as an index of 

degree of proton transfer in the transition state has been 

criticised 1561, and this criterion must be used with caution. 

Base catalysed reactions. The catalytic added base may 

function as a classical base or as a nucleophile. The 

methanolysis of triarylphenoxysilane is general base 

catalysed, nucleophilic catalysis being excluded 11071. 

For hydrolysis of trialkylphenoxysilanes nucleophilic as 

well as general base catalysis is operating, giving rise to 

a Brensted f3 coefficient > 1 1591. The ethanolysis of 

aryldimethylphenoxysilane is general base catalysed, but 

nucleophilic catalysis cannot be excluded 1203. One mole 

of the base is present per mole of the activated complex, 

and for general base catalysis the proton transfer is 

part of the rate determining process. The value of the 

Br0nsted 6 coefficient =: .0.7 in the methanolysis may 

indicate that the proton is close to the catalysing base 

in the activated complex [107]. 

Catalysis by KOAc in the hydrolysis of trialkylsilyl- 

acetates is more effective at low than at high water 

concentrations in the water/dioxan medium; and this is said. 



152 

to.be due to the increased base strength of the medium at 

higher water concentrations, water molecules acting more 

efficiently as the base B in the transition state 13 1971: 

H \/ 
$0 --Si--0Ac 13 

I - 
I 
s 

._ 

However, a simpler explanation is that the rate determining 

step involves HO- + SiOAc. Then HO- is more active at 

higher dioxan concentrations because of poorer solvation of 

the ion. 

The change from second order dependence on base at low 

base concentration to first order at higher concentration in 

the hydrolysis of aryloxysilanes +n acetonitrile/water is 

said to indicate a step-wise nature of this reaction ElZll. 

HO- + Ph3SiOAr = Ph3 SiOAr(OH) * p.roducts (5) 

However, reexamination of the reaction has shown it to be 

first order in alkali over a wider range of concentrations 

as used originally, and the new results are therefore 

evidence against the step-wise mechanism [47]. 

The acid-base catalysed 

may be explained by assuming 

methanolysis of aryloxysilanes 

a SN2-Si mechanism [121]: 

.B 

CH3 
H' 

\ 
9 

J-I' 

__+__,- 
M 

'Ar 

B'- 

14 

The small p-value measured for substituted phenyl groups -_ 

attached to silicon indicates that there is a similar degree 
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of bond-formatdon and '-cleavage to silicon in the -transition 

state [ZO]. Generally, higher p-values are -observed-.(Table 2-J 

indicating that bond formation is the more important. 

The compounds in series 7 and 10 in Table 2 indicate 

that p-values- are .dependent on the -leaving group, and _’ 

probably also on-the strength-of the. catalysing base 1211, .. 

and p-values. for substituents both at phenyl bonded to 

silicon and in 

two series: 

Substrate 

P-value 

p-value 

A transmission 

R3SiOCH2Ar and 

accepted value 

the leav-ing group are quite different in the 

. 

Ar'Ma2SiOCH2Ar Ar'Me2SiOAr 
. . 

subst. in Ar' 1.5 0.2 

subst. in Ar 1.1 1.2 

, 
factor Z = 0.9 may be calculated for 

CHZ . : 

R9SiOAr. This is very different from the 

of 0.4.[89], and indicates differences in 
. 

polarity of the transition states for the two substrates. 

The p-values 1.5 and 0.2 suggest that the bond to the _- 

nucleophile is formed to a greater extent in R3SiOCH2Ar, 

and that the silicon atom carries a partial excess of 

negative charge. Some of this charge is inductively 

transferred to the oxygen atom resulting in a p-value 

smaller than 1.5. The calculated value is 2.8 (assuming a 

transmission factor ZCR = 0.4) .and musttherefore be 
2 

caused by considerable stretching of the Si-0 bond in the 

transition state. 

Inversion of configuration of R9SiOMe [7] is consistent 

with either SRZ-Si or two-step.mechanisms. Assuming that 

R3SiOCH2Ar and RSSiOMe react.-by the same mechanism, it seems 
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reasonable to- expect the mechanism to be SN2-Si involving a 

product-like transition state [223: 

\ f 
RO--Si------0CHpr 15 

I - 

The R2SiOAr is assumed to hydrolirse by a strictly synchronous 

mechanism. The differences may be connected with the poorer 

leaving ability of OCH$r relative to OAr. In view of the 

results presented by Humffray and Ryan 1591 for hydrolysis 

in dioxan/water (Table 31, the p-value 1.2 for substituents 

in Ar of R3SiOAr probably indicates significant stretching 

of the Si-0 bond. The high positive p-value, and the use 

of o--constants in the correlations indicate that a 

substantial negative charge is placed on the oxygen atom 

in the transition state C591. 

The reactivity increases with the stabilisation of 

negative charge in the leaving group! silyl-acetates and 

-phenoxides reacting faster than the benzyloxysilanes. 

In the base catalysed alcoholysis of Ph3SiOCOR, eqn. (6) 

is followed over a range of pKa (in water) of approximately 

five units (lg k of about three units), with a = 0.7 ClOS]. 

lg k = a lg ~~ + c 

A correlation covering a much wider range of different 

leaving groups is obtained from the close similarities in 

.the magnitudes of py and rAr values: 

OCOCHS 1.2 -1.37 

OAr 1.7 -1.71 

OCH2Ar 2.8 -3.31 
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The values rAr 7 lg k - lg ko are defined for different 

leaving groups in aromatic nucleophilic substitution 

reactions [89], and'are formally similar to a-values. 

These values express the capacity of the leaving group to 

stabilise negative charge in this type of reaction, and .. 

the analogy suggests that the two-step mechanism is a 

possible model for Si-OC substrates. 

The rate decreases observed on substituting bulkier 

alkyl groups for methyl attached to silicon are much too 

great to be caused by polar effects alone, and steric 

effects must be involved (Table 4). 

The much higher p-values in dioxan/water 1591 than in 

ethanol/water 121 and ethanol [20] may be the result of 

less charge dispersal by hydrogen bonding in the less 

protic solvent, placing more charge on the oxygen atom. 

From rate studies in mixed MeOH-MeOD solvent it is 

concluded that the catalytic methoxide ion is solvated 

by two molecules of methanol C83]: 

Me 
\ 
p--&L--0Ar 

MeOH ,H' 
I 

' c HOMe 0 

Me/ 

16 - 

The reaction is concerted, exhibiting simultaneous acid-base 

catalysis C1211, and 

philic assistance to 

well: 

MeOH 

the methanol molecule giving electro- 

the leaving group will be solvated as 

Me \/ H0 
LO-- 

/h' 
Ti--O&S 

Bfsolv.)- 



This solvatiqn wi.11 be more important for an advanced- 

degree of proton transfer from the.methanoZ.to.the : . 

leaving group, because of.the negative charge developing. 

in the methanol-molecule. 

Reactions in neutral solvents show p-values.of 

similar sign and magnitude,as the base catalysed reactions 

(Tables 2 and 3). The spontaneous rate constant for 

cleavage of:phenoxysilanes in aqueous dioxan increases as 

the substituents become more electron-withdrawing[59]. 

The neutral reactions are therefore probably in fact base 

catalysed, while 

of OH- generated 

3, MECHANISMS 

Compounds 

application in 

derivatives of 

the spontaneous reactions involve attack 

by.autoprotolysis of water. 

OF SILICON-NITROGEN CLEAVAGE. 

containing the Si-N bond'have found &de 

analytical organic chemistry. Silyl 

amines, amino acids, amides and ureas have 

been used extensively for the gas chromatographic analysis 

of these compounds [69,92]. 

The Si-N bond is readily cleaved by various reagents, 

i-e. water, alcoh@s, .phenols, carboxylic acids, mineral 

acids, and mercaptans [11,70]. 

