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Partial reduction of rescemic hefhékﬁéii&ﬁéi ﬁﬁ“%i_
complexes of lithium aluminium hydride Wi%ﬁ dp%iéaii& %E%i%ét
cinchona and ephedra alkaloids give optically Qéﬁigﬁ“éiiaﬁés
and methoxysilanes. Optical yields depend on the groups
attached to silicon ard the alkaloid used but in some oases
approach 50%, The method has been used to preparé Hovel
optically active organosilanes, possessing an asymmetriec
silicon centre, which are either inaccessible by any of the
other aveilable routes or would require a time consuming
preparation. - Such compounds are of use in the study of the
mechanism of substitutions at silicon.

Attempts have been made to rationalize the results of
the asymmetric reductions in terms of differewces in Bterig
and electronic interactions in diastéréeiééﬁéfié‘tf&ﬁéi%iSﬁ
states.

Circular dichroism and optical rotatory dispersion
spectra have been obtained for the optidaily active produéts
in an attempt to elucidate the absolute configurations of
the novel asymmetric organosilanes. The results from these
studies provide a useful addition to the data g0 far
acounulated for asymmetrically perturbed aromstic chromo~
phores.

Nuclear magnetic resonance studies of aiagtérediédmétic
(~)-menthoxysilanes show that these compounds possass
resonances extremely useful in the determination of optical
purities for asymmetric organosilanes which possess an
aromatic group., The effect of variable temperature on the

spectra has revealed evidence for the conformational




preferences in these compounds. Other &iastéreoiéomariQ , 

alkoxysilanes have been prepared and their n.mwr&"sﬁeéfﬁéfﬁ? 

studied in the hope of establishing trends.

Exploratory studies for other agsymmetric reasctions

proceeding at silicon have proved unfruitful.,
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GENERAL INTRODUCTION

1. Optically active asymmetric organosilicon compoundse

It is evident that stereochemical studies of organic
reactions have contributed greatly to our knowledge of the
mechanisms of substitutions of carbon com.pou.nds.1 However,
wrior to 1958, it was not even known whether substitution
reactions at silicon atoms are stereospecific. At that time,
Sommer and co-workers resolved the first optically active
organosilicon compound bearing a reactive functional group on
silicon.2 The compound was (+)~1-nz2phthylphenylmethylsilane,
which being a crystalline solid allowed its absolute configur—
stion to be found by application of a X-ray teohnique.3

Once the relative configurations of a number of optically
active substituted silanes had been'established,4 Sommexr was
opble 0 show that o very large number of nucleophilic substit-
ution reactions at silicon proceed with a high stereogpecific—
ity.5’6 The stereochemistry of these reactions has revealed
details of mechanism not easily available by other meansg. =

Worlk carried out on other closely related optically
gctive silicon systems7, prepared from 1-naphthylphenylmethyl-
silane, has shown thet the stereochemistry of substitution
reactions for the latter system is fairly general. However,

a completely anrelated optically active silicon systen,
prepered by Corriu and co—workers8, exhibits different stereo-
chemistryg in a number of reactions from that for the 1-
naphthylphenylmethylsilioon system. Since 1t would appear
that the stereochemistry of substitution reactions at silicon
depends to some extent on the non-reacting groups attached,

a facile means of preparing a wide series of optically active




organosilanes was needed. Asymmetric Syﬁth§sisnﬁrésénté@”éﬁ‘*f
alternative possibility. |

2. Asymmetric synthesis,

Over the last fifteen years the organic chemist has
developed a qualitative and, in some cases, a quantitative
understanding of the forces that conspire to produce
asymmetric synthesis at carbon. The steric interactions
responsible may be delineated by the techniques of conform-
ational analysis, and with a little mechanistic reasoning one
can predict when an asymmetric reaction is likely to occur.
The absolute configuration of the predominant isomer formed or
destroyed in these reactions can sometimes be inferred by
empirical models.

The vast amount of work done on asymmetric reactions at
carbon has been recently reviewed;10’11*‘66ﬁ§ared with this
the instances of asymmetric reactions at other atoms are
relatively few, and at the onset of the investigation there
was only one reported asymmetric synthesis at silicon.12 This
asymmetric reaction involved differences in stability between
diastereoisomeric silaoxazolidones.

Interest has recently been concerned with the stereo~
chemistry of organosilicon compounds particularly directed
towards the production of siloxane polymersa13’14 In this
field, knowledge of the effects of non~bonded interactions are
important, particularly in attempts to produce stereorsgular
siloxanes. One means of studying this problem is by
agymmetric synthesis and this appeared to be. quite attractive
in view of the high stereospecificities rep@rﬁed by Sommer.5’6

Furthermore; asymmetric reactions may prove to be

sapsitive probes for detecting subtle steric and electronic




disparities in diastercoisomeric transition states eodine e

gubstitutione.

3. Choice of Agymmetric Reactions.

The asymmetric reactions initially studied involved the
reductions of racemic methoxy- and chloro- 1-naphthylphenyl-
methylsilanes for a number of reasons:

a) the considerable body of evidence available from
asymmetric reductions at carbon,1o

b) the reductions of methoxy- and chloro-silanes proceed
with high stereospecificity,

c) the 1-naphthylphenylmethylsilyl system has been
thoroughly studied and the rotatory powers and absolute
configuration of the compounds concerned have been
unambiguously established,

d) all the compounds concerned are crystallisable golids,

¢) the 1-naphthylphenylmethylsilane formed as a result of
the reduction forms a racemic mixture and therefore its
enantiomeric purity may be increased by fractional crystal-
lisation should one enantiomer be in excess,

£) the 1-naphthylphenylmethylsilane is easily separated
from the methoxysilane by column chromatography and is

configurationally and chemically stable to such treatment.




ASYMMETRIC REACTIONS.

The preferential formation, transformation or deétruction
of one of two (or more) stereoisomers in a given reaction, by
reason that that isomer is formed, or reacts at a faster rate
than the other(s), is termed ‘kinetic asymmetric transforma=
tion‘.15

Within this definition three specific cases may be

distinguished. '

Two diastereoisomers may be formed or react
at unequal rates without thelr asymmetric atoms being directly
affected. This has been termed 'kinetic method of resolution’
although the term is rather flexible. A second case arises
when a reaction is involved which creates a new asymmetric
centre either in a compound already possessing asymmetry or
under the influence of an asymmetric reagent, catalyst or an
external physical influence. Reactions of this type are known
ags 'asymmetric inductions' or 'asymmetric syntheses'. Finally
there is the case where two enantiomers react with, or are
degtroyed by, an asymmetric reagent at unequal rates leading
to a partial resolution. This is called 'asymmetric
destruction'.

Work prior to 1964 on asymmetric reductions at a carbon
centre has been extensively reviewed by Morrison.17 In this
article he confines himself to an account of ‘asymmetrié

synthesis'. The asymmetric reductions studied in the present

work belong to the class of 'asymmetric destruction’.

Theoretical considerations.

All three above cases essentially possess the same

kinetic requirements. For two reactions involving chemically
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similar substrates to occur at unééﬁél?fatés~with a cémmdnlwf_~ .
reagent under identical conditions the free energies of
activation must be different. In general this is, true if_the\
transition states leading to reaction are diastereoisomeric
and so of unequal free energy. However, in the reaction of
diastereoisomers (fig. 1) differences in the free energies of
the reactants have to be considered since it is differences
in the free energies of activation that are important (i.e.
change in the free energy from reactant to transition state).
These considerations do not arise in the cases of asymmetric
synthesis or asymmetric destruction (fig. 2).

The rate constant for a reaction is related to the free

energy of activation by the following equation:

K = e*AG/RT (1)

which is expressed in log1o form as:
log gk = ~AG/2.303 RT (2)

Suppose now that the two enantiomers A and B react with an
asymmetric reducing agent to form two diastereoisomeric
transition states with free energy GX and G% (see fige 2).
If the free energies of activation are expressed as AGz and

AGE two equations of type (2) may be written:

, 3 ¥
log,ok,= —=8G,/2.303 RT (3)
log, Jn= ~AGL/2,303 RT (4)
0840Kp™ —oUp/ e oY o

subtracting (4) from (3) gives:

it

¥ ¥
l°g10(kA/kB) (AGB"AGA)/2‘3O3 RT (5)

i

AAG?Z.BO} RT



The optical purity of the product is velated to the ratio

of products A' and B' by the equation:

L.g’...:.]. = ,_.:.... .‘é‘..i..{.‘j (6)
Lar] B! Bt

[a] is the observed rotation; [al is the rotation of the pure
enantiomer A'. The relative rates of the reaction of the two
enantiomers A and B with the asymmetric reducing agent C can
be determined by allowing A and B to react with C and then
analysing the mixture. The competing reactions can be

represented as follows:

A+ nC —— A (7)

B + nC —> B! (8)

where n is the order of the reaction with respect to Ce
The following treatment is essentially that given by T.S.Lee
ref. 18 p. 108. The rate equations (9) and (10) apply to

reactions (7) and (8) respectively.

-dlAal/at

it

kA[A][C]n (9)

-3d[BJ1/dt

it

kB[B][C]n (10)

Division of (9) by (10) and integrating yields:

k log1o([A]/[AO])

A _
T =%, T Tog, o ((B)/[B,]) (1)
or
(al/la ] = ([:B]/[BO])r (12)

where [4 ] is the initial concentration of A.
Three experimental technigques for the evaluation of r are

available.




SBe

1. The ratio of the products formed in the early sfages

of reaction is approximataly equal to T
Catl/[B'] o 1

2, Caleculation of r using equation (11) by analysis of
(4] and [B] or [A'] and [B'] at any point in the reaction.

3. Analysis of the products at various stages of the
reaction and plotting the log‘]O of fraction of A remaining
agalinsyt log1o of fraction of B remaining. The graph should be
linear with slope x. G

The last method has the advantage th:t it tests for the
two reactions being competitive in the sense of following the
same order with respect to A and B. In the asymmetriec
reductions dealt With here, it follows that the reactions are
homocompetitive since A and B are enantiomers; method 2 was
therefore used.

It is possible to show that r can be determined with the

greatest accuracy when:
(4,1 = [B,]
and when the extent of reaction is:
(al/ta 3 = #/02) ang (8118, = /10

The optimum stage of reaction gives the extent of reaction
when asymmetric reduction is at a maximum for a given value of
r. Clearly this is an important consideration in an
asymmetric destruction of the type under gtudy.

To summarise, from the optical yileld at any stage in an
asymnetric reduction it is possible to calculate the
difference in free energies of the diastereoisomeric

transition states and the optimum stage of the reaction.



ATTEMPTS AT ASYMMETRIC REDUCTION USING DI-ISOPINOCAMPHEYL-
BORANE,

Very high optical yields of secondary alcohols are
reported for the hydroboration of cis 1,2-disubstituted
olefins with («)-gxgrtetrais0pinocampheyldiborane.19 The
hydroboration of (+)-a-pinene (I) proceeds readily to give
the asymmetric adduct (II) by stereospecific cis addition of
the boron-hydrogen bond to the double bond of the pinene from

the less hindered side of the molecule.

,/H L I’I‘ .
/ B B
i 2 H” N
\ 2 |

(1) (I1)

4 + B H6 e

Reaction of cis-butene with (II), followed by oxidation
of the resulting di-isopinocampheyl-2~butylborane with
alkaline hydrogen peroxide, gives E¢(~§-butan-2~ol of 87%
optical purity.19 The exceptionally high optical yields have
been described as due to an unusually good steric fit of the
olefin and a particular conformation of the borane (II) in a
model in which the boron-hydrogen cis addition occurs via a
four centred transition state. (-)-Sym-di-isopinocampheyl-
borane is considered in models of the transition states.
(Transition states for asymmetric hydroboration involving the
dimer have been described in a recent publication by D.R.Brown
et a1.2Y)

The absolute configuration of (+)-a~pinene is known and,

therefore, in a simplified form di-isopinocampheylborane may




- 90 -
may be represented in conformation (III). In this hydrogen
atoms at C(3) and C(3')may be replaced by S and S', methylene.

groups at C(4) and C(4') by M and M', and ~CHCH3~ at ¢(2) and
¢(2') by I and L'.

4 (I11)

Hydroboration of a number of cis alkenes with (II) has
enabled Brown and co~workers to propose models of the
diastereoisomeric transition states that control the product

formation typified by the models (IV) and (V) shown below:

Me- - > ez ]

Me““‘(},/WZH Sk ]
I\JI BH :'Li B -H
. \ .
v /// M ' \ /// i
) s (7 é} S o | (I)S
/ N /
M S/ L M S \L
(IV) (V)

The major steric interactions in the transition state
models (IV) and (V) are thought to be those between the methyl
and hydrogen groups of the olefin and the C¢(3') hydrogen and
the methylene 0(4) of the borane, These considerations lead
to (IV) being preferred to (V) and so resulting in Re-(=)~
butan«?-0l predominating in the product after oxidation of the

borane intermediate.

