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Summary

A survey 1s presented of the literature on cleavage of
aryl-silicon bonds by electrophilic reagents.

The following compounds have been prepared: (i) a series of
triaryl- and trialkyl-p-anisylsilanes (ten of them new), (ii) the
compounds (p-anisyl)s-x S1(OEt),, where x=1 to 3, (all new), and
(111) four cyclic compounds (one of them new), in which silicon,
Joined to two aromatic muclei, is part of the ring system.

Rates of cleavage of these compounds by aqueous-methanolic
perchloric acid have been measured at 50°., For triaryl-p-anisyl-
silanes, (X*CgHs )s SiCeHg*OMe-p, and trialkyl-p-anisylsilanes,

R SiCgHy *OMe~-p, incregse in electron supply from X amd R inoreases

the rate of cleavage. The logarithms of the relative rates of
cleavage for the (XeCgHy )sSiCgHs+OMe-p compounds correlate
satisfactorily with Hammett’s 6 constants for the various substituents,X,
When X=o-Me, the rate of cleavage is very low, presumably because of
steric hindrance to cleavage. TFor the series Mes.x Phy SiCgls *Olle-p
(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 (p-anisyl)s-x Si(OEt); (x=0 to 3) differ little from
one another but are in the order x<x0<1<2) 8. 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-p-anisylsilanes
and of the cyclic organosiliocon 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 20 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
cleavege by acid and for cleavage by bromine; ; &gain some deviations

occur and these are discussed.
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SECTION I, Introduction



CHAPTER I

Electrophilic cleavage of aryl-silicon bonds

ta,b,0 has shown that a phenyl group is easily cleaved

Kipping
from silicon by coneentrated sulphuric acid. When substituents were
present in the aromatic nucleus, the ease of cleavage parallelled the
ease of electrophilic aromatic substitution, for the Si-C6HuNH2-2
link was readily and the Si—CéﬂhNﬂzfg link much less readily cleaved
by acid, but the Si-C6HLN°2 link, was very stable to acid?for both
meta~ and para=- nitro groups.

Similar observations were made when nitrophenyltrimethyl-
silanes were treated with bromineB. The trimethylsilyl group was
removed with great difficulty from o-nitrophenyltrimethyl-asilane by
bromine but the corresponding meta- substituted compound was cleaved
readily by this reagent, It was therefore concluded that this
could possiﬁly be dus 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
aromatioc carbon holding the silicon. Consequently o-nitrophenyl-
trimethylsilane would resist cleavage more than the meta isomer and
there would not be any 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,

Me581Ar, decreased in the order: Ar=p-anisyl and p-dimethylaminophenyl>



rtoiyl) phenyl> g-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 high
electron density at the aryl C-Si bond. This observation led
Benkeser to postulate the following mec:ha.n:!.sn'x'5 which involved

proton attack on the carbon atom holding silicon. (Fig.I)

® P
R ] Fig I

SilMes
Re o~ or p- director 8
In an extended series of mets~ and para- substituted aryltrimethyl-
silanes, the rate of cleavage 'by hydrogen chloride in glacial
acetic acid was
p-methoxyphenyl and p-dimethylaminophenyl ) p-tolyl >
m-nethoxyphenyl) _g-tolyl) pheny1> 2—chlorophenyl> m-chloro-
phenyl) p-dimethylaminophenyl. This order was as would be
expected when considering electron supply by the substituent in
the r:Lng.15
Ea.bomo also observed by consideration of the work of Gilman
and Marshall‘ in which para-substituted trimethylarylsilanes were
cleaved by hydrogen chloride in glacial acetic acid and because
p-methoxyphenyltrimethylsilane was cleaved much faster than
phenyltrimethylsilane that the effects of substituents on the acid
cleavage of silicon-aryl bonds appeared to berallel 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
D OMe Fig.II

H
was postulated and a mechanism for the reaction was given (see
Chapter III). This intermediate was later_ considered to be the

usual 6-complex (Fig.III), of the type which have been postulated

Fig.III

MesSi H ?
for other electrophilic aromatic substitution reactions.

The general pattern of effects of nuclear substituents R on
the reactivity of RCql(SiMes; compounds towards perchloric acid in
aqueous methanol7 and sulphuric acid in acetic acidﬁrater.a’b was
similar to that obtained for electrophilic aromatic substitution
and there was an excellent correlation between the substituent effects
in acid cleavage and the substituent constants 6* =~ which have been
proposed for electrophilic arcmatic substitution. A plot of log kpel
against 6" (where kpe] is the rate of reaction of a substituted
compound relative to that of phenyltrimethylsilane) was a good
straight line,

Steric efflects have been observed in the cleavage of trimethyl-

10a,b

silylxylenes.by p-toluenesulphonic acid in acetic acid.

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



TABLE I

Compound Partial Relative Rate

(R=Me3Si-) Calculate Observed|
2-RB-p~xylene 344 34+8
4-R-m-xylene 225 277
2-R-m-xylene 246 3380
4~R-o-xylene 3.3 . 336
3-Reg-xylene 34e4 94

R-benzene - 1.00

o~R-toluene - ; 15.7
m-R-toluene - 2.19
p-R-toluene - ; 143

The agreement, which showed that the effects were additive,
was generally good except in the case of 2-trimethylsilyl-m-xylene
and 3-trimethylsilyl-o-xylene. The acceleration in rate has been
ascribed to a relief of steric strain when desilylation oocurred.

The structwre of %tﬂmtkwtsilyl—g—xylene passes from

e
anﬁea
Me
to the protonated intermediate Fig.IVin which the bonds at the C of

the C~Si bond are tetrahedrally disposed
Ve

) SiMes
(XM g

Me
and thus a relief of steric strain occurs.



With 3-trimethylsilyl-o~xylene 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 >
p-nitrophenyltrime thylsilane> p~ nitrophenyltrimethylsilane >
o~nitrophenyltrimethylsilane as would be predicted for electrophilic
substitution. "

The reaction between a range of substituted phenyltrimethyl-
silanes and bromine in glacial acetic acid containing 1¢5 wt % of
water was very similar to aromatic bromination in the sanme medium.ua’b
Bromodesilylation of phenyltrimethylsilane 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 oconcentration

of 'brom.ine" and this was also true of bromodesilylation. The order
ocan 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
rattern differed widely from molecular halogenation and resembled

more closely bromination by Br* and BrOHs*.



Mercuridesilylation by mercuric acetate in glacial acetic aoid
- is also an electrophilic aromatic substitution, the attacking species
being the mercuriacetate ion. The reactivities of trimethyltolyl-
and trimethylxylylsilanes towards this cleavege reagent wem essentially
the same as those observed for the acid cleavages.“ For a series of
maclear substituted aryltrimethylsilanes the general pattern of
subatituent effects for mercuridesilylation correlated well with those
found for bromodesilylation and protodesilylation :Jf the same series
of silames.“s However, there was poor correlation between the
substituent effects and 6% eonstants as a plot of log kye] against ot
did not give a good straight line, some of the points, in particular
B-phenyl and p-fluoro and the unsubstituted compound being well off

the line.



' CHAPTER IT

Effects of varying R in RgSi-Ar

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

In the reaction between aryltrimethylsilanes and hydrogen
chloride in glacial acetic aoid,‘ cleavage ocourred readily and
the volatile cleavage product trimethylchlorosilane could be
condensed in a cold trap, and the course of the reaction thus
followed. With aryltriphenylsilanes (PhySiR) the rate of
cleavage of silicon-phenyl bonds was 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 perchloaric acid was followed by an ultra-violet
spectrophotometric method.7 Hexamethyldisiloxane, the cleavage
product, since it does not absorb in the ultra-violet does not
interfere with kinetic measurements.

Other. advantages of trimethylarylsilanes are the easy
commercial availability of trimethylchlorosilane 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 RySi-Ar, the reactivity of the
Si-Ar bond toward hydrogen chloride in glacial acetic acid was
found to decrease in the following order‘

R= Ph<{ Bz (n-BuMe

The difference in stebilities of the PhgSi~C bond and the
Me3Si~-C bond was shown by the reaction of tetraphenylsilane and
trimethylphenylsilane with hydrogen chloride in refluxing glacial
acetic acid. With the former slow decomposition occurred to give

16
benzene and triphenylsilanol but the latter gave a 70% yield of

trimethylchlorosilane 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
compound occu.rred.” This difference in stabilitlies of the
PhgSi-C and Me3Si~C bonds was again demonstrated by the cleavage
of trimethylsilyl- and ‘l:r:lphenyls.ﬂylnsnpht;ho].s.18
6-Trimethylsilyl-2-hydroxynaphthalene was cleaved by refluxing with
20% hydrochloric acid for 6 hours whereas the corresponding
6=triphenylsilyl-compound in refluxing glacial acetic acid was
cleaved by dry hydrogen chloride af'ter 24 hours. '

It may be that the electron-withdrawing nature of the phenyl
group mekes 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 malonic esters CHg«CzHsPhSiCH;CH(COOEt), and
CHy Ph, SiCH,CH(COOEt ), the replacement of the ethyl group
attached to silicon by a phenyl group causes a considerable
increase in the resistance of the silicon-phenyl Bond to cleavage
by hydrochloric acid.”

Pbssibly because of the presence of electron-withdrawing
groups on the silicon atom, diphenyldichlorosilane was quite
stable to hydrogen chloride in boiling glacial acetic acidzo
and the compound (o~ Cg¢HsCeHy )aSiCl was less readily cleaved
by boiling formic acid than the compounds (0-CeHsCeHg )3SiH and
0-CeHsCgHy SiPhy. However, the silanol (g-CeHsCeHg )3 SiOH 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.n

Nitric acld has been observed to cause cleavage of silicon-
aryl bonas,”a’b but the PhySi-C bond was again relatively stable
and nitration of the phenyl groups occurred when tetraphenylsilane
was treated with nitric ea.c:i.d.z3 When trimethylphenylsilane was
treated by 71% nitric acid in acetic anhydride cleavage occurr'ed.z2
thus showing that the MesSi-C bond is weaker than the Etz;Si-C bond,
as triethylphenylsilane may be successfully nitrated using the
same nitrating medium.z‘

Similarly,all three isomeric tolyltriethylsilanes can be
nitrated by copper nitrate in acetic anhydride, neither cleavage

of the starting material nor of the mononitrotolyltriethylsilanes
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28
obtained having occurred. Nitration of phenyltrimethylsilane

with copper nitrate in acetic anhydride resulted in a 25% yield
26
of nitrobenzene as cleavage product.
More detailed study of the effect of the size of the group

28
removed in desilylation has been madse. The rates of acid

cleavage of m-substituted alkylphenyltrimethylsilanes 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 TI
Rate constants for the acid-catalysed cleavage of some m-trimethyl-
and m-triethylsilylalkylbenzenes in a glacial acetic acid solution

(2+35 molar in hydrogen chloride and 7-23 molar in water at 25° ).

m-Alkyl group Average rate constant xlojs mj.n.:r
R MesSiCe HyR(m) EtaSiCe HeR(m)
H 384 1-64
CHa 8+31 3-87
CaHg 8.54 4.69
i-Calh 9.08 5-14
t-Calp 108 590

Removal of a triethylsilyl group was in general slower than that
of a trimethylsilyl group (see Teble II). This would be predicted as
both proton attack on the carbon holding silicon and attack by water

molecules on silicon is rendered slower by the bulkier ethyl groups.
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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-hydrogens. Another
large group meta to the first would increase the dlstortion of the
C~H bond between the two large groups. Thus, the larger the m-
sx‘x‘bstituents the larger would be the strain due to this buttressing
effect. <The relief of strain in the tﬂgthyl serles would be greater
than for the trimethyl series. This would therefore mean that the
rate of cleavage of the triethyl series would be more rapid then that
of the trimethyl series but the opposite was found and therefoare this
buttressing theory may be discounted.
In an extension of this work cleavage of mixed trialkylphenyl-
silanes by acetic acid/p-toluenesulphonic acid/water has been carried
out and the rates of desilylation were fourd to decrease in the order
MeaSi » Me; EtSi) EtsSid) (iPr)ssi
It was concluded that this indicated a steric effect.

]
Eaborn has proposed the following mechanism

H
\ Mes &1
+H*
H
><:>+ 200, MegsioH + CeHs + HY (2)

MeaSi

OMesSi0H ——> (MesSi)s0+ HiO (3)
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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 (1) and attack by
water in (2) would be slowed down the bulkier the alkyl groups
attached to silicon. In fact, the attacking species in (1) is
probably the hydronium ion rather than the simple proton end hence a
steric effect would be very likely.

Similar work has been carried outao using the spectrophotometric
method as described by Eaborn.v In a perchlaric acid/water/methanol
| system, cleavage of the p-anisyl-silicon bond in some p-anisyltrialkyl-
and triarylsilanes (pMeOCeH;SiRs) was investigated. The following
order of rate of cleavege was observed

R=Me ) Et) nPr) iPr) Fh)) o-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, S oL B
with destruction of the intermediate

If Eaborn’'s mechanism operates, A8s the slow step, it would be
expected that replacement of MesSi or (nPr)s;Si by (iPr)sSi would lead
to considerable reduction in rate dueto increased steric hindrance to
nucleophilic attack on silicon. Also triisopropyl-p-anisylsilane
might react moare slowly than triphenyl-p-anisylsilane.

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 mucleophilic attack at silicon is important in the

rate determining step. But it was concluded that there must be some
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steric hindrance as polar effects alone would tend to make
triisopropyl-p-anisylsilane more reactive than tri(n-propyl)-p-
anisylsilane,

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

The relative rates of cleavage of m-substituted phenyltrialkyl-
silanes (m-R'CqH,SiRs ) by glacisl acetic acid/sulphuric acid/water are
in the order R=iPr{Et{Me and this would be predicted in terms of
steric hindrance to attack of a hydronium ion on the ring carbon to
which silicon is a‘t:‘l:ac\he‘d.31

For the detriisopropylsilylation reaction it was concluded that
there is little steric hindrance to solvation or any buttressing
between m-alkyl groups on phenyl end groups R attached to silicon.

The difference in rates of cleavage from R'=CH; to t-CeHp
increased from detrimethylsilylation to detriethylsilylation to de-

triisopropylsilylation (Teble III),
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TABLE ITI
Relative rates of cleavage of m-alkyl substituted tri-
alkylphenylsilanes (m-R'CsHsSiR)

n-Alkyl group Relative rates
R R=Me Et iPr
H 1 1 1
CHa 2-1 . 2.4 5+4
CaHg 202 29 644
i-CsHy 204 3.1 79
£-CqHo 28 346 9-3

This was attributed to the nature of the transition states.

De trimethylsilylation was the most vigorous and therefore the geometry
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 detriethylsilylation which, in
turn has not progressed as far as in detriisopropylsilylation.

Hence, the positive nature of the ring in the transition state was
greatest in detriisopm;;}ya%ion and least for detrimethylsilylation.
There was thus a greater electron demand on m-alkyl substituents in
the removal of a triisopropylsilyl group than in the removal of a
trimethylsilyl group, and hence a greater spread of rates in
proceeding from m-methyl to m-t-butyl (see Table III),  Therefore,
detrimethylsilylation was the least selective and detriisopropylsilyl-
ation the most selective and the selectivity ractor” depended not only

on the activity of the attacking species but also on the nature of the

:leaving group.
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The PhsSi-C bond of tetraphenylsilane can be broken by bromine
33
at 100° but cleavage of the Me;Si-C bond of trimethylphenylsilane

11
was readily accomplished by means of bromine in carbon tetrachloride

12
or glacial acetic soid. It was possible to cleave a further phenyl

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

In cleavage'to% phenyltriisopa'opylsila.ne and phenyltrimethylsilane
by bromine in 154 water/acetic acid. the rate was about 158 and 330
times as great for the latter compound at initial reactant concentrations
of 0.0118M and Q0«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.

13p

Chlorine in glacial acetic acid has also been used for cleavage.
Cleavege of phenyltrimethylsilane occurred readily but when phenyl-
triethylsilane was treated with chlorine the phenyl-silicon bond was
not broken and chlorination of the phenyl group occurred.“

E'léctron—withdrawal by the chlorine atom attached to silicon
rendered the compounds phenyltrichlorosilane and diphenyldichloro-
silane resistant to cleavage and they may be chlorinated and

86 _3e
brominated in the rings with only 1little desilylation,



CHAPTER III

Mechanism of the cleavage of aromatic C-Si bonds by electrophilic

reagents
(a [. Cleavage by acid

As acid cleavage of trimethylarylsilanes is facilitated by
substituents in the aromatic nucleus capeble of furnishing a high
electron density at the aryl-silicon bond, a mechanism has been
postulatedb whereby a proton 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

87 -
Hammett acidity funoction of the medium and also by the concentration

3
of water present and hence the following mechanism has been proposed.

P-MeaSi-CoHyOMe + HY == p-Me;Si CgHs'OMe  fast
p-Me;SiCeHs ‘OMe +H;,0 —> MeoSi0H, + GyHyOle slow
MesSi0H, — MeoS10H + H'  fast
The structu;re of the intermediate was thought to be a o~complex and the

reaction would have the energy profile (Fig.V).

T Fig.V
E .
MesSi H

reactants 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

(1) the RySi group could separate as a siliconium ion

16



' OMe
! @ + SiMe;
H

" fast
SiMea + Ha0 —> Me,;Si0H + H

or (ii) tl'cl);:d removal of Meﬁ& involves nucleophilic attack ty solvent
G

slow +
at Si + Oy —5 + Mes S10H;
Me;Sl. + H

. fast +
Meg Si0H, ——>Hee SiOH + H
For the formation of the intermediate to be rate determining

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

5 a8 low
HeO + —_—

Mes MesS{ H
The cleavage of tri-n-propylsilyl and tri-isopropylsilyl groups

from aryl 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 methanolic perchloric acid,

Table IV.
see e TABLE TV

Cleavage of trialkyl-p-methoxyphenylsilaenes RsSiCgHs-oOMe-p
by HC10¢ in 28+6% water/methanol at 50°

R= Relative rate of clearage
Ph 1l
ipr 3+55, 242
nPr 24°5
Et 28+4
Me 58-8

17



If the rate-destermining step is formation of the intermediate,

the reaction will now have the energy profile (Fig.VI).
T Fig.VI

E

T

reactants products

reaction co-ordinate —>
The mechanism could involve both & and TT- complexes

@ +HaO —-‘O HY —", GSiHea—->@+ueaSiOHa

3 Mes3i H
Siles -g'o%% ex  g-complex TF-complex

Here the rate determining step could be the slow rearmnéement of the
Tl - complex to give the &= 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 of variation of structure on the rate of
reaction are not likely to be greatly dependent on which step is

ss
rate-determining.

(b) _PBromine cleavage
In carbon tetrachloride at 35° and 40° the reaction was found

to be overall third order (second order with respect to bromine and
first order in silioon compound.).u However, no mechanism was
postulated,

Much more detailed work has been carried out by following the
kinetics of bromodesilylation in glacial acetic acid containing
15wt % water. *'° At low imitial bromine concentrations( 0+0lk)
the reaction was approximately second order but this could exceed

18
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three for higher initial concentrations of bromine (see Chapter I).
By comparison with aromatic bromination it was concluded that
hromodesilylation involved molecular bromine and not pesitively
charged specles such as Br'", H,Ogr and HOchr. Sodiun acetate
did not catalyse the reaction beyox;d the expected salt effect and
this indicated that removal of the trimethylsilyl group was not
involved in the rate-determining step of bromodesilylation which

probably involves formation of the intermediate

16
The overall reaction was postulated as lies Si Br

7z e < ks
+Bra e 1 +E —> +EBr
N

SiMes MeaSi Br-Br MesSi PBr-Br MesSi Br
oy = IT
] | k4
vt | 40 —— +5iMesOH + H* }
o S
MesgSi Br Br

The energy profile would be (Fig.VII) '

IT
1

E \v Pig,VII

reactants mroducts
reaction co-ordinate —>
An alternative mechanisp for the third order process involves

formation of a Bry complex and this attacks the arylsilane
- Bra + Bra &= Brs

ArSiMe; + Br¢ —>ArBr + Me;SiBr + Bry
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This is not favoured for aromatic bromimation amd there would be
no reason to suppose that the mechanism of the bromodesilylation
reaction is significantly different from that of aromatic
bromination.

The mechanism could involve fl’-complexes

SiMes SiMes Br
@ @ S = O v oSiMeg+tN —> + SiMesN
VT - lex complex
conp T-compl N = Nucleophilic reagent
or both 77 -complexes and G-complexes. e.g. OH"
+ +N
+ Brg = . = o o SiMeg + SiMegN
+ Br™
SiMes SiMe, ' Br Br
T -complex o-complex JT=complex

If this is the mecha.niﬁ:l’, the loss of the siliconium ion from
the intermediate ﬂ oould be the rate determining step.
Such a mechanism is analogcfrius to that proposed by Gold and Satchell”
for aromatic dedeuteration, sulphonation and desulphonation.

The mechanism of the final stage of the reaction can be as

follows,
/
- ke
+ Br —_— + MeaSiBr
I
Mes S Br Br

MesSiBr + HoO —2) . MeSiOH + HEr
Alternatively, water rather then bromide ion, can help to pull

off the MegSi- group.



