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Summary

A survey is presented of the literature on cleavage of 
aryl-silicon "bonds "by electrophilic reagents.

The following compounds have "been prepared: (i) a series of 
trlaryl- and trialkyl-£-anlsylsilanes (ten of them new), (ii) the 
compounds (j^anisyl)4-% 8i(0Et)%, where x^l to 3» (all new), and 
(iii) four cyclic compounds (one of them new), in Tdiich silicon, 
joined to two aromatic nuclei, is part of the ring system.

Rates of cleavage of these compounds "by aqueous-methanolic 
perchloric acid have been measured at 50®. For triary 1-p-anisyl- 
silanes, (X'CgH* )s SiCgH» and trialkyl-^anisylsilanes,
R@ SiQgH* * increase in electron supply from X and R increases 
the rate of cleavage. The logarithms of the relative rates of 
cleavage for the (X'CgH* )3SiCgH$*0Me-;2 compounds correlate 
satisfactorily with Hammett*s<Tconstants for the various substituents,X, 
V/hen XsiGH-Me, the rate of cleavage is very low, presumably because of 
steric hindrance to cleavage. For the series Mea-x SiCgH*"OMe^ 
(x=0 to 3), stepwise replacement of methyl by phenyl causes a 
stepwise decrease in the rate of cleavage. The rates of cleavage 
of the compounds (£-anisyl)4-x 8i(0Et)^ (xssO to 3) differ little from 
one another "but aore in the order 3C*0 < 1 < 2 > When silicon is part 
of the ring system the Si-aryl bond appears to have increased 
stability.

Rates of cleavage of the triaryl- and trialkyl-E-anisylsilanes 
and of the cyclic organosilioon compounds by bromine in 1*5 wt.^ 
aqueous acetic acid at 25° have been measured. The logarithms of



the relative rates for the cleavage correlate well with the 
logarithms of the relative rates for acid cleavage, but there are 
deviations, which are discussed.

Rates of cleavage of triaryl- and trialkyl-p^anisylsilanes 
by mercuric acetate in %) wt.^ aqueous acetic acid at 25° have been 
measured. The logarithms of the relative rates for the cleavage 
correlate well with both the logarithms of relative rates for 
cleavage by acid and for cleavage by bromine; again some deviations 
occur and these are discussed.
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SECTION I, Introduction



CHAPTER I

Electrophilic cleavage of aryl-slllcon bonds
K i p p i n g ^ h a s  shown that a phenyl group is easily cleaved 

from silicon by concentrated sulphuric acid. When substituents were 
present in the aromatic nucleus, the ease of cleavage parallelled the 
ease of electrophilic aromatic substitution, for the Si-C^H^NHg-^
link was readily and the 8i-C^H^NHg-m link much less readily cleaved

2by acid, but the Si-C^H^NO^ link, was very stable to acid for both 
meta- and para- nitro groups.

Similar observations were made when nitrophenyltrimethyl- 
silanes were treated with bromine^. The trimethylsllyl group was 
removed with great difficulty from o-nitrophenyltrimethyl-silane by 
bromine but the corresponding meta- substituted compound was cleaved 
readily by this reagent. It was therefore concluded that this 
could possibly be due to steric requirements of the bulky ortho sub­
stituents or that elimination of the trimethylsilyl group from the 
aromatic nucleus indicated an attack by an electrophilic group on the 
aromatic carbon holding the silicon. Consequently o-nitrophenyl- 
triaethylsilane would resist cleavage more than the meta isomer and 
there would not be azy marked difference between the ortho and para 
isomers.

Towards hydrogen chloride in glacial acetic acid the lability 
of the trimethylsilyl group in para-substituted trimethylarylsilanes, 

Me^SiAr, decreased in the order: Ar=£-anisyl and £-dimethylaminopheiyl>



4p-tolyl^ phenyl^ p-chlorophenyl, I.e. the ease of cleavage by an
acidic reagent thus appeared to be facilitated when the trimethyl-
arylsilane contained substituents capable of furnishing a hi^
electron density at the aryl 0-Si bond. This observation led

6
Benkeser to postulate the following mechanism which involved 
proton attack on the carbon atom holding silicon. (Pig.l)

C l '
-----  ̂ SiMea A t---  SiMea

R W
R» ̂  or jg- director

In an extended series of meta- and oara- substituted aiyltrimetl^yl-
silanes, the rate of cleavaga by hydrogen chloride in glacial

acetic acid was
2-methozyphenyl and jg-dimethylaminophenyl^jg-tolyl^
m-methoxyphenyl^ m-tolyl^ phenyl^ p-chlorophenyl^ j^chloro-
phenyl^ m-dlmethylaminophenyl. This order was as would be

expected when considering electron supply by the substituent in 
6

the ring.
eEabom also observed by consideration of the work of Gilman
4

and Marshall in which oara-substituted trimetl^rlarylsilanes were 
cleaved by hydrogen chloride in glacial acetic acid and because 
p-methozyphenyltrimethylsilane was cleaved much faster than 
phenyltrimethyIsilane that the effects of substituents on the acid 
cleavage of silioon-aryl bonds appeared to parallel those on 
aromatic substitution. It was concluded that the p-methoxy-group 
probably activated through its +E effect, and that the reaction 
was in fact an electrophilic aromatic substitution in which a proton



initially solvated was the attacking species*
An intermediate of the structure (Fig*II)

Mea Si OMe Pig, II
H

was postulated and a mechanism for the reaction was given (see 
Chapter III). This intermediate was later considered to be the 
usual (^complex (Pig.III), of the type idiioh have been postulated

Pig.III

Mea Si ^  H 7
for other electrophilic aromatic substitution reactions.

The general pattern of effects of nuclear substituents R on
the reactivity of RCgHi SiMea compounds towards perchloric acid in

7 sa,b
aqueous methanol and sulphuric acid in acetic acid/water was
similar to that obtained for electrophilic aromatic substitution
and there was an excellent correlation between the substituent effects

+ *a,bin acid cleavage and the substituent constants 6 which have been
proposed for electrophilic aromatic substitution. A plot of log 
against 6* (where k^çi is the rate of reaction of a substituted 
compound relative to that of phenyltrime thyl silane ) was a good 
stral^t line.

Steric effects have been observed in the cleavage of trimethyl-
ioa,bsilylxylenes by p-toluenesulphonic acid in acetic acid. The

observed and calculated rates of cleavage are given in Table I.



TABLE I

Compound 
(RpMegSi— )

Partial Relative Rate
Calculated Observed

2-B-p-xylene 34-4 34*8
4-R-^ÿ-xylene 225 277
2-R-iB-xvlene 246 3380
4-R-^xylene 31-3 33'6
3-B-ar%ylene 34*4 94
R-benzene - 1.00

Û-R-toluene - 15.7
m-R-toluene — 2*19
p-R-toluene 14*3

The agreement, which showed that the effects were additive, 
was generally good except in the case of 2-trimethylsilyl-^xylene 
and 5-trimethylsilyl-o-xylene. The acceleration in rate has been 
ascribed to a relief of steric strain when desilylation occurred.

The structure of 2-trimethylsilyl-jÿ-:ylene passes from
______ /Me

SlMe.
Me

to the protonated intermediate PigJT in which the bonds at the C of
the C-Si bond are tetrahedrally disposed

Me
SiMes4- HMe

Pig. IV

and thus a relief of steric strain occurs.



With 3-trimethylsilyl-07xylene the presence of two adjacent
methyl groups was thought to cause a buttressing effect and this
would favour the formation of the reaction intermediate and the
subsequent cleavage.

The analogy between bromodesilylation and aromatic bromination
also exists, for the relative rates of cleavage of the trimethylsilyl
group by bromine in carbon tetrachloride were in the order
2-bromo-5-trimethylsilylthiophene> phenyltrimethylsilane >
m-nitrophenyltrime thylsilane^ p- nitrophenyltrimethylsilane >
p-nitrophenyltrimethylsilane as would be predicted for electrophilic 

11
substitution.

The reaction between a range of substituted pheiyltrimethyl­
silane s and bromine in glacial acetic acid containing 1*5 wt ^ of

ia&,b
water was very similar to aromatic bromination in the same medium. 
Bromodesilylation of phenyl trimethylsilane was approximately second 
order for initial bromine concentrations ̂ 0*01M but bromination of 
anisole, which had a comparable rate, was of markedly higher order.
In molecular bromination the order increased with initial concentration 

18
of bromine and this was also true of bromodesilylation. The order 
can even exceed three but at all concentrations studied it was lower 
than that of bromination. The pattern of substituent effects was 
very similar to that in acid cleavage and hence also very similar to 
that observed for electrophilic aromatic substitution. However, this 
pattern differed widely from molecular halogénation and resembled 
more closely bromination by Br**” and BrO%"*̂ .



Merouridesilylation by mercuric acetate in glacial acetic acid 
is also an electrophilic aromatic substitution, the attacking species 
being the merouriacetate ion. The reactivities of trimethyltolyl- 
and trimethyljylylsilanes towards this cleavage reagent weœ essentially

14
the same as those observed for the acid cleavages. For a series of
nuclear substituted aryltrimethylsilanes the general pattern of
substituent effects for mercuridesilylation correlated well with those

V
found for bromodesilylation and protodesilylation of the same series 

1 6
of silanes. However, there was poor correlation between the 
substituent effects and 0^ constants as a plot of log against 0^
did not give a good strai^t line, some of the points, in particular 
Eÿ-phenyl and p-fluoro and the unsubstituted compound being well off 
the line.



CHAPTER II

Effects of varying R in R«Si-Ar

Cleavage studies have been largely limited to the removal of 
the trimethylsilyl group because removal of such a group can be 
conveniently followed.

In the reaction between aryl trime thylsilanes and hydrogen
4

chloride in glacial acetic acid, cleavage occurred readily and 
the volatile cleavage product trimethylohlorosilane could be 
condensed in a cold trap, and the course of the reaction thus 
followed. With aryl triphenyl silanes (PhgSiR) the rate of 
cleavage of silicon-phenyl bonds wbls of the same order as that for 
the breaking of the Si-R bond and therefore it was difficult to 
separate cleavage products.

The reactivity of substituted phenyltrimethylsilanes towards 
aqueous methanolic perchloric acid was followed by an ultra-violet

7
spectrophotometric method. Hexamethyldisiloxane, the cleavage
product, since it does not absorb in the ultra-violet does not 
interfere with kinetic meeugurements.

Other, advantages of trimethylarylsilanes are the easy 
commercial availability of trime thy Ichloro silane and the relative 
ease of preparation of aryltrimethylsilanes. Hence considerable 
emphasis has been placed on the study of the rate of cleavage of 
the trimethylsilyl group from various aromatic nuclei and little 
systematic work has been carried out on the effect of varying the 
alkyl groups attached to silicon. However, in general, increase 
in the size of the group R attached to silicon raises the stability



of the Si-C aryl bond towards electrophilic reagents.
For silanes of the type RaSi-Ar, the reactivity of the 

Si-Ar bond toward hydrogen chloride in glacial acetic acid was
4found to decrease in the following order

Ife* Hi ̂  Bz ̂  n-Bu ̂  Me
The difference in stabilities of the HigSi-C bond and the

MeaSi-C bond was shown by the reaujtion of tetraphenylsilane and
trime thy Iphenylsilane with hydrogen chloride in refluxing glacial
acetic acid. With the former slow decomposition occurred to give

16
benzene and triphenylsilanol but the latter ^ve a 70^ yield of

4
trimethyIchlorosilane after 6 hours.

Similarly, 4-triphenylsilyldibenzothiophene was unattacked by 
hydrogen chloride in boiling glacial acetic acid but under these 
conditions complete cleavage of the corresponding 4-trimethylsilyl

17
compound occurred. Diis difference in stabilities of the
HiflSi-C and MeaSi-G bonds was again demonstrated by the cleavage

18
of trimetliylsilyl- and triphenylsilylnaphthols.
6-Trimethylsilyl-2-hydroxynaphthalene was cleaved by refluxLng with 
20̂  hydrochloric acid for 6 hours idiereas the corresponding 
6-triphenylsilyl-compound in re fluxing glacial acetic acid was 
cleaved by dry hydrogen chloride after 24 hours.

It may be that the electron-withdrawing nature of the phenyl 
group makes the triphenylsilyl group more difficult to remove than 
trialkylsilyl groups because the triphenylsilyl group withdraws 
electrons from the benzene ring whereas the trimethylsilyl group

19
normally supplies them to the ring.



In the malonio esters GJHg •Q3H6HiSiGHaCH(C00Et)3 and
CHgH13Si(%CH(COOEt )g the replacement of the ethyl group
attached to silicon Ty a phenyl group causes a considerable
increase in the resistance of the silicon-phenyl bond to cleavage

a?
by hydrochloric acid.

Possibly because of the presence of electron-withdrawing
groups on the silicon atom, diphenyldichlorosilane was quite

aostable to hydrogen chloride in boiling glacial acetic acid
and the compound (o- )0SiCl was less readily cleaved
by boiling formic acid than the conpounds (q-GoHsCeHi )aSiH and
o-CeHeCeHi SiHio. However, the silanol (Q-GeHeCeHi )aSiOH was
the most readily cleaved and solubility differences may be
involved. From the silanol, diphenyl was obtained in yield
corresponding to the cleavage of 76^ of all the Si-C bonds after
48 hours boiling.

Nitric acid has been observed to cause cleavage of silicon- 
32a,baryl bonds, but the HiaSi-C bond was again relatively stable

and nitration of the phenyl groups occurred when tetraj^enylsilane
23was treated with nitric acid. When trime thylpheny Is ilane was

. 32treated by 71^ nitric acid in acetic anhydride cleavage occurred
thus showing that the Mea Si-C bond is weaker than the Eta Si-C bond,
as triethyIphenylsilane may be successfully nitrated using the

34
same nitrating medium.

Similarly, all three isomeric tolyl trie thylsilanes can be 
nitrated by copper nitrate in acetic anhydride, neither cleavage 
of the starting material nor of the mononitrotolyl trie thylsilanes



10
86obtained having occurred. Nitration of phenyl trimethylsilane 

with copper nitrate in acetic anhydride resulted in a 25^ yield
36

of nitrobenzene as cleavage product.
More detailed study of the effect of the size of the group

38
removed in desilylation has been made. The rates of acid 

cleavage of m-substituted alkyIphenyltrimethylsilanes and the 
corresponding triethylsilyl series were determined. A glacial acetic 
acid, hydrochloric acid and water mixture was used for cleavage. On 
cleavage an expansion in volume occurred and this was followed by 
means of a dilatometer.

TABLE II
Rate constants for the acid-catalysed cleavage of some »-trime thyl* 

and m-triethylsilylalkylbenzenes in a glacial acetic acid solution 
(2*35 molar in hydrogen chloride and 7*23 molar in water at 26° ).

m-Alkyl group 6 —iAverage rate constant xlO, min.
R Mea SiCj R (jo ) EtaSiC*H*R(m)
H 3*84 1*64
CHa 8*31 3*87
GgHa 8.54 4*69

i—C3H7 9*08 5*14

t-C4lt 10*8 5*90

Removal of a triethylsilyl group was in general slower than that 
of a trimethylsilyl group (see Table II). This would be predicted as 
both proton attack on the caibon holding silicon and attack by water 
molecules on silicon is rendered slower by the bulkier ethyl groups.



11

The slower cleavage was also attributed to a possible buttressing 
effect, A large group substituted on the benzene ring would 
possibly distort the C-H bonds of the ortho-hydro gens. Another 
large group meta to the first would increase the distortion of the 
C-H bond between the two large groiqps. Thus, the larger the ̂  

substituents the larger would be the strain due to this buttressing 
effect. The relief of strain in the triethyl series would be greater 
than for the trimethyl series. This vould therefore mean that the 
rate of cleavage of the triethyl series would be more rapid than that 
of the trimethyl series but the opposite was found and therefore this 
buttressing theory may be discounted.

In an extension of this work cleavage of mixed trialkyIphenyl-
silan^by acetic acid/£-toluenesulphonic acid/water has been carried

out and the rates of desilylation were found to decrease in the order
Mea Si ̂  Meg EtSi> EtaSi;̂  (iPr)sSi

It was concluded that this indicated a steric effect, 
e

Eabom has proposed the following mechanism

Mea Si -CDf —
+H+

H

Mea Si
^  MeaSlOH + C.H, + H+ (2)

2Me3SiOH --- > (Ue,Si)aO+ % 0  (3)



12

As with aromatic substitution, whether formation or destruction 
of the intermediate is rate determining is not certain. However* 
increase in the size of groups attached to silicon should decrease 
the rate of acid cleavage since proton attack in (l) and attack by 
water in (2) would be slowed down the bulkier the alkyl groups 
attached to silicon. In fact, the attacking species in (l) is 
probably the hydronium ion rather than the simple proton end hence a 
steric effect would be very likely.

30Similar work has been carried out using the spectrophotometric
7

method as described by Eabom. In a perchloric acid/water/methanol 
system, cleavage of the p-anisy 1-silicon bond in some g-anisyltrialky 1- 
and triarylsilanes (pMeOGeH^Sil^ ) was investigated. The following 
order of rate of cleavage was observed

Et) nPr) iPr^ Hi >) ̂ tolyl 
The object of the work was to ascertain if bulky alkyl groups attached 
to silicon would cause steric hindrance to nucleophilic attack on
silicon, ‘ „

with destruction of the intermediate
If Eabom *s mechanism opera tes,̂ as the slow step, it would be

expected that replacement of Mea Si or (nPr)a Si by (iPr)aSi would lead 
to considerable reduction in rate due to increased steric hindrance to 
nucleophilic attack on silicon. Also triisopropyl-g-anisyIsilane 
might react more slowly than triphenyl-£-anisyIsilane.

However, it was found that a triisopropyl group caused only a 
relatively small decrease in rate and from this it would appear that 
it is unlikely that nucleophilic attack at silicon is important in the 
rate determining step. But it was concluded that there must be some



13

steric hindrance as polar effects along would tend to make 
triisopropyl-^anisylsilane more reactive than tri(n-propyl)-^ 
anisylailane.

In cleavage of aryl silanes ArSiBa (where R?Et and CJcHu ) 
by ethanolic aqueous perchloric acid, the rate of removal of a 
triethylsilyl group is approximately 11 times greater than that of 
a trioyolohexylsilly 1 group. This decrease in rate has also been 
attributed to steric effects.

The relative rates of cleavage of m^substituted phenyltrialkyl- 
silanes (m^I^GeHiSiRe ) by glacial acetic acid/sulphuric acid/water are 
in the order RssiPr^ Et ̂  Me and this would be predicted in terras of 
steric hindrance to attack of a hydronium ion on the ring carbon to

31whidi silicon is attached.
For the detriisopropylsilylation reaction it was concluded that 

there is little steric hindrance to solvation or any buttressing 
between m^&lkyl groups on phenyl and groups R attached to silicon.

The difference in rates of cleava^ from R^»GHa to t-C4%  

increased from det rime thylsilylat ion to de trie thylsi ly lat ion to de- 
triisopiopylsilylation (Table III).



TABLE III
Relative rates of cleavage of m-alkyl substituted tri-

14

^Alkyl group Releitive rates
R̂ R;=Me Et iPr
H 1 1 1

CHa 2*1 2*4 5-4
CaHe 2*2 2*9 6*4
i-CaHz 2-4 3-1 7*9
t-C4% 2-8 3-6 9*3

This was attributed to the nature of the transition states.
De trimethylsilylation was the most vigorous and therefore the geometiy
of the transition state would most strongly resemble the structure of
the starting silane i.e. breaking of the C-Si bond in the transition
state had not progressed as far as in det rie thylsilylat ion which, in
turn has not progressed as far as in detriisopropylsilylation.
Hwice, the positive nature of the ring in the transition state was

silyl
greatest in detriisopropy^tion and least for de trime thylsilylat ion. 
There was thus a greater electron demand on r^alkyl substituents in 
the removal of a triiaopropylsilyl grotp than in the remcval of a 
trimethylsilyl group, and hence a greater spread of rates in 
proceeding from m-me thyl to m-t-butyl (see Table HI). Therefore, 
det rime thylsilylat ion was the least selective and detriisopropylsilyl-

33
atlon the nost seleotlTe and the selectivity factor depended not only 
on the activity of the attacking species but also on the nature of the 

cleaving group.
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The HigSi-C bond of tetraphenylsilane can be broken by bromine
S3at 100° but cleavage of the McaSi-C bond of trimethylphenylsilane

11
was readily accomplished by means of bromine in oarbon tetrachloride

13or glacial acetic acid. It was possible to cleave a further phenyl
S3

group only by heating Ihe monobromo derivative with bromine to 150° ;
this increased stability could be due to the presence of the bromine
atom attached to silicon withdrawing electrons.

In cleavage of pheryltriisopropylsilane and phenyltrimethylsilane
labby bromine in l*5y\ water/acetic acid the rate was about 168 and 330 

times as great for the latter compound at initial reactant concentrations 
of 0.0118M and 0*067M respectively. It was concluded that steric 
hindrance had reduced the reactivity of the triisopropyl compound, 
the effect apparently being greater for higher order components of the 
reaction.

13bChlorine in glacial acetic acid has also been used for cleavage. 
Cleavage of phenyl trime thylsilane occurred readily but vhen phenyl- 
triethylsilane was treated with chlorine the phenyl-silicon bond was

34
not broken and chlorination of the phenyl grotp occurred.

ELectron-withdrawal by the chlorine atom attached to siliocHi 
rendered the compounds phenyltrichlorosilane and diphenyldiohloro- 
silane resistant to cleavage and they may be chlorinated and

85,3#
brominated in the rings with only little desilylation.
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CHAPTER l U

Mechanism of the cleavage of aromatic OSl bonds by eleotroDhillc 
y»agenta
(a) Cleavage hv acid

As acid cleavage of trimethylarylailanes is facilitated hy 
substituents in the aromatic nucleus capable of furnishing a h i ^  
electron density at the aiyl-silioon bond, a mechanism has been 
postulated mhereby a protcm presumably initially solvated attacks the 
carbon atom holding silicon (see Chapter I).

The rate of cleavage of the carbon-silicon bond is governed by the
37

Hammett acidity function of the medium and also by the concentration
eof water present and hence the following mechanism has been proposed* 

p-MeaSi-CeHiOMe + H'*’ 55=^ p-MCaSi GeHe' ÔMe fast
p-Mea SiCa Hg ̂OMe +HgO — ^ Meg SiOHg + CgHaOMe slow

+ +MeaSiOHa --> MegSiOH + H fast
The structure of the intermediate was thought to be a o^complex and the
reaction would have the energy profile (Pig.V)*

E
Pig.V

Me,Si H
.rejetants ^products

reaction co-ordinate —
It was not clear whether formation or breakdown of the intermediate was
the rate determining step*

In the mechanism given if destruction of the intermediate is rate
determining, then either

(i) the % 8i group could separate ets a siliconium ion



OMe

+ ! 
> < H fast

+ SiMca 17

SiMeg + H3O McaSiOH + H
or (ii) the removal of MeaSi involves nuoleophilio attack "by solvent OMe OMe

alow +<f Mes S10%at Si 

MesSl
+ 0H@

fastMeaSiOHa  Hfe^SiOH + H"
For the formation of the intermediate to he rate determining

it would involve a direct proton transfer from oxygen to carbon. 
OMe OMe

+
HaO + calow

 >■ HaO + 

Mes 8

products

HThe cleavage of tri-n-propylsilyl and tri-isopropylsilyl groups 
from aiyl carbon indicated that destruction of the intermediate by 
nucleophilic attack on silicon was not important in the rate 
determining step for there was relatively little difference in the 
rate of cleavage of triisopropyl-p-methoxyphenylsilane and tri-n- 
propyl-p-methoxyphenylsilane by aqueous methanolio perchloric aoid, 
see Table IV.

Cleavage of trialkyl-p-methoxyphenylsilenes E3 SiG* -oMe-^ 
by HCIO4 in 28*6^ water/methanol at 50®

Relative rate of cleavage
Ph 1
iPr 3*55, 2*42
nPr 24-5
Et 28*4
Me 58*8



lô

If the rate-determining step is formation of the intermediate* 
the reaction will now have the energy profile (Fig.Vl).

Fig. VIA

E
reactants products
reaction co-ordinate

T3i0 mechanism could involve both and lT- con^lexes 
OMe OMe OMe OMe OMe

+ HaO" H ■ ‘SiMsa ' +Mea SiOQa

V V" ^
SiMea SiMea MeaSi H H H7T-complex ^complex Tf-complex Here the rate determining step could be the slow resurrangement of the
TT - complex to give the (P complex or vice versa.

However* it is likely that in any desilylation the transition
states for formation and destruction of the intermediate are not far
removed in energy from the intermediate and thus from one another;
consequently the effects cf variation of structure on the rate of
reaction are not likely to be greatly dependent on which step is 

«6rate-determining#
(b̂  Bromine cleavage

In carbon tetrachloride at 35® and 40® the reaction was found
to be overall third order (second order with respect to bromine and

. 11first order in silicon compound). However* no mechanism was 
postulated.

Much more detailed wort has been carried out by following the 
kinetics of bromodesilylation in glacial acetic acid containing

13*161*5 wt % water. At low initial bromine concentrations( 0*01M)
the reaction was approximately second order but this could exceed



three for higher initial concentrations of bromine (see Chapter I). 
By oompariaon with aromatic bromination it was concluded that

bromodesilylation involved molecular bromine and not positively
. + + charged species such as Br , HgOBr and HDAcBr. Sodium acetate

did not catalyse the reaction beyond the expected salt effect and
this indicated that removal of the trlmethylsilyl group was not
involved in ■tiio rate-determining step of bromodesilylation which
probably involves formation of the intermediate

The overall reaction was postulated as
1C

♦Bra
iki
IS"VSiMea Mea Si Br-Br

Me a Si Br 

ka

1 + '

 ̂ .Mea Si Br^Br

•' fI II + I I I
+EBr

4haO

Me a Si Br

Mea Si Br 
II

+SiMeaOH + H+

Br
îhe energy profile would be (Pig.VII )

II1£
reactants products

reaction co-ordinate

Plg.VII

An alternative mechanisy for the third order process involves 
formation of a Br̂  complex and this attacks the arylsilane 

Bra + Bra Bt4
ArSiMea + Br* — >*ArBr + MeaSiBr + Bra
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This is not favoured for aromatio "bromiration ani there would he 
no reason to suppose that the mechanism of the “bromodesilylation 
reaction is significantly different from that of aromatic 
“bromination.

SiMea
The mechanism could involve TT-complexes 

SiMea Br

+ Brs ..Br" 
+ Br“

.SiMea+N

' 7f-complex 
or “both TT-complexes and (^complexes.

Tf-complex

Br

V + SiMeaN

N = Nucleophilic reagent 
e.g. OH"

+ Bra 

SiMea

.Br" 
+ Br"

SiMea 
TT -complex

.. SiMea

Br
(f-complex TT-complex

+ SiMeaN

Br

If this is the mechanism, the loss of the siliconium ion from«rtsTSTTv̂ iMea
the intermediate t X oould he the rate determining step.

H a*
Such a mechanism is analogous to that proposed by Gold and Satchell
for aromatic dedeuter&tion, sulphonation and desulphonation.

The mechanism of the final stagp of the reaction can “be as 
follows,

Mea S

+ Br

Br

+ MeaSiBr

Br
MeaSiBr + HqO <• MeSiOH 4 HBr

Alternatively, water rather than bromide ion, can help to pull 
off the MeaSi- group.
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: + 1 + Br
> <Br SiMea

MeaSiBr + HaO

k* 21
+ MeaSiBr

Br
ka MeaSiOH + HBr

Alternatively, water, rather than hromide ion, can help to pull 
off the MeaSi- group

, +1I Ix„.
+ HaO k* + MeaSiOH + H

Br^ SiMea Br
The formation of siliconium ions may also occur

i' I
' +  ' I I

Br-^SiMej

+ MeaSi"̂
Br

in view of the probable ease of flank
40

attack at silicon.