Asymmetric hydroboration of Irans and hindered olefins,
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however, cannot be rationalised in terms of the above

21 This inconsistency illustrates the

transition statess
dangers in application of a model from one system to another
even if closely related; for the purpose of determining
absolute configurations The discrepancy here was traéed'td'a
change of mechanism brought about by dissociation of the
tetraisopinocampheyldiborane into (+)-g-pinene and tri-
igopinocampheyldiborane.

(~)=1=Naphthylphenylmethylchlorosilane is very easily
reduced by sodium borohydride in diglyme solution to
(=)=1-naphthylphenylmethylsilane with inversion of config-
wration.* In view of this, it appeared that if racemic
chlorosilane could be partially reduced by the asymmetric
diborane (II) an asymmetric reduction might be achieved.

The (~)-sym-tetraisopinocampheyldiborane was prepared by
the procedure of Brown19 by the addition of diborane,
generated in situ from sodium borohydride and boron tri-
fluoride etherate, to (+)-0-pinene in diglyme. Attempts’at
reduction of t-naphthylphenylmethylchlorosilane were
unsuccessful (experiment 5.) and even a twelve~fold eicess of
borane adduct, left overnight at room temperature gave no
indication of any reduction. Further attempts at asymmetric
reduction using (=~)-sym-tetraisopinocampheyldiborane were

abandoned.
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IV
ATTEMPTS AT ASYMMETRIC GRIGNARD REDUCTION.

1. Grignard reduction of carbonyl compoundss.

When sterically hindered Grignard reagents react with an
organic carbonyl compound the products are predominantly those
resulting from a reduction and not a normal addition.

Reaction of benzophenone and isobutylmagnesium bromide gives
diphenylcarbinol and isobutylene in equivalent amounts.22
The carbon atom to which the magnesium was originally bonded
undergoes a change in hybridisation from sp3 to spz.
Consequently, the net result of the reduction involves 8
elimination of the magnesium and hydrogen from the Grignaxrd
reagent. Further support is provided by the observation that
no reduction occurs with sterically hindered Grignard reagents
not possessing a hydrogen atom bound to a B carbon atom.

Studies on reductions with Grignard reagents deuterated
in various positions have shown conclusively that the carbonyl
reduction involves the Bcarbon atom of the Grignard reagent.
The results are consistent with a transition state in which .
reduction proceeds via an essentially planar gix-membered ring

structure:23

The above reduction has been successfully the subject of
considerable study from the point of asymmetric synthesis and
was the result of one of the first applications of the concept

of steric control.
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Using the above model for the transition state it was
predicted that the alcohol resulting from the reaction of
t—butyl methyl ketone and (+)~2-methylbutylmagnesium chloride

would contain an excess of the S-(+)-enantiomer (1).%4

CH Qm———=-M Bt t-Bu O~ === Mg 2Bt

3\\0441 g. o \\04% /2;% -

/ \\ —————— / 2 . / \\\ —————— oz 2
t-Bu H C CH H C

(4) \CH3 (B) \CH

3
CH OH t-Bu OH
3\ ,,” \ //‘
///C (1) ///q\
t-Bu \\H OH3 H

It was envisaged that there would be less non-bonded
interactions in the suggested transition state (A) in which
the largest groups (ethyl of the Grignard reagent and the
t-butyl of the ketone) were in a trans configuration.
hAccordingly, (4) would possess less energy than (B) and the
reaction would proceed more rapidly through transition state
(A) to gzive predominantly the product (I). When the reaction
was conducted at 20° the enantiomer (I) was, indeed, found to

25 Many other uwnsymmetrical ketones were

be 13% in excess.
reduced using (+)-2-methylbutylmagnesium chloride and optical
yields varied from 25% for phenyl cyclohexyl ketone 1o 2.1%
for isopropyl cyclohexyl ketone. Difficulties arise in
deciding whether the above interpretation is consistent with
the experimental results and amongst these the arrangement of
the groups in order of effective size presents one of the
greatest problems. Mosher's results appear to be consistent

at first sight if the order of effective size for the three

largest groups of the ketones studied is taken to be phenyl >



t-butyl > cyclohexyle

However, recent results of Mosher and co—workersz6 have
shown that differences in compression in the transiﬁiqn staﬁes
are not the only cause of the stereoselectivity in these
asymmetric reductions.

Studies using other opticaily active Grignard reagents
have shown that extremely high optical yields of alcohols can
be obtained using this type of reduction: Thus reduction of
isopropyl phenyl ketone with the Grignard reagent from
(+)-1-chloro-2-phenylbutane gives isopropylphenylmethanol in

82% optical yield.

2. Grignard reduction of silanes.

The mechanism of most substitution reactions at silicon
can be described as involving nucleophilic attack of the
carbanion moiety of the Grignard reagent on the silicon. In
the case where the substrate 1s an alkoxysilane, the alkoxy
group is coordinated with the magnesium atom of the Grignard
reagent in the transition state. The mechanism; therefore,
provides an electrophilic 'pull’ from the magnesium together
with a nucleophilic 'push' from the carbanion, the combination
of which aids the removal of the'poor leaving group'. The
retention of configuration observed for these reactions is in
accordance with the flank attack at the silicon described
above. The transition state is described as SNi*Si and is

supposed to be o cyclic four-centred structure:

: . , .

‘ X is a 'poor leaving group'
i

i
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Consideration of such a transition state makes the
feasibility of normal substitution dependant upon the ability
of the a~carbon atom of the Grignard reagent to approach the
silicon centre. This ability will obviously be influenced byi

a) bulky substituents on the silicon,

b) steric nature of the Grignard reagent.

Considerable experimentation has been conducted on the
study of steric effects on the reactions of organolithiums
and Grignard reagents with halo- and alkoxy-silanes. Schumb
and Saffer®! showed that reaction of silicon tetrachloride
with p-, m-, and o-tolylmagnesium bromides led to yields of
the corresponding tetratolylsilanes that were 35%, 8%, and 0%
respectively. Their unsuccessful attempt to prepare tetra-
o~tolylsilane is attributable to steric factors. Subseqguent

28 showed that steric effects are of

work by Gilman and Smart
prime importance in the case of the substitution reactions of
o-tolyl and mesityl silanes by bulky Grignard reagents and
organolithiums. The vast amount of work conducted on studies
of this type is too large to be treated satisfactorily here
and reference is made to the relevant Chapters in ref. 29.

3Oreported

However, it must be mentioned that Cusa and Kipping
that the principal product of the reaction of phenyltrichloro-
silane and cyclohexylmagnesium bromide, under an inert
atmosphere at approximately 100°, was dicyclohexylphenyl-
silane. Reduction had, therefore, occurred in preference to
the introduction of the third cyclohexyl group. The mechanism
proposed by these workers involved the formation of dicyclo-
hexylphenylsilylmagnesium bromide, which upon hydrolysis gave
the silane.

Failure to form stable silyl Grignard reagents led
31

Harvey and co-workers to reinvestigate the reaction.
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Detection of dicyclohexylphenylsilane prior to hydrblysié
and the presence of cyclohexene as a reaction product
(apparently overlooked by the previous workers) compelleéd
Harvey to disregard the earlier mechanism. Studies of tae
reaction of other sterically hindered Grignard reagents on
phenyltrichlorosilane were undertaken since it appeared that
the steric size of the cyclohexyl Grignard reagent was
instrumental in determining the course of the reaction.
Grignard reagents prepsred from cyclopentyl-, t-butyl-, and
isopropyl halides all form the corresponding gilanes, viz.
dicyclopentylphenylsilane, di~-t-butylphenylsilane, and
di-isopropylphenylsilane, together with the correspondiﬁg
alkenes.

The results from the reaction of triphenylchlorosilane
and cyclohexyl Grignard reagent led Brook and Wolfe32 to
propose a six-membered quasi-cyclic intermediate, analogous

to that postulated for Grignard reduction of ketones:

s —=Si—H + NgClX +>c::c<
H 6T

Related reductions were observed in the reaction of
tetrabromosilane with s- or t-butylmagnesium bromide.33
Small smounts of the butyltribromosilanes were obtained, but
side reactions mostly occurred to form Si-H bonds with butene
evolution or Si-S5i bonds with octane formation.

Silicon alkoxides react fairly readily with Grignard

reagents with formation of silicon-carbon bonds. However,
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generally they are much less reactive than chlorogilanes,

their reactivity falling with increasing chain length and

branching in the alkoxy group.34 Sometimes, silicon alkoxides
give hydrides when heated with Grignard reagents, howevef,
the presence of large zroups does not appear to be essential.
Methyltriethoxysilane reacts with n-propylmagnesium chloride
at 150° to give some methyldi-n-propylsilane along with
methyldi~n~propylethoxysilane.35
Reaction of methoxysilanes with t-butylmagnesium chloride
at 95° occurs with retention of configuration at the silicon
atom and this has led Sommer to propose a transition state

analogous to that written for the reduction of silicon

chlorides under comparable conditions:

ON[@

ESi@\‘]}"gX

il

=) Lic
N\

Valade and oo~workers,36 however, suggest that reduction
does not involve a six-membered intermediate but that
reaction occurs by attack of a hydride of magnesium formed by
elimination from the Grignard reagent. Grignard reagents
derived from t-butyl and isopropyl chlorides are known to
have the greatest reducing effect on chlorosilanes and this
suggests that the ability to reduce is conferred by their
steric nature. However, these are also compounds which most
easily undergo elimination.

In the light of this controversy it was hoped that the
successful asymmetric reduction of (+)-1-naphthylphenylmethyl—-

methoxysilane using Grignard reagents possessing a chiral
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centre B to the magnesium atom would provide decisive
evidence for the mechanism of the reduction. ,
Preliminary work using 1-naphthylphenylmethylmethoxy-
silane and Grignard reagents from isobutyl and -disoamyl
chlorides has shown that very little reduction occurs37 and

that the major product is the normal coupled product. This

is

perhaps a little surprising in that there is ample evidence to

suggest that isobutylmagnesium chloride is carable of
reducing triphenylchlorosilane.

It was, therefore, thought possible that asymmetrice
Grignard reduction might be achieved using the reagent
prepared from (+)=-neomenthyl chloride. It was expected that
the normal coupling reaction would be prevented by the
sterically challenging nature of the reagent and hoped that
steric interactions would not be prohibitive to reduction.
Although the B-hydrogens, most likely for reduction, are not
on a chiral centre they are diastereoisomeric by internal
comparison and would, therefore, be expected to give fise to

asymmetric reduction (c.f. ref 38).

. I iastereoisomeric hydrogen

CH atoms

3

(CH CH

309
ClL

Considerable difficulty was found in the preparation of
the Grignord reagent from neomenthyl chloride and successful
preparation required the addition of small guantities of
ethylmagnesium bromide to initiate the reaction. However,
this proved unsuitable, since after baking for 3 days at

100°C with methoxysilane preferential formation of the



ethylsilane had occurred.

The reaction was repeated using a 2:1 excess of Grignaxrd
reagent, prepared by initiation of (+)=-neomenthyl chloride
with ethylene dibromide (does not form a stable Grignard
reagent). Baking at 100° for 4 days failed to give any
indication of silane in the infrared spectrum of the geparated
products. The spectra and thin-layer chromatography showed
them to be mainly methoxysilane and hydrocarbon products from
the neomenthyl Grignard reagents.

At this time successful asymmetric reduction of
(¢)~1—naphthylphenylmethylmethoxysilane with a complex of
(+)~quinidine and lithium sluminium hydride caused the above
work to be discon’cinuede However, successful asyrmetric
reduction using a Grignard reduction would remain of

considerable interest from the point of the mechanism of

these reactions.



ASYMMETRIC REDUCTION BY OPTICALLY ACTIVE ALKOXY
LITHIUM ALUMINIUM HYDRIDES.

The reduction of unsymmetrical ketones with metal

hydrides yield racemic disubstituted carbinols provided that
0 OH
| LiAlH, |
R—C—R! > R— CH—R'
the reduction is not affected by either an optically active

reagent or other asymmetric influence. The early report by
Bothner—By39 that (+)-camphor could induce the formation of
excess of one of the enantiomeric dialkylcarbinols during
lithium aluminium hydride reduction of 2-~butanone and
pinacolone has now been shown to be in error.4o Although the
lithium di-isobornyloxyaluminohydride, presumably formed, does
not appear to asymmetrically reduce these ketones, other
optically active alkoxy lithium aluminium hydrides have been
found to be quite effective. The asymmetric addends used
have been amino-alcohols and carbohydrates. Extensive
studies by Cervinka and co-workers have been conducted on the

41 methyl aryl

asymetric reduction of methyl alkyl ketones,
ketones,41 phenyl aryl ketones,42 and cyclohexyl aryl
ketones,43 using complexes of lithium aluminium hydride and
amino=~alcohol alkaloids.