Br SiMes
X
MesSiBr + HaO —=> MesS10H + HBr

Alternatively, water, rather than bromide ion, can help to pull

+ H0 -__..> U +Me3$10H+H

Br SiMes
The formation of siliconium ions may also occur

_‘EQ__> G + MeaSi
SiMe

There is a possiblllty of a cyclic transition state (Fig.VIII) in

off the MesSi- group

Ar.cececeese SiMea the second-order brcmo&:esilylat‘.i.on1 b
E E Fig. VIII in view of the probable ease of flank
. . 40

Br. 9 O 000 0 .h atta.ck at silicon'

13
It has beer 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 Ar-SiMes bond compared with
that in an Ar-H bond leads to a smaller need for the additional
electrophile in bromodesilylation even when the ArSiMes and ArH compounds
are of comparable reactivity.

(c) Mercuric acetate cleavage

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

l4 156
acetate in glacial acetic acid. ’ The reaction is second order, the

reaction product being an aryl mercury acetate. The most probable
mechanism is one very similar to those postulated for other electrophilic

aromatic substitutions.



N. is a nucleophilic entity, either the acetate ion or more probably
a water molecule. This was indicated by the experimental fact that
when the water content was low the order was h:i.gher.“5

The rate-determining step is probably formation of the

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

T 4

E Fig.IX

I

reactants produots
reaction co~adinate—>
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CHAPTER IV

Acid cleavage € triaryl- and trialkyl-p-anisylsilanes

]
Desilylation has been shown by Eaborn to be an electrophilic

aromatic substitution reaction. As removal of & trimethylsilyl group

from nuclear substituted aryltrimethylsilares by electrophilic rf.aaugent::.’12 &
provides valuable information about the effect of these nuclear

substituents in electrophilic aromatic sﬁbstitution, emphasis has been

plaoed on the removal of a trimethylsilyl group.

Removal of other trialkylsilyl 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 arylsilanes have
been prepared (i) RoSi-p-anisyl and (ii) ArsSi-p-anisyl and the effect
of varying R and &r was studied by cleavage of the pranisyl group from
silicon by aqueous methanolic perchloric acid.

The radical R was varied by successiwvely replacing the methyl
groups of MesSi- by phenyl end it was hoped to investigate the effect
of replacing methyl by CHaCl, CHaNHy and CHaOH but cleavage occurred
during preparation of the alcohol.

The fourth group of these silanes was chosen to be p-anisyl
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



removal of a dimethylchloromethylsilyl group from p-anisyl- and

- p-tolyldimethylchloromethylsilanes (see Table V) by perchloric acid.

TABLE V

Relative rates of cleavage of aryldimethylchloromethylsilanes,
ArSi(CH3)20H201 by aqueous methanolic perchloric acid at
50,00 % 0,02°,

Ar Strength of | Rate of Average rate | Rate of |Relative
acid, M °133V38°_1 of cleavage | cleavage |rate of
x 10 ,min x 10 ,min relative |cleavage
to
PhJSiCGHL
-0OMe-p
p-anisyl 6.00 L.52, 4,52 L.52 7.3k 127

p-Anisyldimethylchloromethylsilane is cleaved relatively 127 times as
fast as p-tolyldimethylchlormethylsilane, 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(Dt-Dw ) versus time (see Chapter IX).

The rates of cleavage, concentration of acid, concentration of
silane and wavelength at which a run was carried out are given in

Table VI.
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Qualitative Discussion

(a) Triarylsilyl groups, 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-p-anisylsilanes,

ArBSiCGHh-OMefg, by perchloric acid.
Ar Relative rate 37
of cleavage g
Ph 1 0
m-tolyl 1.32 - 0.069
p-tolyl 2.08 - 0.170
n-chlorophenyl 0.107 + 0.373
p-chlorophenyl 0.302 + 0.227
p-(CH, ) 5SLCH,C H, l+.57a - 0,260
grueocsnh 18.8 - 0.268
o-tolyl 0.0033 -

& As four p-anisyl groups can be removed from
silicon, for comparison with other compounds
the relative rate is 18,8 i.e. 4,70

N

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 é{ - g'facilitates

formation of the intermediate and henoce cleavage of the Si - C bond. 6

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 [y
c

.\ 5 &~

6
¢ — Si ——C (p-anisyl) Fig.X
§
c

-~



presence of the -CMe group. Therefae when three mare carbon atoms
are attached to 'silicoﬁ,the polarity of the Si - C(p-anisyl) bond is
increased and hence cleavage occurs more readily., Electron with-
drawing substituents hae the reverse effect

(1) para~and meta~ tolyl groups

As expected by consideration of the +I effects of para- and
meta- methyl groups tri-p-tolyl-p-anisylsilane was cleaved faster than
tri-m-tolyl-p-anisylsilare. Tri-p-tolyl-p-anisylsilane and
tri-p-tolyl-p-anisylsilane were cleaved considerably slower than
trimethyl-p-anisylsilane. Since it is known that (i) trimethylsilyl
is a weak electron-supplying gmupu end (ii) triphenylsilyl is an
electron withdrawing group“ and as the rates of cleavege of a
tri-p-tolylsilyl (2:15) and tri-m-tolyl(l-31) are not far removed from
that of triphenylsilyl (1) it is possible that tri-p-tolylsilyl and
tri-p-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 ThsSi group. However,
this slow rate of cleavage of tri-p-tolyl- and tri-p-tolyl-p-anisylsilanes
could be attributed to steric hindrance to attack by oxonium ion at the
ring carbon (R-anisyl) at tached to silicon because of these large groups
attached to silicon.

(ii) ortho-tolyl
By consideration of the +I effect it would be expected that
tri-o-tolyl=-p~anisylsilane could be cleaved at .approximat ely the same
rate as tri-p-tolyl-p-anisylsilare but a very slow rate of cleavage was

43 44
observed., Tri-o-tolylsilyl derivatives exhibit steric hindrance ’
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and a steric effect would explain this slow rate of cleavage. 1In
Eaborn's mechanism6 for the oleavage reaction, if formation of the
intermediate is the rate determining step, the large ortho-methyl groups
would prevent the attachment of a proton to the ring carbon atom holding
silicon, If destruotion of the intermediate by nucleophilic attack is
the rate determining step, the silicon atom is shielded by the ortho-
nethyl groups.and this prevents nucleophilic attack by a solvent
molecule at silicon. However, it has been recently shown that nucleo-
philic attack at silicon in the rate determining step is unlike1y30 and
therefore it may be concluded that the slow rate of cleavage is due to

steric hindrance to formation of the intermediate.

(i11) p-(cH3 ) 331c32c et

A strong +I effect operates from the (CH5)381 group when it

7, and the group

is transmitted through an insulating methylene group
increased the rate of cleavage more than did p-tolyl. This order of

relative rates of cleavage is in agreement with the ionisation constants
of substituted benzoic aoida?5 the ionisation constant of

<

erejsiCHZCGHACOOH(OoBBQ) being considerably lower than those cf

benzoic acid (2.00) and p-toluic acid (1.32).

(v) Trialkyl- and alkylphenyl-silyl groups, R5§_i_

Relative rates of oleavage are given in Table VIII.

(1) Trimethyl, and mixed methylphenyl groups.

Trimethyl-p-anisylsilane was considerably more reactive than
triphenyl-p-anisylsilane. From the values of its O constants the

Phjsi group functions principally through a ~I effecti? (see Table IX)
but the Me3Si group usually supplies electrons to the ringk1,



1

e.g. trimethylsilylbenzene was nitrated some 1.64 times as fast as

benzene by nitric acid in acetic anhydride at -10° “® and the p-¥e,5i

L7

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-

p-anisylsilanes, R SiGHA-OMe-R, by perchloric acid.

3
R3 Rate of cleavage relative | Rate of cleavage relative
to p-anisyl SiPh3 to p-anisyl SiMe3
Ma5 60.8 1
NezPh . 18.7 0.31
MePh2 3.72 0.064
Ph3 1 0,016
Benzyl5 5.36 0.088
MeZCHzcl 7.34 0.12
Me(CH201)2 ca 2,6 0.04
MechZNHEt 1.15, 0.811 0,019, 0,013
. TABLE IX
Hammett O’= constants for the B—Phjsi grouphz
Reaction o
Dimethylanilines with methyl + 0,27
iodide
Sodium phenoxides with ethyl + 0.3
iodide
Benzoic acids with
diphenyldiazomethane + 0.10
Benzoyl chlorides with aniline + 0,09

' However, when substituted para to a strongly electron releasing group57

e.g. OH, NH, or (CHS)ZN the Me,Si group functions as an electron withe

2 3
drawing group. This effect has been interpreted as involving a reson-

ance interaction between the electron-releasing group and the Me,Si group

5
in which the silicon atom has expanded its valency shell to accommodate
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b2,47 and might have structure such as Fig.XI.

H -
+ $ =n<::::>>:81n93 Fig.XI
:

Therefore, it is possible that, as the p-methoxy group is a strong

tgn electrons

eleatron supplier the He3Si- group is withdrawing eleotrons., The
presence of the p-methoxy group will likewiso increase the electron
withdrawing power of the PhSSi group,

The rate of cleavage decreased with each successive replacenmsnt
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
dissociation constants of RC6HLCOOH,h8 (Table X), However, for ali-
phatic carboxy aoidsh9 (Table XI) there is a deorease in the dissocia-

tion constant, when methyl is replaced by phenyl.

| TABLE X,
Thermodynamic Dissociation Constants of RcsﬂhCOOH
compounds in 60.1% aqueous ethanol at 250, L8
R H |Me3Si |Me,PhSi | MePh,S1 | PhssSt
10%, [1.05 | 1,11 | 1.28 | 1,50 | 1.8
TABLE XI.

Apparent Dissociation Constants of aliphatie
oarboxylio acids at 250,47

Aoid 105Ka
n93s1cnzcocn 0.60
Me ,PhS1CH,COOH 0.54 -

This withdrawal of electrons on replacing methyl by phenyl is

also shown by the dissocoiation constants of amines’® (Table XII).
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TABLE XII

Dissociation Constants of aliphatie amines.5o

Amine 10" K,
Me ;SICH,NH, 8.5
Phive ,S4CH,NH,, 2.3

The effect of the phenyl group makes the amine Ph.‘JeZSiCHzNHZ

merkedly weaker than MeSSiCHzNH2 and this has been attributed to a

50

possible steric effect. A similar ratio of relative rates was
observed for the acid cleavage of PhMeZSifg-anisyl and Mejsiﬁgranisyl
and here algo steric effects may be operating,
(b) Benzyl

As observed by Gilman and Marahallh, tribenzyl-p-
anisylsilane was cleaved faster than triphenyl-p-anisylsilane.
This would imply thet the tribenzylsilyl group did not withdraw
electrons as effeotively as a triphenylsilyl- group. In this case
a smaller steric effect could be operating as the aromatioc ring is
no% 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 could 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
eleotrons from the C atom attached to silicon by the =I effect and

thus the C1CH, group will, relative to the CH, group, withdraw eleo-

2 3
trons from silioon., As a result the positive charge on silicon will
be lowered, hence 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

A which shows that

that of chloromethyldimethylphenylsilane is 1.93D
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) Ethylaminomethyl
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 6N acsid.s2 It was thought that in acids of such

strengths the compound was largely converted to the ion 27Me2HﬁC6HhSiMe3

which is negligibly reactive and when the acid strength was increased
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the inorease in rate of reaction of a molecule of a free base,
erMe2C6HASiMe5, was slightly more than balanced out by the deorease
in the number of such molecules present, Protonation of ethylamino-
dimethyl-p-anisylsilane could likewise occur and this would account
for its low reactivity., As normal cleavage of p-dimethylaminophenyl-
trimethylsilane occurred at low acid concentration the effect of
dilute acid (0,001 - 1.0 M) on ethylaminodimethyl-p-anisylsilane was
inveatigated, but no measurable cleavage was found to occur.

The speotrum 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 1s separated by about
1.59u 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.

Aoid cleavage of p-anisylethoxysilanes

As it was found that all four groups were cleaved from tetra-
p-anisylsilane by acid, it was necessary to prepare tri-p-anisylethoxy-
silane in order to obtain a synthetic end point., Cleavage of this
silane, di-p-anisyldiethoxysilane and p-anisyltriethoxysilane has also

been studied and rates of cieavage are given in Table XIII.
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TABLE XIII

Cleavage of p-anisylethoxysilanes, (gfanisyl)h-n Si(OEt)n,
in water/methanol at 50,00 * 0,029

n | Concentration Concentrationh Wavelength | Rate of cleavage AveragJ
of acld, M. of silane x 10 ,M.| at which x 102, min'1 rate of]
studied I cleavage
X 102m§ﬂ
1 3,05 1.85 250 1.63 1.63
1.62
2 3405 2.7% 248 1el7 1.48
1.48
2 2.55 3.13 24,8 1.02 '1.,015
1.0
2 7.50 3.49 24,8 17.7 17.8
17.9
3 7.50 10.1 248 3.26 3.26
3.26

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

By considering that for tetra-p-anisylsilane four p-anisyl
groups have an equal opportunity of being removed, the actual relative
rate of cleavage is the observed rate divided by four. Similer con-
siderations must be made for tri-p-anisylethoxysilane and di-p-anisyl-
diethoxysilane,fhe observed figurés for the relative rate of cleavage
having to be divided by 3 and 2,respeotively. Relative rates of clea-
vage are listed in Table XIV. The relative rate of cleavage of di-p-

diethoxysilane
anisylﬂfe 1 as the acid concentration was increased. This was probably

due to experimental error for at high acid concentrations cleavage ocourred
very rapidly and it was difficult to follow changes in optiocal density aco-
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.
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TABLE XIV

Relative rates of cleavage of tetra-p-anisyl
and p-anisylethoxy-silanes, (Rranisyl)h:n S1(0Et) .

n Rate of cleavage | Rate of cleavage| Corrected rate of

relative to relative to p cleavage relative
PhjsicsHkOMefg anisyltriethoxy-| to p-anisyltriethoxy-
silane silane

0 18.8 9.12 2,28

1 16.2 7.86 2.63

2 14,7 7.13

2 11.3 5.48 2.7k

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 ocourred. 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-p-anisylethoxysilane and di-p-anisyldiethoxysilane will
both be hydrolysed in solution to give the silanol and disilanol res-
pectively and it is ocleavage of these which occurred. Therefore as
would be expected when a p-anisyl group is replaced by hydroxyl there
is‘less steric hindrance and consequsntly the rate of cleavage ino-
reased from n=o to n=1 to n=2., However, if p-anisyltriethoxysilane
is hydrolysed to give p-anisyltriol, the presence of acid will convert
this to a siloxane as triols are notoriously unatable in the presence
of aoids3 and it was cleavage of a siloxane containing p-anisyl groups
which oocurred. - The steric hindrance to attack by oxonium ion will now

be increased and hence decrease in rate of cleavage will be observed.
P-Anisyltriethoxysilane was cleaved roughly thirty times slowly as p-
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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Ruantitative Discussion

(a) Triarylsilyl groups, Ar}Si

Hammett37 has shown that the effect of meta- and para-substituents
on the rates of many reactions occurring in the side chain of a benzene
derivative can be represented by the equation: 1log k- log x° =/oo'
k° 15 the specifiic rate constant for the unsubstituted derivative, k is
that for the substituted derQVativeﬂ/a is constant for any given type of
reaotion and ¢ is constant for any particular substituent., A plot of
log k/ko against 0 will be a straight line of slope/o .

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 triarylailenes in wet piperidine against‘

O gave what was considered to be a satisfactory linear relationshipsh'
However, it has been suggested that O -constants will not normally apply
to aryl-silicon compounds because of ph'dh bonding between the aryl group
and the silicon za.‘t;om.97

For the cleavage of triaryl-p-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, /o having a value of -2,43.

(b) Methylphenylsilyl compounds, MeLPnPhn_1SIC6Hu-OMe-2
The plot of the logarithm of the relative rate of acid cleavage

of the compounds Me Phn_1SiCGH OMe-p (where n=1 to L) versus the log-

L~-n 4

arithm of thermodynamic dissociation constants, Ka, of the acids
ngeh_nPhn_1Sicéth00H48 (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 o- a
straight line (see Fig.XIII).
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66
Kimball has predicted that a tetrahedrally co-ordinated atom

( Bpa ) 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 twa
aromatic nuclei were attached to éilicon then fdl more rapidly as more
phenyl groups were introduced.

This would explain the discontinuity between n=2 and n=3; however,
there should also be aé‘iscontinuity between n=3 and n=4 but this was
not observed, and therefore the discontinuity probably lies between
n=1 and n=2.

Since the acid strengths of _}_)_-Me4_n$hn.1 SiCg HgCOOH gradually
increased with the number of phenyl groups, it was concluded that
rhenyl groups attached to silicon tend, on balance, to be only slightly
more electron attracting than methyl groups i.e. the influence of their
inductive effect (~I) slightly outweighed thedr mesomeric effecf:(+M).‘.

It can therefore be considered that this balance of +M and -I
effects also applies for cleavage of methylpbnyl—_}:-a.nisylsilanes but
here steric 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

when n=4,3 and 2.
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Nuclear magnetic resonance shielding values (') for the
(Si-)H proton of RySiH 'shows the relative electro-negatives of R
and the effect of substituents in R.m5 Values are given in Table XV,
TABLE XV_

Proton megnetic shielding walues for (Si-)H of
66

Me_PhaxSiH

Compound (pepom.)
Mes SiH 6-149 I  0e0l4
Mez PhSiH 5574 X  0.005
MePh, SiH 5.083 X  0-002
PhsSiH 4-579 X 0.005

of Vobs - VMe,Si
VMe4Si
values of T signify increasing shielding of the proton and decreasing

Where T (in p.pem.) = 10-000 - 1 Increasing

electronegativity.

Pig.XIV shows the plot of log relative T value against the log
of relative rate of cleavage and the point for MegSi- lies off the
line., For proton resonance of the (Si-)H there was no discontinuity
in replacing methyl by phenyl and hence ‘.bheﬂe results agree with those
for the dissociation conatants of the acids g-M&-z;F&xn.ISice}LCOOH.“
The deviation from the line must thez:efore be because of steric effects

in the acid gleavage 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-

anisylsilanes,

Bromodesilylation has been carried out in carbon tetrachloride11

12,15

and in glacial acetic acid containing 1.5 wt % water, As the

kinetios 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

RBSi-CGHL-OMefg 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 "fractional-life period" method, the equation belng:-

logt, = log t

1 2
log ap = log a,

n=14+

where a, and a, are the initial concentrations of the reactants, t, and

1 2 !

t2 are the times required for a specified fraction of the reaction and
n is the reaction order.58
For (i) Tri-m-tolyl-p-anisylsilane a, = 0.000921 ¥ a, = 0.000670 M

n 2.02 2.10 2.11 2.11 2.14 2.14
Percentage reaction 10 20 30 L0 50 60

(11) Diphenylmethyl-p-anisylsilane a, = 0.000588 ¥ &, = 0.000164 M

n 2.0 2.0 2.1 2.1 2.1 2.1

Percentage reaction 10 20 30 L0 50 60

(iii) Chloromethyldimethyl-p-anisylsilane a, = 0.000164 M a, = 0.000372 M
n 2.1 2.1 2.1 2.1
Perocentage reaction 30 40 50 60
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(iv) Tri-m-ohlorophenyl-p-anisylsilane a, = 0,00187 M a, = 0.000841 M
n 2,2 2.2
Percentage reaction 10 20
All values of n are to & 5%, At these concentrations the

increase in order throughout the run is small.
The increase in order of reaoction has been attributed to bromine
being removed as inacotive tribromide ion

4 Br === Br,

Br 3

2

during the reaotion.15

An order between 2 and 3 probably means there are concurrent
second and third order reactions and the overall rate equation for
bromodetrimethylsilylation has been postulated as

" 2 15
%=k' [ArSiMej][Brz] + K [ArSiMes][Ber

where ArSiMe}] is the concentration of silane in solution and Br2
is the concentration of "free" bromine (i.e. that not complexed as
HBrj) at any given time.

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

o x [Ar31ue3] [Ber

For a particular bromine concentration the order of reaction
was the same for most of the 15 triaryl- and trialkyl-p-anisylsilanes
examined and their relative rates of cleavage have been determined by

the comparison of times needed for removal of various fractions of



bromine at identical initial concentrations of the two silanes., By
overlapping the pairs, the reactivity, krel’ for each compound rela-
tive to triphenyl-p-anisylsilane was determined,

Relative rates of cleavage, concentration of bromine, and

ooncentration of silane are listed in Table XVI,

TABLE XVI

Cleavage of p-anisyltriaryl- and p-anisyltrialkylsilanes,
S1CH, ~OMe-p by bromine at 25.0 £ 0,02° in glacial acetic

R
N
acid containing 1.5 wt % water.