The few studies concerning the-mechanisms of the 

cleavage have centred on the hydrolysis and alcoholysis 

of silylamines. This cleavage is catalysed by both acid 

and base, acid catalysis being the-more efficient with 

basic substrates. Both kinetic and non-kinetic methods 
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of studying mechanisms.have been employed and the results 

are reviewed below: 

Kinetic data of silylamides‘are difficult to interpret 

because of the possibility of amide-imidate tautomerism 

169,1301 r and mechanistic studies of their solvolysis have. 

not yet been reported. 

Acid catalysed reactions. The observed stereochemical 

inversion of silicon-nitrogen compounds (Table 6) is 

consistent with one-step mechanisms, or two-step mechanisms 

involving penta-covalent silicon intermediates, as in eqn. (7): 

R3Si*NR'2 -I- Y e R SiNR' 
3 2y 

+ R3Si*Y f NR12 (7) 

It should be mentioned that whereas inversion always 

results from a bimolecular mechanism at carbon, bimolecular 

substitution at silicon may give inversion or retention. 

This is usually ascribed to the different availability of 

the d-orbitals for .the elements carbon and silicon 1521. 

The observation of specific acid catalysis is explained 

by assuming the protonation equilibrium in the general 

scheme (8) to be over to the left and to be rapidly_. 

established, compared to the rate determining step (8b):. 

R3Si-NR'2 -I- BH e R3Si-NH+Rs2 f B- (8a) 

R3Si-NH+Rn2 + products (8b) 

The cleavage of silylanilines was found to correspond to 

this scheme [9]. 

The p-values of -1 for substituents in the,aryl group 



._ -. ;;l 15*“-:..--‘: :_. -.... -,--. ..; _. .y :j__ ‘. : .’ __ ~ .Y. : .(._.’ :_ ._: ..- 
. . _ : ; .-. :. 

.L_. (Table 7) ._indi&t.e .&l&t&n-deficient ~silicon~ in.: the' ..- '--. ..: -IS ._ 

_..:Ltrsin_sition state. .'~ 

. . The re~a&Lon is fac.il&tated by 'electron-donating . 

substituents in the_.nitrogen-containing group as a result 

of positive charge on the nitrogen atoro. The low p-value 

of -2-S (Table 8) indicates that the Si-N bond-has been 

stretched to only a small extent in the 'rate determining 

step qivinq rise to a reactant-like transition state, as 

in 18: -. 

+ 
RO--&NR 
.I% Ik2 

18 - 

In this structure some of the positive charge on nitrogen 

will be inductively transferred to the silicon atom. 

Given the transition state 18' it may be deduced that the - 

substituents exert their polar effects mainly on the 

protonation step (8a) in the mechanism above. For silyl- 

anilines p-values of about -4.5 and +2 for (8a) and (8b) 

respectively are -suggested f91. As a corrolary to this it 

is found that the most basic substrates react fastest [21,23]. 

Bulky groups at silicon slow down the rate and this is 

attributed to steric hindrance of nucleophilic attack at 

silicon [9]. Replacement of a hydrogen atom on nitrogen 

by an alkyl group increases the steric hindrance due to 

interaction between the groups on silicon and nitrogen as 

the bonds are rehybridised in the transition state [9]. 

-P R\P 
RO--Si--N. 
kti*~ k 

Since the Si-N bond is. only 

19 - 

slightly stretched it- is 
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con&~&& tkit.th&e steiic. effects &n.have a considerable 
. 

magnitude... '.- 

The calcuiated activation energies and entrbpies 

consist.of,sums of terms correspondinq .to step (8a)‘and (Bb), 

e-q. for the activationenthalpy: ’ 

AH* = AH (8a). + AH* (8b) (9) 

If it is assumed first that the magnitude of AH (%a) is much 

greater than AH* (8b), the higher activation enthalpy for 

the silylpyrroles may be explained by loss of aromatic 

character on protonation of the pyrrolic nitrogen (the 

resonance energy for pyrrole is 21 kcal/mole) [1281. 

If on the other hand (8b) determines the activation enthalpy 

it is step (10) which%urst be discussed: 

R3Si-NHR2+ + ROH + RO-&&HR2+ 

A 
I 

I 

(10) 

Of the reactants, the protonated silylpyrrole has the highest 

energy (again as a result of loss of aromatic character), 

and since it is difficult to see why the corresponding 

transition state should be destablished relative to the 

transition state for the alcoholysis of the silylanilines, 

the lowest activation enthalpy is expected for the silyl- 

pyrroles. Since the opposite is found it is concluded that 

the protonation step'.(8a) determines the activation enthalpies, 

The activation entropy is only dependent on the 

partition functions and therefore on changes in-number and 

kind of degrees of freedom, on oonverting the reactants to 

the transition:state. For silylpyrroles'and &_lylanilines 
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reacting-in the gas-phase small d-ifferences in degrees of 

freedcm are expected. In solutions, the lower activation 

entropy for the silylanilines may be best explained by 

better solvation around the more-basic aniline nitrogen atom 

causing an increased orientation of solvent molecules. 

The difference in activation entropies of about 50 e.u. 

indicates that solvent effects are very.important. 

The positive salt effect found in the methanolysis of 

silylanilines indicates a transition state more polar than 

the species which preceded it 1601. This points to a 

transition state 20 in which the Si-N bond is only slightly - 

broken, and where as a result of the nucleophilic attack, 

the alcohol molecule has become more polar: 

6-L, f 
R? --Si--NHR2 20 

s+ir ’ 
- 

This conclusion regarding the Si-N bond in the transition 

state is essentially the same as was reached by applying 

the Hamrnett equation to substituents in the leaving group. 

For solvent isotope effects in water, kH/kD-values 

greater than one indicate either rate determining proton 

transfer, or a bimolecular mechanism involving deuterium 

exchange in a pre-rate determining step ClO91. In one 

study of methanolysis of silylanilines, the k /k -value of 
.H D 

1.3 [9] is in the normal range for hydrolysis.of various 

organic substrates C781. 

Spontaneous reactions. The spontaneous solvolysis involving 

neutral solvent molecules show characteristics resembling 
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those for the acid-catalysed reactions. Polar e'ffects of 

substituents, and activation..parameters;, are.-of. similar sign 

and magnitude for the two types of reaction [9-,231.. The 

kinetic scheme (8) applies to solvolysis of.silylanilines 

in ethanol containing sodium acetate, demonstrating the - 

importance of the protonation step. The spontaneous 

reaction involves the two-step sequence (11) 1233:. 

- 

R3S_i-NR2 f ROH t_ R3Si-NHR2 + + RO- (1l.a) 

RjSi-NHRZf i- RO- + R3Si-OR + NHR2 (lib) 

Base catalysed reactions. The kinetic analysis follows the 

general scheme (12). Since the solvolyses are experimentally 

found to be first-order in added base B, two possibilities 

exist 1131:. 

1. (12a) is fast, corresponding to specific base 

catalysis. 

2, (12a) is slow, corresponding to general base catalysis, 

in which case either kl CC k_l or kl =_k_l.. 

kl \I 
R3Si-N + ROH + B c &O--Si--N + HB 

k_l I 
(12a) .' 

\/ 
RO--Si--N 

I 
products (12b) 

General base catalysis was observed in one case [21], but 
. 

other studies designed to decide between general and 

specific catalysis have not yet been carried out. 