Cervinka had also reported the asymmetric reduction of
{=methyl—2=alkyl-A'-pyrrolinium and ~piperidinium perchlorates
with complexes between optically active terpene alcohols and
Lithium aluminium hydride.*%'%° Reduction of alkyl phenyl
ketimines by complexes of lithium aluminium hydride and

(=)=menthol and (+)-borneol are reported to occur

asymmetrically.46
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The use of carbohydrates for preparing optically active
lithiuwm aluminium hydrides was first reported by Landor and
co~workers%7 lore recent work on the use of other mono-
gsaccharide complexes has established that the highest optical
yields of secondary alcohols are achieved by use of 3=O=benzyl-
1,2~0-cyclohexylidene=g~D-glucofuranose (I).48 Further
improvements were found by using standardized, ethereal
solutions of lithium aluminium hydride and by the addition of
ethanol to wodify the complex. Addition of ethanol produces
optically active alcohols with the opposite absolute config-
uration to those formed in its absence. Optical purities up
to 64% have been obtained using this procedure. Explanations
have been offered which account adequately for the configur-
ations of the alcohols formed by the reductions with (I) both
in the presence49 and absence of ethanol.SO

1,2:3,4~Di—9risoprOpylideneadng-galactopyranose and
1,2:5,6-di«9¢isopropylidene~uﬁg—glucofuranose have been usged
by Cervinka51 for complex formation with lithium aluminium
hydride. The optical purities of asymmetric reductions using
these complexes, however, have been low (<5%) .

Landor and co=-workers have reduced certain allylic
slcohols with lithium aluminium hydride and (1) to optieally

octive allenols.’?

LiAlH
1_(=C—CH= CHCH,OH 4 5 R1 CH= C=CCH,CH,0H

R(-)
Rt = CHB’ CZHS, n—C4H9, t~C4ﬂchC, C6HSC‘—_—TC, H(CEC)Z,
CH3(C:C)2

In the light of this previous work, the partial

veduction of racemic methoxysilanes using asymmetric
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complexes of lithium aluminium hydride seemed to offer an
excellent reaction for the production of optically active
silanes.

The reduction of (+)-=1-naphthylphenylmethylmethoxysilane
with lithiun aluminium hydride in diethyl ether is reported to
occur by retention of configuration.4 The mechanism, in non=
polar media, is said to involve a four centred transition state
which minimizes charge separation. This is clearly in accord
with the low ion-~solvating nature of such solventss Sommer

has labelled these retention reactions as SNi—Si.-5

R.Si7 —_— o
38{\ /AJH3
N 7/

A Y

0’

The SNi~Si mechanism is the most common for reactions
involving ‘'poor leaving groups' i.e. bases whose conjugate
acids have pKa>-10.

'Good leaving groups' (pKa<:6) normally react by inversion
of configuration. The usual invariance of this stereochemistry
for sroups such as Cl, Br, and esters has led Sommer to
postulate the ‘'good leaving group rule'.5 Sommer has desig-

nated this mechanigtic path as SN2~Si.

4. Partial reduction of (+)-1-naphthylphenylmethylmethoxy-

gilane with 1:1 complexes of alkaloids and lithium

aluminium hydride (Experiment 8).

The exploratory work on the asymmetric reduction of
(+)-1-naphthylphenylmethylmethoxysilane (II) with the 1:1
complex of (+)-quinidine and lithium aluminium hydride has

been reported.53 This reaction constituted the first kinetic
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asymmetric formation of an optically active organosilane.

The gquinidine complex was prepared in situ by the
addition of the alkaloid to a suspension of an eguivalent
molar weight of hydride in diethyl ether. Reaction at reflux
for 30 minutes ensured complex formation. At the concentra-
tion used the complex is reported to be dimeric in tetrahydro-
furan.54 Although there is no reason to suppose that the
degree of association is necessarily the same in diethyl ether
and tetrahydrofuran, the concentration used by Cervinka54
was adopted for the sake of consistency.

Reaction of (+)-quinidine complex and the methoxysilane
(II) in the molar ratio 1:3.16 for 4 hours at reflux gave a
product which on column chromatographic separation on gilica
gel using benzene/light petroleum eluant yielded 33%
1-naphthylphenylmethylsilane (IITI). This silane was found to
be dextrorotatory with an optical purity of about 6%. The
unreacted methoxysilane, recovered from the column using
benzene, was lsevorotatory (also with an optical purity of
6%). Nuclear magnetic resonance, infrared, and ultravioledt
spectra of these fractions confirmed their chemical integrity.

Fractional crystallisation of the optically active silane
from n-pentane at ice-bath temperatures yielded a white
crystalline solid whose m.Dp-. and specific rotation showed it
to be optically pure (+)=1-naphthylphenylmethylsilane (111).

Attempts to purify the active methoxysilane by a similar
proceduvre failed. Complete reduction with lithium aluminium
hydride followed by fractional crystallisation yielded the
substantially pure laevorotatory silane.

In this asymmetric reduction the (+)-gilane (III) and the

(-)-methoxysilane (II) possess opposite absolute configur-
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ations, and by the Cahn, Ingold, Prelog nomenclature55 may be
assigned the R configuration. This corresponds to an overall
retention of configuration for the asymmetric reduction, in
agreement with the findings of Sommer for normal lithium
aluminium hydride reductions of alkoxysilanes.

The results of the asymmetric reductions, using other

alkaloids as complexing reagents, are given in Table 1.

Table 1.

Asymmetric reductions of (+)=1=naphthylphenylmethylmethoxy-

silane with 1:1 alkaloid LiAlH, complexes.

Alkaloid IVa IVh Va To VI VII
% redn. 35 28 33 43 23 27
ggiggg $1.52°  =0.64°  +1,96° +1.24° +0.26° +4.53°
purity® 443 1.8 5.5 3.5 0.7 12.8
&g%ﬁ§§y ~0.24°  +0.13°  =0.93° =0.40°  0.00° -0.86°
purity’ 1.4 0.8 5.5 244 0.0 5.1
el =08 2B R

Optical activities have been corrected for the optical purity

of the alkaloid used.

2) Optical purity caloulated as #% of Laly +35.5° for the silafie

b) 0 n 0 wonoow [a]D +17° for the methoxy-
silane%

IVa  (-=)=-quinine Vb (+)~cinchonine

IVb  (-)-cinchonidine VI (~=)-ephedrine |

Va (+)-quinidine VII (+)=-t-ephedrine



- 25 -

—=CH
CH==CH,
H.
HO~._
> N
% o +
H

|

N/

i

IVa R CHBO; (=)=quinine Va R = CH,O0; (+)-quinidine

3
IVb R = H; (=)~cinchonidine Vb R = H; (+)-cinchonine

i

o, oy
g P——IHCH, H—— O2—NHCH,
B——cl—on | HO—— Cl—n

# #

VI (~)-ephedrine VII (+)-y~ephedrine

=

Absolute configurations of optically sactive
cinchona and ephedra alkaloilds used to prepare

complexes with lithium sluminium hydrides,
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The absolute configuration of the alkaloids used is
shown in Fig. 3. The configurations of carbon atoms C(8)
and C(9) in (=)-quinine (IVa R = OCH3) and (-)=-cinchonidine
(IVhb R = H) areenantiomeric to the same centres of asymmetry
in (+)=quinidine (Va R = OCHB) and (+)-cinchonine (Vb R = H).
(=)-Ephedrine (VI) and (+)=-y-ephedrine (VII) are diastereo-
isomers differing only in absolute configuration at C(1)e

Inspection of Table 1. shows that the extent of reduction
depends on the nature of the complex with lithium aluminium
hydride. In general, the cinchona alkaloids, (=)=quinine,
(+)=-quinidine and (+)-cinchonine give yields of silane between
30 and 40% after 4 hours reflux. (-)-Ephedrine and (4)=t=
ephedrine give noticeably less. This 1is explained by the
presence of the -NH group in the letter compounds which is
able to displace a second hydride atom from the lithium
aluminium hydride, leaving only two for subsequent reduction
of the methoxysilane. Measurements of the hydrogen liberated
from lithium aluminium hydride by ephedrine and y—erhedrine
confirm that both the —0H and -~NH protons are displaced.

Clearly the results of asymmetric reductions using the
above series of alkaloids cannot be explained in terms of
steric Tactors alone since anomalous behaviour is shown in the
case of the reduction with (-)-guinine complex.

lost notable from Table 1. is the vast difference in
the efficiency with which ephedrine and y-ephedrine promote
asymmetric reduction. This may be attributable to the
respective nature of the complexes. In the case of Y-
ephedrine steric interactions between the methyl on C(2) and
the phenyl group on C(1) cause the amine and hydroxyl groups

to be in a gauche conformation (Fig. 4.):



(+)=-y=ephedrine (-)-ephedrine
Fig. 4.

However in ephedrine the same interactions cause the amino
and hydroxyl groups to be in a trans conformation with respect
to one another. These considerations lead to the realization
that complexing, in the case of {Y—~ephedrine, is likely to be
of a cyclic type with both the nitrogen and oxygen atoms
bound to the same aluminium atom. The ephedrine complex,
however, is more likely to be oligomeric with consequential
lack of conformational rigidity. The highef optical yields
obtained using alkaloids compared with saturated terpene
alcohols (c.f. Table 2.) may be similarly due to the
rigidity imposed on the complexes by bonding or coordination
of the nitrogen atom of the alkaloids to the aluminium atom.
Further discussion of the factors influencing the course of

the reductions is left until Chapter VII.

2. Asymmetric reduction of (+)-1-naphthylphenylmethylmethoxy-

silane with 1:71 complexes of optically active alcohols and

lithium aluminium hydride.

The reductions using saturated cyclic terpene alcohols
(Experiment 9) were carried out in an effort to simplify the
analysis of the results. All 4he alcohols used possessed only
one site for complexing and with the exception of one acyclic

alcohol were conformationally locked.



- 28

Fig. 5 Absolute configurations of asymmetric alcohols.

.G CH
3 /

(cH,),cH
) 2 fi,{
27 HO Vi
H
OH
VIII (~)-menthol IZ (-)=horneol
H
X (w)-isoborneol XI (+)=-otfenchol

Q=== Q7= ===-

XITI R = H; cholesterol

XITI (+)=2-0ctanol

XIV R = CH3; lanosterol
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Figure 5. shows the absolute configurations of the

alcohols used.

Table 2.
Alcohol VIII IX X XTI XII XIIT XIV
% redn. 49 56 47 31 24 31 0

[a]588 +0.71° +0.34° 0,00°  +0.34° +0.33° 0.00° -
silane

purity® 2.0 1.0 0 1.0 0.9 0 -

[alsgg | =0.20° 0.,00° 0.00° «0,10° 0.00°  0,00° -
- methoxy

purity? 1,2 0 0 0.6 0 0 -

Absolute R R o~ R R - -

Confige.

a. and b. as in the footnotes to Table 1.

VvIIL = (=)=menthol XI = {(+)-g~fenchol
IX (=)-borneol XII (+)=2-o0ctanol
X (=)=~isoborneol XI1X cholesterol

XIV lanosterol

It is evident from Table 2. that the reaction is very
sensitive t® steric factors as evidenced by the considerable
difference in reduction rate when lanosterol is used instead
of cholesterol. Furthermore, examination of Courtauld's
Models makes it clear that the extent of reaction, shown in
Table 2., reflects the magnitude of the steric hindrance
which the groups about the hydroxyl bearing carbon atom exert
on the hydride atoms of the lithium sluminium hydride complex.

A pattern seems to be apparent in the results from the

three cyclic terpene alcohols. The result of the reduction
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using the acyclic (+)-2-octanol is difficult to rationalize
with the others, but the difference may be due to greater
disproportionation of the lithium alkoxyaluminium hydride of

this alcohol.

3, Partial asymmetric reduction of (4)-1-naphthylphenylmethyl-

chlorosilane (Experiment 11).

In view of the successful asymmetric reductions of
(+)-methoxysilane it was wondered what differences might
occur when the stereochemistry of the reaction was changed
from retention to inversion. Accordingly the partial
asymmetric reduction of (i)—?~naphthylphenylmethyfchlorosilane
(V) with complexes of alkaloids and lithium aluminium
hydride was studied.

The procedure followed was essentially the same as that
for the methoxysilane (II) except this time the reduction was
terminated by addition of methanol to convert the unreacted
chlorosilane to methoxysilane. The results for a reaction

time of 4 hours are given in Table 3.

Table 3.
Alkaloid IVa IVb Va Vb
% redne. 16 25 25 22
g%iéﬁé -0.17° ~0,26° +0.27° +1.,03°
purity® 0.5 0.8 0.8 2.9
;Zgﬁ§§y 0.00° 0.00° +0,12° -
purity® 0.0 0.0 0.7 -
Sontis.: s s R R

a. and b. as in the fooitnotes to Table 1.
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It can be seen that the absolute configuration of the
silane (III) produced follows the change in absolute config-
uration of the hydroxyl bearing C(9) of the alkaloid. The
optical activity of the methoxysilane formed from the excess
chlorosilane was unfortunately zero in two cases. The
reduction using (+)-cinchonine (Vb) coumplex followed by
addition of methanol did not yield any methoxysilane in spite
of repeated ettempts. The (+)-qguinidine-lithium aluminium
hydride reduction (Va) ylelded dextrorotatory methoxysilane
after methanol addition. Assuming that the methanol reacted
with excess chlorosilane (XV) by inversion of configuration,
then this would mean that the asymmetric reduction had taken
place by retention of configuration. This is clearly most
vnusual for reduction of (XV) by lithium aluminium hydride.56

In view of the unusual stereochemistry and the failure
to form methoxysilane in the case of the reduction with
cinchonine complex it is concluded that the reaction does not
involve the simple reduction of chlorosilane by lithium
aluminium hydride complex. Possibly the chlorosilane reacts
with the complex to form diastereoisomeric silyl alkaloid
alkoxy compounds. Should these diastereoisomeric siloxy
alkaloids bte formed in unequel amounts then the remaining
unreacted chlorosilane (the chlorosilane is in excess with
respect to the alkaloid) would be optically active.