3

22

(p-anisy1); * 3.72 3.72 0.53

Rj Concentration Concentration Relative rate
of bromine of silane of clsavage
x10*, M. x 10%, M.
Mo ! 1,30 1.30 } 17.0
Me ,CH,C1 1 1.30 1.30 1.0
Me ,CH_C1 1 1.6 1.6, 1.0
(Et0), 1 1,64 1,64 0,13
HePh21 1,64 1.64 I 0.23
(g-emisyl)3 1 1,64 1.64 -
(p-tolyl), 2 2.83 2,83 1.0
Me ,EtNHCH,, 2 2.83 2.83 ”1u5
2 3
Ez-(CH3)3Sicﬁzc6Hé13 2.83 2,83 1.? |
Benzyl, 2 2,83 2,83 8.7
Me CH.C1 | 3.72 3,72 g 1.0




TABLE XVI (Continued)

R5 Congentration | Concentration | Relatlive rate
of dbromine of silane of cleavage
x10%, M, x 10%, w.
¥e Ph 1 4. 06 4,06 } 12,0
(Benzyl), 1 4,06 4,06 1.0
PhMe 1 5,88 5,88 } 1.0
(Benzyl)3 1 5,88 5.88 2.0
1 h
[ﬁ-(caj)jsiCHchH;]s €.66 6.17 -
(p-tolyl)s 1 6.66 6,17 -
MezEtNHCH21 6.66 6.17 20 2
(p-tolyl), 1 6.70 6.70 1.0
1
[g-(CHs)jsiCHZCGHh]3 6.70 6.70 -
(n-toly1), ! 6,70 6,70 0.46
(p-tolyl), ! 6,70 6.70 } 1.0
(a-tolyl), 1 6.70 6.70 0,45
(p-tolyl); 2 6.80 6.80 3.3
(g-tolyl)s 2 6.80 6.80 | 1.4
Phy 2 6.80 6.80 1.0
MePh, 1 8.21 8,21 } 5.2
(p-tolyl), 1 8.21 8.21 1.0
Phy 2 8.99 8.32 1 1.0




TABLE XVI (Continued)

R3 Concentration Conoeptration Relative rate
of bromine of silane of cleavage
x 10%, M. x 10%, M.
(p-tolyl), 2 8.99 8.32 I s
(Ef-tolyl)3 2 9.21 9.21 -
(m-tolyl), 2 15.4 1445 } 1.0
p-tolylSiMe CH.C1 15.4 145 0.035
(Qrchlorophenyl)jz 16.1 16,1 0.12
Qg—ohlorophenyl)32 1641 16.1 0.052
Phy 2 16,1 16.1 1.0
(o-tolyl), 2 16.1 16.1 0.021
(Q—chlorophényl)jz 18.7 18.7 } 1.0
(-tolyl), 2 18,7 18.7 0.48

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

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

3 Relative rate taken for first 107 of reaction only.
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gualitative Discussion.

(a) Triarylsilyl groups, Arj Si

Relative rates of cleavage are given below.
TABLE XVII

Relative rates of cleavage of triaryl-p-anisylsilanes,
ArBSiC6H -OMe-p by bromine,

4
Ar Relative rate
of cleavage
Ph 1
n~-tolyl 1.5
p-tolyl 3ol
m=-chlorophenyl 0.052
p-chlorophenyl 0.42
p-aniayl 35.4 %
- 6.8
p-( CHB) BSiCHZC 61-5+
o-tolyl 0.024
0.025

® Pour p-anisyl groups are available to be removed, thus for
comparison with other compounds the relative rate is zét&
i.e. 8.9
As observed for acld cleavage, electron supplying substituents
in Ar increased the rate of cleavage and electron withdrawing substit-
uents decreased the rate of cleavage., Here again a supply of eleo-

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

was facilitated.
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(1) o-Tolyl.
The rate was much slower than would be expected when con-
sidering the 4I effeoct of an ortho- methyl group. Here again steric
hindrance must be ocourring. As bromine cleavage 13 very similar to

12,15

acid cleavage steric hindrance to formation of the intermediate I

is probably occurring due to the presence of the

I
large o-tolyl groups attached to silicon, However,
the rate of cleavage of tri-o-tolyl-p-anisylsilane R}Si Br-Br~
relative to that for triphenyl-p-anisylsilane was II @
considerably more for bromine cleavage then for RBSi Br

* acid cleavage (0.025 H 0.0053). The intermediate II has been postu-
lated to be formed in the bromine cleavags reaotion,15 (see page 19)
and formation of this could be involved in the rate determining step.
In I interaction would be expected to oocur between the o~-tolyl groups
and the bromine atom not attached to the ring carbon atom., Therefore
this bromine atom is probably very easily removed by the electrophile
E to form EBr . In effect there is steric hindrance to forming the
intermediste I but sterio acceleration in forming intermediate II and
as a result the overall rate of cleavage was higher than would be
expeocted, when oonsidering the relative rate of acid cleavage of the
compound. Inorease in the initial concentration of silasne had little

effect on the relative rate of cleavage.
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(11) p-(CH5 ) 5S1CH,CeH,

The 27(035)}SiGH2 group strongly supplies electrons and
the rate of cleavage of tri-(grtrimethylsilylmethylphenyl)-2-anisy1-
silane was faster than that of tri-p-tolyl-p-anisylsilane, When
the times for removal of different fractions of bromine were compared,
the cleavage rate relative to that for tri-p-tolyl-p-anisylsilane did
not remain constant throughout the run, being 2.0 times as fast at
10% reaction and increasing to 3.5 times as fast at 707 reaotion.

This difference in relative rates indicates that some other reaction
as well as cleavage was taking place, The orders of reaction calou-
lated as desoribed on page 41 are as follows:

Tri-p-tolyl-p-anisylsilane a, = 0.000670 ¥ a, = 0,000283 M

1 2
Percentage reaction 10 20 30 L0 50 60
n 2.0 2e1 2,1 2,2 2¢3 2.5

Tri(p-trimethylsilylmethylphenyl )-p~anisylsilane a, = 0,000670 ¥

1

a, = 0,000283 M
Percentage reaction 10 20 30 L0 50 60 70
n 202 2.2 2.2 2.2 2.1 2.4 2.1

It is possible that for tri-(grtrimethylsilylmethylphenyl)-
p-anisylsilane, as the reaction proceeded both a p-trimethylsilyl-

methylphenyl group and a p-anisyl group were cleaved from silicon.
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(b) Trialkylsilyl and alkylphenylsilvl proups, R3§1

Relative rates of cleavage are listed in Table XVIII,

TABLE YVIII

Relative rates of cleavage of trialkyl- and alkylphenyl-p-
anisylsilanes, stiCGH C¥e-p, by bromine,

I
R3 Rate of cleavage relative | Rate of cleavage relative
to p-enisyl SiPh3 to p-anisyl SiMe 3
1100 1
Mes
Ke ,Ph 355 0.32
iePh,, 14.8 0.0135
Ph3 1 0.00091
(Benzyl)3 29.6 0.027
Me ,CH,C1 6Ll 0.0585
MeZCHzNHEt 48, 68 0.044, 0,062
(0Bt ) 8.4 0.0076

The rates of oleavage were in the same order as for acid
cleavage except in the case of dimethylethylaminomethyl-p-anisylsilene.
With bromine cleavage the amine was cleaved at about the same rate as
diphenylmethyl-p-anisylsilane but with acid cleavage at about the same
rgte as chloromethyldimethyl-p-anisylsilane. In bromine cleavage no
strong aoid was present and the amine would be present largely as the

reactive free base, but foor acid cleavage little free base probably



existed. Therefore, the rate of cleavage relative to that of
triphenyl-p~anisylsilane will be greater for bromine cleavage than
for acid oleavage.

The rate of cleavage relative to that of tri-p-tolyl-p-
anisylsilane fell from being approximately 17 times as fast at 107
reaction to six times as fast at 70% reaction, It is possible that
this decreese 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, N

As the initial concentrations of bromine and dimethylethylamino-
methyl-p-anisylsilane were increased the rate of cleavage relative to
that of triphenyl-p-anisylsilane inoreased. This variation was most

probably due to the difficulty in calculating relative rates for the

first 10% of reaction.
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Quantitative Discussion.

(a) Triarylsilyl groups.

The relationship log krel :yod"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 /0 = 3.56.

From Fig. XVI it can be seen that acid cleavage and bromine
cleavage of these p-anisylsilanes correlate very well, The point far
triethoxy-p-anisylsilane is off the line in the direction indicating
thatAoleavage 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 123 of bromine occurred
in 24 hours. Therefore, similar reaction with bromine could have

occurred for triethoxy-p-anisylsilane.
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(b) Methylphenylsilyl groups l:le!g_nPlrxn_1 Ssi

For the plot of log k_ (cleavage) against log K, of the

acids, p-Me Phn-1 SicéﬂhCOOH a very pronounced discontinuity was

L=n
observed between n=1 and n-2 (see Fig.XVII), A similar explanation
as put forward for acid cleavage may be given viz. there is a ccntin-
uous increase in electron withdrawal on replacement of a methyl group

by a phenyl group but the steric effect is only continuous after one

methyl group has been replaced.
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CHAPTER VI

Mercuric acetate cleavage of triaryl- and trialkyl-p-anisylsilanes.

Cleavage of the aromatic C-Si bond has been carried out by

14

using mercuric acetate in glacial acetio acid =~ and glacial acetic

15

acid containing 20 wt ¢ water. The 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 oon-
taining 10 wt < water but reaction (equivalent to a loss of 26% of
mercuric ions in 18 hours) between the mercuriec acetate and the sol-
vent ooccurred. This has been reported previously and has been att-
ributed to reaction of merocuric ions with acetate ion or acetic acid?o

Due to the difficulty in determining an exact end point
because of the very dilute solutions used (see Chapter XI) an accur-
acy greater than 90% should not be attached to the quantitative
figures,

Using the fraotional 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).



The purpose of this work was to investigate the effeect of

varying R in R SiCGH OMe~p on the cleavage of the C-Si bond by diff-

3 4

erent electrophilic 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 XIX,
TABLE XIX

Cleavage of triaryl- and trialkyl-p-anisylsilanes,

stic6ﬁh0Mef2, by mercuric acetate in glacial acetic

acid containing 20 wt % water at 25.00 % 0,02°,

R5 Concentration of Relative rate
Hg(OAc)2 x 102, M, of cleavage
Ph, 2 3.86 1
(p-tolyl); 3.86 2,53
(a-tolyl), 2 3,86 1.55
|(e-chlorophenyl), 2 3,86 0.660
Me Ph ' 3.86 68.7
Me s 1 3,86 194
e Ph ' 8.69 10.19
MePh,, ' 8.69 I 1
(p-antsyl)y | 19.4 z 9.81

53



TABLE XIX (Continued)

R3 Concentration of Relative rate
Hg(OAo)2 x 105, M. of cleavage
1
MePh2 19.4 1
2
(g—chlorophenyl)3 2 19.4 0,0217
MePh,, 1 47.9 z 1
Me CH,CL »3 47.9 19.2
MePh,, ' 80.4 )
Me EENH,CH, 1 80.4 ) 0.434

Initially reaction was very fast,

that for first 10% of reaction.

Runs carried out in 100 ml, flasks - denoted "slow runs"

Runs carried out in sealed tubes - denoted "very slow runs",

Relative rate given is

54
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Qualitative Discussion

(a) (Triarylsilyl groups, ArsSi
TABLE XX

Relative rates of cleavage of triaryl-p-anisylsilanes,
Arg SiCeHe OMe-p,by mercuric acetate.

Ar _ Relative rate of
cleavage

Ph 1
mtolyl 155
p-tolyl 2°53
m-chlorophenyl 0146
p-chlorophenyl 0495
p-anisyl 66°1

2 Four p-anisyl groups can be removed .°. actual

rate = S‘i'l = 16°5

As for both acid and bromine cleavage, electron withdrawing
substituents in Ar decrease the rate of cleavage and electron
supplying substituents increase the rate of cleavage relative to that

of triphenyl-p-anisylsilane,
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Tri 1- end alkylphenylsilyl u
TABLE XXI
Relative rates of cleavage of trialkyl- and alkylphenyl=-p-

enisylsilanes, RaSiCe¢H4Oble-p, by mercuric acetate.

Rs Relative rates of
cleavage

Mes 194

MeaFh 687

MePhs 674

Phs ’ 1

Bzs 106
MezCHaC1 1295
Me,CHy NHEt 2:93

A similar order of relative rates asfor bromine cleavage was
observed except for tribenzyl-p-anisylsilane, which now was cleaved at
a simlilar rate to triphernyl-p-anisylsilane. If it is considered
that the eleotrical 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 tribenzylsilyl group was less than the triphenylsilyl group
because of the methylene group separating phenyl and silicon. However,
in mercury acetate' cleavage, the acetoxymercuri ion is sufficiently
lerge that 'benzyl groups could also cause considerable steric hindrance
to its attack on the ring cerbon attached to silicon. From a
consideration of the amount of ortho isomer formed in the mercuration

el
of toluene it has been ooncluded that there is considerable steric
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hindrance to the mercuration reaction,.’ but this would not appear to
be as great as that for molecular bromination.
The overall spread of rates of cleavage was in the order
bromodesilylation ) mercuridesilylation ) protodesilylation
This has been attributed to an increase in electron demand. from

bromodesilylation to mercuridesilylation to protodesilylation.









%
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r
Quantitative Disoxiasion

Prom the plots of log ('bromodesilylation) against log
(merourid.esilylation)%. XVITHand. 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 protodesilylation and
merouridesilylation.
(@) 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
oontributions from structures of the type 51 */ )séi 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.
(o) Trialkylsilyl groups, RgSi

(1) Methvlnhenvlsilvl groups
The rate of cleavage of methylphenyl-"-anisylsilaies
correlated very well with the rates of cleavage by acid and bromine
and XIX

(Pigs. XVIIIy“respectively), Por the compounds Me”-nfhn-"Si-"anleyl,

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-Med-n SiO»H*COOH (PigJQCI ), therefore, showed deviation by the



Me, Si

1*%5 N I R j . 2.5
BA*etof-itepo”le eeejbaté elwva
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point for . MeSi. The explanation given previously (p. 39) would
again apply.
(1) Chloromethyldimethylsilyl
For chloromethyldimethyl~p-anisylsilane an initial fast
rate of cleavege was observed and from this the relative rate of
oleavage relative to that for diphenylmethyl-p-anisylsilane was
calculated. However,from Figs XVIII mflﬁt can be seen that the point
for chloromethyldimethyl-p-~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

és
trichloride and this could have occurred here.
Ce H¢ =Olle=p
PN Hg(0Ac )a +
Mea-= S1 - CHg -~ Cl ——> MegSi - CHy = Cg¢Hy = Olie-p
. It could now be this which reacted with mercuric acetate and gave the

apparent fast rate of cleavage.

A8 there was some uncertainty as to whether the rate of cleavage
of p-tolylirimethylsilane was faster than that of p-tertiarybutylphenyl-
trimethylailane the rates of cleavage of these two silanes was measured.
It was found that p-tolyltrimethylsilane was cleaved faster than

p-tertiarybutylphenyltrimethylsilane.



CHAPTER VII

Cleavage of cyclic organosilicon compounds

Cyolic organosilicon compounds have been prepared in which
64,0586,
silicon is incorporated into the aromatic ring but there

is only one instance of cleavage of such a compound.

L0 0.0 U0 0

I Cle i II oI ®» T IV

5,5-Diphenyldibenwsilole (I) when treated with formic acid gave
67
biphenyl and an impure silicon=containing fragment. This is
similar to the cleavage of 2-biphenylyl substituted organosilicon
21

compounds by formlc acid.

As cleavage of these compounds was limited to this one example
it was proposed to prepare the above compound and a series of cyclic
organosilicon compounds of the type II where X = SOa, S, 0, NEt,and CHjs
in order to investigate when silicon was part of the ring and attached
to two aromatic nuclei whether increased stability of the C-Si bond
resulted and to study how wtion of X affected cleavage by acid
and bromine.

The corresponding diphenylsilyl compounds III where
% = 0, NH, NEt and S, have been prepared by refluxing diphenylsilane
for 3>~6 days with the S-containing heterocycles phenoxanthin,

hydrogen sulphide
rhenothiagine, 10-ethylphenothiazine and thianthrene,A  was evolved
and the PhaSi group took the place of the sulphur atom in the ring
system.“ Since dimethylsilame is a gas, this method could not be
used and consequently other methods of preparation were employed or

attempted. The compounds where X = 0, NEt, and SO, were prepared



61

but for X = S and CHz the preparations were unsuccessful (see
Chapter VIII), 5,5-Dimethyldibenzosilole (I) was also prepared.
1,1-Diphenylailacyclopentane (IV) was prepared in order to investigate

~the effect on cleavage when sllicon was part of an alicyclic ring.
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Acid cleavage,

LTuo sT )} JO anTeA 8y

‘und sy3 Jo p¢ 3ISITJ Y3 WOy pauye3lqo sea pur sjswixoxdds

*paaBaTO 9q 03 pageadde sdnoald yLueyd yjzog

q

§9qny PaTwes UT N0 POTLIBd unx

. 1
oix/ €1 e 6Lzt
2= 8o
. . X X,
9§70 | Loggoo | gopxL | poix are A1
8ksp 9 UTYITH 598ABaTO ON 61°z1 | C%os=x 11
9°*ie
00£°2S geL6 9°12 G*12 615°0 282 €62°0 A=Y ‘IT
N
b 98100°0 G6° 1 G6°t K (AR g8 6L°2ztL 0=X ‘II
¢
99°} 60£00°0 T ALY TAEY 8¢8°0 82 642t I
0=x |T-ano"u%
‘IT 03 ~wgfepy 03 NO—. X . ol 3no
aAT3el9d | sATyBTOX |a3BABATO Nor x R moe X OTIIBO UNJ
0deaBaTo | 95BABOTO | JO 238I | 89eABOTO suBTIs JO YoOTUM 38 ‘K ‘proe Jo
JO 938y | JO e3vy | 8FvaoAY | JO 939y |uOTIBIJUSOUO) | Y35UaTaABy [UOTPIBRIFUSIOUOY) | punodmoy

IIXX d1dVd

020°0 3 00°0§G 3® TOULY3aW/JejeA UT
PTo® OTI0TYOoxad £q spunodwod uoOTTT8 OFTO0LD JO oFeAwa)




63

Except for 1,l-diphenylsilacyclopentane straight lines were
obtained for the plots of log (Dt- 00) ezainst time.

The spectrum of the cleawvage product for 5,5-dimethyldibenzo-
silole (I) was removed from that of diphenyl by ca 2 mu 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 (II, X = 0) the spectrum of the
cleavage product was the same as that for diphenyl ether and it may
be concluded that both Si-C (aromatic ) bondshave been troken. Since
a straight line was obtained for the plot of log (Dt—D d against time
this meant that the second Si-C bond wms probably cleaved very quickly
bnce the first Si - 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 Si - C
bonds; the rate of cleavage of the first was probably much slower.

Cleavage of the first Si - C bond was slightly faster for
5,5~-dimethyldibenzosilole than for 10,10-dimethylphenoxasilin. Once
the first bond is broken an ortho- substituted arylsilane would be
left; in the latter an o-phenoxy group would strongly supply electrons
and this would facilitate cleav&ge of the second C - Si bond but for
the former it would appear that the o-phenyl group does not supply
electrons strongly enough for the second 8i - C bond to be broken.
This would be expected, because in cleavage of nuclear substituted
arylsilanes by sulphuric acid/acetic acid/wa‘ber,‘ the rate of cleavage
of 2~biphenylyltrimethylsilane is only 6 times faster than that of

phenyltrimethylsilane,
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In II when X = NEt there is 3 strong supply of electrons from
nitrogen, this being more than from oxygen and hence cleavage of
this wes considerably faster than that of the corresponding oxygen
compound. As both bonds of 10,10-dimethylphenoxasilin (II, X = 0)
were broken by acid it was therefore most probable that both bonds
were broken in this case, When the acld concentration was increased
from 0,293M to ca 1.0M the rate of cleavage increased. The fall in
rate of cleavage as observed for R-NMe,C H —SiMe3 with increase in

4
7,8 did not occur for this compound.

aoid concentration
No cleavage within six days was observed for the compound
II(X:SOZ) 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-p-anisylsilane, If silicon were not part of the
cyciic 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
(1) o-Ph®  0.00594 2
(11) o-Ph0 68 0.00578 P

8 c¢leavage by sulphuric acid/water/acetic acid
cleavage by aqueous methanolic perchloric acid

(1i1) 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,l-diphenylsilacyclopentane, IV, it appeared that both

phenyl groups were cleaved as the plot of log (Dt - Doo) against t



65

(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 organosilicon
compounds .

Bromine cleavage.

TABLE XAITI
Relative rates of cleavage of cyclic arganosilicon compounds
by bromine in glacial acetic acid containing 15 wt % water

“at 25:00° ¥ 0-02°

Compound | Concentration|Concentration| Rate of cleawvage|Rate of cleavage
of bromine . |of silane relative to relative to I
x 10 3, M x 10% M Pha SiCe Hy Olle
RS
I 8°99 8+32 0-009 2 1
2
II, X= 0 8°99 8+32 0-110 12
1
II, X= EtN| 217 2+17 Cleavage too fast to measure
' i.e. Complete cleavage
occurred in 20 sec.
2
II, X = SO; | 15°6 15°6 No cleavege within 5 days.

1 Run ocarried out in fast reaction vessels ("fast run")
? Run carried out in 100 ml.flasks ("slow run")
3 Run carried out in sealed tubes ("very slow run")

2 Relative rate figure taken for first 40% reaction.

The rate of cleavage of 10,10-dimethylphenoxasilin relatiwve to

that of triphenyl-p-anisylsilane was approximately the same for both
cleavage by aclid and bromine. However, for cleavage of

5,5~-dimethyldibenzosilole, cleavage by bromine was much slower relative



66

to triphenyl-p-anisylsilane and the rate was slower than for
10,10-dimethylphenoxasilin., From considerations of electrical and
steric effeots no change in order of cleavage would have been expec=-
ted. It is poasible therefore that it was not in fact cleavage
that occurred.

