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SUMMARY

o e

Previous studies of beta-functional organosilanes
have been almost exclusively devoted to trialkylsilyl
systems and their tendency to undergo extensive silicon-
carbon bond cleavage. This dissertation describes some
reactions of compounds of the type PhnMeB_nSiCHZCRZX

(where X = 0H, Br

s R = H, Me, Phy n = 0 -3), especially
the triphenylsilyl derivatives.

Reaction of (2-hydroxyalkyl)silanes with
phosphorus tribromide and thionyl chloride was studied
and migration of the silyl group from the alpha to the
beta-carbon atom was observed. The accompanying frag-
mentation process not only increased with increasing
alkyl substitution at silicon but also with increasing
substitution at the beta position. An attempt was made
to detect carbonium ions of the type R3810H26H2+,
proposed as intermediates in the rearrangement reaction.

Addition of Grignard reagents to (Z—bromoethyl)—
triphenylsilane gave not only the expected coupled
products but also 1,4i-bis(triphenylsilyl)butane and
ethyltriphenylsilane ('exchange')., The relative yield
of these products was found to be markedly devendent on
the solvent and Grignard reagent employed., An
investigation of the mechanism of reaction was carried
out, Deuteration studies indicated that ethyltri-
phenylsilane was obtained not only from an organo-
metallic intermediate (PhBSiCHACHQMgBr) but also from

other sources and the corresponding alkyl/aryl halide,
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anticipated from a genuine halogen-metal exchange
reaction, was not detected. Evidence is presented
for the participation of radical intermediates and a
mechanism involving single electron transfer is
proposed. It is suggested that such processes may
well be important in many reactions between alkyl
halides and organometailic compounds.,

A study of the secondary halide (Z—bromopropyl)«
triphenylsilane was also undertaken and both this
compound and (2~bromoethyl)triphenylailane were found
to be resistant to silicon-carbon bond ¢ gavage 1in

protic solvents.
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A1l philosophers, who find
Some favourite system to their mind
In every point to make it fit

Will force all nature to submit.?

- Thomas Love Peacock

'Headlong Hall'.



ERRATA

butane' read '2-chloro~2-uethvl-l-phenylbutane' .
2ge 7, line 5 ~ for 'The latter is an example of a
non-classical carbonium ion' read 'The latter is

analogous to a non-classical carbonium ion'.,
Page 32, line 17— for 'which not been included' read
"which have not been included!'.

Fage /1, line 23~ for 'it is not possible to offer
explanation' read 'it is not possible to offer an

explanation',

rage 107, 1line 3~ for 'by the te

GLCY  read 'by the technigues of

Page 125, line 19~ for 'After drying the ethereal over' ?
‘E;

read 'After drying the ethereal solution over', §
g
.

Whenever the word 'ether' occurs ungualified in this
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text reference to diethyl ether is implied.
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GENBERAL INTRODUCTION

Interest in beta-functional organosilicon
compounds arose because of their unusual chemical and
physical behaviour. Ushakov and Itenbergl were the
first to note the exceptional reactivity of the (2-
halogenoalkyl)silanes R3SiCH2CH2K a8 compared with the
R3SiCH2X and RBSi(CH2)3X compounds and with the carbon
analogues EBOCH20H2X° The work of Sommer, Whitmore
and their coworkers showed thnt the (2~halogemoalkyl)«

trialkylsilanes were characterised by their instability

and tendency to undergo fragmentation to silyl halide
and olefin under the action of heat®, aluminium
a2 . '
chloride™ and Grignard reﬂgents3,
80°
Et 5iCH CH,C1 - Et,51iC1 + CH, = CH,
YooY 3 2 2
A1CT

X 3) 3 C; A T — e
Cl ———=> Lt2~1ul2 + Cdz wHZ
Cl SiCH2CHZCl + 4MelgBr u———;EMQSi + Cﬂz = CH2 + 4MgBrClL

3

such compounds react so rapidly with base that they may

4
be titrated directliy’
R,SiCH,CH CL ——> RBSiOH + CHZ = CH2 + C1™

so susceptible to nucleophilic attack that they

. X X 5
undergo fragmentatinn in protic solvents”.



AT NI
s

SUHS 0L ¥ Me,Si0OR + CH, = CH, + HC1

Me 35 iCH

Likewise, the (2-hydroxyalkyl)tria lkylsilanes6, the
6

7 . ) 6 . : 8
corresponding esters', acids , ketones and cyanides

(where a double or trinle bond is located in a beta
A\

position to the silicon atom) readily decompose with o

variety of chemical reagents,

HY/H.0
.2, Me.SiCH, CHOHCH > (Ve .S ‘H . CH=CT
e.g. He 81 HQC“JﬂCLB ———— (U63u1)20 + Cn3©£ d2
Me .31CH C(zEt + HCl —> Me3SiCl + CHBCogEt
Me.jSiCHZCJ\f + 0,0 —> Me;Si0k +  CH,CN

The allylsilines }’{33:?‘10112(}?:@}9 and benzylsilanes

R,5iCH,C also show unusual spectral properties and

37100y '
high reactivity towards electrophilic reagentag,

Such anomalous behaviour is not restricted to
organosilicon compounds. The corresponding compounds
of leadlo, germaniumllg tinlo and merourjl2 have
gimilar properties, The term 'beta-effect' has becn

used to describe the behaviour of beta-functiona

13

organometallic compounds and Jarvie has reviewed

this subject with respect to organosilicon systens.

Reactions involving silicon-carbon bond cleavage have
. 3 T h®) . lﬂ}

heen summarised by Taborn and Bott™ |

The work described in this text is concerned with
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two aspects of renctions of betn—functionnl OrEANO—
silanes and their mechanistic pathways,

/ A AN - by =3 IS 3 1
(1) The reaction of (authrox rnikyl)silanes with

Tn g PR - ~1a LI TN PR R oy
thionyl chloride or phosphorus tribromide.,

N
(R
e
=]
iy
peS

a
o}
@]
of
’,J
O

n of (2~hnlogenoalkyl)ﬂilﬁnes with

rignard reagents,

3

extents of fragmentation which occur in these
reactions . were studied and the offect of substituting
phenyl in plece of alkyl groups ~t the silicon atom

. During the work on renction (2), it becanme

[

note

<

apporent that the (2-bromoethyl)triphenylsilanc -
Grignard reagent system was particularly suitable for
study of the more general reaction between (r gnard

compounas and clkyl halides, As a consequence,

although this investigation wes confined to the (

)silanes, our sphere of interest moved

S
2
i~
O
g
W
O
R]
[
=’
A
!._I
N
in

P

from organosilicon chemistry to that of the mechanis

of this more widely applicable reaction.
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REACTIONS 0oF (z-HY

OZYALKYL) STLANTLS WITIH THIONYL

CHLORIDE O

S OTRIBROMIDE AND A SKARCH F'OR

THE 2~(TRIMJTHYLSILYL)ETHYL CATTON

1. Introduction

Reactions between alcohols and tiiionyl chloride or
phosphorus tribromicde are not usually considered to
proceed via carbonium ion intermediates. However, in
SOme cases rearrangements are observed which are
characteristic of such ions (Wngner-Mecrwein type
rearrangements). Thus, thionyl chloridc reacts with
1sopropylmethylcarbinol to give t-anmyl chloridel5 and
with 2-methyl-2-phenylbutan-l-ol to give l-vhenyl-2-

16

chloro-2-methylbutane™ . Similar rearrangements were
noted by Roberts and Hazurl7 in renctions of cyclo-
butanol with thionyl chloride and cyclovropylecarbinol
with thionyl chloride or phosphorus tribromide,
Kuivila and ﬁa@tertunlg in attenpting to prepare cyclo-
butylcarbinyl bromide from cyclobutylcarbinol and phos-
phorus tribromide isolnted some cyclopentyl bromide,

It was shown previously™ Lo that rearrangement occurs
wWhen (2—hydroxyethyl~2,2~do)trimethylsilane rencts with

2

thionyl chloride or phosphorus tribromide and that a

il

mixture of two isomeric halides is formasd.

—\

Me ,S1CHCD LXK
S 3 b (£=C1 or N
2 01 Br)



A similar rearray

13 observed when solvolysis

of the browmides ¥ Ty e 11 e -
OX e oromiao o OF aguenus methanol 13

allowed to sed To nbout 50y completion. In this

o ey = b oy R o a2 . - e — T E s oNT
case the roecovered bromide contains me%bluﬁ20

63‘ ‘uthZBV The solvolytic renection is the most

ngnly stulicd betn-c ation involving orgono-

o i

anw the following Facts which provide

evidence for the tyne of internodiate involved nave
been ecstoblished: -

(1) TIonization of the crrbon—h:

deternining sted followed by subsequent breaking

of tihe silicon-c rbon bhong—~ .

rible stabilization

caybonium ion,

frctor for the molvolysis of the

compound fxgwiJ”.?? Ul ds -2.15 indicating

* - —_ - ~ .~ N Y TV i 3 - ‘L: P ~1 a 3 £y i (' -+ 3N - 3
A high positive chorge at the silicon ator in the

3
<

transition state
(3) 4lthough the kinetics of solvolysis arce lst order”

renction of (erythro-1 ,2=dibromoprooyl) trimncthyl-

silane in agqueous etnanol results in highly stereo-

specific trans—-elimination of bromot

L 9

ailane” 7.

of

(O

the trimethylsilyl

Other reactions where
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group to a betr-carbon atom occurs are known. Such a

~
2

process is observed on heatin

‘(_)

acetoxymethyldisilanes

——>  (H,000%e,51CH, Silfe
.L%\JJ 2 A4 2? 3

. ot 2 4 .
and similar remrrangements‘3’2‘ are induced by nucleo-

philic and electrophilic reagents.

Me 51916 00,01 ———=—> e, 81iCH,Sille,C1

It appearg that all these rearrangements involving
silicon are promotcd by interaction between the silicon
atom and the developing positive charge at the beta-
carbon atom., A mechaniswm involving a cyclic intermedinte
r the thermal rearrangement of ace-
3

but by

n

toxymethyldigilanes nalogy with the SNi

pmechanism and consideration of the available evidence
concerning the solvolytic reaction, Jarvie and her co-
workers suggested that recarrangement of the alcohol with

phosphorus tribromide and thionyl chloride might procecd

by the following ion pair mechenisms:-—




MeBSiCHgCD 0 + 50C

2 2
M
3
51
/o
+ - AN - + -
m\/,.e ‘(;,-. ‘]— T lc‘v = r._: - C NT ’_-.\ ;ﬁ ?\/’T“ ¢ . - ¢~ fond /;(
e § 31C JZCHZ 30,01 ,02 \JHZSUQCl _&63’5101126132002«

silacyclopropeniunm

ion &

Me ,31CD,CH,.C1 Me ,3iCH CDQCl

3 2

- sy 12 5 -
Kreevoy and Kowitt nave proposed a similar metal

bridged ion as an intermediate in the deoxymercuration

o]

reaction and the possibility thatb rearransement and

solvolysis proceed via the si acyclopropenium ion inter-—
medlate seems reasonable. The latter is an example of

a non-classical carbonium ion. The concept of such ions
was first advanced by Nevell, de Salas and Wilson25 to
explain the YVagner-Mecrwein type rearrangemnent of

camphene hydrochloride to isobormyl chloride,

Me e

Me Me
e ——= e —
v Cl
Cl _ |
Me Me H 1e

There has been much controversy over the existence of
some bridged ions. Cram26 suggested that phenonium

ion intermediates might explain the enhanced rate of
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PR N o I TN L
acutolysis of 2-phenyleth £

o7

AcO H

. . 2
but Brown and his coworkers‘Y

5

have questioned the
existence of such bridged ions and as an alternotive

have suggested rapidly cquilibrating classical ions,

Ph Ph
i 7 N\ S

- - pras— 8 — O =
i +\ e i

Nevertheless, non-classical caorbonium ionis have boen

U

suggested as intermediates in numerous reactions and

. y 26 -
the subject has been reviewed by Sargent®™ and by

S

50
—
A

Bartlett™-,

In gimilar vein to Brown's criticism of phenoniun

ion participation, the silacyclopropenium ion

mechanism might bc rejected in Ifavour of recarrangement

proceeding through classical carbonium ions with

migration succeeding ion Tormation.

N R L e ey R S
ny L Tosylntos and the formati

o1




o
fs

h.e otcﬁ Dll_}_ Za l;i\)ll

such ions might b

explained by the strong electron releasi

effect of the ile up (the Taft

N
= ~ 0.26)BL Stabilization might also

3

using the concept of ¢ - = conjuzation.

Me 51

narti

=

ng

X
g

subs

ally

inductive

tituent

be explained

_%_ :
CH, - Ci_ CH, = CH
5 - 12 CH,
This type of resonance was first postulated by
N A - 3]- | A P | oA her 13 SN
Nesmeyanov and has been widely used by Russisan
workers to explain reactivity, spectral properties
nd fragmentation of beta-substituted organometallic
: - ; 2,33 . .
compounds, laborn and coworKers3 22 have suggested
that the ie,31i-C bond is cavable of considerable
hyperconjugstive electr release in order to explain
the reactivity and the chemical shift data for
imds oif the type e,S1 CH C-H.Z
compounds of the Tyr ( 3 )f 3-X 6741
1 v LY ~ T T mn ~n 19 i o N 3\
(Vv‘j_']ere o= )1,1'39 @Ogh, CMe Cl or M and x = 0 - 3},
In all cases the order of eleciron
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release was x = 2,1 >3 50 and was not solcly consistent
with inductive release by the trimethylsilyl group.

The

@]

concept haz also been discussed by Traylor and

s
4>

Wﬂrct . It would adegquately provide an cxplanation for
the high positive charge at silicon in the transition
state of the solvolytic process but does not rcadily
explain the stereospecific e¢limination which is
obscrved., The gquestion of the truec carbonium ion inter-—
nediate remains unresolved.

Since the rearrangement reaction (irrespective of

N

the nature of the carboniun ion interncdiate) has > en

G

e
suggested to involve interaction of silicon with the
developing positive charge at the boeta—carbon atom, 1t
was considered of interest to study whether such
interaction was ninimiscd or prevented by introduction
of phenyl groups at the silicon atom. With this
purpose in wmind, o serics of alcohols PhXMe3~XSiC{ZCD20H
(x =0 = 3) was prepared and thelr reactions with thionyl
chloride¢ or phosphorus tribronide studicd both in terms
of the rearrangement reaction and the accompanying
fragmentation process

PBr3

R3SiCHQCﬂ20H —_— S R3Sll + CH2 = “DQ
SOClP

(X Cl or Br)

The effect of substituents at the beta-carbon atom was

anlso investigated nnd in view of the apparent stability
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-

ZCHZ , an attempt was nade

to trap such an ion using the nethod »f silane hydridec

of the carbonium iong RgSlCH
transfer,

2. Rearrangencnt of (2—hydroxycthyl~2,2~d2)silanes.

The reanction described by Jarvic et all9 was
initinlly repeated and the formation of rearranged and
unrearranged products (“’TL301C J,CH,X and 1\@e3510}120D2}:)
was established by NMR spectroscopy. The alcohol

Me ,SiCH OH showed the expected methylene singlet at

3 2772
v 9.1 whereas the product of reaction with thionyl

CD

chloride had two absorptions at . 6.4 and 8.8
attributable to methylenc protons adjacent to chlorin
and silicon respectively. A similar reaction with
phosphorus tribromide gave rise to absorptions at

peaks were

[

T 6.5 (~CH2BT) and 8,7 (—SlCHZ ). The
broadened ag is typical of dcuteriated molecules but
no proton spin coupling was observed. In addition to
the peaks nttributable to substitution products, those

due to fragmentation (MGBSiX) were also detected., The

spectra of the products of these reactions arc recorded

in Pigure 1.

Substitution of phenyl groups 2t the silicon atom
had little effeet upon the rearrangcment and approximately
the sane relative proportions of rearranged and unre-

arranged products were obtained from reaction of all

the primary compounds Ph J93~ iCHQCDZOH with both

phosphorus tribromide and thionyl chloride. In all the




FIG.1,

NMR spegtra of reactions between (2—hydroxyethyl~2,2—d2)—

trimethylsilane and phosphorus tribromide or thionyl chloride.

(a) MeBSiCH2CD20H
MeBSi—
~OH ~SiCH,~
M ﬁ I
5 6 7 8 5 10
-r
(v) MeBSiCHZCDon + PBr3
Me,SiBr ‘ Me o Si-
~CH,Br ~SiCH,~
N e, JL—
5 6 7 8 9 10
—-r
(c) MeBSiCHéCDZOH + S0C1,
Me _SiCl -
| 93 1 MeBSl
~CH,C1 ~SiCH,,-
ey N J
; é 7 8 9 10
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reactions the proportion of betn—ceuteriated product
RBSiCHZCDgX formed was slightly greater than that of

the alpha-deuteriated compound R,SiCD,CH. X, It seems

R

3 272

likely that this product ratio reflects the relative
stabilities of the ion pair intermedintes,

The effect of phenyl substitution was nore narked
in the fragmentation reaction. In this case,
introduction of successive aromntic groups at silicon
decreased the elimination brocess and 1little or no
fragmentation was observed with the triphenyl compound.
The results of these reactions are sumnnrised in Table
I. ZIlectron deficiency at a beta-carbon aton generally
promotes cleavage of the silicon-carbon bondl4 and the
effect of phenyl groups in stabilizing this bond nay
be due to the 2bility of the aromatic rings to delo~-
calise the positive charge transferrcd to silicon in
the transition state or the ¢ffect ma, be partially

gsteric in origin35 (this topic will be further

D

discussa:

¢

d in Chapter 3). It is possible that the
extent of elimination in the methyl-substituted systens
might be somewhat decreased by the initial purification
of the phosphorus tribronide or thionyl chloride uscd.
Nevertheless, since the same reagents were used through-
out the serieg of reactions, the rvsults obtained must
reflect the relative stabilities of the systems
involved., The fragmentation process may be a reaction
of the (2-halogenonlkyl)silane, the (2-hydroxyalkyl)

silane or the carbonium ion intermediate. However,
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the former possibility seems unlikely since approx-—

imately the same yields of elimination products are
obtained from reaction of any one of the alcohols
with both thionyl chloride or phosphorus tribromide

N
36 Ly 4o ; : s
1 that bromo-compoundz undergo desil-~

and 1t is knowr
lcohalogenation more readily than the corresponding
chloro-—compounds,

OH with

The reaction of the alcohol PhSSiCH Ch

)

2

phosphorus tribromide is worthy of comment. In addition

to absorptions due tn methylene protons adjacent to

[9)]

silicon and bromine, an additiornal peak at <+ 8.1 wa

~

observed. This was the main absorption detected
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decreased with time whilst the other methylene
absorptions increased. After about 60 min the psaks
assumed a constant ratio and remained unchanged even

A~ 1=

alter 7 days, The reaction between alcohols and
. R . . 37
phospvhorus tribromide has been suggested by Gerrard

to proceed via the following stages:-—

ROH + ROPBr, — (Rb)?PBr+ HABr

and it seems possible that this additional absorption
may be due to one of these phosphate esters. The

presence of phenyl groups on the silicon atom might

tend to make such compounds more stable than the methvl-
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substituted analogues which probably undergo decorm—

position relatively quickly.