Reduction of this would then give optically active silane.
On addition of methanol alkoxy exchange occurs by inversion
of configuration, in view of the high excess of methanol
present,6d and optically active methoxysilane would be

recovered.

This postulated reaction scheme accounts for the
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recovered silane and methoxysilepe possessing the same
absolute configuration, provided that inversion of configur-
atlon is taken to be the predominant stereochemistry for
reactions involving chlorosilane. Further evidence of
possible siloxy alkaloid participation may be inferred from
the reduction with cinchonine complex. In this case methanol
does not appear to cause alkoxy exchange of the siloxy alkaloid
and it reguires aqueous sulphuric acid to cause breakdown
during workup with formation of silanol.

Whatever the reaction mechanism, it is likely that the
asymmetric reduction of 1-naphthylphenylmethylchlorosilane
proceeds by a complex route and is unsuitable for study from

the point of view of asymmetric synthesis.

4., Asymmetric reduction of (i)~pheny1ethylmethylmethoxysilane

(XVI) with alkaloid-lithium aluminium hydride complexes,

(Experiment 14.)

Optically active (-)-phenylethylmethylbromosilane has
been prepared by Sommer and co-workers by stereogpecific
bromodearylation of the 1-naphthyl group from (~)-1-naphthyl-

72 Reduction with

phenylethylmethylsilane with bromine.
lithium aluminium hydride gave (+)-phenylethylmethylsilane
(XVII). The reaction éheme used by Sommer is given below:

C1 EtLi
(+)=1-Np@MeSiH ———2—=(~)~1-NpfifeSiCl — >

inv

LiAlH Br
(+)-PileBtSiH4——H~— (=) -gBtlleSiBr <———E-§-— (=)=1=Np@MeSiEt

The absolute configuration can therefore be written in a

Fischer projection for S-(+)-phenylethylmethylsilane as:
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The above preparation of this optically active silane 1is
tedious, involves meny steps, and results in a low overall
yield. The route by asymmetric reduction of (+)-phenylethyl-
methylmethoxysilane (XVI) involves a single step and results
in a fair yield of silane, possessing a good optical purity
when (+)-cinchonine is used. Furthermore, optically active
methoxysilane is also obtained the preparation of which has
not previously been reported.

The agymmetric reduction of (XVI) with alkaloid-lithium
gluminium hydride complexes was attempted for two further
reasons:

i) the absolute configuration of the silane was known,

ii) considered from a steric point of view, the system
presented the greatest challenge to the selectivity of the
asymmetric reduction; success made the procedure extreuwely
attractive for the partial resolution and study of novel
optically active systcus.

The results of the asymmetric reductlons are shown in
Table 4. (see next page).

Tt was found that the reduction of (XVI) with complexes
of lithium sluminium hydride proceeded at a greatly reduced
rate compared with 1-naphthylphenylmethylmethoxysilane. In
order to obtain comparable yields of gilane it was found
necessary to increase the quantity of complex hydride by

o factor of two and prolong the reaction time to 24 hours.

S
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It is likely that in the case of 1-naphthylphenylmethyl-
methoxysilane the reaction rate is affected by electronic
factors far more than by steric effects since the latter

would act in the opposite sense to the direction observed.

The enhanced reactivity of 1-naphthylphenylmethylmethoxy-
silane may be explained by the cumulative electron withdrawing
properties of aryl groups on silicon 57 making attack by

nucleophilic hydride ions more readily achieved.

Table 4-0

Asymmetric reductions of (+)-phenylethylmethylmethoxysilane

Ratio of methoxysilane : complex 3:2 based on molecular

weights; reductions were refluxed for 24 hours prior to work-

up.

Alkaloia® IVa IVb Va VDb VII
% redn.” 64 51 54 56 34
gﬁggg 40,019 —0.18°%  +0.44°%  40,50°¢  +0,05°°
purity <0.5% 7.18 17.4° 41.2% 4.1t
[a]q 8 ~0,03° +0.59° -1.35° -3.89° 0.00°
metgéxy ¢

Absolute

Confige. 5 i3 s g £

a) See text and p. 25.

b) Yields based on g.l.c. analysis.

c) [a]588 measured in hexane solution.

a) [a]588 measured in CCl, solution.

e) Optical purity calculated as % of Loly+r2.53° (0014)'

£) Optical purity calculated as % of [0]D+1.22° (hexane)
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Due to the sensitivity of phenylethylmethylmethoxysilane
to treatment with aqueous acid, aqueous ammonium chloride was
used for the workup procedure.

The results from the asymmetric reductions further
indicate the complex nature of the interactions involved. It
appears that the reduction with (-)=quinine (IVa) complex
leads to a gsilane possessing opposite absolute configuration
to that from the reduction using (-)-cinchonidine (IVb),
although the two alkaloids have the same relative configur-
ations (see fig. 3.). The presence of the 6'-methoxy group
on the quinoline moiety is responsible for the changeover but
the nature of the involvement is not clear at present.

It it apparent from Table 4, however, that the optical
purities of the products obtained from the reductions using
(~)=quinine and (-)-cinchonidine were lower than when (+)=-
quinidine (Va) and (+)=cinchonine (Vb) were used. It may be,
therefore, possible that the asymmetric direction of the
reductions with (=)-quinine and (~)-cinchonidine is decided
on a fine balanee of two or more opposing interactions. With
the (+)-cinchonine and (+)=-quinidine these interactions appear
to act in the same direction and lead to the high optical
yields found for reductions using these alkaloids. It may be
argued that the high optical yield obtained with (+)=
cinchonine cannot be explained solely by the differences in
steric hindrance of the ethyl and methyl groups on silicon
slone. Some other interaction in the diastereoisomeric
transition states is clearly involved.

Comparison of the results of the asymmetric reductions
of 1-naphthylphenylmethylmethoxysilane and phenylethylmethyl-

methoxysilane leads to some interesting possibilities.
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In general it can be seen that the reductions of the
phenylethylmethylmethoxysilane give silanes of opposite
absolute configuration to those from the 1-naphthylphenyl-
methylsilyl system. Furthermore, the extent of asymmetric
selectivity for the latter case is markedly lower than for
the phenylethylmethylmethoxysilane. The reasons for these
observations are not at present understood but may be due in
some degree to the ability of the naphthyl group on silicon
to coordinate with the aluminium atom58"59 in the transition
state. LResults of agsymmetric reductions of other organo-
methoxysilanes (see next Chapter) also indicate that the
asymmetric reductions of the naphthyl system may involve a

different transition state topology.

5., Asymmetric reduction of (#)-phenylethylmethylmethoxysilane.

with 1:1 (~)=menthol-lithium aluminium hydride complex.

(Experiment 15)

Reduction of the methoxysilane with this complex in
the molar ratio of 3:2 at reflux for 4 hours gave a 65% yield
of silane. Therefore the rate of reaction is very similar
to those observed for 1-naphthyl- and benzyl-phenylmethyl
methoxysilanes with 1:1 complexes of terpene alcohols and
lithiurn aluninium hydride..

The silane, separated in the usual way, was very slightly
, but significantly, laevorotatory [a1588 <-0.03°, [a]3o3
-0,40° in carbon tetrachloride. This corresponds to an
optical purity of about 1% at most. The methoxysilane was
markedly dextrorotatory [a]588+0.11°; [a3313+1.51° (hexane) .
The reduction had therefore proceeded with retention of
configuration and the absolute configuration of the predom-

inating silane enantiomer was R.
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VI.

PREPARATION OF NOVEL OPTICALLY ACTIVE ORGANOSILICON
SYSTENMS.

The high optical yields obtained by asymmetric reduction
of (+)~phenylethylmethylmethoxysilane with alkaloid complexes
of lithium aluminium hydride made the method attractive as a
general preparative technique for novel optically active

organosilanes inaccessible by previous routes.

1.  Benzylphenylmethylsilane (Experiment 19)

The asymmetric reduction of (+)-benzylphenylumethyl-—
methoxysilane was chosen for study on the basis that it would
yield a novel optically active silane whose synthesis from
optically active 1-naphthylbenzylphenylmethylsilane by the
usual methods might present problems. Due to the way in
which benzylsilenes readily undergo electrophilic
substitution,6o it may be anticipated that nuclear bromination
of the benzyl group will occur during the normal bromo-
dearylation reaction.

The electrophilic reactivity,6o bathochromic shifts in
the electronic spectra,57b and the donor strengih of benzyl-—
silanes in charge transfer spectra59 have been explained by
the 0-1r conjugation involving the ~CH251R3 group. The effect
of this electron withdrawal from the silicon on the rate of
reaction and stereochemistry may be studied by asymmetric
reduction.

Racemic benzylphenylmethylmethoxysilane was prepared in
good yield by the reaction of benzylmagnesium chloride on

phenylmethyldimethoxysilane in diethyl ether (Experiment 16)
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Asymmetric reductions were carried out using very similar
conditions to those required for the reductions of phenyl-
ethylmethylmethoxysilane. The work-up again involved using
agueous ammonium chloride and not acid. (It is interesting to
note that treatment of benzylphenylmethylmethoxysilane with
aqueous acid (Zxperiment 18) gave the silanol only; no
significant amount of disiloxane was formed.) The results are

shown in Table 5,

Table 5.

Asymmetric reduction of (+)~benzylphenylmethylmethoxysilane,

with 1:1 alkaloid=-lithium aluminium hydride complexes.

Reduction time 24hrs. Molar ratio of methoxysilane:complex

::3:2
Alkaloid IVa IVb Va Vb VI VII
% redn.® 47 48P 29 42° 7 20
[@]c [¢] (3] [+ [s] G [+]
588 +1l77 +3064 “'1.64 ""7080 *0064 "'5-69
silane
c
Cadggg 20,289 —0.86° +0.16° +1.86° +0,00° +0.46°
methoxy
Absolute® 5 S R R R R
Config.

a) Yields calculated on weights of silane isolated.
b) Calowlated on intensity of vSi-H at 2120 cm™' in the

mixture.

¢) Optical rotations measured in hexane solutione

d) Inferred absolute configuration (see text)s

The extent of reduction was calculated on the weight of
silane recovered after separation. Analysis of the reduction

mixtures, prior to separation, by infrared gave resulis in
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close agreement. (Plot of optical density of the VSi-H peak,
calculated using a $5i-f peak as an internal comparison,
against percentage silane in methoxysilane mixtures is linear.)
Therefore, loss of silane during separation is minimal. In
general it can be seen from Table 5 that the extent of
reduction is only slightly lower than that of phenylethyl-
methylmethoxysilane (cf. Table 4.). This is probably due to
greater steric interactions of the benzyl compared with the
ethyl group in the course of the reaction. The electron
withdrawal of the benzyl group does not appear to be a major
factcr in the rate of reduction.

The partial reductions of (+)-bengylphenylmethylmethoxy-—
silane (XVIII) with lithium aluminium hydride in the presence
of (+)=quinidine (Va), (+)-cinchonine (Vb) and (+)-V—ephedrine
(VII) form preferentially (-)-benzylphenylmethylsilane (XIX).
Reductions using (=)=quinine (IVa) and (=~)-=-cinchonidine (IVDb)
gave, on the other hand, excess of the dextrorotatory
enantiomer. The results from the reductions using - . -
(~)=ephedrine (VI) and (+)=¢~ephedrine (VII) show, once again,
(cf. Table I) that the threo-configuration of the Y~ephedrine
leads to a silane with a much higher optical purity than the
product from reduction with ephedrine, possessing the erythro-
configuration

As in the case of the reductions of phenylethylmethyl-
methoxysilane, the silane with the highest optical purity is
obtained using (+)-cinchonine (Vb). However, unlike the
latter system, reduction with (+)~¢~ephedrine also gives a
silane of high optical activity.

The results show that the configuration of the silane

enantiomer formed in excess is related to the absolute
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configuration of the hydroxyl~bearing carbon atom C(9) in the
cinchona alkaloid,

From optical rotatory dispersion studies (see Chapter IX)
and use of the principle of an "isoconfigurational series”,

61

defined by Brook, ' the absolute configuration of (+)-1,2-di-

phenylpropane62 may be related with (+)=benzylphenylmethyle
silane. Accordingly, the absolute configuration of (+)-

benzylphenylmethylsilane is taken to be:

g

i
FCH s S § e CH
2 ; 3

t
!