The rate of reaction of I compared to that of tripheﬁy112-
anisylsilane dropped from 0.0096 at 30/ reaction to 0,0078 at 507,
This indicates that the order was higher for the reaction between
bromine and I than between bromine and triphenyl-p-anisylsilane.

With II, X = NEt oleavage occurred too quickly to be measured.
This showed the very high reactivity of the Si-C bonds due to a
strong supply of elecotrons by the =NEt group,.

For the compound II, X = 802 no cleavage occurred within 5
.days and this, once again, showed the unreactivity of the Si - C

bond due to the presence of the sulphone grouping.



SECTION III. Experimental Work
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CHAPTER VIII

Preparation of Organo-silanes and Intermediates

Dimethylphenyl-p-anigylailane.

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 5'4 hr.

The cooled mixture was then hydrolysed with dilute hydrochloric
acid and the etherial layer separated, washed with water and dried
(NagSO4 )« 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)(407 w.w) was
added. The flask was warmed in a water bath so that bubbles of
gaseous hydrofluoric acid only arose very slowly to the surface.
After 10 hr. the bath was switched off and the mixture left overnight.
It was then poured into three times its volume of water and the oil
which sepamted out extracted with petroleum ether ({40°). The
extract was washed with water, dried (NagSO, ) and the salvent was
distilled off through a packed column. The residue was fractionally
distilled through a packed column to give dimethylphenylfluorosilene

'
(105 gm, 68%) b.p. 162° (reported 162.4° ).
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Dimethylfluorosilene (24+6 gm, 0°16 mole) in ether (200 ml)
was added to an ethereal solution of _Iz-anisyllif.hium (ca 0°2 mole),
The mixture was stirred for about 2 hr., filtered through glass wool
to remove any excess lithium and hydrolysed with dilute hydrochloric
acid. The ethereal layer was washed with water and dried (Na;SO,)
The ether was distilled off and the residue fractionated at reduced

pressure through a Vigreux column to give dimethylphenyl-p-anisyl-

silane (10 gu, 26%) b.p. 186°/30 mm. nD“s 15641
Anal, Calculated for C;elh¢Si0: C=74°40 H=7+44

Found: C=74°35 H=7-58
The solution of p-anisyllithium was prepared in the following manner.
Lithium (318 gm, 0:46 gm.atom) was beaten into thin sheets, ocut 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 and nitrogen passed
through the flask, which 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. When all the g—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 smme 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
(100-120°) to the final product before distillation. The silene
dissolved but di-p-anisyl is not very soluble in this solvent and

hence can be filtered off.

Diphenylmethyl-p-anisylsilane
Thenylmagnesium bromide prepared from bromobengene (1 mole) in
ether as descr:i.beé above was added to methyltrichlorosilane (75 gm,
0°*5 mole) in ether (200 ml). The mixture was refluxed for 7 hr. amd
then hydrolysed with dilute acid. After ether extraction the solvent
was distilled off and fluorination of the residue was carried out as
before. The product was fractionally distilled at reduced pressure
diphenyl '
to giveqmethylsilyl fluoride (42 gm, 39°5%) b.p. 149°/20 mm.
Anal, Caloulated for C1aHh3SiF: F = 8:80
Found: F=9-08
Using the abo've proocedure, approximately 0¢16 mole of
p-anisyllithium was prepared and to it was added diphenylmethylsilyl
fluoride (346 gm, 0+16 mole), in ether, (200 ml) end 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-anisylsilene (10+3 gm, 21°*6%)

mep. 77+5°.
Anal. Calculated for CaoHzoOSi: C= 78°94 H = 6:62

Fourd ; C= 78-8 H= 678
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Tri-(p-tolyl }-p-enisylsilane

p-Tolylmagnesium bromide (ca.0°33 mole) was prepared by the
addition ofp-bromo-toluene (67 gm, 0°39 mole) in ether (150 ml)
to magnesium turnings (10 gm, 0023;3 followed by 1 hour’s
refluxing. Sllicon tetrafluoride obtained by the slow addition
of concentrated sulphuric acid to a mixture of sodium fluaro-
silicate (50 gm) and silica (75 gm), was bubbled slady through
the solution until two layers separated. The layers were separated,
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 recrystallisation
from petroleum spirit (60-80°) tri-p-tolylsilyl fluoride (15+5 gm,43%)
m.p. 109¢5 - 110+5°. .
In the pmpéra:tion of triarylsilyl fluorides by this method it
was later found that after coupling anmd the two lgyers 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. aml the silane isolated. After

recrystallising from alochol it ga.§e tri-(p-tolyl )-p-anisylsilane

(4°6 gm, 24%) m.p. 1H4°,
Anal, Calculated for CaaHpeOSi: C = 82¢31, H= 6-91

Found ¢ C = 8204, H= 6°88



Tri-(p-chlorophenyl )-p-anisylsilane

Tri-(p-chlorophenyl)silyl fluoride (20 gm,47+6%) b.p.275°/
10 mm. was prepared from g-chlomphenyl magnesium bromide
(ca. 033 mole) using the method described above.

The fluoride (20 gm, 0°052 mole) was dissolved in ether

(50 m1) and added to an ethereal solution of p-anisyllithium

(ca.0+06 mole) and refluxed for 5 hr, The product was re-

crystallised from alcohol to give tri-(p-chlorophenyl)-p-anisyl-

silane (3‘7 g, 15%) MePe 160-5°,
Anal. Calculated for CpeHisClaOSi: C = 63°90, H = 4-08

Found: C = 6423, H = 4043

Tri (m-chlorophenyl 2—_Eanisxlsi;gge

m=Chlorophenyl magnesium bromide (ca.Oo}} mole ) was converted
to tri(m-chlorophenyl )silylfluoride (15 gm,36%), bep. 224°/3 mm.
using the method described. This was added to an ethereal solution
of p-anisyllithium and gawre, after recrystallisation from alcohol,
tri-(m-chlorophenyl )-p-anisylsilane (25 gm, 13%) m.p.90-91-5°

Anal. Calculated for C;sHheCls0Si: C = 63°90, H = 4°08

Found: .C = 64°09, H = 4-00

In order to obtain this silane it was necessary to prepare the
intermediate compound m—-chlorobromobenzene. The following method

was used:

70
Preparation of p-chlorobromobenzene

A mixture of 1 mole (127+5 gm) of m~chloroceniline and 48%
(wow.) 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 ouprous bromide was prepared by
addition of a solution of sodium sulphite (80 gm,0-635m0le ) in water
to a mixture of copper sulphate (300 gm, 1-88mole)and sodium bromide
(175 gm,1+4 mole)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 1}/; = 2 litres of product
collected.

The distillate was extracted with ether end washed several
times with 2Nvoaustic soda solution to remove any phenolic impurities.
The ethereal solutién was washed with water and dried over anhydrous
sodium sulphate, After distilling off the solvent the residue was
fractionally distilled to give m~chlorcbromobenzene (160 gm, 84%),

b.P. 19300

Tri-(g-tolyl )}-p-anisylsilane

m-Bromotoluene (89 gn, 52%) was prepared from m-toluidine,as above.
Tri(m-tolyl )fluorosilare 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 g—anisyllithium

(ca.0-05 mole) and gave after recrystallisation from alcohol
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tri(m~tolyl)-p-anisylsilane (3.4 gm, 16.6%) m.p. 111.5 = 112°
82.31, H = 6.91

"
|

Anal, Calculated for 028H280$i: c

Found: € = 82,08, H = 6,76

Tribenzyliéieanisylsilane

Benzyl chloride in ether was converted 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 acid, the silane was extracted in the usual
way and gave tribenzylfluorosilane (25 gm, 23.4%), m.p. 790, recrys-
tallisation from petrol (60-—800).71 Tribenzylsilyl fluoride (20 gm,
0.0625 mole) in ether (50 ml) was added to p-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, 41.453) m.p. 84.5° (reported m,p. 83-850).#

T;i-(p-trimethylsilylmethx;phenyl)gp—anisylsilane

Preparation of p-trimethylsilylmethylohenyl chloride.

of -p-Dichlorotoluene (177 gm, 1.1 mole) in ether (450 ml) was
added to magnesium (31 gm, 1.3 mole) and the Grigndrd reagent prepared.
Trimethylchlorosilane (108,5 gm, 1 mole) in ether (ca. 400 ml) was
added and the mixture refluxed overnight., After hydrolysis the
ethereal layer was separated, washed and dried (Nazsoh). 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 p-chlorobenzyl alco-
hol (m.p. 750) and was largely removed by leaving the mixture at 0°
for several days when it crystallised out and was filtered off. The
remeining 1llquid was refractionated to give p-trimethylsilylmethyl-
phenyl chloride (105 gm, 53%) b.p. 227-229,5°, Any liquid boiling
below 227° was discarded.

Preparation of tri-p-trimethylsilylmethylvhenyl fluorosilane

Attempts to mske tri-p-trimethylsilylmethylphenyl fluorosilane
were as follows:

(1) p-Trimethylsilylmethylphenyllithium (ca 0.1& mole) in ether
(300 m1) 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.,

(11) p~Trimethylsilylmethylphenyllithium (ca 0,2 mole) in ether
(300 ml1) 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 acid,

In each case tetra-p-trimethylsilylmethylphenylsilane m.p. 204-

205° (Anal. Caloculated for C,ofgoSlg:  0=70.53, H=8.86.  Found

C=70.86, H=9,18) was obtained, in 65.6, 62,37 yleld respeotively.

Recrystallisation was from petrol (100-120°),
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A low yield of trifg-trimethylailylmethylphenyl fluorosilane (27 and

1.2%) mop. 122-123.5° was obtained.

Anal, Caleulated for cBOst%F:‘ F = 3.55

Found : F = 3.72
(1i1) A Wurtz-Fittig reaction using p-trimethylsilylmethylphenyl

ohloride (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=(p-
trimethylsilylmethylphenyl)silane (14.5 gm, 67%) and a solid (0.5 gm,)
m.p. 124.5-125° after reorystallisation from petrol (60-80°). This
was treated with dilute alcoholic caustic soda solution, a vigorous
effervescence oocurred, the 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-(p-tri-
methylsilylmethylphenyl)fluorosilane (0.4 gm, 2.4%) m.p. 122.5-124°, .

Each of the samples of tri-p-trimethylsilylmethylphenylsilyl
fluoride was dissolved in ether and separately treated with an excess
. of p-aniayllithium in ether., After work up of the products solids
RePe S%4e5 = 100.5o were obtained. Yield for each reaction oca 0.3 gm.
After recrystallisation from elcohol and methyl alcohol the m.p. range
rose to 103 - 108°.  The product was a2 glass and had no crystalline
form, and this was taken as an indication that the product was impure.

As the yleld of product by all three methods was low p-anisyl-
trichlorosilane was prepared and this was treated with p-trimethyl-

silylmethylphenyllithium,
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Preperation of peanisyltrichlorosilane

p-Anisylmagnesium bromide (oa 0,25 mole) was prepared in the
usual way and edded to silicon tetrachloride (42.5 gm, 0.25 mole) in
ether (120 ml). After eddition the mixture was boiled under reflux
for 3 hours and then left overnight., The product was not hydrolysed
and p-anisyltrichlorosilane (25 gm, 41.455) b.p. 131°/17 mn. wes dis-
tilled off from the magnesium salts.

On further distillation di-(p-anisyl)-dichlorosilane (2 gnm)
bep. 196°/5 mm. was obtained.

Anal, Calculated for C,,H,,C1,0.8i: = 22,70

1471477272

Found : 22.45

p-Trimethylsilylmethylphenyllithium was prepared from p-tri-
methylsilylmethylphenyl chloride (410 gm, 0.054 mole) and lithium
(1.39, 0.2 gmat) both in ether (40 ml), p-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
alocohol. After recrystallisation from alcohol and methyl alcohol it

gave tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane m.,p, 102.5 =~

108°%,  (2.65 gm, 34.37)
Anal, Calculated for CB7H52OSi#: C

71.09, H = 8.38

Found : C = 69.47, H = 8.14

This melting point range was a characteristic of the compound and it

remained a glass even after baking in an oven at 80°C for 14 days.



Tri-(p-anisyl Jethoxysilane

p-Anisylmagnesium bromide (ca 0.2 mole) in ether (100 ml)
was prepared and to it was added tetraethoxysilane (14 gm, 0.067M),
in ether (50 ml). The mixture was refluxed for 5 hr, and left
overnight, The ethereel layer was decanted off and the remaining
mognesium 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-(gfanisyl)ethoxysilape
b.p. 245 = 256°/2.5 mm, This was refreactionated and had b.p.

2769/6 mm and crystallised on standing, After recrystallisation

from absclute aloohol it gave pure tri-(gfanisyl)ethoxysilane
[
m.po 81 (6 Srn' 25%)0

Anal, Caloulated for C25H260L51: C = 70,01, H = 6,64

Found . C = ?0059. H = 6057
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p=-Anisyltriethoxysilane

p-Bromoanisole (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 gnm,

24..77) bup. 131°/3mm,

Anal, Caloculated for C1}H22048i: C

Found H c

57075) H= 8020
57.80, H-‘- 8.17

Di-(p~anisyl)diethoxysilane.

Purther fractional distillation gave a liquid (2 gm) b.p.
1959/2.5mm which was ocontaminated with a solid, The latter was
filtered off and recrystallised from alecohol and proved to be
di-p-anisyl (m.p. 173°). W#hen no more solid appeared in the
distillate the distillation was stopped and the residus in the flask
extracted with petrol (60-80°) in which p-dianisyl is only sparingly
soluble. The solution was filtered, the solvent distilled off and

the residue distilled at 2,5 mm to give di-(p-anisyl)diethoxysilane

(6 gm, 10.4%) b.p. 198°/2.5 mm.

Anal, Calculated for C18“2a9431’ C = 65.04, H =7.28

Found : C

64L.85, H = 7.22
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p-Anisyldimethylchloromethylsilane

73,73
Preparation of dimethylchloromethylchlorosilane ’

(i) Trimethylchlorosilane (108+5 gm, 1:0 mole), benzoyl
peroxide (1+0 gm) and chlorobenzene (220 ml) wereplaced in a 2 1.

round bottomed flask equipped with stirer, dropping funnel containing
sulphuryl chloride (125 gm, 0°9’mdz)and a reflux condenser surmounted
with a "cold finger" condenser filled with powdered dry ice.

The evolved gases were passed through a drying tube contai ning
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 through a packed column and
gave a fraction b.p. 45 - 65° which was thought to be a mixture of the
reactants end dimethylchloromethylchlorosilane (18 gm, 12+6%) b.p.113-115°.

(i1) Trimethylchiorosilane (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
chlarine passed through solution until the dark red colour of the

bromine had almost disappeared. More bromine was added and the process



continﬁed until 465 gm (0°58 mole ) was added. The gases which 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 and cﬁlorine
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
dimethylohloromethylchlorosilane (45 gm, 25°4%) b.p. 113-115°,

Dimethylchlarome thylchlarosilane (60 gm, 0°42 mole) in ether
(200 ml) was added to p-anisylmagnesium bromide (ca 05 mole) in
ether (200 ml) and refluxed for 6 hours. ~ The product was isolated
and fractionally distilled to give p-anisyldimethylchlaromethyl-
silane (62 gm, 68°8%) b.p. 136°/12 mm, n ?° = 1°5300 (reported

T4, 7
bopo 1430/5 mm )o

Attemm@a_z:ation of p-anisyldime thylailylmethyl alcohoft
_B-Anisylaiusthylohlorometmlsnam (21°4 gn, 01 mole) was
added to anhydrous potassium acetate (11 gm, 011 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 (Na,CO;). After distilling off the
solvent, the residue was fractionated at reduced pressure., Two
fractions were obtained (1) b.p.45°/12 mm. anisole (7.5 gm),
(i1) 124°/12 mm. 5 gm b.p. at atmospheric pressure 247:5° nD’°—.-1-423o.
This was concluded to be the compound [(CHs )a SiCH,CCOGH, )20
(bep. 252° n*°= 144215) formed by cleavage of a p-anisyl group from
p-anisyl-Si (CHy )aClia 00C+CHs which was probably first obtained.

79
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Using the method of Andrianov and Volkova, g-ani:yldimethyl—

chloromethylsilane (27 gm, 0¢126 mole) and anhydrous ethylamine

(30 gm, 067 mole)were allowed to stand in a stoppered flask for

14 days at 0° , after which time two layers were formed. The upper
layer (33 gm) was separated and fractionally distilled to give
ethylamine (9 gm), anisole (2 gm) and a solid b.p. 169°/20 mmn; a solid
and a liquid (11.5 gm) then ceme over at the same temperature (172°C).
The solid was filteréd off and was found to be insoluble in petrol

(60 - 80°). The filtrate was treated with petrol,filtered and

again fractionally distilled to give p-anisyldime thyl (ethylaminomethyl )-

silane (9°5 gm, 33°8%) b.p. 152°/18 mnm. nD°°= 1-5123,

Anal. Calculated for Cy3HayNOSi: C = 6451 H = 948 N

n
P
3

Fourd : C=6508 H= 958 N = 6°32

]
L}

p-Anisyldichloromethylmethyl si lare
The high boiling residie obtained from the chlorination of

trimethylchlorosilane with sulphuryl chloride and benzoyl peroxide was
provided by Mr B.Rushton. This was fractionally distilled and gave
di(chloromethyl )me thylchlorosilane (24 gm) bep. 172-4°.  Di(chloromethyl)-
methylchlorosilane (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 (75 gm, 35¢7%) bep. 137°/0°7 mm. nD’°= 1+55086.
Anal. Calculated for CyoHi140120: C=48.00 H=5-68

Found: C=48°17 H=5+66
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5,5-Dimethyldibenmsilole 31
— Me Me

Preparation of 2,2!-dibromobiphenyl

78
(1) 2 2'-Dinitmbi'pherwl
——te i

In a 1 litre flask equipped with a mechanical stirrer was
placed o-chloronitrobenzene (250 gm,1¢59 mole) and clem dry sand
(300 gm). The mixture was heated in an oil bath to 215 - 225° md
copper bronze (200 gm) was slowly added (1!'/ahr). After addition
the mixture was stirred for a further 1'/; hours amd 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 amd the
mixture boiled with alcchol (2 x 1)/; litre) and the solid removed
by filtration. The filtrates were cooled in ice and 2,2’ -dinitro-
biphenyl orystallised out and was filtered off. After boiling with
charcoal and onerecrystallisation 2,2'-dinitrobiphenyl (97 gm,50%)

was obtained as yellow crystals m.p. 123°5 - 124°5.

79
1

(1) 2,2 ~Dianinobipheny

2,2' ~Dintrobiphenyl (97 gm, 0°48 mole) was then r educed by
ironfilings, 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 peste into cold acetone,
distilling the ketone from the filtered liquid and extracting the
residue with dilute hydrochloric acid. 2,2’ ~diaminobiphenyl (18 gm,
25%) m.p. 81° was precipitated by addition of aqueous ammonia and

reorystallised from alcohol.



(1] :
(1i1) 2,2'-Dibromobiphenyl =~ The diazonium salt of 2,2!-diamino-

biphenyl (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 yeliow 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 é. 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 *é.he erd of the
tube carrying the air condenser for otherwlise the resulting explosion
muld have been sufficiently vigorous to blow the reactants out of the
tube. When oool, the inorganic material was extracted with water
and the organic material extracted with ether. After re-crystall-
isation from alcohol, it gave 2,2!-dibromcbiphenyl (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 (6'/z hr) efter stirring at room
temperature (20 min.). This solution of 2,2'-biphenylenedilithium
was added to a stirred refluxing solution of methyltrichlorosilare
(6+5 gm, 0°0435 mole) in ether (150 ml).

When addition was complete, the mixture was stirred (2 hr.) and

left to stand overnight. It was then stirred at room temperature

(8 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 several 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 35 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%) U D

(reported m.p.63 - 68°C)

Methyllithium was prepared by dissolving methyl bromide (6°0 gm,

0.083 mole) in ether (25 ml) and adding it to lithium (1 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 gnm,
00208 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 recrystallised from methanol.to give
5,5-dimethyldibenzosilole (0+5 gm, 117) m.ps 60°5° .

10,1031 ne thylphenoxasilin E][ D
T

A solution of n-butyllithium (ca..OMi mole) was prepared.’ In a

500 ml three necked flask equipped with stirrer and dropping funnel

was placed ether (200 ml) and lithium (86 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 temperature was kept at =30 to
~-40°, After addition was complete the reaction mixture was allowed

to warmm up to O - 10° and stirred for about 2 hr. The solution was
flltered 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



reflux temperature for 1 hour.

| The solution (ca 400 ml) contained 0<076 mole of 2,2'-dilithio-
diphenyl ether. About !/jof 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-
chlorosilane (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 allofed to stand overnight. It was
hydrolysed with water‘ and the two layers separated. The ether
layer was dried anmd 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-dimethylphenoxasilin (4°8 gnm,
27+6%) bep. 235°/3 mm. This crystallised on dissolving in alcohol

and ocooling in a Dry Cold/acetone bath,after further recrystallisation
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it had a m.p. 74° (reported 745 - 77° and 785 - 79° )
'1,1-diphenylsilacyclopentane °° l l
ss _SiT

Preparation of 1,4-dibromobutane g~

Tetrahydrofuran (78 gm, 1 mole) was added slowly to a cold
mixture of 50% hydrobromic acid (972 gm, 6 mole) and concentrated
sulphuric acid (50 ml) and the mixture boiled under reflux for 3 hours.