3. The effect of substituents at the beto—carbon aton.

Reaction between thionyl chloride and the secondary
nlcohol PhBSiCHZCHMbOH gave rise 1o the halide
Ph3SiCH20HMpCl 28 principal product. The ratio of
aromatic to methylenc protons was slightly grenter than
15/2 and this excess of aroratic absorption was assuncd
to be due to fragmentation and fornation of chlorotri-
phenylsilane, The proportion of this product did not
exceed 6%, Pimilarly, reaction with phosphorus tri-
bromide gave PhBSiCHQCHMeBr with less than 7% of the
brenkdown product. Thus, as in the casc of the primary
alcohol PhBSiCHQ,HZOH7 little or no fragmentation is
observed in these renctions. In contrast, the sccondary
compound does not give risc to the ndditional ncthylene
absorption, attributed to phosphnte ester, when reacted
with phosphonrus tribromide. The lack of rearrangenment
observed with the secondary alcohol would secenn to be
consistent with relative carbonium ion 3tabilitics.

+
One would expect that the ion Ph SiCH20HMe is morc

3 +
stable than its prinry isoner PhsSiCHMeCHQ and that
rearrangcnent is for this reason unfavournble,
Reactions of the tertiary compounds Mb3SiCH26MGQOH
and MQBSiCHZC?hZOH were also studicd and in contrast
to the previously described alcohols underwent complete

climination., The NMR spcctrun frowm 2 reaction botween
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the former compound and phosphorus tribrouide indicated
that bronotrimcthylsilrine and t-butyl bronide were the

only products reunining.

PBr
Clie ,OH --—“3~§ +

Me ,SiCEH
€01 d2 5

3

Reaction with thionyl chloride occurred in a sinilar
nanner and chlorotrimethylsilane and t-butyl chlorile
were detected The spectra of the products of the two
reactions are reeorded in Pigure 2.

Addition of phosphorus tribronide to the alcohol
Me ,SiCH,CPh,0H produced 1-bromo-1,1i~diphenylcthane and

3 2 2
bronotrinethylsilanc.

h Ve . S1Br
| PBr 3
lic ;5101,C - OH —_—3s
Ph CH. = CPh BN CH.CPh. Br
o o HyCh,

However, reaction with thionyl chloride ~t first

appeared irrsgular. Purther investigntion indicatel

that initial fraguentotion to 1,l1-diphenylethylene had
once agnin occurr<d but that instend of hydrogen chloride
addition to the double bond, substitution with thionyl

chloride had produc.d a sulphinyl chloride in 2 nanner

similar to that described by Patai ot 2150,



FIG.2,

NMR spectra of reactions between (2—hydroxypropyl~2—methyl)*

trimethylsilane and phosphorus tribromide or thionyl chloride

(a) Me .SiCH,CMe ,0H
—CMe2
-0H ~SiCH,-
P uﬂ y
5 6 7 8 9 10
T
(b) Me351CHZCMe20H + PBr3
Me SiBr
€3
MeBCBr TMS
8 p ry 8 Y 2
6 7 8 9 10
T
(c) MeBSiCHZCMeZOH + SOC1, '
Me SicC1l
3 5
Me CC1 TMS
3
JLL
5 6 7 8 9 10

Me Si-~
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CPh, + SO~+HZ1

I

Me _ SiCH CPthH + SOClQ-m% Me ,S1iC1L + CH
e >

3 2 2 2 2
O
L\)O\Jl2
Ph il
\ s -
C=¢C + HC1
/ N\
Ph S0C1
The increased tendency of tertiary compounds to

undergo elinination rather than substitution is comizonly
39 and

observed the explanation for this trend has been
nuch debated. Two principal argumsnts have been
presented, In the one case olefin fornntion is snid to
be favoured because of the relicf of steric strain
obtained for sp2 aybridised carbon atons wherce the bond
angles are 1209 ag opposed to those of the substitution
product which are about 1090, The nlternative explan-
ation is that the nore branched cations undergo fraog—
nentation rather than substitution because the substi-
tuents stabilize the incipient double bond of the
transition statc either by conjugntion or hypercon-—

Jugation. Fither of these explanations night be applied

to our systens.

4, An attenpt to trap the 2~(trimethy1811yl)ethyl cation.

Sonme of the nore highly stabilized carboniun ions

have been identificd by isolation of their salts (e, g.

Ar C+ C10,”) but the most widely used technique has been

3 4
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5

detection by spcctroscopic means in 2ighly acidic media,
The triarylmethyl anl certain substituted allylic cations
are stnble in sulphuric acid solution but nany of the
simple aliphatic cations can only be observed in an-
hydrous hylrofluoric acid containing antimony penta-

40 . .
" Evidence for the

fluoride or fluorosulphonic acid.
cXistence of carboniun ions under thess conlitions has
been obtained mainly from their N¥R spectra, since
protons attached to a positivcly charged carbon aton
are deshielded and conscquently observed at lower field
than in the neutral molecule. IR and UV spectra also
provide evitence for the ecxistence of such ions in
these solutions. Most of the recorded alkyl carbonium
ions are tertiary since although primary and sccondary
ions are formed in these media, resrrangenent to the moré
stable t@rtiﬂry ions occurs.

In view of The apparent stabilizetion of the car-
bonium ian R3510H2052+, it scened possible that such
an ion might be detectable under suitable experinental
conditions. However, becausc of the inherent instability
of the (2-hydroxyalkyl)trialkylsilancs the detection of
these ions in highly acidic media seeired unlikely, The
technique of silnne hydride transfer offersd obvious
advantages in that carbonium ions had been detected under
relatively mild conditions,

Since silicon is more clectropositive than carbon,
silanes nare good hydride donors to carboniun ions:-—

+ +

Me,5iH + MOBC —> Me3Si + MeBCH

3
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and such reactions have been used to establish formntion
T t h Gao 3 I T . Wiy +1 - . 4‘ l s A e .

0’ €3¢ 1lons ‘hus, Whituore et al obtained hexanc

from n-hexyl chloride, isopentane fron neopentyl bromide

and 2, 3-dincthylbutane from neopentylearbinyl bronide

using triethylsilane in the Prescnce of aluminium
chloride¢ (N.B, in the latter two reactions rearranganent

3 - 42 .1
had occurred). More recently, Carcy and Tremper4 P43, 44

have used the tcchnique in nethylene chloride or chloro-
form by gencrating the carboniun ion with trifluoro-
acetic acid an? the approprinte alcohol. In this nonner,
they have detected carbonium ions of the arylonethyl type,
sone tertinry alkyl and sonc cyclopropylmethyl cntions.
They have suggested that only those alcohols which form
relatively stable carbonium ions are reluced to the
corresponiing alkane and thnt o significant concentration
of free carbonium ion nust be formed for transfer to
occur,

It was decided to atteupt a silane hydride tronsfor
reaction using initinlly the trimethyl -~ substituted
alcohol MQBSiCHzCﬂon but it wns thought possible that
fraguentation of this compound to siloxnne night
necessitate the use of alcohols substituted by phenyl
groups nt the. gilicon ntom for cfficient rcaction to
occur.

Anaglysis of the products of a reaction perforued at
~15° using the nlcohol, tricthylsilanc and triflucro-
acetic acid in methylene chloride, indicated that no

reaction had occurred. A sinilar reaction in chloro-



forn gave the same results. Remction at ~5% gove a

snall anount of the ester Mc3SiCHECH2OCOCF3 without
evidencce of hydrile transfer or formation of hexonethyl-
disiloxane. Several other experinents wore performcd
under a variety of conditions of temperature, concen-
tration of alcohol, silane or acid and using triphenyl-—
silane as the potential hycride donor (sec Experinental,
section B2). 1In none of thesc eXperinents was there
evidence of ethyltrinethylsilane, formed by hydridc

—

transfer to the carbonium ion MeBSiCH2Cﬂg .

disiloxane and the trifluoroacstate ester MeBSiCH2CH2—

Hexanethyl-

OC‘OOF3 were the only products dctected.

Me3a‘16H2CH3

Ft.51 1 )
_t3>1H/CF3002}/A/"

N

(Me3Si)2O + Me3SiCH2CH
—OCOCF3

e S5 F

2

As might be expected the yicld of siloxnne increased with
increasing tenperaturs, alcohol concentration and con-
centration of trifluoroacetic acid. Reactions performed
in the absence of silanc allowed accuratc letermination
of the relntive proportions of 2-~(trinethylsilyl)ethyl
trifluoroacctate (ester), (2-hyiroxyethyl)trinethyl-
silane (nlcohol) and hexauethyldisiloxane (HMDS) fron

the NMR spectra obtained. The yicld of these products

in four such reactions are rccorded in Tables 2.
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TABLE 2

Products of the reaction of (2—hydroxygthyl)trimothyl—
silane and trifluoroacctic acid in zethylene chloride

. *
or chlorofori.

solvent  tenporature % couposition
cster alcohol s
CH,C1, ~-10° 7 93 0
CH2012 R.T, 6¢ 19 12
CHC1, ~-10° 16 84 0
CHC]_3 R.T, 78 17 5

*alcohol in solvent - 8% v/v.

Renction tinme -~ 1h R.T. = roon teoperature.

The results indicate that a high yicld of cster may be
obtained under suitable experimental conditions and it
seens possible that other renctions involving beta-
substituted alkylsilones might take place with less
fragmentation if carric! out undoer nild conditions,

Examinotion of the reaction products from the di-
deuterated nlcohol Me3SiCH20D20H indicated that rearr-
anged structurcs of the type ﬁe3SiCD2CH2X (X = OH,
OCOCF3) had not been forued and provided additional

+

¢vidence thet the carboniun ion MQBSiCHZCD2 had not
becn produced under these conditions., It was concluded

that reactions in these nedia were not sufficiently

alike to thoge in phosphorus tribronide or thionyl
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chloride to allow foruntion of this inturnediate. It
was unlikely that the triphenylsilyl systens would
a

prove any unre satisinctory and the work wos discon-—

tinued .

It secns likely thnt o study of the reactions of
phosphorus tribrou:ide osr thionyl chlorile with the
conpounds MGBSiCMGECHBOH9 Me3SiCPh2CHZOH and PhBSiCHz—
OMGZOH night providce additional information about the
rearrangenent.  Atteupts were in fact unde to prepare
the cster precursHor (Me3SiCMcZC ZEt) of the firs
compound but did not »prove successful.

With regard tno detection of carbonium ions of the

+

type R3SiCH26H2’ it is possible thnt the greater

8tnbility of the ~lcohol PhBSiCH?CH2OH night moke
possible its usc in strongly acid s~lutiony and allow
spectroscopic identification of suci ions. 1t is
intercsting that in addition to the results described
. R 45 :
thigs chapter, Gilmon and Wittenboerg'™” have successfully

oxidised this nlcoliol to the correcsponding acid in 20%

icll using o mixtur.: of chromic and glacinl acetic

e
-
©

. W ome s 46 . o
Acids and Groy and Davis™® have estnblished that the

e

. . - . . - .0
mpound is completely stable in 8V acid at 607,
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Chapter Two

THE REACTION OoT (2~HALOGENOALKYL)SILANES WITH GRIGNARD

REAGENTS

1, Introduction

Having established that in the reaction between
(2~hydroxyalkyl)silqnes and thionyl chloride or phos-—
phorus tribromide the proportion of fragmnentation
decreased with increasing phenyl subsgtitution at the
silicon atom, it was of interest to discover whether
this behaviour was observed in other processes involving
beta-functional organosilanes. Previous investigations
with such conpounds have been nainly confined to the
trialkylsilyl systens. One of the reactions it was
decided to.study wag that of the (2-halogenoalkyl)silanes
with Grignard reagents in which the only previously
recorded phenyl-substituted compound investigated was
PhSiCH,CHMeBr. Accordingly, the reactions of (2~

2 2
halogenoalkyl)triphenylsilanes with Grignard reagents

Me

and nagnesium nmetal wera undertaken.

3 were the first to study

sSommer and his coworkers
reactions between Grignard compounds and (2-halogenoalkyl)-
silanes. They found that Curing the rcaction of (2-
chloroethyl)trichlorosilane with oethylunagnesiun bromidef
stepwise addition of the latter procceded smoothly to

replace three chlorine atons but that addition of g

further equivalent gave ethylence and tetramethylsilane.,
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MeMgBr
C1,S1iCH,CH,C1 > Me,81(55%) + CH, = CH

N

2 2

Similar fragmentation wns observed using cthylmagnesium
bromide and the American workers concluled thnt the (2-
hologenoalkyl)silanes were unsuitable for Grignard-turtz
coupling reactions.

47

Petrov and Mironov showed thnt this conclusion
was unduly pessinistic and by choosing n suitable
combination of Grignmard reagent and hnlide obtained
gignificant qumtitics of coupled products.

PhligBr

€.g, Bt,81iCH CHM¢Br ——— It

3 > 3SiCH

oCHMePh (24%)
It is unfortunate thnt their work is marred by the use
of crule sfarting nnterinls and that thelr experinental
reports lack d:.tnil. Nevertheless, since this is the
only najor investigation in the field, thelr results

are worthy of note¢. They found that the auvount of frag-
nentation relative to coupling wns greater for bromides
than chlorides and decreased in the series prinary
sceondary » tertiary (2-halogenocalkyl)silane. Hardly
any fragnentation wns said to accounpany the following

reaction: -

Me Me
|

!
SiCH2C~Br + EtNMgBr —* EtBSiCH2CMEt (20%)
| i

Me Me

Et3
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but the other products are not recorded The Russian
workers stuldicd the behaviour of secondary (2-halogeno—
alkyl)silanes in detail and deternined the offect of the
nature of the groups attached to silicon and the Grignard

rengent employed on the coupling reaction.

RBSiCHgCH = CH2 + HBr “““4IR3SiCHQCHMeBr
stiCHZCHMeBr + R'MgX —— RBSiCHZCHMeR‘ + RBSiR’ ete.

Their results are sumarised in Table 3. On the basis

of these results, they concludel that the proportion of
coupled product (RBSiCHZCHMeR‘) increased as R was

varied in the series Ph, Me, Et, n-Pr, n-Bu and as R' was
varied in the series Et, n-Pr, Ph, CHZCH = CHg. Mironov9
has also reported the isolation of products which night
have arisen by way of a halogen-netal exchange process

but does not indicate the extent of such reactions or

the systemns in which they were observed.

fragmentation + coupling
b

RBSi~C~C«X + RUMgX
i \\\\\9 P P
R Si~?mC~H + (R3Si~G~C—)
i i

3 P2

Petrov and Lavrischcv48 cstablished that higher yields
of coupled products can bec obtained by using alkyl-
lithiun reagents in olace of the Grignard conpounds
éhd“%hat such reactions are also accoupanied by the
forontion of by-products possibly fron a halogen-retal

¢Xchange process.




L¥ Ho=HOCHOTS Y wo posua %) ,wenmoCHoTs Y Io spTeIL
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47 )

An nttenpt  to prepare the Grignnrd reagent from
(2~bromopropyl)trimethylsilﬂnc was accoupnnicd by
appreciable frognentation and ﬁexnmethyldisiloxame,
n-propylirinethylsilanc an! liner were bhe products

obtoined.

HQO
///a C 36 + MeBSiBr ~——~}(Me35i)20
Me3SiCHgCHMuBr + Mg 1\\»
MQBSiCHzcﬂﬂgﬁgBr + (MeBSiCHzCHM®2
J/ (12.3%)

HgO

Mc3SiCHZCH2CH3 (7.6%)

The reactivity of the halide aton in (2-halogeno-
nlkyl)silanes is of course in marke! contrast to the
alpha, gamnma ~nd delta-=substituted coupounds. Mironov
anl Pogonkina49 have shown that cleavage of the silicon=-
carbon bond does not occur in rcactions of the conpounds
OlBSi(CHZ)nCl with Grignard rengents when n =1, 3 or 4

and the carbon-hulogen bond is nlso unrenctive in such

experinents.

01,51 (CH,), 01 > R,81(CH,),C1 (n = 1,3,4)

Sinilarly, Grignard rengents of the (I-3~and 4-halo-
genonlkyl)silanes may be obtained in high yiclds (e.g.

MgCl - 95%50) although their formation is goriew-

Me3SiCH
51,

2

tines accompanied by significant guontities of diner
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H (60%)

h 51
Ph,51(CH,),CO,

Pn Si(CH2)4Br + Mg + CO

3 2

’ [PnySi(cH,), 1, (20%)

However, it is relevant to note that some unusual

reactions of the triphenylsilyl-substituted compounds
=
have been reported. Thus, Brook nn) his coworkers’2

observed the following reaction:-

co
Ph,SiCHBr + Mg —_— Ph,SiMe (89%)
cther

5

and Gilonn et al”™” in a sinilar reaction with the

gorma-substitutel! coupound Ph3Si(CH2>3Br obtained the

acid Ph Si(CHZ) 002H in only 8% yield but do not record

3 3
the other products formed. Brook also found that the
alpha compound underwent halogen-netal exclange with

n-butyllithium. In this casc carbonation of the inter-

nedinte organolithiun compound gave the acid in high

yield.

co.
SiCH,Br + n-Bubi —» PhySiCH,Li 2, Ph,SiCH,C0,H

Ph3 5 5
(78%)
Our intentin nt the onset of this present investi-
gation wns to study one or two reactions of (2-brouo-
ethyl)triphenylsilanc PhBSiCHQCHgBr with Grignard

rengents and nagnesiun, It was anticipated that high




yields of coupled products ight be obtained in tlc—
foruer reactions and that the Iatter night occur withouf'
appreciable fragrnentntion, In fact, fraguentation was
not considerable in either of these rcactions but in
addition to coupled products, high yields of ethyltri-
phenylsilane ('exchange' product) werc isoloted from

internction with the Grignard coumpounds. In view of

this,; our attention was diverted to the nechanisn of

formation of the products of coupling, 'exchange', frag-

nentation and dimerizntion. What had been intended as

a few sinple experinents, designed to establish

stnbility in these systers, becane the initiators of

nost of the renaining work described in this text.
Excluding the postulates of the Anerican and the

Russinn workers on the fragnentation orocess, there have

been no reported studies concerning the nechanisn of
reaction between Grignard conpounds and (2-halogenc-—
alkyl)silanes. Sommer ot al3 suggoested that fragmentation
oceurred via a cyclic internedinte

B3

Si

. N

R! kpﬂg

A . 1
but Petrov and Mironnv'7 proposec an alternative schene,

They found thnt if the reaction between cthylnmagnesiun
bronide and (2-bronopropyl)triethylsilane is hydrolysed

soon after nixing the reagents, little or no tetraethyl-
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silane is observed and hydroxytriethylsilane is
isolated., This wns interpreted as evidence for a Two

agtage process

Ft 45108
(1) EtMgBr H,0
Et_.SiCH, CHMeBr > Tt.SiBr
3 2 ~CH,, =CHMe 3
| Ho =CHM (2) BtWgBr
Et4S1

in contrast to the sinultaneous mechanisn of the
American authors. However, the quantity of recovered
startiﬁg mterial is not recorded and it is possible
that hydroxytriethylsilane may have been formed by
hydrolysis of this compound,

H,0

CHMeBy -—B——> Tt.Si0H + MeCH=CH, + HBr.