There is a possibility of a cyclic transition state (Pig,VIII; in
Ar.........SiMea the second-order bromodesilylation^

: Pig. VIII
Br........ Br

13
It has beei suggested that an electrophile, E, is needed to 

remove the bromide ion from the attacking bromine molecule and this may 
be a solvent molecule or an additional bromine molecule. It seems that 
the greater availability of electrons in the Ai^SiMea bond compared with 
that in an Ar^H bond leads to a smaller need for the additional 
electrophile in bromodesilylation even when the ArSiMeg and ArH compounds 
are of comparable reactivity.
(c) Mercuric acetate cleavage

Cleavage of aryl-silicon bonds has been carried out by mercurio
14 16

acetate in glacial acetic acid. ’ The reaction is second order, the 
reaction product being an aryl mercuiy acetate. The most probable 
mechanism is one very similar to those postulated for other electrophilic 
aromatic substitutions.
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Hg(OOC*CHa )a

•f Hg(XXJ*CHa

SiMea

r II I I ^ (X

HgOOC'CHa + •OOC*CHo 

ka+ N ■ ■ ^ + SiMe^^

HgOOCX3Ha

f 1
' +' 
I I
t I,

Mea^ HgOOCCHa HgOOCCH» 
I

N is a nucleophilic entity, either the acetate ion or more probably
a water molecule. This was indicated by the experimental fact that

1 6when the water content was low the order was higher.
The rate-determining step is probably formation of the 

intermediate and the energy profile will be: (Pig.IX)

S

produots
reaction co-ordinate

Pig.IX



SECTION II. Discussion
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CHAPTER IV

Acid cleavage cf triarvl- and trialkyl-p-anlsylsilanes

Desilylation has been shown by Eabom to be an electrophilic 
aromatic substitution reaction. As removal of a trlmethylsilyl group 
from nuclear substituted aryltrimethylsilanes by electrophilic reagents 
provides valuable information about the effect of these nuclear 
substituents in electrophilic aromatic substitution, emphasis has been 
placed on the removal of a trlmethylsilyl group.

Removal of other tiialIqylsily1 groups has been studied and this 
is also electrophilic aromatic substitution, but little quantitative 
work has been carried out either on removal of trialkylsilyl or 
triarylsilyl from aromatic carbon. Two series of axylsilanes have 
been prepared (i) ^Si-p-anisyl and (ii) ArsSi-^anisyl and the effect 
of varying R and Ar was studied by cleavage of the ^anisyl group from 
silicon by aqueous methanolio perchloric acid.

The radical R was varied by successively replacing the methyl 
groups of Mea Si- by phenyl and it was hoped to investigate the effect 
of replacing methyl by CHaCl, CHaNHg and CH3OH but cleavage occurred 
during preparation of the alcohol.

The fourth group of these silanes was chosen to be ̂ auiisyl 
for this would (i) be cleaved at a convenient rate for measurement over 
the range of acid concentrations used and (ii) be cleaved at a much 
faster rate than other aryl groups attached to silicon and thus 
overcome the difficulty of having more than one aryl group removed.

This difference in cleavage rates is demonstrated by the
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removsil of a dimethylchloromethylsilyl group from £-anlsyl- and 
^tolyldimethylchloromethylsilanea (see Table V) by perchloric acid.

TABLE V
Relative rates of cleavage of aryldimethylchloromethylsilanes, 
Ar8i(CH^)2CHgCl by aqueous methanolio perchloric acid at

50.00 i 0.02®.

Ar Strength of 
acid, M

Rate of cleavage
X 10^,min"^

Average rate of cleavage
X 10^,min~^

Rate of
cleavage
relative

—OMe—

Relative 
rate of 
cleavage

£-anisyl 6.00 4.52, 4.52 4.52 7.34 127
£-tolyl 12.19 1.00, 1.00 1.00 0.0578 1

jD-Anisyldimethylchloromethylsilane is cleaved relatively 127 times as 
fast as £-tolyldimethylchlormcthylsilane. For the former, the half 
life was of a convenient time (ca 15 min.) whereas it was about 70min. 
for the latter where acid of the highest available concentration was 
used for cleavage.

The rate of cleavage was measured spectrophotometrically and 
the reaction was followed up to 75^ completion and was found to be 
first order in silane as straight lines were obtained for plots of 
log(D^-D^ ) versus time (see Chapter IX).

The rates of cleavage, concentration of acid, concentration of 
silane and wavelength at irtiich a run was carried out are given in 
Table VI.
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Qualitative Discussion

(a) Triarylsilyl groupa. Ar,Si
Relative rates of cleavage are given in Table VII, together with values of the Hammett substitution constant, o-.

TABLE VII
Relative rates of cleavage of triaryl-£-anisylsilanes, 

Ar^SiC^H^-OMe-£, by perchloric acid.

Ar Relative rate 
of cleavage

37
O'

Ph 1 0
m-tolyl 1.32 - 0.069
2-tolyl 2.08 - 0.170

n-chlorophenyl 0.107 4 0.373
2-chlorophenyl 0.302 4 0.227
2-(CH^)^SiCHgCgH^ 4.57 - 0.260

2-MeOCgH^ 18.8 ® — 0.268
o-tolyl 0.0033 -

As four £-anisyl groups can be removed from 
silicon, for comparison with other compounds 
the relative rate is 18.8 i.e. 4.70

4
An increase in rate was observed when an electron supplying

group was present in the aryl group and a decrease when an electron
withdrawing group was present. The polarity ^ ^’facilitates
formation of the intermediate and henoe cleavage of the Si - C bond.  ̂
An electron supplying group in Ar will supply electrons to the ring
carbon attached to silicon. The Si - C bond is already polarised due
to the g- 

C ̂
S-

C — - Si--- C (£-anisyl) Plg.X
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presence of the -OMe group. IherefoB when three more carbon atoms 
are attached to silicon,the polarity of the Si - C(^anisyl) bond is 
increased and hence cleavage occurs more readily. Electron with­
drawing substituents has the reverse effect

(i) para-and meta- tolvl groups
As expected by consideration of the +I effects of para- and 

meta- methyl groups tri-p-tolyl-p-auiisylsilane was cleaved faster than 
tri-j^-tolyl-j^anisylsilane • Tri-^to3yl-p-anisylailane and 
tri-m-tolyl-p-anisylsilane were cleaved considerably slower than 
trimethyl-p-anisylsilane. Since it is known that (i) trlmethylsilyl

41
is a weak electron-supplying group and (ii) triphenylsilyl is an

42
electron withdrawing group and as the rates of cleavege of a 
tri-p-tolylsilyl (2*15) and tri-^tolyl(1»31 ) are not far removed from 
that of triphenylsilyl (l) it is possible that tri-^tolylsilyl and 
tri-m-tolylsilyl are also electron withdrawing groups. This would 
mean that the +I effect of the methyl groups is not large enough to 
overcome the dectron withdrawing effect of the HisSi group. However, 
this slow rate of cleavage of tri-^-tolyl- and tri-c^tolyl-^-anisyIsilanes 
could be attributed to steric hindrance to attack by oxonium ion at the 
ring carbon (p-anisyl) at ta died to silicon because of these large groiçis 
attaôhéd to silicon,

(ii) ortho-tolvl
By consideration of the +I effect it would be expected that 

tri-^tolyl-^anisylsilane could be cleaved at approximately the same 
rate as tri-p-tolyl-i^anisylsilane but a veiy slow rate of cleavage was

43^ 44
observed, Tri-o^tolylsilyl derivatives exhibit steric hindrance
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and a sterio effect would explain this slow rate of cleavage. In 
Eaborn’s mechanism^ for the cleavage reaction, if formation of the 
intermediate is the rate determining step, the large ortho-methyl groups 
would prevent the attaohraent of a proton to the ring carbon atom holding 
silicon. If destruction of the intermediate by nucleophilic attack is 
the rate determining step, the silicon atom is shielded by the ortho- 
methyl groups and this prevents nucleophilic attack by a solvent 
molecule at silicon. However, it has been recently shown that nucleo- 
philio attack at silicon in the rate determining step i s unlikely^^ and 
therefore it may be concluded that the slow rate of cleavage is due to 
sterio hindrance to formation of the intermediate,

(iii) p-(CH^)^SiCH2C^H^

A strong effect operates from the (CH^)^Si group when it
is transmitted through an insulating methylene groupé, and the group
increased the rate of cleavage more than did £-tolyl. This order of
relative rates of cleavage is in agreement with the ionisation constants
of substituted benzoic aoids^^ the ionisation constant of
p-Me^SiCH2C^H^C00H(0o832) being considerably lower than those cf
benzoic acid (2,00) and £-toluic acid (1,32),

(b) Trialkyl- and alkvlphenyl-silyl groups. R,8i
Relative rates of cleavage are given in Table VIII.

(i) Trimethyl, and mixed methylphenyl groups.
Trimethyl-£-anisylsilane was considerably more reactive than

triphenyl-£-anisylsilane. From the values of its O' constants the
Ph^Si group functions principally through a -I effect^ (see Table IX) 
but the MejSi group usually supplies electrons to the ring^^,
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e.g. trimethylsilylbenzene was nitrated some 1.64 times as fast as
benzene by nitric acid in acetic anhydride at -10® and the £-Me^Si
group decreased the strength of benzoic acid.^^ This will account for
the observed difference in rates of cleavage*

TABLE VIII
Relative rates of cleavage of trialkyl- and alkylphenyl- 
£-anisylsilanes, R^Si^H^-OMe-£, by perchloric acid.

"3 Rate of cleavage relative 
to £-anlsyl SiPh^

Rate of cleavage relative 
to £-anisyl SiMe^

60.8 1
MGgPh 18.7 0.31
MePh 3.72 0.061
Ph3 1 0.016

Benzyl^ 5.36 0.088
MegCHgCl 7.34 0.12

ca 2.6 0.04
Me CH NHEt 1.15, 0.811 0.019, 0.013

TABLE IX
Hammett (X- constants for the £-Ph^Si group42

Reaction O'

Dimethylanilines with methyl 
iodide

Sodium phenoxides with ethyl 
iodide 

Benzoic acids with
diphenyldiaz omethane 

Benzoyl chlorides with aniline

4 0.27
4 0.31

+ 0.10 
4 0.09

57However, when substituted para to a strongly electron releasing group 
e.g. OH, NHg or (CH^)2N the Me^Si group functions as an electron with­
drawing group. This effect has been interpreted as involving a reson­
ance interaction between the electron-releasing group and the Me^Si groi 
in which the silicon atom has expanded its valency shell to accommodate
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ten eleotrons^'^^ and might have structure such as FigoXI,

•!0 ^SiMe FigoXI

Therefore, it is possible that, as the £-methoxy group is a strong 
electron supplier the Me^Si- group is withdrawing electronso The 
presence of the £-methoxy group will likewise increase the electron 
withdrawing power of the Ph^Si group.

The rate of cleavage decreased with each successive replacement 
of methyl by phenyl and this must be due to the withdrawal of electrons 
by the phenyl group« This withdrawal of electrons is shown by the

, Q
dissociation constants of RC^H^COOH, (Table X), However, for ali­
phatic oarboxy aoids^^ (Table XI) there is a decrease in the dissocia­
tion constant, when methyl is replaced by phenyl.

TABLE X.
Thermodynamic Dissociation Constants of RC^H^COOH 

compounds in 60o^% aqueous ethanol at 25®. ^
R H MejSi MegPhSi MePh2Si PhjSi

i o \ 1o05 1.11 1.28 1o51 1.81

TABLE XI.
Apparent Dissociation Constants of aliphatic 

oarboxylio acids at 25®.^^

Acid lO&a
Me^SiCH^COCai
MSgPhSiCHgCOOH

0.60
0.54

This withdrawal of electrons on replacing methyl by phenyl is 
also shown by the dissooiation constants of amines^^ (Table XII)o
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TABLE XII
Dissociation Constants of aliphatic amines.50

Amine 10'̂  Kg

Me^SiCHgNHg
PhMegSiCHgNHg

8.5
2.3

The effect of the phenyl group maJces the amine PhMe^^iCH^f^H^ 

50
markedly weaker than Me^SiCH^NH^ and this has been attributed to a
possible sterio effect. A similar ratio of relative rates vraa 
observed for the acid cleavage of PhMCgSi-^-anisyl and Me ̂ S i a n i  syl 
and here also steric effects may be operating,

(b) Benzyl
As observed by Oilman and Marshall^, tribenzyl-£- 

anisylsilane was cleaved faster than triphenyl-£-anisylsilant.
This would imply that the tribenzylsilyl group did not withdraw 
electrons as effectively as a triphenylsilyl- group. In this case 
a smaller steric effect could be operating as the aromatic ring is 
now separated from silicon by a methylene group and hence attack by 
an oxonium ion at C will be facilitated. The presence of the 
methylene group now separating phenyl and silicon oould also have an 
insulating effect on the withdrawing power of the aromatic nucleus.
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(o) Chloromethyl groups
The presence of a chloromethyl group attached to silicon re­

duced the rate of cleavage. The chlorine atom strongly withdraws 
electrons from the C atom attached to silicon by the -I effect and 
thus the ClCHg group will, relative to the CH^ group, withdraw elec­
trons from silicon. As a result the positive charge on silicon will 
be lowered, henoe decrease in ease of formation of the intermediate 
will result from this decrease in polarity of the Si-C (aromatic) 
bond. The dipole moment of trimethylphenylsilane is 0.42D whereas 
that of chloromethyldiraethylphenylsilane is which shows that
the chloromethyl group is strongly withdrawing electrons. The 
presence of a further chlorine atom on a methyl group attached to 
silicon decreased the rate as would be expected.
(d) Ethvlaminomethyl

Using 6.00M perchloric acid an initial fast rate of cleavage was 

observed and if this was neglected a relative rate of 1.15 was ob­
tained. With 9.48m acid the relative rate was 0.811 but no initial 
fast rate of cleavage was found. Similar variations in rate of clea­
vage were shown by p-dimethylaminophenyltrimethylsilane as the rate of 
cleavage by 0.1M aqueous hydrochloric acid was six times greater than 
the rate of cleavage by 6u acid.^^ It was thought that in acids of such
strengths the compound was largely converted to the ion £-MeC^Hj^SiMe^ 
which is negligibly reactive and when the acid strength was increased
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the increase in rate of reaction of a molecule of a free base, 
j^NMe^C^H^SiMe^, was slightly more than balanced out by the decrease 
in the number of such molecules present. Protonation of ethylamino- 
dimethyl-2 "anisylsilane could likewise occur and this would account 
for its low reactivity. As normal cleavage of ̂ -dimethylaminophenyl- 
trimethylsilane occurred at low acid concentration the effect of 
dilute acid (0,001 - 1.0 M) on ethylaminodiraethyl-£-anisylsilane was 
investigated, but no measurable cleavage was found to occur.

The spectrum of the amine was found to change after being in 
solution for some time. Variations in the spectrum were also ob­
served when water or perchloric acid (ca. 0.001M and 2.55M) were 
present.

The protonated base has a spectrum which is separated by about 
1 from that of the base and the spectrum change would be consis­
tent with the base becoming protonated in the course of a few days in 
methanol solution but such a slow protonation is unlikely.

Acid cleavage of p-anisylethoxysilanes
As it was found that all four groups were cleaved from tetra- 

£-anisylsilane by acid, it was necessary to prepare tri-£-anisylethoxy- 
8ilane in order to obtain a synthetic end point. Cleavage of this 
silane, di-£-anisyldietho3^silane and £-anisyltriethoxysilane has also 
been studied and rates of cleavage are given in Table XIII.
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TABLE XIII
Cleavage of 2-anisylethoxyslianes, (£-anisyl)^_^ Si(OEt)^, 

in watcr/methanol at 50*00 - 0.02®

n Concentration 
of acid, M.

Concentration, 
of silane x 10 ,M.

Wavelength 
at which 
studied ly*

Rate of cleavage 
X 10^, min**̂

Average 
rate of
cleavage

0X 10 min

1 3.05 1.85 250 1.63
1.62

1.63

2 3.05 2.74 248 1.47
1.48

1.48

2 2.55 3.13 248 1.02
1.01

• 1.015

2 7.50 3.49 248 17.7
17.9

17.8

3 7.50 10.1 248 3.26
3.26

3.26

Rates of cleavage have been determined by obtaining in each case 
synthetic end points as described on page 27.

By considering that for tetra-£-anisylsilane four £-ani syl 
groups have an equal opportunity of being removed, the actual relative 
rate of cleavage is the observed rate divided by four. Similar con­
siderations must be made for tri-£-anisylethoxysilane and di-£-anisyl- 
diethojqrsilane,the observed figures for the relative rate of cleavage 
having to be divided by 3 and 2,respectively. Relative rates of clea­
vage are listed in Table XIV. The relative rate of cleavage of di-£- 
diethoxysilaneanisyl^fell as the acid concentration was increased. This was probably 

due to experimental error for at high acid concentrations cleavage occurred 
very rapidly and it was difficult to follow changes in optical density acc­
urately. However, at the higher acid concentrations the compound was poss­
ibly hydrolysed to give a siloxane and it was cleavage of this which occurred.



37
TABLE XIV

Relative rates of cleavage of tetra-£-anisyl 
and £-anisylethoxy-silanes, (£-anisyl)^_^ Si(OEt)

n Rate of cleavage 
relative to 

Ph^SiC^H^OMe-£
Rate of cleavage 
relative to £ 

anisyltriethozy- 
silane

Corrected rate of 
cleavage relative 
to p-anisyltriethoxy- 

silane
0 18.8 9.12 2.28
1 16.2 7.86 2.63
2 14.7 7.13 ) 3.57
2 14o7 7.13 j
2 11.3 5.48 2.74
3 2.06 1 1

An increase in rate was observed from n=o to n=2 but for n=3 a 
decrease in rate occurred. When n=o there must be some sterio hin­
drance to attack by an oxonium ion on the ring carbon attached to sil­
icon, Tri-£-anisylethoxysilane and di-£-anisyldiethoxysilane will 
both be hydrolysed in solution to give the silanol and disilanol res­
pectively and it is cleavage of these which occurred. Therefore as 
would be expected when a £-anisyl group is replaced by hydroayl there 
is less sterio hindrance and consequently the rate of cleavage inc­
reased from n=o to n=1 to n=2. However, if p-anisyltriethoxysilane 
is hydrolysed to give £-anisyltriol, the presence of acid will convert
this to a siloxane as triols are notoriously unstable in the presence 

53of acid and it was cleavage of a siloxane containing £-anisyl groups
which occurred. The steric hindrance to attack by oxonium ion will now
be increased and hence decrease in rate of cleavage will be observed. 
£-Anisyltriethoxysilane was cleaved roughly thirty times slowly as £- 
anisyltrimethylsilane. This is expected because of the large -I effect 
of the -OX grouping (-0X represents the group formed by hydrolysis).
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Quantitative Discussion
(a) Triarylsilyl groups. Ar^Si

Hajoraett̂  ̂has shown that the effect of meta- and para-suhstituents
on the rates of many reactions occurring in the side chain of a benzene 
derivative can be represented by the equation: log k- log k® =
k® is the specific rate constant for the unsubstituted derivative, k is 
that for the substituted derivativeis constant for any given type of 
reaction and is constant for any particular substituent. A plot of 
log against Or will be a straight line of slopeyO •

This relationship also seems to apply to the reactions at a sili­
con atom attached to an aromatic ring as a plot of the logarithm of the 
relative rate of hydrolysis of triarylsilanes in wet piperidine against
O' gave what was considered to be a satisfactory linear relationship^^* 

However, it has been suggested that O' -constants will not normally apply
to aryl-silicon compounds because of p^-d^ bonding between the aryl group

97and the silicon atom.
For the cleavage of triaryl-£-anisylsilanes by perchloric acid a 

plot of the logarithm of the relative rate of cleavage against O' 
should also be a straight line and Fig.XII shows that this is reasonably 
true, yO having a value of -2.43*
(b) Methylphenylsilyl compounds. Me^_^Ph^_^SiC^H^-OMe-£

The plot of the logarithm of the relative rate of acid cleavage 
of the compounds Me^^Ph^^^SiC^H^OMe-£ (where n=1 to 4) versus the log­
arithm of thermodynamic dissociation constants, Ka, of the acids
£-MCj^_^Ph^_^SiC^H^COCH^ (Table X) can be regarded as showing discontin­
uity between n=2 and n=3 with points for n=4, 3 and 1 in a straight line 
or a discontinuity between n=1 and n=2 with points for n=4, 3 and 2 or. a 
straight line (see Fig.XIIl).
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Kimball has predicted that a tetrahedradly co-ordinated atom
a

( sp ) such as silicon can form a maximum of two strong and three 
weak TT-bonds. It would be expected that the average mesomeric 
effect of the phenyl group would stay roughly constant until two 
aromatic nuclei were attached to silicon then fdl more rapidly as more 
phenyl groups were introduced.

This would explain the discontinuity between n=2 and n?=3î however, 
there should also be a -discontinuity between n=3 and n=4 but this was 
not observed, and therefore the discontinuity probably lies between 
n=l and ru=2.

Since the acid strengths of 2"Me4-nihn-i SiCe H*GOOH gradually 
increased with the number of phenyl groups, it was concluded that 
phenyl groups attached to silicon tend, on balance, to be only sli^tly 
more electron attracting than methyl groups i.e. the influence of their

4#
inductive effect (-1) slightly outweigjhed their mesomeric effect (+M),

It can therefore be considered that this balance of +M and -I 
effects also applies for cleavage of methylphenyl-p-anisylsilanes but 
here sterio effects also occur. The replacement of the first methyl 
by phenyl causes relatively little steric hindrance to cleavage but 
successive replacement of methyl by phenyl causes a continuous 
increase in steric hindrance, and a straight line plot is obtained 
vdien ns=4,3 and 2.
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Nuolear magnetic resonance shielding values (T^) for the
(Si-)n proton of %  SiH shows the relative electro-negatives of R

66and the effect of substituents in R. Values are given in Table XV,
TABLE XV

Proton magnetic shielding values for (Si-)H of
66Mê Hi3-xSiH

Compound (p.p.m.)

Mes SiH 
MeaPhSiH 
MeHiaSiH 
IhaSiH

6*149 - 0*014 
5*574 - 0*005 
5*083 - 0*002 
4*579 - 0*005

Where t'(in p.p.m.) = 10*000 - 10* ~ IncreasingnieTsi
values of C signify increasing shielding of the proton emd decreasing
electronegativity.

Pig, XIV shows the plot of log relative T  value against the log
of relative rate of cleavage and the point for Meg Si- lies off the
line. For proton resonance of the (Si-)H there was no discontinuity
in replacing methyl by phenyl and hence theee results agree with those

46for the dissociation constants of the acids p-Me4 -hRin-i SiCe COOH.
The deviation from the line must therefore be because of steric effects 
in the acid cleavage reaction and the explanation given on p. 39 
can again be applied.
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CHAPTER V

Bromine cleavage of triaryl- and trialkyl-p- 
aniaylsilanea.

Bromodeoilylation has been carried out in carbon tetrachloride^^ 
and in glacial acetic acid containing 1.5 wt w a t e r , A s  the 
kinetics are simpler in the latter solvent it was used in this study.

The primary object here was to show how the variation of R in 
R^Si-C^H^-OMe-£ affected cleavage of the C-Si bond, hence little empha­
sis has been placed on the mechanism of the reaction.

However, the order has been determined in typical cases, using
the "fr(^ctional-life period" method, the equation being:-

log t - log t^
n = 1 + ____ 1________i

log - log â
where â  and a^ are the initial concentrations of the reactants, t̂  and
tg are the times required for a specified fraction of the reaction and

58n is the reaction order.
For (i) Tri-ffl-tolyl-p-anisylsilane = 0,000921 M a^ = 0,000670 M 

n 2,02 2,10 2.11 2,11 2,14 2,14
Percentage reaction 10 20 30 40 50 60

(ii) Diphenylmethyl-£-anisylsilane â  = O.OOO588 M a^ = 0,000164 M 
n 2,0 2.0 2,1 2,1 2,1 2.1

Percentage reaction 10 20 30 40 50 60
(ill) Chloromethyldimethyl-£-anisylsilane â  = 0,000164 M a^ = 0,000372 M 

n 2.1 2,1 2,1 2.1
Percentage reaction 30 40 50 60
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(iv) Tri-m-ohlorophenyl-£-anisylsilane â  = 0,0018? M a^ = O.OOO84I M 
n 2,2 2.2

Percentage reaction 10 20
All values of n are to - 55̂  At these concentrations the

increase in order throughout the run is small.
The increase in order of reaction has been attributed to bromine

being removed as inactive tribromide ion
Br^ + Br cssr Br.

15during the reaction.
An order between 2 and 3 probably means there are concurrent 

second and thii^ order reactions and the overall rate equation for 
bromodetrimethylsilylation has been postulated as

^  = k* l A r S i M e J ^ B r ^ j  + k" ĵ ArSiMê  j  ĵ Br̂  J  ^

where ^ArSiMeJ is the concentration of silane in solution and j^r^j 
is the concentration of "free" bromine (i.e. that not complexed as 
HBr^) at any given time.

At low concentrations only the second order reaction is oper­
ating and the rate equation is

= ÎArSiMêJ [ Br̂J
For a particular bromine concentration the order of reaction 

was the same for most of the 15 triaryl- and trialkyl-^-anisylsilanes 
examined and their relative rates of cleavage have been determined by 
the comparison of times needed for removal of various fractions of
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bromine at identioal initial concentrations of the two silanes. By
overlapping the pairs, the reactivity, for each compound rela­
tive to triphenyl-£-anisylsilane was determined^

Relative rates of cleavage, concentration of bromine, and 
concentration of silane are listed in Table XVI,

TABLE XVI
Cleavage of £-anisyltriaryl- and £-anisyltrialkylsilanes, 

R^SiC^H^-OMe-£ by bromine at 25.0 - 0,02° in glacial acetic 
acid containing 1,5 wt ^ water.

R, Concentration 
of bromine
x1o\ M.

Concentration 
of silane

X  1 0 %  M.

Relative rate 
of cleavage

Me, ^ 1.30 1,30
MegCHgCl ^ 1,30 1,30
MegCHgCl ^ 1.64 1.64
(EtO)^ ^ 1.64 1.64
MePhg^ 1.64 1.64

(£-aniByl), 1.64 1,64
(£-tolyl)^ ^ 2,83 2.83
Me^NHCH ^ 2,83 2,83

2.83 2,83
Benzyl^ ^ 2.83 2,83

MSgCHgCl ^ 3.72 3.72
(£-anisyl)^ ^ 3.72 3.72

17.0

1.0

1.0

0o13
0.23

1.0

143

1.9^
8.7
loO

0.53



TABLE XVI (Continued)
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"3 Concentration 
of bromine
x10\ M.

Concentration 
of silane
X 1o\ M.

Relative rate 
of cleavage

Me^Ph ^ 4.06 4.06 12.0
(Benzyl)^ ^ 4*06 4.06 J 1.0
Ph^Me ^ 5.88 5.88 1.0

(Benzyl)^ ^ 5.88 5.88 2,0
[£-(CH3)^SiCH2CgHj3^ 6,66 6.17

(£-tolyl)^ ^ 6,66 6.17 '
MegEtNHCHg ̂ 6,66 6.17 20 ^
(2-tolyl)^ ^ 6,70 6.70 1.0

[£.(CH3)3SiCH2CgHj3' 6,70 6.70
(m-tolyl)^ ^ 6,70 6.70 / 0.46
(£-tolyl)^ ^ 6,70 6.70 } 1.0
(m-tolyl)^ ^ 6.70 6.70 1 0.45
(£-tolyl)^ ^ 6,80 6.80 ]
(m-tolyl)^ ^ 6,80 6,80 1.4

6,80 6,80  ̂ 1.0
MePhg ^ 8.21 8,21 !(£-tolyl)^ ^ 8.21 8.21 [ 1,0

8,99 8,32 J 1.0



44-A

TABLE XVI (Continued)

"3 Concentration 
of bromine 
X 1(A, M.