Scheme (12) also includes nucleophilic in addition to. 

base catalysis, and at present it is difficult to pre&t 
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the type of-catalysis in specific cases, 

Electron-attracting substituents in the aryl group . . ..- 

attached to silicon increase the rates. This indicates f. 

that the silicon atom is electron-rich in the transition 

state, and the high p-values (1.7-2.6) to be the result 

of s-bond interaction between the silicon 3d-orbitals and 

the nucleophile 121]. Thus in the transition state the 

Si-0 bond is formed to a greater extent than the Si-N bond 

is broken, and two-step mechanisms cannot be excluded [5,21]: 

R’OH + B + R3SiNR’R’ ’ _ R’O.?iR3NR’R” + BH+ (13a) 

R’OSiR3NR’R’ ’ + BH+ + RIOSiR + NHR’R’ ’ 

In mechanism (13) the silicon atom is becoming electron-rich 

+B (13.b) 

in the transition state, and some of this charge will be 

inductively transferred to the nitrogen atom, giving rise 

to positive p-values. In general, which of the steps (13a) 

or (13b) is rate determining depends on the relative leaving 

group abilities of -NR'R" and OR-, and for the poor leaving 

group RHPh- the breakdo-wn of the complex probably is rate 

determining. The basicity of pyrrole is comparable to the 

basicity of ROH, and for the silylpyrroles the transition 

state will be closer to the penta-coordinated silicon inter- 

mediate whose formation or breakdown is rate determining. 

The p-values 2.6 for silylpyrroles and 1.7 for silyl- 

anilines are consistent with this (Table 7). 

The alternative SN2-Si mechanism implies a product- 

-like transition state, and is the preferred mechanism, 

(see Chapter 5). 
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.Reaction constants are in the range 1.4-1.6 for 

substituents in-the nitrogen-containing part of the 

molecule [S,lO]. This suggests that negative charge 

develops at the nitrogen atom in the transition state, and 

for groups that can withdraw electrons by a conjugative 

effect, c-- constants are needed t51. The small charge on 

nitrogen (relative to the charge on carbon in Si-C 

cleavages [lo]) is a result of electrophilic attack by the 

solvent on the nitrogen atom in the transition state 21a 

[5,10]: 

X--SiR --NR ’ 3 I2 
(X = RO--HB, RO, or B) (B = general base) 

21a 

The basicity of the leaving group determines the relative 

rate,and silylpyrroles react much faster than silylanilines 

[21,231, in accord with the general rule that weak bases 

are good leaving groups. 

The marked steric hindrance on replacing methyl by 

bulkier alkyl groups linked to silicon in the base catalysed 

cleavage of trialkylsilylanilines [S,lO] is taken as 

evidence fbr a transition state 21 involving interactions - 

between the nucleophile and the silicon atom 151. 

The much faster rates of cleavage of silylanilines in 

DMSO/aq.KOH than in MeOH/aq.KOH is attributed to the 

increased reactivity of the base anions, and also to reduced 

steric interaction as a result of reduced importance of 

synchronous proton transfer to the nitrogen atom [lo]. 

Bimolecular reactions between anions and uncharged species 
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,~ ark--generally faster in aproticjprotic than in proticlprotic 

-solvent mixtures, and this._is ascribed to the .less m. _ .:I 

-efficient solvation of rea&ant anions in the former t9O.I: 

The electrophilic attack by solvent onthe ni-trogen 

atom in the transition-state may be a.factor in determining 

the relative activation enthalpies for silylpyrroles and . 

silylanilines. Proton transfer will be more complete 

towards the less basic pyrrole nitrogen, since the 

transition state represents an energy maximum on the 

reaction pathway E79]_ By the same argument, the Si-N bond 

In the silylPyrrole will be stronger than the Si-Ncaniline) 

bond. The least basic substrate will therefore involve 

less negative charge on nitrogen in the transition state, 

and consequently have the lowest activation enthalpy, 

X--SiR --yC4H4 
3 

RO;. 

X--SiR ---NRPh 
3 I 

ROH 

21b 

4. MECHANISMS OF SILICON-CARBON 

-. 

. :. .- 

. . . 
21c 

CLEAVAGE_ 

Several rev+ews.have_appeared on the chemistry of 

the silicon-carbon bond [11,12,32,36,37,46,80], and in 

this Chapter the emphasis is on recent developmentsl 

This bond is relatively resistant towards heterolytic 

cleavage, requiring.in most instances vigorous conditions 
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for.reaction to occur. :The' Si+C(alkyl).-and Si-C(&ryl) 

bonds are cleaved.by strong nucleophiles, the reactivity ... 

increasing with the stabilisatidn of negative charge .in 

the leaving group C24,25,45].. Strong acids and other 

electrophiles cleave the silicon-alkyl bond. Silicon-aryl 

bonds are readily cleaved by-electrophiles, and the 

splitting of R3Si groups from aryl substrates constitutes 

a convenient way of studying electrophilic aromatic 

substitution [45,80,861. 

Mechanistic studies.have been reported on the acid 

catalysed solvolysis of Si-alkyl compounds 138,43,122,1231, 

and in particular on the alkaline solvolysis of these 

compounds [24,34,45,49,100,119]. More recently, kinetic 

studies of base catalysed solvolysis of Si-aryl bonds have 

been performed [6,8,16,24,25,26,41,65,661. 

Acid catalysed reactions. The stereospecific anti- 

-elimination of Me3SiBr in the so1vo1ysi.s of (erythro-1,2- 

-dibromopropyl)trimethylsilane rules out siliconium ion 

mechanisms [I121 and four-centre mechanisms 1123, and. 

suggests an-E2 mechanism or mechanisms involving carbonium 

ions 128,621. 

lg (k/k01 = my (14) 

The E2 mechanism is, however, not in accord with the larqe 

charge separation in the transition state (reflected in 

the m-values close to one in the Grunwald-Winstein 

equation 14 [112,1221), and a mechanism involving the 



slow formation of a silicon-bridged ion 22 is proposed: - 

slow 

I 
Br 

22 - 

This mechanism is supported by more recent results by 

Eaborn and co-workers who obtained evidence for the 

migration of the trimethylsilyl group in solvolysis of 

Me3SiCH2CD2Br to give Me3SiCD2CH2Br along with elimination 

products 1383, and by the small p-values [122,1231 (Table 11). 

A parallel reaction path, involving the classical carbonium 

ion has to be admitted, however, in order to explain the 

presence of a small amount of syn-elimination C621. 

It is also suggested-that the very rapid acid catalysed 

cleavage of allyl-silicon bonds is associated with 

formation of a non-classical ion 23 1381: - 

SiR3 

+H-CH3 23 - 

Rho-values in the range -4 to -5 are found for reactions 

involving carbonium ions; and for the classical carbonium 

ions corresponding to 22 and 23 the =Si-CHR- group would - - 

lower this to -0.8 to -l_ The p-values observed for 

2-chloro- and 2-hydroxy-alkylarylsilanes are much lower 

[122,123], and suggest interactions between the silicon 

atom and the carbonium ion centre, in support of the 

cyclic-transition states 22 and 23. - - 

The stereospecificity decreases with increasing Y-values 
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of the.solvent as a result of increased.stability of the 

classical carbonium ion in the parallel reaction path L-621. 

Substitution of deuterium adjacent to silicon has 

virtually no effect on the rate of solvolysis of 2-halogeno- 

alkylsilanes and indicates that little Si-C bond breaking 

has occurred at the transition state [63]. Deuterium at 

the carbon atom carrying the halogen atom produces an 

isotope effect k,/k, = 1.10, and this is consistent with 

cleavage of the carbon-halogen bond in the rate determining 

step C631. 

The reaction mechanisms of 2-halogenoalkylsilanes have 

been extended to 2-hydroxyalkylsilanes [63,123]. 

Base catalysed reactions. The Si-C(alky1) bond is cleaved 

in base catalysed solvolyses if electron attracting groups 

or atoms are attached to the carbon atom, i.e. for the 

following types of compounds: Si-alkynyl [48,49,51,72,119], 

Si-ally1 [lOO,lOl], Si-C-Ar [4,14,15,24], Si-C-ha1 [34,351, 

and acylsilanes and 8-silylketones [18,71]. The cleavages 

of Si-alkynyl and Si-benzyl bonds have been reviewed C45]. 