The product was steam distilled and the lower layer dried (CaCl, and

P05 ). On distillation it gave 1,4-dibromobutane (141 gm, 64%)
b.p. 197°,

Tetramethylenedilithium.:vas prepared by slowly adding

1,4-dibromobutane (37+5 gm, 0+15 mole) in ether (225 ml) to lithium



8%

(75 gm, 1-08 gn. atom) in ether (75 ml). The reaction was started
by stirring for a few mimutes at room température and then temperature
kept at =10° to - 20°., After addition the mixture was stirred for
1 hour at -10° and !/, hour at 10°. The solution was filtered and
added with stirrdng to diphenyldichlorosilene (38 gm, 0°15 mole) at
«20°, The mixture was stirred at this temperature for 1 hour and
then stirred at room temperature 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 (1l+4 gm, 32%) b.p.
139 - 141°/3+5 mm.

9=-Ethyl=5,10-dih =10,10-dimethylphenazasili ne N

(LL]

Me/ Me
Prepamtion of N-ethyl-2,2!-dibromodiphenylamine °®

(i) o-Bromoaniline, o-Bromonitrobenzene (140 gm, 0°69 mole)
was reduced by tin (153 gm) and concentrated hydrochloric acid (350 ml)

and the product steam distilled. After distillation at reduced
pressure it gave o-bromoaniline (79 gn, 66%) m.p. 32°.

(i1)o-Bromobengzanilide. go-Bromoaniline (79 gm, 0°46 mole) was

suspended in 10% sodium hydroxide solution (600 ml) and bengoyl chloride
(80 gm, 0+57 mole) slowly added. The mixture was mechanically stirred
for 2 hr.  After washing thoroughly with water and recrystallisation
from aloohol it gave o-bromobenzanilide (123 gm, 97%) m.p.115 - 116°,

87
(444) 2,2-Dibromodiphenylamine . Powdered o-bromobenzanilide




(123 gm, 0°44 mole) was then mixed with phosphorus pentachloride
(100 gm, 0+48 mole) in a flask through which 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 oxychloride. The residue
was distilled at 1 mm and gawve Neo-bromophenylbenzimidoyl chlaride
BreCeH¢*N: CC1Ph (67 gm, 52%) bep. 137°/1 mm.

o-Bromophenol (39 gm, 0225 mole) was added to a solution
obtained by interaction of sodium (4+9 gm, 0-21 gm.at.) and absolute
alcohol (200 ml). This was thoroughly 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 which precipitated

-o~bromophenyl Neo-bromophenylbenzimidoate, o—BrCely *N:CPh+OCglHBr-o
as en oil which slowly solidified. Recrystallisation 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 2'/; hr. am then after allowing to cool, digested
with alcohol and gave  N-benzoyl-2:2!-dibromodiphenylamine (17 gn,
28%) me.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
d.istillatién and the resldue poured into water. The precipitated
oil was extracted with ether, and the dried extract on distillation
gave 2,2-dibromodiphenylamine (10 g, 78%?;\{6%/0-7 m. It

crystallised on standing m.p. 57-60°.
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[ 1]
(iv) N-Ethyl-2,2!'-dibromodiphenylamine . Methyllithium

was prepared by addition of methyl bromide (36 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 2,2'-dibromodiphenylamine

(10 gm, 00306 mole) in ether (50 ml) which had been cooled in an
ice-bath., Freshly distilled ethyl sulphate (7-7 gm, 0°05 mole)

in tetrahydrofuran (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%) bep. 170 = 172°/0°5 mm.  After
crystallisation from petrol (60 - 80°) m.p. 71 - 73°.

To N-ethyl-2,2'dibromodiphenylemine (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 dimethyldichlorosilane (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 white material was obtained from the first fraction and this was
recrystallised from petrol (60 - 80°) to give 5-ethyl-5,10-dihydro-

10,10-dimethylphenazasiline (025 gm, 14%) m.p. 69¢5 = 70+0°.

Anal. Calculated for C;¢HyepNSi: C = 75¢84,H = 757 N = 553

Found ; C= 75:75,H = 766 N = 5°45
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10,10-dimethylphenothiasilin =5,5-dioxide

Mo ye

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 3'/; 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 night and then stirred at room temperature for a further
8 hr., It was hydrolysed with water, ether extracted and after drying
the solvent distilled offand the resulting oil was chromatographed on
" alumina using ether as eluant., The eluate upon removing solvent gave
a white material m.p. 83 - 130°, Several recrystallisations from
alcohol and alcohol/petrol (60 - 800) raised the m.p. to 103 - 130°.
Recrystallisations from excess alcohol gave 10,10-dimethylphenothiasilin.

5,5-dioxide (2.5 gm, 4%) m.p. 165°,

Attempted preparation of 10,10-dimethylphenothiasilin SD
le”  “Me
(1) The same procedure as for 10,l0-dimethylphenoxasilin was carried out but

from
starting Adiphenyl sulphide, -'- No yield of 10,10-dimethylphenothia-

8ilin resulted.



1)

(i1) 10,10~-Dimethylphenothiasilin-5,5-dioxide (1 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 wes obtained, neither
reduction nor cleavage of the C~-Si bond having occurred.

Attempted preparation of 9,9-dimethyl=9,10-dihydéro-9=silanthracene

_ _ 00
Preparation of 2,2"-dibromodiphenylmethane @f;ﬁg
4 N
le lMe

91
(1) p-Nitrobenzyl 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 aldehyde dissolved,
the solution saturated with carbon 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%) bep. 147°/35 mm,

(13) 3,3 -dinitrodiphenylmethane

I-Nitrobenzyl alcohol (200 gm, 1l¢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 and re-
crystallised from glacial acetic acid to give 3,3'-dinitrophenylmethane
(305 gm, 90+5%) m.p. 173 - 175°.
iid ! _3iaminodiphenylmethane

3,3 -Dinitrodiphenylmethane (305 gm, 1°18 mole) was reduced
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by mixing with iron dust (640 gm) water (1100 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 recrystallised from alecohol giving 3,3!-diacetylaminodiphenyl-
methane (164 gm, 64%) m.p. 255-8°.
iv ! -diacetylamino-6,6" -dibromodiphenylmethane

The diacetyl compound (160 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 /3 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 3,3'-diacetylamino-6,6-dibromodiphenylmethane (203 gm,
81%) m.p. 276° remained undissolved.

(v) 3,3 ~diamino-6,6' —-dibromodiphenylmethane.

The diacetyl compound (180 gm, 0°398 mole) and alcohol (750 ml)
were placed in a flask, heated to boiling and corncentrated hydrochloric
acid (620 ml) slowly added. After 30 min. heating saponification was

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 recrystallised from water. Some hydrochloride
dissolved when washed with alcohol and this was recovered by
solution to
evaporating the aJ.coholi%dry'nesa, adding ammonia end extracting
the base with ether, The hydrochloride was precipitated from the
ethereal solution by addition of hydrochloric acid. This gave
3, 3~diamino~6,6 -3ibromodi phenylnethane dihydrochloride (193 gn, 97%).

(vi) 2,2 ~Dibromodiphenylmethane

Deamination was carried out using two procedures.
(a) The hydrochloride (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. When the mixture had become entirely
homogeneous it was poured into alcohol (4 1l.) and a brisk evolution
of nitrogen followed. The alcohol was dlstilled 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 (125 gm, 41%) bep. 157 = 160°/1 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.149°/0¢7 mm.

(v) The hydrochloride (150 gm, O35 mole) was mixed with
water (450 ml) and concentrated hydrochloric acid (150 ml) and the
diagonium salt was prepared as above.b This was added to a cold

: 93
solution of 30% hypophosphorous acid (750 ml) and left at 0° for 24 hr.



and then at room temperature for 2 days. The oil which separated
out was extracted with ether, the solution washed with 20% caustic
soda solution, water and dried (anhydrous KzCO3). The solvent was
distilled off and the residue distilled at 07 mm to give

2, ' ~dibromodiphenyluethans (53 gm, 46+5%).

Attempts were made to prepare 9,9-dimethyl}-9,10-dihydro—9-
silanthracene,

(1) 2,2"- Dibromodiphenylmethane was treated with 1ithium.

Dimethyldichlorosilane in ether was added and after work up of the
product gsve a crystaliine product m.p. 114°5 - 115°5°,  (Anal.C=70-78,
H=6:78). This was not the required silame,

(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) bop. 237 - 242°/1 mm,
This in ether was treated with methyllithium but the produst 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

Xwould be chosen at
silane
which to follow the

aromatic run.

Pig.XXII

< tHA 0Q LoD O

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 Wra.welength 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 myi and the low solubility of the “anisyltriaryl-



silanes in the solveht,very oféen there was not a large overall
change in optical density. In ocertain cases, particularly for
tri-o-tolyl- p-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 spectrophotometrically
using a Unicam S.P.500 speotrophotometer. 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" methamol 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 om. stoppered quartz 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 thermostat of the
apectrophotometer which was meintained at a temperature of 50 ¥ 0-02°
throughout this work. Absorption readings (relative to methanol)
were begun after not less than ten minutes and reactions were taken
to completion, (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, Each run was performed in duplicate.

In the case of _tri-_g-tolyl-g—a.nisylailane it was necessary to
measure the rate of cleavage over several days. The reaction
mixture was made up a&s usual but then samples 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 pseudo first order.
Hence dx = ki (a=-x) k; = rate constant of the reaction
& a = initial concentration

and x -= amount reacted after time t.

..o].ogg .klt
a-x -

By Beer’s Law, at a specified wavelength,the optical density
of a solutioﬁ is proportional to the concentration of the compounds
in that solution. |

Hence a = I - Dy x = Dy = Dy

Do = initial optical density of the
kinetic solution _

Di = optlcal density of solution at
time t

Do = optical dénsity of solution at
the end point,

felogDo =Dy =kt
D; = D

and t = =2:303 logo(Dy = Dp) + 2°303 logo (Do = D)
K a
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«’s a plot of t against logio(Dy - Dw) is a atveight line of
gradient - 2.303 from which k3 may be obtained
I

All rate constants as obtained by acid oleavage have been
determined graphically by this method.

Preparation of materials,

(a) Perchloric acid.
The 60% and 72% aqueous perchloric acids were obtained from
Messrs. B.D.H. Ltd. ' Appropriate quantities of abid were diiluted .
with distilled water as required and the strength of the solution was
determined by titration against borax which had been recrystallised..a
(b) Methanol.
This was dried using the method of ILund and Bjerrum.
(¢) Aryltrimethylsilanes.
Samples of triphenyl-p-anisylsilane, tri-o-tolyl-p-anisyl-
silane and tetra-p-anisylsilane were supplied by Miss P.M.Greasley.
A sample of trimethyl-p-anisylsilane was provided by D.M.Walton.
Other silenes were prepared as described in Chapter VIII,
ei s
These were carried out on an "Oertling" balance using
micro welghing 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 transferred to a 100 ml.
graduated flask and made up to the mark with solvent. The volume

of the weighing 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 b4 0.050.

Reproducibility.

Most runs are reproducible to within 1%; however, in some
cases reproducibility was to within 27,
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%).

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

=2.30 .30

2
t = —kll log,, (D, Dy ) + —%—1 log,; (Do ~Dep )

ety -ty =2 212205 log,, (th - Dy) - 1051613t1 - D )]



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

t' = 2 min,
t2 15 20 30 40 50 81
kx 102, min™' 1.3 1.3k 1.3k 1036 .34 1.36

k(graphical )x 10’24min-1 = 1,35

(i1) Tri-p-chlorophenyl-p-anisylsilane Run No.8

t 5 10 15 25¢ 35 55

1035 1.35 1.35 1.35 1.36  1.36

k(graphical )x 102,111:1:1.1 = 1.35

(1i1)Dimethylphenyl-p-anisylsilane Run No.53

t' = 15 mino
t, 3 40 45 55 60 65
kx 10%,min”' 1.8, 1.88 1.86 1.86 1.87 1.87

k(ezraphical )x 1021,111]'.n"1 - 1,87

(iv) p-Anisyltriethoxysilane Run No.35

t, = 0
t, 18m.20s. 33 355 51 52m.158. 60
1

kx 10%,min”! 3,30 3.27 3.31  3.25 3.28 3.2

k(eraphical )x 10?4gin°1 = 3,26

97

1436

75
1.35

75
1.87

98
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(v) CTriphenyl-p-anisylsilane Run No.17

t, = 2 min,
t, 3 9 15 28 37 51 56
1

kx 102, min™ 375 3,72 372 378 3.7 3% 3.7

k(graphical )x 102, min~! = 3.7

(vi) 5,5-Dimethyldibenzosilole Run No.1 (cyclic)

t' = 0 min-
t, 5 10m.10s. 20 30 50 60 80
k x 10%,min”! 3,26 3.27 3.25 3.2 3.24  3.2%  3.26

1

x(graphical )x 1024 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 th> 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 constant,
k, has been determined'graphically in each case from the plot of

log (Dt - Dw) versus time as described on page 95 .



Run No.l

X =

Time

Time

Run No, 2

Time

Time

Run No,3

Time

Time

Tri-P"etolyl-p-anisylsilane

28215 9.48um
0 5
0.3030 0.2820
35 40
0.2295 0.2270
k =
(Duplicate)

0 1
0.3090 c.3040
28 35
0.2390 0.2330

HCIO,
A

10
0.2660

50
0.2235

5.88 X 10

0.2950
40

0.2305

0 =

20

0.2445

ou

0.2190

“min *

0.2795

ou

0.2220

k = 5.88 X 10 “min *

Tri-p-tolyl-p-anisylsilane

281 A

0.4980

12

0.4295

9.48Mm

0.4920

14

0.4230

HCIO, cC =
4
1 2
0.4890 0.4820
16 00
0.4180 0.3830

0.000332M

0.000725M

0.4665

25

0.2385

14

0.2600

0.4540

101

30
0.2330
16 25
0.2560 0.2420
8 105
0.4440 0.4335



Run No,4 (Duplicate)
Time 0 2 4 6 8
D 00$200 0.5040 0.4880 0.4735 0.4580
Time 14 16 a0
D 0.4330 0.4250 0.3830
Run No,5 Tri-m-chlorophenyl-p-anieylsilane

X= 282 9.48mM HCIOMF c = 0.000239M
Time 0 60 100~ 118 150
D 0,3770 0, 3530 0.3400 0.3355 0.3285

k =478 x 10
Run No.6 (Duplicate)
Time 11 22 33 45 54¢
D 0,3790 0.3740 0.3695 0.5645 0.3610
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- %1 9.48u HCIO, ¢ = 0.000567M
Time 0 15 20 25 30
D 0.5460 0.5175 0.5090 0.5010 0,4940
Time 81 90min.20sec 97 00
D 0.4410 0.4350 0.4310 0.3890

k = 1,35 x 10"

102

10ra.10sec. 12
0.4505 0.4390
199
0.3185 0.2805
65 117 135

0.3580 0.3400 0.3355

40 50 73

0.4810 0.4695 0.4480



Run No,8 (Duplicate)

Time 0 5 10 15 25¢ 35
D 0.5470 0.5370 0.5270 0.5180 0.5010 0.4870
Time 60 75 o0

D 0.4590 0.4460 0.3885

k =1.35 x 10 min” "

Run No <9 Tri——m-chlorophenyl-p-aniaylsllane

X = 282.5yi 12 .19v HCIO" c = 0.000238M
Time 5 10 15?2 22m.15s. 27 36"
D 0.3540 0.3475 0.3410 0,3330 0.3290 0.3210
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

D 0.3690 0.3620 0.3370 0.3280 0.3270 0,3200
Time 80y 114¢ 00

D 0.2990 0.2895 0.2790

k =1.85 X 10" min™"

40

0.4810

52i

0.3100

64

0.3060

55

0.4635

4

0.3037

103



104

Run No,14 Iriphenyl-p-anisylsilans
C = 0,000310M

A= 281mu  7.50M HC10,

Time ] | 16 L7 57 €9 82 98
D 0.2070 0.1950 0.1790 0,1757 0.1717 0.1690 0.1652
Tize 121 00
D 0.1620  0.1540

K = 1,57 x 10 2pin~}
Run No,12 (Duplicate)
Time 0 5 15 2 145 72% 75
D 0.2040  0.1995 0.1920 0,4865 0.4757 0.1665 0.1660
Time - 97% 118 00
D 0.1607  0,1570  0,1490

K = 1,58 x 10" 2min""

‘Run No.13 ZTri-p-tolyl-p-anisylsilane

\e 281ms 6,00 HC10, C = 0,000330M
Time 0 10 33 45 7 96 115
D 0.2470 0.2380 0.2225 0.2160 0,2035 0,1957 0,1910
Time 129 12 . 157 00
D 0.1885 0.1865 0.1842 0.1745
2 . -

k = 1,28 x 10




Run No.,14 (Duplicate)

Time 0 20 31% 433

D 0.2570 0.2360 0.2282 0.2242
k = 1.27 x 10 %min"} -

Run No.,15 Tri-m—-tolyl-p-anisylsilane

Az 282mn  9.20M HC10

N
Time 0 5 7 12
D 0.2580 0,2350 0,2272 0.2117
Time 30 0o
D 0.1782 0.1550

K = 4,98 x 10 2min”" "

105

52 63% 813 00

0.2155 0.2100 0.,2035 0,1755

C = 0.000233M

16 20 25

0.2015 0.1935 0.1852

Run No.16 (Duplicate)
Time (o} 3 5 12 19 20 30
D 0.2517 0.2380 0,2295 0.2070 0.1902 0,1885 0.1745
Time 35 40 L6 00
D 0.1697 0.1657 0,1620 0.1520
k = 4,98 x 10-2min-1
Run No.17 Triphenyl-p-anisylsilane
)= 281mu  9.20M HC1O0, C = 0.000316M
Time 2 3 9 15 28 32 37
D 0.2330 0,2299 0.2137 C€,2007 0.1802 0.1757 0.1715
Time 44 51 56 o0
D 0.1685 0.1622 0.1599 0.1487

K = 3.7% x 40" %q4n"

1



Run No,18 (Duplicate)

106

Time 0 3 5 10 223 33% U5
D 0,2380 0.2290 0.2230 0.2110 0.1900 0.1760  0.1680
Time 55 o0
D 0.1630 0.1532
K = 3,81 x 10 2min”~"
Run No,19 Tri-o-tolyl-p-anisylsilane
N= 281 12,19 HClO, C = 0.000201X
Time 0 150 270 354 497 603 920
D 0,2382  0.2307 0.2235 0.2199 0.2415 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  0.1285
K = 5,68 x 10 *nin”"
Run No.20 (Duplicate)
Time 0 120 297 520 620 780 955
D 0.243  0.239  0.2299 0.2182 0.2125 0,2045 0.2007 0.197
Time 1445 2390 o0
D 0.1802 0.1575 0.1315
k = 5,64 x 10 ‘min”!




Run No,21 Tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane

A= 281mu 4268 HC1O C = 0.0000753Y

Timg 0 53 ?g 89 107 119

D 0.1320 0.1020 0,0935 0.0897 0,08.7 0,087
Time 140 153 o0

D 0.0770 0.0745 0.0592

k = 0,99 x 10 2min""!

Run No,22 (Duplicate)

Time 13 70 100 115 134 1413
D 0.1295 0.1005 0.0902 0.0862 0.0820  0.0801
Tims 190 208 232 00
D 0.0720 0.0698 0.0670  0.0592

| K = 0,98 x 10 °min”"

Run No.,23 Tetra-p-anisylsilane

A= 281mp  2.55H HC10, C = C,000264
Time 0 1 2 b 6 8%
D 1.1807 1.1785 1.1765 1.1735 1.1705 1.1670
Time 10 13% 15 17%
D 4.1649  1.1590  1.1572  1.1535

Ootical Density of synthetic end point = 1,048

K = 1.30 x 10" 2min=!

107

132

0.0790

172

0.0745



Run No.24 (Duplicate)

D

Time 0 2 3 5 7 9%
D 1.,1830 1.1795 1.1768 1.1742 1,1700 1.1670
Time 15% 19 20 21
D 1.1585 1.1530 1.1517  1.1500
k = 1,29 x 10 2nin”"
Run No.,25 Tetra-p-anisylsilane Complete reaction
A= 281gn  3.05M Hcioh C = 0.0002343
Time 0 12 17 26 33 125
D 1.0030 0,9940 0.9850 0.9760 0.9500  0.9410
Time 5l 69% 85 92% 134 141
D 0.9340 0,9060 0.8840 0.8720 0.8140  0.7990
Time 154 171% 180% 19N 200 210
D 0.7820 0,7590 0,7400 0.7380 0.7280  0,7160
Time 220 232 21,0 263 287 302
D 0.7095 0,6995 0.6905 0.6720 0.6560  0.6455
Time 347 367 3813 00
0.6280 0.6250 0.6230 0.6085
Run No.26  (Duplicate)
Time 0 13 22% 35% L% 5k
D 1.0145 0.9990 0,9860 0.9650 0.9550  0.9380
Time 67% 79 97% 117 14,0 . 160%
D 0.,9160 0,8980 0.8720 0.8420 0,8080  0.7810
Time 185 198 214 21,0 281 303
D 0.7510 0.7390 0.7220 0.6995 0.6740  0,6670

108

12

1.1630



Run No,26 cont. (Duplicate)
Time 369 L8y 1%)
D 0.6430 0,6280 0.6190

Run No,27 Tri-p-anisyl ethoxysilane

A= 250mu

3.05M HC1l0 C = 0.000185M4

4
Time 0 1 2 5 11
D 0.9760 0.9660  0.9590  0.9360 0.8840
Time 26 3l 45 61 86
D 0.7610 0.7090  0.6410  0.5480 0.4380
Time 130 159 182 218 273
D 0.3020 0.2460 0.2120 0.1770 0.1460
Time 353 )
D 0.1260 0.1165

Optical density of synthetic end point = 0,395

k = 1.63 x 10 2min"
Run No.28 (Duplicate)
Time 0 1 2 5 10
‘D 0.890 0.882 0.878 0.858 0.820
Time 26 L5 65 100 159
D 0.697 0.585 0.486 0,358 0.233
Time 308 00
D 0,131 0.116

k = 1.62 x 10" 2min""!