Concentration 
of silane 

X  1(A, M.
Relative rate 
of cleavage

(£-tolyl)^ ^ 8,99 8.32 / 3.4
(m-tolyl)^ ^ 9.21 9.21 -

(m-tolyl)^ ^ 15.4 14.5 1.0
2-tolylSiMegCHgCl 15.4 14.5 j 0.035

2(£-chlorophenyl )̂ 16.1 16.1 0.12
2(^  ohl orophe nyl )̂ 16.1 16.1 0.052

16.1 16.1 1.0
(o-tolyl)^ ^ l6,1 l6,l 0.021
(m-chlorophenyl)^ 18.7 18.7 1.0
(o-tolyl)^ ^ 18.7 18.7 0.48

Run carried out in fast reaction vessels, denoted "fast run". 

Run carried out in 100 ml, flasks, denoted "slow run".

3 Relative rate taken for first 10^ of reaction only.
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Qualitative Diaoussion.

(a) Triarylflilyl groups, Ar^ Si

Relative rates of cleavage are given below.

TABLE m i
Relative rates of cleavage of triaryl-£-anisylsilanes, 

Ar^SiC^H^-OMe-£ by bromine.

Ar Relative rate 
of cleavage

Ph 1
m-tolyl 1o5
£-tolyl 3.4
m-chlorophenyl 0.052
£-chlorophenyl 0.12
£-anisyl 35.4 ^

6.8
£-tolyl 0.021

0.025

Pour £-aniayl groups are available to be removed, thus for 

comparison with other compounds the relative rate is 

i.e. 8.9

As observed for acid cleavage, electron supplying substituents 

in At increased the rate of cleavage and electron withdrawing substit­

uents decreased the rate of cleavage. Here again a supply of elec­

trons increased the polarity of the Si - C (£-anisyl) bond and cleavage 

was facilitated.
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f
R,Si

BrR,Si

(i) o-Tolyl.
The rate was much slower than would be expected when con­

sidering the +I effect of an ortho- methyl group. Here again steric
hindrance must be ooourringo As bromine cleavage is very similar to 

12 15acid cleavage ' steric hindrance to formation of the intermediate I 
is probably occurring due to the presence of the 
large o-tolyl groups attached to silicon. However, 
the rate of cleavage of tri-£-tolyl-£-anisyl6ilane 
relative to that for triphenyl-£-anisylsilane was 
considerably more for bromine cleavage than for 
acid cleavage (0.023 : 0.0033)» The intermediate II has been postu-

i Islated to be formed in the bromine cleavage reaction, (see page 19) 
and formation of this could be involved in the rate determining step. 
In I interaction would be expected to occur between the £-tolyl groups 
and the bromine atom not attached to the ring carbon atomo Therefor# 
this bromine atom is probably very easily removed by the eleotrophile 
E to form EBr , In effect there is sterio hindrance to forming the 
intermediate I but sterio acceleration in forming intermediate II and 
as a result the overall rate of cleavage was higher than would be 
expected, when considering the relative rate of acid cleavage of th# 
compound. Increase in the initial concentration of silane had little 
effect on the relative rate of cleavage.
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(11) p-(CH3),SlCHgCgH^

The £-(CH^)jSlCHg group strongly supplies electrons and 
the rate of cleavage of tri-(£-trimethylsilylmethylphenyl)-£-anisyl- 
silant was faster than that of tri-£-tolyl-£-anisylsilane. When 
the times for removal of different fractions of bromine were compared, 
the cleavage rate relative to that for tri-£-tolyl-£-anisylsilane did 
not remain constant throughout the run, being 2.0 times as fast at 
IO9S reaction and increasing to 3*5 times as fast at 70fo reaction.
This difference in relative rates indicates that some other reaction 
as well as cleavage was taking place. The orders of reaction calcu­
lated as described on page 41 are as follows:

Tri-£-tolyl-£-anisylsilane â  = 0,000670 M a^ = 0,000283 M 
Percentage reaction 10 20 30 40 50 60

n 2.0 2.1 2.1 2o2 2.3 2.5
Tri(£;-trimethylsilylmethylphepyl)-£-anisylsilane â  = 0.000670 M

ag = 0.000283 M
Percentage reaction 10 20 30 40 50 60 70

n 2.2 2.2 2.2 2.2 2.1 2,1 2.1
It is possible that for tri-(£-trimethylsilylmethylphenyl)- 

£-anisylsilane, as the reaction proceeded both a £-trimethylsilyl- 
raethylphenyl group and a £-anisyl group were cleaved from silicon.
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(b) Trialkylallyl and alkylphenylsilyl froups. R,S1
Relative rates of cleavage are listed in Table XVIII.

TABLE XVIII
Relative rates of cleavage of trialkyl- and alky Ip he nyl-£- 

anisylsilane8, R^SiC^H^OMeby bromine.

^3 Rate of cleavage relative 
to £-anisyl SiPh^

Rate of cleavage relative 
to £-anisyl SiMe^

Me^ 1100 1
Me^Ph 355 0.32
MePhg 14.8 0.0135
Ph3 1 0.00091

(Benzyl 29.6 0.027
MegCHgCl 64.4 0.0585
KegCHjNHEt 48, 68 0.044, 0.062

(OEt)^ 8.4 0.0076

The rates of cleavage were in the same order as for acid 
cleavage except in the case of dimethylethylaminoraethyl-£-anisylsilane. 
With bromine cleavage the amine was cleaved at about the same rate as 
diphenylmethyl-^-anisylsilane but with acid cleavage at about the same 
rate as ohlorometbyldimethyl-£-anisylsilane. In bromine cleavage no 
strong aoid was present and the amine would be present largely as the 
reactive free base, but for acid cleavage little free base probably
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existed. Therefore, the rate of cleavage relative to that of 

triphenyl-£-anisylBilane will be greater for bromine cleavage than 

for acid cleavage.

The rate of cleavage relative to that of tri-£-tolyl-£- 
anisylsilane fell from being approximately 1? times as fast at 10}̂ 
reaction to six times as fast at 70/o reaction. It is possible that 
this decrease in relative rate is because at the start of the 
reaction, the unprotonated base was rapidly cleaved. As the reaction 
proceeds, more protonated base was formed due to the presence of 
hydrogen bromide formed by hydrolysis of the silicon bromide which was 
obtained as cleavage product. The protonated base was then cleaved 
more slowly. ^

As the initial concentrations of bromine and dimethylethylamino- 
methyl-£-anisylsilane were increased the rate of cleavage relative to 
that of triphenyl-£-anisylsilane increased. This variation was most 
probably due to the difficulty in calculating relative rates for the 
first ^0% of reaction.
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Quantitative Discussion,
(a) Triarylsilyl ^ ou ps .

The relationship log would be expected to apply for
bromine cleavage. In Fig* XV it can be seen that there is a good 
linear correlation. The slope of the line gives yO =

From Fig, XVI it can be seen that acid cleavage and bromine 
cleavage of these £«anisylsilanes correlate very well. The point for 
triethoxy-2-anisylsilane is off the line in the direction indicating 

that cleavage by bromine is too fast. It is possible that reaction 
occurred between bromine and the ethoxy groups and it was not loss of 
bromine due entirely to cleavage that was taking place. In an 
attempt to investigate this a solution of tetraethoxysilane was 
treated with bromine and a disappearance of of bromine occurred 
in 24 hours. Therefore, similar reaction with bromine could have 
occurred for triethoxy-^-anisylsilane.



i*
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(b) Methylphenylsilyl groups Me. Si

For the plot of log (cleavage) against log of the
acids, n^^n 1 a very pronounced discontinuity was
observed between n=1 and n=2 (see Fig.XVIl). A similar explanation 

as put forward for aoid cleavage may be given viz. there is a contin­
uous increase in electron withdrawal on replacement of a methyl group 
by a pheryl group but the steric effect is only continuous after one 
methyl group has been replaced.
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CHAPTER VI
Merourlo acetate cleavage of trlaryl- and trlalkyl-p-anlsylsilanes.

Cleavage of the aromatic C-Si bond has been carried out by 
using mercuric acetate in glacial acetic acid^^ and glacial acetic 
acid containing 20 wt w a t e r . T h e  latter solvent was chosen for 
this study as (i) most of the silanes were soluble in it (ii) clea­
vage of the majority of silanes could be followed at a convenient 
rate (iii) no appreciable reaction occurred between the solvent and 
mercuric acetate at the temperature used (25*00 - 0.02°). An att­
empt was made to follow cleavage at 75° in glacial acetic acid con­
taining 10 wt ^ water but reaction (equivalent to a loss of 2 ^  of 
mercuric ions in 18 hours) between the mercuric acetate and the sol­

vent occurred. This has been reported previously and has been att­
ributed to reaction of mercuric ions with acetate ion or acetic aoid^^

Due to the difficulty in determining an exact end point 
because of the very dilute solutions used (see Chapter Xl) an accur­
acy greater than should not be attached to the quantitative 
figures.

Using the fractional life method for determining order, it 
was found that variation occurred throughout a run. This was most 
probably due to experimental error as it is likely that the end point 
observed for one set of runs using a particular mercuric acetate con­
centration was not the same as that taken for another set of runs 
(See Chapter XI).
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The purpose of this work was to investigate the effect of 
varying R in R^SiC^H^OMe-j^ on the cleavage of the C-Si bond by diff­
erent eleotrophilic reagents. Therefore most emphasis has been 
placed on this aspect of the work.

Relative rates of cleavage and concentration of mercuric 
acetate are given in Table XIXo

TABLE XIX
Cleavage of triaryl- and trialkyl-^anisylsilauies, 

R^SiC^H^OMe-2 , by mercuric acetate in glacial acetic 
aoid containing 20 wt ^ water at 25.00 - 0.02°.

"3 Concentration of 
Hg(OAo), X 105, M.

Relative rate 
of cleavage

3.86 \ 1
(£-tolyl)^ ^ 3.86 1 2.53
(m-tolyl)^ ^ 3.86 . 1.55 

0.660(jg-chlorophenyl 3.86
MSgPh ^ 3.86 68.7
Me^ ^ 3.86 / 194
Me^Ph ** 8.69 10.19
MePhg ^ 8.69 1

(£-anisyl)^ ^ 19.4 1 9.81



TABLE XIX (Continued)
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«3 Concentration of 
Hg(OAo)g X 105, M.

Relative rate 
of cleavage

MePhg ^ 19.4 ) ^2Benzyl 19.4 I 0.157
2(m-chlorophenyl 19.4 J 0.0217

MePhj ^ 47.9 )  ^
MegCHgCl 47.9 j 19.2
MePh 80.4 ) 1/

Me^EtNHjCHg ^ 80.4 ) 0.434

Runs carried out in 100 ml. flasks - denoted "slow runs" 
Runs carried out in sealed tubes - denoted "very slow runs".
Initially reaction was very fast. Relative rate given is 
that for first 10^ of reaction.
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(a)
Qualitative Discussion 

Trieirvlsilyl grouns. AraSi
TABLE XX

Relative rates of cleavage of triaryl-jg-anisylsilanes, 
AraSiCeHiOMe-^jby mercuric acetate.

Ar Relative rate of 
cleavage

Ph 1
^tolyl 1*55
£-tolyl 2*53
r^chloropheryl 0*146
2-chlorophenyl 0*495
£-anisyl 66*1 *

Four j^anisyl groups can "be removed • * • actual
66*1 
4rate 16*5

As for both acid and bromine cleavage, electron withdrawing 
substituents in Ar decreeise the rate of cleavage and electron 
supplying substituents increase the rate of cleavage relative to that 
of triphenyl-£-anisylsilane.
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Trialkrl- and alkvl-phenvlsilvl groups 
table XXI

Relative rates of cleavage of trialkyl- and alkylphenyl-£- 
anisylsilanes, RaSiCeHiOMe-^, "by mercuric acetate.

Rs Relative rates of 
cleavage

Mea 194
MeaPh 68*7
Meiha 6*74
Pha 1
Bza 1*06

Mea Cha G1 129*5
MeaCHfll'îHEt 2*93

A similar order of relative rates aafor bromine cleavage was 
observed except for triben^l-£-suiisylsilane, which now was cleaved at 
a similar rate to tripheryl-g-anisylsilane. If it is considered 
that the electrical effect of a benzyl group is the same for both 
bromine and mercuric acetate cleavage, this slower relative rate which 
has been observed here was'probably due to steric effects.

For bromine cleavage it was concluded that steric hindrance due 
to the triben^lsilyl group was less than the triphenylsilyl group 
because of the methylene group separating phenyl and silicon. However, 
in mercuiy acetate cleavage, the acetoxymercuri ion is sufficiently

J-
large that "benzyl groups could also cause considerable steric hindrance
to its attack on the ring carbon attached to silicon. From a
consideration of Ihe amount of ortho isomer formed in the mercuration 

61of toluene it has been concluded that there is considerable steric
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f»hindrance to the mercuration reaction, hut this would not appear to 
be as great as that for molecular bromination.

The overall spr®ui of rates of cleavage was in the order
bromodesilylation > mercuridesilylation } protodesilylation 

This has been attributed to an increase in electron demand, from 
bromode silylation to mercuridesilylation to pro tode silylation.
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Quantitative Disoxiasion

Prom the plots of log ('bromodesilylation) against log 

(merourid.esilylation)%. XVTHand. log k^^(protodeailylation) against 

log k^^ (mercurideailylation) Pig.XIXgood linear relationships were 

obtained. There was, however, better correlation between bromodesiiyl- 

ation and mercuridesilylation than between pro todesilylation and 

merouridesilylation.

(a) Triarylsilyl groups, Ar,8i

Pig. XX shows that plot of log k^^ (mercuridesilylation) against 

CT is a good strai^t line whereyo = - but the point for the ̂ chloro 

substituent was well off the line. It is possible that there are
■f —

oontributions from structures of the type Cl */ )sSi and hence

cleavage was faster than would have been expected. But the deviation 

was most probably due to experimental error as this silane was cleaved

very slowly (12^ reaction in 17 days ) and the run was carried out at a low 
conoentiztion of silane as it was very insoluble in the solvent. Errors

could arise from the difficulty in recording end points and reaction

could have occurred between the solvent and mercuric acetate in this

time.

(b) Trialkylsilyl groups, RgSi

(i) Methvlnhenvlsilvl groups

The rate of cleavage of methylphenyl-^-anisylsilaies

correlated very well with the rates of cleavage by acid and bromine 
and XIX

(Pigs. XVIIIŷ respectively), Por the compounds Mê -nfhn-̂  Si-^anley 1, 

the plot of the log of the relative rate of cleavage by mercuric acetate 

against the log of the dissociation constants of the acids 

2-Me4-n SiO»H*COOH (PigJQCI ), therefore, showed deviation by the
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point for The explanation given previously (p. 39 ) would
again apply*

(ii) Chloromethvldimethvlsilvl
Por chloromethyldimethyl-p^anisylsilane an initial faat

rate of cleavage was observed and from this the relative rate of
cleavage relative to that for diphenylme thyl-^anisylsilane was

XIX
oaloulated. However,from Pigs .XVIII andŷ t can be seen that the point
for ohloromethyldimethyl-£-anisylsilane was off the line in the
direction indicating that cleavage by mercuric acetate was too fast.
It is known that similar compounds rearrange in the presence of aluminium 

ë#tridiloride and this could have occurred here.
Cft —QMe—T3
I Hg(OAc)a +

Mea- Si - GHq - CO.  >  MeaSi - GHa - GgH* - 0Mo-£
It could now be this which reacted with mercurio acetate and gave the
apparent fast rate of cleavage.

As there was some uncertainty as to whether the rate of cleavage 
of 2"tolyltrime thylsilane was faster than that of p-tertiarybutylphenyl- 
trimethylsilane the rates of cleavage of these two silanes was measured. 
It was found that £-tolyl trime thylsilane was cleaved faster than 
2 “ tertiarybutylphenyl trime thylsilane •
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Cleavage of cyclic organosilicon comixnmds

Cyclic organosilicon compounds have been prepared in which 
silicon is incorporated into the aromatic ring but there
is only one instance of cleavage of such a compound#

on
Ph &  m  IVG% II

5,5-Dlphenyldibenzosilole (l) when treated with formic acid gave
6?

biphenyl and an impure silicon-containing fragment# This is
similar to the cleavage of 2-biphenylyl substituted organosilicon

ai
compounds by formic acid#

As cleavage of these compounds was limited to this one example 
it was proposed to prepeire the above compound and a series of cyclic 
organosilioon compounds of the type II where X = SOg, 8, 0, NEt,and CHa 
in order to investigate when silicon was part of the ring and attached 
to two aromatic nuclei whether increased stability of the 0-Si bond 
resulted and to study how variation of X affected cleavage by acid 
and bromine*

The corresponding diphenylsilyl compounds III where
X e 0, NH, HEt and S, have been prepared by refluxing diphenyIsilane
for 3-6 days wilh the S-containing heterocycles phenoxanthin,

hydrogen sulphide
phenothiazine, 10-ethylphenothiazine and thianthrêne,/^ was evolved 
and the PhgSi group took the place of the sulphur atom in the ring 
system. Since dimethyl silane is a gas, this method could not be 
used and consequently other methods of preparation were employed or 
attempted. The compounds vAiere X = 0, HEt, and 80̂  were prepared
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but for X « S and CHg the preparations were unsuccessful (see 
Chapter VIII). 5,5-Dimethyldibenzosilole (l) was also prepared.
1,1-Diphenylsilacyclopentane (IV) was prepared in order to investi^te 
the effect on cleavage when silicon was part of an alicyclic ring.
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Except for 1,1-diphenylsilacyclopentane straight lines were 
obtained for the plots of log (D^-D^) against time.

The spectrum of the cleavage product for 5,5-dimethyldibenzo- 
silole (l) was removed from that of diphenyl by ca 2 yi but very similar 
in shape. This indicates that it probably still has a silicon group 
attached and that cleavage of only one Si - C(aromatic) bond has 
occurred.

For 10,10-dimethylphenoxasilin (ll, X « O) the spe ctrum of the 
cleavage product was the same as that for dijhenyl ether and it may 
be concluded that both Si-G (aromatic) bonds have been broken. Since 
a straight line was obtained for the plot of log (D_y-D̂  against time 
this meant that the second Si-C bond was probably cleaved veiy quickly 
once the first S i - C  bond had been broken. If the second bond had
been cleaved slowly a straight line would not have been obtained.
The value of rate of cleavage was that for cleavage of both S i - C  
bonds; the rate of cleavage of the first was probably much slower.

Cleavage of the first S i - C  bond was slightly faster for
5,5-dime thy Idibenaosilole than for 10,10-dime thylphenoxasilin. Once
the first bond is broken an ortho- substituted arylsilane would be
left; in the latter an group would strongly supply electrons
and this would facilitate cleavage of the second C - Si bond but for
the former it would appear that the o-phenyl group does nob supply
electrons strongly enou^ for the second S i - C  bond to be broken.
This would be expected, because in cleavage of nuclear substituted

8
arylsilanes by sulphuric acid/acetic acid/water, the rate of cleavage 
of 2-biphenylyl trime thylsilane is only 6 times faster than that of 
phenyltrimethylsilane.
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In II when X = îŒt there is a strong supply of electrons from
nitrogen, this being more than from oxygen and hence cleavage of
this was considerably faster than that of the corresponding o3Qrgen
confound. As both bonds of 10,10-dimethylphenoxasilin (ll, X = O)
were broken by acid it was therefore most probable that both bonds
were broken in this case. When the acid concentration was increased
from 0.293M to ca 1.0M the rate of cleavage increased. The fall in
rate of cleavage as observed for ̂ -NMe^C^H^-SiMe^ with increase in

7 8aoid concentration * did not occur for this compound.
No cleavage within six days was observed for the compound

Il(X=80g) which shows the very large deactivating effect of the sul- 
phone grouping.

In Table XXII are listed the rates of cleavage relative to 
that of trimethyl-£-anisylsilane. If silicon were not part of the 
cyclic system an ortho- substituted aryl silane would result. Fig­
ures for rates of acid cleavage of such o-substituted arylsilanes
relative to that of trimethyl-p-anisylsilane are listed below

(i) o-Ph® 0.00594 “
(ii) £-PhO®® 0.00578 ^

®’ cleavage by sulphuric acid/water/aoetic aoid 
^ cleavage by aqueous methanolic perchloric acid

(iii) o-NEtPh No figure exists for the substituent.
It therefore would appear that the stability of the C-Si bond 

is slightly greater in the cyclic organo-silicon compounds than in 
the open chain compounds.

For 1,1-diphenylsilacyclopentane, IV, it appeared that both 
phenyl groups were cleaved as the plot of log (D̂  - ) against t
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(see p. 95 ) was not a straight line. An approximate value of rate
of cleavage was obtained for the first 30^ of the reaction and 
cleavage was much slower than for the other cyclic organosilioon 
compounds•

Bromine cleavage.
TABLE XXIII

Relative rates of cleavage of cyclic crganosilicon compounds 
by bromine in glacial acetic acid containing 1*5 wt ^ water 

at 25*00® - 0*02°

Compound Concentrât ion 
of bromine 

X  10 M
Cone e ntra tion 
of silane 
X lOf M

Rate of cleavage 
relative to 
HiaSiCcHiOMe

Rate of cleavage 
relative to I

I ^ 8" 99 8*32 0*009 ^ 1

II, X « (a 8*99 8*32 0*110 12

II, X _ EtN 2*17 2*17 Cleavage too fast to measure 
i.e. Complete cleavags 
occurred in 20 sec.

II, X = SOg 15*6 15*6 No cleavage within 5 days.

 ̂ Run carried out in fast reaction vessels ("fast run")

* Run carried out in 100 ml.flasks ("slow run")

* Run carried out in sealed tubes ("very slow run")

Relative rate figure taken for first 40% reaction.
The rate of cleavage of 10,10-dimethylphenoxasilin relative to 

that of triphenyl-2 *anisylsilane was approximately the same for both 
cleavage by acid and bromine. Howevsr, for cleavage of
5,5-dimethyldibenzosilole, cleavage by bromine was much slower relative
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to triphenyl-£-anisylsilane and the rate was slower than for 
10,10-dimethylphenoxasilin. Prom considerations of electrical and 
steric effects no change in order of cleavage would have been expec­
ted, It is possible therefore that it was not in fact cleavage 
that occurred.

The rate of reaction of I compared to that of triphenyl-£- 
anisylsilane dropped from 0.0096 at 30>o reaction to 0.0078 at 
This indicates that the order was higher for the reaction between 
bromine and I than between bromine and triphenyl-p-anisylsilane.

With II, X = T'lEt cleavage occurred too quickly to be measured. 
This showed the very high reactivity of the Si-C bonds due to a 
strong supply of electrons by the -NEt group.

For the compound II, X = 80^ no cleavage occurred within 5 
days and this, once again, showed the unreactivity of the S i - C  
bond due to the presence of the sulphone grouping.



SECTION III. Experimental Woik
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CHAPTER VIII

Preparation of Orgsmo-silanes and Intermediates

PimethylphenYl-P-anisylsilane.
Phenylmagnesium bromide was prepared by slowly adding 

bromobenzene (160 gm, 1*02 mole) in anhydrous ether (400 ml) to 
magnesium turnings (31 gm, 1*3 mole) and boiling the mixture under 
reflux for 1 hr, A solution of dimethyldichlorosilane (129 gm,
1*0 mole) in anhydrous ether (400 ml) was rapidly added and the 
mixture boiled under reflux for a further 5̂ /̂  hr.

The coolçd mixture was then hydrolysed with dilute hydrochloric 
acid and the etherial layer separated, washed with water and dried 
(Nag SO4 ). The ether was distilled off and the residue was 
dissolved in approximately fifteen times its volume of alcohol, the 
total volume of alcohol being about 2 litres. The solution was 
placed in a 3 litre round-bottomed flask equipped with a reflux 
condenser and aqueous AnalaR hydrofluoric acid (380 ml)(40% w.w) was 
added. The flask was warmed in a water bath so that bubbles of 
gaseous hydrofluoric aoid only arose very slowly to the surface.
After 10 hr, the bath was switched off and the mixture left ovemi^t. 
It was then poured into three times its volume of water and the oil 
which separated out extracted with petroleum ether «40®). The 
extract was washed with water, dried (NagSO^ ) and the solvent was 
distilled off through a packed column. The residue was fractionally 
distilled through a packed column to give dimethylphenylfluorosilane 
(105 gm, 68%) b.p. 162® (reported 162*4® ),
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Dimethylfluorosilane (24*6 gm, 0*16 mole) in ether (200 ml)
was added to an ethereal solution of p-anisyllithium (ca 0*2 mole).
The mixture was stirred for about 2 hr,, filtered through glass vrool
to remove any excess lithium and hydrolysed with dilute hydrochloric
acid. The ethereal layer was washed with water and dried (Nag SO4 )
The ether was distilled off and the residue fractionated at reduced
pressure through a Vigreux column to give dimethylphenyl-p-anisyl-

ao
silane (10 gm, 26%) b.p. 186®/30 mm, n^ * 1*5641 
Anal, Calculated for CieHigSiO: 0=74*40 ît=7*44

Pound: 0=74*55 H=7*58
The solution of p-anisyllithium was prepared in the following manner. 
Lithium (3*18 gm, 0*46 gm.atom) was beaten into thin sheets, cut up 
into small pieces under a stream of nitrogen and placed in a 1 litre 
three-necked flask equipped with a dropping funnel, reflux condenser 
and mechanical stirrer. Ether (150 ml) was added apd nitrogen passed 
throu^ the flask, vhich was protected from atmospheric moisture by 
means of bubbles containing concentrated sulphuric acid. 
p-Bromo-anisole (37*3 gm, 0*2 mole) in ether (150 ml) was added 
slowly to the rapidly stirred mixture and the reaction proceeded 
very readily, Wben all the p-bromo-anisole had been added the mixture 
was stirred for about 30 min, ; ; In all the preparations of
p-anisyllithium a small amount of di-p-anisyl was formed. This was 
largely precipitated when the ether was distilled off from the final 
product and was filtered off. However, a small amount always remained 
and was removed by fractional distillation. Sometimes it sublimed at 
the sane temperature as the boiling point of the wanted silane and it
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was necessary to discard the distillate until it remained free from 
solid. Di-p-anisyl could also be mainly removed by adding petrol 
(100120®) to the final product before distillation. The silane 
dissolved but di-p-anisyl is not very soluble in this solvent and 
hence can be filtered off.

DiT>henvlmethvl-T>-anisvlsilane
rhenylmagnesium bromide pr^ared from bromobenzene (l mole) in

ether as described above was added to methyltriohlorosilane (75 gm,
0*5 mole) in ether (200 ml). The mixture was refluxed for 7 hr. aid
then hydrolysed with dilute acid. After ether extraction the solvent
was distilled off and fluorination of the residue was carried out sls
before. The product was fractional]y distilled at reduced pressure 

diphenyl
to give^methylsilyl fluoride (42 gm, 39*5%) b.p. 149®/20 mm.

Anal. Calculated for CiaHigSiP: P » 8*80
Pound: F = 9*00

Using the above procedure, approximately 0*16 mole of 
p-anisyllithium was prepared and to it was added diphenylmethylsilyl 
fluoride (34*6 @n, 0*16 mole), in ether, (200 ml) and the mixture was 
then boiled under reflux for 2 hr. The usual extraction was 
followed by removal of the ether. The residue was crystallised from 
methyl alcohol to give diphenylmethyl-p-anisyIsilane (10*3 gm, 21*6%) 
m.p. 77*5®.