Et 3

3SiCH2

The fragmentation process will be discussed again later
in this chapter.

Although Grignard reagents were Ffirst discovercd
at the beginning of this cenmtury, nany of their
reactionsg are still not completely understood. This is
particularly true of their reacticns with alkyl halides.
In recent years new evidence has been obtained
concerning the nechanisn of these reactions nuch of
which not been included in standard texts such as
Kharasch and Reinmuth53 or Nesmeyanov and Kocheshkov54.

In many cases the results have been treated in iso-

lation and there seems to be a need for such evidence




TR
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to be collected and critically reviewed. Since these

results are pertinent to our argunent an atteapt
(though of necessity a brief one) has been nade to
sunnarise some of the relevamt data,

The first systenatic investigation of the inter—
action of Grignard reagents with alkyl hnlides was
undertaken by SpgthSS in 1613, In contrast to Abegg56,
who considered the fundanental reacticns of organo—
nagnesiun compounds to be ionic, Spgth concluded that
reaction took place via free rodical formation.

¥

RWMgX + R'X ~——3 R+ + Re +  MgX

It is characteristic of this reaction that when prinary
alkyl halides and Grignard reagents are cuployed in
Jdiethyl ether, practically no coupling is observed
(except when R and R' are CH3)Q The uajor products
obtained are alkanes (RH and R'H) and nlkenes (R~H and

RY =~ The yield of coupled product increases when R!

H)n
is secondary or tertiary and appreciable aviounts of RR!
are formed only with allylic or highly branched
conpounds, Kharasch and Reinmuth53 nave argued that

a free radical process would reguire a nore nearly
statistical product distribution and thnt highly
reactive radicals such as phenyl or nethyl would be
expected to react with the solvent long before
encountering or reacting with one another. They suggest

that when formation of coupled product does occur (for
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example with benzyl haliles) the following is n possible

nechanismne —

X XN X
~ e ~ AN
Rt Mg-X 5' Mg—X R! Mg-—X
i
| — o — |
R R R, R R R
. L /
Vg Mg Mg
| E i
X X X

However, Letsinger57 has shown that there is 91%
racenisation in the reactiocn between benzylnagnesiun
éhloride and L-2-bromooctane which is evidence ngainst
such n nmechanisu. In the case of triarylnethyl halides
reaction is said to be predoninantly of the SNl typeSB.
Zakharkin, Bilevich and Okhlobystin58 obtained good
yields of coupled products using prinary alkyl halides
in dimethoxycthane and suggested that reaction (at
least in solvuting solvents) proceeds by a heterolytic
nechanism, They also suggested that the dinmeric
products RR and R'R' formed in the reaction were not due

to free radical participation but were obtained fron a

parallel exchange process:-

|

RMgX + R'X R{ + R'NgX

~

followed by norral coupling. Sinilarly, the use of
hexamethylphosphotriamide59 as sclvent increases the

i _ . .\
yield of coupled products. In contrast, Hobbs and
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H&maﬂnn6o obtained higher yields of cou 1 naterid
ds oupled naterials

in non-polar nelin than in diethyl ether and suggested
that radical formation had occurrel, Gough and Dixon6l
have presented evidence that reaction between alkyl-
ungnesiun halides nnl allyl bronide nay proceed by a
radical mechanign, They did not consider the following
reaction sequence consistent with the high yields of

coupled product RCH,CH=CH, obtained (85-90%):-

CH2=CHCH2Br
RMgX —>» R« + NgX > RCHQCH"—““H2

but proposed an alternntive solvent cage type reaction: -

a (>

Br + RMgX e H Br ——y

tﬁ + R. / \
: R X
BrigX
(solvent — products
cage)

Halogen-netal exchange reactions are comnonly

X s . . 62
encountered in organolithiun chenistry ~.

R'Y + RLI T— R'Li + RX

The reactions have generally been interpreted as heter—
olytic processes and 1t appears that at equilibriun

1lithiun becomes attached to the nost electronegative

hei)
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organic group, A few such exchanges have been
established ing ‘ - _ ., 63~67
SRk Gt usilng organonagnesiun coupounds but
all these involve strongly electronegntive substituents
which can stabilize a carbanionic state, Attenpts to
observe exchlmnge involving sinple alkyl or aryl groups
R o -tl o 68969 ]
were apparently unsuccessful and Kharasch and
. 53 , .
Reinnuth have suggested that 'functional exchange
between an organic halide and an organoiiagnesiun
compound is a relatively rare reaction and when it does
not involve a positive halide aton is A free radical
process initiated by netallic inpurities, by the
presence of magnesiun halides or other factors giving
rise tc free ralicals'. In 1964 Zakharkin, Okhlobystin

70

and Bilevich reported hnlogen-iuietal exchange between
Grignard reagents and sonme alkyl and aryl halides in
various ether nedia. They found thnt exchange between
n-anyluoagnesium beride and methyl iodide increascd
according to the golvent used, diethyl ether . diethoxy-
ethane < bDethoxyethoxycthane o diglyne . tetrahydrofuran
< dinethoxyethane, was greater with alkyl iodides than
bronides and also increased with increasing electrone-—
gntivity of the alkyl group. On the basis of these
results, they concluded that the mechanisns of exchange
reactions for organolithiun and orgnnonagnesiun compounds
are very sinilar and that differences between then are
due to the fact that organolithiun compounds are

stronger nucleophiles and consequently nore suitable for

exchange, However, it 1s not clear froo their report
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whether these authors actually detected the alkyl hnalide

forred by exchinge and thus estnblished that their
reactions were truly halogen-Letnl gxchange processes.
Discussion of reactions botween alkyl halides and
Grignard conpounds in the presence of added uetallic
halides is really beyond the scope of this work but it

perhaps should be pointed out that such halides have

] ~
been used to acconmplish coupling reactions7*9 exchange
andl a4 3 “t 3 72 T I 3 Y 7 g
ana Ginerization T,  In the former reaction, the hnlides

Are believed to function as Lewis acids (e.g. FcOlB)
whilst the latter two processes are thought to proceed
via free radicnls. It is obvious that ctallic impur-—-
1ties in the uagnesiun nay affect the course of many
Grignard reactions.

One explanation for the dimerization reaction

g
ed)8 (see

(fornation of R'R') has alrendy been record

page 34) but Kharasch nnd Reinnuth’> believe that free

radicals arc involved., A tendency towards dimerization

is encountered with the arylnethyl conpoundss-—

¢.g.””  MeMgl + PhCE oCl —> PuBt (25%) + (PhCH,), (32%)

and in nany ways these systens closely resenble the
(thalogenoalkyl)silane reactions, Morrison and his

ooworkers73 have established the formation of radical

internediates in the benzyl systenr and in recent years

evidence for radicnal participation in nany Grignard

. T4
reactions has been reported. Russell has suggested
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that numerous reactions between organometallic compounds

and alkyl halides may proceed by electron transfer

T

ke + R'X —> Re + R.U 4

b=
£d
=]

and his arguments are supported by the following
observations: -

(1) the formation of 24y3=dimethyl-2,3~diphenylbutane
5

in the »resence of cumene

(2) the formation and detection of the trityl radical

- . . 6
from trityl chlorlde73,

(3) nuclear nolarisation (CIDNP) of the olefinic product

or of the alkyl halide77.

(4) detection of alkyl radicals by ISR techniques74.

78

Bilevich and Okhlobystin have put forward similar

arguments and indeed have suggested that many nucleo-—

philic substitutions may occur by an initial one
79 J 3 J T3 A 80
electron transfer step'”, Shirley and Hendrix have

rationalised the metalation reaction in terms of radical

81

anion formation and Screttas has interpreted several

of the reactions of organolithium reagents as proceeding
by a single electron transfer process. Other examples
of free radical formation in these type of reactions
are to be found in the literature82“86.

It is apparent from the foregning discussion that
a wide variety of interpretations concerning the
mechanism of reaction between alkyl halides and organo-

metallic compounds have been put forward. Our
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investigation of the reaction between (2=bronoalkyl)-

triphenylsilanes and Grignard compounds was carried out
with 2o view to deternining whether these processes
involve ionic or radical internediates, The results of

this work will now be discussed,

2. The reactions of (2-bronoethyl)triphenylsilane and

(2—bromopropyl)triphenylsilnne with nagnesiun in

tetrahydrofuran.

These experiments were conducted in tetrahydrofuran
due to the low solubility of the primary compound in
diethyl ether. A reaction between (2-bromoethyl)tri-
phenylsilane and excess nagnesiun, perforned in the
nbsence of nitrogen, gave cthyltriphenylsilane (42%)

and 1,4-bis (triphenylsilyl)butane (39%)

H+/H20
Br + Mg ——%—» Ph SiCH.Cd, + (Ph,SiCH

3 o0y 3 20H

Ph,5iCH

3 20H

) 2>2

There wng no svidence for the formation of the type of
cleavage prclucts (e.g. hexaphenyldisiloxane or hydroxy-
triphenylsilane) normally observed in the reactions of
(2—~halogenoalkyl)silanes., In the presence of a nitrogen
atriosphere, the sare products were obtained in different
proportions - cthyltriphenylsilanc (64%) and the diner
(21%), The effect of an inert atonsphere in reducing
the quantity of Qinerization in Grignard preparations
has been previously noted87. When a reaction was

quenched after 1.5h with deuterium oxide, the ethyltri-
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phenylsilanc isolated contained 100% of one deuteriun
aton., Frou these results, the Grignnrd reagent derived
fron (2—bromoethyl)triphenylsilane would appear to be a
potentially uscful synthetic intermediate. It is
possible that the interfering dinerization reaction
night be further decreased using conditions of higher
dilution, slower addition of hnlide etc. (cf. the
preparation of allylnagnesiun bromide53) but this was
not investigated

Reaction between (2-bromopropyl)triphenylsilane and
nagnesiun, in the presence of nitrogen, proceeded

according to the following schene:-

Ph,S1CH=CHMe (5%) PhyS1CH,CH=CH, (12%)
Ph SiCH,CHMeBr + Mg + THP/H 0
Ph,S1CH,CHIeOH (7%) (Ph 31CH,CHMe) , (20%)

Ph,S1iCH,CH,Me (48%)
Once again, there was no evidence of silicon-carbon bond
cleavage. Dehyirohalogenation is coumonly observed with
secondary and tertiary halides during Grignard reagent
preparation853. Tormation of (2—hydroxypropyl)triphenyl~
silane may have occurred by hydreolysis of the starting
nmaterial during the separation of products by column
chronatography rather than during thc course of reaction

(see Experimental, section C2). In contrast to the
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prinary coumpound, attenpted deuterolysis gave n-propyl-
triphenylsilane which d4id not contain deuterium.. Thus,
although fragrnentation is not a problen in this reaction,
a preliminary examination suggests that the process is
not suitnble for synthetic applications. The lack of
deuteriun incorporation may indicate that the Grignard
reagent Ph3SiCHZCHMeMgBr is unstable under the conditions
of the experiment or that transfer of a second electron
to farm a carbanion frow a radical internediate docs

not take place in this systen. One night anticipate

thnt the radical intermediate would be nore stable than

the carbanion,

3. The influence of solvent and Grignard reagent on the

products of the reaction between (2-bromoalkyl)tri-

Phenylsilancs and Grignard compounds,

Reactions were studied in thrce solvents - benzene
diethyl ether andl tetrahylrofuran (THF)., The results
of these experiments are recorded in Tables 4,5 and 6,
All of the reactions were carried out under standard
conaitions using excess organonetallic reagent, as
described in the EBxperinental section. They werec
initially perforned for periods of about three days
but later work indicated that such lengthy reaction
times were unnecessary and that 5h was usunlly quite
sufficient for couplete reaction, Exceptions to this
were sone experinents perforued in diethyl ether, where

reaction proceceded in non-houogeneous sclution.

m.;wféﬁ“‘m”
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Such experinents were more susceptible to variation
when short reaction tines were erployed. Reactions

were gencrally verformed using 'magnesiun for Grignard
reactions' (purity 5 99.75%, for principal impurities
see Experinental, section Cl) and gnot reproducibility
was achleved in duplicate studies. The effect of the
rate of stirring, the rate of adldition of reagents or
the relative concentration of reagents upon the reactions
was not critically investigated. However, it appeared
that the order of addition of reagents (i.e. Grignard

to halide or vice-versa) was not inportant. The
recovery of products derived frowi the silane was usually
grenter than 75% and the difference from theoretical was
due both to inevitable losses during the separation
procedure and to an inability to choracterise all of the
naterials isolated, In nimy cases a hylrcocarbon product
or nixture of products was isclated which contained
silicon-phenyl and aliphntic linkages and when tetra-~
hydrofuran was enployed as the solvent o naterial
containing silicon-phenyl, aliphatic and hydroxyl groups
was detected, The precise nature of these uaterinls

was not established. Products derived from the Grignard
reagent were not determined. A surmary of the principal
classes of conpounds obtained fror such experinents

is given in the scheuc overdeaf.




&
|

PhBSiCHQCHZR Ph,SiCH,CHRR'!

3 2

'EXCHANGE! COUPLING

Ph,SiCH,CHRBr + R'MgX (R=l,Me)

(H*/H,0)
2
DIMERIZATTON FRAGMENTATTON
(PhBSiCHchR)Q Ph,SiBr + CH,=CHR
H,0 R'MgX
Ph,Si0F SiR!
hBSlod Ph331

In addition, the olefinic products PhBSiCHzCH2 and
PhBSiCH:CHMe/PhBSiCHZCHzCH2 were obtained in some of the
reactions from the primary and secondary coripounds
respectively. It should be noted at this point, that
the term 'exchange' is used sinply for convenience and
1s not intended to inply any umechnnistic pathway. The
so called 'exchnge process' nay have occurred by true
halogen-netal exchange:-—

Ph,SiCH,CHRBr + R!'MgBr — PhBSiCH CHRMgBr + R'Br

3 2 2

lHZO

S51CH_CH,R

1
Phy o 2

but. the fhylrocnrbon product night equally well have
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arisen by fornation of the radical PhBSiCHQCHR-
followed by proton absiraction froii tle solvent ete. or
by direct reduction of the (2-bromoalkyl)triphenylsilane
by the Grignard reagent.
Exanination of Tables 4, 5 and 6 reveals several
important points:-
(n) The extent of fragmentation in these reactions is
snall, Thus, the position of the phenyl group
attached to silicon in the series proposed by Petrov

479 (see page 27) for the stabilization

and Hironov
of (2-halogenoalkyl)silanes in their reactions with
Grignard conpounds, would seen to be in error. The
lack of fraguentation is in narked contrast to the
behaviour of the corresponding carbon analogue
Ph3CCHQCH2Br which is reported to undergo elinination
of ethylene on reaction with nagnesiun, Grignard
reagents or n—butyllithium88, Fischer et al have
explained this reaction as due to the stability of
the triphenylnethyl carbanion intermediate formed in
such a process. It would appenr that the stability
of the triphenylsilyl anion relative to the anion

Ph.SiCH.CHR™ is not as great.

3 2
(b) The products obtained using a specific Grignard
reagenf nny vary narkedly with the solvent employed,
Thus, reaction between phenylnagnesiun bromide and
(2-vroncethyl)triphenylsilane in ether, tetrahydro-

furan or benzene proceeds din 3iffaront divections

as indicated overleaf (expts. 1,8 and 10),
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PhgBr + PhBSiCHZCHzBr
Ether THE
PhBSiEt (8%) Benzene PhBSiEt (40%)
Ph,Si A - %
(PhySiCH,CH) , (4%) (Pn,SiCH,CH,) , (13%)
q‘ r/(l:] . T OO
Ph,51CH,CH,Ph (40%) PhySiCH,CH,Ph (5%)

PhBSiEt (« 4%), PhBSiCHQCHQPh (90%)

(c¢) The reaction pathway in a particular solvent nay also
vary according to the Grignard reagent used. For
exanple, in benzene 2llyl and phenylimagnesiun bronide
react with the primary halide to give high yields of
coupled materials (expts. 11 and 10) whilst n-propyl
or n~butyluagnesiun bronides give rise predoninantly
to the products of 'exchange' (expts. 13 and 14).

(d) In accordance with the results of Petrov and
Mironov47; it appears that cﬂupling‘is greater with
the secondary halide than with the primary (cf.
expts. 1 and 6).

The poor reaction observed using t-butyliagnesiun bromide

(expt. 5) is probably due to conductinz the process for

too short a tiue.

At a cursory glance, it seems possible to explain

11l of these results by a heterolytic reaction

riechanisri. The ‘exchange' products night be envisaged

as formed by true halogen-netal interconversion since
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the extent of exchange (as monitored by the quantity of

ethyltriphenylsilane isolated) decreases in the case of
the phenyl Grignarad reagent from tetrahydrofuran to
ether to benzenc (expts. 1,8 and 10) and occurs nore

readily with alkylmagnesiun halides than Phenylnagnesiunm

conpounds (i,e. with the less electronegative groups ).
such observations are counpletely in accord with the
conclusions of Zokharkin, Okhlobystin and Bilevich 'C,
Dinerization coulld occur by reaction of the silane with
its own Grignard reagent (formed by exchange):~

R MgBr

Br ———> Ph SiCH,CH,MgBr + Ph

Ph,SiCH CH2 3

3 5 SiCH

CH, Br

2

3 2

dimer

ant there is no necessity to explain the formation of
olefinic products by a radical mechanism. However, it
seens rather surprising that a heterolytic halogen-metal
exchange process night occur so readily in the non-polar
benzene solvent when alkyloagnesiun conpounds are used

(expts, 13 and 14).

(4) The influence of high purity magnesiuu.