H

S-(+)-benzylphenylmethylsilane

Use of Brewster's rules for conformational asymmetry
leads to the conclusion that S-benzylphenylmethylsilane
should be dextrorotatory at the D-line of sodium. However, it
should be bornein mind that the above agsignment is only
provisional. The sign of the optical rotation is governed by
the nature of the asymmetrically perturbed electronic
transitions of the aromatic groups. It has been shown that
the electronic behaviour of a benzyl group on silicon is

57b

different from that of the carbon anologue and so there may

reason to suppose that the principialdf an "isoconfiguraticrnal
series" is inapplicable in this case. Nevertheless,
Brewster's rules of atomic asymmetry63 have been applied with

64

success to 1-naphthylphenylmethylsilane and germane where

gimilar objections could be raised.57a
In every reduction the recovered, unreacted methoxy—
silane possessed the opposite sign of rotation to the silane.

The optical rotatory dispersion and ecircular dichroism spectra
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(see Chapter IX) showed that (-)~benzylphenylmethylsilane
possessed the opposite relative configuration to (+)~benzyl—
phenylmethylmethoxysilane. Therefore, the reductions of
benzylphenylmethylmethoxysilane had proceeded with retention
of configuration. This result was confirmed bj the reduction
of (+)=benzylphenylmethylmethoxysilane to (+)=benzylphenyle
methylsilane (Experiment 21) with lithium aluminium hydride in
diethyl ether. The sgtereospecificity was estimated to be
about 99% retention, based on:—

a) The extent of the reduction in the preparation of the
active methoxysilane,

b) the specific rotation of the silane from the
asymmetric reduction,

c) the specific rotation of the silane from the normal
reduction of the active methoxysilane.

The absolute configuration of (+)-benzylphenylmethyl-

methoxysilane was taken to be:

d

1

¢CH2--—$1.--01{3

OCHB

R-(+)-benzylphenylmethylmethoxysilane

In view of the high values in optical rotation found in
the asymmetric reductions using alkaloids it was consgidered
of interest to compare the results with reductions using

optically active terrone alochols (Experiment 20). Further-

more, a direct comparison with the asymmetric reductions of

{-naphthylphenylmethylmethoxysilane could be made in cases
where a simpler asymmetric reducing agent is employed. The

results for three terpene alcohols are shown in Table 6,




Table 6,

Alcohol VIIT X 71
[a]®

511488 +0.28° 0.00° 0. 00°
[a]P

metggéy ~0.69° 0.,00° 0.00°
Absolute

Configs, S - -

a) Yields calculated on the weight of silane isolated.
b) Optical activities have been corrected for the optical

purity of the alcohol used.

It is interesting to note that the reductions of
(+£)-benzylphenylmethylmethoxysilane using 1:1 complexes of
these alcohols proceed very much faster than the reductions
with the alkaloid complexes. In fact the reductions proceed
at a similar rate to those of 1-naphthylphenylmethylmethoxy-
silane with menthol (VIII), borneol (IX), and q-fenchol (XI)
complexes of lithium aluminium hydride (c.f. Table 2¢)e
Therefore, alkaloid complexes of lithium aluminium hydride
are more selective in reductions of methoxysilanes than simple
lithium alkoxyaluminium hydrides. This selectivity appears
to be dependent on the nature of the organic groups present
on the silicon atom.

Unfortunately, asymmetric reduction was only achieved
in the case of (-)-menthol. The slightly more symmetrical
(=)-borneol and (+)-g-fenchol were unable to induce asymmetry
in the reductions. The absolute configurations of the

predominating silane enantiomers from the asymmetric
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reductions of 1-naphthyl- and benzylphenylmethylmethoxy-

silanes using (-)-menthol are shown below.

: /
1-an--szi--0£13 ;50}12&-%1-«:0}{3
; g
R-(+)=1-naphthylphenyl- S-(+)-benzylphenylmethyl-
methylsilane gsilane.

A pattern can be obgserved in the reductions using
(~)~menthol. If the groups attached to the asymmetric
silicon atom are arranged in decreasing order of size then
the predominating silane enantiomer formed, in both cases, is
that in which the order is anticlockwise when viewed along
the H~3i bond. This means that 1-naphthyl>phenyl>methyl and
benzyl>phenyl>methyl. The work of Brook and Limburg,65
outlined overleaf, clearly illustrates that Cram's rule of
asymmetric induction66 ig obeyed by the 1-naphthylphenyl-
methylsilyl system with 1-naphthyl>phenyl>methyl in order of
size.

Txamination of Courtauld's and Dreid”ing Models of
benzylphenylmethylmethoxysilane clearly shows the larger
steric compression caused by the benzyl group than by the
phenyl in certain conformations. Fig. 6. illustXates the
argument. The model assumes two preferential conformations.

The first, 4, is guite acceptable since the trang arrangement

of the phenyl groups clearly possesses the least energy
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content. The second conformation, B, is also reasonable if
the phenyl and not the benzyl is taken to be the largest
group. However, the steric compression of the phenyl of the
benzyl and the methyl of the methoxy that results from the
combination of these two conformations clearly shows one to

be incorrect. Since conformation A is unlikely to be at

fault, B must be regarded as suspect. If we now assume that

the benzyl group is the cause of greatest steric hindrance in
conformations of type B we can construct a model which is
more free of steric strain.

There is, however, another posasible explanation for the

results of the menthol catalysed agymmetric reductions of the

benzyl- and {~naphthyl-phenylmethylmethoxysilanes, that is
59

given some credence by the recent work of Bock and Alt.
Their investigations on charge transfer complexes of silyl

benzenes with tetracyanoethylene show that the benzyl group
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Steric compression in benzylphenylmethylmethoxysilane

as a result of conformation.
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on silicon possesses donor properties almost as strong as
those found for naphthalene.67 These unusual properties are
attributed to the very large o-mconjugation effect involving
the ~CHZSiR3 group. In view, therefore, of the similar
electronic interactions possible for benzyl and naphthyl on
silicon towards electron deficient species, similar inter-
actions with the aluminium atom of the menthoxy complex can
be envisaged. The dissimilarity in the reductions using
alkaloid complexes may be explained as due to the coordination
of a nitrogen atom to the aluminium so reducing its ability
to interact with the slightly weaker benzyl donor.

The rationalisation of the results of the asymmetric
reductions of compounds of type R@MeSiOMe with (-)-menthol
and lithium a2luminium hydride when R-= 1-naphthyl and benzyl
clearly requires considerable further study before any model
can be adopted. The hypotheses in the above discussion are
advanced only tentatively and with considerable reservej
however, they do suggest definite lines of useful future

OO

gtudy.

2. Mesitylphenylmethylsilane (Experiment 24.)

The discovery that the asymmetric reductions of
(+)-R@MeSiOMe with alkaloid lithium aluminium hydride
complexes appear to give the opposite antipode when R =
1-naphthyl to when R = ethyl or benzyl made it of interest to
see what happened when R was another aryl group. It was
decided to use the mesityl group since this appeared to offer
the best chance of success due to its gterically challenging
nature. PFurthermore, success would give another optically

active organosilane system inaccessible by any of the present

:
I
i
13
%
|
!
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available routes, due to the ease with which the mesityl
group is cleaved from silicon with bromine,2!C

(#)-Mesitylphenylmethylmethoxysilane was prepared in 52%
yield from the reaction of phenylmethyldimethoxysilane with
excess mesitylmagnesium bromide (experiment 22)..

The results from the asymmetric synthesis using the
procedure already adopted for the benzyl and ethyl series are
tabulated in Table 7. The extent of reduction is significant-
ly lower than when R = benzyl og ethyl, due to the bulkiness
of the mesityl group. Because of the sensitivity of the

mesityl on silicon to protodearylation in acid media57d

care
has to be exercised in ensuring that reagents and apparatus
are acid—free.

It is evident from Table 7 that the sign of rotation of
the silane is dependant on the absolute configuration of C(9)
in the alkaloid and in this respect the behaviour is similar
to when R = benzyl (cf Table 5). The greatest optical purity
for the mesitylsilane is when (-)-guinine (IVa) is used and
not (+)=cinchonine (Vb), as was the case for the ethyl and
benzyl silanes. Surprisingly the (+)-y-ephedrine (VII)
reduction did not give on optically active product whereas
when R = 1-naphthyl reduction using this alkaloid gave the
highest optical purity.

As in all cases so far studied, the [glj of the methoxy-
silane was opposite in sign to that of the gsilane. However,
the reduction cannot be assumed to have proceeded by
retention of configuration since the optical rotatory
dispersion curve of the mesitylphenylmethylsilane changed
sign at 310 n.m. On the basis that the sign of the Cotton

effect at sbout 260 n.m. determines the relative configur-
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ations of optically active arylic ooﬁbodnds, within a series
of closely related compounds,68 it must be assumed that the
(~)=methoxy and (+)-silane possess the same configuration and
the reduction has proceeded with inversion. Further wori on
this interesting system is therefore clearly desirable before

a change in stereochemistry can be reported with certainty.

Table 7.

Asymmetric reduction of (+)-mesitylphenylmethylmethoxysilane

with 1:1 complexes of alkaloids and LiAlH .
Molar ratio of methoxysilane : alkoxyhydride 3:2.

Refluxed 24 hours.

Alkaloids IVa IVb Va Vb VII
% redn.> 27 34 34 31 150
[OL] o} 0 o] 0 [0}
5g%g§§y +2.52°  +1.04° -1,01° -0.47° 0,00°

5) Yields based on the weights of silane isolated.

b) Reaction mixture refluxed 48 hours.

The absolute configuration of the (-)-mesitylphenyl-
methylsilane cennot be inferred quite so easily as was the
case Tor the benzylphenyluethylsilane. Unfortunately there
is no optically active carbon analogue with which to compare
it. The only reported ontically actilve carbon compound
containing a mesityl and phenyl group on an asymmetric centre,
whose absolubte configuration is known, is S~(-)-mesityl-
phenylcarbinol. Applying Brewster's rule of atomic

olarizabilities®3 leads to the conclusion that the mesityl
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group has a higher polarizability than the phenyl. On this
basis (~)-mesitylphenylmethylsilane may be assigned the S
configuration. It is realized, however, that the basis on
which this assignment is made may be unjustified since steric
interactions of the ortho methyls might prevent the apparent-
ly necessary conformational mobility of the aromatic
chromophvre.69 Further, the anomalous nature of the optical
rotaetory dispersion curve of mesitylphenylmethylsilane urges

extreme caution in inferring absolute configuration from

differences of atomic polarizabilities.

3. Phenylisopropylmethylsilene (Zxperiment 27.)

With the successful asymmetric reduction of phenylethyl-
methylmethoxysilane it was considered important to investigate
what chenge (if any)occurced when one of the alkyl groups was
made more sterically challenging. The asymmetric reduction of
( +)~phenylisopropylmethyluethoxysilane was, therefore,
studied.

Teble 8 shows the results of the asymmetric reductions
of phenylisopropylmethylmethoxysilane. The Table also
includes the basic data found for the corresponding reductions
of phenylethylmethylmethoxysilane for direct comparison.

The highest optical purities in both cases is obtained when
(+)=cinchonine (Vb) and (+)-cuinidine (Va) are used as
asymuetric reagents and the silanes formed in both cases are
dextrorotatory for these alkaloids.

Once again, the unieacted methoxysilanes for all the
reductions have the ovposite sign of rotation to the
corresponding silene. The unexpected lack of optical
activity of the methoxysilane fraction from the (+)cinchonine

(Vb) reduction is, presumably due %O the ease with which
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racemlzation takes place. The reason for its occurrence in

this case 1s not clear, however. The reductions using
(=)=quinine (IVa) and (~)-cinchonidine (IVb) sive lower
optical yields and it is in these cases that the direction of

csymmnetric reduction appears to be unpredictable.

Table 8,

Asymmetric reductions of (+)-phenylisopropylmethylmethoxy-

silane with 1:1 complexes of alkaloids and LiAlH

4.
Molar ratio of methoxysilane:alkoxyhydride 3:2.

Refluxed 24 hours.

Alkaloid IVa IV Ta Vb

% redn. 57% (64)¢  41° (51) 58° (54) 278(56)

[«]18 ~0,030 +0.13° +0.30° +0.73°

3112§§ (0.0) (-0,09°) (+0.21°) (+0.50°)
[]d . +0,66° ~0.57° ~4.61° 0.00°

netROLY (=0.03°) (+0.59°) (=1.35°) (~3.85°)
Absolute

Config. & 2 2 2

a) Yields determined by infrared analysis of the mixture.

b) Yields determined by g.l.c. analysis of the mixture.

¢) The figures in parentheses are the results of the
corresponding asymmetric reduction of (#)-phenylethylmethyl-
methoxysilane (cf. Table 4.) included for comparison.

d) Optical rotations measured in hexane golvent.

Use of Brewster's rules of conformational asymmetry for
(+)=phenylisopropylmethylsilane predicts that its absolute
confisuration like the (+)-ethylsilane (XVII) is S.

Comparison of the optical rotatory dispersion curves of

the (+)-isopropylsilane and the (~)~isopropylmethoxysilane
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indicates that the asymmetric reductions had occurred with
retention of configuration.

The extents of reduction, determined by g.l.c. analysis
on the unseparated products are very similar to those found
for the ethyluethoxysilane under the same conditions.
Replacement of the ethyl group by the larger isopropyl does

not cause a marked decrease in overall rate of reaction.