Anal. Calculated for CaoHaoOSi: C= 70*94 H = 6*62
Pound: C= 78*8 H = 6*78
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Tri-(T>-tolvl Vr>-aiiisvlsllane
p-Tolylmagiesium bromide (ca,0*33 mole) was prepared by the

addition ofp-bromo-toluene (67 gm, 0*39 mole) in ether (150 ml)
mole

to magnesium turnings (10 gm, 0*4^) follcwed by 1 hour's 
refluxing. Silicon tetrafluoride obtained by the slow addition 
of concentrated sulphuric acid to a mixture of sodium fluoro- 
silicate (50 gm) and silica (7*5 gm), was bubbled slaiy through 
the solution until two layers separated. The layers were sepaiated, 
the magnesium salts were washed with ether and these washings 
added to the ethereal solution. After washing and drying the
fluoride was obtained in the usual way to give after reorystallisat ion
from petroleum spirit (60-80®) tri-p-tolylsilyl fluoride (15*5 gm,43%) 
m.p. 109*5 - 110*5®.

In the preparation of triarylsilyl fluorides by this method it 
was later found that after coupling and the two layers had been formed 
the mixture could be hydrolysed in the usual manner using dilute acid 
without appreciable loss of product.

Tri(p-tolyl)silyl fluoride (15 gm, 0*047 mole) in ether (50 ml) 
was treated with p-anisyllithium (ca. 0*05 mole) in the usual way, 
the mixture refluxed for 5 hr. and the silane isolated. After 
recrystallising from süLochol it gave tri-(p-tolyl )-p-anisylsilane 
(4-6 gm, 24%) m.p. 194®.

Anal. Calculated for CaalfeeOSi: C = 82*31, H= 6*91
Found: C = 82*04, H= 6*88
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Tri- (p-chloroT>henvl )--p-anlsvlsil£Lne
Tri-(p-chlorophenyl)silyl fluoride (20 gm,47*6%) b.p.275°/

10 mm. wa.8 prepared from p-chlorophenyl magnesium bromide 
(ca. 0*53 mole) using the method described above.

The fluoride (20 gm, 0*052 mole) was dissolved in ether 
(50 ml) and added to an ethereal solution of p-anisyllithium 
(oa.0'06 mole) and refluxed for 5 hr. The product was re­
crystallised from alcohol to give tri- (p-chlorophenvl )-p-anisvl- 
silane (3*7 gm, 15%) m.p. 160*5°.

Anal. Calculated for CJaeHitClaOSi; C = 63*90, H = 4*08
Pound: C = 64*23, H = 4» 43

Tri ( m-chloronhenvl Vn-anisvlsilane
jwChlorophenyl magnesium bromide (ca.O*33 mole) was converted 

to tri(ro-chlorophenyl)silylfluoride (15 gm,36%), b.p. 224°/3 mm. 
using the method described. This was added to an ethereal solution 
of p-anisyllithium and gare, after recrystallisation from alcohol, 
tri-(m-ohloronhenvl'j-n-anisvlsilane (2*5 gm, 13%) m.p.90-91*5°

Anal. Calculated for CgeHi^C^OSi: C = 63*90, H = 4*08
Pound: C = 64*09, H = 4*00

In order to obtain this silane it was necessary to prepare the 
intermediate compound m-ohlorobromobenzene. The following method
was used:

TOPreparation of m-ohlorobromobenzene 
A mixture of 1 mole (127*5 gm) of j^chloroaniline emd 48%

(w.w. ) hydrobromic acid (300 ml, 2*5 mole) were placed in a 2 litre 
beaker set in an ice-bath and cooled to 0°. A solution of sodium
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nitrite (70 gm, 1 mole) in water (125 ml) was added with stirring, 
the temperature being kept below 10° by addition of ice.

Meanwhile, about 1 mole of cuprous bromide was prepared by 
addition of a solution of sodium sulphite (80 gm,0*635lnole ) in water 
to a mixture of copper sulphate (300 gm, 1*88mole)and sodium bromide 
(175 gm,l*4mo]e)in. about 1 litre of water. This, together with 
hydrobromic acid (160 ml), was heated to boiling in a 3 litre 
round-bottomed three-necked flask.

The diazonium salt solution was added in small quantities 
(50 ml) over 30 minutes to the cuprous bromide/hydrobromic acid 
solution which was kept boiling. "When addition was complete the 
mixture was steam distilled and about iVa - 2 litres of product 
collected.

The distillate was extracted with ether and washed several 
times with 2N caustic soda solution to remove any phenolic impurities.
The ethereal solution was washed with water and dried over anhydrous 
sodium sulphate. After distilling off the solvent the residue was 
fractionally distilled to give m^-chlorobromobenzene (160 gm, 84%), 
b.p. 193°.

Tri-(m-tolvl)-p-anisvlsilane
ra^Bromotoluene (89 gm, 52%) was prepared from ̂ toluidine,as above. 

Tri(mr-tolyl )fluorosilane b.p. 205-210°/2*5 mm was prepared by the 
usual method but was not successfully crystallised. 16 gm of the 
fluoride was added to an ethereal solution of p-anisyllithium 
(ca.O*05 mole) and gave after recrystallisation from alcohol
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tri(m-tolyl)-£-anisylsilane (3.4 gm, lé.é%) m.p. 111.5 - 112°
Anal. Calculated for CggH^gOSi: C = 82.31, H = 6.91

Pound: C = 82.08, H = 6,76
TrlbenzylWt-anisylsllane

Benzyl chloride in ether was oonverted to the corresponding 
Grignard reagent (ca, 0.33 mole) and silicon tetrafluoride passed 
into the solution until two layers separated. The gas supply was 
stopped and the mixture refluxed for 1 hr and left overnight. After 
hydrolysis with dilute aoid, the silane was extracted in the usual 
way and gave tribenzylfluorosilane (25 gm, 23.4%), m.p. 79°, recrys­
tallisation from petrol (60-80°),^^ Tribenzylsilyl fluoride (20 gm, 
0.0625 mole) in ether (50 ml) was added to £-anisyllithium (ca. 0.07 
mole) in ether (50 ml) and then refluxed for 4 hr. The product was
isolated and after recrystallisation from alcohol gave tribenzyl-p- 
anisylsilane (10.5 gm, 41.4%) m.p. 84.5^ (reported m.p. 83-85°).^ 
Tri-(p-trimethYlsilylmethylphenyl)-p-ani3.ylsilane

Preparation of p-trimethylsilyImethylphenyl chloride. 
o^-£-Dichlorotoluene (177 gm, 1.1 mole) in ether (450 ml) was 

added to magnesium (31 gm, 1.3 mole) and the Grignaird reagent prepared. 
Trimethylchlorosilane (108.5 gm, 1 mole) in ether (ca. 4OO ml) was 
added and the mixture refluxed overnight. After hydrolysis the 
ethereal layer was separated, washed and dried (Na^SO^). The ether 
was distilled off and the residue fractionated through a packed column.
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The fraction distilling between 226-230° was collected and
left to stand and crystalline material was deposited. This was fil­
tered off and had m.p. 75^ and was thought to be £-chlorobenzyl alco­
hol (m.p. 75°) and was largely removed by leaving the mixture at 0° 
for several days when it crystallised out and was filtered off. The 
remaining liquid was refractionated to give £-trimethylsilylmethyl- 
phenyl chloride (105 gm, 53%) b.p. 227-229.5°# Any liquid boiling 
below 227° was discarded.

Preparation of trl-p-trimethylsilylmethylnhenyl fluorosilane
Attempts to make tri-£-trimethylsilylmethylphenyl fluorosilane 

were as follows:
(i) £-Triniethylsilylraethylphenyllithium (ca 0.18 mole) in ether 

(300 ml) was added to silicon tetrachloride (8.5 gm, 0.05 mole) in 
ether (50 ml) and refluxed (5 hr). It was then hydrolysed, the 
product isolated and fluorination carried out in the usual way.

(ii) £-Trimethylsilylmethylphenyllithium (ca 0,2 mole) in ether 
(300 ml) was added to silicochloroform (6.8 gm, 0.05 mole) in ether 
(100 ml) and stirred for four hours after addition. The product was 
isolated and treated with dilute aqueous caustic soda solution.
After ether extraction, the solvent was removed and the residue 
treated with aqueous hydrofluoric aoid.

In each case tetra-p-trimethylsilylmethylphenylsilane m.p. 204- 
205° (Anal. Calculated for C^qH^qSI^: C=70.53, H=8.88. Found
0=70.86, H=9#18) was obtained, in 65.6, 62.3% yield respectively. 
Recrystallisation was from petrol (100-120®),
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A low yield of tri-p-trimethylailylmethylphenyl fluorosilane (2% and 
1o^) m.p. 122-123.5° was obtained.

Anal, Calculated for C,^H,_Si,F: F = 3,5530 ho h

Found : F = 3.72
(iii) A Wurtz-Fittig reaction using £-trimethylsilylmethylphenyl 

chloride (20 gm, 0.1 mole), silicochloroform (4.5 gm, 0.033 mole) and 
sodium (5 gm, 0.22 gm.at) in petrol (100-120°)(20 ml) gave tetra-(£- 
trimethylsilylnethylphenyl)silane (14.5 gm, 67%) and a solid (0.5 gm,) 
m.p. 124.5-125° after recrystallisation from petrol (60-80°). This 
was treated with dilute alcoholic caustic soda solution, a vigorous 
effervesoenoe occurrethe product was extracted and recrystallised 
from petrol (60-80°) to give a solid (0.45 gm) m.p.136°.

This was fluorinated in the usual manner to give tri-(£-tri- 
methylsilylmetbylphenyl)fluorosilane (0.4 gm, 2.4%) m.p. 122.5-124°o

Each of the samples of tri-£-trimethylsilylmethylphenylsllyl 
fluoride was dissolved in ether and separately treated with an excess 
of £-anisy11ithium in ether. After work up of the products solids 
m.p. 94.5 - 100.5° were obtained. Yield for each reaction oa 0.3 gm. 
After recrystallisation from alcohol and methyl alcohol the m.p. range 
rose to 103 - 108°. The product was a glass and had no crystalline 
form, and this was taken as an indication that the product was impure.

As the yield of product by all three methods was low £-anisyl- 
trichlorosilane was prepared and this was treated with £-trimethyl- 
silylmet hylphenyllit hium.
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Preparation of p-anisyltrlchlorosilane
£-*Anisylmagnesium bromide (oa 0.25 mole) was prepared in the 

usual way and added to silicon tetrachloride (42.5 gm, 0.25 mole) in 
ether (120 ml). After addition the mixture was boiled under reflux 
for 3 hours and then left overnight. The product was not hydrolysed 
and £-anisyltrichlorosilane (25 gm, 41*4%) b.p. 131°/l7 mm. was dis­
tilled off from the magnesium salts.

On further distillation di-(jo-anisyl )-dichiorosilane (2 gm) 
b.p. 196°/5 ram. was obtained.

Anal. Calculated for C., H., Cl„0„Si: = 22.70
Found : = 22.45

£-Trimethylsilylmethylphenyllithiura was prepared from p-tri- 
methylsilylmethylphenyl chloride (10 gm, 0.054 mole) and lithium 
(1.39, 0o2 graat) both in ether (40 ml). £-Anisyltrichlorosilane 
(3 gm, 0.0124) in ether (25 ml) was added and after addition the mix­
ture was refluxed for 3 hr. and then left overnight. The silane was 
isolated in the usual way and gave an oil which was crystallised from
aloohol. After recrystallisation from alcohol and methyl alcohol it
gave tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane m.p. 102.5 - 
108°. (2.65 gm, iU..y.o)

Anal. Calculated for C,yH,gOSl^: C = 71.09, H = 8.38
Found : C = 69.47, H = 8.14

This melting point range was a oharaoteristic of the compound and it
remained a glass even after baking in an oven at 80°C for 14 days.
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Tri-(p-anlsyl)ethoxysilane

£-AnisyImagneslum bromide (ca 0.2 mole) in ether (100 ml) 
was prepared and to it was added tetraethojysilane (14 gm, 0.067?i)> 
in ether (50 ml). The mixture was refluxed for 5 hr. and left 
overnight. The ethereal layer was decanted off and the remaining 
magnesium salts boiled under reflux with petrol (60 - 80°) for 30 
minutes. This was filtered and the petrol solution added to the 
ethereal solution and the solvents distilled off. The residue 
was distilled at reduced pressure and gave tri-(£-anisyl)ethoxysilane 
b.p. 245 - 256°/2.5 mm. This was refractionated and had b.p.
276°/6 mm and crystallised on standing. After recrystallisation 
from absolute aloohol it gave pure tri-(p-anisyl)ethoxysilane 
m.p. 8i° (6 gm, 23%)o

Anal. Calculated for Cg^H^^O^Si: 0 = 70.01, H = 6,64
Pound : G = 70.39, H = 6.57
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p-Anisyltriethox7sllane
£-Bromoaniaole (80 gm, 0.43 mole) was converted to the Grignard 

reagent. This was added to tetraethoxysilane (37.6 gm, 0,18 mole) in 
ether (200 ml) and refluxed for about 18 hours. The ethereal layer 
was separated from the magnesium salts and the solvent distilled off 
through a packed column. The residue was distilled through a Vigreux 
column at reduced pressure to give p-anisyltriethoxysilane (12 gm,

24.”̂ 0 h.p. 131 mm.

Anal. Calculated for C = 37.73, H= 8.20
Found : C = 37.80, H= 8.17

Di-(p-anisyl)diethoxysilane.
Further fractional distillation gave a liquid (2 gm) b.p. 

195°/2.3nm which was contaminated with a solid. The latter was 
filtered off and recrystallised from alcohol and proved to be 
di-£-anisyl (m.p. 173°). When no more solid appeared in the 
distillate the distillation was stopped and the residue in the flask 
extracted with petrol (60-80°) in which £-dianisyl is only sparingly 
soluble. The solution was filtered, the solvent distilled off and 
the residue distilled at 2,3 mm to give di-(p-anisyl)diethoxysilane 
(6 gm, 10.4%) b.p. 198°/2.3 mm.

Anal. Calculated for C^jgĤ Ô̂ Si: C = 63.04, H = 7.28
Found ; C = 64.83, H = 7.22
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i>-Ani3vldimethvlchl(3romethylsilane
7 a, 7 3Preparation of dlmethvlchloromethylohlorosilane

(i) Trimethylchlorosilane (108*5 gm, 1*0 mole), benzoyl 
peroxide (1*0 gm) and chlorobenzene (220 ml) were placed in a 2 1.
round bottomed flask equipped with stirer, dropping funnel containing 
sulphuryl chloride (125 gm, 0*93mc^and a reflux condenser surmounted 
with a "cold finger" condenser filled with powdered diy ice.

The evolved gases were passed through a drying tube containing 
anhydrous copper sulphate and then through two flasks, the first acting 
as a trap, the second containing water so that the flow of gas could be 
observed. The flask was heated so that there was a vigorous reflux at 
the condenser and gentle reflux at the cold finger. Sulphuryl chloride 
was added with stirring over a period of 5 hours. The mixture was then 
refluxed for about 4 hours until gas was only slowly evolved.

It was then fractionally distilled throu^ a packed column and 
gave a fraction b.p. 45 - 65° which was thou^t to be a mixture of the 
reactants and dimethylchloromethylchlorosilane (18 gm, 12*6%) b.p.113”US'

(ii) Trimethylchlorosilane (119 gm, 1*1 mole) was placed in a 
500 ml flask equipped with dropping funnel, stirrer and reflux 
condenser and Dry Cold condenser. The flask was cooled in a water bath 
and illuminated by two 100 watt bulbs placed about two ins. from the 
flask. Chlorine was passed slowly through the solution until all
the air was driven out. A small amount of bromine was added and 
chlorine passed through solution until the dark red colour of the 
bromine had almost disappeared. More bromine was added and the process
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continued until 46*5 gm (0*58 mole) was added* Tlie gases sdiich were 
given off were trapped in aqueous alkali*

After all the bromine had been added, more trimethylchloro- 
silane (15 gm) was added by means of the dropping funnel emd chlorine 
was bubbled through for a further hour* When chlorine was passed 
too rapidly through the solution explosions occurred which caused 
charring* The mixture was fractionally distilled and gave 
dimethylchloroaethylohlorosilane (45 gm, 25*4^) b.p. 113-115®*

Dimethylchloromethylohlorosilane (60 gm, 0*42 mole) in ether 
(200 ml) was added to p-anisylmagnesium bromide (ca 0*5 mole) in 
ether (200 ml) and refluxed for 6 hours* The product was isolated 
and fractionally distilled to give p-anisyldi me thylohlor ome tlyl- 
silane (62 ' gm, 68*8^) b*p. 136®/l2 mm, = 1*5300 (reported

74 7
b.p* 143®/5 mm )*

t*Attempted nreparation of i>-ani svldi me thvlsilvl me thyl alcohol 
p-Anisyldimsthylchloromethylsilane (21*4 gm, 0*1 mole) was 

added to anhydrous potassium acetate (11 gm, 0*11 mole) in glacial 
acetic acid (25 ml) and acetic anhydride (5 ml) was added* This 
was refluxed for seven days, washed with water, extracted with 
ether and the solution dried (NasCOa)* After distilling off the 
solvent, the residue was fractionated at reduced pressure* Two 
fractions were obtained (i) b.p,45®/l2 mm* anisole (7*5 gm),
(ii) 124®/l2 mm* 5 gm b.p. at atmospheric pressure 247*5® n^^®ssl*4230. 
This was concluded to be the compound f(CHa )aSiCHa0C0GIi8ja0 
(b*p. 252® n^^^m 1*4215) formed by cleavage of a p-anisyl group from 
p-anisyl-Si(CHa)aCHSaOOC*GHa lèxichwas probably first obtained.
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p-Anisvldlmethvl ( ethylaminoaethyl )sllane
~  76
Using the method of Andrianov and Volkova, p-aniyldimetlyl- 

chloromethylsilane (27 ga, 0*126 mole) and anhydrous ethyl amine 
(30 gm, 0*67 mole )were allcwed to stand in a stoppered flask for 
14 days at 0° , after vhich time two layers were formed. The upper 
layer (33 gm) was separated and fractionally distilled to give 
ethylamine (9 go), anisole (2 gm) and a solid b.p. 169®/20 mm; a solid 
and a liquid (11*5 gm) then came over at the same temperature (172°C).
The solid was filtered off and was found to be insoluble in petrol
(60 - 80®). The filtrate was treated with petrol,filtered aid
again fractionally distilled to give p-anisyldime thyl (ethylaminomethyl )- 
silane (9*5 gm, 33*8^) b.p. 152®/l8 mm, n^^°= 1*5123.

Anal. Calculated for CiaHaiNOSi: C = 64*51 H = 9*48 N = 6*27
Pouni: C = 65*08 H = 9*58 N = 6*32

o-Anisv Idi ch loro me thy Ime thyl si la re
The high boiling re si die obtained from the chlorination of 

trimethylchloro silane with sulphuryl chloride and benzoyl peroxide was 
provided by Itr B.Rushton. This was fractionally di stilled and gave 
di(chloromethyl)methylohlorosilane (24 gm) b.p. 172-4®. Di(chloromethyl)-
me thy Ichloro si lane (15 gm, 0*085 mole) was treated with p-anisyllithium
(ca 0*1 mole) and boiled under reflux for 6 hours. The wanted silAne 
was isolated in the usual way to give p -anisyldi (chloromethyl )methyl- 
silane (7*5 gm, 35*7]̂ ) b.p, 137®/0*7 mm, n^^®= 1*5506.

Anal. Oaloulated for Cio% 4OI20 : 0=48*00 11=5*68
Pound: 0=48 * 17 IL=5*66
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5,5-DlmethyldlbenflO sllole Me Me
Freiparation of 2y2̂ -dibroaiobl=phenvl
(i) 2,2^-Dinltroblphewl
In a 1 litre flask equipped with a mechanical stirrer was 

placed o^chloronitrobenzene (250 gm,l*59 mole) and cleai dry sand 
(300 gm). The mixture was heated in an oil bath to 215 - 225® aid 
copper bronze (200 gm) was slowly added (iVahr). After addition 
the mixture was stirred for a further iVa hours and the temperature 
kept at 215 - 225®. It was then poured whilst hot into a beaker 
containing sand (300 - 500 gm) and stirred until small lumps were 
formed. On cooling these were broken up in a mortar and the 
mixture boiled with alcohol (2 x iVa litre) a ni the solid removed 
by filtration. The filtrates were cooled in ice and 2,2^-dinitro- 
biphenyl crystallised out and was filtered off. After boiling with 
charooal and one recrystal lisat ion 2,2̂  -dini trobipheny 1 (97 gm,5CÇo) 
was obtained as yellow crystals m.p. 123*5 - 124*5.

/  N # 7»(ii) 2.2 -Diaminobinhenvl
2,2^-Dintrobiphenyl (97 gn, 0*48 mole) was then reduced by 

iron filings, water and hydrochloric acid. Reduction proceeded with 
difficulty and unreduced nitro-compound was obtained on extraction.
The base was isolated by pouring the hot iron paste into cold acetone, 
distilling the ketone from the filtered liquid and extracting the 
residue with dilute hydrochloric acid. 2,2'-diaminobipheiyl (18 gn, 
25^) m.p. 81® was precipitated by addition of aqueous ammonia and 
reorystallised from alcohol.
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(iii) 2.2^-Dibromobiphenyl The diazonium salt of 2,2^-diamino- 
bii^enyl (12 gm,0*067 mole) was prepared and the solution added to 
a solution of mercuric nitrate and potassium bromide, the latter 
being in excess. The resulting yellow complex salt was filtered 
off, washed with water and dried by washing with acetone. The salt 
was mixed with twice its weight of potassium bromide and gently 
heated in a long hard glass tube equipped with a vertical air 
condenser. (A sample was previously heated with potassium bromide 
in a test-tube and if the reaction proceeded too vigorously more 
potassium bromide was added. ) The tube was one third filled, the 
mixture spread evenly along the tube and the tube heated in a 
horizontal position. Heating was carried out from the end of the 
tube carrying the air condenser for otherwise the resulting explosion 
would have been sufficiently vigorous to blow the reactants out of the 
tube. When cool, the inorganic material was extracted with water 
and the organic material extracted with ether. After re-crystall­
isation from alcohol, it gave 2,2^-dibromobiphenyl (15 gm, 72^) m.p.= 81®.

2,2^-Dibromobiphenyl (15 gm, 0*048 mole) in ether (50 ml) was 
added to lithium (2*1 gm, 0*3 gm.at.) in ether (100 ml). The reaction 
mixture was boiled under reflux (6̂ /9 hr) after stining at room 
temperature (20 min. ). This solution of 2,2^-biphenylenedilithium 
was added to a stirred refluxing solution of methyltrichlorosilane 
(6*5 gm, 0*0435 mole) in ether (150 ml).

Wien, addition was complete, the mixture was stirred (2 hr. ) and 
left to stand overnight. It was then stirred at room temperature
(6 hr. ), the ether was distilled off until the temperature rose to 60® 
and petrol (60-80®) (100 ml) was added. After refluxing (1 hr).
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the mixture was filtered whilst hot under an atmosphere of nitrogen.
The remaining lithium salts were washed with severeJ. portions of
petrol, and these washings were combined with the solution. The 
solvent and any unreacted methyltrichlorosilane were distilled off
at atmospheric pressure and the remaining oil distilled at 3*5 mm to
give a liquid b.p. 233 - 242®. On standing this crystallised and
had a m.p. of 60 - 66®. This was taken to be 5-chloro-5-methyldi-

77
benzosilole (4*5 gm, 44*9^) (reported m.p.63 - 68®C)

ca'Methyllithium was prepared by dissolving methyl bromide (6*0 ga, 
0*063 mole) in ether (25 ml) and adding it to lithium (l gm.0*14 gm.at.) 
in ether (50 ml) and stirring for 30 minutes. The lithium was filtered 
off and the solution was added to 5-chloro-5-methyldibenzosilole (4*5 gm, 
0*0208 mole) in ether (25 ml) and the mixture stirred at room 
temperature for three hours after addition. The product was isolated
in the usual way and was reciystallised from methanols to give

77methyldibenzosilole (0*5 gr
10.10-di me thylnhenoxasilin

775,5-dimethyldibenzosilole (0*5 gm, 11^) m.p. 60*5® .
66

61A solution of n-butyllithium (ca.0*4 mole) was prepared.: In a
500 ml three necked flask equipped with stirrer and dropping funnel 
was plaoed ether (200 ml) and lithium (8*6 gm, 1*23 gm.at.). By means 
of the dropping funnel a solution of n-butylchloride (46*25 gm,0*5 mole) 
in ether (100 ml) was added whilst the tenperature was kept at -30 to 
-40®. After addition was complete the reaction mixture was allowed 
to warm up to 0 - 10® and stirred for about 2 hr. The solution was 
j31tered and added to a solution of diphenyl ether (34 gm, 0*2 mole) in 
ether (100 ml) in a 1 litre flask. The mixture was stirred at ether
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reflux ternie rature for 1 hour.
The solution (ca 400 ml) contained 0*076 mole of 2,2^-dilithio-

diphenyl ether. About Va of this was placed in a litre flask and
heated to gentle reflux and stirred whilst the remaining suspension
was added over a period of 40 minutes. Simultaneously dimethyldi-
ohlor osi lane (10 gm, 0*077 mole) in ether (60 ml) was added and this
also required 40 minutes. The reaction mixture was stirred at reflux
temperature for 4 hours and allowed to stand overnight. It was
hydrolysed with water and the two layers separated. The ether
layer was dried and chromatographed on activated alumina using ether
as eluant and the bands followed using U.V. light. , The solvent was
distilled from the eluate and the remaining oil distilled at
reduced pressure (3 mm), to give 10,10-dime thy Iphenoxasilin (4*8 gn,
27*6^) b.p. 235®/3 mm. This crystallised on dissolving in alcohol
and cooling in a Dry Cold/acetone bath^after further recrystallisation

ea sa
it had a m.p. 74® (reported 74*5 - 77® and 78*5 - 79® )

l.l-diphenylsilacvclo-pentane
s 4 *̂ SîPreparation of 1.4-dibromobutane ^

Tetrahydrofuran (72 gm, 1 mole) was added slowly to a cold 
mixture of 50^ hydrobromic acid (972 gm, 6 mole) aid concentrated 
sulphuric acid (50 ml) and the mixture boiled under reflux for 3 hours.
The product was steam distilled and the lower layer dried (CaOla and 
PaOe). On distillation it gave 1,4-dibromobutane (141 gm, 64^) 
b.p. 197®.

86Tetramethylenedilithium was prepared by slowly adding
1,4-dibromobutane (57*5 gm, 0*15 mole) in ether (225 ml) to lithium
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(7*5 gm, 1*08 gm, atom) in ether (75 ml). The reaction was started 
by stirring for a few minutes at room temperature and then temperature 
kept at -10® to - 20®. After addition the mixture was stirred for 
1 hour at -10® and Va hour at 10®. The solution was filtered and 
added with stining to diphenyldichlorosilane (38 gm, 0*15 mole) at 
-20®. The mixture was stirred at this temperature for 1 hour and 
then stirred at room tenperature for 1 hour. After hydrolysis the 
wanted silane was extracted and the solvent distilled off. The 
residue was chromatographed on alumina and eluted with petrol (60 - 
80®). The eluate after removal of solvent was distilled at reduced 
pressure to give 1,1-diphenylsilacyclopentane (11*4 gm, 32^) b.p.
139 - 141®/3*5 mm.