The effect of metallic impurities on the course of
Grignard reactions has already been nentioned, The
principal impurity contained in the sanple of nagnesiun
used in the experiments of Table 4-6 was nanganese (see
Fxperinental, section Cl). In order to assess the

influence of these inpurities, experiments were carried
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out using meagnesiun netal of high purity (s 99.995%).
The results of such reactions with (2-brozoethyl)tri-
phenylsilane are recorded in Table 7, Coumparison of
expts. 16-19 with those of expts. 3,8,10 and 13 shows
that the reactions of phenyliagnesiun bronide are not
ruch influenced by the sample of tagnesiun enployed but

that with n-propylioagnesiun bronile in benzene the Dro-

portion of counled naterial is considerably incrensed
(apparently at the expense of olefin formation). Since
wetallic impurities are usually considered to give rise
to radical intermediates, such an observation nay
indicate that the counling reacticn is not a homolytic
process. However, the 'exchange'! reaction is still

congiderable in these experinents and cannot be attributed

to impurities contained in the magnesiun,
Since the tajority of Grignard reactions (at least

in this country) are performed using 'magnesiun for

Grignard' grade zetal, it was decided to continue our
experinents with this type of utagnesiun but in the know-
ledge that the reaction pathways night be somewhnt

influenced by the presence of impurities.

5. Reaction of (2-~bromoalkyl)triphenylsilanes and ethyl-

‘triphenylsilan.‘; with n--butyllithium .

If the 'exchange' process were a true exanple of

halogen-netal interconversion, one mnight expect that the
yield of corresponling hydrocarbon (Ph3SiEt or Ph,SiPr

~ according to the silene used) night increase when the
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more nucleophilic organolithium compounds were employed
in place of the Grignard reagents. TIn order to invest-—
gate this possibility, the reactions of (2-bromoalkyl)-
triphenylsilanes with n-butyllithium vere studied and
the results of thewe experiments are recorded in Table 8.
Such experiments, had they not been complicated by side
reactions, might have provided a method for the deter-
mination of carbaninn stability and allowed correlation

89

with the data of Applequist and O'Brien In none of
the experiments was there any evidence of products
derived from =zilicon-carbon bond cleavage. However, in
contrast to the (alpha-halogenoalkyl)silane Ph.SiCH.Br
3 2
studied by Brook and his coworkersSg, which apparently
underwent halogen-metal exchange at —7009 there was no
reaction at low temperatures. At higher temperatures,
the rate of coupling was ranid and it was not possible
to observe the products of 'exchange' in the absence of
this coupling process. Since this competing reaction is
not normally observed in reactions between alkyl halides
and organolithium reagents under the conditions
62,89
9

employed one cannot draw any conclusions regarding

the carbanion stabilities of PhBSiCHZCHR“ from these
experiments In view of this, 1t was decided to attemnt
the metalation of ethyltriphenylsilane, since this
process might be expected to involve the same carbanion

90 .., . . P .
intermediate without the complication of side reactions,

o 0 3
Gilman and Mortong have stressed the need 1o

investigate the influence of solvent and temperature on
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metalation reactinns and the experiments with ethyl-—
triphenylsilane were performed under a variety of
conditions. Termination of the reactions was achieved
using both deuterium oxide and carbon dioxide but in
none of the experiments were products isolated which
indicated significant metalation., The results are
recorded in Table 9, If the so called 'exchange'
products observed in the Grignard reaction were formed
by a halogen-metal interconversion process, one might
anticipate that the carbanion Ph3quH20H2* was at least
of the same order of stability as the benzyl carbaniongl
(or expressing this another way, that the hydrocarbon
acidity of ethyltriphenylsilane should be similar to
that of toluene). Although metalation of toluene is

) s en . oo 90 . .
almost negligible in diethyl ether ; using mixtures
of ether and tetrahydrofuran anproximately 20% metalation
has been observedgz, However, metalation of ethyltri-
phenylsilané did not occur even under these conditions.
It 1s possible that the use of comvlexing agents such as
tetramethylethylenediamine might facilitate the reaction.

It is difficult to draw any definite conclusions
from the results »f the reactions with n-butyllithium.
The stability of the organolithium compound PhBSiCHZCHQLi
in diethyl ether or ether/THF mixtures has not been
determined and it is possible that this compound might
react rapidly with the solvent and defy its detection
by deuterium oxide or carbon dioxide. Certainly,

attempts to identify the organolithium intermediate in
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réactions with both (2~bromoalkyl)triphenylsilanes and
ethyltriphenylsilane using NMRE spe ctroscopy were
unsuccessful but its absorption may have been masked

by those of solvent or n-butyllithium or its relative
concentration too low to allow detection, Perhaps the
only conclusive evidence to emerge from these experiments
1s that, as in the Grignard brocess, fragmentation is

not an important pathway with the (2~bromoalkyl)tri~

phenylsilanes,

6. ¥Fvidence concerning the mechanism of reaction between

(2~bromoalkyl)triphenylsilanes and Grignard reagents.

In order to classify a reaction as a genuine
halogen-metal interconversion process (RMgX + R'X &=
R'MgX + RX), it is necessary to establish two factors:—

(a) formatinn of the Grignard reagent R'MgX.
(b) formation of an equivalent quantity of the alkyl
halide RX,

Ixperiments were carried out with (2-bromoethyl)-
triphenylsilane in an attempt to detect the alkyl halides
anticipated from a halogen-metal exchange reaction.
n—-Butyl and phenylmagnesium bromides were used in these
exXperiments. Bach73 has shown that any bromobutane
formed would not be significantly consumed by side
reactions (e.g. formation of octane etc) and our
experiments with bromobenzene zave similar results.

4-6 shows that the coupling

Examination of Tables

reaction,




t

Ph,SiCH,CH MgBr + RY —> Pb3SiC? CHLR

3 2772 oo

if it occurs, does so only to a minor extent. Thus, if
alkyl or aryl halides were FTormed from these Grignard
reagents by a heterolytic process, their detection
should be possible. In none of the systems investigated
were the quantities of halide detected similar to that
of the ethyltriphenylsilane formed in the same reaction,
The results are recorded in Table 10 and other products
were as reported in the corresponding'eXperimemts of
Tables 4;60 Clearly, these results alone indicate that
formation of ethyltriphenylsilane does not occur by a
genuine halogen-metal interconversion process.

The next priority was to discover whether any of
the ethyltriphenylsilane isolated had been formed from
the carbanion PhBSiCH20H2" or whether it had been derived
from other reactio pathways. The fact that the Grignard

DiCH CH MgBr is apparently stable in the

reagent Ph SUH Mg

3
solutions employed enabled us to investigate the extent
of involvement of the organometallic intermediate, In
order to do this reactions were quenched with deuterium
oxide and the propnrtion of deuterium contained in the
sample of ethyltriphenylsilane obtained was determined.
The results are summarised in Table 11. Examination of
the table reveals that only in the cases of t-butyl-

magnesium bromide in ether and n-propylmagnesium bromide

in benzene does the extent of deuteration approach 100%,




g49°0 0 30T°0 ouszZUaq

IgFME-u
5€6°0 F80°0 391°0  xouse TLYQeTD Igang-u
206°0 0 0 JHTL ILF UL

susTrsTLUsydTas
*9FURUNXS TBLBW~USFOIRY - (Tdysysowoaq~z) UOTQRUILIOT TueSEes
£q poWIOF oJeM 1HTSUT U4TM UOTALOBOI pIBUGTIH JIO9FR )
901 TTEB Futunsse JI91.JB pP9Q0818D FUTUTRWS I TUSATOS DI RUF TIH
‘pogoadxe (yu) 8pTTEY (xH) eprTey (¥4) 9pTTeY

"(YFHH) squUedBed DIBUSTIY DUR mgmﬂﬂmﬂ%q@smﬂhpAﬂhswmcaohplmv

Usemisq SUOTIOBSI UT UOTLBWIOT OpPTTRY TAae/TL¥Te ICI yoaras ayf

0T ATevi




96 oY
00T Vv

0§ ¢

Ot $'1

ouUsZU(

T899

T8[9

pegeTosT auesTlsTAusydtanTLyge

o4 JO UOTABISINDD o Agv WTY) UOTLOBS.T

LU ATOS

QUBTEOI PIRUFTIY

PRTYO WATJIL4Nep UaTm payousanb

SquagesI pJ

C

T dA7dVL

BUFTIH pus aueTIsTAueydT.Iq ( TAULSOWOTA— Usemiaq SUOTLOBIOY
Y LST LLg { L




- 60 -

It is apparent that in the reactions with n-propyl-
magnesium bromide in THF or ether and with phenyl-
magnesium bromide in THF, the ethyltriphenylsilane
isolated is not solely derived from an intermediate
carbanion. The full significance of these results will
be discussed later in this chapter.

An explanation for the results obtained using
deuterium oxide was that some of the 'exchange' hydro-
carbon had been formed from a free radical process.
Experiments were therefore carried out to investigate
tre possible participation of radical intermediates in
these systems. It was hoped that the experiments might
shed light not only on the 'exchange' process but also
on the related dimerization and coupling reactions.
Normally the detection of free radicals is achieved
using ESR technigues but unfortunately the instrument
available was not suitable for such studies. Another
commonly used method of radical detection iz addition
of a scavenger ant two experiments were performed in the
presence of styrene. This monomer has recently been
successfully used in Grignard systems by Tamura and
Kochi93. A reaction between phenylmagnesium bromide and
(2—bromoethyl)triphenylsilane in benzene in the presence
of styrene gave (2-phenylethyl)triphenylsilane in 95%
yield and was thus unaffected by the presence of +this
scavenger (cf. expt. 10, Table 6). In contrast, the
presence of styrene in the reaction between n-propyl-

magnesium bromide and the silane in THY decreased the
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yield ol ethyltrivhenylsilane to 16% (cf. expt. 7,

Table 5 - Ph,5iEt 52%) whilst the proportion of dimer—
ization remained virtually unchanged (17%). No starting
halide was recovered and the only other product isolated
was a polymeric material containing both silicon-phenyl
and aliphatic linkages. It would appear that styrene
has successfully trapped free radical intermediates in
the latter reaction but not in the former. The results
may indicate that th "exchange'! process is bartly
radical but that dimerization and coupling do not involve
such intermediates. However, a more detailed discussion
will be presented later. DPurther indirect evidence
suggesting the participation of rsdical intermedistes in
the 'exchange! process was obtained from a study of the
reactions of (2wbromoalkyl)triphenylsilanes with phenyl-
magnesium bromide in tetrahydrofuran. It was observed
that high yields of biphenyl were formed in these
reactions. One possible explanation was that halogen-—
metal exchange had occurred followed by consumption of

bromobenzene in a coupling reaction:-

341CH CHzBr + PhMgBr — P 3§1“d CH2MgBr + PhBr

PhBr + PhMgBr — Ph2 + MgBr2

However, this seemed unlikely since coupling between

phenylmagnesium bromide and bromobenzene is known to be
53954’

a sluggish process and obviously this exchange

reaction would conflict with the evidence thus far
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oresented. In fact, exveriments confirmed that negligible
yields of biphenyl were obtained in the formation of
phenylmagnesium bromide and ih its reaction with bromo-
benzene in the presence or absence of magnesium bromide.
In the latter two cases, hizh recoveries of the added
bromobenzene could be achieved, The results are summar—
ised in Table 12 and would seem to indicate that the bi-
phenyl is probably formed by the coupling of phenyl
radicals. These experiments were the only ones in which
the fate of products derived solely from the Grignard
reagent were determined,

The results obtained using deuterium oxide, styrene
and the egtimation of biphenyl in reactions with phenyl-

magnesium bromide seemed to suggest the participation of

free radicals in the 'exchange' process, In order to
determine whether the products obtained were consistent
with the formetion of such intermediates, a reaction was
performed under conditions believed to generate free
radicals. The reaction between Grignard compounds and
alkyl halides in the presence of cobaltous chloride has

53,54,94

generally been interpreted as a radical process

A G
Wilt and his coworkers94’95 have investigated the
reactions of (alpha, gamma and delta-halogenoalkyl)-
silanes under radical conditions and found that the

gamma and delta compounds undergo rearrangement:-
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B - BuBSnH
PhJegglCﬂz H? H2Oi — s PhMeZSiCH20H2CH2'

ER—— PhﬂegulbU CH,CH, + Me,3iCH,CH CT Ph

ai 22
In contrﬁstg the alpha compound PLBSiCHQCl does not
rearrange under similar conditions and it was suggented
that either steric hindrance or d=x - p~® bonding in this
compound prevented rearrangement., In none of the
experiments with (2~bromoethyl)triphenylsilane, in the
absence of added metallic halide, was there any evidence
for the formation of the rearranged product PhZHSiCH2~
CHZPh, In an attempt to discover whether such rearrange-—
ment might be anticipated if the Grignard reactions
involved radicrl intermediates, an experiment between
ethylmagnesium bromide and (2~bromoethyl)triphenyl~
silane in tetrahydrofuran in the pressnce of cobalt

chloride was perfarmed. The products obtained are

sunmmarised in the scheme bhelow: -

PhBSioﬁchgBr +  EtlgBr
(4.52)
'"THIY reaction p“oduct'é//
(0.32g)
'Hydrocarbon fractisn X!
(0.633)
(Ph,8iCH,CH,),(0.88g,25%) Ph,y5iCH=CH, (0.07g,3%)

¥

Ph,SiCH,CH,Br (0,13g,3%)

3 2772
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The 'hydrocarbon fraction X' and the 'THP reacfion
product‘ were similar to those obtained in the exper-
iments recorded in Tables 4-6 (sece page 45). There was
no evidence for the formation of the rearranged compound.
Although the relative proportionz differ, the principal
types of compounds obtained are similar to those using
alkylmagnesium halides in tie absence of metallic halide
(cf, expt. 7, Table 5). Thus, provided that reactions
in the presence of cobaltous chloride are accepted as
radical processes, the results of this experiment are
consistent with the hypothesis that interactions between
Grignard reagents and (2-bromoalkyl)silanes (in the

absence of CoClZ) involve radical intermediates.

7. Rationalisation of the foregoing results.

It is apparent from the results obtained that the
'exchange' process is not a genuine example of halogen-—
metal interconversion and that in some cases, at least,
proceeds via free radical fdrmation, Classification of
the coupling and dimerization reactions 1is not so clear
cut, Clearly, a more detailed picture of these processes
would emerge from a study of the products derived from
the Grignard reagent -~ necessitating a system of gas
analysis. It should also be nointed out that products
obtained from attack of radicals on the solvent (e.g.
compounds of the type PhBSiCHzCHgCHCHBOC2H5) when diethyl
ether is employed, have not been detected. Such

. o . 6 . .
compounds were identified by Kumada et a179% in their
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reactions of organosilylmethylmagnesium chlorides with
silver halides. UNevertheless, the data presented in
this text iz most simply rationalised by a mechanism in
which a one electron transfer gives a caged radical pair
which can then react further in a variety of ways:-—

°

Ph33iud?CHRBr + RYMaBr

[Ph3SiCHZCHR, MgBrz, RY ]
abstraction
from
Ph CH,CHRMgBr ethereal Ph3)1U“2”HR“ BT
co épllnb, dimerization solvents
disproportionation. +
Vv R'Br
H T ntg)
Ph 1yt S1CH,CH R + (R'H)

The radical derived from the Grignard reagent is
bracketed because the products from this reagent were
not determined. The particular reaction pathway

followed anad the products obtalned are envisaged as

iy
being governed by:-~
(1) The ease of transfer of a second electron to

produce the carbanion Ph3%1”L CTR (i.e. on the

2

electron donor ability of the organometallic

compound ),

Ph SiCHQCﬂﬁﬂ + R'NgX —> Ph,S1CH,CHRIgX + R'-

2

3 3

(2) The relative stability of the intermediate radical
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PhBSiCHgCHR'

(3) The ease of proton abstraction from the solvent
employed.,

The results obtained with deuterium oxide are readily
explained by this scheme. The ‘'exchange' hydrocarbons
(Ph3SiEt and PhBSiPr) are formed not only from an organo-—
metallic compound but also by proton abstraction from the
medium by the intermediate free radical. Thus, reaction
in tetrahydrofuran between (2~bromoethyl)triphenylsilane
and phenylmagnesium bromide (a poor electron donor)
gives rise to ethyltriphenylsilane of which little is
derived from the carbanion and most is formed by a
radical abstraction process. When n-propylmagnesium
bromide (a somewhat better electron donor than phenyl)
is employed in this solvent, the principal source of
'exchange' hydrocarbon is still proton abstraction by
the radical but rather more of the product is obtained
via the organometallic intermediate. Using n-propyl-—
magnesium bromide in ether, approximately 50% of the
"exchange! product is derived from the carbanion and with
the strongly donating reagent t-BulMgBr, carbanion
formation is the exclusive process,

Whether coupline or 'exchange'! occurs is governed
by Similar considerations. The yield of coupled material
might be expected to increase as:-

(a) the donor ability of the Grignard reagent decreases

and (b) the ease of removal of a proton from the solvent

decreases,
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Examination of the results obtained using phenylmag-
nesium bromide and (2~bromoethy1)triphenylsilane shows
that these conclusions are borne out. Thus, coupling is
the major process in benzene and diethyl ether but
decreases in that order whereas in tetrahydrofuran (where
proton abstraction might be expected to be rapid)
dimerization and ‘'exchange' predominate. With alkyl-
magnesium compounds coupling is not observed in any
significant extent irrespective of the solvent used. The
negligible yield of ‘*exchange' hydrocarbon from reaction
of the secondary halide with phenylmagnesium bromide in
ether (expt. 6, Table 4), is presumably the result of
the decreased tendency of the more stable secondary
radical to undergo a second electron transfer or abstract
a pfoton from the medium.

The fbregoing argument adequately expnlains the
'exchange' process. However, there is at least one
other possible mechanism by which the 'exchange' hydrc-
carbon might be partially formed. This involves direct
reduction of the halide by the Grignard reagent.

Lastham and Gibson97 have claimed to have observed such

brocesses in the reactions between l-bromooctane or

bromocyclohexane and n-butyllithium,

R
I?_(?Hg Li
E ——p RCh3 + LiX + Ud3C§EOH = CH2
H 01{2
~. /
CH
|
CH,.CH
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Obviously, this cannot be an imvortant pathway in any of
the reactions involving phenylmagnesium bromide or in
any of the experiments where quantitative carbanion
formation is observed. Ilowever, in the experiments with
alkylmagnesium compounds, where deuteration of the
"exchange' hydrocarbon does not approach 100%, some of
the non-deuterated product may have arisen by this
proceés and our experiments have not eliminated this
possibility,

summing up the evidence regardingy the 'exchange'
reaction, one might conclude that a process involving
single electron transfer provides a workable explanation
for the results obtained using phenylmagnesium bromide

and can e used to explain the remaining data in a

satisfactory manner but that an alternative pathway for

the latter cannot be entirely excluded.
Concerning the coupling reaction there are three
relevant pieces of evidence:-

(1) In the presence of styrene, the reaction between
(2=bromoethyl)triphenylsilane and phenylmagrnesium
bromide giving (2-phenylethyl)triphenylsilane is
not significantly altered, This might be inter-
preted as indicating that the coupling reaction
is not homolytic. Alternatively, it is possible
that reaction takes place within the solvent cage
and that few of the radicals escape into the
medium for detection.