The cleavage of (XC6H4)3SiCsCPh is associated with a 

substantial excess of negative charge on the silicon atom 

in the transition state, which indicates that the bond to 

the nucleophile is formed to a large extent C491. 

The effect on rate of substituents in the cleaved group 

indicates that the Si-C(alkyny1) bond is stretched in the 

transition state, placing a negative charge on the carbon 

atom [49]. The very marked increase in rate as n increases 

in the cleavage of Et3Si(CaCInR points to a significant. 



168 

amount.of bond breaking in the transition state [Sl]. 

These results, and also the observed inversion of configu- 

ration El191 are in accord with either the-SN2-Si or the 

SN2*-Si mechanisms: 

HO- i- R3SiCaCR' + [HO---SiR3A--CsCR']- + HOSiR + -C=CR' (16) 

fast 
HO- + R3SiC=CR' + [HOSiR3CzCR']- (17)- 

slow 
[HOSiR3C=CR’l- -B [HO-SiR3---C&R']- + HOSiR + -C=CR'(18) 

Bulky alkyd groups R in R3SiC=CPh slow 

because of steric hindrance to solvation of 

mediate carbanion L493. In addition to the 

effect of the triple bond, solvation of the 

partly responsible for the relatively small 

down the rates 

the inter- 

insuiating 

anion is also 

p-values 1491. 

In the cleavage of R3SiCH2CH=CHPh in strongly basic 

media one mole of base is present in the transition state 

ClOl]: 

R-O- + R3SiCH2CH=CHPh + [R'O--R3Si--CH2CH=Ph]- -, 

R3SiOR' + -CH2CH=CHPh (19) 

The faster cleavages in more aqueous MeOH/H20 solvent 

mixtures are the result of the equilibrium (20) being 

displaced to the left, increasing -the concentration of 

the better nucleophiIe OH- ClOll: 

ROH + OH- + RO- + H20 (20) 

values of y in the relation (21) indicate that 3-6 
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molecules of water are involved in the:formation of. the 

transition state-[loo]. 

19 ks = y-lg cw (cw = cont. of free water [1293) (21) 

The value of k 
H20'kD20 

of 0.5 indicates electrophilic 

assistance from the solvent to the leaving group synchronous 

with the Si-C bond-breaking 1100,1011. 

The polar effects in the sofvolytic 

silicon-benzyl bond demonstrate that in 

a fairly large excess of negative charge 

cleavage of the 

this reaction 

is distributed 

over both the silicon and carbon atoms in the transition 

state 114,241 (Tables 11 and 12). 

For the compound 24 the strain is reduced in a - 

transition state in which the SZ.-benzyl bond is breaking, 

resulting in a very great increase in reactivity compared 

with benzyltrimethylsilane [SO]. 

m SiMe2 

A free carbanion is, however, 

on solvent isotope effects it 

24 - 

not formed; from recent work 

is concluded that proton 

transfer from the solvent to the carbon atom of the breaking 

Si-CH2Ar bond takes place at the transition state [41. 

(MeO)Me3Si---yH2C6H4X 

I 

iI--OMe 

25 - 

The cleavage of a-halo-substituted alkyl groups from 

silicon dispiays general base and nucleophilic catalysis 
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E34,351_ The cleavages depend on 

of negative charge in the leaving 

rate increases for Me3SiCHX2, X = 

the degree of stabilisation 

group, and the great 

Cl < Br < I suggest a 

significant amount of Si-C bond weakening in the transition 

state 1347. 

RO- f Me8SiCHX2 
ROH,NH3 

> [ RO--H--NH2--SiMe.j--CHX2]- or 

RO---SiMe~--CHX2 

[: I 

B = NH3 or RO- (22) 

IL 

The chemistry of organosilicon ketones has been 

reviewed [18,711. For the base catalysed solvolysis of 

acylsilanes a mechanism involving penta-coordinate silicon 

intermediates has been proposed C181. 

ROH 
RO- + R3SiCOR B [RO--SiR3--COR]- 

rearrangement or 
> products (23) 

displacement 

A comparison of relative rates of cleavage of the 

Si-C(alky1) bond by base is given in Table 15, and it is 

seen that the rates increase with the anion stability;as 

measured by the pKa of the conjugate acid. In DMSO/H20 the 

relative rates can be accounted for in terms of carbanion 

Stability alone (a = 1 in eqn. 6), while in MeOH/H20 there 

is less carbanionic character in the transition state. 

For the Si-C(alkyl) base catalysed cleavages the most 

reasonable mechanism is E&2*-Si involving rate determining 

-breakdown of a penta-coordinate silicon intermediate. 
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Referring to Table 11 it is seen that this mechanism is 

characterised by nSi-values N 2. Substituents in the 

cleaved group give rise to maximum p-values (see Introduction) 

and a value of 4.9 is found for the cleavage of benzyl- 

silanes in MeOH/H20 1141. In this connection it is 

interesting to note that a p-value of 5 has been measured 

(in TH?Z) for reactions involving the benzyl carbanion [llO]. 

Cleavage of the Si-Cfalkyl) bond in R3SiR' is 

associated with rate ratios k,,/k,, (R = Me, Et) of 

300-1000 (Table 131, presumably because of steric hindrance 

to attack by tine nucleophile at the silicon atom. Steric 

hindrance to solvation of the separating carbanion C49] 

probably does not play an important role, since the rate 

ratios are relatively constant for different leaving groups. 

The very similar p-values in the benzofuryl- 

benzyl-silicon compounds (Table 11) indicate that 

silicon atom carries a similar excess of negative 

the transition states in the two reaction series_ 

and 

the 

charge in 

The 

activation parameters are also quite similar (Table 14) 

and it is concluded that the nature of the transition state 

is similar in the two systems [24]. 

Rho-values measured for substituents in the cleaved 

group of Si-C(aryl) compounds are highly positive, as a 

result of a significant amount of Si-C bond breaking in 

the transition state [S,413. If the negative charge on 

the carbon atom can be reduced by the presence of 

electronegative atoms in the B-position, increased rates 

of cleavage result. An example of this is found in the 

faster cleavage of trimethylsilyl-1,3-benzodioxole 



compared with trimethylsilylveratrol and trimethylsilyl- : 
.’ 
-1,4-benzodioxan C163. Other more straightforward. 

examples are known. Thus 2-benzofuryl-silfcon bonds are 

cleaved much more readily than aryl-silicon bonds 1241, 

and 2-trimethylsilyl pyridine is cleaved even under neutral 

conditions [6]. It has been suggested that the high 

reactivity of the 2-TMS-pyridine and similar systems 

[65,661 results from the presence of a S-membered cycle 

in the transition state C63, and the highly negative 

activation entropies and relatively low activation 

enthalpies are consistent with this. 

I 
S iMe 
I 

Analogous cyclic complexes could be written for the 2-benzo- 

furyltrimethylsilane, but the relatively small absolute 

activation entropies are not in accord with this. Similar 

activation entropies are also measured for the polynuclear 

aromatic compounds 125,261 (Table 141, and it is concluded 

that the degree of electrophilic assistance from the 

solvent is relatively small. 

5. GENERAL MECHANISM. 

In this Chapter the author's conclusions regarding 

mechanisms--are presented, and a general mechanism is 

proposed. 
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Cotiparison of--silicon-oxygen. -nitrogen; and'-carbon 

cleavages'. The negative charge which_develops on- Y in 

the base catalysed cleavages of R3SiY may be stabilised 

by resonance and by hydrogen bonding to the solvent. 

It is seen from Table 16 that pY-values for OAr and NRti 

are lower than for OCH+r by a factor of 0.6 which may be 

taken to express the stabilising effect of conjugation. 