4. Cyclohexylethylmethylsilane (Zxperiment 31).

Correlation of the results of »symmetric reductions of
compounds of the type R@1eSiOlMe, where R is either alkyl or
sryl, has proved difficult due probebly to electronic factors
agsociated with the presence of the aromatic groups.
Asymmetric reduction of compounds not possessing this draw-
back is clearly of prime importance. Furthermore, the
preparation of optically active trialkylsilanes for sterev-
chemical studies is of interest, particularly in view of the
widespread co.mercial use of simple alkyl substituted orgeno-
silicon compounds. At the time of writing only one optically
active trialkylsilane had been prepared and some of its
substitution reactions studied.7b The route, involving
hydrogenation of (=)=1-naphthylphenylmethylfluorosilane at
high temperature and pressure, led to a coumplex trialkyl-—
silane, which being a 1-substituted decalin, exists as four
geometric isomers. The asymmetric reduction of cyclohexyl-
ethylmethylmethoxysilane constitutes an exciting advance in
the study of substitution reactions et silicon.

The (i)~oyolohexylethylmethylmethoxysilane prepared in
this study contained small amounts of cyclohexylmethyldi-

methoxysilane and Cyclohexyldiethylmethylsilane as impurities.
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All three compounds possessed very similar boiling points and
so purification would prove difficult. The impure product
was, therefore, used without further treatment since both
impurities would yield optically inactive products in the
asymmetric reduction.

Partial reduction with (+)-cinchonine complex of lithium
aluminium hydride in diethyl ether was chosen because of the
nigh optical yields gener:lly found using this reagent. The
reduction reguired forcing conditions to obtain a 24% yield of
gilane. Separation of the products was achieved in the
manner previously describted.

Gas-ligquid chromatographic analysis of the silane found
it to be contaminated only with the diethylsilane and optical
rotatory dispersion curves run on this fraction showed it to
have a small, but definite laevorotation. Unfortunately, the
nroduct contained minute quantities of aromatic impurities
which prevented measurements below 286 n.m. Attempts at their
removal with activated charcoal were unsuccessful.

The optical rotatory dispersion curve of the methoxy-
silane was a2lso plain and negative and possessed a greater
rotatory power than that recorded for the gilane. High
absorption caused by aromatic impurities, however, once again
made measurements below 312 n.m. impossible. Gas-liquid
chromatography of this fraction showed it to be completely
free of the silane. Extensive breakdown on the gilica gel
during the separation resulted in a low recovery of unreacted
methoxysilane. Attempts to remove aromatic impurities from
this fraction, using activated charcoal, caused extensive

racemisation accompanied by formation of gilanol and

disiloxsne. The reason for this was traced to the slightly
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alkaline nature of the charcoal used. Under these conditions

alkoxy exchange can readily oocur.7o

The absolute configuration of (=)=-cyclohexylethylmethyl-
silane may be inferred by two ways. The carbon analogue has
been resolved and assigned the S configuré.tion.71 It is
reasonable to suppose that the rule of ‘isoconfigurational
series' can in this case be applied in view of the unlikeli-
hood of interactions of the silicon atom with the organic
groups. oSecondly, calculations based on Brewster's rules of
conformational asymmetry predict the S configuration for

(~)~cyclohexylethylmethylsilane.

cyclo~,~C6H11
|
:
02H§-=»§i--lCH
H
i
H

S-(~)-cyclohexylethylmethylsilane

The optical rotatory dispersion spectra of the optically
active silane and methoxysilane lead to a significant result.
If it can be assumed, in the absence of accessible ultra-
violet absorptions associated with the above compounds, that
the signs of the optical rotatory dispersion curves are
indicative of the relative configurations of the two compounds
then the reduction must have proceeded with inversion of
configuration. The assumption is generally true and,
therefore, we are left with a result that ig diffiecult to
rationalise with the retention of configuration universally
found for lithium aluminium hydride reductions of methoxyw
silanes under these conditions.

Repetition of this reaction led to the same unprecedented

result,.
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VII.

DISCUSSION AND GENERAL CONCLUSIONS OF THE ASYMMETRIC
REDUCTIONS OF RACEMIC METHOXYSILANES WITH CHIRAL LITHIUM
ALUMINOALKOXYHYDRIDES.

Before any satisfactory model can be postulated to
account for the selectivity found in an asymmetric reaction
the nature of the reagent and (or) the probable topology of
the transition state has to be found. Generally the first of
these problems is easiest to overcome being usually soluble
by the various techniques available to the physical chemist.
However, knowledge of the nature of the transition state
involved is very much more difficult to obtain. This
difficulty arises from the unsuitability of physical
techniques for its direct examination. Structures of
transition states can be only inferred by indirect experiment-
ation and consequently the evidence is far more circumstantial
than that for the nature of the reactant. Therefore the model
proposed to account for an asymmetricel reaction is only the
best hypothesis zonsistent with the currently available

evidence and may require modification or rejection as the

result of further studies.

Nature of lithium aluminium hydride and alkoxyvhydrides in

solution.

The solubility of lithium aluminium hydride in diethyl
ether appears to vary from 10,8 moles/1,000 sg. solvem:72 to
0.83 moles 1,1 solvent73 depending om the quality of the
material., It is insoluble in non-polar solvents. The

essential role in its solubility in ether appears to be

cormected with the solvation of the alkali metal ion because
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the other alkali metal aluminium hydrides are insoluble. 't
Wiberg and co-workers75 found by ebullioscopy that the
molecular weight of lithium aluminium hydride in diethyl ether
increases with concentration and corresponds to a dimer at
0.08 M ond a trimeric form at 0.8 M. However infrared studies
show that there is no change in the Al-H stretching frequency
up to a concentration of 3.4 M to indicate hydrogen bond
formation.76’77 In tetrahydrofuran lithium aluminium hydride

78 whereas Cervinka has found that

54

is essentially monomeriec,
the quinine/lithium aluminium hydride complex is dimeric.
This would appear to be unusual considering that generally
formation of donor-acceptor bonds decreases the formal positive
charge on the aluminium and leadsto loss of the ability to
form hydrogen bridges.

Lithium aluminiuvm hydride forms comparatively stable
complexes with dioxan and tertiary amines and the general
order of bond strength in the complex is:

Et,0 < T, H.F. < Dioxan ~ NR3

2
The anion A1H4“ possesses sp3 valency79 and is tetra«
nedrall3s T4 with an Al-H bond distance between 1.61°0 and
1 066 5.81 ®

Introduction of an alkoxy group into a hydride molecule
has been found to graduate the reductive ability of the
reagent,82 and to influence its stereoselectivity,83 However,
not all alkoxy hydrides of the type LiAlH4~n(OR)n are stable

in solution and disproportionation may take place:
—

7 Li*[(Ro)2m2] -—~—-—-'~Li*[(Ro)4m] + LiAlH,

This is particularly so when the alkoxy group is secondary

snd Haubenstock and Eliel found that lithium eluminium hydride
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complexes with these alcohols give low selectivity in the
reduction of dihydroisophorone-.B4 They attributed this
observation to the reduction of the ketone by lithium
aluminium hydride and not by the complex due to disproportion-
ation. Tertiary alkoxy hydrides are found to disproportion-
ate oaly with difficulty. However, the results of Cervinka*?
and the present work illustrate the temporary existence of
alkoxy hydrides LiAlH4an(OR)n in solution where (-)=-menthol,
(+)~borneol and (+)-o-fenchol are used for complexing. The
sterically challenging nature of these alcohols clearly
prevents disproportionation as is the case for tertiary %

alcohols. Even in the case of less bulky alcohols the exist-

ence of alkoxyaluminium hydrides is evidenced by the asymmetric
reductions afforded by the use of (-)-1-phenyl-l-ethanol,

(=)=3,3-dimethyl-2-bubanol”* and (+)-2-octanol.

Unfortunately there is little known about the nature of
lithium alkoxyaluminium hydrides in solution. In view of the
assorted sites for complexing in the case of the alkaloids it
is a difficult matter to decide which parts of the complex
will offer greatest electronic or steric interactions in a
transition state. Clearly more work is required along these
lines if the mechanism of these types of reductions are to be
understood. However at this point, 1t might be useful to
indicate the major points available for complexing in the
alkaloids.

The aluminium atom is obviously bonded to the alkaloid

through the oxygen atom at C(9) [see Fig. 3.)« The relative-

1y high optical yields found in reductions using a~amino-

alcohols indicate that coordination of the aluminivm atom to

the nitrogen atom of the amino group takes place. This would
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account for the failure to asymmetrically reduce ketones in
the presence of (~)-menthol or (+)-borneo143 aﬁd the low
optical purities obtained in asymmetric reduction of methoxy-
silanes using these reagents. TFurthermore it has already
been stated that tertiary amines coordinate with aluminium
very strongly. Infrared studies in solution indicate that
instances exist where the coordination number of the aluminium
ig sixi85 If this is so, there is still one further ligand
site available for complexing. This is probably involved in
intermolecular complexing since one still has to account for
the dimeric nature of the complexes. The colour of the
complexes, which are not completely soluble in diethyl ethey
may give a tentative clue to the nature of this further
coordination. Complexes of lithium aluminium hydride with
(+)=cinchonine and (-)-cinchonidine are strongly butter
yellow coloured. This may indieate the involveument of the
quinoline ring nitrogen in complexing in view of the

. 6
interesting colours observed for the following oomplexes.8

. : i
Bu;Al-%-NHﬁ Bung<—-ﬂCH2¢ Bupht<—1N
ﬁCHzNﬁ CHzﬁ ¢CH2N¢ CH@ ¢CH2N¢ CHY
colourless yellow—-orange deep red

Furthermore the complex between quinoline and aluminium
- 8 3
triethyl has a high heat of formation, | although it is

reported that the corresponding heats of formation for RZAlH

88
complexes are less than for RSAl.

(=)=Quinine and (+)-quinidine also give yellow coloured
complexes with lithium aluminium hydride but the colour takes
very much longer to develop (several hours at reflux). This

may, possibly, be due to involvement of the methoxy group at




- 58 ~

- - . _ o
position 6' in coordination. It is interesting, for compar-

ison, to note that the complexes formed between 1ithium
aluminium hydride and ephedrine and y—ephedrine are greyish in
colour.

The structure of the lithium alkoxyaluminium hydrides of
menthol, borneol, and a-fenchol are easier to infer. The
absence of functional groups other than the hydroxyl make
coordination other than through the oxygen impossible.
However, the greatest difficulty may lie in the problem of
disproporticnation and the presence of a number of species
in solution.

The nuclear magnetic resonance spectra of (+)-1-naphthyl-
phenylmethyl—(~)-menthoxysilane features resonances that are

89 Mislow and

typical of the individual diastereoisomers.
co~workersgo have discovered similar differences in the spectra
of menthyl-n-alkylphenylphosphinates and have shown that the
shifted resonances are due to the protons residing on the
pro-S-methyl group in the menthoxy moiety (see Chapter X.).
Furthermore, they were able to present a conformational
analysis which served to accomodate their results. A similar
study was conducted on the menthoxysilane diagstereoisomers,
using variable temperature nuclear magnetic resonance, in the
hope of obtaining evidence for the conformational preferences
of these compounds (Chapter X.). Since A1H4“ is isoelectronic

with SiH and may be expected, therefore, to possess the

47
same geometry it was hoped that evidence adduced for the
menthoxysilanes might be of use in understanding the nature of

interactions in menthoxyallminium hydride anion of the type

AlHEOR. The results of this study are discussed in full in

Chapter X.
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Stereochemistry,

Sommer and co-workers have demonstrated that retention of
configuration is the usual stereodhemistry involved in
reactions of compounds of the type REMeSiOR' in non-polars
solvents, when R is 1-naphthyl, benzhydryl or neopentyl, and
R' is methyl cyclohexyl or t~butyl. The present work has
shown that the same stereochemistry is involved in lithium
aluminium hydride reductions in ether of compounds when R is
ethyl, isopropyl or benzyl and R' is methyl. Studies by
Corriu using the optically active methoxysilane (Ia) have
also established that reactions involving this compound
proceed with retention of configuration in non-polar solvents?
It would, therefore, appear that reactions involving alkoxy-
silanes in solvents of poor ionizing ability proceed,

genarally- Jgv.aeatention of configuration.

1:§9phthyl
Si
X

1,2,3,4~tetrahydro~2uX~2~a~naphthyl—2~silanaphthalene

ITa X = OCH3 Ib X = CL

Chan~e in stereochemistry ig not, however, unknown for

reactions involving 'poor leaving groups' such as methoxy.

The change is dependant on the polarity of the solvent and the

3
nature of the reagent. Baborn and co~workers have shown that

esch act of substitution in the neutral, acid-catalysed and

base-catalysed methoxy-methoxy exchange reactions of

1—naphthylphenylmethylmethoxysilane in methanol solvent occurs

7 ~
. . . o ; uent work by Sommer
with inversion of configuration. Subseq J

on alkoxy-alkoxy exchange reactions of {-naphthylphenyl—
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methylalkoxysilanes with alkali metal allkoxides has shown
that stereochemical crossover is sensitive to the alcoholic
content of the solvent and the nature of the cation.6d The
recent finding of inversion in the hydride exchange of
1-naphthylphenylmethylsilane with lithium aluminium hydride in
tetrahydrofuran has also been explained by high solvent

91

polarity.