(2) The use of high purity magnesium appears to

increase the yield of coupled product in the
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reaction between (2-bromoethyl)triphenylsilane and
n-propylmagnesium bromide in venzene, If the
metallic impurities contained in the magnesium
generally employed are assumed to facilitate a
homolytic process, one might conclude that the
coupling reaction is heterolytic. However, it is
by no means certain that such impurities induce a
radical process and coupling between the silane
and phenylmagnesium bromide in TH® or n-propyl-
magnesium bromide in ether is not significantly
increased using high purity magnesium (see Table 7).
Petrov and Mironov47 concluded that the extent of
coupling increased from primary to secondary to
tertiary halide and the results presented in this
text are in agreement with this conclusion (cf.
expts. 1 and 6, Table 4). It will be recalled that
in the reactions between (2-hvdroxyalkyl)silanes
and phosphorus “tribromide or thionyl chlorice,
extensive fragmentation was observed with the
tertiary compounds. Since these reactions were
believed to proceed via carbonium ions of the type
333101{2032‘“, it seems unlikely that explanation of
the coupling process by a heterolytic mechanism,
which would involve similar intermediates, is
valid. In other words, if the coupling reaction
were heterolytic, one might anticipate that its

extent should increase in the reverse order to

that observed.
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Although the data is . not completely decisive, it i

)

concluded that coupling is probably a radical process.
The reaction between n-propylmagnesium bromide and
(2~bromoethyl)triphenylsilane in benzene with high purity
magnesium remains an anomaly.
Two possible mechanismsmay be envisaged for the

dimerization reaction:-—
(a) radical combination

Ph_ SiCH CHR+ ——> (Ph_.SiCH_CI

2.-03 51 J»,.LZCHR (..1’13 vlwigmfﬁ)g
(b) coupling of t.e halide with its own organometallic

compound

PhBSiCchHRMgBr + PhBSiCﬁzcﬁﬁBr'“é(PhBSiCIZCHR)Z
In the reaction between n-propylmagnesium bromide and
(2-bromoethyl)triphenylsilane in TILF containing added
styrene, although the proportion »f 'exchange' hydro-
carbon was Gecreased, the quantity of dimer was
unaffected, This mizht suggest that dimerization is not
a radical phenomenon but once again it is possible that
reacticn occurs within the solvent cage. It is notice-

able that.dimerization is not observed in the absence

V)]

of 'exclange'! and is maximal in tetrahydrofuran. The

results may indicate a heterolytic mechanism but are
not conclusive.
Without knowing the fate of the products derived

from the Grignard reagents it is not pnossible to offer
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explanation for the formation of olefinic materials.

The fact that in the reaction of n-propylmagnesium
bromide and (2~bromoethyl)triphenylsilane in benzene
(expt. 13, Table 6), the quantity of non-deuterated
ethyltriphenylsilane does not balance that of triphenyl-—-
vinylsilane indicztes that the following disproportion-

ation reaction is unimportant.

Ph3SiCH2

CH,« + Ph,SiCH,CH,« — Ph CH

o 3 oL, SSibﬂzd

+ Ph,S5iCH

2 3 2773

Since significant triphenylvinylsilane formation is not
observed in ether or THF, it may also be concluded

that the process is negligible in t.iese systems. The
formation of the olefin in benzene may well be explained
by cross disproportionation between PhBSiCHZCH2 radicals
and alkyl fadicals derived from the Grignard reagent but
proof of such a process would require gas analysis and
labelling experiments.

Out of curiosity (rather than scientific reasont!),
the reaction betwesn (bromomethyl)triphenylsilane and
n-propylmagnesium bromide in diethyl ether was studied.
Only two products were recovered in significant
proportions -~ methyltriphenylsilane (20%) and starting
material (59%). Time did not allow a study of the
mechanism of this reaction but in view of the results
52

of Brook and his coworkers”™, an investigation of this

system might prove interesting.
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8. Attempts to determine the mechanism of fragmentation.,

“ince the reactions between (2-halogenoalkyl)tri—
phenylsilanes and Grignard compounds did not involve
significaﬂt4siliconwcarbon bond cleavage, it was
necesSary to return to the trialkylsilyl systems in order
to study the fragmentation process. As a vreliminary to
this work, two reactions were studied and a thorough
search for the wnroducts of ‘exchange', dimerization and
coupling (in addition to those of fragmentation) was
made. In previous investigations complete product
analysis has not been reported3’47. The reactions are

summarised below: -

ether
(1) MeSSiCHQCHQBr + n-BulMgBr —3> Me y81Bu (78%)
Me ySiEt («1%)
Me y81CH,CH,Bu (1%)
THR ‘
(2) e ;SiCH,CH,Br + PhligBr ————3 Me,SiPh (73%)
(Ve e481CH,CH )2(<1%)
MaBS 1CH,0H Dh(}%)

It is apparent that 'exchange', dimerization and coupling
do not compete with ffagmentation in these systems.

It will be recalled that two mechanisms have been
proposed for the fragmentation proce053’47. In order
to distinguish between them a search was made for the
intermediate halide which would be anticipated in the

Russian scheme. Reaction (2) appeared to be a

particularly suitable system far study by NMR
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spectroscopy since the trimethylsilyl protons of
starting material Me3SiCH26H2Br, intermediate MeBSiBr
(if it were formed) and product Me,51Ph were well
defined singlet absorptions, clearly detectable in a
mixture of the three components. However, although
absorptions attributable to product and startihg
material were detected at various time intervals, there
wés no evidence for the formation of bromotrimethyl-
silane during a reaction. In spite of this, the exper-—
iment does not constitute definite evidence against the
Russian scheme since it was found that reaction between
Me3SiBr and PhMgBr occurs extremely rapidly and that
only an absorption due to product (MeBSiPh) is detected
when the two are mixed in an NMR tube at 35°. Thus,
reaction with the (2—halogenoalkyl)silane might well
proceed in.the following manner:-—

slow fast
Me . SiCH CHZBr + FPhMgBr ——> Me3SiBr *m——~%-Me3SiPh

3 2
It is possible that the Russian workers chose an
exceptionally good system for study (EtBSiCHZCHMeBr and
EtMgBr) in that coupling between halogenotriethylsilanes
and Grignard reagents is known to be a much slower

98

process than with the trimethyl analogues”~.

MeySiCl  + Bt,5iCl + TtMgBr — Me,SiEt + Et,Si
(2) (1)

MeBSiCl + Et3SiCl + n—PngBr»%ﬁWe3SiPr (only)
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Unfortunately, their system 1s not suitable for a

detailed investigation by NMR techniques.

In an attempt to discover whether the hydroxytri-
ethylsilane obtained by Petrov and Mironov might have
been formed merely by hydrolysis of the starting material
during the work up ﬁfooedure (see page 32), the brepar-
ation of (2~bromopropyl)triethylsilane was undertaken.

It was hoped to study the stability of this compound in
a diethyl ether/water mixture. Every precaution was
taken during the preparation and storage of the halide
but the precise oonétitution of the product obtained

was uncertain It i%@ossible that fragmentation to
bromotriethylsilane had occurred. The product obtained
by reaction with an ether/water mixture was identifiecd
as hydroxytriethylsilane but in view of the uncertainty
of the natﬁre of the starting material no conclusions may
be drawn from this experiment. It seems likely that the
halide EtBSiCHZOHﬂeBr is fairly unstable but our exper-
iments have not contributed to the already known facts
concerning the fragmentation process.

It is probable that the Russian scheme is the correct
one and that decomposition occurs in a manner similar to

that proposed for reactions between (2-halogenoalkyl)-

Q
silanes and aluminium chloridng
TN .
R381CH2CH201 + A1013-> RBSl\\‘ ’I,bH2“9’RBSlCl+Cﬂ2=CH2
C1l
|
A1C1
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but unequivocal evidence is still awalted.

9. Reactions between alkyl halides and organometallic

reagents,

The results presented in this dissertation are in
agreement with the now emerging pattern of single
electron transfer processes in organic chemistry. As
was noted in the introduction to this chapter, much
evidence suggesting radical participation in reactions
where such intermediates were not previously considerecd
important is now accumulating., It seems likely that
many reactions of alkyl halides with organometallic
compounds can be explained by such srocesses. Ward,

7 4 4 ave

Lawler and Cooper'' and Russell and Lamson
proposed schemes essentially similar to that suggested

in this text, from studies with organolithium reagents,

RM + R'X —> [R*, X, M, R'+] —»R'M + RX

coupling and disproportionation

Undoubtedly, true halogen-metal exchange processes do
occur (in the sense that both a new organometallic
compound and alkyl halide are formed). In these cases

the following reactions may take place:=-
R +4 R'X ——> RX + Re' (1)

R<* 4+ ©R®RM —> R'M + R- (2)
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In the (2-halogenoalkyl)triphenylsilane systems,
reaction (1) is obviously unimportant but in others it
may occur to a significant extent.

It is hoped that the work described in this chapter
may contribute in a small way towards the further

understanding of these processes.
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Chapter Three

THEY DECREASE IN SILICON-CARBON BOI) CLEAVAGE OBSERVED

i

Il REACTIONS OF BETA-PUNCTIONAL TRIPHENYLSTILANES,

The results described in Chapters 1 and 2 have
demonstrated the decreased tendency of beta-functional
organosilanes to undergo fragmentation when phenyl
groups replace alkyl groups at the silicon atom,
Similar observations were recorded when the (2-bromo—
alkyl)triphenylsilanes were added to protic solvents, in
which the trialkylsilyl analogues readily decompose,
(2-Bromoethyl)triphenylsilane was recovered unchanged
from a variety of solvolytic media and (2~bromopropyl)—
triphenylsilane Gid not eliminate propylene in tetra-
hydrofuran/water (50/50) but gave (2-hydroxypropyl)tri-
phenylsilane in almost quantitative yield.

THF/H20

5iCH CieBr ——s 'Ph3SiCHQCHMGOH

Ph3 5

Corriu and Coworkers35 found that (2-chloroethyl)tri-

phenylsilane was stable in ethanol/water and dioxan/water

mixtures below ZOOO. A1l of these results are consistent

Wwith those of Sommer21 who studied the neutral solvolysis
of the compounds RBSiCHZCfgcl in 70% ethanol at 509 and
found that the rates were Me3Si S EtZMeSi N PhMeZSi >

(m-CF Hl)Me2Si. A similar rate order was obtained
14

376
from a study of the acid catalysed solvolysis of

R_SiCH,CH,0H. Oxidation of (2~hydroxyethyl)triphenylm

3 2772
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. A
silane to the corresponding acid ™~

~D
10,46

a

!

and the results of

u

t+

Davis and Gray have already been mentioned. Ye
another example of phenyl groups stabilizing the silicon-

carbon bond is shown in the following reaction:-—

Br um:
TQﬁ)WXYPh AN'\N Y SiPn
D1 DL

——————— P

In the presence of base, the diphenyl substituted bromide

undergoes dehydrohalogenation whereas the corresponding

=

r

compound with methyl groups on silicon undergoes complete

o . 100
desilicohalogenation .
The trichlor~silyl group exerts a similar stabil-
izing influence. ‘‘hen the compound ClBSiCH2

treated with methylmagnesium bromide, elimination of

CH.CL is
<

ethylene is not observed until the third chlorine atom
at silicon has been replaced3 and (in contrast to the
trialkyl analogues) this compound eliminates hydrogen
halide when reacted with aluminium chloride.

AlCl3

01,SiCH.CH,Cl ——=s C1.5iCH=CH, + HC1 (ref.10l1)
3 22 3 2
ATCT

- S MTT XTT 3 i Tq ANTT IT -~ \
EtsSlCuzCLZCl —_—y btgﬁ*vl + CH,=CH, (ref. 2)

1

The reactivity and rceady cleavage of the silicon-
carbon bond of beta-functienal trislkylsilanes has
sometimes been attributed to the high inductive elccetron

*

release by the group RBSiOHQ. The Taft o value for the
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HGBSlCHQ group (- 0,26)3 is considerably higher than

for the analogous carbon groumlk2 Me 30 (d* =~ 0,17)

N 2
and is comparable to that of the t-butyl substituentloz.
¥*

MGBC (67 = = 0.30). The ease of formation of the
: : ~ = - . + . - R o
carbonium ion MegolCH CH2 in solvolytic and other

4

reactions is thus increased and following the accumu-
lation of positive charge at the beta-—carbon atom, frag-

mentation i

93

observed. In contrast, the group 01531”H2
is believed to he electron withdrawing and leads +to a
more stable system. A4 similar argument might explain
the behaviour of the tripheny £1lyl compounds (i.e. the

group Ph,SiCH, might be expected to display electron
)

2
withdrawal or, at least, deccreased electron donstion
comparecd to that of R,SiCH, grouns). At the onsct of
this work, the only reported data on the electronic
effects of tue PhBSiCH2 grouy was that of Brooknand

TDannel"lo3 (G*

= + 0.09). This would indicate +that the
group 1is electron donating. One manifestation of the

differences in the inductive effects of the Zroups

ClBSiCZE2 anc ﬂKBT'CHQ is observed on addition of hydrogen
(a8

bromide to the corresponding 21lyl compounds, Th

&;

59
addition to allyltrimethylsilane occurs exclusively
according to Markownikoff's rule even in the vresence

.o 104,105
of peroxide T

whereas addition to allyltrichlorosilane occurs in an

anti-larkownikoff fashion and the incorporation of
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inhibitors is without effect CC.

CHABr

Cl,SiCH 5

3 CH = CH

+ HBr —> C1,S5iCH,CH

2 2 3 2772

If the value derived by Brook and Pannell were in error
(the constant was not determined directly) and the groupd
PhBSiCH2 were electron withdrawing, one might anticipate
that addition of hydrogen bromide to allyltriphenyl-
silane should occur as in the latter reaction. Since
there appeared to be no published evidence of this
reaction, it was performed in the presence and absence
of peroxide. In both instances (2-bromopropyl)tri-

phenylsilane was the product obtained.

Ph,SiCH,CH = CII + HBr — ¥Pn.SiCH, CHVeBr
3 2 2 3 2
Recently, Rowleylo7 has obtained a value of o similar
to that of Brook and Pannell and one must conclude
that the group PhBSiJHZ is electron donating,

Another commonly used concept to explain the high
reactivity of beta-functional trialkylsilanes is that
of o= % conjugation (sce Chavter 1). The decreased
reactivity in idonic addition reactions observed with
the trichlorosilyl compounds has been attributed to
decreased o ~x conjugation with the accumulation of
electronegative groups at silicon. It seems unlikely
that the effect of the triphenylsilyl group may be
similarly explained but it is possible that this type

of conjugation may be decreased in such compounds by
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other factors (steric hindrance),

Other vossible explanations exist., In reactions
involving carbonium ion intermediates the build up of
positive'charge may be prevented by delocalisation in
the aromatic rings (see Chapter 1). Reactions of (2-
halogenoalkyl)trialkylsilanes with aluminium chloride
and Grignard reagents and their thermal decompositions
probably proceed via a cyclic transition state involving
interaction between silicon and the group attached %o

the beta-carbon atom

It is possible that in the triphenyl-substituted compounds
steric factors may prevent such interaction. Altern-
atively, steric effects may prevent rearside attack at

the silicon atem by an incoming nucleophile - an

[
argument presented by Torriu et a13’,

At the present time, the relative importance of
inductive and resonance effects on the reactions of beta-
functional organnsilanes has not been determined. It
might be concluded that whilst the differcnces in the
reactions of the trialkyl and triphenyl=substituted
compounds may be explained by the contrasting inductive
effects of the groups PhBSiCH2 and Me3SiCH2, steric and

resonance factors may also be important,
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CONCLUSIONS

The decrease in silicon-carbon bond cleavage
observed in the reactions of beta-functional organo-
silanes when triphenylsilyl compounds are employed in
place of the trialkylsilyl analogues has Dbeen
established. Reaction of (2-hydroxyalkyl)silanes with
phosphorus tribromide or thionyl chloride is consistent
with a carbonium ion mechanism and demonstrates the
ability of silicon to stabilize such intermediatcs by
interaction with the developing charge at the beta-
carbon atom. The reaction between (2-bromoalkyl)tri-
phenylsilanes and Grignard reagents was studied with &
view towards the better understanding of the inter-—
actions of alkyl halides with organometallic compounds
but in such a vast field it is possible merely to
scratch the surface. IMany important questions remain
unanswered (e.g. the precise role of the solvent in
these reactions has not been determined) and the manner
in which sevcral of the vroducts are obtained has not
been firmly established. Clearly, the formetion of
'exchange! hydrocarbon is not a genuine example of
halogen-metal interconversion and the data presented
is adequately explained by a mechanism of single
electron transfer It is possible that many reactions
in organic chemistry may proceed by such processes. In
the past, reactions have been rigidly divided into
homolytic and heterolytic processes and the formation

of radicals in a heterolytic system (or the production
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of ions in a free radical system) have been regarded as
side reactions proceeding in parallel with the main
reaction. This phenomenon might bz better explained if
it 1s assumed that the formation of & new bond is
preceeded by single electron transfer from one reacting
specles to another. Ividence is now accumulating in

this area but there is scope for many wmore investigations.
In conclusion one might echo the words of Julian Huxley
that 'truth is not revealed as a whole but has to be

0 asively discovered?®.
r essively d red!
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FEXPERIMENTAL

Melting points and boiling points quoted in this
section are uncorrected. The elemental analyses of
liguid materials were carried out at the Alfred
Bernhardt Laboratory (W, Germany). Organosilanes were
kindly donated by #idland Silicones Ltd, and the remain-
ing chemicals were purchased from Messrs. Hopkin and
Williams Ltd. or the alternative supplier indicated.

UV _spectra were recorded with a Perkin-Elmer 137

spectrometer.

GLC analyses were perfarmed on a Dye-Unicam 104

instrument using an SE30 silicone gum column (9ft. x
1/8 in. 0.d4.) with helium as a carrier gas at a flow
rate of 50ml/min. Temperatures for individual
separations are recorded in the text.

. - -0 B
NMR spectra were determined at 35° (unless other-

wise stated). Routine spectra were recorded at 60 MHz/
sec using either a Varian Associates A-60A spectrometer
or a Perkin-Zlmer R-10 model. Tor the accurate inte-
gration of dilute solutions (10% w/v or less), spectra
were recorded at 100 MHz/sec with a Perkin-Elmer R-14
spectrometer. Tstramethylsilane was used as an internal

reference and spectral assignments were based on the

08

. . 1
data of Mathieson .