'if this factor is applied to CH2Ar a Py-value free from 

both types of stabilising effects may be calculated, 

PY = 4.9/O-6 = 8, and py -values for base catalysed solvo- 

lyses in protic solvents involving rate determining 

separation of negative leaving groups may be established 

(possibly restricted to sp3 hybridised leaving atoms): 

stabilisation of negative charge % 

1) unstabilised 8 

2) stab, by conjugation 5 

3) stab. by electrophilic assistance from solvent 3 

4) stab. by both 2) and 3) 2 

Electrophilic attack from the solvent on a separating 

carbanion will have to be on the u-bond joining Si and C, 

and will be much more difficult than electrophilic attack 

on a free electron pair of N and 0 leaving atoms, aAd 

electrophilic assistance from the solvent is ignored in 

calculating the value pY = 8 above. 

In the acid catalysed solvolyses 

leaving group determines the- relative 

following rate sequence is-obtained: 

the basicity of the 

rates and the 
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'1.. R2SiNMePh ; R3SiOCH2Ph >-R2SiOPh > R2SiNC4H4- This 

.demonstrates the overriding importance of the protonation 

step in the reaction sequence: 

In the base catalysed reactions it is evident that 

simple correlations between rates and pKa similar to those 

obtained in the R3SiOCOR reactions (eqn- 6) and for the 

Si-C(alky1) series (Table 15) cannot be extended to 

different leaving atoms, Surprisingly similar rates are 

found for R3Si-NHPh, -OPh, and -NC4H4 substrates [10,20,21], 

while R3Si-CH2P-r reacts approximately 10 
9 

times more 

slowly ClOl. 

On changing Y in R3SiY from OR through NR2 to CR3 it is 

found that the activation entropies change from highly 

negative values for R2SiOR to normal SN2 values for R3SiCR3- 

Since the reactivity of R9SiY is in most cases higher than 

for analogous carbon compounds, the highly negative 

activation entropies are coupled with very low activation 

enthalpies which also become more normal in the direction 

R3SiOR, R3SiNR2 to R2SiC 
R3- 

The transition state. The stereochemistry of the 

solvolyses of organosilicon compounds is a sensitive 

function of the medium, substrate, and nucleophile, and 

crossover from retention to inversion of configuration 

and vice versa has been observed [117,119]. This stereo- 

chemical lability'must be the result of either 

1) the existence of a family of one-step mechanisms 

having closely similar energies, 

or 2) the operation of multi-step mechanisms in which 
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different steps are rate determining d&pending on 

the reaction conditions. 

In the.keaction: R3SiY + X + products,- the one-step 

mechanism involves covalency changes of two bonds to. 

silicon; while addition-elimination mechanisms involve 

stretching of only one bond to silicon in the transition 

state. 

The transition states are: r 

X---SiR ---y 
3 

2 - 

The differential charges on Si and Y are diagnostic of 

the mechanism and can be estimated by Hammett's p-values 

for substrates carrying substituted phenyl groups 

X-SiR3----Y 

X----SiR3-Y 4 

attached to Si and 'Y. The p-values for reactions studied 

under comparable conditions are summarised in Table 16 

and are first discussed on the basis of the two-step 

mechanisms. 

In the transition state of the acid catalysed reaction 

there is a significant amount of positive charge..on Y 

when Y = NRAr and OCH2Ar. This means that the Si-Y bond 

is not stretched in the transition state which therefore 

is of type 4, and involves rate determining formation of a 

penta-coordinate complex. For a given py-value, a 

pSi 
-value 0.4 times p 

Y 
is measured at the silicon atom: 
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-t + 
RO---Si%-BRAT 

4 

ROT--SiR3-OCH$r 

H J!I r!l 

p = -1 -2.5 -0.55 -1.4 

27 - 28 - 

For-the Si-OPh compounds the py-value is -0.5 and 

this demonstrates that the bond to the leaving group is 

relatively weak. A transition state 29 involving rate - 

determining breakdown of a penta-coordinate cbmplex thus 

seems likely. 

f 
R$I-SiR3---?Ph 

H H 

lJ= -0.6 -0.5 

29 - 

The negative charge on silicon which results from this 

partial penta-covalent silicon is compensated by the 

positive charge in the alkoxy group and overall the silicon 

atom is electron-deficient in the transition state. 

The transition states 28 and 29 contain one full bond from - - 

Si to a protonated alkoxy group, and the same charge is 

found on Si in the two reaction series. However, from a 

discussion of relative stability of positive charge on 

leaving and entering groups, a transition state similar to 

28 cannot be excluded for the phenoxysilanes 1201. 

The two-step mechanism thus does not seem to provide a 

satisfactory explanation for the (few) experimental results 

available for. the acid catalysed reaction. 
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For the base catalysed solvolyses the p-values reveal 

that the leaving groups carry negative charges in the 

transition states for all reaction series (Table 16). In 

terms of the two-step mechanism the transition state 

therefore is of type 3, and involves rate determining 

breakdown of a penta-coordinate complex. 

If the FSi-values are measures of the degree of bond 

formation between Si and Y, the values in Table 16 

indicate that the Si-Y bond is strongest for Si-CH2Ar 

and weakens in the sequence (Y =) CH2Ar > NRAr > 0CH2Ar > 

OAr. As mentioned in Chapter 4, reactions involving the 

benzyl carbanion are characterised by a p-value of +5, 

and the similar value measured for the solvolysis indicate 

that the Si-CH2Ar bond is cleaved to a 'great extent in 

the transition state. If the Si-Y bond is in all cases 

nearly broken it is difficult to see why there should be 

such a great difference in the o 
Si 

-values measured for 

the Si-OAr and Si-OCH,Ar series. The data in Table 16 

thus do not seem to fit a two-step mechanism for the 

base catalysed solvolyses. 

acid 

that 

turn 

If we wish to formulate a general mechanism for both 

and base catalysed solvolysis of R3SiY, it is clear 

two step mechanisms are unsuitable. We therefore 

our attention to SN2-Si and SNi-Si mechanisms, and 

it will be seen that in fact all the available evidence 

can be understood with reference to these mechanisms. 

An acceptable SN2-model for the acid catalysed 

solvolyses is formulated by allowing the full Si-X or 

Si-Y bond in the two-step mechanism to weaken slightly, 
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and the result is that the balance between bond-forming .' 

and -breaking processes is governed by the principle: 

In the transition state of the acid catalysed 

solvolysis the strongest bond is formed between the 

silicon atom and the less acidic of the entering and 

leaving groups. 

RO----SiR3--NRAr 

A I!I 

RQ--SiR3----0Ar 

A A 

30 31 - - 

The principle applies to groups X and Y that differ 

considerably in acidity, 5ut for smaller differences 

other factors dominate, cf results for R3SiOCH2Ar. 

In the base catalysed solvolyses a mechanism which 

involves a similar Si-OR bond order for all leaving groups 

is excluded for the reasons mentioned above in the 

discussion of the two-step mechanism. From the psi-values 

the RO-Si bond becomes stronger as the basicity of Y 

increases. 

The leaving groups are of widely different basicities 

and it is reasonable to assume that this results in 

different bond orders for bonds to the hard [91] electro- 

philic SiR3 centre. The pY-values are in accord with the 

assumption that the Si-Y bond is strongest for the less 

basic leaving group. Relatively small differences in 

bond orders are involved, however, as implied in the 

discussion in the first section of this Chapter, and 

the Si-Y bond is in all cases nearly broken. The 



structure of the transition state is thus determined 

by the basicities of the leaving and entering groups: 
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In the transition state of the base catalysed 

solvolysis the strongest bond is formed between the 

silicon atom and the weakest base. 