The effect of the structure of the reagent has been
demonstrated by studies of the counling reactions of
1-naphthylvhenylmethylmethoxy- and -fluoro- silanes with
organolithium reagents.6b Inversion of configuration was
found when charge delocalized reagents such as benzyl-lithium
were used, whereas simple alkyllithiums gave retention with
the same compounds.

Studies, carried out by Corriu, using the complex silyl
system (Ib) have shown that the nature of the non-reacting
groups affects the stereochemistry of reactions involving
'good leaving groups'! such as chlorine. However, no work has
been published to suggest that the stereochemistry of
recctions involving ‘'poor leaving groups' is dependant on the
non-rescting groups on silicon.

The results of the present work show that the stereo-
chemistry of lithium aluminium hydride reductions of
methoxysilanes may depend on the nature of the non-reacting
groups. The successful asymmetric reduction of (£)=cyclo-
hexylethylmethylmethoxysilane with (+)-cinchonine-lithium
aluminium hydride complex in diethyl ether gives optically

active silane and methoxysilane consistent with inversion of

i i nis conclusion is shown
configuration. The argunent for this

schematically overleafs




(+)~R3SiOMe e (~)—RBSiH

inv
* +
(=)=R.SioM K
yRitile : S (+)~R3SiH
inv

(excess recovered)

1«:1 > 1{2

If the sign of rotation of cyclohexylethylmethylsilane
and methoxysilane is indicative of relative configuration at
silicon the reductiin can be agsumed to have occurred with
inversion. This result differs from that found by Spialter
and Buell7b for the reduction of 1-decalylcyclohexylmethyl-
(~)~menthoxysilane and so the change in stereochemistyry is not
due solely to the absence of aromatic groups.

The asymmetric reductions of (#)-mesitylphenylmethyl-
methoxysilane may also exhibit stereochemical cross-over.
The optical rotatory dispersion curve of (=)-mesitylphenyl-
methylsilane shows anomalous behaviour and bhoth this and
(+)-mesitylphenylmethylmethoxysilane show strong dextro-
rotation at 300 n.m. If the sign of rotation at wavelengths
approaching the phenyl absorption at 272 n.m. indicates the
relative configuration of the two compounds then the
reductions have proceeded with inversion of configuration.
Preliminary circular dichroism measurements made on the two
compounds support this conclusion since both compounds have
positive Cotton effects at 281 n.m. (see Chapter IX)

The rationalisation of the results from investigations
of the effect of non-bonded organic groups on the stereo-
chemistry of reactions at silicon has not been possible so
far in view of the relatively few examples studied.

An extensive study is required and it is hoped that the

Present work may aid experiments designed with this end in




view.

Mechanism.

Sommer has stated for the Sy1-S1 mechanism "4 eoprobably

the most common retention mechanism for organosilicon

reactions. It is a mechanism which involves quasi-cyclic
rate contrelling transition states which are generally four-

centre but may also be three centres...."
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The lithium aluminium hydride reduction of methoxysilanes

is supposed to be via the transition state:

LOCH

“~
\‘H/,

Unlike the SNi reaction mechanism for carbon the SNi~Si
mechanism does not involve ion-pair formation in cases where

attack by strong nucleophlles takes place.

Two models are postulated for the SNi—Si transition state
that involve different 3d orbitals. Consequently the
geometries of these structures differ. TFig. 7. shows the

possibilities.

R R
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In A deformation of the R-Si-R bond anglg below the tetra-

hedral value is supposed to occur in order to reduce non-
bonded interactions between the R groups and X and Y. This
amounts to about 10° per angle and the strain involved can be
expected to be about the same as that incurred in the
formation of the S,2-Si inversion transition state (Fig. 8.).
The tetragonal pyramid arrangement of non-reacting groups

in A (with silicon out of the basal plane) can be expected to

involve 5i 3dx2~y2 orbitals.

m\
S gi\w—x
W —

/

/

Fiz. 8.

The other possibility for Syi-Si transition state (Fig. .
7B.) also requires a pyramid arrangement of R groups but the
arrangement of X and Y is such that the overall geometry is
trigonal bipyramidal. This type of transition state indicates
involvement of Si 3dZ2 orbitals. In practice the actual
geometries of SNi~Si transition states may lie anywhere
between TA and 7B.

The participation of silicon 3d orbitals does not
necessarily require the formation of an intermediate and is
only of importance when the free energy of activation for the
reaction is lowered.5 Moreover, the bonds involved in the
above transition states are not made equivalent by 3d

participation. Only the bonds between silicon and the non-

reacting groups may be regarded as strong.

, 5 :
Sommer has done naive calculations of the distance




~ 64 -

between terminal carbon atoms of the R groups in the

transition state 74 for Syi~Si. TFor an assumed R-Si-R angle

of 100° the carbon - carbon distance is 2.98%. These non-

bonded carbon - carbon distances are larger than between two
carbons making a tetrahedral angle with a central carbon
(2.521).  Therefore the non-bonded interactions would not be
expected to0 be prohibitive for the formation of transition
states with tetragonal pyramid geometry.

The high stereospecificities of reactions at silicon and
the stability of optically active organosilanes to thermal
racemisation have led Sommer to provose the principle of
'least motion! of non-reacting groups.5 [Recent work has155
shown that (-)-1-naphthylphenylmethylchlorosilane undergoes
thermal racemisation at 200-300°. The mechanism is not,
however, elucidated. ] The usual angle deformation in the
transition states pogstulated is of the order of 109
Expansion of the R-Si-R to 120° is expected for inversion
reactions, whereas contraction to 100° is usual in retention
reactions.

The assumption of non-linear R-Si-R angles, based on the
pPrinciple of least motion, is especially pertinent for SNi~Si
reactions proceeding with pure retention of configuration.
Sommer argues that the Syi-Si reaction found in the Grignard
reduction of 1-naphthylphenylmethylmethoxysilane could be
explained by a six-membered transition state which has the
entering group ¥ and leaving group X equatorial in a trigonal
bipyramid arrangement about silicon (see next page). Detailed
analysis of this type of transition state, however, results

in formation of RR'R"SiY with overall inversion of config-

uration. This is not in accordance with the experimental
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observation of retention and so may be regarded as negative

evidence for the principle of least motion.

RI
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In the light of the above discussion it may be expected
that large non~reacting groups on silicon may cause the
transition sta%e, in which the R-Si-R angles are opened up to
120° to possess lower energy than that in which the R=Si-R
angles are about 100°. This could cause stereochemical
crogsover from retention to inversion with increasing size of
groups R. This may account for the inversion of configuration
obseryed in the reduction of cyclohexylethylmethylmethoxy
silane; similarly it may explain the inversion in the
reduction of mesitylphenylmethylmethoxysilane, should further
studies corroborate the indications of the optical rotatory
dispersion curves. However, reduction of 1-decalylcyclo-
hexylmethyl~(-)-menthoxysilane is reported to proceed by
retention.7b In this case the non-reacting groups are very
large but so is the size of the leaving group. The large
bulk of the leaving group would be expected to lower the
relative energy of the SNi-Si trangition state,,where
interactions between the leaving group and the non-reacting
R groups are less +than in the SNZ—Si transition state.

The stereochemistry observed in some cases may well be a

fine balance of steric interactions between the non-reacting
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groups and leaving group on one side and the non-reacting

groups. themselves on the other.

R R
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Any model proposed to account for the results of
asymmetric reductions at silicon must embody the presently

held hypotheses outlined above.

Asymmetric reductions.

The previous Chapters have shown that the asymmetric
reductions of RZMeSiOMe compounds with alkaloid complexes of
lithium aluminium hydride are generally more highly selective
when (+)~cinchonine or (+)~quinidine‘is used. TFurthermore,
it is with these alkaloids that the configuration of the
silanesg, formed in excess, is always consistent with the
absolute configuration of the C(9) of the alkaloid.

Table 9 summarises the results from these reductions.
Results of asymmetric reductions where R is mesityl and of
eyclohexylethylmethylmethoxysilane are not included in view
of the uncertainty in the absolute configuration of the
predominating silane enantiomer and the possible change in
stereochemistry involved.

o ‘ . o
If the non-reacting groups on the silicon arc ar

in decreasing order of size i.e. I > M > 35 and this

arrangement is viewed along the H-S5i bond then the silane

enantiomer formed in excess using (+)-cinchonine and (+)-
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For reasons that are not at present completely under-
stood, but may be due to eleotronie interactions, the above
model fails to predict the absolute configuration of the
silane enantiomer formed from the asymmetric reductions of

(+)~1-naphthylphenylmethylmethoxysilane.

Table 9 °

Results from asymmetric reductions of methoxysilanes

with (+)~quinidine (Va) and (+)-cinchonine (Vb) complexes

of lithium aluminium hydride.

Absolute configuration of the

predominant silane enantiomer.

{--Np@MeSiH ﬁCH2¢MeSiH FEtMeSiH  @i-PrieSiH

(Va) R R 8 s

(Vo) R R s s
Order of* anti- clockwise clockwise clockwise
Groups clockwise

*Effective steric order of non-reacting groups when viewed

along the Si-H bond axis.

When attempts are made to propose a model for the

preferred transition state or activated complex, the result

is far more speculative. However, if the severe limitations
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and assumptions that are mage in proposing such a model are
realised, then it serves ag g basis for further testing.,

First consider the prreferred conformation of the

quinoline moiety in the cinchona alkaloids. Because of the

large bulk of the quinucleidine group at C(8) and the inter-
actions caused by the Peri-hydrogen on the quinoline ring,

the conformations shown below are likely to be favoured. 2

C(8) H C(8)
L_.\/ T X | Semen. y. 14
HO/ \H

(a) (b)

HO

However, in the complex, formation of a cyclic five-
membered structure by intramolecular nitrogen-aluminium
coordination causes great steric interaction of the
quinucleidine moiety with the proton at C(3') of the quino-
line ring in (a). Examination of DreidZing models of the
complex shows that the preferred conformations of the gquino-
line ring, under these circumstances, are possibly either

(b) or (c).

AN

1’

(8)
(c)

If a six coordinated aluminium atom in a transition
state involving flank attack at silicon with retention of
configuration is assumed, it 1s possible to propose a
transition state for (+)-cinchonine and (+)-quinidine

- A 1 i O
reductions of the type shown 1in Fig. 9.




Type of trensition state proposed to account for the
results from the partial asymmetric reductions of
(+)-Rile@SiCle, where R is ¢CH2~, Et-, and i-Pr-, with

(+)~cinchonine and (+)«quinidine/LiAlH4 complexes.




Asymnetric reductions of methyl aryl kétones~with.

alkalold-lithium aluminium hydride complexes?! have been

found to give optically active alcohols possessing opposite
absolute configuration to those from reductions of methyl
alkyl41 and diaryl ketones.%? Cervinka has explained this
anomaly by the coordination of the aromatic group to the
complex in the transition state. He envisages a coordina-
tion of the phenyl group with the electron pair of the
nitrogen of the alkaloid, which is facilitated by the
conjugation of the aromatic nucleus with the carbonyl group.
The electron withdrawing effect of the carbonyl group on the
phenyl nucleus is further catalysed by the presence of it
ions.

The phenyl group present in MeR@SilOMe does not possess
a strong electron withdrawing substituent and, therefore,
would be unlikely to coordinate with the nitrogen atom of
the alkaloid. . If coordination occurs at all, it would be to
an electron deficient centre; the aluminium atom is such a
centre. Studies on charge transfer complexes of silyl
benzenes with acceptors such as iodine and tetracyanoethylene
nave shown that silyl benzenes possess slightly weaker donor
properties than their carbon anologues.59 Therefore,
although coordination of the phenyl group in compounds
MeR@310Me with the aluminium atom is possible it is unlikely
that the phenomenon ocutweighs the effect of steric forces.

The naphthyl group, however, has been shown to be a
very strong donor and coordination with the aluminium atom

in the transition state is more likely. Reversion of the

direction of asymmetric reductions could accordingly follow.

The studies on charge transfer complexes have also




shown that the benzyl on silicon ig almost as efficient a

donor as naphthalene.59

The results of asymmetric reductions of ethyl-

propyl-, and benzyl- phenylmethylmethoxysilanes with
alltaloid-complexes can be explained in terms of overail
steric control,

When the (-)-menthoxy complex is used the absence of a
nitrogen atom capable of coordinating with the aluminium
will increase the ability of the latter to coordinate with
the substrate. Under these circumstances it is possible
that both the 1-naphthyl and benzyl groups in the relevant
silanes will electronically interact with the aluminium.
The difference in behaviour for reductions using this
complex when R is 1-naphthyl and benzyl, from when R is
ethyl, (Table 10), may be due to electronic interactions, of
the above type, overcoming the forces associated with the

steric compression caused by these groups.

Table 10.

Results from asymmetric reductions of compounds

RPANeSi0OMe with lithium (-)-menthoxyaluminium hydride.