IR spectra were obtained using a Perkin-Elmer
Infracord 237 and the interpretation of absorption bands

109 and Flettllo.

was based on the texts of Bellamy The
anticipated silicon~methyl or silicon-phenyl absorptions

were observed in all compounds and are not individually

recorded,
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A, THE REACTION OF (2-HYDROXYAIKYL)SILANES WITH THIONYL

CHLORIDE OR PHOSPHORUS TRIBROMIDE,

Ethyl (trimethylgilyl)aoetate, ethyl (diphenyl-
methylsilyl)acetate and ethyl (triphenylsilyl)acetate
were prepared from ethyl bromoacetate, zinc and chloro-
111

gilane using the method outlined by Pratt

Ethyl (trimethylsilyl)acetate., Yield 47%: b.p. T4=76%/

A2mm.,

Tthyl (diphenylmethylsilyl)acetate. Yield 62%; b.p,

143-148°/0,1mm, (Found: C,71.88; 1,7.03; $i,9.62. C 1
H2002 Si calcd.,: C,71.80; H,7.09; S1,9.88%).

Ethyl (triphenylsilyl)jacetate. This ester was separated

)

from hydroxytriphenylsilane, formed by hydrolysis of
unconsumed chlorotriphenylsilane, by elution with

benzene from a column of silica gel., Yield 28%: m.p.

o i 1 ~ o 1T
74’.‘76 ¢ (‘.‘O\ll’l&& \‘/775'509 '}‘_1‘964 300 22 2/‘) 2%1 Cc~l(‘d.°
C,76.253 H,6,404%),

Fthyl (dimethylphenylsilyl)acetate was prepared by a

nmethod similar to that of Gold et 317. Reaction of

phenylmagnesium bromide and (chloromethyl)dimethylchloro-
silane in diethyl ether gave (chloromethyl)dimethylphenyl-

silane. The Grignard reagent of the latter reacted with

ethyl chloroformate to give the desired ester in 5 3%
. . . Q LO/
yield, b.p. 93~99°/3mm.
The physical properties and the IR and NMR spectra

of these esters werc consistent with those recorded by

9]

-

L 112
Fessenden and fessenden .



- 87
Repeated attempts to prepare ethyl (trimetaylsilyl)-
propionate and ethyl (trimethylsilyl)isobutyrate by th

wodified Reformatsky »rocedure were unsuccessful,

“reparation of (2~hydroxyalkyl)silanes,

nNo

The deuterated alcohols were obtained by reduction

of the alpha-silylacetates with lithium aluminium
deuteride (99% isotopic purity -~ ex CIBA) in diethyl
ether. The procedure using ethyl (trimethylsilyl)acetate
is typical of those nerformeds:-

Ethyl (trimethylsilyl)acetate (8.0g, 0.050 mole) in
diethyl ether (20ml) was slowly added to a stirred
suspension of lithium aluminium deuteride (2.0g, 0,04¢
mole) in ether {(40ml). The resulting mixture was
stirred for 1h after which the excess rcducing agent
was destroyed by careful hydrolysis with water. The
agueous layer was extracted with ether and the combined
extracts dried over magnesium sulphate, Hractionation
gave (2—hydroxyethyl—2,2~d2)trimethylsilnne (3.6g, 61%).

The IR spectra 2f all the deuterated alcohols showed
characteristic carbon-deuterium absorptions at 2180cm™
and EOBOcm_lu Other properties of these compounds are
sumnmarised in Table 13.

(2-Hydroxyprc pyl)triphenylsilane was prepared by the

method of Gilman et ;113 M,p. 85-88° (lit.l13 86-889) ;
N¥R (cC A soln,): multiplet 72.6 (intensity 15),

moltiplet © 6.0 (intensity 1), multiplet T 8.3 (intensity
2), singlet 7 8.4 (intensity 1), doublet T 8.9 (intensity

3).
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(ZnHydroxypropyl~2—methyl)trimethylsilane was obtained

in low yield by reaction of ethyl (trimethylsilyl)-
acetate and methylmagnesium iodide in refluxing diethyl
ether for 15h. B.p. 85-90°/90mm (1it. % 91-92°/98mn) ;
NMR (neat liquid): singlet T 6.6 (intenzity 1), singlet
T 8.8 (intensity 6), singlet «* 9.0 (intensity 2),
singlet 7 10,0 (intensity 9).

(292_Diphenyl~2—hydroxyethyl)trimethylSilane was

obtained in 37% yiela by reaction of phenylmagnesium
broumide and ethyl (trimethylsilyl)acetate in refluxing
diethyl ether for 48h. The alcohol distilled at 144~
1480/O,l~0.2mm and then solidified, Recrystallisation
from light petroleum (b.p. 60-80°) grmve o product, m.p.
67-69°; NMR (£C1, =oln.): multiplet + 2.5 (intensity
10), singlet ¢ 7.9 (intensity 1), singlet « 8.1
(intensity 2), singlet v 10.0 (intensity 9). (Found:

¢,76.22: H,8.38 C17H55081 caled.: ©,75.545 H,8.15%),

3. Reaction of (2-hydroxyalkyl)silanes with thionyl

Ly

chloride cor nheosphorus tribromide,

Thionyl chloride or phosphorus tribromide was added
. . 0
dropwise, in excess, to the alcohol at 0° and after
addition was complete NMR spectra of the resulting

. 0 . |
solutions were recorded at 35°. From these spectra the

proportion of rearrangement (from the intensitics of the
methylene grouvns attached to bromine and silicon
respectively) and of substitution relative to elimination
(from the intensities of the (2~halogenoalkyl)silane and

halogenosilane produced) were determined., The extents
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of these reactions are recorded in Table 1 and the
corresponding absorption positions of the products
formed in Table 14,
Separation of the substituted products of the
reaction of (2~hydroxyethyl~2,E—GZ)trimethylsilane and

(2-hydroxyethyl-2,2-a triphenylsilane with thionyl

5)
chloride was possible and allowed their analyses.

a) Isolation of (2~ohloroethyl—2y2-d2)trimethylsilane

+ (2—ohloroethyl~lyl—dz)trimethylsilanQJ

B.p. 60°/60um; NR (neat liquid): singlet T 6.4
(intensityc<l), singlet - 8.8 (intensity.1l), singlet .
10,0 (intensity 9). (Pound: titratable C€1,25.9, C)”

D,C18i caled.: titratable C1,25.6%),

b) Isolation of (2—Chloroethyl—Q,2—d2)triphenylsilane

+ (2~ohloroethyl—l,l—dg)tripheﬂylsilane,

Recrystallisation from light petrolecum (b.n. 60-80°)
gave a white solid, m.p. 128-130°; Mmm (0014 soln.):
singlet v 2.5 (intensity 15), singlet - 6.3 (intensity <
1), singlet 7 8.0 (intensitys1l). (Found: C,74.50:
H,5.903 01,10.93. CooH, D 0151 caled.: C,73.96; H,5.86;
€1,10.91%).

c) Reaction of (2~hydroxyethyl~2,2—d2)triphenylsilane

with phosphorus tribromide.

Reaction as described above gave rise to absorptions
at r 2.5, 6.4, 7.9 2nd 8.1 in the I} spectrum. The
intensity of the latter peak decrensed with time whilst
those at + 6.4 and 7.9 increased until constant
proportions were obtained which then remained unchanged

even after 7 days. After this period, the material
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absorbing at + 8,1 wag prescnt to approximately 4.0%.,

d) Reactions with (2—h\Jrovmoxooyl)trlphenjl ilane,

Lxamination of the HVR spectrum of the resulting
solution from reaction of (2-hydroxypropyl)triphenyl-
gilane and phosphorus tribromide revealed the following
avsorptions: multiplet + 2.5 (iﬁtensity>l5), multiplet
v 5.6 (intensity 1), multinlet + 7.7 (intensity 2),
doublet v 8.4 (intensity 3). Such absorptions were
consistent with the formation of (2~bromopropyl)tri-
phenylsilane and possibly a small quantity of bromo-
triphenylsilane produced by fragmentation. Any such
fragmentation d¢id not exceed 7%. No absorptions were
observed in the rezion rt 6,0-7,0 suggesting an abscnce

T 0T < . N
3 1CHMeCTL,Br r (expected

O)

of the rearranged compound Ph.;
methylene absorption T 6.4).

Reaction with thionyl chloride gave rise to the
following absorptions: multinlet + 2.6 (intensitys15),
multiplet +95.5 (intensity 1), multiplet =+ 7.8
(intensity 2), doublet 7 8,5 (intensity 3). These
absorptions were consistent with the formation of (2-
chloropropyl)trivhenylsilane and possibly a small amount
of chlorotriphenylsilane (not greater than 6%). There
was no evidence of formation of the rearranged halide
PhBSiCHﬂeCHQCl (antiébated methylene absorption + 6.3).
e) Reaction with (2-hydroxypropyl-2-methyl)trimethyl-

silane,
Addition of phosphorus tribromide zave a mixture

whose NMR spectrum showed only singlet absorptions at

r 8.2 and 9.5 (authentic sgamples of t-butyl bromide and
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bromotrimethylsilane absorbed at + .2 and 9.5
respectively).,

Reaction with thionyl chloride gave rise to
absorptions at + 8.4 and 9.6 (pure samples of t-butyl
chloride and chlorotrimethylsilane absorbed at + 8.4
and 9.6 respectively).

f) Reaction with (2,2=divhenyl-2-hydroxyethyl)trimethyl-
Y Y N J gL

silane.

Reaction with phosphorus tribromide gave a mixture
absorbing at + 2.6 (aromatic protons), r 9.5 (bromo-
trimethylsilane) and at ¢ 7.6 and 4.6, By analogy with
reaction (e), the latter two peaks were assigned to
l-bromo-l,l-diphenylethane (methyl protons) and 1,1-

diphenylethylene (olefinic protons) respectively.
108,115

t

Calculations indicated that these two compounds
would be expected to absorb at 7.6 and 4.5 and that
the absorption positions were not those anticipated for
the rearranged and unrearranged bromides formed by
substitution.

Reaction with thionyl chloride appeared normal at
0° but on warming to room temperature vigorous gas
evolution occurred and the solution turned from yellow
to dark brown, Absorptions at r 2.7 (aromatic protons)

and 9.6 (chlorotrimethylsilane) were observed. Removal

of the latter and excess thionyl chloride, under vacuun,
gave a product absorbing only at r 2.7. Its IR spectrum

was not superimposable on those of diphenylethylene or

cis/trans stilbene (possibly formed by olefinic

rearrangement) but indicated a trisubstituted ethylene,
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Lassaigne tests confirmed the presence of sulphur

chlorine.
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B. THE ATTEMPTED TRAPPING OF THE 2-(TRIMETHYLSILYL)ETHYL

CATION BY STLANE HYDRIDE TRANSFER,

1. Preparation and purification of reagents,

Technical grade methylenc chloride and chloroform

_
110 14 the distilled

were purified as described by Vogel
liquids stored over molecular sieves., Trifluoroacetic
acid (ex Koch-Light) was used without further purifi-

cation.

(2~Hydroxyethyl)trimethylsilane and its dideuterated

analogue, (2~hydroxyethyl~2,2~d2)trimethylsilane, were

prepared as described in section A2,

Triethylsilane was obtained by the method of Eabornll7;

117

b.p, 107° (1it, 107%)s IR (neat liquid): Si-H

l; NMR (neat liquid): multiplet 7 6.3

absorption 2090cm™
(intensity 1), complex multiplet T 8,8-9,7 (intonsity
15).

Triphenylsilane was prepared by the method of Reynolds
118 118

s m.p. 36-377 (1lit. 36-37°) s IR (thin film):

5i-H absorption 212Oom—1; NMR (CCl, soln.): multiplet

et al

v 2.6 (intensity 15), singlet 1 4.6 (intensity 1).

Ethyltrimethylsilane was prepared followingz the

a
procedure of Whitmore et alllJ; b.p. 630 (lit,,119 62.7—

63.2°/736mn): NMR (neat liquid): complex multiplet
8.9-9,6 (intensity 5), singlet ¢ 10.0 (intensity 9),
Hexamethyldisiloxane was obtained by hydrolysis of
4 99.6%,

TR (neat liquid): Si-0-Si absorption 1050cm™l; mum

chlorotrimethylsilane; b.p. 99-100° (1it.T

(neat liquid): singlet + 9.9.
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2. Reaction conditions for attempted silane hydride

transfer,

The conditions employed were similar to those of
Carey and Tremper43. A typical reaction is described:-—

Trifluoroacetic acid-(0.80g, G,;0070 mole) was added
to a nmixture of (2~hydroxyethyl)trimethylsilane (0,42g9
0.0035 mole) and triethylsilanc (0.49g, 0.0042 mole) in
methylene chloride (alcohol/solvent, 8% w/v) at -15°9,
This temperature was maintained for 30 min, after which
the reaction was quenched with sodium carbonate and the
products analysed.

Other reactions were carried out with the following

variations in conditions:-

a) using chloroform as the solvent,
b) reaction in chloroform at -5° for 1h, 3h and 60h,
c) (2—hydroxyethyl)trimethylgilane in chloroform or

methylene chloride (4,8,16% w/v) at room temperature
for 1h and 24h.

d) reaction in chloroform or methylene chloride at
room temperature for 3h, using triphenylsilane as
potential hydride transfer agent,

e) reaction in chloroform or methylene chloride at
roon temperature‘for lh, using = triethylsilane/
alcohol molar ratio of 3/1.

) reaction in chloroform or methylene chloride at
room temperature for 1lh, using a trifluoroacetic
acid/alcohol molar ratio of 5/1,

In all experiments only hexamethyldisiloxane, 2=(tri-

methylsilyl)ethyl triflucroacetate and starting compounds
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were identified as products, Ethyltrimethylsilane was
not detected. The yield of hexamethyldisiloxane increased
with increasing alcohol concentration, temperature and
trifluoroacetic acid/alcohol concentration.

Reactions were also performed in the absence of
hydride transfer agent and are summarised in Table 2.
Examination of the NMR spectra of the alcohol and ester
obtained from reactions in which (2~hydroxyethyl~2,2—d2)—
trimethylsilane was used indicated that skeletal re-
arrangement (XCH.CD Y«—aXCDQCHQZ) did not occur under

2772
the conditions employed,

3. Identification nf products.

This was achieved by the combined use of NMR, IR
and GLC analyses. A mixture of suthentic samples of
ethyltrimethylsilane, hexamethyldisiloxane and tri-
ethylsilane in chloroform or methylene chloride was
readily separable into individual components using GLC
at 369, This temperature was therefore used in all
analyses, (2-Hydroxyethyl)trimethylsilane and 2-(tri-
methylsilyl)ethyl trifluoroacetate had much greater
retention times at this temperature and were observed
as broad peaks. GLC was used simply to indicate the
presence or absence of ethyltrimethylsilane in the
reaction mixture and the relative proportions of hexa-~
methyldisiloxane, tricthylsilane, triphenylsilane, (2-
hydroxyethyl)trimethylsilane and Za(trimethylsilyl)ethyl
trifluorocacetates were determined from their corresponding

absorptions (recorded in section Bl) in the NMR spectrum.
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2~(Trimethy silyl)ethyl trifluoroacetate was identified

from the following physical data:- IR : strong

absorption l7800m"1 (cf. Carey and Tremper43 - tri-

-] T T P *
fluoroacetate compounds 1780cm l); MM ¢ multiplet + 5.6
(intensity 2), multinlet ¢+ 8.9 (intensity 2), singlet =
10.0 (intensity 9).

(*lit.43 - ROH2OCOCF3, methylene protons v 5.5-5.8).




C. ORGANOMETALLIC RL.ACTIONS,

1. Preparation and purification of reagents.

a) Purity of magnesium.

Unless otherwise stated, experiments were performed
using ‘magnesium turnings for Grignard reaction' having
the following batch analysis (%):-

minimum assay - 99.75

zine - 0,01 nickel - 0,001
aluminium = 0,007 lead - 0,003
silicon - 0,007 calcium - 0,003
copper - 0,001 cadmium - 0,0C03
manganese - 0,004 iron - 0,008
tin - 0,001 manganese dioxide - 0.1

In the experiments of Table 7 a high purity grade
magnesium was used, suppliced by New HMetals and Chemicals
Limited, purity o 99.995%.

b) Purification of solvents and alkyl halides.

Technical grade diethyl ether and tetrahydrofuran
were initially dried over sodium wire and then distilled
from lithium aluminium hydride, immediately prior to
use, Dibutyl ether was dried over calcium chloride and
distilled at 142-144°, AnalaR benzene was stored over
sodium wire and used without further purification.

A1l alkyl halides were distilled and dried over
magnesium sulphate.

¢) Preparation of allyl- and vinylsilanes.

Allvltriphenylsilane -~ An ethereal solution of chloro-




~ 100 -~
triphenylsilane was prepared by addition of phenyl-
lithium to an equimolar solution of dichlorodiphenyl-—
silane and was then refluxed with allylmagnesium bromide

a0

(50% molar excess) for 48h., The resulting mixture was
hydrolysed with ammonium chloride solution and the
ethereal layer separated and dried over magnesium
sulphate. Removal of the solvent and recrystallisation
from ligroin gave the required compound in 80% yield.
M.p. 88-90° (1it.M* 90%), mm (cC1, soln.): multiplet
T 2.5 (intensity 15), multiplet - 4,2 (intensity 1),
multiplet r 5.1 (intensity 2), doublet T 7.7 (intensity
2).

Irimethylvinylsilane was brepared o5 described by Nagel

and Post™%; b.p. 54-56° (114,720 54,4745, 4um)s wm

(neat liquid): complex maltiplet T 3.7-4.6 (intensity 3),
singlet T 9,9 (intensity 9),.

Triphenylvinylsilane was obtained using the method of

Cason and Brooklel; m,p. 68-70° (li't.121 67-68°); IR
identical to that recorded by Henry and Noltesl22; NMR
(CCl4 soln.): multiplet T 2.6 (intensity 15), complex
multiplet 7 3.0-4.5 (intensity 3).

d

) Preparation of (2—bromoalkyl)si1anes.

In the following preparations, hydrogen bromide was
generated by addition of water to phosphorus tribromide
and dried by passing through a trap ot -40°, Carbon
tetrachloride was distilled and stored over molecular

sieves,

(2~Bromoethyl)trimethylsilane was prepared from tri-
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methylvinylsilane and hydrogen bromide using the method
of Sommer e% 31123; b.o. 72°/45mn (lit,l23 64~650/39mm);
NMR (neat liquid): multiplet « 6.5 (intensity 2),
multiplet v8.7 (intensity 2), singlet r 10,0 (intensity
9). (Pound: titratable Br,44.57, CgHyyBrSi caled.:
titratable Br,44.11%),

(2~Bromoethyl)triphenylsilane was obtained by passing

hydrogen bromide through a solution of triphenylvinyl—~
silane in carbon tetrachloride (20% w/v) containing =
small quantity of benzoyl peroxide., Removal of the
solvent and recrystallisation from light petroleum
(b.p., 60-80°) gave the compound in 82% yield, M.7p.