109

18
0.8280

110
0.3560

303
0.1370

18
0.756
205
0.162



Run No.29 Tri-p-anisyl ethoxysilane

Time

D

Tinme

Run No.30

)«=2son}u 7.50M  HC1O

L
2 L 6

0.360 0.2995 0.253
26 35 59
0.125 0.119 0.1147

(Duplicate).

Time
D
Time

D

Run No, 31
A= 2uBop  7.50M HC10

Time

Time

Time

3 6 9
0.353 0.271 0.,2185
24 30 42
0.1315 c.1245 0.1192

Di-p-anisyl diethoxysilane

L
3 1 2

0.566 0.526 0.474

7 1 15
0.306 0.232 0.195

k = 17.7 x 10 %min”"

C = 0.000183

C = 0.000349M

110

10 14
0.194 0.1605
00
0.1145
12 16
0.184 0.1555
53 00

0.1180 0.1165

3 L
0.430 0.390
22 37 (TN

0.1615 0.136 0.1285

Optical density of synthetic end point = 0,211



Run No,32 (Duplicate)

Time 0 5 1 2 3
D 0.686 C.643 0.608 0.548 0.492
Time 5 7 11 15 22
D 0.406 0,344 0.256 0.208 0.167
Time 00
D ' 0.1245

k = 17.9 x 10 2min”"

Run No,33 Di-p-anisyl diethoxysilane

A= 248mu  2.554 HC10 C = 0.000313M

4
Time 0 % 2 3 L
D 0.968 0.961 0.946 0. 940 0.934
Time 6 7% 8% 10 11
D 0.918 0.906 = 0.900  0.892 0.882

Optical density of synthetic end point = 0.189

k = 1,02 x 10 2pin~}

Run No.34 (Duplioate)

Time 0 2 4 5 7
D 0.984 0.966 0,954 0. 944 0.92L
Time 11 13 15 17

D 0.897 0.882 0.869 0.856

K = 1.01 x 10" °min~"

111

L
0.448
39 55
0.139 0,132

12
0.876

0.914



Run No,35 p-Anisyltriethoxysilane
A= 248mu  7.504 HCLO0, C = 0.00101 M
Time 0  18m.20s. 31 33 35% 43
D 0.4590 0.4450 0.3980 0.3950 0.392  0.3865
Time  52m.15s. 60 00
D 0.3795 0.3755 0.3620
kK = 3,26 x 10" 2min"]
Run No,36  (Duplicate)
Time 2 12 16% 25 31 49
D 0.4500 0.4250 0.4160 0.4015 0.3940 0.3770
Time 117 00
D 0.3600 0.3580
K = 3,26 x 10 2min”"
Run No.37 p-Anisyltrimethylsilane
A= 2819p L 26M HC10, C = 0.000817M
Time 1 3 In 5% 7 8
D 0.4L710  0.4570  0.4510 0.4430

K = 12.9 x 10" %gn""!

Run No.38 (Duplicate)
Time 0 % 1m.158, 2 3 L
D 0.4830 0.4780 0.471  0.4670  0.4605  0.45L5
Time 6 Ve 9 00
D 0.4450  0.4400 0.435  0.4095

2, =1

k = 4.04 x 10 “min"

12

51
0.3605

96

0.3620

10 o0

0.4380 0.4345 0.,4300 0.4095

5
0.4490
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Run “0,39 Dimethylphenyl-p-anisylsilane.

A= 281mu 4,268 HC10, C= 0.000814
Time 0 11 20 23 28% 33 L7%
D 0.5160  0.4750 0.4520 0.4460 0.4355 0.4300 0.4170
Time 55% SN 00
D 0.4110 0.4080  0.3990

K = 4,04 x 10 %pin~"

Run No. 40 (Duplicate)
Time 0 7 10 11 20 33 38 00
D 0.5155 0.4870 0.4760 O.474 0.451 0.4285 0,423 0.3985

K = 4.07 x 10" 2min""

Run No.,41  Tribenzyl-p-anisylsilane

A= 281mp L. 26M HC10, C = 0.000637u
Time 0 16 51 7ny 1065 134 167 00
D C.4830 0.4660 0,4380 0,4255 0,4120 0.4L060 0.3980 0.3845

k = 1,18 x 10" 2min”

Run No.42 (Duplicate)

Time 0 16 L9% 68 92 113 154, 2%

D ’ 0.,4780 0.4630 0.4380 0.4270 0.4160 0.4100 0.3995 0.3910
Time o0

D : 0.3840

K = 1.14 x 10" °min""!




Run No.43 Diphenylmethyl-p-anisylsilane.

M= 281mp  7.508 HC10, C = 0,000898u
Time 0 2 8 10 12 18 32
D 0.5890 0,5740 0.,5380 0.5280 0.5195 0.4995 0.4720
Time 00
D 0.4515

k = 5.85 x 10 °min_ |

Run No,44 (Duplicate)

Time 0 2 7 16  26m.15s. 30m,.20s,
D 0.5850 0.5695 0.5380 0.50C0 0.4755 0.4690
Time 40  43m.20s. 00

D 0.4590 0.4570 0.4460

k = 5,90 x 10.2min'1

Run No.45 Dimethylphenyl-p-anisylsilane.

A= 281mu  2,55M HC1O C = 0.000774M

N
Time 22 56 107 130 155 163
D 0.4590 0.4315 0.4060 0.4000 0.3935 0.3890
Time 197 199 o0
D 0.3875 0.3850 0.3792
2

min-1

k = 1,28 x 10~

36
0.4680
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Run No.46  (Duplicate)

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 2min"

Run No.47 Chloromethyldimethyl-p-anisylsilane
A= 282mp 6,00 HCLO C = 0.000513%

L
Time 0 2 11 20 26 41 49 59

Titre 0.5210 0.5065 0,4520 0.4210 0.4045 0.3790 0.3707 0.36L0
Tine 80 90 00
Titre 0.3570 0.3555 0.3525

k = 4.52 x 10" 2nin”]

Run No,48 (Duplicate)

Time 0 12 20m.15s., 31 41 47m.10s. 55

Titre 0.5210 0,4490 0,4180 0.3910 0.3760 0,3695 0,3635
Time 63 00

Titre 0.3590 0,3490

k = 4.52 x 10 2min""!
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Run No.49 Dimethylethylaminomethyl-p-anisylsilane

A= 282mu  9.L84 HC10

C = 0.000912M

4
Time 0 10 15 20 25 30 36 42
D 0.4680 0.L2,0 0.4L400 0.3970 0.3860 0.3770 0.3680 0.3610
Time 50 63 90 o
D 0.3530 0.3445 0.3370 0.3300

k = 3.60 x 10" 2min” "

Run No,50 (Duplicate)

Time 2 12 18 36 42 51 €0 90

D 0.4040 0,3805 0.3700 0.3500 0.3465 0.3412 0.3372 0.3310
Time o0

D 0.3280

K = 3,63 x 10 2min""

Run No.51 Dimethylethylaminomethyl-p-anisylsilane

A= 282mu  6.00M HO10, C = o.Qooeaou
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 10-2g$p-1




Run No,52 (Duplicate)

Time 0 1 3 6 10 16 27 L
D 0.3160 0.3130 0.3100 0.3055 0.3010 0.2970 0.3902 0.2835
Time 53 75 100 00

D 0.2800 0.2725 0.2655 0.2300

k = 0,740 x 10 pin”"

Run No,53 Dimethylphenyl-p-anisylsilane
A= 281mu  3.054 HCLO, C = 0,00101M

Tirme 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

T4me 70 75 89 00

) 0.5450 0.5410 0.5305 0.4975

K = 1.87 x 10 2min”"

Run No,54 (Duplicate)

Time 0 15 20 35 40 55 63 70

D 0.694,0 0.6470 0.6340 0,6005 0.5910 0.5680 0.5570 0.5485
Time 78 85% 93 o0

D 0.5405 0.5350 0.5310 0.4960

k - 1.88 x 10 %min""!
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Run No Di-p-anisyl-diethoxysilane Complete reaction
A= 24Bmn  3.05M HC10, C = 0.000274M
Time 0 3 5 10 15 20
D 0.886 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 0.33L 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 10 °min”~"
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 12
D 0.669  0.6315 0.563 0,406  0.317  0.2585
Time 163 196 = 259 352 00
D 0.1915 0.1615 0,132 0.115 0.103
K = 1.47 x 10" %pin~!
Run No.57 p-Anisyltrimethylsilane
A= 281mu  0.293N HC10, ¢ = 0.000874
Time 0 61 85 112 139 167 213
D 0.6085 0.5895 0.5820 0.5740 0.5675 0.5595  0.5490
Time 258 00
D 0.5585  0.4510

k = 2.20 x 10 omin”
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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
Tinme 00

D 0.4520

k = 2.2 x 10 2min"

Run No,59 Dimethylphe rwl;p-anisylsilane

A= 281mu  7.50M HC10, C = 0,00112M
Time 0 135 2 3 4 5 7 12
D 0.5820 0.5690 0.5670 0.5605 0.5580 0.5545 0.5510 0.5475
Time o0
D 0.5465

k = 29.5 x 10 2min" |

Run No,60 (Dupliocate)

Time 0 3 1 2 2% 3 Lm.b5s, 5%
D 0.5890 0.5820 0.5780 0.5695 0.5665 0,5630 0.5560 0.5530
Time 6m.L5s, o0
D 0.5505  C.5L4L5

k = 29.5 x 10 %min" "
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Run No,61 Diphenylmethyl-p-anisylsilane

A= 281u  6.00M HC1O0, C = 0.000602)

Time 1 9 12 20 34 4,8% 74

D 0.4090 0.3915 0.3850 0.3710 0,3520 0.3380 0.3215

Time 139 1665 00

D 0.3045 0,3020 (.2990
k = 2.2 x 10 2min""

Run No,62 (Duplicate)

Time 8% 15 20 25 30 42 49 o0

D 0.3915 0.3780 0.3675 0.3590 0,3507 0.3360 0.3290 0.2900
k = 2.33 x 10" min”"

Run No,63 Chloromethyldimethyl-p-tolylsilane

A= 276ap  12.19M HCL0, C = 0.00706M
Time 0 10 25 38% 56 76
D 0.3100 0.2897 0.2625 0.,2410 0.2170 0.1950
Time Mz 129 144 162 196 00
D 0.1800 0.1530 0,1450 0.1360 0.1245 0.0949
k = 1.00 x 10 2min”"




Run No,64  (Duplicate)

Time 0 24 35 70
D 0.3020 0,2630 0.2410 0.1980
Time 211 233 272 315
D 0.1205 0.1155 0.1095 0.1047

k = 1,00 x 10 %min~"

124
0.1550

c0

0.0957

Run No.65 Di(chloromethyl)methyl-p-anisylsilane

= 248mu 9,208 HClO

L
Time 0 % 1 2
D 0.314 0,303  0.29%, 0,277
Time 5 6 10 22
D 0.231 0.220 0.186 0.1397
k= Ca 10 x 10 2min"]
Run No,66 (Duplicate)
Time 0 1 2 3
D 0.308 0.286 0.2685 0.2525
Time 16 25 35 60
D 0.152  0.1323 0.1232 0,414
K = Ca 10 x 10 min""

C = 0,0006546M

3
0,260
€0

0.1115

5
0.2252

95
0.1088

172

0.1327

0.2445

0.101

8
0.1957

00

0.1005

198
0.1240

124 a
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Run No,67 p-Anisyltrimethylsilane.

A= 281 mu 3.2M  HCLO ¢ = 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 ©0
D 0.3810  0.3740  0.3675 0.3625 0.3480
' 2 . -1

kK = 5,90 x 10 “min"

Run No.,68 (Duplicate)

Time 0 5% 6% 10 14 15% 19%
D 0.4615  0.4195  0.4130 0.3940 0.3760 0.3700 0,3570
Time 21% 29% 324 o0
D 0.3525  0.3375  0.3325 0.3105

k = 5.95 x 10" %min”~"!

Run No,69 Dimethylphenyl-p-anisylsilane.

A= 281mu  3.124 HC1O, C = 0.000856M
Time 0 10 18 26 29 32 37
D 0.5490  0.5105 0.4865 0.4630 0.4555 O0.4485  0.4380
Time L2 67 1475 00
D 0.4280  0.3880 0.3380 0.3210

2

min~

k = 1.80 x 10”




123 a

Run No,70  (Duplicate)

Time 0 10 17 37 42 46 514 57
D 0.5470 0.5105 0.4880 0.4380 0.4280 0,4205 0.4120 0.4030
Time 7 1365 186 00

D 0.3830 0.3400 0.3290 0,3210

k = 1.79 x 10 2min”"




Cyclic Organosilicon Compounds

Run No.1 5,5~Dimethyldibenzosilole
liillls

) g 287mp 12,194 HC10

Time 0 5 10m.102.
D 0.5590  0.,4800 0.4115
Time 50 60 70

D 0.1385 0.1097 0.0899

k = 3,25 x 1072 pin~!

Run No,2 (buplicate)

Time 10 16 20

D 0.3690 0.3105 0.2775

Time 72 80 92

D 0.0835 0,0730 0.0615
X = 3.2% x 1072 min )

C = 0,0000838x

20
0.3095
80
0.0735

283
0.2210

o0

0.0387

Run No.3 10,10-Dimethylphenoxasilin [:::]I

) = 2843p 12,194 HC10

4
Time 0 20 40m, 20s.,
D 0.3260 0.2425 0.1935
Time 147 1665 o0
D 0.1075 0.,1037 0.0948

k = 1.9 x 10~2 min”]

Me

30
0.2330
96
0.0567

38
0.1732

i
VR

40
0.1785

o0

0.0347

48
0.1357

o :[:::]
Si '
Ma’ \Me
C = 0,000224M
69 91 109
0.1510 0.1315 0.1212

59
0.1065

128

0.1132

122b
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Run No.4 (Dupliocate)

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  0,1055 0,1000  0.0947
K = 1,95 x 0™ min”

Run No,5 5=Ethy -5,10-digzﬁro-10,10-dimethylphenazasiline.
Et
[}

A [::::]:;N:}IIIII
i -
" ué e

A= 28 0.293MHC10
&

C= 0,0000519M

Time 0 35s. 1 ‘ 2 2% 5 7

D 0.2815 0,2695 0.,2590 0.241C 0.2330 0,2045 0.1905
Time 8 9 12 o0

D 0.1855 0.1815 0.1735 0.1650

k = 21,5 x 1072 min”]

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 o0
D 0.1840 0.1755 0.1702 0.1610
2 1

k=21.6 x 10°° min




Run No.7 4,1-Diphenylsilacyclopentane
Ph Ph

C = 0.000213M

)= 271mu 12.19M HC10

Time 8 100 210

IN

D 0.523 0.494 0.4605
Time 1020 1320 1590

D 0.2805 0.211 0.179

Run No.8 (Duplicate)

Time 0 46 120
D 0.528 0.5125  0.4905
Time 575 990 1635
D 0.3587 0.271 0.170

A straight line plot of log (Dt-Dw ) against t was not

obtained.

316
0.429
1710
0.161

203
0.46L
3060
0.645

L67 605
0,387 0. 3497
14,60 o6

0.1005 0,037

365 486
0.418 0.3825

o0

0.038

124h



Optical densities of p-anisylethoxysilanes and anisole in 10%
aqueous methanol containing 0°5% of 9°20Mperchloric acid.
(i) Anisole C = 0°000815 M.
Wavelength mp 248 250 351 252 281 282
D 0158 0°200 0°+222 04250 0°515 O0-362
(ii) p-Anisyltriethoxysilane C = 0000405 M.

Wavelength Hp 248 250 252 281 282
D 0°270C 0+2785 02995 0+351 (0°2765

(iii) Di-p-anisyl-diethoxysilane C = 0°000300 M.

Whvelength,gp 250 252 281
D 0+826 0°573 0-518
(iv) Tri-p-anisylethoxysilsne C = 0°000264 M.
Wavelength qp 262 281
D 1-097 0779
For runs 3 and 4 a value of rate constant was not given as a
straight line plot was not obtained and it appeared that a p-tolyl

group was also cleaved.

121

282°5

0+ 3005
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Spectra of dimethylethylaminomethyl-p-anisylsilane.

1. In methanol (fresh solution) C = 0°0000400 M,
/\ (m}u) 283 282 281 280 279 278 277 276
A 0+314 0368 0386 0+373 0-359 0°361 0°+388 0426

A (9u) 275 274 273 272 270 268

A 0+453 0461 0-451 0°+434 0-401 0°380
2. In methanol + 255 M HC1lO4 C = 0°0000623 .
of silane

(25 ml of séiutionN 10 ml of aqueous acid)
A (n?x) 284 282 281 280 279 278 277 276
A 0°195 0°3315 0379 0°401 0°403 04402 0°414 0°440
A (1?1) 275 274 273 272 271 270
A 0°470 0492 04506 0:503 0°490 0°474
3. In methanol + 0°001 M HC1Q4 (25 ml of solution of silane + 10 ml
of aqueous acid) C = 0°0000821 M
)\ (n}u) 284 282 281 280 279 278 277 276
A 0°2675 0-450 0°511 0°+5315 0526 0°519 0°+531. 0°567
A () 275 274 273 272 271 270 “
A 06195 0-640 0°6475 0638 0°615 0591
4. In methanol (o0ld solution) C = 0-000082 M
A () 28¢ 282 281 280 279 278 277 276
A 04491 0°670 0+759 0.765 0730 0°712 04740 0+807
)\ (n?1) 275 274 273 272 271 270
A 0+880 0919 O0°917 0+886 0852 (818
S. In methanol and water C = 00000623 M.
A (mp) 284 282 281 280 279 278 277 276

A 0+323 0545 0.601 0.626 0.619 0.612 0.629 0.669
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A (mp) 275 274 273 272 271 270

A 0.712 0745 0752 04739 0.711 0.672

Where A = wavelength

and A = opticel density
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CHAPTER X
Experimental technique for the kinetic investigation

of cleavage of the C-Si bond by bromine.

The bromine cleavage of the silane at 25:0°C was followed by
determination of residual bromine by titration of sodium thio-
sulphate againstthe iodine liberated when a solution of the reactants
was treated with poté.gsium iodide solution. The dead-stop technique
was employed to determine the equivalence point.

Dead-stop technigue.

0.
This method was introduced by Foulk and Bawden.

In the determination of sodium thiosulphate by titration with
iodine solution, the thiosulphate acts as an anode dépolariser. 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, which is
shown by permenent 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.



125

The electrical circuit (Pig.XXIII)
consisted of
Fig.XXIII (a) A pair of platinum electrodes (P)
These were made from platinum wire.
sealed in soda~glass and were approx.
10" long and /4" apart.
v 4 (b) A "Cambridge" spot-galvanometer (G)

©®

of resistance 450 ohms and sensitivity
- 170 mm/})A. It was damped with a 12,500

R ohm sghunt

(c) A fixed resistance (R) of approx.

100,000 ohms.,
(d) A variable resistance (V) of epprox.
10,000 ohnms,
(e) A battery (E) of approx. 1+5 volts.
Apparatus.
A 2 litre stock of sodium thiosulphate solution was connected

through a two-way tap to a 10 ml micro-burette read to 0002 ml.
16
The 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 through which
air was passed. By means of the latter the solution in the flask
could be thoroughly stirred, the alr 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

(&) Sodium thiosulphate

An approximately 0°001 N solution was prepared from
"Analer" sodium thiosulphate and freshly boiled distilled water.
About 01 ml of chloroform per litre was added in arder to stabilise
the solution. The solution was kept in brown bot tles and standard-
ised once a week with potassium iodate solution prepared from "Analar"
potassium iodate dried at 120°C for 1 hour and cooled in a dessicé.tor.

() 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.

(¢) Acetic acid solvent

"May and Baker" reagent grade acetic Pcid was purified
by the method o ORTON and BRAD’.E’IELD.’ls Two and a half litres were
béiled under reflux for about Y2 hour with chromium trioxide (60 gm)
followed by distillation through a shart glass helices packed
column (12" long, 1" diameter),

The first 200 ml of distillate was discerded and the next two

litres collected. Several distillat ions were co~tired andthic wator
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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°C is due to 0°1% of water
distilled water was added until the solution froze at 13°6°C, the
water content then being 1¢5 wt %.

(4) Bromine

"May and Baker" bromine was shaken with an equal volume

of concentrated sulphuric acid and the acid separated. It was then

distilled from potaésium bromide in all-glass spparatus.

Method of following: kinetic runs.
A fresh solution of halogen in aqueous acetic acid (15 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
equilitrium 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 thoroughly
mixed.