Et5-Ethvl-5. lO-dihvdro-10.10-dime th vlnhenaza s i H  ne jj

,ax:
Pre-paiation of N-ethvl-2.2 -dibromodi-phenvlamineMe gg Me

(i) o-Bromoaniline. o-Bromonitrobenzene (140 gm, 0*69 mole) 
was reduced by tin (153 0o) and concentrated hydrochloric acid (350 ml) 
and the product steam distilled. After distillation at reduced 
pressure it gave o-bromoaniline (79 gm, 66^) m.p. 32®.

( ii )o-Bromobenzanilide. Q-Bro moan iline (79 gm, 0*46 mole) was
suspended in 10^ sodium hydroxide solution (600 ml) and benzpyl chloride 
(80 gm, 0*57 mole) slowly added. The mixture was mechanically stirred 
for 2 hr. After washing thoroughly with water and recrystallisation 
from alcohol it gave o^bromobenzanilide (123 gm, 97^) m.p.115 - 116®.

87(iii) 2.2-Dibromodiphenylamine Powdered ̂ bromobenzanilide
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(123 gm, 0*44 mole) was then mixed with phosphorus pentachloride 
(100 gm, 0*48 mole) in a flask through vhioh nitrogen was passed.
The reaction began spontaneously and when the vigorous reaction had 
subsided, the mixture was heated for 10 minutes at 100®. It was 
distilled at 15 mm to remove phosphorus oxychloiide. The residue 
was distilled at 1 mm and gave N-o-bromophenylbenzimidoyl chloride 
Br^CgHi'N: CGUh (67 gn, 52^) b.p. 137®/l mm.

^Bromophenol (39 gm, 0*225 mole) was added to a solution 
obtained by interaction of sodium (4*9 gm, 0*23. gm.at.) and absolute 
alcohol (200 ml). This was thorou^ily stirred and cooled whilst a 
solution of the imidoyl chloride (67 gm, 0*23 mole) in ether (150 ml) 
was added. Next day, the greater part of the solvent was removed by 
distillation and the residue poured into water idiich precipitated 
o-bromojhenyl N-o-bromophenylbenzimidoate, o-BrC«H4 •N:GIh*0C6lÎ4Br-û 

as an oil vhich slowly solidified. Reciystallisation from alcohol 
gave colourless crystals (61 gm, 63^) m.p. 95®.

The ester (61 gm, 0*14 mole) was heated in an oil-bath at 
255 - 260® for 2̂ /a hr. and then after allowing to cool, digested 
with alcohol and gave N-benzoyl-2;2̂ -dibromodiphenylamine (17 gm,
28^) m.p. 173 - 6®.

This was boiled in a solution of potassium hydroxide (45 gm)
in water (45 ml) and ethanol (170 ml) for 8 hr., concentrated by
distil3s.tion and the residue poured into water. The precipitated
oil was extreusted with ether, and the dried extract on distillation

b.p.
gave 2,2-dlbromodiphenylamine (lO gm, 78^)y^l69®/0*7 mm. It 
crystallised on standing m.p. 57-60®.
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86( 1V ) N-Ethyl-2. 2̂  -dibromodiphenylamlne Methyllithium
was prepared by addition of methyl bromide (3*6 gm, 0*04 mole) in 
ether (30 ml) to lithium (0*7 gm, 0*10 gm.at.) in ether (30 ml).
The filtered solution was added to 2,2̂  -dibromodiphenylamine 
(10 gm, 0*0306 mole) in ether (50 ml) vhich had been cooled in an 
ioe-bath. Freshly distilled etlyl sulphate (7*7 gm, 0*05 mole) 
in te trahydrofuran (100 ml) was added and the ether was removed by 
distillation until the temperature had reached 64®. The solution 
was heated at reflux temperature for 15 hr. and then hydrolysed by 
pouring into iced water. The organic product was extracted with 
ether, dried and the solvent distilled off and gave N-ethyl-2,2^- 
dibromodiphenylamine (2*5 gm, 23^) b.p. 170 - 172®/0*5 mm. After 
crysteillisation from petrol (60 - 80®) m.p. 71 - 73®.

To N-ethyl-2,2^dibromodiphenylamine (2*5 gm,0*007 mole) in 
ether (25 ml) cooled in an ice bath was added an ethereal solution 
of n-butyllithium (ca 0*16 mole). The mixture was stirred for 1 hr.
and the solution treated with dime thyldidhloro si lane (0*9 gm, 0*007 mole) 
in ether (50 ml) and stirred for a further 28 hr. at room temperature.
It was hydrolysed by pouring into ice water and the organic layer was 
separated. After drying the ether was removed by distillation and the 
residue chromatographed on alumina using petrol (60 - 80®) as eluent.
A vhite material was obtained from the first fraction and this was 
recrystallised from petrol (60 - 80®) to give 5-ethyl-5,lO-dihydro-
10,10-dime thy Iphenazasiline (0*25 gm, 14^) m.p. 69*5 - 70*0®.

Anal. Calculated for CieHi^NSi: 0 = 75*84,H * 7*57 N = 5*53 
Found; 0 = 75*75,H =7*66 N = 5*45
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•  a ^10.10-dimethylphenothiasilln -5.5-dloxlde |

Diphenyl sulphone (50 gm, 0*232 mole) was metallated by 
adding it to ether (2320 ml) and the mixture stirred continuously 
whilst a solution containing 0*464 mole of n-butyllithium was added 
over a period of 3Va hr# whilst the temperature was maintained at 
-25® to -30®.

To the resulting yellow suspension was added a solution of
dimethyldichlorosilane (29*2 gm, 0*225 mole) in ether (200 ml).
During addition the temperature was maintained at -20®. It was left
to stand over ni^t and then stirred at room temperature for a further
8 hr. It was hydrolysed with water, ether extracted and after drying
the solvent distilled off aid the resulting oil was chromatographed on
alumina using ether as eluant. The eluate upon removing solvent gave
a white material m.p. 63 - 130®. Several recrystallisations from

oalcohol and alcohol/petrol (60 - 80) raised the m.p. to 103 - 130®. 
Recrystallisations from excess alcohol gave 10,10-dime thy Iphenothiasilin*
5,5-dioxide (2*5 gm, 4^) m.p. 165®.

Attempted preparation of 10.10-dimethylphenothiasilin

, , Me "Me(i) The same procedure as for 10,10-dimethylphenoxasilin was carried out "but
from

startihg ̂ diphenyl sulphide. No yield of 10,10-dime thylphenothia­
silin resulted.
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(ii) 10,lO-Dimethylphenothiasilin-5,6-dioxide (l gm, 0*0036 mole) 
in ether (50 ml) and lithium aluminium hydride (0*5 gm, 0*0143 mole) 
in ether (25 ml) were refluxed for 48 hr., after which time the 
product was isolated. The starting material was obtained, neither 
reduction nor cleavage of the C-Si bond having occurred.

Attempted preparation of 9.9-dimethvl-’9«10"dihvdro-9-3ilanthracen&
/Preparation of 2.2 -dibromodiphenvlmethane

91(i) m-Nitrobenzvl alcohol
m^-Nitrobenzaldehyde (500 gm, 3*31 mole) was added to a

solution of potassium hydroxide (250 gm, 4*5 mole) in water (3000 gm).
The mixture was left for a further 12 hr. after the aildehyde dissolved, 
the solution saturated with caibon dioxide then extracted with ether.
It was washed with saturated sodium bisulphite solution, 10^ carbonate 
solution and water. After drying the solvent was removed by 
distillation and the residue distilled at reduced pressure to give 
m-nitrobenzyl alcohol (205 gm, 81^) b.p. 147®/3*5 mm.

(ii) 3.3^-dinitrodlphenvlmethane
^Nitrobensyl alcohol (200 gm, 1*31 mole) and nitrobenzene 

(600 gm, 4*88 mole) were dissolved in concentrated sulphuric acid (4 1.) 
and the solution heated on a waterbath at 93° for 48 hr. The mixture 
was poured onto crushed ice, the precipitate was filtered off euid re­
crystallised from glacial acetic acid to give 3,3^-dinitrophenylmethane 
(305 gm, 90*5^) m.p. 173 - 175°.

(iii) 3.3^-diaminodiphenvlmethane

3, -Dini trodipheny Ime thane (305 gm, 1*18 mole) was reduced
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by mixing with iron dust (640 gm) water (ilOO ml) and glacial acetic 
acid (44 ml), and heated on a water bath with continuous stirring 
until most of the water had evaporated. The diamine was extracted 
by refluxing the residue several times with ether, 183 gm (78*3^) 
of impure diamine was obtained and this was converted to the acetyl 
compound, by dissolving it in glacial acetic acid (400 ml) and adding 
acetic anhydride (300 ml) to the solution. After warming to its 
boiling point the solution was poured into cold water. The product 
separated out as an oil which slowly crystallised. This was filtered 
off and reorystallised from alcohol giving 3,3^-diacetylaminodiphenyl- 
methane (164 gm, 64^) m.p. 255-8®.

(iv) 3. ÿ -diaoetvlamino-6.6̂ -dibromodiphenvlmethane
The diacetyl compound (I6O gm, 0*544 mole) was brominated by 

dissolving it in glacial acetic acid (4 1.) and keeping the solution 
at 50° with continuous stirring while bromine (68 gm, 0*85 mole) was 
added, the mixture being heated and stirred for Va hr. after addition. 
The mixture was allowed to cool and then poured into four times its 
volume of cold water. It was filtered at the pump and washed with 
water; purification was by boiling with alcohol; the impurities 
dissolved and 3»3̂  -diacetylamino-6,6^ -dibromodipheny Ime thane (203 gm, 
81^) m.p. 276° remained undissolved.

(V ) 5.3̂  -diamino-6.6̂  -dibromodiphenvlmethane.
The di acetyl compound (180 gm, 0*398 mole) and alcohol (750 ml) 

were placed in a flask, heated to boiling and coreentrated hydrochloric 
acid (620 ml) slowly added. After 30 min. heating saponification wan 
complete and the hydrochloride of the base was formed. The product was
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filtered off and washed with alcohol, which dissolved impurities.
The remaining solid was reorystallised fjrom water. Some hydrochloride
dissolved when washed with alcohol and this was recovered by

solution to
evaporating the alooholi<^dryness, adding ammonia and extracting
the base with ether. The hydrochloride was precipitated from the
ethereal solution by addition of hydrochloric acid. This gave
3,3-âiamino-6,6^-dibromodiphenylme1hane dihydrochloride (193 gm, 97%),

(vi) 2.2^-Dibromodiphenvlmethane
Deamination was carried out using two procedures.
(a) The hydro chloride (40 gm, 0*094 mole) was made into a

paste with water (120 ml) and concentrated hydrochloric acid (40 ml).
The diazonium salt was then prepared by addition of a cold saturated
solution of sodium nitrite. IMhen the mixture had become entirely
homogeneous it was poured into alcohol (4 1.) and a brisk evolution
of nitrogen followed. The alcohol was distilled off, the remaining
brown oil was taken up with ether, the solution dried and after
removal of solvent by distillation, was distilled at 1 mm. It gave
2,2^-dibromodiphenylmethane (12*5 gm, 41^) b.p. 157 - 160°/l mm.
However, this contained impurities which were removed by shaking
(12*5 gm, 0*0383 mole) with concentrated sulphuric acid (42 ml) for
3 hr. The insoluble portion rose to the surface and was separated.
After washing and drying it gave 9 gm. (29*5^) of product b.p.l49°/0*7 mm.

(b) The hydrochloride (150 gn, 0*35 mole) was mixed with
water (450 ml) and concentrated hydrochloric acid (150 ml) and the
diasonium salt was prepared as above. This was added to a cold

_  »asolution of 30^ hypophosphoroos acid (750 ml) and left at 0® for 24 hr.
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and then at room temperature for 2 days. The oil iidiich separated 
out was extracted with ether, the solution washed with 20^ caustic 
soda solution, water and dried (anhydrous KoCQa ). The solvent was 
distilled off and the residue distilled at 0*7 mm to give 
2,2^-di‘bromodiidienylmethane (53 gm, 46*5^).

Attempts were made to prepare 9.9- dimethvl-9.10-dihvd]ro-9- silanthracene.
(i) 2,2 - DibromodiphenyImethane was treated with lithium.

Dimethyldichlorosilane in ether was added and after work up of the 
product gave a crystalline product m.p. 114*5 - 115*5®. (Anal.0=70*78,
H=6-78). This was not the required silane.

(ii) 2,2'^-Dibromodiphenylmethane was treated with lithium and 
methyltrichlorosilane in ether was added. The reaction mixture was 
filtered off under nitrogen, the solvent removed and the residue 
distilled at reduced pressure to give a liquid (3 gm) b.p. 237 - 242*/l mm. 
This in ether was treated with methyllithium but the product could not
be crystallised.
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CHAPTER IX

Expcrljmental technique for the kinetic Investigation of cleg/app 

of the G~Si bond "by -perohloric acid.

When a trialkrylsilyl or triarylsilyl group is removed from a 

^-anisyltrialkyl- or p-anisyltriaryl- silar», the ultra violet 

absorption spectra of the products is somevdiat different,

A wavelength such as
I

X would be chosen at0
Ç1 0 a1
de
§1t
y

silane
which to follow the

aromatic run.

Pig.XXII

from that of the starting material, the spectra usually being similar 

in shape but separated by about 5 lyi (see Pig.XXII. ), Thus diange in 

optical density at a chosen ■vra.velength enables rates to be measured.

With p-anisyltriarylsilanes,it was found that slow cleavags of 

an aryl group from the triarylsilanol first formed sometimes occurred. 

It was therefore necessary to carry out runs at a wavelength in the 

region of 280 lyi, for at this wavelength the difference in optical 

density of the triaryl silanol and its cleavage products was very 

small and therefore during a run any change in spectrum due to removal 

of a further aryl group was negligible.

However, because of this necessity to choose a wavelength of 

approximately 280 nyi and the low solubility of the ^anisyltriaryl-
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silanes in the solvent, very often there was not a large overall 
change in optical density. In certain cases, particularly for 
tri-o-tolyl- ̂ anisylsilane, it was found that the cleavage product 
was very insoluble and this further necessitated a decrease in 
concentration of the original silane.

Acid cleavage of the silanes was studied speotrophotometrically 
using a Uhicam S.P.500 spectrophotometer. Various perchloric acid/ 
aqueous methanol mixtures had to be used in order that the relative 
rates of cleavage could be studied over a wide range.

A standard kinetic prodedure was used whereby 10 ml of aqueous 
acid was added to 25 ml of a solution of the silane in redistilled 
"Analar" methanol in a small glass stoppered bottle. After shaking 
the bubbles were allowed to rise and some of the mixture was 
transferred by means of a dropper to a 1 cm. stoppered quarts cell 
fitted with a ground glass stopper. Care was taken not to wet the 
glass around the stopper as it was found that when this occurred a 
loss of liquid was caused by capillary attraction and this seriously 
affected the run.

The cell was placed in the cell-block thermcstat of the 
spectrophotometer which was maintained at a temperature of 50 - O'02° 
throu^out this work. Absorption readings (relative to methanol) 
were begun after not less than ten minutes and reactions were taken 
to couplet ion, (approximately ten half-lives ) in the cell whenever 
possible and readings were taken at least as far as 70^ reaction.
In other cases infinity values were obtained from samples of the 
reaction mixture kept in sealed tubes at 50° for a period equivalent
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to ten half-lives. Bach run was performed in duplicate.
In the case of tri-o^tolyl-g-anisylsilane it was necessary to 

measure the rate of cleavage over several days. The reaction 
mixture was made up as usual but then sanples were transferred 
to sealed tubes and kept at 50*0° for different lengths of time, after 
which some of the contents were placed in the cell and the optical 
density was measured.

Calculation of rate constants.
The cleavage is a catalytic process, and since the concentration

of acid does not change in the presence of excess acid the reaction
is nseudo first order.

Hence ^  « ki (a-x) ki = rate constant of the reaction
dt

a a initial concentration 
and X  am amount reacted after time t.

. . log a « kit 
a - x

By Beer*8 Law, at a specified wavelength, the optical density
of a solution is proportional to the concentration of the compounds
in that solution.

Hence a a l ^ - D b  x * I\ >- Dt
lb = initial optical density of the 

kinetic solution
a optical density of solution at 
time t

Ebo =* optical dénsity of solution at 
the end point.

. . log Eb — Eb) « kit 
Dt - Ac

and t « *̂ 2*303 logio (Dt “ % )  + 2*303 logio (Cb - A p)
ki ki
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• a plot of t against logio (Dt ~ %») is a strel^t line of
gradient - 2*303 from which ki may be obtained 

ki
All rate constants as obtained by acid cleavage have been 

determined graphically by this method*
Preparation of materials.
(a) Perchloric acid.

The 60^ and 72^ aqueous perohloric acids were obtained from 
Messrs. B.D.H. Ltd. Appropriate quantities of acid were diluted 
with distilled water as required and the strength of the solution was

• 3determined by titration against borax which had been reorystallised.
(b ) Methanol.

This was dried using the method of Lund and Bjerrum.
(c) Arvltrimethvlsilanes.

Samples of triphenyl-^anisylsilane, tri-^o-tolyl-g-anisyl- 
silane and tetra-g-anisylsilane were supplied by Miss P.M.Greasley.
A sample of trimethyl-£-anisylsilane was provided by D.M.Walton.
Other silanes were prepared as described in CSiapter VIII.

Weighings
These were carried out on an "Oertling" balance using 

micro weighing bottles prepared from small ignition tubes of 4 mm. 
diameter, shortened to a length of 10 - 20 mm. The micro weighing 
bottle containing a weired sample was transferred to a 100 ml. 
graduated flask and made up to the mark with solvent. The volume 
of the weiring bottle was neglected.
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Thermostat
This was a Tecam unit as supplied by Teohne (Cambridge) Ltd., 

capable of maintaining a temperature of 50 - 0.05 ,̂
Reproducibility.

Most runs are reproducible to within 1̂ ; however, in some 
cases reproducibility was to within 2/.
Error

As a graphical method was used to determine the rate constant, 
errors must be introduced because of the measurements involved.
This error is at the most (- 0.5/t).

For several readings of some typical runs, the rate constant 
has been determined using the formula:

^ (“o -»oo)t =

•. t - t = - 2oias
 ̂  ̂ k \  - “oc )



98

(i) Tri-p-chlorophenyl-p-anisylsilane Run No.7

t, = 2 min.

tg 15 20 30 40 50 81 97

k X 10^, min"'' 1.34 1.34 1.34 1.34 1.34 1.3& 1.3é

k(Kraphlcal)x 10^. min"'' = .1.35

(ii) Tri-p-chlorophenyl-p-anisylsilane Run No.8

t, =0
tg 5 10 15 25& 35 55 75

k X lO^.min"'' 1.35 1.35 1.35 1.35 1.36 1.36 1.35
k(grgphlcal)x 10 .mln~^ = 1.55

(iii)Dimethylphenyl-p-anis.vlsilane Run No,53 

t, = 1 5  min.

t 35 40 45 55 60 63 752
k X 10^,min*'’ I.84 1.88 1.86 1.86 1.8? 1.67 1.8?

k(graphic£il)x 10^. min"^ = 1.87

( i v )  p-Anisyltriethoxysilane Run No.35

t, = 0

tg 18m.20s. 33 35& 51 52m.15s. 60
k X 10^,min"'' 3.3O 3.27 3.31 3.25 3.28 3.24

k(Kraphioal)x 10 .min"' 3.26
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(v) Triphenyl-P-anisylsilane Run No.17
t, = 2 min.

tg 3 9 15 28 37 51 56
k X 10^, min"' 3.73 3.72 3.72 3.78 3.74 3.74 3.74

k(graphioal)x 10 . min ' - 5.74

(vi) 5.5-Dlrnethyldibenzo3ilole Run No.1 (cyclic)

t, = 0 min.
tg 5 10m. 10a. 20 30 50 60 80
k X lO^.min"' 3.26 3.27 3.25 3.24 3.24 3.24 3.26

k(*traphical)x 10 . min ' 3.25
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Tabulation of Runs

In the following tables of runs a selection of the readings 

taken during a run are given.

Time unless otherwise stated is in minutes, and optical density 

of the solution at a particular time is denoted D.

X = wavelength at which run was followed.

C = the concentration of silane

The concentration of added acid is also given. The rate ccnstarit, 

k, has been determined graphically in each case from the plot of 

log (Dt - Dod) versus time as described on page 95
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Run No.1 Tri-P"•tolyl-p-anisylsilane

x= 282rj/j 9.48m  HCIO, 0 = 0.000332M A-

Time 0 5 10 20 25 30

D 0.3030 0.2820 0.2660 0.2445 0.2385 0.2330

Time 35 40 50 Où

D 0.2295 0.2270 0.2235 0.2190

k = 5.88 X 10 ^min ^

Run No,2 (Duplicate)

Time 0 1 3 7 14 16 25

D 0.3090 C.304O 0.2950 0.2795 0.2600 0.2560 0.2420

Time 28 35 40 Où

D 0.2390 0.2330 0.2305 0.2220

k = 5.88 X 10 ^min ^

Run No,3 Tri-p-tolyl-p-anisylsilane

281 oyA 9.48m  HCIO, C = O.OOO725M 4

Time 0 5 1 2 4 6 8 10j

D 0.4980 0.4920 0.4890 0.4820 0.4665 0.4540 0.4440 0.4335

Time 12 14 16 00

D 0.4295 0.4230 0.4180 0.3830
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Run No, 4 (Duplicate)

Time 0 2 4 6 8 1Ora.1Osec. 12

D 0o$200 0.5040 0.4880 0.4735 0.4580 0.4505 0.4390

Time 14 16 oO

D 0.4330 0.4250 0.3830

Run No, 5 Tri-m-chlorophenyl-p-anieylsilane

X = 282 9.48m HCIO,4- C = 0.000239M

Time 0 60 100^ 118 150 199

D 0,3770 0,3530 0.3400 0.3355 0.3285 0.3185 0.2805

k = 4.78 X 10

Run No. 6 (Duplicate)

Time 11 22 33 45 54& 65 117 135

D 0,3790 0.3740 0.3695 0.5645 0.3610 0.3580 0.3400 0.3355

Time 155 181 205 00

D 0.3305 0.3245 0.3200 0.2820

k = 4.78 X 10"

Run Noo7 Tri-p-chlorophenyl-P-anisylsilane ,

A = 281 nyi 9.48M HCIO, 4 C = 0.000567M

Time 0 15 20 25 30 40 50 73

D 0.5460 0.5175 0.5090 0.5010 0,4940 0.4810 0.4695 0.4480

Time 81 90min.20sec 97 0 0

D 0.4410 0.4350

k = 1,

0.4310

35 X 10“

0.3890
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Run No ,8 (Duplicate)

Time 0 5 10 15 25& 35 40 55

D 0.5470 0.5370 0.5270 0.5180 0.5010 0.4870 0.4810 0.4635

Time 60 75 OÛ

D 0.4590 0.4460 0.3885

k = 1.35 X 10“^min”^

Run No• 9 Tri--m-chlorophenyl-p-aniayls11ane

X = 282.5yi 12.19M HCIO^ C = 0.000238M

Time 5 10 15? 22m.15s. 27 36^ 52i

D 0.3540 0.3475 0.3410 0,3330 0.3290 0.3210 0.3100

Time 68 oc

D 0.3020 0.2790 

k = 1.87 X 10 ^min ^

Run No ,10 (Duplicate)

Time 0 5 24 33 345 43 64 71

D 0.3690 0.3620 0.3370 0.3280 0.3270 0,3200 0.3060 0.3037

Time 80y 114& 00

D 0.2990 0.2895 0.2790 

k = 1.85 X 10"^min“^
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Ron Ko. 11 Triph»pyl*T>̂&nlaylgilane
X m 281 y 7.50% HCIO^ C 5 Oo 000310%

Time 0 16 47 57 69 82 98
D 0.2070 0.1950 0.1790 0.1757 0.1717 0,1690 0.1652
Time 121 00
D 0.1620 0.1540

k = 1 ':=in-1

Run No.12 (DupXioate)

Time 0 5 15 24 45 72& 75

D 0.2040 0.1995 0.1920 0.1865 0,1757 0.1665 0,1660
Time 97i 118 06

D 0.1607 0.1570 O0I49O
k = 1o58 X 10"

Run No.13 Tri-p-tolyl-p-«nieyl ailane
Xa 281 y 6.00% HCIO^ c = 0,000330%

Time 0 10 33 45 71 96 115
D 0.2470 0.2380 0.2225 0,2160 0.2035 0.1957 0.1910
Time 129 142 157 00

D 0,1885 0.1865 0.1842 0.1745
k  * 1o28 X  l O ^ ^ m l n * ^
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Run No.14 (Duplicate)

Time 0 20 31? 43& 52 ^3&
D 0.2570 0.2360

k = 1.
0.2282 0.2212 
.27 X 10"^min”  ̂'

0.2155 0.2100 0.2035

Run No ,15 Tri-m-tolyl-p-anisylsilane
X = 282̂ )ti 9.20M HCIO, C = 4 0.000233M

Time 0 5 7 12 16 20 25
D 0.2580 0.2350 0.2272 0.2117 0.2015 0.1935 0.1852
Time 30 00

D 0.1782 0.1550
k - 4.98 X 10 ^min*^

Run No .16 (Duplicate)

Time 0 3 5 12 19 20 30
D 0.2517 0.2380 0.2295 0,2070 0.1902 0.1885 0.1745
Time 35 40 46 06
D 0.1697 0.1657 0.1620 0.1520

k = 4.98 X lO^^min”^

Run No .17 Triphenyl-p-anisylsilane
X = 28liyu 9.2OM HCIO, G = 4 0.000316m

Time 2 3 9 15 28 32 37
D 0.2330 0.2299 0.2137 0.2007 0.1802 0.1757 0.1715
Time 41 51 56 ^

D 0.1685 0.1622 0.1599 0.1487 
k = 3.74 X

OÛ
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Run No.18 (Duplicate)

Time 0 3 5 10 22^ 33i 45
D 0.2380 0.2290 0.2230 0.2110 0.1900 0.1760 0.1680
Time 55 00

D 0.1630 0.1532
k = 3.81 X 10 ^min ^

Run No,19 Tri-o-tolyl-p-anisylsilane
X = 281 %yi 12.19M HCIO,4 0 = 0,, 000201M

Time 0 150 270 354 497 603 920
D 0.2382 0.2307 0,2235 0.2199 0.2115 0.2070 0.1965
Time 1000 1128 1257 1410 2480 2595 00

D 0.1923 0.1883 0.1823 0.1765 0.1560 0.1503 0.1265
k = 5.68 X 10“

Run No.20 (Duplicate)

Time 0 120 297 520 620 780 885 955
D 0.243 0.239 0.2299 0.2182 0.2125 0,.2045 0,,2007 0.197
Time 1445 2390 oC

D 0.1802 0.1575 0.1315
k = 5o64 X  10“"^min"^
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Run No.21 Trl»(p-trimethylsilylmethylphenyl)~p~anl3ylsilane
A = 281 y 4.26m HCIO,4 C = 0.0000753M

Time 0 53 76 89 107 119 132
D 0.1320 0.1020 0.0935 0.0897 0.0847 0.0817 0.0790
Time 140 153 00

D 0.0770 0.0745
k = 0

0.0592 
.99 X 10"

Run No,22 (Duplicate)
Time 13 70 100 115 134 141? 172
D 0.1295 0.1005 0.0902 0.0862 0.0820 0.0801 0.0745
Time 190 208 232 0Û

D 0.0720 0.0698
k = 0

0.0670
,98 X 10*

0.0592

Run No. 23 Tetra»-p-anisylsilane
X = 281 lyi 2.55M HCIO,

4
c = 0,000264%

Time 0 1 2 4 6 8i
D I.I8O7 1.1785 1.1765 1.1735 1.1705 1.1670
Time 10 13i 15 17&
D 1.1649 1.1590 1.1572 1.1535

Optical Density of synthetic end point = 1.048 
k = 1.30 X 10"^min*^
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Run No.24 (Duplicate)
Time 0 2 3 5 7
D 1.1830 1.1795 1.1768 1.1742 1.1700 1.1670
Time 19 20 21
D 1.1565 1.1530

k = 1
1.1517

.29 X 10“
1.1500

Run No.25 Tetra-p-anisyl3i1ane Complete reaction
X = 281 yi 3.05M HCIO,4 C = 0.000234ÎJ

Time 0 12 17 26 33 42&
D I.003Ô 0.9940 0.9850 0.9760 0.9500 0.9410
Time 54& 69& 85 92& 131 141
D 0.9340 0,9060 0.8840 0.8720 0.8140 0.7990
Time 154 171& iSOg- 191 200 210
D 0.7820 0.7590 0.7400 0.7380 0.7280 0.7160
Time 220 232 240 263 287 302
D 0.7095 0.6995 0.6905 0.6720 0.6560 0.6455
Time 347 367 3 84 00
D 0.6280 0.6250 0.6230 0.6085

Run No.26 (Duplicate)
Time 0 13 22^ 3 4 44& 54
D 1.0145 0.9990 0.9860 0.9650 0.9550 0.9380
Time 67i 79 97i 117 140 16O&
D 0.9160 0.8980 0.8720 0.8420 0.8080 0.7810
Time 185 198 214 240 281 303
D 0.7510 0.7390 0.7220 0.6995 0.6710 0.6670

12

1.1630

316
0.6330
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Run NOq26 oont. (Duplioate)

Time 369 484 00
D 0.6430 0.6280 0.6190

Run No.27 Trl~p~anisyl ethoxysilane
X= 250iyi 3.05% HCIO^ C = 0.000185%

Time 0 1 2 5 11 18
D 0.9760 0.9660 0.9590 0.9360 0.8840 0.8280
Time 26 34 45 61 86 110
D 0.7610 0.7090 0.6410 0.5480 0.4380 0.3560
Time 130 159 182 218 273 303
D 0.3020 0.2460 0.2120 0.1770 0.1460 0.1370
Time 353 OC

D 0.1260 0.1165
Optical density of synthetic end point = 0.395 

k = 1.63 X 10 t̂ain ^

Run No. 