L4 9440y s mm (cC1, soln.): multiplet -

142-144° (1it,
2.5 (intensity 15), multiplet + 6.4 (intensity 2),

multiplet ¢+ 7.9 (intensity 2). (lfound: C,65,75; H,5.48;
Coglly gBrSi caled.: C,65.39; H,5.21; Br,21.75%).
(2-Bromopropyl)triphenylsilane was prepared by reaction

Br,21.50,

between allyltriphenylsilane (20% w/v in carbon tetra-—
chloride solution) and hydrogen bromide. The solvent
was removed and the product obtained was recrystallised
from ligroin to give the desired halide in 68% yield.

M.p, 89-92°; NMR (CCl, soln.): multiplet v 2.5 (intensity

4
15), multiplet 7 5.6 (intensity 1), multiplet + 7.7
(intensity 2), doublet 78.4 (intensity 3). (Found:

C,65.76: H,5,48: Br,20,50, CopHo Briotl caled.: C,66.13;

H,5.55; Br,20,95%).

e) Preparation of ethyltriphenylsilane,

This compound was prepared by reaction between
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chlorotriphenylsilane and ethylmagnesium bromide (50%
excess) in diethyl etier for 72h. The mixture was
hydrolysed and the cthereal layer separated and dried.
After the removal of solvent, a small quantity of light
petroleum was added and the insoluble material filtered
and discarded. On cooling the filtrate to OO, a compound
crystallised in 65% yield, m.p. 68-72°. Tlution with
light petroleum/benzene (90/1C, v/v) from a column of
silica gel gave a 94%» recovery of materials m.p. 75-77°

11 o ‘
4 769): M (co1 soln,): multiplet + 2.6

(1it.
(intensity 15), comolex multi iplet 7 8.5-9,0 (intensity
5). (Pound: ¢,83,55; H,65,70, CoplispSi calcd.: C,83.25;
H,6.99%).

T) Preparation of anhydrous metal hal ides,

Anhydrcus cobalt chloride was obtained b distill-
, y

ation of acetic anhydride frem !'cobaltous chloride-dried,

blue', followed by several hours heating of the solid
- 0

remaining, at 130" under vacuun,

Anhydrous magnesium bromide - Bromine (80g, 0.5

mole), freshly distilled from phosphorus pentoxide, was
added slowly with vigorous stirring to magnesium (12.1g,
0.5 mole) in anhydrous ether (100ml). The resulting
brovwn solution was evaporated and the solid obtained
washed with several portions of carbon tetrachloride and

then heated at 1300 under vacuumnm.

2. Reactions of (Z-bvromoctiyl)irivhenylsilane and (2-

bromopropyl)trivhenvlsilane with magnesium,
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A solution of (2-bromoethyl)triphenylsilane (3.00

4ja]

0.0082 mole) in tetrahydrofuran (9.0m’) was added dro,.-
wise to magnesium metal (0,60g, 0.025g atoms) in tetra-
hydrofuran (3.0ml) under an atmosphere of nitrogen
("White Spot'- ex British Oxygen Company). Reaction was
initiated using 2 drops of ethylene dibromide and
stirring, under reflux conditions, was continued for 1h.
The resulting mixture was hydrolysed with dilute hydro-
chloric acid (109 v/v) and washed with sodium bicarbonate
solution and water. The organic phase was dried over

magnesium sulphate and evaporation gave a low melting

solid (2.39g). Separation and ideantification as described

in sections C5 and 6 showed that this mixture contained
ethyltriphenylsilane (1.50g, 64%) and 1,4-bis(triphenyl-
silyl)butane (0,50g, 21%).

Reaction with (2-bromopropyl)triphenylsilane was

carried out in a similar manner.

3., Reactions of (2~bromoalkyl)silanes with Grignard

reagents.
Grignard reagents were prepared in the counventional
manner53 from alkyl bromides in ether (diethyl or di-

butyl) or tetrahydrofuran using an alkyl halide/solvent
ratio of 1/3 (v/v). Tor the reactions conducted in
benzene, the organometallic compounds were initially
prepared in diethyl ether which was then removed by
distillation and replaced by benzene until a constant

temperature of 76° was obtained, In all experiments
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a Grignard reagent/(2-bromoalkyl)silane molar ratio 3/1
was used and a nitrogen atmosphere was maintained
throughout. The following is a typical reaction:-

A solution of n-propyluagnesium bromide (approx.
0.05 mole) in diethyl ether was filtered free of excess
magnesium through a plug of glass wool and made up to a
total of 20.0ml. An aliguot of this solution (10.0ml,
approx. 0.025 mole) was transferred by pipette to a
dropping funnel and then added slowly to a stirred
suspension of (2~bromoethyl)triphenylsilane (3.00g,
0.0082 mole) in ether (11.0ml). After refluxing for 3h
the mixture was washed with dilute hydrochloric acid,
sodium bicarbonate and water. The organic layer was
separated, dried over magnesium sulphate and the solvent
removed to yield an o0il (2.50g). Individual components
of this mixture were separated and identified as
described in sections C5 and 6.

Reactions of (2-bromoethyl)triphenylsilane and (2-
bromopropyl)triphenylsilane with a variety of Grignard

reagents and in different solvents are summarised in

Tables 4, 5 and 6,

4., Reactions with n-butyllithium,

A solution of n-butyllithium in diethyl ether

(approx. 1.0 M) was prepared by the method of Gilman

and Jones62.

a) Reaction with ethyltriphenylsilane.

The following is an example of such reactions:-—
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n-Butyllithivm (15,0 ml, approx, 0.015 mole) was added
dropwise to ethyltriphenylsilane (3,00g, 0.0104 mole)
dissolved in a mixture of tetrahydrofuran (9.0 ml) and
ether (12,0 ml) at 0°, After stirring at room temper-
ature for 24h under an atmosphere of nitrogen, deuterium
oxide (10.0 ml, ex Koch-Light, purity , 99.75%) was added
and the stirring continued for 20 min. ILithium salts
were then dissolved by addition of water, the aqueous
layer was extracted with ether and the combined extracts
dried over magnesium sulphate., Removal of the solvent
gave a solid material (2,75g) which after elution from a
column of silica gel using light petroleum/benzene (90/
10, v/v) was identified as ethyltriphenylsilane (87%).
There was no evidence of deuterium in this compound,

A similar reaction was quenched at -50° with carbon
dioxide, generated from 'drikold' and dried by passing
through towers of silica gel and calcium chloride.
Dilute acid was added and the solution extracted with
ether. The organic layer was separated, washed with ice
cold sodium hydroxide (5%, w/v) and dried over magnesium
sulphate., ZTvaporation of solvent and separation by
column chromatography gave ethyltriphenylsilane (85%).
The fraction extracted with sodium hydroxide was
neutralised at OOY extracted with ether and dried.
Examination of the product isolated after the removal of
solvent indicated that the yield of carboxylic scid did
not exceed 3%.

Other reactions carried out under a variety of
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conditions are summarised in Table 9.

b) Reaction with (2-bromoethyl)triphenylsilane and

(2~bromopropyl)triphenylsilane,

A typical reaction is described:-
n-Butyllithium (12,0 ml, approx, 0,012 mole) was added
over a period of 20 min to a suspension of (2-bromo-
ethyl)triphenylsilane (3.00g, 0.0082 mole) in diethyl
ether (75 ml) at ~20°, This temperature was maintained
for 30 min and the reaction then allowed to warm to room
temperature at which point a clear yellow colouration
was observed, After stirring for a further 1.5h the
mixture was hydrolysed, extracted with ether and the
extracts dried over magnesium sulphate. Removal of the
solvent gave a mixture (2.59g), the components of which
were separated and identified as described in sections
C5 and 6., The results of this and other reactions are

summarised in Table 8.

5. Separation of reaction products.

The products of reactions between (2-bromoalkyl) -
silanes and Grignard reagents or n-butyllithium were
separated as described below.

TLC was carried out using silica gel (ex Camlab Ltd.)
spread to a thickness of 0.25mm according to the manu-
facturer's instructions. Chromatographic separations
were performed on a column (approximately 1ft. x 1lin.
diameter) using 'silica gel M.F.C.' AnalaR grade solvents

were employed in all chromatographic experiments,
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a) Beaction products from (2wbromoethyl)trimethylsilane.

Mixtures were fractionally distilled and examined
by the techniques IR, NMR and GLC. “hus after removal
of the low boiling liguids, distillation of the products
obtained from reaction between the halide (10.4g, 0.057
mole) and phenylmagnesium bromide in tetrahydrofuran gave
2 fractions:-

Fraction A - b.p. 168-174° (6.0g). Analysis by GLC
indicated only a single component and
the material was identified as phenyl-—
trimethylsilane from its NMR spectrum.

Fraction B ~ undistilled material (O.74g). The
combined use of GLC and NMR spectro-
scopy showed That the mixture consisted
of biphenyl (0.,14g), phenyltrimethyl-
silane (0.29g), (2-phenylethyl)tri-
methylsilane (0,27g) and one other
component, possibly 1,4-bis (trimethyl-
silyl)butane (0.04g).

b) Reaction products from (2-bromoethyl)triphenylsilane.

Products were separated by addition of a precipi-
tant or by column chromatography and ldentified using
the technigues of TLC, UV, IL, IIM and GLC,

Initial experiments indicated that (2-bromoethyl)-
triphenylsilane could be recovered quantitatively after:-—
(1) refluxing in tetrahydrofuran, diethyl ether or

benzene for 24h.

(2) washing an ethereal solution with dilute acid
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(10%, v/v), sodium bicarbonate and water, as in a
normal fwork-up! procedure.
(3) elution from a column of silica zel,
These results indicated that the products obtained after
separation did not contain materials formed by decom-
position of the halide during the isolation process.

The addition of small quantities of diethyl ether
or ethanol precipitated 1,4~bis(triphenylsilyl)butane
and allowed its separation from the remaining components
of the mixture. The soluble fraction was then further
separated by column chromatography using various mixtures
of light petroleum/benzene as eluant. Separation of the
following fractions could be achieved:-

(a) biphenyl*,

(b) mixtures of alkyltriphenylsilanes and triphenyl-
vinylsilane.

(¢) (2-bromoethyl)triphenylsilane and (2-phenylethyl)-
triphenylsilane*.

* these products were only fermed when phenylmagnesium

bromide was the Grignard reagent employed.

Alcohols and hydroxysilanes which remained on the column

were then removed with ether. By eluting at a slow rate

and collecting several samples, further separation of

fraction (b) could be achieved. The higher alkyltri-

phenylsilanes were eluted before the lower ones (e.g.

n-hexyltriphenylsilane before ethyltriphenylsilane) and

individual components of the remaining fractions were

determined by NMR and GLC analyses.
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The following procedure for the separation of the
products obtained by reaction of the halide (3,00g, .
0.0082 mole) with n-butyllithium is an example of such
a process:-—

Evaporation of the solvent gave a viscous material
(2.76g). TLC of this mixture gave single spots at
positions similar to those of authentic samples of 1,4
bis(triphenylsilyl)butane, (2-bromoethyl)triphenylsilane
and what appeared to be the superimposition of two or
more spots at positions similar to those of the alkyl—
triphenylsilanes, Addition of diethyl ether (30 ml)
precipitated pure 1,4-bis(triphenylsilyl)butane (0.27g).
A further quantity of solid material (0.45g), obtained
by addition of ethanol (25 ml), was shown by its NMR
spectrum’to consist of 1,4-bis(triphenylsilyl)butane
(0.10g) and (2-bromoethyl)triphenylsilane (0,35g). A
portion of the soluble fraction (0.70%g) was separated
into its components by column chromatography using light

petroleum/benzene (90/10, v/v) as eluant and the

fractions were identified:-

Pragctions A~C = n-hexyltriphenylsilane (total weight
0.287g).
Fraction D ~ A mixture of n-hexyltriphenylsilane

(0.059g) and ethyltriphenylsilane
(0.014g).
Fraction T -~ ethyltriphenylsilane (0.107g).
Thus, the ratio of total n-hexyltriphenylsilane/ethyl-

triphenylsilane was 0.35/0.12 (74/26) and was in good
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agreement with analysis by GLC at 275° of a sample before
column separation (75/25), (2-Bromoethyl)triphenyl—~
silane (O.l50g) was removed from the column using benzene
as the eluant and a further material (0.073g), isolated
with ether, was not identified.

Other separations were similarly performed, When
triphenylvinylsilane was formed it was eluted with the
ethyltriphenylsilane and the relative proportions of each
determined by NMR spectroscopy. In the reaction with
phenylmagnesium bromide in tetrahydrofuran a product was
formed by reaction with the solvent. 7This material WG S
soluble in diethyl ether and ethanol and was separated
from the remaining constituents of the mixture by its
insolubility in light petroleum.

c) Reaction products from (2—bromopropyl)triphenylsilane.

A similar procedure to that of section 5(b) was
employed:—
Although stable to the 'work-up' process and to heating
with tetrahydrofuran, ether and benzene, this halide
underwent some decomposition to hydroxytriphenylsilane
and (2~hydroxypropyl)triphenylsilane when eluted with
benzene from a column of silica gel. Thus isolation of
these two compounds did not necessarily imply their
formation in the organometallic reaction.

Using suitable mixtures of light petroleum/benzene7
separation of the following fractions could be achieved: -
(a) biphenyl*

(b) mixtures of alkyltriphenylsilanes, allyltriphenyl-
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silane and propenyltriphenylsilane
(¢) (2-phenylpropyl)triphenylsilane
(@) 1,4~bis(triphenylsilyl)- 2,3 = dimethylbutane,

* these products were formed only when phenylmagnesium
bromide was the Grignard reagent employed.

The separation of products from reaction of the
halide (3.00g, 0,0078 mole) with phenylmagnesium bromide
in tetrahydrofuran is described:—

An NMR spectrum of the mixture (2,54g) indicated
the presence of allyltriphenylsilane, propenyltriphenyl-
silane and one or more alkyltriphenylsilanes., TLC
confirmed these observations and also indicated the
presence of biphenyl. A portion of the mixture (0.701g)
was separated by column chromatography and the following

ractions were identified:-

Fractions 13

biphenyl (0.072g).

Traction 4 = n-propyltriphenylsilane (0,056g).

Fraction 5 = n-propyltriphenylsilane (0,098g),
allyltriphenylsilane (0.059g),
propenyltriphenylsilane (0,040g)y

Fraction 6 - (2~phenylpropyl)triphenylsilane
(0.070g) and 1,4~bis(triphenyl-
silyl)=- 2,3 = dimethylbutane
(0.030g).

Fraction 7 -~ 1,4-bis(triphenylsilyl)- 2,3 -
dimethylbutane (0,150g),

Fraction 8 - hydroxy#riphenylsilane and (2~

hydroxypropyl)triphenylsilane
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(0.065g total) in roughly equal
proportions.
Fractions 1-6 were eluted using light petroleum/benzene
(90/10, v/v), fraction 7 with light petroleum/benzene

(70/30, v/v) and fraction 8 using diethyl ether.

6. Identification of reaction products,

Products from the reactions of (2-bromoalkyl)silanes
with Grignard reagemts or n-butyllithium were identified
by comparison with authentic samples (where available)
using GLC and TLC and also from the properties listed
below. The elemental analyses and melting points quoted
are typical of the samples isolated.

The properties of (2-bromoethyl)triphenylsilane,
ethyltriphenylsilane, ethyltrimethylsilane, allyltri-
phenylsilane, triphenylvinylsilane and (2~hydroxypropyl)—
triphenylsilane have already been recorded.

Phenyltrimethylsilane - b.p. 168-174° (1it.t1% 170,69/

760mm) s NMR (neat liquid): multiplet T 2,6 (intensity 5),
singlet + 9.8 (intensity 9).

n-Butyltrimethylsilane - b.p. 114-116° (1it.11% 115,40/

758.2mm) 5 NMR (neat liquid); multiplet = 8.7 (intensity
4), multiplet v 9.1 (intensity 3), multiplet « 9.4
(intensity 2), singlet r 10,0 (intensity 9).

(2-Phenylethyl)trimethylsilane was not isolated in a pure

state but was identificd as a component of a mixture fronm
the following NMR spectrum: multiplet r 2.6 (intensity 5),

multiplet ¢ 7.4 (intensity 2), multiplet + 9.1 (intensity
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2), singlet v 10,0 (intensity 9).

Biphenyl - m.p. 69-71° (1it.1%* 70°); IR identical to

- : . is B—
that of an authentic samplelz’; UV (hexane soln,): wave-

length of maximum absorption 24Tmy , molar extinction

110

coefficient 19,000 (1it, wavelength of maximum

absorption 246mu, molar extinction coefficient 20,000),

(Bthyl-2-d)triphenylsilane - m.p. 74-76%; TR (KBr disc):
7 g

carbon-deuterium absorption 2180cm™

Y

NMR (0014 soln.,):
multiplet + 2.6 (intensity 15), doublet + 8.7 (intensity
2), doublet 78,9 (intensity 2).

n-Propyltriphenylsilane - m.p. 83-85° (1it,11% 84°);

NMR (CCl, soln,): multiplet r 2.5 (intensity 15),

4
multiplet 7 8.6 (intensity 4), distorted triplet T 9,0
(intensity 3). (Found: C,83.41; H,7.30. CopH, 051
calcd.: €,83.38;: H,7.33%).

n-Amyltriphenylsilane - m.p., 45=47° (lit.ll4 470); NMR

(CCl4 soln,): multiplet 7 2.5 (intensity 15), multiplet
T 8,6 (intensity 8), distorted triplet T 9.1 (intensity

3.
. - o) . 114 0
n-Hexyltriphenylsilane ~ m.p. 77-79° (1lit. T7-787) ¢

NMR (CCl, soln.): multiplet T 2.5 (intensity 15),

4
multiplet T 8.7 (intensity 10), multiplet T 9,2 (intensity

3).

(2-Methylhexyl)triphenylsilane — « viscous material was

8y

obtained by column chromatography; NMR (0014 soln,):
multiplet + 2.6 (intensity 15), complex multiplet -+ 8,3~
9,1 (intensity 12), doublet T 9.2 (intensity 3),

194mBi3(triphenylsilyl)butane - M.P. 213-2150 (1it,ll4
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215-216°); MER (CPCL, soln.): mulbtivlet « 2.6 (intonsity

30), multiplet r 8.5 (intensity &), (#ounda: ¢,82.82;
I I8! Ty s Nm T A e R - [l e
! ,6.64—- \JA,—OHB\%“IQ calcd,.: 33533.57" .!L,G.GD/O).