(a) Fast runs

Two separate solutions of the silare 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 compartﬁents. The flask was
closed with 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 1075 aqueous potassium’iodide solution. The contents were then
transferred to the reaction vessel with about 100 ml of water. The
time of reactiop'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 silene.
(&) Slow 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 end 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. Af'ter suitable lengths
of time 5 ml samples were withdrawn ard 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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(¢) Yery slow runs

The method for slow runs was carried out but it was
then necessary to transfer samples to sealed tubes and imnmerse
these in the bath. After appropriate lengths of time 5 ml
samples were transferred to the reaction vessel, water added and
titrations carried out as described abéve. "Fast runs" in
general had about 50% reaction completed in 25 minutes whereas
"slow runs" did not. "Very 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
A1l the runs were carried out in a water-filled bath at
25°C, eontrolled by a mercury-contact toluene regulator and heated
by a 60 watt bulb, Stirring was by means of a motor-driven peddle.
The temperature of the bath remained constant within

¥ 0:02°C of the temperature employed.
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Pipettes
For mixing the reactants a 25 ml pipette fitted with a

gside-arm and suction buldb was used. Samples were taken with a
5 ml automatic pipette.
Weighings

These were carried out on an "Oertling" balance using
micro-weighing bottles prepared from small ignition tubes of 4 mm
dlameter shortened to a length of 10-20 mm. The micro welghing
bottle containing a weighed sample was placed in a graduated
flask and solvent added up to the graduation mark, the volume of
the weighing bottle being neglected.

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

(in duplicate) with two different organosilanes at the same
concentration. The times for disappearance of smcific fractions

of halogen were compared directly.

ources error
(a) Reaction of silanes with solvent
The organosilanes were shown spectrophotometrically not
to react with the solvent. A solution of p-methoxy-phenyltrimethyl-
silane had the same spéctrum after 48 hours as when prepared.
(v) s of b tion with solvent or by volatilisatio
A solution of bromine in acetic acid solvent was observed
to give identioal titres over the time of the reactions. The bromine
solution was titrated against thiosulphate each day end it was found

that the solution lost bromine equivalent to 3% after 3 days.



(¢) Reproducibility of the solvent

Two batches (approx. 10 litres) of acetic acid were prepared,
and kinetic results of each batch agreed to 3%. Cleavage of tri-
p-tolyl-p-anisylsilene and tri-m-tolyl-p-anisylsilene 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 agueous 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 0,00156M within 4G hours. Runs with
p~anisylsilanes 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) Accuraey of results

It was not possible at the concentrations used, to record the

end point to within I 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 - 203 and

60 - 1005 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 5% 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 considerabla
overlapping of pairs of reactants was necessary.

(1) Past runs

As the run was not continuous and each titration was deter=-
mined sepearately, 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 27 (runs 19 and 21, and
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runs 27 end 28), Some runs were carried out where the initial con-
centrations of silane and bromine were not the same, from runs 26 and
28 and 34 and 25 agreement was to within 17 with those in which the
initial silane and bromine concentration was the same,

(111) Very slow runs

No such runs were carried out for the series of
p-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 speoified 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 silanevbefore they were
mixed.

Runs were carried out in duplicate and each run and its
duplioate were plotted on a time-titre graph, and the times required
for removal of various fraotions of the bromine were obtained from a
smoothed curve through the points, All runs were carried out in
1.5 wt 9% 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]] = O0.00I6I M
T ime Gm. 4m. 40s. 14m. 15s. 25m.
Titre ifeGifO 4216 3.476 2.938
Time 36m, 40s, 76m. 15s. l1lém. 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]] = 0.00161 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-Banisylsilane

Triphenyl-£-anisylsilane

Reaction % 10 20 30 40
0.11 0.12 0.12 0.12

Average = 0.12



Run No. 3. Tri-m-chlorophenyl-p-anisylsilane
[silane]] = [BromineJ = 0.00l1l6l M
T ime (min) 0 26 55 122 148
Titre 4.640 4.500 4.340 4.050 3.938
Time (rain) 410 478 525 590 672
Titre 3.090 2970 2.844 2.758 2.644
(Duplicate)

Time (min) 0 30 60 165 211
Titre 4.640 4.498 4.320 3.864 3.730
Time (min) 371 431 516 594 676
Titre 3.196 3.040 2.880 2.738 2.646

Relative rate Tri-%-chlorophenyl-p-anisylsilane

Triphenyl-f-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]] = 0.00161 M
T ime (rain) 0 66 152 228 322
Titre 4640 4.454 4.290 4.158 3.978
Time (min) 538 1215 1345 1449 1645
Titre 3.638 3.020 2.936 2.844 2.788

137

220
3.680

760
2.530

260
3.556

768
2.520

408
3.840

1815
2.672

270
3.520

348
3.300

472
3.726
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(Duplicate)
Time (min) 0 73 157 235 327
Titre 4.640 4.446 4.282 4.106 3.966
Time (min) 478 543 1350 1455 1653
Titre 3.758 3.640 2.900 2 .842 2.758
Relative rate Tri-ti-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-chlorophenyl-p-anisylsilane
[silane j = [Bromine]] = 0.00187 M

Time (min) 0 27 69 111
Titre 5.400 5.196 4.880 4.648
Time (min) 201 248 310 396
Titre 4.096 3.940 3.708 3.410
Time (min) 556 630 693 764
Titre 3.046 2.896 2.736 2.638

(Duplicate)
Time (min) 0 19 60 103
Titre 5.400 5.204 4.934 4.660
Time (min) 196 258 321 389
Titre 4.154 3.940 3.682 3.446
Time (min) 548 622 686 758
Titre 3.058 2.888 2.762 2.638

419
3.834

1823
2.652

144
4.418

469
3.246

135
4.472

462
3.24s



139

Run No, 6. Tri-o-tolyl-p-anisylsilane
ESilane] = EBromine] = 0.,.00187 M

Time (min) 0 60 161 198 222 287
Titre 5.400 5,150  L4.8L40 Lo 742 4.638 4.470
Time (min) 354 44O 519 690 1395

Titre L.31k  LaA24 3.946 3.612 2.77h

(Duplicate)

Time (min) 0 76 166 345 433
Titre 5.400 5.098 4.820 L.326 4.118
Time (min) 513 604 695 1400 159
Titre 3.926 3.746 3.556 2.734 2.590

" Relative rate Tri-g-tolyl-p-anisylsilane

Tri-m-chlorophenyl-p-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
ESilané] = EBrominé] = 0,000283 M

Tine 0 3m. Os. 10m. 45s. 19m. 45s.,
Titre 5.480 5.302 L.724 L.274
Time 29m. 3s. 49m. 25s. 107m. Os. 13m., Os.

Titre 3.858 3,342 2.530 24342
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(Duplicate)

Time 0 5mo 153. 13111- 303. 231‘3. 55.
Titre 5.480 5.058 4,522 3.952
Time 38m- 555. 117m. OS. 151111. OS. 187!11. BOS-
Titre 3,588 2464 2,272 2.040

Run No. 8. Dimethylethylaminomethyl-p-anisylsilane
ESilanej = EBromine] = 0.,000283 M

Time 0 1m, 85. hm. )-6-550 7m- l{-55- 10n. 555.
Time 14m. 28s. 18m. L4Os. 23m. 588, 32m. 50s. 45m. 503,
Titre 2,504 2.348 2.19h' 1.974 1.784

(Duplicate)

Time 0 4m. Ls, Lm. 38s. 7me 4383,
Titre 5.480 4.502 3.600 3.184
Time 10n. L47s. 14m. 2s. 32m. 25s. L5m. Os.
Titre 2.896 2.646 1.974 1.894

Relative rate Dimethylethylaminomethyl-p=-anisylsilane

Tri-p-tolyl-p-anisylsilane
Reaction % 10 20 30 L0 50 60
14.0 12.0 8.8 7.6 7.2 6.5

Run No. 9. Tri-(p-trimethylsilylmethylphenyl) -p-anisylsilane
[Silanej = [Bromine] = 0.,000283 M

Time 0] im. 12s. 5m. 33s. 9m. 50s. 13m. 28s.
Titre 5.480 5.316 L.732 L.320 20932
Time 17m. 35s. 22m. 35s. 28m. 50s. 3%m. 30s. 49m. 50s.

Titre 3.600 3.256 2,814 2.188 1.736
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(Duglicate)

Time 0 1m. 10s. 4m. 35s. Om. 12s.
Titre 5.480 56304 4. 82) L4426
Time 15m. Os. 3m, 30s. 53m. 10s, 67m. L5s.
Titre 3.82. 2.530 1.590 14220

Relative rate Trifgg;trimethylsilylmethylphenyl)-g-anisylsilane

Tri-p-tolyl-p-anisylsilane

Reaction % 10 20 30 40 50 60
1.9 1.9 2.1 243 2.9 3.9
Run No. 10. Tribenzyl-p-anisylsilane
[silene] = [Bromine] = 0.000283 M
Time 0 im. 7s. Sm. 5s. 9m, 10s. 12m. B5h4s.
Titre 5.480 4.850 3.410 2,762 2.360
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 im. 7s. khm. 15s. 8m. 3s, 14m. 57s.
Titre 5.480 L, 864 3.632 2.960 2.486
Time 15m. 3530 191!1. 105. 22m0 5530 29m. }530
Titre 2,246 2.042 1.888 1.656
Relative rete Tribenzyl-p-anisylsilane
Tri-p-tolyl-p-anisylsilane
Reaction % 10 20 30 40 50 60
8.7 8.7 8.7 8.7 9.0 9.7
Averace = 8.7




Run No. 11.

Triethoxy-p-anisylsilene

Ebilané] = Eﬁrominé] =

0.0001 6L N
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Blank = 0,236 ml.

Time 0 Lm. 3%0s. 10m. 5s. 15m. 2bs.
Titre 2,166 2.920 2,734 2.516
Time 25m. 50s. 54m. 50s. 83m. Os., 117m. Os.
Titre 2.168 1.676 1.29, 1.086

(Duplicate)
Time 0 1m. 20s. 6m. 50s. 12m. 10s, 2hm. 20s.
Titre 3.166 3.190 2.880 2.640 2.238
Time  34m. 35s.  L7m. Os. 66m. Os. 93m. Os.  120m. Os.
Titre 1.968 1.744 1.506 1.214 1.038
Run No. 12. Chloromethyldimethyl-n-enisylsilane

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

Time 0 3me 4Os. 6m, 40s.
Titre 3.166 2.100 1.656
Time 9m. 3b5s. 25m, 30s. 31m. 35s.
Titre 1450 0.980 0. 904

(Duplicate)
Time 0 1m. 2s. 3m. 5b5s.
Titre 3,166 2.806 2.028
Time 10m. Ls. 13m. 5s. 16m. 3s.
Titre 1.404 1.194 1.130

(Triplicate)
Time 0 1m. 35s. Lm, 5s. Sm. 25s.
Titre 3,466 2.726 2.006 1.464
Time 12m. 35s. 15m. 35s. 3Mm. 30s.
Titre 1.280 1134 0.954
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Relative rate Triethoxy-p-anisylsilane

Chloromethyldimethyl-p-anisylsilane
Reaction 9 10 20 30 L0 50 . 60 70
0.13 0.12 0.12 0.12 0.13 0.13 0.1k

Average = 0,13

Run No. 13. Diphenylmethyl-p-anisylsilane

(silene] = [Bromine] = 0.000164 M Blank = 0.236 ml.
Time 0 1m. 30s. 5m. 30s. 10m. 25s.
Titre 3.166 3.7 2.670 2,300
Time 22m. 30s. 24m. Os. L6m., 15s.
Titre 1.820 1.710 1.502

(Duplicate)

Time 0 im. 30s. én. 3s. 9m. 50s.
Titre 2,166 3.190 2.708 2.306
Time 29m. 15s. 54m, 30s. 66m. L5s.

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% L3 53 €6
Titre 1.620 1.496 1.398 1.300

Relative rate Diphenylmethyl-p-anisylsilane

Chloromethyldimethyl-p-anisylsilane
Reaction % 10 20 30 L0 50 60
0.23 0.23 0.24 0.24 0.2k 0.22

Average = 0,23
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Run No. 1L. Tetra-p-snisylsilane

[silane] = [Bromine] = 0.000164 X Blank = 0.236 nl.
Time 0 1m. 5s. 7m. 35s. 11m. 6s.
Titre  3.166 3.058 2,046 1.610
Time 17m. 50s. 21m. 18s. 25m. 10s. 3%2m. Os.
Titre  1.076 0,920 0.870 0.750

(Duplicate)

Time 0] 3m. 50s, 7m. 18s., 10m. 31s.
Titre 3.166 2.556 2.084 14740
Time 13m. 45s. 17n. 8s. 25m. 50s.
Titre 1.458 1.124 0.816

(Triplicate)

Time 0 im. 3s. 7m. 251, 10m. 30s.
Titre 3.166 2,510 2.104 1,708
Time 13m. 20s. 16m. 18s. 19m. 3s.

Titre 1.394 1.272 1.042

Relative rate Tetra-p-anisylsilane

Diphenylmethyl-p-anisylsilane
Reaction % 10 20 20 L0 50 60
241 1.8 1.8 2.0 2.5 3.3

Run No. 15, Chloromethyldimethyl-p-anisylsilane

[silane] = [Bromine] = 0.000130 M Blank = 0,236 ml.
Time 0 Om. 30s. 1m. Os. 1m. 30s. 2m. Os.
Titre 5,238 L.720 L.L32 4.208 3,726
Time  14m. 25s. 18m. Os. 28m. Os. 36m. Os.

Titre 2.166 1.992 1.764 1.554



(Duplicate)
Time 0
Titre 5.258
Time 4dm. 30s.
Titre 3.236

Run No. 16.

Om. 45s.
4.640

8m. Os.

2.698

[silaned = [Bromine]
Time (sec) 0 9&
Titre 5-378 3.900
Time (sec) 25 45
Titre 2.944 2.404
(Duplicate)

Time (sec) 0

Titre 5-722 4.060
Time (sec) 35 45
Titre 2.964 2.780

Relative rate

. o)
Reaction ©

Average = 17.

Run No. 17.
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2m. Os.

4.142

33m.

Trime thyl-p-anisylsilane

0,000130 M

102
3.792

60
2.188

15
3.902

60
2.462

Trimethyl-p-anisylsilane

30s .
1.702

15
3.400

90
1.920

20
3.554

90
2.264

Chloromethyldimethyl-£-anisylsilane

30
16.0

17 .0

17.0

0

[SilanedJ = [Bromine]
Time (min) 0 ii
Titre 7.610 6.602
Time 223 381
Titre 3.724 2.688

60
17.0

Tri-p-tolyl-p-anisylsilane
0.000821 M

6%
5.684

701
1.504

70

17 .0

17|
4.336

99-1
1.200

3m. Os.
5-634

20
5.192

Blank
0.356

25
3.356

Blank
0.700

194

4.064



(Duplicate)

Time (min) 0 3 53 83
Time (min) 153 273 343 723
Titre 4.400 3,360 2.930 1.562
Run No. 18. Diphenylmethyl-p-anisylsilane
(silene] = [Bromine] = 0.000821 M
Time (min) 0 3 12 23
Titre 7.610 5.810 5.054 L.558
Time (min) 73 173 293 553
Titre 2.750 1.490 1.000 0.802
(Duglicate)
Time (min) 0 3 23 73
Titre 7.610 5.86L L.4S6 2,704
Time (min) 352 522 793 993
Titre 0.802 0. 70L 0.548 0.514
Relative rate Diphenylmethyl-p-anisylsilane
Tri-p-tolyl-p-anisylsilane
Reaction % 20 30 40 50 60
5.6 5.2 5.3 563 5.1

Average (30-70%) = 5.2

Run No. 19.
(silane| = [Bromine]| = 0.000670 M

Tri-p-tolyl-p~anisylsilane

Time (min) 0 13 2%
Titre 6.732 6.390 6.088
Time (min) 73 103 273
Titre 5,242 %.830 3,212

146

’{
Py

5.252

3
Py

3.654

75%
0.592

143
1.682

80
4.5

70
L.9

3
g

5774

LES
2.55L



(Duplicate)
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Time (min) 0 13 52 73 143

Titre 60732 60&-21}- 5.626 5-1311- )-&-06516—

Time (min) 143 173 233 312 103

Titre 4.318 4,000 3,632 3,176 2.610

Run No. 20, Tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane
[silane] = [Bromine] = 0.000670 M

Time (min) 0 1m. 5s. 13 23 L3

Titre 6.732 6.314 5.812 5.510 5.010

Time (min) 133 192 33 562 702

Titre 3.256 2.280 1.528 0.978 0.844

(Duplicate)

Time (Qin) 0 3 13 33

Titre 6.732 64490 5.880 5.002

Time (min) 63 153 223 €23

Titre 4 .4,00 2,970 1.896 0.854

Relative rate Tri-(g-trimethylsilylmethylphenyl)fg-anisylsilane

Tri-p-tolyl-p-anisylsilane

Reaction % 10 20 30 L0
2.0 2,0 2.0 2.1
- Run No. 21. Tri-m-tolyl-p-anisylsilane

[Silane| = [Bromine] = 0,000670 M

Time (min) 0 132 43 73
Titre 6.732 6. 354 6.214 5.910
Time (min) 193 293 403 693
Titre L.972 L .,6L2 3,956 3.2,

50 60
2.2 2.4

112
5.686

ol
7

2,37k



(Duplicate)

Time (min) 0 23 3
Titre 6.732 6.270 6.082
Time (min) 303 KPS 622
Titre L.470 2.896 3,274

Relative rate Tri-p-tolyl-p-anisylsilane

Tri-p-tolyl-p-anisylsilane

Reaction % 10 20 30 L0
0.48 0.7 0.44 0.45

Average = 0.46

Run No. 22, Tri-p-tolyl-p~anisylsilane

Csilane] "= [Bromine] = 0.000670 M
Time (min) 0 13 23
Titre 6.728 6,326 6,086
Tine (min) 132 263 353
Titre L 448 3.358 2.826

(Duplicate)

Time (min) 0 , 13 33
Titre 6.728 6. 354 5.750
Time (min) 173 253 382
Titre 4,006 3,366 2.724

Run No. 23, Tri-m-tolyl-p-anisylsilane
[silane] = [Bromine] = 0.000670 M

Time (min) 0 1m. 5s. 23
Titre 6.728 6.502 6.352
Time (min) 72 113 193
Titre 5.916 5.636 5.088
Time (min) 382 563 7132

Titre LF.OOB 30&-5&' 3.076
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83
5.718
983
2.566

50
0.46

3
P

5.522
463
2.492

3
3

5.252
523
2.200

L3
6.232
263
1,600

60
Oa}+5

192
5.0L0

3

g

5.002
652
1.802

123
Lo 162
Thi
1.820



Time (min)
Titre
Time (min)
Titre
Time (min)

Titre

Relative rate Tri-p-tolyl-p-anisylsilane

(Duplicate)

0
8.728
82
5.836
38%
1.076

12
6.498
163
5.272
453
3,822

Reaction %

Run No. 24L.

23
6.388
203
5,008
682
3 . 1 71‘"

Tri-p-tolyl-p-anisylsilane

10
0.46

20

0.45

Average = Q.45

30
0.45

Diphenylmethyl-p-anisylsilane

L0
0.46

[silane] = [Bromine] = 0.000588 M

Time (min)
Titre

Time (min)
Titre

Time (min)

Titre

Time (min)

Titre

0 2
573k L.886
82 152
2.512  1.770

(Duplicate)
0

5.734  4.992
183
1.602

113

2.128

3

4

13
L.230
233

14366

12

4,208

26X
1.326

3
4

3.166

323
1.412

149

W3
6.236
3%
L4048
822
2.866

50
0.4

)
Blos

3,004

0.842

3
4

2.572

423
0.878

60
O.43



Run No. 25. Tribenzyl-p-anisylsilane
[silene] = [Bromine] = 0.000588 M

Time (min) 0 3 13 23
Titre 5.73L  4.362 3.548 3.110
Time (min) 113 152 223 294
Titre , 1.536 1.290 1.020 0.862
(Duplicate)
Time (min) 0 3 23 L2
Titre 5.73L  L4.316 3.014 2.372
Time (min) 82 112 173 253
Titre 1.770  1.578 1.238 0.948

Relative rate Tribenzyl-p-anisylsilane

Diphenylmethyl-p-anisylsilane
Reaction % 20 30 40 50
1.9 2.0 1.9 2.0

Average = 2.0

Run No. 26, Triphenyl-p-anisylsilane

[(silane] = [Bromine] = 0.000680 M
Time (min) 0 10 35 57
Titre L.,635 L .05, 3,330 2.83L
Time (min) 96 130 162 19,
Titre 2.212 1.928 1.696 1.554

(Duglicate)

Time (min) 0 7 17 29
Titre L.635  4.238 3,846 LIRBNA
Time (min) 90 128 155 214

Titre 2,306  1.932 1,726 1.398

150

63
1.968
364
0.706

5m. 55s.
2,072

30%
O- 870

60
2.0

69
2.630

254
1.324

56
2.860

70
1.9
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Run No. 27.
Csilene] = [Bromine] = 0.0C0680 M

Tri-m-tolyl-p-anisylsilane

Time (min) 0 7% 22% 33 463

Titre L.635 L.216 34390 3.088 2,714

Time (min) 59 73% 90% 123 158%

Titre 2,388 2.252 1.978 1.666 1.438
(Duplicate)

Tine (min) 0 11 2% 3 L7%

Titre L.635 2,926 3,39, 3,06L 2.640

Time 63% 81% 113 148

Titre 2.346 2.082 1.742 1.456

Relative rate Tri-p-tolyl-p-anisylsilane

Triphenyl-p-anisylsilane
Reaction % 10 20 30 40 50
1.4 1.4 14 1.4 1.4

Average = 1.4

Run No. 28, Tri-p-tolyl-p-anisylsilane

. [ﬁilang] = I:Brominql = 0,000680 M

Time 0 2m. Ls. ém. 8s. 11m. 2s.