Time

28 (Duplicate) 

0 1 2 5 10 18
D 0.890 0.882 0.878 0.858 0.820 0.756
Time 26 45 65 100 159 205
D 0.697 0.585 0.486 0.358 0.233 0.162
Time

D

308
0.131

oo

0.116
k = 1.62 X 10"^min"^
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Run No.29 Trl-p-anisyl ethoxysilane
A = 250nju 7.5OM HCIO, C = 0.000183

Time 0 2 4 6 10 14
D 0.442 0.360 0.2995 0.253 0.194 0.1605
Tine 20 26 35 59 Ù0

D 0.136 0.125 0.119 0.1147 0.1145

Run No,30 (Duplicate).
Time 0 3 6 9 12 16
D 0.478 0.353 0.271 0.2185 0.184 0.1555
Time 20 24 30 42 53 00

D 0.140 0.1315 0.1245 0.1192 0,1180 0.1165

Run No.31 Di-p-anisyl diethoxysilane
X = 248yi 7.5OM HCIO^ C := 0.000349̂ 1

Time 0 i 1 2 3 4
D 0.589 0.566 0.526 0.474 0.430 0.390

Time 5& 7 11 15 22 37 64
D 0.342 0.306 0.232 0.195 0.1615 0.136 0.1285
Time où

D 0.124
Optical density of synthetic end point = 0,211 

k r. 17.7 X -iO~̂ mln~''
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Run No.32 (Duplicate) 
Time 0
D 0.686 0.643 0.608 0.548 0.492 0.448
Time 5 7 11 15 22 39 55
D 0.406 0.341 0.256 0.208 0.167 0.139 0.132
Time oo
D 0.1245

Run No.33 Di-p-anlsyl diethoxysilane
A = 248ryi 2.55% HCIO^ C = 0.000313%

Time 0 i 2 3 4 4
D 0.968 0.961 0.946 0.940 0.934 0.924
Time 4 7i 4 10 11 12
D 0.918 0.906 0.900 0.892 0.882 0.876

Optical density of synthetic end point = 0.189

Run No.34 (Duplicate)

Time 0 2 4 5
D 0.981 0.966 0.951 0.944
Time 11 13 15 17
D 0.897 0.882 0.869 0.856

k = 1.01 X 10 ^min ^

7 9
0.924 0.914
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Run No.35 p-Aniayltrlethoxysllane
A = 248yi 7.50M HCIO^ C = 0.00101 M

Time 0 l8m.20s. 31 33 3 4  43 51
D 0.4590 0.4150 0.3980 0.3950 0.392 0.3865 0.3605
Time 52m.15s* 60 00

D 0.3795 0.3755 0.3620
1.26 X 10 ^min ^

Run No.36 (Duplicate)

Time 2 12 16^ 25 31 49 96
D 0.4500 0.4250 0.4160 0.4015 0.3940 0.3770 0.3620
Time 117 00

D 0.3600 0.3580 
k = 3.26 X 10*^min*‘*

Run No.37 p-Anisyltriraethylsilane
X = 281 yi 4.26m HCIO, C = 0.000817M 4

Time 1 3 4 4 7 8 10 00

D 0.4710 0.4570 0.4510 0.Mf30 0.4380 0.4345 0.4300 0.4095
k = 12.9 X 10* rain*̂

Run No.38 (Duplicate)
Time 0 ? 1mo15s* 2 3 4 5
D 0.4830 0.4780 0.471 0.4670 0.4605 0.4545 0.4490
Time 6 7i 9 oO

D 0.4450 0.4400 0.435 0.4095
k = 4.04 X  10 ^min ^
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Run No.39 Dimethylphenyl-p-anisylsilane•
X = 28lnj|U 4.26m HCIO,4 C= 0.000814M

Time 0 11 20 23 28^ 33 47?
D 0.5160 0.4750 0.4520 0.4460 0.4355 0.4300 0.4170
Time 5 4 64 00

D 0.4110 O.4O8O 0.3990
k = 4.04 X 10'’̂ min*^

Run No . 40 (Duplicate)
Time 0 7 10 11 20 33 38 0Û

D 0.5155 0.4870 
k = 4

0.4760 
.07 X 10“

0.474 0.451 0.4285 0.423 0.3985

Run No .41 Tribenzyl-p-anisylsilane
X = 281 lyi 4.26m HCIO,4 C = O.OOO637M

Time 0 16 51 74? IO6J 131 167 OP
D C.483O 0.4660 0.4380 0.4255 0.4120 0.4060 0.3980 0.3845

k = 1.18 X 10"
Run No.42 (Duplicate)
Time 0 16 4 4 68 92 113 154 231
D 0.4780 0.4630 0.4380 0.4270 0.4160 0.4100 0.3995 0.3910
Time 00

D 0.3840
k = 1.14 X 10"
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Run No.43 Diphenylmethyl-p-anisylsilane.
X= 28liyi 7.5CM HCIO, C = 0.000898m

Time 0 2 8 10 12 18
D 0.5890 0.5740 0.5380 0.5280 0.5195 0.4995
Time 00
D 0.4515

k = 5.85 X 10*̂ rain*̂

Run No.44 (Duplicate)
Time 0 2 7 16 26m.15s. 30m.20s
D 0.5850 0.5695 0.5380 0.5000 0.4755 0.4690
Time 40 43m.20s, 00

D 0.4590 0,4570 
k = 5.

0.4460
,90 X 10‘ m̂in**’

Run No.45 Dimethylphenyl-p-anisylsilane.
X = 281 lyi 2.55% HCIO, C = 4 : 0.000771M

Time 22 56 107 130 155 163
D 0.4590 0.4315 0.4060 0.4000 0.3935 0.3890
Time 197 199 00

D 0.3875 0.3850 
k = 1,

0.3792
28 X 10*^m in*^

32 36
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Run No.46 (Puplioate)
Time 0 18 40 142 159 192 205
D 0.4950 0.4710 0.4495 0.3972 0.3940 0.3875 0.3865
Time 224 00
D 0.3845 0.3787

k = 1,30 X 10 ^min*^

Run No.47 Chloromethyldimethyl-p~anisylsilane
A = 282iyi 6.00M HCIO^ C = 0.000513M 

Time 0 2 11 20 26 41 49 59
Titre 0.5210 O.5065 0.4520 0.4210 0.4045 0.3790 0.3707 O.364O
Time 80 90 00

Titre 0.3570 0.3555 0.3525
k = 4.52 X 10*^mln*^

Run No.46 (Duplicate)
Time 0 12 20m,i5s. 31 41 47m.10s. 55
Titre 0.5210 0.4490 0.4180 0.3910 0.3760 O.3695 O.3635
Time 63 oo

Titre 0.3590 0.3490
k = 4,52 X 10*^min*^
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Run No.49 Dimethylethylaminonaethyl-p-anisylsilane 
X = 282jx 9.48m HCIO^ C = 0.000912M

Time 0 10 15 20 25 30 36 42
D 0.4680 0.4240 0.4100 0.3970 0.3860 0.3770 0.3680 0.3610
Time 50 63 90 00
D 0.3530 0.3445 0.3370 0.3300

k = 3,,60 X 10*^min*^

Run No.50 (Duplicate)
Time 2 12 18 36 42 51 60 90
D 0.4040 0.3805 0.3700 0.3500 0.3465 0.3412 0.3372 0.3310
Time 00

D 0.3280
k = 3._63 _x 10*'^min'^

Run No.51 Dimethylethylaminomethyl-P-anisylsilane
X = 282iyi 6.00M HCIO4 C = 0.OOO64OM

Time 0 3 8 13 16 21 39 49
D 0.3190 0.3120 0.3060 0.3002 0.2990 0.2965 0.2875 0.2825
Time 87 115 162 00

D 0.2710 0.264 0.2535 0.2320
k = 0,,708 X 1O-̂ min*'*
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Run No.52 (Puplioate)

Time 0 1 3 6 10 16 2? 44
D 0.3160 0.3130 0.3100 0.3055 0.3010 0.2970 0.3902 0.2835
Time 53 75 100
D 0.2800 0.2725 0,2655 0.2300

k = 0.710 X lO’^min*^

Run No. 53 Dimethylphen.yl«»p-aniaylsilane
A = 281 lyi 3.05% HCIO^ C = 0.00101M

Time 15 35 40 45 50 55 60 65
D 0.6310 0.5900 0.5810 0.5740 0.5680 0.5610 0.5550 0.5500
Time 70 75 89 00
D 0.5450 0.5410 0.5305 0.4975

k = 1.87 X 10*^min*^

Run No.54 (Duplicate)

Time 0 15 20 35 40 55 63 70

D 0.6940 0.6470 0.6340 0.6005 0.5910 0.5680 0.5570 0.5485
Time 78 85? 93 oO

D 0.5405 0.5350 0.5310 0.4960
k = 1 . 8 8 x 1 0  ^min ^
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Run NOo55 Dl-p-anisyl-diethoxysilane Complete réaction 
X = 248r^ 3.05M HCIO, C = 0.00027W

Time 0 3 5 10 15 20
D 0.686 0.865 0.847 0.798 0.749 0.703
Time 25 30 50 69 89 118
D 0.6675 0.628 0.500 0.409 0.334 0.260
Time 145 168 193 252 337 00

D 0.213 0.1845 0.1625 0.132 0.1155 0.1035
Optical density of synthetic end point = 0.165

k = 1.48 X 1O"

Run No.56 (Duplicate)
Time 0 3 5 10 15 20
D 0.908 0.888 0.853 0.796 0.753 0.7095
Time 25 30' 40 70 96 124
D 0.669 0.6315 0.563 0.406 0.317 0.2585
Time 163 196 259 352 00

D 0.1915 0.1615
k =

0.132 
1.47 X 10*

0.115 0.103

Run NOo57 p-Anisyltrimethylsilane
X — 281 lyi 0.293% HCIO,4 C = 0.000879%

Time 0 61 85 112 139 167
D a  6085 0.5895 0.5820 0.5740 0.5675 0.5595
Time 258 00

D 0.5585 0.4510
k = 2.20 X 10" m̂in*'*

213
0.5490
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Run No.58 (Duplicate)

Time 0 78 98 118 135 208 260 278
D 0.6095 0.5860 0.5805 0.5735 0.5695 0.5510 0.5400 0.5370
Tine oo

D 0.4520
k = 2.24 X I0*^min*^

Run No.59 Dimethylphenyl-p-anisylsilane
X = 28liyi 7.5OM HCIO,4 C = 0.00112M

Time 0 1& 2 3 4 5 7 12
D 0.5820 0.5690 0.5670 0.5605 0.5580 0.5545 0.5510 0.5475
Time 00
D 0.5465

k = 29.5 X 10*

Run No.60 (Duplicate)

Time 0 ? 1 2 2& 3 4m.45s.
D 0.5890 0.5820 0.5780 0.5695 0.5665 0.5630 0,5560 0.5530
Time 6m. 45s. OD

D 0.5505 0.5445
k = 29.5 X lO'̂ min"'̂
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Run No , 6 i  Diphenylmothyl-P-anisylsilane
A = 281 6.00M HCIO, C = 0.000602M

Time 1 9 12 20 34 48i
D 0.4090 0.3915 0.3850 0.3710 0.3520 0.3380
Time 139 166^ 00

D 0.3045 0.3020 C.299O

k = 2,,24 X 10"*"min*'

Run No.62 (Duplicate)
Time 15 20 25 30 42
D 0,3915 0.3780 0.3675 0.3590 0.3507 0.3360

k = 2,,33 X 10*•2min-'

Run No,63 Chloromethyldimethyl-p-tolylsilane
A = 276cjp 12.19M HCIO,

4
C = 0.00706m

Time 0 10 25 38& 56 76
D 0.3100 0.2897 0.2625 0.2410 0.2170 0.1950
Time 129 144 162 196 00

D 0 .1 8 0 0 0.1530 0.1450 0.1360 0.1245 0.0949
k = 1,,00 X 10*‘2min-'

74

49 ûo
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Run No064 (Duplicate)

Time 0 21 35 70 124 172
D 0.3020 0.2630 0.2410 0.1980 0.1550 0.1327
Time 211 233 272 315 oc

D 0.1205 0.1155
k = 1,

0.1095
00 X 10“

0.1047
2min-'

0.0957

Run No,.65 Di(chloromethyl)methyl-p-ani8ylsilane

= 248mu 9.20M HCIO, 4 C = O.OOO6546M
Time 0 i 1 2 3 4
D 0.314 0.303 0.294 0.277 0.260 0.2445
Time 5 6 10 22 80 oo

D 0.231 0.220
k = Ca

0.186 
10 X 10’

0.1397
*"min*'

0.1115 0.101

Run No.66 (Duplicate)

Time 0 1 2 3 5 8
D 0.308 0.286 0.2685 0.2525 0.2252 0.1957
Time 16 25 35 60 95 00

D 0.152 0.1323
k = Ca

0.1232
10x10*

0.114
*̂ min*'

0.1088 0.1005

198
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Run No.67 p-Anlsyltrimethylsilane.
X = 281 nyi 3o12M HCIO^ C = 0.000872M 

Time 0 2m.3s. 6 7 12 13 15
D 0.4895 0.4700 0.4385 0.4310 0.4020 0.3980 0.3890
Time 17 19 21 23 ^

D 0.3810 0.3740 0.3675 0.3625 0.3180
k = 5.90 X 10*^min*'

Run Noo68 (Duplicate)
Time 0 4 10 14 15& 19&
D 0.4615 0.4195 0.4130 0.3940 0.3760 0.3700 0.3570
Time 21? 29& 32& oo
D 0.3525 0.3375

k = 5«
0.3325

,95 X 10"'
0.3105

'«in-'

Run No0 69 D imet hylphe nyl-p-anlsyls ilane.
X = 281 lyi 3.12M HCIO^ c = 0.000856»

Time 0 10& 18 26 29 32 37

D 0.5490 0.5105 0.4865 0.4630 0.4555 0.4485 0.4380

Time 42 67 147? 00
D 0.4280 O.388O 

k = 1,
0.3380 
80 X 10"'

0.3210
'ndn“'
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Run No,70 (Puplloate)

Time 0 10 17 37 42 46 51 57
D 0.5470 0.5105 0.4880 0.4380 0.4280 0.4205 0.4120 O.403O
Time 71 136? 186 00

D 0,3830 0.3400 0.3290 0.3210
k = 1.79 X 10-^min*'
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Cyclic Or^anosilicon Compounds 

Run No,1 5.5-Dimethyldibenzosilole

Time
D
Time
D

X = 287y 12.19% HCIO 
0 5

4
10m.1Os,

-Si 
Me Me 

C = 0.0000838m

50 60 70

k = 3o25 X 10 *^  m in * '

Run Noq2 (Duplicate)
Time 10 16 20

0.3690 0.3105 0.2775
72 80 92

D
Time
D 0.0835 0.0730 0.0615

k = 3 .2 4  X 10 *^  m in * '

20 30 40

0.3095 0.2330 0.1785
80 96 oc

0.0735 0.0567 0.0347

28& 38 48 59
0.2210 0.1732 0.1357 0.1065

oc

0.0387

Run No.3 10.1O-Dimethylphenoxasilin

- ^Si Me Me
X = 284yi 12.19M HCIO^ C = 0.000224M

Time 0 20 40m.20s. 69 91 109 128
D 0.3260 0.2425 0.1935 0.1510 0.1315 0.1212 0.1132
Time 147 166? oO

D 0.1075 0.1037 0.0948
k  = 1 .9 4  X 1 0 *^  m in * '



123h

Run No.4 (Duplicate)
Time 0 32 45 60 75m.10s. 92 110
D 0.3140 0.2070 0.1815 0.1599 0.1437 0.1302 0.1200
Time 133 152& 188 00

D 0.1110 
k = 1

0.1055 
.95 X 10*^

0.1000
“1min '

0.0947

Run No.5 3-EtKyl-5.l0-<iil\ydro-10.10-dimethylphenaza9iIine.
E.t
N

Me Me
A = 282iyi 0.293MHC10^ C= 0.0000519M

Time 0 35s. 1 2 2? 5 7
D 0.2815 0.2695 0.2590 0.2410 0.2330 0.2045 0.1905
Time 8 9 12 00
D 0.1855

k = 21
0.1815
.5 X 10*^

0.1735
rain*'

0.1650

Run No,,6 (Duplicate)
Time 0 1 1m.33s. 2 2m.35s. 5 6
D 0.287 0.2625 0.2515 0.2425 0.2335 0.2045 0.1955
Time 8 10 12 aO

D 0.1840 
k = 21

0.1755
.6 X 10*^

0.1702
-1rain

0.1610
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Si

Run No»7 1.l-Diphenylsilaoyclopentane

X -T 271 nju 12.19M HCIO. C = 0.000213M
Time 8 100 210 316 467 605
D 0.523 0.494 0.4605 0.429 0.387 0.3497
Time 1020 1320 1590 1710 1460 OC

D 0.2805 0.211 0.179 0.161 0.1005 0.037

Run No,,8 (Duplicate)
Time 0 46 120 203 365 486
D 0.528 0.5125 0.4905 0.464 0.418 0.3825
Time 575 990 1635 3060 00

D 0.3587 0.271 0.170 0.645 0.038

A straight line plot of log ( D . ) against t was not 
obtained.
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Optical densities of p-anisylethoxysilanes and anisole in 10^ 
aqueous methanol containing 0*5^ of 9*2CMperchloric acid.
(i) Anisole C = 0*000815 M.

Wavelength 248 250 251 252 281 282 282*5
D 0*158 0*200 0*222 0*250 0*515 0*362 0*3005

(ii) p-Anisvltriethoxvsilane C = 0*000405 M.
Wavelength iji 248 250 252 281 282
D 0*2700 0*2785 0*2995 0*351 0*2765

(iii) Di-p-ani syl-dl ethoxy si lane C = 0*000300 M.
Wavelength 250 252 281
D 0*826 0*573 0*518

(iv) Tri-p-anisvlethoxvsilane C = 0*000264 M.
Wavelength mp 252 281
D 1*097 0*779

For runs 3 and 4 a value of rate constant was not given as a 
straight line plot was not obtained arid it appeared that a £-tolyl 
group was also cleaved.
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Spectra of dimethvlethvlaminomethvl~T)-anisvl3ilane.

In methanol (fresh solution) G = 0*0000400 M.
A (nyi) 283 282 281 280 279 278 277 276
A 0*314 0*368 0*386 0*373 0*359 0*361 0*388 0*426
X  (ê ) 275 274 273 272 270 268
A 0*453 0*461 0*451 0*434 0*401 0*380

2. In methanol + 2*55 M HCIO4 C = 0*0000623 M.
- of silane 

(25 ml of solutiory +̂ 10 ml of aqueous acid)
A (mji) 284 282 281 280 279 278 277 276
A 0*195 0*3315 0*379 0*401 0*403 0*402 0*414 0*440
A (ji) 275 274 273 272 271 270
A 0*470 0*492 0*506 0*503 0*490 0*474

In methanol + 0*001 M HCIO4 (25 ml of solution of silane + 10 ml
of aqueous acid) C = 0*0000821 M

A (y) 284 282 281 280 279 278 277 276
A 0*2675 0*450 0*511 0*5315 0*526 0*519 0*531 0*567
A  (mp) 275 274 273 272 271 270
A 0*6195 0*640 0*6475 0*638 0*615 0*591

In methanol (old solution) C = 0*0000821 M

A (^) 284 282 281 280 279 278 277 276
A 0*491 0*670 0*759 0*765 0*730 0*712 0*740 0*807
A  (y) 275 274 273 272 271 270
A 0*880 0*919 0*917 0*866 0*852 0*818

In methanol and water C « 0*0000623 M.
A (nyi) 284 282 281 280 279 278 277 276
A 0*323 0*545 0.601 0.626 0.619 0.612 0.629 0.669



123

A (m|i) 275 274 273 272 271 270
A 0*712 0-745 0-752 0-739 0-711 0-672

Where A s -wavelength 
and A = optical density
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CHAPTER X

Experimental technique fbr the kinetic investigation
of cleavage of the C-Si bond hv bromine.

The "bromine cleavage of the silane at 25*0*0 was followed by 
determination of residual bromine by titration of sodium thio- 
Bulphate againa&lhe iodine liberated when a solution of the reactants 
was treated with potassium iodide solution. The de ad-stop techniqie 
was employed to determine the equivalence point.

Dead-stop technicue.
94This method was introduced by Poulk and Bawden.

In the determination of sodium thiosulphate by titration with 
iodine solution, the thiosulphate acts as an anode dôpolariser. On 
adding iodine solution, iodide is formed which also acts as an anode 
depolariser but immediately the equivalence point is reached, the free 
iodine acts as a cathode depolariser and current flows. The end point 
is indicated by the sudden commencement of flow of current, "vdiich is 
shown by permanent deflection of the galvanometer.

In this work the reverse titration i.e.a solution of iodine (which 
contains iodide) was titrated with a solution of thiosulphate^was 
carried out* Here, both electrodes are depolarised and until almost 
to the end point, the galvanometer pointer is deflected off the scale. 
When equivalence is reached, all the iodine has been removed and the 
cathode becomes polarised; the galvanometer pointer returns to zero,
A difficulty in using this method is that the galvanometer spot remains 
at zero even after excess of thiosulphate has been added.
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Pig.XXIII

The electrical circuit (Pig.XXIII) 
consisted of
(a) A pair of platinum electrodes (P) 
These were made from platinum wire 
sealed in soda-glass and were approx. 
Vi" long and V 4" apart.

of resistance 450 ohms and sensitivity 
170 nmiŷ iA. It was damped with a 12,500 
ohm shunt
(c) A fixed resistance (R) of approx.
100.000 ohms.
(d) A variable resistance (v) of approx.
10.000 ohms.
(e) A battery (e ) of approx. 1*5 volts.

Apparatus.
A 2 litre stock of sodium thiosulphate solution was connected 

throu^ a two-way tap to a 10 ml micro-burette read to 0*002 ml.
15The titration vessel was that described by Webster» It

consisted of an inverted pear-shaped vessel fitted at the top with 
five openings. These were for addition : of sample, the electrodes, 
the tip of the burette, a tap for water and a glass tube througih which 
air was passed. By means of the latter the solution in the flask 
could be thoroughly stirred, the air line consisting of a blower 
controlled by a switch.



126

A tap at the bottom of the vessel was closed during 
titrations and opened to allow the vessel to drain. It was 
connected to a water-pump for rapid emptying of the flask.

Preparation of materials
(a) Sodium thiosulphate

An approximately 0*001 N solution was prepared from 
"Analar" sodium thiosulphate and freshly boiled distilled water.
About 0*1 ml of chloroform per litre was added in order to stabilise 
the solution. The solution was kept in brown bottles and standard­
ised once a week with potassium iodate solution prepared from "Analar" 
potassium iodate dried at 120*0 for 1 hour and cooled in a dessicator.

(b) Potassium iodide
An approximately 10^ solution of potassium iodide was 

prepared by dissolving "May and Baker" potassium iodide in boiled 
out distilled water. A fresh solution was made up each day as: it 
was found that decomposition of the potassium iodide solution occurred 
liberating iodine of a similar concentration as that in the titrations.

(c) Acetic acid solvent
"May and Baker" reagent grade acetic acid was purified

9 5
by the method cf ORTON and BRAHPIELD. Two and a half litres were
boiled under reflux for about Va hour with chromium trioxide (60 gm) 
foUoT/ed by distillation through a short glass helices packed 
column (12" long, 1" diameter).

The first 200 ml of distillate was discarded and the next two 
litres collected. Several distillâtiox»*were co~blrcd andllic vralcr
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content adjusted to 1*5 wt %,
The water content was found by measuring the freezing point 

of the acid. Since a depression of 0*2*0 is due to 0*1% of water 

distilled water was added until the solution froze at 13*6*0, the 
water content then being 1*5 wt %.

(̂ ) Bromine
"May and Baker" bromine was shaken with an equal volume 

of concentrated sulphuric acid and the acid separated. It v/as then 
distilled from potassium bromide in all-glass apparatus.

Method of follcnnnr. kinetic runs.
A fresh solution of halogen in aqueous acetic acid (1*5 wt %) 

was placed in a long-necked 500 ml flask in the thermostat. It 
was then left for at least 25 minutes in order to reach thermal 
equilibrium and a sample (5 ml) standardised with sodium thiosulphate 
solution.

For most runs the concentrations of silane and bromine were 
identical. The silane was then weighed out into a 100 ml wide 
necked graduated flask and about 90 ml of solvent added. This was 
then placed in the thermostat bath. When the solution had reached 
thermal equilibrium it was made up to the mark with solvent at 
the thermostat temperature 25*0* - 0*02* and the solution thorou^ly 
mixed.

(a) Fast runs
Two separate solutions of the silane were made up.
A divided reaction vessel was used and a 5 ml sample
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of each reactant was put into separate compartments. The flask was 
closed vrith a rubber bung, placed in the bath and left to reach the 
bath temperature. Whilst still immersed in the bath the contents 
were thoroughly mixed, the time of mixing being taken as zero time. 
After a particular time the reaction was stopped by addition of 10 ml 
of 10% aqueous potassium iodide solution. The contents were then 
transferred to the reaction vessel with about 100 ml of water. The 
time of reaction was taken as that from the time of mixing until the 
time of addition of the potassium iodide solution. A duplicate run 
was carried out using a different solution of silane.