1,4-Bis{friphenylsilyl)-2,3-dimethylbutane - m,p, 126-

13103

(63013 soln.): multinlet + 2.6 (intensity 30),

multiplet v 8.2 (intensity 2), multiplet v &,7 (intensity

4), doublet 79,3 (intensity 6). (lound: C¢,83,103 H,6.95,

2
Q
&y}
H
(@]
o
C
Co
(N
N
N

-s
o
~
-3
(@]
N—

(2-Phenylethyl)triphenylsilane — m.p. 144-146° (11@_114

e - . , _
147-1487) s N¥R (CCL, soln.): multiplet T 2.6 (intensity

4

20), multiplet T 7.2 (intensity 2), multiplet T 8.3

(intensity 2). (Tound: C,85.85; H,7.05, CogH,, 51 caled.:
)

C,85.66¢ H,6,64%),

(2~Phenylpropyl)triphenylsilane — m.p., 92-94°%; NIR (CCl/L

soln.): multiplet 7 2.6 (intensity 20), multiplet T 7.0
(intensity 1), multinlet T &,2 (intensity 2), doublet r
8.8 (intensity 3). (Found: £,85,57: H,7.03. Corlly i
calcd,; C,85,.66; H,6,92%),

Propenyltriphenylsilane was not isolated in a pure state

but was identified as o cowponent of a mixture from its

=3

NMR spectrums multiplet 2.6 (intensity 1%), complex
multiplet T 3.8 (intensity 2), multiplet v 8.1 (intensity
3) ¢

o) -
Hydroxytriphenylsilane — m.p. 151-153" (1it.

N . . . N _l
IR identical to that of an authentic sample ]
n-Hexyltrimethylsilane and n-butyltriphenylsilane
were identified as components of mivtures from their

retention times using GLC, In reactions with phenyl-
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magnesium bromide, the presence of tetraphenylsilane was
sometimes inferred by an excess of aromatic absorption
in the NMR spectra of certain fractions. Thus the yields
quoted for this compound represent the maximum amount

formed.,

7. The search for bromotrimethylsilane as an intermediate

in reactions between (2-bromoethyl)trimethylsilane and

Grignard reagents,

Experiments indicated that all the methyl protons in
an authentic mixture of bromotrimethylsilane (prepared

127), phenyltri-—

by the method of McCusker and Reilly
methyleilane and (2-bromoethyl)trimethylsilane were
visible as distinct individual singlet absorptions in

the NMR spectrum at + 9.5, 9.8 and 10,0 respectively.

a) Reaction between (2-bromoethyl)trimethylsilane and

phenylmagnesium bromide,

Reaction between the halide and phenylmagnesium
bromide in tetrahydrofuran was carried out in a manner
similar to that described in section C3. Samples were
periodically removed by syringe, under an atmosphere of
nitrogen, and their NMR spectra rccorded., A sample
after 10 min indicated only the presence of starting
halide and another after 1h had absorptions attributable
to starting material and phenyltrimethylsilane,
Examination of a sample taken after 24h indicated pre-
dominant formation of phenyltrimethylsilane and a small

quantity of (2-bromoethyl)trimethylsilane remained,
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There was no evidence for the formation of bromotri-
methylsilane in any of the samples taken.

b) Reaction betwecen bromotrimethylsilane and phenyl-

magnesium bromide,

Grignard reagents were added, in excess, to the
halide contained in an NMR tube and the spectra of the
resulting mixtures immediately recorded, Reactions with
phenylmagnesium bromide in tetrohydrofuran or benzene
occurred rapidly with the evolution of heat and only
coupled products were observed without evidence of any

wemalining bromotrimethylsilane.

8. Termination of Grignard reactions with deuterium

oxide.

Reactions with (2-bromoalkyl)triphenylsilanes
(3.00g, approx. 0.008 mole) were carried out as des-
cribed in sections €2 or 3. When completed, deuterium
ozxide (10.0g, 0.5 mole) was added dropwise and the
resulting mixture stirred for 30 min. (The deuterium
oxide was supplied by Koch-Light, purity s 99.75% and a
fresh ampoule was opened for each experiment) .
Magnesium salts were dissolved by addition of dilute
nydrochloric acid (10%, v/v) and the organic phase
was washed with sodium bicarbonate solution and water
and dried over magnesium sulphate., The products of
these reactions were separated and identified as
described in sections C5 and 6 and are recorded in

Table 11. The relative proportions of deuterated
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products were determined from the intensity of the
carbon~deuterium absorpbion in the IR spectrum (2180

-1 L. - ,
cm ) and from the NMR spectra,

9. Determination of the biphenyl formed during reactions

with phenylmagnesium bromide.

A solution of phenylmagnesium bromide (approx. 0,20
mole) in tetrahydrofuran (80.0 wl) was prepared by slow
addition (over 2h) of bromobenzene to magnesium metal,
Two aliquots (20,0 ml) of this solution were hydrolysed
and the organic phases separated and dried. Removal of

he solvent gave s0lid materials (0,209g and 0.239g).
Elution from a column of sgilica gel using light petroleum
/benzene (90/10, v/v) gave biphenyl (0.040g, 1.0%) énd
(0,043g, 1.1%) respectively. The remaining material
appeared to comnsist mainly of an alcoholic component
probably formed by reaction between tie Grignard reagent
and tetrahydrofuran. An authentic sample of biphenyl
(0.197g) was eluted under identical conditions and gave
0,184g (94% recovery) of material.

Another aliguot of the Grignard solution (20.0 ml,
approx. 0,050 mole) was added to bromobenzene (2.60g,
0,0165 mole) in tetrahydrofuran (28 ml). After reflux-—

A
%

ing for 3h, the mixture was hydrolysed and the organic
phace separated and dried. Analysis of this mixture by
GLC before the removal of solvent indicated the presence

of bromobenzene. ILwvaporation of the solvent gave a

material (0.260g) which after separation by column
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chromatography was shown to consist of biphenyl (0.057g,
0.6% yield in this reaction),
Heaction vetween (2~bromopr\pr Jtriphenylsilane
(3.00g, 0.0078 mole) and the Grignard solution (10.0 ml,
approx. 0.025 mole) in tetrahydrofuran (15 ml) for 3h

gave a viscous material (2. 76g) which contained biphenyl

In another series of reactions, the Grignard solu-
tion (20,0 ml, approx. 0.050 mole) was added to bromo—
benzene (1.30g, 0,0083 mole) and anhydrous magnesium
bromide (1.20g, 0.0062 mole) in tetrahydrofuran (28 ml)
and the mixture refluxed for 3h. Following hydrolysis

5

and separation and drving o

=y

the organic phase, a
material (0,440g) was obtained which contained biphenyl
(0.072g, 2.06%), Analysis by GLC of the products bhefore
the removél of solvent indicated the presence of bromo-—
benzene,

The results of this and other similar reactions are

summarised in Table 12.

10. The search for alkyl halide formation during reaction

between Grignard reagents and (2-bromoethyl)tri-

phenylsilane,

;D.l

Trial experiments indica that ethylene dibro-
mide was a suitable internal stancard for the determin-
ation of both l-bromobutane and bromobenzene by GLC at
71°., The resction between n— butylmagnesium bromide and

the halide in diethyl ether is described:s
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The Grignard reagent (approx. 0,20 mole) in ether

(80 m1) was prevared b» slow addition (over 2h) of

l-bromobutane to magnesium turnings. A portion of this

solution (32,0 wml) was nydrolysed and the organic phase

m

eparated and dried., The solution was then reduced in

volume to about 30 ml, by careful fractionation through

—

a 6 1n. column of glass helices, The temperature of the

distilling liquid did not rise above 35° throughout the

fractionation., Tthylene dibrowmide (0.50 ml) was added
and the mixture analysed by GLT at 710¢ 1-DBromobutane

(0.28g) was detected.

~t n}

Reaction between the Grignard reagent (16.0 ml,
approx, 0,040 mole) and (2-bromoethyl)triphenylsilane

(5.00g, 0.013 mole) was carried out in the normsl

(@)

manner., After separation and drying, the organic phase
was reduced in volume to about 30 ml (as described
above) and ethylene dibromide (0.50 ml) added. Analysi
by GLT at 71° indicated the presence of l-bromobutane
(0.08g). Other products of the reaction were separated
and identified as described in sectiongs €5 and 6.

The results of similar delerminations taken from
reactions between (2-bromoethyl)triphenylsilane and

phenylmagnesium bromide 1in tetrahydrofuran and n-butyl-

magnesium bromide in benzene are recorded in Table 10,

11. Reactions between (2-bromoetinyl)triphenylsilane and

Grignard reagents in the presence of styrene.

The reaction between (2-bromoethyl)triphenylsilane

S
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and n-propylmagnesium bromide in tetrahydrofuran is

degcribed s~

A solution of n-propylmagnesium bromide (approx.

0.025 mole) in tetrahydrofuran (10.0 ml) was added drop-

wise to a solution of (2«bromoethyl)triphenylsilane

(3.00g, 0.0082 mole) in a2 mixture of tetrahydrofuran

(11.0 wl) and freshly distilled styrene (1.5 ml, 0,0115

wole). The mixture was stirred at reflux for 3h,

quenched, and the organic phase sevarated in the normal

manner., lemoval of the solvent gave a solid material

(3.62g). Addition of diethyl ether (30 ml) precipitat
J

ed

1,4-bis(triphenylsilyl)butane (0,39¢, 17%) and the solu-

ble fraction was evaporated to dryness, This was insolu-

ble in ethinol and & portion of the material was separ-

ated by column chromatography. Xthyltriphenylsilane
(0.38g, 16%) was isolated and the remaining product

appeared to be polymeric and contained both silicon-

N

phenyl and benzylic groupings. No starting material was

recovered,
A reaction was also carried out between (2-bromo-

ethyl)triphenylasilane (3.00g, 0.0082 mole) and phenyl—

N

magnesium bromide (approx. 0,02

mole) in benzene in the

presence of styrene (1.5 ml), Separation and isolation

in the usual manner indicated that (2~phenylethyl)triw

phenylsilane (2.84g, 95%) was formed. Another material

(0.67g), which did not contain silicon-phenyl linkages

was identified as polystyrene

=g
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12. Reaction between (2-bromocthyl)triphenylsilane and

ethylmagnesium bromide in the presence of cobalt

chloride,

The conditions employed were similar to those of
Wilt et a194 in their reactions with (chloromecthyl)tri-
phenylsilane, The Grignard solution (approx. 0.0122 molc)
was slowly added to a mixture of the halide (4.50g,
0.0122 mole) and anhydrous cobaltous chloride (0.05g) in
tetrahydrofuran (13,0 ml) at room temperature. The solu-
tion at first became dark blue, then black and efferves-
cence was observed, After the =ddition was complete, the
mixture was refluxed for 3h and then hydrolysed with
ammonium chloride solution. The organic phase was separ—
ated and dvied in the usual manner. ZIvaporation of the
solvent gave a sclid (3.81lg) whose IR spectrum indicated
the absence of silicon-hydrogen and benzyl absorptions.
Rearrangement to a material of thc type th%l CNQCHgPh
had evidently not occurred, Separation and identification
of reaction proiucts as described in gections CH and 6
indicated the formation of ethyltrinhenylsilanec (29%)
n-butylsriphenylsilanc (2%), triphenylvinylsilane (2%)
and 1, 4-bis(triphenylsilyl)butane (259). "The recovery

—_

of starting material was 3%. 1In a

)
by

o
~

idition, a product
formed by interaction with the solvent (0.32g) and
another (0.63g), eluted from the 'silica gel column'
using benzene, were isolated. ‘The latber was not posi-

tively identified but displayed absorptions at + 2.7 and

T 8,0-9,0 in the NVR gpectrum. A similar material, but
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in smaller quantitics, was observed in several reactions
in the absence of cobalt chloride and may be of a poly-

eric nature.

13. Reaction between (bromomethyl)trip? nylsilane and

,C'.A

n-propylmagnesium bromid

Ie
e

The halide used in this reaction was kindly supplied
by Mr R.J. Rowley (University of Aston). A solution of
n-propylmagne sium bromide (approx. 0,025 mole) in diethyl
¢ther (10,0 ml) was added to a sus spension of the halide
(3.00g, 0.0085 mole) in cther (10.0 ml) and the resulting
solution refluxed far 6h., It was quenched with dilute
acid and after washing with sodium bicarbonate solution
and water, the organic phase was separated and dried.

Removal of the solvent gave a solid (2.79g). The com-—

2]

ot

ponents of this mixture were separated by column chroma-—
tography (silica gel) using varying mixtures of light
- - < > -

petroleum/benzene . n-Butyltriphenylsilance (0.01g, 0.5%)9

)

methyltriphenylsilene (0.46g,20%) and (bromomethyl)tri-

phenylsilane (1.77g, 59%) were isolated.

Methyltriphenylsilane was identi from the
. 0 (4.4 L1 - -
following datas— m.p. 68-69° (1lit. 4 69vb~69.9o); NMR

(CC1, soln,): multiplet + 2.6 (intensity 15), singlet

4
9.2 (intensity 3).
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D. MISCELLANEQOUS RFACTICNS,

1, The attempted solvolysis of (2-bromocthyl)triphenyl-

silang.

Solubility tests indicated that (2-bromoethyl)tri-
phenylsilane was insoluble in ethaunol, formic acid,
acetone/water (50/50, v/v) and dioxan/watcr (50/50, v/v)
but was soluble in acetone/water (90/10, v/v) and tetra-
hydrofuran/water (50/50, v/v).

The halide (0,50g, 0,0014 mole) was stirred at room
temperature with tetrahydrofuran/water (50/50, v/v -
total volume 136 ml) for 64h and the mixture then
extracted with ether., After drying over magnesium sul-~
phate, the ethereal layer was evaporated to yield a solid
material (0,48g). Its m.p., NMR and IR spectra indicated
that a quantitative recovery of starting halide had been
achieved. A reaction in refluxing acetone/water (90/10,
v/v) for 9h gave similar results. In neither experiment
was there evidence of the formation of hydroxytriphenyl-
silane, (2-hydroxyethyl)triphenylsilanc or hexaphenyl-
disiloxane.

In another series of reactions (2-bromocthyl)tri-
phenylsilane (0.50g, 0.0014 mole) in diethyl ether (20 ml)
was stirred with c¢thanol or water for 16h at room tem-
perature., Separation and identification of the product
obtained indicated that once again a quantitative

recovery of the halide had been achieved.
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2. The solvolysis of (? bromopropyl)triphenylsilane.

(2-Bromopropyl)triphenylsilane (0,48g, 0,0013 mole)
was dissolved in a mixture of tutrahydrofuran (65 ml)
and water (65 ml) and refluxed for 1l14h. The solution
was exXtracted with ether and the organic phasc dried
over magnesium sulphate., Scmoval of the solvent gave a
solid (0,39g) whose Il and NFMR spectra were identical to
those of an authentic sample of (2-hydroxypropyli)tri-
phenylsilane (see section A2)., A rcaction at room tem-—
perature gave gimilar results. Therco was no evidence

of the formation of hydroxytriphenylsilane.

3, The attenpted preparation and solvolysis of (2~bromo-

propyl)triethylsilane.

Allyltriethylsilanc had previously been prepared 1n

ll["r 1710/75011]1]1); NMR

the laboratory: b.p. 171° (1it.
(neat liqﬁid)z multiplet ¢ 4.2 (intensity 1), multiplet
r5.1 (intensity 2), doublct r 8.6 (intensity 2),
multiplet + 9.0 (intensity 9), multiplet v 9.4 (inten-
sity 6).

Hydrogen bromide, generated from reaction between
phosphorus tribromide and water, was passed through a
trap at -60° in order to rTemove moisture and then
bubbled into allyltriethylsilanc, also at -60°,  After
reaction was complete, excess hydrogen bromide was
removed under vacuum (40mm/0°). The pale yellow liquid

0

was stored overnight under vacuum at ~707, he NMR

§ e . - J 2 - ¢} K
spectrum of this material (recerded at -257) did not

B e
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seem consistent with the formation of (2-bromopropyl)-
triethylsilane., Absorptions at v 8.5 (a doublet) and at
r 9.0 (complex multiplet) were observed but none at
lower field were detected, The rclative intensities of
the two absorpbions were 1/9 rcspectively. The IR
spectrum, recorded at room temperature, contained no
hydroxyl or siloxane absorptions. Both spectra bore
similarities to those of chlorotriethylsilane (thosc of
bromotriethylsilane were not available).

Titration as described in section D4 gave the per-
centage bromins content as 31.54 (EtBSiCHZCHMeBr : calcd.

Br,33,68%., Ft,SiBr : calcd, Br,40,94%). The precise

3
nature of the material obtained was thus difficult to
assess,

The product obtalned (approxg 5 ml) was dissolved
in diethyl ether (30 ml) and water (60 ml) was added
dropwise over 20 min, with stirring at 0°. The organic
layer was separated and the aqueous phasec extracted with
several portions of ether. After drying the ethereal over
magnesium sulphate at 0° for 3h, the solvent was removed
under vacuum and the product remaining was idcntificd as
hydroxytriethylsilane; IR: strong broad absorption
33200m~l; R: singlet + 4.1 (intensity 1), complex
multiplet t8.8-9.6 (intensity 15).

In a similar experiment with (2-bromoethyl)tri-

methylsilane, the halide was recovered gquantitatively.
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4, The titration of (2-bromonlkyl)silanes.

The (2-bromoalkyl)trialkylsilanes (approx. 0.25g)
were carefully weighcd into acctone (25 wl) and standard
sodium hydroxide solution (0,1 N, 25.0 unl) was added,
colutions were pericdically shaken during 4h and then
bacit titrated with gtondard acid uning phenolgﬁLalein as
indicator., Blank determinations were also carried out
in the abgence of halide,

The (2-bromoallkyl)triphenyloilanes were insoluble
in acetone and hydrolysis wan porformed using tetra-
hydrofuran/sodium hydroxide solutions (50/50, v/v)
Extraction with ether, followed by the rcmoval of sol-—
vent showved that hydroxytriphemylsilane was the product

formed 1in such reactions.

5, The attempted addition of hydrogen bromide to allyl-

triphenylsilane in an anti-Markownikoff manner.

The conditions emploved were similar to those of

N
Petrov and eronovl ° in their additions to allyltri-

fo—

vubbled through

wdrogon bromide v

chlorosilane. Dry
a solution of allyltriphenylsilanc (5.0g, 0,0166 mole)

in bromopropane (30 ml), in the prescnce of benzoyl
peroxide (0,045g, 1,0 mole ). The solution was gently
refluxed throughout the addition. Demoval of the solvent
gave a material (6.3%) whose 17 spectrum was similar to
that of an authentic samplc of (2-bromopropyl)triphenyl-
silane except for an ndditional absorption at 163Ocm"1.

An NMR spectrum indicated that the material consisted
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ADDENDA

Recently, Rowley and JarvielZ8 have studied the
reaction between (2-bromocthyl)trivhenylsilane and the
deuteriated Grignard reagent CHBCHZCDZCHQMgBr in diethyl
ether, They found that the saiplc of ethyltriphenyl-—
gilane isolated did not contain deuterium. Clearly, a
mechanism of direct reduction by the Grignard reagent
(cf. Fastham and Gibson97) is not operative in this

129 | . -
J have investigated

Magid, Nieh and Gandour
coupling rcactions botween phenyllithium and a variety
of allylic chlorides and suggest that a mechanism
involving concerted C-Cl bond cleavage and C~C bond

formation in a six-membered transition state is

consistent with their experimental results.,
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