RO--SIR3 ----CH2Ar RO----SiR3--0Ar 

32 33 - - 

The principle applies to'Si-X and Si-Y bonds in the 

reactions of a given molecule R3SiY with X, and may 

be put in general form as follows: "In the transition 

state of solvolysis of R3SiY (Y = OR, NRZ, CR31 the 

strongest bond is formed between the silicon atom and 

the weakest acid for acid catalysed reactions, and the 

weakest base in base catalysed reactions." 

As a hard electrophilic centre [91] SiR3 may be 

compared with the proton, and a rationale for the principle 

can be found. If in the base catalysed solvolysis an 

equilibrium is assume<, we may write: 

R3SiY -> -OR e R3SiOR + Y- (24) 

The next step is to transform this reaction to an acid-base 

reaction by substituting H for R3Si: 

HY + -OR + ROH -I- Y- (25) 

The transition state for reaction (25) bears the greater 

resemblance to the less stable.of the species in the 
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equilibri& [79] ,‘i..e. the strongest bond is formed to.. 

the weaker base. By transforming eqn. (25) back to 

eqn. (241 the principle given above follows. 

It is also possible to deduce the principle by 

applying the Hammond postulate C551 to eqn. (24)- The 

postulate fails, however, in the acid catalysed solvolysis. 

From the p-values in Table 16 it follows that in the 

transition state of the acid catalysed solvolysis, the 

central atom is less positive than the entering and 

leaving groups, and in the base catalysed solvolysis it 

is less negative; 

6C 66-b 6+ 6- 66- 6- 
ROH ---SiR ---yH 

3 
RO---SiR3---P 

34 - 35 - 

The failure of the Hammond postulate may be connected 

with the fact that although in the acid catalysed 

reactions, the mechanism is thought to involve nucleophilic 

attack at silicon by ROH, there is formally a flow of 

electrons away from the silicon atom in reaching the 

transition'state, 

A necessary condition for the operation of the 

SNi-Si mechanism is that the reagent contains nucleophilic 

and electrophilic sites not completely removed from each 

other; an example is BuONa in BuOH/C6H6 11173. As the 

polarity of the protic solvent increases, the concentration 

of free ion pairs increases, and the SNi-Si mechanism 

becomes less probable. The few-examples of retention 

of configuration in ROH solvent may be explained by flank 
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attack of the nucleophile at silicon in the SNZ-SL 

mechanism. . 

Studies directed at distinguishing between general 

and specific catalysis have revealed that reactions studied : 

either general base catalyse-3 

.There is thus a characteristic 

base catalysed reactions in 

part of the rate determining 

until now are of two types: 

or specific acid catalysed. 

difference between acid and 

that the proton transfer is 

step in the base catalysed solvolyses, while acid catalysis 

involves proton transfer.in a fast step preceding the 

rate determining step. There is, however, no reason to 

think that general base catalysis is universal for 

solvolysis of organosilicon compounds. Solvent isotope 

effects are in accord with general base catalysis for 

hhenoxysilanes [83,108], but for carbon leaving groups 

kH/kD 
-values less than unity are found [4,101] indicating 

other types of catalysis. 

As discussed above for Si-OC compounds, SOlVatiOn 

of the leaving group debends on its basicity. As a 

result of this the complexity of the transition state is 

greater for OR and NR2 than for CR3 leaving groups 
. 

resulting in more neqative activation entropies in the 

former cases. 

It is evident from the discussion above that at 

present only a very limited amount of detail is possible 

in the description of the transition state. One way of 

increasing our knowledge would be to study the solvent 

effects on reaction rates, and since many of the 

reactions.discussed here are catalysed by both acid and 
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base giving rise to positive and riegative transition 

states, an extensive background of .empirical information 

should be possible, against which new mechanisms would 

be tested. 

6. EXPERIMENTAL RESULTS 

SILICON-OXYGEN CLEAVAGE 

Stereochemical investiqations, (Table ;I. Inversion of 

configuration was shown to occur in the neutral,.acid- 

and base-catalysed methanolysis of R3SiOMe [7]. Both 

inversion and retention of configuration were found for 

R5SiOR' in various alcohol/benzene and alcohol/toluene 

mixtures containinq metal alkoxides [116,1171. 

Alcoholvsis of R3SiOMe results in retention, inversion or 

racemisation accordinq to the dielectric constant of the 

medium Cl191. 

Catalysis. Cleavaqe of the silicon-oxyqen bond is 

catalysed bv both acid and base [11,44], but reaction is 

slow in neutral solution [1,223_ First order general 

base catalysis [20,59,107], and specific acid catalysis 

[22] have been found. The hydrolysis and alcoholysis of 

silylacetates are first-order or slightly less in added 

potassium acetate [104,105]. The solvolysis of alkoxy- 

silanes is first order in hydrogen ion cocentration 

11,19,201. The Si-OC bond in (RO)3SiCH2CH2X is cleaved 
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in base catalysed hydrolysis [54]. -The hydrolysis of -’ 

aryloxytriphenylsilanes is said to be second order in 

hydroxide ion at low base concentration, and first order 

at higher concentrations [121]. -The second order 

dependence on'base is, however, apparently due to a 

misinterpretation [47]. Simultaneous acid and base 

catalysis is observed in the methanolysis of methoxy- 

phenoxymethylphenylsilane 11211. 

Polar effects. Substituents at the silicon atom. -_-_-----_--_-___-_-~-------~-~- 

Acid catalysed alcoholysis of silicon-oxygen bonds is 

relatively insensitive to polar effects, small negative 

p-values being observed [19,20,22] (see Table 2). The 

rates are thus slightly increased by electron donating 

substituents. The uncatalysed reaction of p-substituted 

phenyldiethylsilyl methacrylates in acetone/water was 

studied conductiometrically .[53]. A non-linear Hanunett 

plot was observed and attributed to a change in medium 

rather than to a change-in mechanism. It seems, however, 

that further work with substituents covering a wider 

range of cs-values would be necessary to test the hypothesis 

of a curved Hammett-line. Indeed, by using u" constants 

instead of a-constants in the Hammett equation a linear 

plot is. obtained, and a p-value of approximately -4 may 

be calculated. Rates for acid catalysed hydrolysis of 

R,Si(OR'), decrease as the electron-withdrawinq effect of R 
L L 

(alkyl.and aryl) increase 1311. 

On the other hand, p-values measured in the base 

catalysed cleavage are positive, ranging from about 0 to 
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-‘-y-~-~. -,-: .- .I- :--., . .._-_ ...:. _. ,,: -. _._ _--:y: [ ‘;.. ..-. _.: _-.; 

-_ 

~-~3'~~~0,,22,iO4,~11~]- is&Table .2) .: The.-'rate& ake- thus.. 
~~.- . . 

_ 7, -.:i .. . . 
.. f-2 

'--~&&eased by electron att&cting.s&stituen&;~~ a& e@e&&'d.. ; _- :.. 
.. 

'-for a process .which .involves negative --charge on &li&on.;: .-. 
-- 

-: The-additivity rule forsubstituent constants in the -.-I 

Han&ett equation (26). wa&found to-be valid for the- -‘. 

alcoholysis of silylacetates. C103,104,105]. 

lg k = lg k. + pCa (26) 

The rate of alkaline hydrolysis of Me4_nSi(OEt)n in 

aqueous dioxan increases with increasing number of 

ethoxygroups E1253. Me2Si(OR)2 compounds are more 

reactive-than Me3SiOR in acid. catalysed alcoholysis [19]- 

In aqueous acidic ethanol an equilibrium is set up 

between the products ethoxysilane and hexamethyldisiloxane 

in the. solvolysis of trimethyl-tert-butoxysilane [SS]. 