Titre L.635 Lo 3k 3,832 3,360

Time 24m, 56s. 34m. 51s. L45m. 50s. 59m. 3Ls.

Titre 2QZIJ+O 2.036 1 07)4-2 1 011-52
(Duplicate)

Time 0 2m. 415s. Tme 3s. 11m. 48s,

Titre L.635 4.282 3,600 3.192

Time 26m. 47s. 36m. 18s. Lhym, 48s, 56m. 48s.

Titre 2,310 1.966 1.766 1.478

60
1ol

16m. 16s.
2.926

80'm. 385 .
1.238

20m. 18s.
2.662

70m. Eb5s.
1.370



Relative rate Tri-p-tolyl-p-anisylsilane

Triphenyl-p-anisylsilane

152

Reaction % 10 20 30 40 50 60
362 33 3.3 3.3 3e3 3ok
Average = 3.3
Run No., 29. Tetra-p-anisylsilane
[silane] = [Bromine| = 0.000372 ¥
Time (sec) 0 5 10 15 20
Titre 3.63’-&- 3059L|> 30598 50316 3.21}4-
Time (sec) 25 30 55 1) 165
Titre 3.096 3.050 2,94k 2,76  2.17L
(Duplicate)
Time (sec) 0 5 10 15 20 25
Titre 3.634 3.566 3.396 2,280  3.196 3.116
Time (sec) 30 55 75
Titre ' 3.090 2.950 2.720
Run No. 30, Chloromethyldimethyl-p-anisylsilane
[silane] = [Bromine ] = 0.000372 M
Time (sec) 0 10 15 25 35
Titre 3.63L 3.278 3.100  2.84,0  2.6LL
Time (sec) 45 55 85 135 255
Titre 2.548 242 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 2,32 1.970
Time (sec) 165 285 L35
Titre 1.67k4 1.300 0.890



Relative rate Tetra-p-anisylsilane

Reaction %

Chloromethyl-p-anisylsilane
5 10 15
0.56 0.57 0.53

Average = 0.55

153

Run No. 31, Tri-p-~tolyl-p-anisylsilane

[silane] = 0,000617 M [Bromine ] = 0.000666 M
Time (min) 0 13 123 20%
Titre 9.066 8,644 6.390 5.498
Time (min) 343 W73 563 724
Titre L,282 ~ 3,620 3.%30 2.804

(Duplicate)

Time (min) 0 13 103 18% 2L 3
Titre 9.066 8.650 6.668 5.834 5.002
Time (min) 413 58% 79% 9503
Titre 3.812 3,292 2.562 2.358
Run No. 32, Tri-(p-trimethylsilylmethylphenyl)-p-anisylsilane

[silane| = 0.000617 M [Bromine] = 0.000666 M
Time (min) 0 23 43 83 113
Titre 9.066 7.810 a6 5.530 L.572
Time (min) 18% 23% 293 393
Titre 3.182 2.522 1.684 1.354

(Duplicate)

Time (min) 0 % 1% %
Titre 9.066 8.4.30 7.890 Te23)
Time (min) 53 10% 123 283
Titre 6.322 5.098 L, 300 1.714
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Relative rate Tri-(grtrimethylsilylmethylphenyl)1Q—anisylsilane

Tri-p-tolyl-p-anisylsilane

Reaction % 10 20 30 L0 50 60 70
2.0 21 2.2 2.4 2.6 2.9 3.5
Run No. 33, Dimethylethylaminomethyl-p-anisylsiliane
[(silane | = 0.000617 M [Bromine ] = 0.000666 ¥
Time (min) o] % 13 3%
Titre 9,066 7« 90k 6.096 5.416
Time (min) 52 + 102 163
Titre 4.298 3.77h 2.840 24222

(Duplicate)

Time (min) 0 L 13 23 3
Titre 9,066 76910 6014 5.562 5.072
Time 5% 2 73 10% 153
Titre L.288 L.160 5.61# 3,012 2.330

. Relative rate Dimethylethylaminomethyl-p-anisylsilane

Tri-p-tolyl-p-anisvlsilane

Reaction % 10 20 30 L0 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 [Bromine] = 0.000899 M
Tinme (min) o} 7 ' 18 32% L9
Titre 6.120 5.526 L.732 %.082 3.436
Time (min) 60 83 126 159%

Titre 3.140 2.660 2,09, 1.866
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(Duplicate)

Time (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 Im. 51s. ém. 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 1.746 1.462

(Duplicate)
Time 0 Ira. 40s. 5m. 44s. 10m. 16s. 14m. 52s
Titre 6.120 5.656 4.724 4.026 3.484
Time 21lm. 13s. 29m. 28s. 41m. 57s. 50m. 3s. 65m. 8s.
Titre 2.966 2.484 I.908 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

[silaneJ = FBroraine] = 0.000921 M
Time 0 ém. 15s. 1lm. 36s. 17m. 4ls. 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 "~ Lm. 45s.  10m. 50s.  19m. 10s.  3m. 3s.
Titre L4582 4,084 3,568 3.112 2.592
Time 43m. 55s. 57m. 30s. 73m. 55s8. 89m. 5s. 106m. 3L4s.
Titre 26222 14920 1.638 1.490 1.310
Run No. 37. Chloromethyldimethyl-p-tolylsilane

[Silané] = 0.00145 M [Brominé] = 0.00156 M
Time (min) 0 98 160 215 342
Titre 19,026 16.266 14..874 13.978 12.780
Time (min) 370 14,98 622 730
Titre 12.110 10,608 9,676 8.900

(Duplicate)

Time (min) 0 90 - 155 207 305
Titre 19.026  16.310  1L.966 14,100  12.830
Time (min) 365 495 615 725
Titre 12.160  10.5,0  9.800 8.978
Run No. 38. Tri-m=tolyl-p=-anisylsilane

[silene] = 0.00145 M [Bromine ] = 0.00156 M
Time (min) 0 2 12 22% 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
Titre 19,026 12,552 10.788 9.056
Time (min) 1A 53 70 175

Titre 7.408 6.526 5.640 3,044
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Relative rate Chloromethyldimethyl-p-tolylsilane

Tri-m-tolyl-p-anisylsilane

Reaction % 10 20 30 L0 50
0.035 ©.035 0.035 0.035 0.03%6

Average = 0,035

Run No. 39, Dimethylphenyl=-p~-anisylsilane
Eﬁilanéj = Eﬁrominé] = 0.,000406 M

Time 0] 20s. 30s. L5s. 755,
Titre 3.960 2.274 2,072 1.646 1.278
Time 1me 458 2m. L5s. Zm., L45s. 10m. 45s.

Titre 1.080 0.834 0.758 0.574

(Duplicate)
Time 0 20s. 30s. 45s. 1m. 15s.
Titre 3.960 2.216 1.918 1.620 1,238

Time 1m. Lbs. 2m. 45s. Lm. 458 bm. 30s. 9m. 153,
Titre 1.050 0.836 0.726 0.612 0.500

Run No. 40. Tribenzyl-p-anisylsilane
| silene] = [Bromine] = 0.000406 M

Time 0 3 13 23 3
Titre 3.960 3.330 2,778 2.518 2.152
Time 73 103 163 323
Titre 1804 1.518 1.202 0.896

(Duplicate)

Time (min) 0 3 13 23 33
Titre 3,960 3.408 2.900 . 2,586 2,400
Time (min) 53 93 155 243 3,3

Titre 2.058 1.648 1.240 1.020 0.902



158a

Relative rate Dimethylphenyl-p-anisylsilane

Tribenzyl-p-anisylsilane

Reaction % 30 40 50 60 70
1.0 12.0 12.0 12.0 12.0

Average = 12.0

Run No. 1. Tri-m-chlorophenyl-p-anisylsilene
[Silane | = [Bromine] = 0.000841 M

Time (min) 0 68 157 241, 347
Titre L.10k4 3.930 3,780 3,598 3,414
Time (min) 438 536 606 717
Titre 3.276 3.133 3.082 2.948

(Duplicate)

Tine (min) 0 53 133 230 423
Titre Lod 0L 3499 3.838  3.610 3.29
Time (min) 510 575 639 702
Titre 3,202 3.110 3,042 2,962

Runs 1-16 and 22 and 23 were carried out in the second batch

of solvent.

Runs 17-21 and 24=-41 were carried out in the first batch of

solvent.



Cyclic organosilioon compounds

~

Run No,1 5,5-Dimethyldibenzosilole N I _
[Brg] = 0000899 M. [Silane] zM?'O'O%Bﬁ M

Time (hours) O 20 44 - 71 140 165

Titre 64120 5°152 4+314 3.844 3.056 24798
(Quplicate )

Time (hours) O 18% 42 69 138 163

Titre 6+120 5:202 44346  3.806 3.104 24796

Relative rate 5,5~dimethyldibenzosilole
Triphenyl-p~anisylsilane
Reaction % 10 20 30 40 50
0-0090 0°00% 00096 00088 0+0078
Average for first 40% = 0.0092 2 0-0004
Run No.2 10~Dimethylphenoxasilin @SiD

[Bra] = 0.000899 4 [Silane] £ 0. oBs32 1

Time 0 30 99 163 231 304
Titre 64120 5.806 5312 4.836 4.358  3.972
Time 449 557 640

Titre 3128 2742 2+436

(Duplicate)

Time 0 42 108 173 241 314
T4 tre 64120 5.672 5212 4.670 4.276  3.850
Time 439 546

Titre 3.102  2.800

Relative rate 10,10-Dimethyl i
Triphenyl-p-anisylsilane
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1 308
24516 2-022

192 308

2586 2-004

361
3-640

372

3564
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Reaction % 10 20 30 40
0¢104 0-106 0-112 0-119

Average = (0110 : 0+005
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CHAPTER XI

Experimental Technique for the Kinetic Investigation

of Cleavage of the C = Si bond by Mercuric Acetate

Cleavsge of silanes by mercuric acetate in acetic acid was
followed by the titration of the mercuric ions with potassium
thiocyanate in the presence of dilute nitric acid and using ferric
alum solution as indicator.

As observed by Kolthd'f and Stenger *e a poor end point was
observed in this titration, a colour change to light brown being
recarded over 0°2 ml, of thiocyanate solution. For the more
concentrated solutions ( ) 0°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 épot. The mercuric
acetate solution used for cleavage was first standardised, the end
point being dgtermined to a specific colour; the galvanometer deflection
to give this colour change was recorded and all subsequent titration
readlngs 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 taken 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 through 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 materialg

(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
80lid 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 welighing bottles.

(¢) 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.

(@) Mercuric acetate

"May and Baker" reagent grade was used without further
puarification.

Method of following kinetic runs
A fresh solution of merocuric acetate in aqueous acetic acid (20 wt %)
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was placed in the 500 ml. round bottomed flask in the thermostat bath
gllowed to reach bath temperature and 5 ml. standardised against
potassium thiocyanate solution. Solutions of organocsilancs 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 thcirllow solubility in the solvent, it was more
convenient to dissolvecm95% of the silane before standardisation of

the mercuric acetic solution. Usually it took about 1 week for the
silane to dissolve. Runs were aslow ( 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 pagel28).

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 falls 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 759 itwas 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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by Brown and McGeLry“ ‘and was therefore not used.

(b) Titration errors

Because of the very dilute solutions used the end point was

difficult to establish., For the very dilute solutions ( < 0-000896M)
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 much as 10% throughout
a run but in the majority, the variation was not greater than 5%.

These are large errors but general oconclusions 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
equivalent 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 ard 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 concentratiomsof merocuric acetate and silene

before mixing the solutions are given.



Run No,1 Triphenyl-p-anisylsilane
[silene]= [Hg(0Ac)a] = 0000386 M.

Time (hours) O

Titre 6550
240
5782

(Duplicate)

Time (hours) O

Titre 6550
271
5756

68 114
6°252 6+078
337 401
5700 5+606
48Y, 98
6344 6+080

341
5682

No Tri-p-tolyl-p-anisylsilane

[si1ans]= [Hg(0Ac)s] = 0°000386 M.

Time (hours) O 18 44
Titre = 6°550 6°308 - 6°042
266 331
5+460 5¢352

(Duplicate )

Time (hours) O 18%/, 44%,

Titre 6+550 6°328 6080
265 3R

5¢434 5°320

Relative rate Tri-p-tolyl-p-anisylsilane

Reaction %4 16 20
2+65 2+50 2°49

Average = 2°53 X006
Run No,3 Tri-m=<tolyl p-anisylsilane
[silane]= [Hg(0Ac)a]= 0°000386 M.
Time (hours) 0 21 46
Titre 6°550 6+3%4 6°260
170 268 33
5762 5634 5°552

163
5934

130
6034

67
5896

89
5816

Triphenyl-p-anisylsilae
24 28

2°46

6-010

196
5866

162
5968

124
5690

124
5700

126
5+838

161

167
5648

167
5622



RPun No.,4 Tri-p—-chlorophenyl-p—anisylsilane

[si1ane]= [ig(0Ac)s] = 0-000386M.

Time(hours) O 72 118 168 245 340 416
Titre 6+550 6392 6.296 6.178 6-082 5926 5840
(Duplicate)

Time(hours) O 72 118 168 245 340 416
Titre 6-550 6.388 6.300 6.162 6.096 5.966 5.882

Relative rate  Tri-p-chlorophenyl-p~anisylsilane

Triphenyl-p-anisylsilane
Reaction % 8 12 16 20 24
0499 0495 0-484 0-496 0-504

Average = 0495 £ 0.004

Run llo.5 Dimethylphenyl-p-anisylsilane

[snane] = [Hg(OAc )2] = 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
Titre 6.550 6-250 5-968 5-732 5-426 5-096 5-024

Relative rate Dimethylphenyl-p-anisylsilane

Triphenyl-p-anisylsilane
Reaction % 12 16 20 24
69.0 66+5 703 69.0

Average = 687 ¥ 1.1

Pun No.6  Trimethyl-p-anisylsilane

[Silane] = [Hg,(OAc)g] = 0.000386M
Time 0 1'25"  4'30"  14'30" 29 84 194

Titre 6.550 6.478 6-138 6-058 5-.828 5463 5-442

162

1616

4-992



163

424 1144
5138 44330
Duplicate
Time 0 53 100 136 232 277 317 362
Titre 6550 5-780 5-648 5518 5353 5306 5-246 5-182

Relative rate Trimethyl-p-anisylsilane

Dimethyl-phenyl-p-anisylsilane
Reaction % 32 36 40 44
2.95 2.82 2.72 = 2.78

Aversge = 2:82 ¥ 0.07

phenyl

Run No,7 Dimethylap-anisylsilane
7 Bilane] = ([Hg(Oko)s) = 0-000869M

Time 0 15 50 77 125 202 315 600 708

Titre 14.750 120284 11.542 11.408 11.124 10800 10456 10032 9890

Duplicate
Time 0 21 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-anisylailane

[sitane] = [Hg(0Ac)s] = 0-CO0BGM
Time 0 87 137 260 330 450 607 730
Titre 14.750 13-134 12.698 12330 11.986 11.802 11.536 11.444
Duplicate
Tine 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 Dimethylphenyl-p-anisylsilane
Diphenylmethyl-p-anisylsilane

Reaction % 12 16 20 A4 28
10.2 10-1 10-1 9.95 10-6
Average = 10.24 2 0.02
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Run No,9 Tetra(p-anisyl)silane

[Sila.ne] - [Hg(OAc)z] = 000194
Time 0 2m.253. 6m. 558, 13m.45s., 32 85 134
Titre 5,700 5.344 5.224 5.090 4,962  L.554  4.340
Time 218 362
Titre L4.158 4.068
Duplicate
Time 0 2 ém, 30s., 17 33 93 207 336
Titre 5.700 5.4L04 5.230 | 5.112 4,952 L4700 L4.186  3.93L

Run No,10 Diphenylmethyl-p-anisylsilane

[Silane] = [Hg(OAo)Z] = 0,00194Y
Time 0 95 163 223 350 413 479 1180
Titre 5.700 L.874% L.536 Le42h 4,190 L.056  4.006 3,250
Duplicate
Tine o 18 38 65 125 168 230 368
Titre 5.700 5.464  5.244 L 99 4.692  4.502  L.420 L4204
Time L18 L8l

Titre 4,088 4,026

Tetra(p-anisyl)silane
Diphenylmethyl-p-anisylsilane

Relative rate

Reaction ¥ 10 20 30 L0 50
9.81 3.27 2.33 1.97 1.77
The relative rate was taken as that for the first 10 of reaction
Run No.14 Tri(m-chlorophenyl)-p-anisylsilane
[Silane] = [gg(OAo)z] = 0.00194X
Time (hours) 0 29% L3 74 91F 114 141 168




165

Duplicate
Time (howrs) O 2%/ 43 74 912 141 168
Titre 5¢700 5+302 5.078 4.850 4.706 4.538 4.380
Relative rate  Tri(m-chlorophenyl )-p-anisylsilane
Diphenylmethyl-p—~anisylsilane
Reaction % 10 20 30 40
0.0197 00206 0+0209 0-0223

Average = 0.0217 : 0.001

Run No,.12 Tribenzyl-p-anisylsilane
[si1ane] = [Hg(OAc),] = 0.00194H
Time (hours) O 2/, 6Ya 10%4 235 32Y/, 54Y/5

Titre 5700 5398 5-030 4-946 4.768 4.700 44460

Tine(hours) 72 121Y/, 148Y3
Titre 44424  4.224 44174
Duplicate
[silane] = [Hg(0Ac)s] = 0-001941
Time (hours) 0O 23 6Y/a 25%/3 32Y/, 541/ 04Y/3
Titre 5¢700 5:370 5050 4702 44630  4.544 4302
Time(hours) 121/
Titre 4220

Relative rate Tribenzyl-p-anisylsilane
Diphenylmethyl~p=anisylsilane
Reaction % 10 20 30 40 50
0152 0-162 0-100 - 0-061 0043
The relative rate was taken as that for the first 20%

Averspe = 00157 ¥ 0.005
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Run No.13 Diphenylmethyl-p-anisylsilane
[silane] = [Hg(OAc)s] = ©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 -

Tine 0 57 115 222 33 454 574 708
Titre 3600 3238 2493 2596 2-448 2.286 2.068 2-022

Run No.,1l4 Dimethylchloromethyl-p-anisyleilaene

[silane] = [Hg(0Ac)a] = 0004791
Time O  4.45  8.40 26 13 280 365
Titre 3.600 2.958 2.880 2.734 2.514 2.366 2.252
Duplicate
Time O 6 25 54 112 259 346 488 616
Titre 3.600 2.900 2.708 2.598 2.524 2.396 2.314 2205 2118

Relative rate Dimethylchloromethyl-p—anigylsilane
Diphenylmethyl-p-anisylsilane
Reaction % 30 40 50 60
2040 18+4 6:84 2418

The relative rate was taken as that for 30% and 40%.
Average = 19.2 % 0.8
Run No, 15 p-tolyltrimethylsilane
[silane | = [Hg(04):] = 0.00479
Time 0 6 10-15 16435 355 7515 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 5276 5:074 6746 4648 4+464 44254 3.830 3.574

Run No,16 p-tertiarybutylphenyltrimethylsilane

[silane] = [Hg(0Ac)s] = 0.00479
Mme O 6 16 32 52 70 112 242
Titre 6.170 5.960 5.442 4.968 4-870 4516 4.294  3.768
Duplicate
Tine O 4 14 25 3% 52 216 280
Titre 6.170 5.956 5.486 5.096 4.840 4.692 3.872 3.770

Relative rate p-tolyltrimethylsilane

p~tertiarybutylbenzenetrimethylsilane
Reaction % 20 30 40 50 60 70
8-83 5.41 5.09 2-75 1.83 1.3

The relative rate was taken as that for 30% = 5°41

Run No,17 Diphenylmethyl-p-anisylsilane

[silane]= [Hg(0Ac)s] = 0-00804H
Time 0 23 114 162 224 296 364 546
Titre 5:977 5-518 4+598 4-386 4-080 - 3940 3-804  3.498
Duplicate
Time o 13 39 106 154 216 288 354 537
Titre 5:977 5:700 5406 6.704 4.356 4.142 3.922  3.764 3.526
Run No,18 imethyl (ethylaminomethyl anisvylsilame

[Silane] = [Hg(OAo),] = 0+00804K|
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
Tine 0 77V 119 169 240 306 359

Titre 5-997 5.204 5.146 5¢070 4.864 4.760 4.634
Time 456 1134

Titre 4.590 4.068

Relative rate Dime thyl(ethylaminome thyl )-p-anisylsilane
Diphenylmethyl-p~anisylsilane
Reaction % 10 20 30 40
0.712 0585 0+390 0+326
Relative rz e was taken as that from 20 - 40%

Average = Q4%

Run No,1l9 Dimethylchloromethyl-p-anisylsilane

[st1ane] = [Hg(OAc)s] = 0-00804M
Tine 0 2 6Y2 68 93 137 215 359
Titre 5¢997 4614 44558 3.884 34684 3.584 3.460 3314
Duplicate
Time 0 2 50 74 105 141 196 339

Titre 5+997 4620 3.940 3.796 3.664 3.536 3.452 3.326
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