(b) SlofT runs
Only one solution of silane was made up and runs in 

duplicate were carried out using this solution.
A 25 ml sample of the silane was transferred by means 

of a pipette equipped with a side arm and a suction bulb to a 100 ml 
round-bottomed flask equipped with a long neck and fitted with a B.19 
ground glass stopper. The flask was well immersed in the bath and 
the contents allowed to reach bath temperature. 25 ml of bromine 
solution was added and the flask well shaken. After suitable lengths 
of time 5 ml samples were withdrawn and added to 10 ml of aqueous 
potassium iodide solution in the titration vessel. The volume was 
then made up to about 100 ml with water. The time of reaction was
taken as that from half addition of the bromine solution until the 
time of half addition of the reaction mixture to the potassium iodide 
solution.
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Cs.) Very slow runs
The method for slow runs was carried out hut it was 

then necessary to transfer samples to sealed tubes and immerse 
these in the hath. After appropriate lengths of time 5 ml 
samples were transferred to the reaction vessel, water added and 
titrations carried out as described above. "Fast runs" in 
general had about 50% reaction completed in 25 minutes whereas 
"slow runs" did not. *M/‘ery slow runs" had less than 20% reaction 
completed in 24 hours.

After addition of water the solution was stirred vigorously 
by means of the air blower, and thiosulphate solution added.
Readings were taken as the end point was approached until the 
galvanometer spot no longer moved. Readings were taken after 
various times and a time/titre curve was plotted. It was found 
that a smooth curve could not be obtained if the first part of 
the run was carried out in fast reaction vessels and the remainder 
of the run in slow reaction vessels. Whenever it was convenient 
runs were carried out up to 75% reaction.

Thermostat
All the runs were carried out in a water-filled bath at 

25*0, controlled by a mercury-contact toluene regulator and heated 
by a 60 watt bulb. Stirring was by means of a motor-driven paddle.

The temperature of the bath remained constant within 
- 0*02*0 of the tenperature employed.
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Pi-pettes
For mixing the reactants a 25 ml pipette fitted with a 

side-arm and suction bulb was used. Samples were taken with a 
5 ml automatic pipette.

Weighings
These were carried out on an "Oertling" balance uâng 

micro-weighing bottles prepared from small ignition tubes of 4 mm 
diameter shortened to a length of 10-20 mm. The micro weighing 
bottle containing a weighed sample was placed in a graduated 
flask and solvent added up to the graduation mark, the volume of 
the weiring bottle being neglected.

Calculation of results.
Relative rate figures were obtained by carrying out runs 

(in duplicate) with iwo different organosilanes at the same 
concentration. The times for disappearance of specific fractions 
of halogen were compared directly.

Sources of error
(a) Reaction of silanes with solvent

The organosilanes were shown spe otrophotometrically not 
to react with the solvent. A solution of j^methoxy-phenyltrimethyl- 
milane had the same spectrum after 48 hours as idien prepared.

(b) Loss of halogen bv reaction with solvent or bv volatilisation 
A solution of bromine in acetic acid solvent was observed

to give identioaQ. titres over the time of the reactions. The bromine 
solution was titrated against thiosulphate each day and it was found 
that the solution lost bromine equivalent to ^  after 3 days.
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(o) Reproducibility of the solvent
Two batches (approx, 10 litres) of acetic acid were prepared, 

and klnetio results of each batch agreed to Cleavage of tri-
£-tolyl-p-anisylsilanc and tri-m-tolyl-£-anlsylsilane were compared 
at identical concentrations in both batches of solvent (runs 19 and 
21 and runs 22 and 23),

(d) Continued reaction after sampling
Following the addition of or to the aqueous potassium iodide, 

the organic compound was thrown out of solution and the bromine 
reacted with potassium iodide to give iodine# These two events 
effectively stopped reaction,

(e) Reaction between the cleavage product p-bromo-anisole 
and bromine.

No reaction occurred between p-bromo-anisole and bromine 
both at a concentration of 0.001$6% within hours. Runs with 
£-anisylsilane8 were not carried out for longer than this period.

(f) Ultra-violet catalysis of the reaction
It was found unnecessary to use blackened flasks for reaction 

vessels as there as no appreciable catalysis of the reaction due to 
the presence of the light bulb in the thermostat bath which was used 
for heating purposes.

(g) Accuracy of results
It was not possible at the concentrations used, to record the 

end point to within - 0,03 ml. This led to difficulty in drawing
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smooth curves through the points and introduced large errors in cal­
culating relative rates, particularly in the regions 0 - 20̂  ̂and 
6o - 100% reaction. Therefore, in some cases relative rates have 
been determined only over the range 30 - 60%, Because of the error 
in determining the end point all relative rate figures are accurate 
only to 5%* Errors of similarly occur in determinations of order 
of reaction.

As solutions of bromine could not be kept longer than 3 days 
because of loss of bromine, many different solutions of bromine had 
to be made up in order to cover all the compounds. Thus considerable 
overlapping of pairs of reactants was necessary.

(i) Past runs
As the run was not continuous and each titration was deter­

mined separately, different errors could be introduced in each case, 
and for this reason it was more difficult to draw a smooth curve 
through the points of the time against titre plot than for a slow run. 
Agreement between fast runs was to 3% (from the runs 19 and 21, and 
runs 22 and 23).

(ii) Slow runs
The run was continuous and errors introduced by taking 

pipette samples and timing readings were reduced and a good curve 
could be drawn through the points of the time versus titre plots. 
Agreement between slow runs and fast runs was 2% (runs 19 and 21, and
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runs 27 and 28). Some runs were oarried out where the initial con­
centrations of* silane and bromine were not the same, from runs 26 and 
28 and 34 and 23 agreement was to within 1% with those in which the 
initial silahe and bromine concentration was the same.

(iii) Very slow runs
No such runs were carried out for the series of 

£-anisylsilanes. As with the fast runs each titration was deter­
mined separately. Further error was introduced for there must have 
been loss of bromine through reaction with the solvent.
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Tabulation of Kinetic Results.

The runs are reported in terms of volume (in ml) of sodium 
thiosulphate solution (labelled "titre”) equivalent to the iodine 
liberated from potassium iodide solution by the bromine remaining 
after a specified time (in mins. unless otherwise stated) (labelled 
"time"). The titration figures are equivalent to the halogen in a 
measured sample of the solution (5.0 ml). Also given are the concen­
trations of the solutions of bromine and silane before they were 
mixed.

Runs were carried out in duplicate and each run and its 
duplicate were plotted on a time-titre graph, and the times required 
for removal of various fractions of the bromine were obtained from a 
smoothed curve through the points. All runs were carried out in 
1.5 wt % aqueous acetic acid, using the apparatus described at a 
temperature of 25.00 - 0.02°.
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Run No. 1. Triphenyl-p-anisylsilane
[silane]] = [Bromine]] = O.OOI6I M

T ime Gm. 4m. 40s. 14m. 15s. 25m.
Titre if • 6ifO 4.216 3.476 2.938

Time 36m, 40s, 76m. 15s. 116m. 20s.
Titre 2.526 1 .712 1 .292

(Duplicate)

Time Om. 7m. 20s. 16m. 35s. 27m. 15s. 38m. 30s.
Titre 4.640 3.964 3.300 2.864 2.500

Time 51m. 5s. 58m. 20s. 89m. 40s. 104m. 30s. 11 9m.
Titre 2.168 1.972 1 .540 1 .360 1.244

Run No. 2. Tri-p-chlorophenyl-p-anisylsilane
[silanej = [Bromine]] = 0.001 61 M

Time Om. 5m. 15s. 18m. 15s. 35m. 40s. 65m.
Titre 4.640 4.578 4.442 4.250 3.982
Time 204m. 230m. 260m. 293m.
Titre 2.938 2.812 2.676 2.490

(Duplicate)
Time Om. 13m. 25s. 27m. 58m. 30s. 107m.
Titre 4.640 4.548 4.352 4.052 3.550

Time 215m. 243m. 265m. 298m.
Titre 2.912 2.750 2.6if4 2.490

Relative rate Tri-p-chlorophenyl-p-■anisylsilane
Triphenyl-£-anisyls ilane

Reaction % 10 20 30 40
0.11 0.12 0.12 0.12

Average = 0.12
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Run No. 3. Tri-m-chlorophenyl-p-anisylsilane
[silane]] = [BromineJ = 0.00161 M

T ime (min) 0 26 55 122 148 220 270
Titre 4 .640 4.500 4.340 4.050 3.938 3.680 3.520

Time (rain) 410 478 525 590 672 760

Titre 3.090 2.970 2.844 2.758 2.644 2.530

(Duplicate)
Time (min) 0 30 60 165 211 260 348
Titre 4.640 4.498 4.320 3.864 3.730 3.556 3.300

Time (min) 371 431 516 594 676 768

Titre 3.196 3.040 2.880 2.738 2.646 2.520

Relative rate Tri-%-chlorophenyl-p-anisylsilane
Triphenyl-£-anisylsilane

Reaction % 10 20 30 40

0.052 0.052 0.052 0.050

Average = 0.052

Run No. 4 . Tri-o-tolyl-p-anisylsilane
[silane]] = [Bromine]] = 0.0016l M

T ime (rain) 0 66 152 228 322 408 472

Titre 4 .640 4.454 4.290 4.158 3.978 3.840 3.726

T ime (min) 538 1215 1345 1449 1645 1815

Titre 3.638 3.020 2.936 2.844 2.788 2.672
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(Duplicate)
Time (min) 0 73 157 235 327 419
Titre 4.640 4.446 4.282 4 .106 3.966 3.834

Time (min) 478 543 1350 1455 1653 1823
Titre 3.758 3.640 2.900 2.842 2 .758 2.652

Relative rate Tri-û-tolyl-fi-anisylsilane
Triphenyl --£-anisylsilane

Reaction % 10 20 30 40

0.023 0u022 0.021 0.019
Average = 0.021

Run No. 5« Tri-m-chlorophe ny 1-p-anisylsilane
[s ilane_j = [Bromine]] = 0.00187 M

Time (min) 0 27 69 111 144
Titre 5.400 5.196 4.880 4.648 4.418

Time (min) 201 248 310 396 469
Titre 4.096 3.940 3.708 3.410 3.246

Time (min) 556 630 693 764
Titre 3.046 2.896 2.736 2.638

(Duplicate)
Time (min) 0 19 60 103 135

Titre 5.400 5.204 4.934 4.660 4.472

Time (min) 196 258 321 389 462
Titre 4.154 3.940 3.682 3.446 3.24s

Time (min) 548 622 686 758

Titre 3.058 2.888 2.762 2.638
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Run No, 6, Tri-o-tolyl-p-anisylsilane

[silane]] = [Bromine]] = 0,00187 M

Time (min) 0 60 16l 198 222 287
Titre 5.400 5.150 4.840 4.742 4.638 4.4'
Time (min) 354 440 519 690 1395
Titre 4.314 4.124 3.946 3.612 2.774

(Duplicate)
Time (min) 0 76 166 345 433
Titre 5.400 5.098 4.820 4.326 4.118

Time (min) 513 604 695 1400 1594
Titre 3.926 3.746 3.556 2.734 2.590

Relative rate Tri-g-tolyl-p-anisylsilane
Tri-m-chlorophenyl-£-anisylsilane 

Reaction % 10 20 30 40 50
0.47 0.48 0.49 0.50 0.49

Average - 0.48

Run No. 7, Tri-p-tolyl-p-anisylsilane
[Silan^ = [Bromine]] = 0.000283 M

Time 0 3m. Os. 10m, 45s. 19m. 45s.
Titre 5.480 5.302 4.724 4.274

Time 29m. 3s. 49m. 25s. 107m. Os. 131m. Os.
Titre 3.858 3.342 2.530 2.342
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Time
Titre

Time
Titre

(Duplicate)

0
5.480

38m. 55s. 
3.588

5m. 15s. 
5.058

117m. Os.
2.464

13m. 30s, 
4.522

151m. Os. 
2.272

Run No. 8. Dimethy1ethylamino me thy1-p-anisylsilane 
[silane]] = [Bromine]] = 0.000283 M

Time
Titre

Time
Titre

0
5.480

14m. 28s. 
2.544

1m. 8s. 
4.504

l3n. 40s. 
2.348

4m. 45s. 
3.560

23m. 58s. 
2.194

7m. 45s. 
3.162

32m. 50s.
1.974

23m. 5s. 
3.952

l87m. 30s. 
2.040

10m. 53s. 
2.826

45m. 50s. 
1.784

(Duplicate)

Time
Titre

Time 
T itre

0
5.480

10m. 47s. 
2.896

1m. 4s.
4.502

14m. 2s.
2.646

4m. 38s.
3.600

32m. 25s.
1.974

7m. 43s. 
3.184

45m. Os• 
1.894

Relative rate Dimethylethylaminomethy1-g-anisyIsilane
Tri-£-tolyl-£-anisylsilane 

Reaction % 10 20 30 40 50 60
14.0 12.0 8.8 7.6 7.2 6.5

Run No. 9. Tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane 
[silane]] = [Bromine]] = O.OOO283 M

Time
Titre

Time
Titre

0
5.480

1m. 12s.
5.316

17m. 35s. 22m. 35s.
3.600 3.256

5m. 33s.
4.732

28m. 50s. 
2.814

9m. 50s.
4.320

39m. 30s.
2.188

13m. 28a.
3.932

49m. 50s.
1.736
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(Duplicate)

Time 0 1m, 10s, 4m. 35s. 9m. 12s.
Titre 5.480 5.304 4.824 4.426

Time 15m. Os. 34m. 30s. 53m. 10s. 67m. 45s.
Titre 3.824 2.530 1.590 1.220

Relative rate Tri-(p-trimethyIsilylmethyIphenyl)-j^-anisy1silane
Tri-£-tolyl-£-anisyIsilane

Reaction % 10 20 30 40 50 60
1 .9 1 .9 2.1 2.3 2.9 3.9

Run No. 10. Tribenzyl-p-anisylsilane
[silane] = [Bromine] = 0.000283 M

Time 0 1m. 7s. 5m. 5s. 9m. 10s. 12m. 54s.
Titre 5.480 4.850 3.410 2.762 2.36O
Time 17m. 3s. 22m. 8s. 26m. 30s. 30m. 30s. 38m. 40s.
Titre 2.120 1 .932 1 .734 1 .686 1 .328

(Duplicate)

Time 0 1m. 7s. 4m. 15s. 8m. 3s. lira. 57s.
Titre 5.480 4.864 3.632 2,960 2.486

Time 15m. 35s. 19m. 10s. 22m. 55s. 29m. 33s.
Titre 2.246 2.042 1 .888 1 .656
Relative rate Tribenzyl-p-anisylsilane

T ri-£-tolyl-£-anisyIs ilane

Reaction % 10 20 30 40 50 6O
8.7 8.7 8.7 8.7 9.0 9.7

Average = 8.7
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Pun No. 11. Triethoxy-p-anisylsilane

Time
Titre

Time
Titre

[silane] = [Bromine] = 0.000164 M Blank = 0.236 ml.

0
3.166

4m. 30s• 
2.920

25m. 50s. 54m. 50s.
2.168 1.676

10m. 5s. 
2.734

83m. Os.
1.294

15m. 25s.
2.516

117m. Os.
1.086

(Duplicate)

Time 0 
Titre 3*166

Time 34m. 35s. 
Titre 1.968

1m. 20s.
3*190 

47m. Os.
1.744

6m. 50s. 
2.880

66m. Os*
1.506

Run No. 12. Chloromethyldimethyl-p-enisylsilane 
[silane] = [Bromine] = 0.000164 M

Time
Titre

Time
Titre

0
3.166 
9m. 35s.
1.450

3m. 40s. 
2.100

25m. 30s. 
0.980

12m. 10s. 
2.640
93m. Os.
1.214

24m. 20s.
2.238

120m. Os.
1 .038

Blank = 0.236 ml. 

6m. 40s.
1 .656

31m. 35s.
0.904

Time
Titre

Time
Titre

(Duplicate)

0
3*166 

10m. 4s.
1 .404

1m. 2s.
2.806

13m. 5s.
1*194

3m. 55s. 
2.028

16m. 3s.
1.130

Time
Titre

Time
Titre

(Triplicate)

0
3*166

12m. 35s, 
1.280

1m. 35s.
2.726

15m. 35s.
1.134

4m. 5s. 
2.006

31m. 30s. 
0.954

9m. 25s.
1.464
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Relative rate Triethoxy-p-anisylsilane

C hloro me thyldiniethyl-£-anisyl silane 
Reaction % 10 20 30 40 50 • 60 70

0.13 0.12 0.12 0.12 0.13 0.13 0.14
Average = 0.13

Run No, 13* Diphenylmethyl-p-anisylsilane
[silane] = [Bromine] = 0.000164 M Blank = O.236 :

Time 0 1m. 30s. 5m. 30s. 10m. 25s.
T itre 3.166 3.174 2.670 2.300
Time 22m. 30s. 31 Os. 46m. 15s.
Titre 1 .820 1.710 1.502

(Duplicate)
Time 0 1m. 30s. 6m. 3s. 9m. 50s.
Titre 3.166 3.190 2.708 2.306
Time 39m. 15s. 54m. 30s. 66m. 45s.
Titre 1 .572 1.438 1.256

(Triplicate)

Time (min) 0 5 12 26
Titre 3.166 2.698 2.224 1.790
Time (min) 33& 43 53 66
Titre 1.620 1.496 1.398 1.300
Relative rate Diphenylraethyl-p-anisylsilane

Chloromethyldimethyl-£-anisylsilane
Reaction % 10 20 30 40 50 60

0.23 0.23 0.24 0.24 0.24 0.22

Average = 0.23
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Run No. 1 4. Tetra-p-anis.ylsilane

[silane] = [Bromine] = 0.000164 M

Time
Titre

0
3.166

Time 17m. 50s. 
Titre 1.076

1m. 5s. 
3.058

21m. I8s. 
0.920

/m. 35s. 
2.046

25m. 10s. 
0.870

Blank = 0.236 ml,
11m. 6s.
1.610

32m. Os. 
0.750

Time 0 
Titre 3.166

Time
Titre

(Duplicate)

3m. 50s. 
2.556

13m. 45s. 
1.458

7m. I8s. 
2.084

17m. 8s. 
1.124

10m. 31s. 
1.740

25m. 50s. 
0.816

Time
Titre

(Triplicate)

0
3.166

Time 13m. 20s. 
Titre 1.394

Ira. 3s.
2.510

l6m. l8s, 
1.272

7m. 25s. 
2.104

19m. 3s.
1 .042

10m. 30s.
1.708

Relative rate Tetra-p.-anisylsilane
D iphe nylme thy1 -£-ani sy1s ilane 
10 20 30 40

2.1 1.8 1,8 2.0
Reaction % 50

2.5
60
3.3

Run No. 15. Chlor0methyIdimethyl-p-anisylsilane 
[silane] = [Bromine] = 0.000130 M

Time 0 Om. 30s. 1m, Os.
Titre 5.238 4.720 4.432

Time
Titre

14m. 25s.
2.166

18m. Os.
1.992

28m. Os. 
1 .764

Blank 
1m. 30s. 
4.208

36m. Os. 
1.554

0.236 ml. 
3m. Os.
3.726
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(Duplicate)

Time 0 Om. 45s. 2m. Os. 3m. Os.
Titre 5.258 4.640 4.142 5-634
Time 4m. 30s. 8m. Os. 33m. 30s .
Titre 3.236 2.698 1.702
Run No. 16. T r ime thy1-p-ani sy1s ila ne

[silane J = [Bromine] = 0,000130 M
Time (sec) 0 9& 1 02' 15 20
Titre 5-378 3.900 3.792 3.400 5.192

Time (sec) 25 45 60 90 Blank
Titre 2.944 2.404 2.188 1.920 0.356

(Duplicate)

Time (sec) 0 15 20 25

Titre 5-722 4.060 3.902 3.554 3.356

Time (sec) 35 ' 45 60 90 Blank
Titre 2.964 2.780 2.462 2.264 0.700

Relative rate Trimethyl-p-anisylsilane
Chloromethyldimethyl-£-anisylsilane

Reaction % 30 40 50 60 70

16.0 17.0 17.0 17.0 17 .0
Average = 17.0

Run No. 17. Tri-p-tolyl-p-anisylsilane
[SilaneJ = [Bromine] = 0.000821 M

Time (min) 0 ii 6* 17| 19-Î
Titre 7.610 6.602 5.684 4.336 4 .064

Time 22J 38i 70i 99-1
Titre 3.724 2.688 1.504 1 .200
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(Duplicate)

T ime (min) 0 5i 8f
Titre 7.610 7.230 6.028 5.416 5.
Time (min) 15f 27f 34f 72f
Titre 4.400 3.360 2.930 1.562
Run No. 18. Diphenylmethyl-p-anisylsilane 

[silane] = [Bromine] = 0.000821 M

Time (min) 0 i li 2f 4f
Titre 7.610 5.810 5.054 4.558 3.654
Time (min) 7| I7f 29x 553 75i
Titre 2.750 1.490 1.000 0.802 0.592

9i

(Puplicate)

Time (min) 0 A4 2f 7|
Titre 7.610 5.864 4.496 2.704
Time (min) 35i 52f 79f 99f
Titre 0.802 0.704 0.548 0.514

I4j
1.682

Relative rate Diphenylmethyl-g-anisylsilane
T ri toly1-£-ani syls ilane

Reaction % 20 30 40 50
5.6 5.2 5.3 5.3

Average (30-70%) = 5.2

Run No. 1 9* Tri-p-tolyl-p-anisylsilane
[silane] = [Bromine] = O.OOO67O M

Time (min) 0 if 2f
Titre 6.732 6.390 6.088

lOf 27f
5.242 4.830 3,212

60
5.1

Time (min) 
Titre

7i

70
4.9

4*
5.774
46 f 
2.554

80
4.5
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(Duplicate)

Time (min) 0 if 4f 7$ 11$
Titre 6.732 6.424 5.626 5.134 4.654
Time (min) I4f 17f 23$ 31$ 40$
Titre 4.318 4.000 3.632 3.176 2.610

Run No. 20. Tri-(p-trimethylsilylmethyIphenyl)-p-anisylsilane
[silane] = [Bromine] = 0.000670 M

Time (min) 0 1m. 5s. 1$ 2$ 4$
Titre 6.732 6.314 5.812 5.510 5.010
Time (min) 13$ 19$ 31$ 56$ 70$
Titre 3.256 2.280 1.528 0.978 0.844

(Duplicate)

Time (min) 0 $ 1$ 3$
Titre 6.732 6.494 5.880 5.002
Time (min) 6$ 15$ 22f 62$
Titre 4.400 ■ 2.970 1.896 0.854

Relative rate Tri-(p-trimethylsilylmethylphenyl)-ji-anisylsilane
Tri-£-tolyl-£-anisylsilane

Reaction % 10 20 30 40 50
2.0 2.0 2.0 2.1 2.2

Run No. 21. Tri-m-tolyl-p-anisylsilane
[Silane] = [Bromine] = 0.000670 M

Time (min) 0 if 4f 7$ 11$
Titre 6.732 6.354 6.214 5.910 5.686
Time (min) 19f 29f 40f 69$ 99$
Titre 4.972 4.642 3.956 3.124 2.374

60
2.4
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XDuplicate)

Time (min) 0 2| 5i 8i 19#
Titre 6.732 6.270 6.082 5.718 5.040

Time (min) 30i 41 i 62| 98#
Titre 4.470 2.896 3.274 2.566

Relative rate T ri-jp-to lyl -p-ani syl silane 

Reaction %

T r i -£-to lyl -£-ani s y 1 s ilane 

10 20 30 40
0.48 0.47

Average = 0.46
0.44 0.45

Run No. 22. Tri-p-tolyl-p-anisylsilane
[silane] **= [Bromine] = 0.000670

50
0.46

60
0.45

Time (min) 0 1$ 2$ 5$ 9$
Titre 6.728 6.326 6.086 5.522 5.002

Time (min) 13$ 26$ 35$ 46$ 65$
Titre 4.448 3.358 2.826 2.492 1.802

(Duplicate)

Time (rain) 0 1$ 3$ 6$ 12$
Titre 6.728 6.354 5.750 5.252 4.462

T ime ( min) 17$ 25$ 38# 52$ 74$
Titre 4.006 3.366 2.724 2.200 1.820
Run No. 23. Tri-m-tolyl-p--anisylsilane

[silane] = [Bromine] = 0.000670 M

Time (min) 0 1m. 5s. 2# 4$
Titre 6.728 6.502 6.352 6.232
Time (min) 7$ 11$ 19# 26$
Titre 5.916 5*636 5.088 4.600
Time (min) 38$ 56$ 71$
Titre 4.008 3.454 3.076
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Time (min)

(Duplicate)
0 il 4|-

Titre 8.728 6.498 6.388 6.236
Time (min) 8f 16# 20# 31#
Titre 5.836 5.272 5.008 4.448
Time (min) 38# 45# 68# 82#
Titre 4.076 3.822 3.174 2.866

Relative rate Tri-ü^-tolyl-ji-anisylsilane
Tri-£-tolyl-£-anisylsilane

Reaction % 10 20 30 40 50
0.46 0.45 0.45 0.46 0.44

Avera.fi5 = 0.45

Run No. 24. Diphenylmethyl-p-anisylsilane
[s ilan^ = [[Brominel = 0.000588 M

Time (min) 0 # 1| 2# 5#
Titre 5.734 4.886 4.230 3.640 3.004
Time (min) 8# 15# 23# 29# 43#
Titre 2.512 1.770 1.386 1.88 0.842

(Duplicate)

Time (min) 0 34 1# 4# 7#
Titre 5.734 4.992 4.208 3.166 2.572
Time (min) 11# 18# 26# 32# 42#
Titre 2.128 1.602 1 .326 1 .112 0.878

60
0.43
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Run No. 23. Tribenzyl~p-anisylsilane

|_Silane[] = QBromine]^ = O.OOO588 M
Time (min) 0 # 1# 2# 6#
Titre 5.734 4.362 3.548 3.110 1.968

Time (min) 11# 15# 22# 29# 56#
Titre 1.536 1.290 1 .020 0.862 .0.706

(Duplicated

Time (min) 0 34 2# 4# 5m. 55s.
Titre 5.734 4.316 3.014 2.372 2.072
Time (min) 8# 11# 17# 25# 30#
Titre 1.770 1.578 1.238 0.948 0.870

Relative rate Tribenzyl--^-anisylsilane
Diphenylmethyl-_£-anisylsilane

Reaction % 20 30 40 50 60 70
1.9 2.0 1.9 2.0 2.0 1.9

Average = 2.0

Run No. 26. Triphenyl-p-anisylsilane
[]Silane__| = [[Bromine]] = 0.000680 M

Time (min) 10 35 57 69
Titre 4.635 4.054 3.330 2.834 2.630
Time (min) 96 130 162 194 241
Titre 2.212 1.928 1.696 1.554 1.324

(Duplicate)

Time (min) 0 7 17 29 56
Titre 4.635 4.238 3.846 3.41+4 2.860

T ime (min) 90 128 155 214
Titre 2.306 1 .932 1.726 1.39s
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Run No. 27. Tri-m-tolyl-p-anisylsilane

D 5ilane[] = |_Bromine[] « 0.000680 M
Time (min) 0 7i 22# 33 46#
Titre 4.635 4.216 3.394 3.088 2.714

Time (min) 59 73i 90& 123 158#
Titre 2.388 2.252 1.978 1.666 1.438

(Duplicate)

Time (min) 
Titre

0
4.635

11

3.926
23

3.394
34

3.064

kii
2.640

Time
Titre

63#
2.346

81#

2.082

113 
1 .742

148

1.456

Relative rate Tri -J3L“ 10 ly 1 -ji- an i s y 1 s i 1 ane 
T riphenyl-j^-ani sy Is ilane

Reaction % 10

1 .4

20

1 .4

30

1 .4

40 

1 .4

50 

1 .4

60 
1.4

Average = 1.4

Run No. 28. Tri-p-tolyl-p-anisylsilane
QsilaneJ = |_Bromine[[ = 0.000680 M

Time 0 2m. 4s. 6m, 8s. 11m. 2s. 16m. 16s.
Titre 4.635 4.344 3.832 3.360 2.926

Time 24m, 56s. 34m. 51s. 45m. 50s. 59m. 34s. 80m. 38s.
Titre 2.440 2.036 1.742 1.452 1.238