Substituents in the leaving group. Several studies on -___--___--------___~----- _ ___ 

the effect of substituents in the leaving group have been 

published, and s&arised by Chipperfield 1321. Rates 

for the solvolytic cleavage of phenoxysilanes have been 

reported in ethanol/water [1,2], methanol [107,1081 and' 

in aqueous dioxan [33,59f..' A small negative p-value 

-was found for the acid-catalysed cleavage, while p and 

P*-values kanging from i-l.1 to +3.5 were calculated for 

the base catalysed reactions (Tabk3)-. Logarithmic 
. . 

rates were correlated with (J for the meta arid para 

substituents 12,108 1, (eqn. 21, but-'Rumffray and‘Ryan : 

[59]--obtained a better fit-for para sub.&ituents.by 

using.the.Yukawa-Tsuno equation [1311'.in an appropriate- 

fqm _-(&n_ 127 ) i ... _ 
: -_ ‘_ 

....- .. 
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Curved Rammet~plots we&e obtained by Schotienand-Latham '.:. 

11081, but the .reali.ty of this was dhal&ged by &n&fray 

and Ryan .[59] and more experimental data are ne&ded to 

reach a decisikk [32]. For a series of silylated benzyl : 

alcohols leaving group p-values of -0.54 and +l.l.were. 

obtained for the acid and base catalysed reactions 

respectively [22]. The effect on rates of substituents 

in the acetate part of silylacetates is proportional to the 

strength of the acid formed in the base catalysed alto- 

holysis [105].. Electron attracting groups in the acetate 

part also increase rates in the hydrolytic cleavage [lO6], 

and in the alcoholysis in dry, neutral isopropanol 1773. 

The rates of uncatalysed hydrolysis of Pr3SiOCOR increase 

linearly as the pKa of RCOOH decreases 1981. The rates 

of a&d catalysed alcoholysis of Me2Si'(OR)2 compounds are 

very dependent on the nature of R [19].. F7hen R is a 

tertiary-group the reactivity is much Lower than when 

R is primary or secondary._ Within a. group of Me3SiOR 

compounds, both.the position and rate of attainment of 

equilibrium varied with the nature.of R-in the uncatalyskd 

methanolysis C581. The re&ative rate constants for base _. 

-catalysed methanolysis of-Me3SiO(CH21nR follow the-. 

modified Taft equation (28) [93]. .. .~ 

.- : 

lq(k/k ) =_p*o* f E s + const.. 
o-. 

(28: 

Steric Effects, (Table 4): 
~.-: 

The:effects of. alkyi groups L-1 :. 

R in. the hydrolysis .of R3SiCAc .compounds h&e been.sttidi.&d: .’ 
-. -. 



by Prince and Times [97], and they found the rate order 

(R=) n-Pr > .n-Hex > Ph z= i-Pr z- c-Hex, For the acid- and 

-base catalysed hydrolysis of R3SiOPh, Akerman found the 

rate sequence Me > Et z- n-Pr > n-Bu > n-Pentyl Cl]- 

The substitution of a tert-butyl group for a methyl group 

lowers the catalytic constant by a factor of 10 -5 , and 

these low rates were ascribed to the steric effect of 

the tert-butyl group [2]. Rates also decrease with 

increasing size of alkyl groups in the acid catalysed 

alcoholysis of R2Si(OCMe2)2 compounds [19]. Steric effects 

of R on the base catalysed methanolysis of Me3SiO(CH21nR 

were described by means of the Taft equation (28) 1931. 

Solvent Effects. Phenoxysilanes have been cleaved in 

various solvents, and it seems that both the relative 

rates and the substituent effects are influenced by the 

solvent. For base catalysed solvolysis of Et3SiOC6H4X 

much higher p-values were found in dioxan/water 1591 than 

in ethanol/water [2], t3.5 and t1.7 respectively, and the 

reaction rates were about five times faster in dioxan/water. 

Smaller rate differences were found for acid catalysed 

hydrolysis of Bu3SiOPh in aqueous dioxan, aqueous iso- 

propanol, and aqueous acetonitrile [33]_ This reaction 

is at least second order in water C331. Rate increases 

were observed for the alkaline hydrolysis of Ph3SiOAc 

as the percentage of water was increased in water/tert- ’ 

-butanoi/benzene mixtures [106]. The rates of uncatalysed 

hydrolysis in water/dioxan mixtures of RSSiOCOR' also 

increase with the water content, and linear lg(H20) versus 
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plots were obtained with formal water orders 

4.4-4.9 [97,98.99]. The uncatalysed hydrolysis of 
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of 

Pr3SiOAc is faster in aqueous iso-propanol than in aqueous 

acetone and rates in both solvents increase with increasing 

water content [99]. Higher concentrations of alcohol in 

n-propanol/benzene mixtures likewise increased the rates 

for the base catalysed alcoholysis of Ph3SiOAc and high 

orders in alcohol were found [105]. Trimethylbenzoxy- 

silane was found to react instantaneously with water as 

well as with methanol or ethanol in dioxan, while the 

reaction was slow in iso-propanol/dioxan [77]_ Rates 

for the acid catalysed solvolysis of 2-sila-dioxolanes 

are higher in n-propanol than in iso-propanol C19]. 

In aqueous ethanol the acid catalysed hydrolysis of 

tetraethoxysilane is more rapid than in aqueous dioxan 

11261. This reaction is a very complicated process 

which consists of a series of consecutive and parallel 

hydrolyses and condensations. The rate of alcoholysis 

of trimethylethoxysilane decreases with increasing 

branching of the reactant alcohol [124]. 

Temperature Effects. In the few studies on the effect of 

temperature on reaction rates large negative ASfvalues and 

low activation enthalpies were calculated (Table 5). 

Salt Effects. For Bu3SiOPh in 40% aqueous acidic dioxan 

at 30° there is a linear relationship between k, and 

CNaC104], eqn. (29) up to 0.2 M NaC104 with b = 2.6 lmol-' 

1331. 
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: 
ka 

= ko(1 + b[NaClO4]) (29) 

Isotope Effects. A solvent isotope effect kH/kD = 1.3 was 

obtained by Schowen for the general base catalysed 

methanolysis of aryloxytriphenylsilane ClOS], In the 

methoxide catalysed methanolysis'of aryloxytriphenyl- 

silane in CH30H/CH30D mixtures solvent isotope effects 

kB/kD = 2-4 were nearly cancelled by inverse isotope 

effects of similar magnitude [83]. Very small solvent 

isotope effects were found for acid catalysed hydrolysis 

of Bu3SiOPh in D20/dioxan (B20/dioxan) [33]. 

SILICON-NITROGEN CLEAVAGE 

Stereochemical Investigations. Inversion of configuration 

was found for neutral and acid catalysed hydrolysis 

[67,68,112,115] and neutral alcoholysis of silylamines 

C67,681. (Table 6). 

Catalysis, The solvolysis of silylanilines is catalysed 

by acid, but inhibited by small amounts of base 191. 

Base catalysis is noticeable at high base concentration 

and in mixtures of dipolar aprotic solvents with water [lo]. 

Trimethylsilyldihydropyridine is cleaved rapidly in 

methanol. containing acid or base [39]. With less basic 

substrates, base catalysis is more efficient than acid 

catalysis [213. The Si-N bond is also cleaved spontaneously 

in a reaction involving neutral solvent molecules [5,9,10,23]. 
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Specific acid catalysis 191, and general.base catalysis 

1211 have been found_*. The catalysed reactions are of 

first order in added catalyst for &id catalysed reactions 

[9,211, and base catalysed reactions [S,lO]. 

Polar Effects- Substituents in the aryl group. _______________-_----- -- --- Solvolyses 

of compounds 36 are facilitated by electron-donating - 

substituents X in the acid catalysed and spontaneous 

reactions, while base catalysed reactions are facilitated 

by electron-attracting groups in the meta and para-positions. 

(XC6H4) yzSi-NFtR’ 

The polar effects are more pronounced in the base catalysed 

cleavages giving rise to high p-values (Table 7). 

Substituents in the leaving_qroup. __----_----_--_-_-_--~~~-~ -_- Electron-donating 

groups increase the rates of the acid catalysed cleavage, 

and give rise to negative p-values, while the opposite 

is found in the base catalysed cleavages (Table 8). 

Steric Effects. In pure methanol the rate sequence 

Et3SiNHPh > Et3SiNEtPh > i-Pr3SiNHPh was found 191. The 

rate of neutral alcoholysis of Et3SiNHPh decreased as 

the alcohol was varied in the sequence methanol, ethanol, 

iso-propanol 193. The Me3SiNHPh/Et3SiNHPh reactivity ratio 

is ca. 2.5.lo4 in aqueous methanol containing base [lo], 

while the effect of alkyl groups at the nitrogen atom is 

much less apparent in methanol/water or DMSO/water 

containing base [lo]. The.following reactivity sequence 
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was obtained for base.catalysed solvolysis of R3SiNHPh [!%I: 

MeEt2Si > Me2 -i-PrSi > Et3Si > Me2 -t-BuSi .> i-Pr3Si (Table 9). 

Solvent Effects. Hydrolysis of R3SiNXPh compounds is 

faster in mixtures of aqueous potassium hydroxide with 

DMSO than in mixtures with methanol [lo]. 

Temperature Effects. Activation entropies ranging from -8 

to -63 e-u. and activation enthalpies in the range 2-20 

kcal/mole were calculated [9,10,21,23] (Table 10). The 

silylpyrroles show quite -different behaviour from the 

silylanilines. 

Salt Effects. The rate constant for the acid catalysed 

methanolysis of N-(triisopropylsilyl)aniline was found to 

increase linearly with the ionic strength of the medium, 

on addition of lithium perchlorate to the solvent at 

constant buffer ratio 191. 

Isotope Effects. The rate of acid catalysed methanolysis 

of N-(triisopropylsilyl)aniline was increased by a factor 

of 1.3 when deuterio-methanol was used in place of 

methanol [9J. 

SILICON-CARBON CLEAVAGE 

Stereochemical Investigations. Cleavage of a-naphthylphenyl 

(phenylethynyl)methylsilane by potassium hydroxide in 
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isopropanol results in 70% inversion of configuration 11191. 

Stereospecific trans-elimination was found in the 

solvolysis of 1,2-dibromopropyltrimethylsilane (621. 

Catalysis. Alkynyl-silicon bonds are readily cleaved in 

alcohol/water mixtures containing acid or base [45,49,511, 

and in alcohol containing base C1191. Substituted alkyl 

groups are cleaved from silicon in acid catalysed 

solvolysis [38,122,123], and in base catalysed solvolysis 

C24,34,1001 and logarithmic rates are correlated with 

various acidity functions [lOOI. Silicon-ally1 bonds 

undergo allylic cleavage in boiling acetic acid with 

allylic rearrangement 127,431. Silicon-aryl bonds are 

cleaved by base in water/DMSO mixtures [16,21,25,26], and 

by base in aqueous methanolic alkali 1241. The Si-C(aryl) 

bond in heterocyclic aromatics containing nitrogen 

adjacent to the C(ary1) atom is cleaved under neutral 

conditions [6,65,66]. The cleavage of ethynylsilanes in 

ethanol and methanol is catalysed by alkali halides E721. 

A linear dependence of rate on added base is found in the 

cleavage of the cinnamyl group from silicon [loll, and 

in the general base and rnzcleophilic catalysed cleavage 

of a-halo-substituted alkyl groups from Silicon 1343. 

Polar Effects. Substituents in the aryl__qrrgp. The -______-____________-- 

silicon atom is electron-deficient in the acid catalysed 

solvolysis and electron-rich in the base catalysed 

reactions, giving rise to negative and positive reaction 

constants respectively (Table 11). Curved Hammett plots. 
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-were obtained for the solvolysis of (2-chloroethyl)aryl- 

dimethylsilanes in alcchol/water mixtures with low water 

content [122]. . This curvature may, however, be removed 

by using a0 constants instead of Q constants in the 

correlation. The absolute values of the reaction constants 

are relatively high for both acid and base catalysed 

reactions. 

Different leaving groups.. (Table 12). Highly positive __--_---_---_--- - --- - 

p-values are found in the base catalysed cleavage of 

silicon-alkyl and silicon-aryl bonds, and it is necessary 

to use a- constants in Hammett-type correlations [8,14]. 

Rates .of cleavage of trimethylsilyl groups from polynuclear 

aromatic rings increase according to the stabilisation of 

negative charge in the aryl carbanion 1251. For Si-Ar 

ccmpounds where the aryl group contains strained ring 

systems fused to benzene, specially high reactivities are 

observed in base catalysed solvolysis (so-called 

Mills-Nixon effect) C16l. For the base catalysed 

cleavage of a-halo-substituted alkyl groups from silicon, 

the reactivity increases with increasing stabilisation 

of negative charge in the leaving group [347. The rates 

of base catalysed cleavage of alkynyl-silicon bonds in 

Et3Si(C=C)nR increase with n, reaching limiting values 

for n=8-10 [Sl]. 

Steric Effects. (Table 13). Relative rates kMe /kEt for 

R3SiCH(C6H4)i and R3SiCH2CH=CHRh (R = Me, Et) are of the 

order of lo3 _ In the base catalysed solvolysis [15,101]. 
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Relative rates of solvolysis of R3SiC=CPh are in-the order: 

CR=) i-Pr 3 
> Et 

? 
> MeEt2 > Ph3 > Me2Et > Me3 1491. 

The Si-C bond in l,l-dimethyl-2,3-benzo-l-sila-2-cyclc- 

butene is cleaved by base at least 101' times as fast as 

that of benzyltrimethylsilane [SO]. 

Solvent Effects. Rates of solvolysis of (2-chloroethyl) 

-aryldimethylsilanes in ethanol/water and in methanol/water 

mixtures conform to the Grunwald-Winstein equation (14), 

with m-values ranging from 0.64 to 0.98 [122]. 

Cleavage of Me3SiCH2CH=CHPh in aqueous methanol containing 

base is faster in the more aqueous solvents [lOll'- The 

stereospecificity of the solvolysis of 1,2-dibromopropyl- 

trimethylsilane decreases as the ionic strength of the 

medium increases 1621. The order of reactivity of 

cinnamyl silanes in ROH/DMSO mixtures by bases RO- is 

(RO-=) OMe -z OEt N- 0-n-Pr = 0-i-Bu N 0-neopentyl < OH 

c1001. 

Temperature Effects. (Table 14). Activation entropies 

from -4 to -42 calm01 -1,-l were calculated and are thus 

in the normal range for SN2 reactions. 

Salt Effects. A small negative salt effect was observed 

for the alkaline cleavage of Me3SiCH2CH=CHPh IlOll. 

Isotope Effects. Values of solvent isotope effects 

k H o/kD o are less than unity in the base catalysed 
2 2 

solvolysis of cinaamyl silanes in aqueous DMSO [loo], 
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and in aqueous methanol [lOl]_. Use of a deuteriun- 
.,. 

.labelled substrate in the solvolysis of (2-bromoethyl)-- 

trimethylsilane demonstrated migration of the trimethyl- 

silyl group [38]. Secondary deuterium isotope effects 

s/kD are in the range 1.00-1.14 in the acid catalysed 

solvolysis of 2-halogenoalkylsilanes 1631. There is a 

small decrease in rate of solvolysls of 2_trimethylsilyl- 

pyridine on changing the solvent from H20 to D20 163. 

The. product ratio XC6H4CH3/XC6H4CH2D in the cleavage of 

XC6H4CH2SiMe3 in MeOH-MeOD containing base is in the range 

1.07-1.25, and the solvent isotope effect kRoH/kRoD = 0.5 [aI- 
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