(Duplicate)

Time 0 2m. 15s. 7m. 3s. 11m. 48s. 20m. l8s.
Titre 4.635 4.282 3.6OO 3.192 2.662

Time 26m. 47s. 36m. l8s. 44m. 48s. 56m. 48s. 70m. 55s.
Titre 2.310 1.966 1.766 1.478 1.370
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Relative rate Tri-p-to lyl -ji-ani syl si lane 

Triphenyl“2-anisylsilane
Reaction % 10 20 30 40

3.2 3.3 3.5 5.3
Average = 3«3

Run No. 29. Tetra-p-anisylsilane
[[silane]] = ^BromineJ  = 0.000372 M

Time (sec) 0 5
3.634 3.594

50
3.3

60
3.4

Titre

Time (sec) 
Titre

Time (sec) 
Titre

Time (sec) 
Titre

10

3.398
15
3.316

20
3.214

25 30 55 75 165
3.096 3.030 2.944 2.764 2.174

(Duplicate)

0 5 10 15 20 25
3.634 3.566 3.396 3.280 3.196 3.116
30 55 75

3.090 2.950 2.720
Run No. 30. Chloromethyldimethyl-p-anisylsilane 

[_Silane[] = rBroraine_J = 0.000372 M

Time (sec) 10 15 25 35
Titre 3.634 3.278 3.100 2.840 2.644

Time (sec) 45 55 85 '135 255
Titre 2.548 2.424 2.122 1.756 1.296

(Duplicate)

Time (sec) 0 10 15 25
Titre 3.634 3.254 3.006 2.860

Time (sec) 35 45 65 105
Titre 2.640 2.530 2.324 1 .970
Time (sec) 165 285 435
Titre 1.674 1.300 0.890
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Relative rate Tetra-p-anisylsilane

C hlor0 me thyl -^-anisyls ilane 
Reaction % 5 10 15

0.56 0.57 0.53
Average ;= 0.55

Run No. 31. Tri-p-tolyl-p-anisylsilane
|__S ilane] = 0,.000617 M [^Bromine] = 0.000666 M

Time (rain) 0 ii 12# 20#
Titre 9.066 8.644 6.390 5.498
Time (min) 54# 47# 56# 72#
Titre 4.282 ' 3.620 3.310 2.804

(Duplicate)

Time (min) 0 1# 10# 18# 24#
Titre 9.066 8.650 6.668 5.834 5.002
Time (min) 41# 58# 79# 90#
Titre 3.812 3.292 2.562 2.358
Run No. 32. Tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane

[silane J = 0.000617 M [[Bromine] = 0.000666 M

Time (min) 0 2# 4# 8# 11#
Titre 9.066 7.810 6.916 5.530 4.572
Time (min) 18# 23# 29# 39#
Titre 3.182 2.522 1.684 1.354

(Duplicate)

Time (min) 0 3
A 1# 3#

Titre 9.066 8.430 7.890 7.234
Time (min) 5# 1 0# 12# 28#
Titre 6.322 5.098 4.300 1.714
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Relative rate Tri-(p-trimethylsilyliDethylphenvl) -p-anisylsilane
Tri-£-tolyl-£-anisylsilane

Reaction % 10 20 30 40 50 60
2.0 2.1 2.2 2.4 2.6 2.9

Run No. 33. D ime thyle thylamino me thyl-p-anisylsilane
Qsilanej = 0.00061? M [[hr 0 mine] = 0.000666 14

Time (min) 0 # 1# 3#
Titre 9.066 7.904 6.096 5.416
Time (min) 5# 7# 10# 16#
Titre 4.298 3.774 2.840 2.222

(Duplicate)

Time (min) 0 # 1# 2# 3#
Titre 9.066 7.910 6.414 5.562 5.072

Time 5# 5# 7# 10# 15#
Titre 4.288 4.160 3.614 3.012 2.330
Relative rate Dimethylethylaminomethyl-p-anisylsilane

Tri-p-tolyl-p-anisylsilane
Reaction % 10 20 30 40 50 60 70

20.0 12.0 8.7 6.9 6.3 6.1 6,2

Run No. 34. Triphenyl-p-anisylsilane
[Silane] = 0.000832 M r*Bromine] = 0.000899 M

Time (min) 0 7 18 32i 49
Titre 6.120  5.526 4.732 4.082 3.436

Time (min) 60 83 126 159i

Titre 3.140 2.660 2.094 1.866

70
3.5
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(Duplicate)

T ime ( rain) 0 2# 13 29 46

Titre 6.120 5.832 5.066 4.154 3.580

Time (min) 62# 96 118 143 181

Titre 3.110 2,436 2.208 1.910 1.508
Run No . 35. Tri-p-tolyl-p-anisylsilane

[Silane] = 0.000832 M [Bromine] = 0.000899 M
Time 0 1m. 51s. 6m. l6s. 10m. 57s. 15m. 18s
Titre 6.120 5.560 4.616 3.952 3.452

Time 20m. 26s. 29m. 8s. 36m. 44s. 48m. 46s. 63m. 10s
Titre 3.048 2.544 2.082

(Duplicate)

1 .746 1.462

Time 0 Ira. 40s. 5m. 44s. 10m. 16s. 14m. 52s
Titre 6.120 5.656 4.724 4.026 3.484
Time 21m. 13s. 29m. 28s. 41m. 57s. 50m. 3s. 65m. 8s.
Titre 2.966 2.484 I.9O8 1 .640 1.426
Relative rate Tri-p-tolyl-n-anisylsilane

Triphenyl-^-anisylsilane

Reaction % 10 20 30 40 50 60 70

3.5 3.4 3 .4 3.2 3 .2 3.3 3.5

Average = 3.4
Run No . 36. Tri-m-tolyl-p-anisylsilane

[s ilane J = FBroraine] = 0.000921 M

Time 0 6m. 15s. 11m. 36s. 1 7m. 41s. 27m. 8s.
Titre 4.492 3.970 3.522 3.202 2.818

Time 40m. 20s. 55m. 20s. 73m. 9s. 90m. 8s. 123m. 27s
Titre 2.326 2.038 1.692 1 .538 1 .222
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(Duplicate)

Time 0 4m. 45s. 10m. 50s. 19m. 10s. 31m. 3s.
Titre 4.492 4.084 3.568 3.112 2.592
Time 43m • 55s. 57m. 30s. 73m. 55s. 89m. 5s. 106m. 34s.
Titre 2. 222 1.920 1.638 1.490 1.310
Run No. 37. C hlo rome thyldime thyl-p-tolyls ilane

[silane J = 0.00145 M [Bromine] = 0.00156 M
Time (min) 0 98 160 215 312
Titre 19.026 16.266 14.874 13.978 12.780

T ime (min) 370 498 622 730
Titre 12.110 10.608 9.676 8.900

(Duplicate)
Time (min) 0 90 155 207 305
Titre 19.026 16.310 14.966 14.100 12.830
Time (min) 365 495 615 725
Titre 12.160 10.540 9.800 8.978

Run No. 38, Tri-m-tolyl-p-anisylsilane
[silane] = 0.00145 M [Bromine] = 0.00156 M

Time (min) 0 2 12 22i 35
Titre 19.026 17.330 12.132 10.038 8.002
Time (min) 46 57 75 180
Titre 6.924 6.270 5.468 3.010

(Duplicate)

Time (min) 0 8 18 27
T it re 19.026 12.552! 10.788 9.056
Time (min) 41 53 70 175
Titre 7.408 6.5261 5 .640 3.044
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Relative rate C hloro me thyldime thyl-p-toly1s ilane

T ri-m-toly1-^-ani syls ilane

Reaction % 10 20 30 40 $0
0.035 0.035 0.035 0.035 O.O36
Average = 0.035

Run No. 39. D ime thy Ipheny1-p-ani syls ilane
[SilaneJ = [Bromine] = 0.000406 M

Time 0 20s. 30s. 45s. 75s.
Titre 3.960 2.274 2.072 1.646 1.278

Time 1m. 45s. 2m. 45s. 3m. 45s. 10m. 45s.
Titre 1.080 0.834 0.758 0.574

(Duplicate)

Time 0 20s. 30s. 45s. 1m. 15s.
Titre 3*960 2.2l6 1 .918 1 .620 1 .238
Time 1m. 45s. 2m. 45s. 4m. 45s. 5m. 30s. 9m. 15s,
Titre 1.050 O.836 0.726 0.612 0.500

Run No. 40. Tribenzyl-p-anisylsilane
[Silane] = [Bromine] = 0.000406 M

Time 0 # 1# 2# 4#
Titre 3.960 3.330 2.778 2.518 2.152
Time 7# 10# 16# 32#
Titre 1.804 1.518 1 .202 0.896

(Duplicate)

Time (min) 0 1A 1# 2# 3#
Titre 3.960 3. W 8 2.900 . 2.586 2.400
Time (min) 5l 9i 15# 24# 34#
Titre 2.058 1 .618 1.240 1.020 0.902
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Relative rate D i me thy Iphe ny 1 -p.-ani syl s ilane 

Tribenzyl-£-anisylsilane

Reaction % 30 40 50 60 70
11.0 12.0 12.0 12.0 12.0

Average = 12.0

Run No. 41 » Tri-m-chlorophenyl-p-anisylsilane 
{_S ilane] = [Bromine] = 0.000841 M

Time (min) 0 68 157 244 347
Titre 4.104 3.930 3.780 3.598 3.414

Time (min) 438 536 606 717
Titre 3.276 3.133 3.082 2.948

(Duplicate)
Time (min) 0 53 133 230 423
Titre 4.104 3.994 3.838 3.610 3.294
Time (min) 510 575 639 702
Titre 3.202 3.110 3.042 2.962

Runs 1 
of

-16 and 22 
solvent.

and 23 were carried out in the second batch

Runs 17-21 and 24-41 were carried out in the first batch of 
solvent.
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Ovcllc organosilloon conrpounda

5*844 5*056

69

5*806
138

3*104

Run No.l 5.5-Dime thvldlbenzo si loi e

[Bra] = 0*000899 M. [silane] »^®0

Time (hours) 0 20 44 71 140

Titre 6*120 5*152 4*314
(Duplicate )

Time (hours) 0 18% 42

Titre 6*120 5*202 4*346

Relative rate 5.S-dlmethvldibenzosilole

Tri phe nyl-^ anisylsi lane 

Reaction ^ 10 20 30 40 50

0*0090 0*00% 0*0096 0*0088 0*0078

Average for first 40^ = 0*0092 - 0*0004 

Run No.2 10.10-Dime thy Iphenoxasilin

[Bra] « 0*000899 M [Silane] 0*^583

2 U 
165 

2*798

163
2*796

2 M

Relative rate 10. lO-lllMcthnrlThwirnmaii lin
Trip henyl-£-«3isg rls ilane

194
2*516

192

2*586

308
2*022

303

2*004

Time 0 30 99 163 231 304 361
Titre 6*120 5*806 5*312 4*836 4*358 3*972 3*640
Time 449 557 640

Titre 3*128 2*742 2*436
(Duplicate)

Time 0 42 108 173 241 314 372

Titre 6*120 5*672 5*212 4*670 4*276 3*850 3*564

Time 439 546

Titre 3*192 2*800
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Reaction % 10 20 30 40

0*104 0*106 0*112 0*119

Averapp = 0*110 - 0*005
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CHAPTER XI

ExperlmentEil Technique for the Kinetic Investigation 
of Cleavage of the C - Si bond hv Mercuric Acetate

Cleavage of silanes hy mercuric acetate in acetic acid was 
followed hy the titration of the mercuric ions with potassium 
thiocyanate in the presence of dilute nitric acid and using ferric 
alum solution as indicator.

• 6As observed by Kolthof f and Stenger a poor end point was 
observed in this titration, a colour change to light brown being 
recorded over 0*2 ml. of thiocyanate solution. For the more 
concentrated solutions ( > O'000869M) it was found that an electrical 
method could be used for following the titrations.

Using the same electrical circuit as that for titration of 
bromine, it was observed that as potassium thiocyanate solution was 
added a deflection occurred of the galvanometer spot. The mercuric 
acetate solution used for cleavage was first standardised, the end 
point being determined to a specific colour; the galvanometer deflection 
to give this colour change was recorded and «-1T subsequent titration 
readings in the run were taken using this particular deflection. For 
comparison of runs the same galvanometer deflection was used throughout. 
This proved to be an easy and accurate method of following kinetic runs.

Unfortunately with dilute solutions this method was no longer 
sufficiently accurate and here the end point was taksn as a particular 
colour change. This proved a difficult process but the end point could 
be ascertained within - 0*075 ml. Time versus titre was plotted and 
the best curve drawn throu^ the points.
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Apparatus
This was the same as that described in Chapter X for bromine 

cleavage. However, in this case a 2 1. stock of potassium thio­
cyanate solution was connected to the micro-burette.

Preparation of materials
(a) Potassium thiocyanate solution

This was prepared from "Analar" potassium thiocyanate and 
deionised water. It was kept in brown Winchesters and standardised 
at regular intervals with silver nitrate solutions prepared from dried 
solid silver nitrate. For each titration 30 ml. of 10^ nitric acid,
70 ml, of water and 1 ml, of ferric alum indicator was added.

(b) Ferric alum indicator
The indicator was a cold saturated solution consisting of 

about 400 g. of "Analar" ferric ammonium sulphate to 1 litre of water 
and a little concentrated nitric acid.

Thermostat and pipettes were those described in Chapter X . 
Weighings were carried out as in Chapter X but it was necessary to 
use larger weighing bottles.

(c) Acetic acid solvent.
The 20 wt ^ aqueous acetic acid was prepared by adding the 

calculated amount of water to the 1*5 wt ^ acetic acid.
(d) Mercuric acetate

"May and Baker" reagent grade was used without further 
purification.'

Method of following kinetic runs

A fresh solution of mercuric acetate in aqueous acetic acid (20 wt %)
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was placed in the 500 ml. round bottomed flask in the thermostat bath 
allowed to reach bath temperature and 5 ml. standardised against 
potassium thiocyanate solution. Solutions of organosilanes were 
then made up of the same concentration as that of the mercuric acetate 
solution using the same procedure as that described for bromine 
cleavage. For most of the triaryl-p-anisylsilane it was found 
that because of their low solubility in the solvent, it was more 
convenient to dissolveca95^ of the silane before standardisation of 
the mercuric acetic solution. Usually it took about 1 week for the 
silane to dissolve. Runs were slow ( completed in a day)or very slow 
(25^ completed in about 10 days). For both sets of runs the procedure 
for slow and very slow runs for bromine cleavage was used (see page 128). 
Calculation of Results.

Relative rate figures were obtained by carrying out two runs (in 
duplicate) with different organosilanes at the same concentration.
The times for disappearance of specific fractions of mercuric acetate 
were compared directly. The titre at 100^ cleavage only faJJLs to half 
the initial figure as titration of the mercuric ions obtained by 
hydrolysis of the aromatic mercury compound also occurs.
Sources of error.

(a) Reaction of mercuric acetate with solvent.
At the temperature at which runs were carried out, no reaction 

occurred between mercuric acetate and 20 wt ^ aqueous acetic acid after 
seven - days. In an attempt to carry out runs at 75®C it was found 
that a fall in titre of some 25^ was observed after 24 hours for a 
solution of mercuric acetate in 10 wt ^ aqueous acetic acid as observed
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60by Brown and McGajry and was therefore not used.
(b) Titration errors.

Because of the veiy dilute solutions used the end point was 
difficult to establish. For the very dilute solutions ( < 0*CK)0896M) 
the end point could only be determined to - 0*1 ml; for the rest the 
end point was determined to - 0*04 ml.
Reproducibility.

As the titration errors were considerable the runs were 
reproducible only to 95^
Accuracy.

In some cases the relative rate varied as mudi as 10^ throughout 
a run but in the majority, the variation was not greater than 5jîo.
These are large errors but general oonolusions may be made.
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Tabulation of Kinetic Results

The runs are reported in terms of the volume ( in ml. ) of 
potassium thiocyanate solution ( labelled "titre"), equivalent to 
the mercuric ion concentration remaining at a specified time (in 
mins. unless otherwise stated). These titration figures are 
equivailent to the Hg^ ion concentration in a measured sample of 
the solution (5*0 ml.).

All runs were carried out in duplicate, and each run and its 
duplicate were plotted on a time- titre graph and the times for 
removal of various fractions of the mercuric ions were obtained from 
a smoothed curve through the points.

The runs were carried out in 20 wt ^ aqueous acetic acid using 
the apparatus described at a temperature of 25*00® - 0*02®.

For each run, the concentrations of mercuric acetate and silane 
before mixing the solutions are given.
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Run No.l Tri•phenvl-p-anisvlsllane
[silane]= [Hg(OAc)a] = 0*000386 M.

Time (hours) 0 68 114 163 196
Titre 6*550 6*252 6*078 5*934 5*866

240 337 401
5*782 5*700 5*606

(Duplicate)
Time (hours) 0 48Va 98 130 162
Titre 6*550 6*344 6*080 6*034 5*968

271 341
5*756 5*682

Run No.2 Tri-%>-tolvl-p-anisvlsilane
[silane] = [Hg(OAc)a] « 0*000386 M.

Time (hours) 0 18 44 67 124
Titre 6*550 6*308 6*042 5*896 5*690

266 331
5*460 5*352

(Qupllgatfi)
Time (hours) 0 18Va 44% 89 124
Titre 6*550 6*328 6*080 5*816 5*700

265 331
5*434 5*320

Relative rate Tri-p-tolvl-p-anisvlsilane
Triphenyl-p-anisylsilgne

Reaction % 16 20 24 28
2*65 2*50 2*49 2*46
Average = 2*53 1 0*06

Run No. 3 Tri-nHtolyl p-anisvlsilane
[silane] = [lîg(OAc)a]= O'000386 M.

Time (hours) 0 21 46 94 126
Titre 6*550 6*394 6*260 6*010 5*838

170 268 334
5*762 5*634 5*552

167
5*648

167
5*622
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Run TIo.4 Tri-p-chlorophenyl-p-anisvlsllane 
[silane] = [ig(OAc)a] =* 0-000386M.

Time (hours) 0 72 118 168 245 340 416
Titre 6-550 6-392 6-296 6-178 6-082 5-926 5-840

(Duplicate)
Time (hours) 0 72 118 168 245 340 416
Titre 6-550 6-388 6-300 6-162 6-096 5-966 5-882
Relative rate Trl-p-chlorophenvl-p-anisvlsilane

Triphenyl-p-anisylsilane 
Reaction ^ 8 12 16 20 24

0-499 0-495 0-484 0-496 0-504
Average = 0-495 - 0-004

Run No «5 Dimethylphenyl-T>"anisylsilane 
[silane] = [lIg(OAc )a] = 0-000386M 

Time 0 64 155 281 517 1263 1623
Titre 6-550 6-270 5-932 5-662 5-488 5-102 4-942
Duplicate
Time 0 57 148 271 521 1257 1381 1616
Titre 6.550 6-250 5-968 5-732 5-426 5-096 5-024 4-992
Relative rate Dimethylphenyl-p-anis yl si lane

Triphenyl-^-anisylsilane 
Reaction % 12 16 20 24

69-0 66-5 70-3 69-0
Average « 68-7 - 1-1

Run No.6 Trimethyl-p-anisylsilane

[silane] = [lig(OAc)a] = 0-000386M
Time 0 l' 25" 4' 30" 14' 30" 29 84 194
Titre 6-550 6-478 6-138 6-058 5-828 5-636 5-442
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424 1144

5.138 4*330
Duplicate

Time 0 53 100 136 232 277 317 362
Titre 6*550 5*780 5*648 5*518 5*352 5*306 5*246 5*182
Relative rate Tri me thyl-p-ani sylsi lane

Dime thyl-phenyl-£-anisy 1 s ilane 
Reaction ^ 3 2  36 40 44

2.95 2*82 2*72 2*78
Average = 2*82 - 0*07

phenylRun No. 7 Dimethyls P-anisylsilane _ ,^  P I m m ] = [Hg(OAc)a]= 0*00086911
Time 0 15 50 77 125 202 315 600 708
Titre 14*750 12*284 11*542 11*408 11*124 10*800 10*456 10*032 9*890
Duplicate

Time 0 ZL 55 90 133 260 460 690
Titre 14*750 12*250 11*574 11*342 11*074 10*648 10*216 9*916
Run No.8 Diphenylmethyl-p-anisylsilane

[silane] « [lig(OAc)a] = 0*000869M
Time 0 87 137 260 330 ' 450 607 730
Titre 14*750 13*134 12*698 12*330 11*986 11*802 11*536 11*444
Duplicate
Time 0 94 145 280 395 495 615 735
Titre 14*750 13*278 12*650 12*162 11*914 11*740 11*520 11*372
Relative rate Dimethvlphenyl-p-anisylsilane

Diphe nyl me thyl-p-anis ylsilan e
Reaction ̂  12 16 20 24 28

10*2 10*1 10*1 9*95 10*6
Average = 10*24 - 0*02
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Run No.9 Tetra(p-anisyl)silane
Î SilaneJ = | Ĥg(OAo)gj = 0.00194M

Time 0 2m. 25s. 6m.55s. 13m.45s. 32 85 134
Titre 5.700 5.344 5.224 5.090 4.962 4.554 4.340
Time 218 362
Titre 4.158 4.068
Duplicate
Time 0 2 6mo30s« 17 33 93 207 336
Titre 5.700 5.404 5.230 5.112 4.952 4.470 4o186 3.934
Run Noo10 Diphenylmethyl-p-anisylsilane

[Silanej = rHg(OAo)J = 0.001901
Time 0 95 163 223 340 413 479 1180
Titre 5.700 4.874 4.536 4.424 4.190 4.056 4.006 3.250
Duplicate
Time 0 18 38 65 125 168 230 368
Titre 5.700 5.464 5.244 4.994 4.692 4.502 4.420 4.204
Time 418 484
Titre 4.088 4.026

Dal o 4- 4 ..a + Tetra (£-ani syl)silane
Diphe nylme t hy l-£-ani syl si lane

Reaction ̂ 10 20 30 40 50
9.81 3.27 2.33 1.97 1.77

The relative rate was taken as that for the first 10/n of reaction 
Run Nco11 Tri(m-chlorophenyl)-p-anisylsilane

Silane j = j^Hg(OAc)J = 0.00194M 
Time (hours) 0 29# A3 74 91# 114# 141 168
Titre 3.700 5.344 5.150 4.886 4.774 4.640 4.498 4.356
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Duplicate

Time (hours) 0 29̂ /a 43 74 9lVa 141 168
Titre 5*700 5*302 5*078 4*850 4*706 4*538 4*380
Relative rate Tri(m-chlorophenvl)-p-anisylsilane

Diphenylme thy l-£-anisylsilane 
Reaction % 10 20 30 40

0*0197 0*0206 0*0209 0*0223
Average '= 0*0217 - 0*001

Run No.12 Trih enzvl-T>* anls yl si lane
[silane] = [Hg(OAc)a] = 0*00194M

Time (hours ) 0 2̂ /a 6Va 10% 23% 32V 3 54Va
Titre 5*700 5*398 5*030 4*946 4*768 4*700 4*460
Time (hours) 72 121 Va 148Va
Titre 4*424 4*224 4*174
Duplicate

[silane] = [Hg(OAc)a] = 0*00194M
Time (hours) 0 2Va 6 Va 23Va 32Va 54% 94# a
Titre 5*700 5*370 5*050 4*702 4*630 4*544 4*302
Time ( hours ) 121%
Titre 4*220
Relative rate Tribenzvl-p-anisvlsilane

Diphenylme thyl-£-anisylsi lane 
Reaction % 10 20 30 40 50

0*152 0*162 0*100 0*061 0*043
The relative rate was taken as that for the first 20^

Average = 0*157 - 0*005
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Run No. 13 Diphenylmethvl-TV-anisvlsllane
[silane] = [Hg(OAc)a] = 0*00479M 

Time 0 66 121 229 323 461 581 706
Titre 3*600 3*140 2*940 2*598 2*362 2*280 2*112 2*060
Duplicate ^
Time 0 57 115 222 313 454 574 708
Titre 3*600 3*238 2*936 2*596 2*448 2*286 2*068 2*022
Run No. 14 Dimethylchloro me thyl-p-anisylsilane

[silane] = [Hg(0.\c)a] = 0 *0047911
Time 0 4*45 8*40 26 132 280 365
Titre 3*600 2*958 2*880 2*734 2*514 2*366 2*252
Duplicat e
Time 0 6 25 54 112 259 346 488 616
Titre 3*600 2*900 2*708 2*598 2*524 2*396 2*314 2*295 2*118

Relative rat e Dimeihvlchloromeihvl-P-anisvlsilane
Diphenylmethyl-£-anisylsilane 

Reaction ^ 30 40 50 60
20*0 18*4 6*84 2*18

The relative rate was taken as that for 30^ and 40^.
Average = 19*2 - 0*8

Run No. 15 p-tolvltrimethvIsilane
[silane] « [Hg(OAc)a] = 0*00479

Time 0 6 10*15 16*35 35*5 75*15 187 423
Titre 6*170 4*934 4*724 4*640 4*472 4*256 3*766 3*562
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Duplicate.
Time 0 1*30 5 13 24 47 79 153 381
Titre 6*170 5*276 5*074 6*746 4*648 4*464 4*254 3‘830 3'574
Hun No. 16 p-tertiarvbutvlphenyltrimethvlsilane

[silane] = [Hg(OAc)a] = 0*00479 M 
Time 0 6 16 32 52 70 112 242
Titre 6*170 5*960 5*442 4*968 4*870 4*516 4*294 3*768
Duplicate
Time 0 4 14 25 36 52 216 280
Titre 6*170 5*956 5*486 5*096 4*840 4*692 3*872 3*770
Relative rate p-toivltri me thylsilane

£-tertiarybutylbenzenetrimethylsilane 
Reaction ̂  20 30 40 50 60 70

8*83 5*41 5*09 2*75 1*83 1*31
The relative rate was taken as that for 30^ = 5*41
Run No, 17 Diphenylmethvl-p-anisylsilane

[Silai»]= [Hg(OAc)aJ « 0*00804M
Time 0 23 114 162 224 296 364 546
Titre 5*977 5*518 4*598 4*386 4*080 ■ 3*940 3*804 3*498
Duplicate
Time 0 13 39 106 154 216 288 354 537
Titre 5*977 5*700 5*406 6*704 4*356 4*142 3*922 3*764 3*526
Run No.18 Dimethyl(ethylaminomethyl)-p-anisylsilane

[silane] = [Hg(OAc)a] = 0*00804M|
Time 0 22 108 178 255 380 476 1256
Titre 5*977 5*584 5*260 5*020 4*864 4*658 4*590 4022
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Duplicate
Time 0 77% 119 169 240 306 359
Titre 5*997 5*294 5*146 5#070 4*864 4*760 4*634
Time 456 1194
Titre 4*590 4*068
Relative rate Dime thyl (ethvlaminomethvl )-p-anisylsilane

Diphenylme thy l-£-anisylsilane 
Reaction ̂  10 20 30 40

0*712 0*585 0*390 0*326

Relative rat e was taken as that from 20 - 40^
Average = 0*434 

Run No>19 Dimethvl6hloromethyl-T>-anisylsilane 
[silane] » [Hg(0Ac)a] » 0*00804M 

Time 0 2 6Va 68 95 137 215 359
Titre 5*997 4*614 4*558 3*884 3*684 3*584 3*460 3*314
Duplicate
Time 0 2 50 74 105 141 196 339
Titre 5*997 4*620 3*940 3*796 3*664 3*536 3*452 3*326
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