Absolute configuration of the

predominant silane enantiomer,

1-Np@MeSiH ﬁCHz PMeSiH PEtMeSiH
R S R
Steric Order anti- antif clockwise
of Groups a) clockwise clockwise

a) Apparent steric order of non-reacting groups when viewed

along the H-Si bond axis.
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A suggestion has been made 3 that the asymmetrie

reductions do not involve the direct reduction of racemié
methoxysilanes by chiral 1ithium aluminium hydride species.
It was thought possible that alkoxy—-alkoxy exchange may
first occur, followed by reduction of the unequal amounts of
diastereoisomers formed. The scheme is illustrated by the
(-)-menthol/lithium aluminium hydride reductions, outlinea

below:

(¢)~RBSiOMe-——~a~éj)-RBSiOMen(-) + (~)~R3SiOMen(~l + R3SiOMe
unequal amounts active
a)| redn. b) | redn.
\ |
active R3SiH active RBSiH

In the above scheme two possibilities exist:

a) reduction of the unequal amounts of diastereoisomers

b) reduction of the active methoxysilane left by the

production of unequal amounts of diastereoisomers.
Both possibilities can be shown to Dbe extremely unlikely.
Reduction by path a) is unlikely in view of the slower rate
of reduction of menthoxysilanes compared with methoxysilanes.
[Complete reduction of 1-naphthylphenylmethyl(~)menthoxy-
silane requires treatment with a five fold excess of lithium
aluminium hydride at 80-90° for 18 hours, whereas the
Mmethoxysilane is completely reduced in 16 hours at room
temperature.] Reduction by path b) would result in quant-
ities of the wenthoxysilanes remaining. Nuclear magnetic
Tésonance spectra and thin-layer chromatography of the

Séparated products, however, showed no evidence of any such




compounds being present (3 Furthermore, alkoxy

exchange was shown not to occur to any measursble extent

(1.e.<2%)in the phenylethylmethylmenthoxysilane system.

LiAlHQ(OHe)
)

() EtliedSiOlen(-) > (%) E4tMedsioMe

With regard to the asymmetric reductions of R@lleSiOMe
it is of interest to compare the magnitudes of the free
energy differences for the diastereoisomeric transition
states when R = 1-naphthyl and ethyl. The accuracies of the
AAG¢values quoted below are difficult to ascertain, due to
the low rotatory powers of the broducts of these asymmetric
reactions, but their orders of magnitude may be read with

confidence.

Table 11.

rnGE (cal./mole) for asymmetric reductions of RfeSiOle

using optically active alkoxy lithium aluminium hydrides.

R =73t R = 1-Np
cinchonine 830 57
cuinidine 327 73
cinchonidine 127 26
quinine 13 65

menthol 20 36
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VIII

OTHER ATTEMPTED ASYMMETRIC RUACTIONS AT SILICON;

£ .
The successful asymetric reductions of methoxysilanes

prompted exploratory work on other rezctionsg at silicon. The

reactions studied do not exhaust the .range of Possibilities,
but were chosen primarily for their ease of study and the

accessibility of reagents.

1. Resction of (+)-peroxycamphoric acid ang (#)=-1-naphthyl-

phenylmethylsilane, (Ixperiments 33-34).

The reaction of 1-naphthylphenylmethylsilane with
Perbenzoic acid has been studied by Sommer.5 Ixtensive work
hes shown that the principal reaction in benzene is:—

room temp.

1-Np#MeSiH + @COOOH > 1-Np@MeSiOH + @COOH
benzene.

The stereochemistry of the reaction has been studied

using optically active silane and has been shown to proceed

5 5

with good retention of configuration. Accordingly, Sommexr

has pronosed an (SNi~SEi)~Si mechanism.

H
low i e
iH + @CO.H S —|R,Si®:  |..ZC0
3381 [ 3 RaaCI 5
A e fast . 00
R3Si<\ ! ;25002 —E 1235101{ + JCOOH
~U—H

Oxidation of unsymmetrical sulphides to sulphoxides with
peroxyacids is well known. When optically active peroxyacids
are employed asymmetric oxidation occurs and the sulphoxide
formed is found to be optically active. Thus, oxidation of

h~alkyl phenyl sulphides with (+)-peroxycemphoric acid gave
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(+)~n-alkyl phenyl sulphoxides of low oﬁ%ical purity.94’95
Similarly, reaction with t-butyl Phenyl sulphide gave
(=)=t=butyl phenyl sulphoxide. Montanari and comworkersg4
have proposed models for the most Probable transition state
conformations which based on decreasing effective size of the
groups attached to sulphur, predict the predoninant enantiomer
of sulphoxide. However, their model fails to predict the
correct configurational assignment for n-alkyl benzyl sulph-

oxides.96

Mislow and co—workersg6 pointed out that in using
asymmetric synthesis to predict absolute configuration one
always has a 50% chance of being correct. They further
contend that Montanari's models do not provide a qualitative
estimate of the non-bonded interactions which indicate the
diastereoisomeric trensition state with the lower free
energy.96 (These objections apply equally in proposing a
nodel for the asyumetric reductions of methoxysilanes and due
caution has been stressed in the relevant discussion.)

In view of the stereospecificity of the reaction of
perbenzoic acid and optically active silane and the proposed
wechanism involving a rate determining formation of an
activated complex or intermediate, it was hoped that reaction
O0f racemic silane with a dissymmetric peracid would give a
Partial kinetic resolution via diastereoisomeric transition
states of unequsl energy. Partisl oxidation of racemic
T-naphthylphenylmethylsilane with (+)-peroxycamphoric acid
was, therefore, studied. The reaction wes done in benzene
solvent using excess peroxyacid at room temperature and
followed by thin~layer chromatography of samples taken at
intervals from the stirred mixture; disappearance of the spot

. . . . i i . Precipitation
due to the silane indicated complete reaction Trecip




of camphoric acid accompanied the reaction, Results from

spectroscopic examination of the product after complete
reaction are consistent with it being T-naphthylphenylmethyl-
silylhydroperoxide. Presumably, this arises from further
peroxide attack on the silanol formed initially.57e The
reaction of racemic silane with 2 single fold excess of
peroxycamphoric acid in bengzene at room temperature for six
hours was carried out. Chromatographic separation on siliea
gel yielded 43% unreacted silane. Infrared and nuclear
magnetic resonance spectroscopy showed it to be pure
T-naphthylphenylmethylsilane. Optical rotatory dispersion
spectra, however, showed it to be optically inactive.

X X i T
Therefore, no asymmetric oxidation had oocuq?d.

2. Attempted hydrolysis of (#)=1-naphthylphenvlmethyl~
methoxysilane with (+)-camphor-10-sulphonic acid in xylene.,

(Experiment 35).

The hydrolysis of organosilicon alkoxide is usually slow
in neutral solution but is strongly catalysed by acids or
alkalis.

In acid solution, protonation of the oxygen atom

Presumably preceeds nucleophilic attack by water on silicon.

® i Tmr + w0
. . o~ e S n a3
Hy0¥ + R,S1CL — R S10HR'  + Hy
-1
@ _________.lf.%_.—-!-— ‘GODH + RiOH
RySiOHR' + H,0 ————— RySi0H,
-2
K
@ 3 .
R3510H2 + HZO :;:%E::i: R3810H + H3d3

Cleavage of the $5i-0O bond has been experimentally proved

by the recovery of pure (+)~2-butancl from the hydrolysis of

dimethyldi-(+)-2~butoxysilane.97 It is probable that k2 is




expected to be dependent on the nature of the protcnated
alkoxy silane. The nature of thig Species in acid catalyéed
hydrolyses 1is at present wnknown. TIf the acid catalysed
cleavage is performed in a solvent of low dielectric constant,
for example m-xylene, it is likely that the protonated alkoxy-
silane will exist as an ion-pair and general acid catalysis
would be observed. If then, this ion-pair involves chiral
o . Eypes of
anionic and cationic parts there will exist twoAdiastereoison
meric ion-pairs. These diastereoisomeric ion~pairs, differing
in eneryy content, may be expected to react at different rates
provided that their trensition states do not differ in energy
such that their activation energies are equal (see fig. 1).
Loss of a proton in the third fest step does not involve the

silicon centre and so the configurational integrity of the

silicon is maintained.

Therefore, successful asymmetric partial hydrolysis of a
methoxysilane in a non-polar solvent catalysed by an optically
active acid would be evidence for the existence of ion-pairs

in these conditions.

Under the conditions used the amount of free water was
kept to a minimum, both in order to maintain a medium of low
polarity and to prevent racemisation of the silanol, if
formed, which occurs rapidly in acidic polar conditions.

It was anticipated that condensation of gilanol to

siloxane would occur under the conditions employed.

R,Si0H + RySiOlle T R,S1061Ry + MeOH

Successful formation of an optically active siloxane or




- 78 =

direction of the condensation with the formation of one

predominating stereoisomer i.e. meso or dl siloxane by such a

method would be of considerable interest in view of the wide
spread use of siloxane polymers.

However, the rctes of the above reactions appear to be
affected to a considerable extent by the steric nature of the
substituents on the silicon; triphenylsilanol and triethyl-
silanol have relative acid catalysed rates for condensation,
compared with trimethylsilanol as a standard, that are 10™0

and 1.6 x 10‘3respectively.98

Compounds such as dimethyl-
t-butylsilanol and di-t-butylsilane diol are resistant to
either acid or base condensation.99

Reaction of 1-naphthylphenylmethylmethoxysilane with
(+)~oamphor~10~sulphonic acid was attempted in m-xylene, a
solvent of low polarity, at an elevated temperature. After
prolonged treatment, the produet was found to consist of a
complex mixture of compounds formed by complete cleavage of
methoxy and 1-naphthyl groups from silicon. These compounds
contained siloxane linkages. In view of the complexity of
the products formed the reaction was abandon”ed from the study
of asymmetric reactions.

It is of interest, however, to discuss the results a
little further. Apparently the rate of acid catalysed alkoxy

cleavage is sufficiently retarded that the competitive proto-

Kinetic studies
100

dearylation of the 1-naphthyl group Occurs.
have been made of the aromatic desilylation by sulphuric
and p-toluenesulphonic 0oids 1917193 iy water-acetic acid and
by hydrochloric and perchloric acids in agueous methanol and
dioXaﬂ104’105 The acidity function of the medium appears 1o

s is
govern the rate 7 and the transition state for cleavage




said to be:

With polynuclear aromatics the rate of cleavage is
dependent on the position of the silyl group attachment. In
aqueous methanol 1-naphthylitrimethylsilane is cleaved 8.1
times faster than phenyltrimethylsilane with perchloric acid,
whereas, the 2-naphthyl group is cleaved only 2.2 times
faster.57f It is, therefore, not surprising that under the
conditions of acid hydrolysis used above, the 1-naphthyl

group is cleaved in preference to the phenyl.

3. Attempted base catalysed hydrolysis. (Experiment 36)

Extensive aromatic desilylation during the acid
catalysed hydrolysis instigated investigation-of the
POsgibility of applying base catalysed hydrolysis of the
methoxysilane to asymmetric reaction. The hydrolysis with
(i)~1—phenylethylamine in m-xylene was attempted, however, no

reaction occurred after 48 hours at 139°.

4. Hydrolysis of (+)-1-ethoxy-1-(1-naphthylphenylmethylsilyl-

oxy)ethane catalysed with (+)-camphor-10-sulphonic acid.

(Experiments 38,39)

Acetals are generally very readily attacked by acids

with subsequent breakdown to form aldehyde and alcohol. The

Wechanism has been proposed to occur in two steps following

an equilibrium protonation process i.e. for diethyl acetal:
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0

. /C2H5 ) H?CZHS

o, Cft + Hyd CHyCH ~ + 5,0

02H C.H
5 275
l slow
fast ®
CHyCHO + C,HOH + O« mH 4 omom

2 0 ,Hs

The kinetics indicate that the above reaction follows

specific acid catalysis i.e.
rate = k[CH,CH(0C,H) , 101,

However, considerable study of the acid catalysed hemiacetal
fragmentation has shown that in this case the reaction obeys
general acid catalysis.m7 This means that the rate involves
the concentration of all the acidic species in solution. The

mechanism can be written as:

OH CH
fast ? [ 3
CH3Q§ + HA T CHy C-0.. JHA
OCH OH
3
H CH
i CHy fast LI
CH§~§-O...HA S Clig N
oH +H,0 0 H
H. ® 6\6\{
H
glow

CHBCHO + CHBOH + H,0 + HA

_OH .
rate = k[CH3CH\OCH3][dA]

It is theoretically possible for a reaction following
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general acld catalysis to proceed asymmetrioally'if'an'

optically active acid and asymmetrie substrate are used.

Once again there is the Proviso that asymmetric reaction will

only occur if there is a difference in the free energies of
activation for the diastereoisomeric hydrogen bonded complexes.
5ilyl acetals wmay be prepared easily by addition of

silanol across the double bond of & vinyl ether. 08 Tue

reaction is catalysed by acid and is complete after 18 hours

at 65°,

g® Q0 Hg
R3SlOH + CH§=:CH002H5”*ww———¢*R3Si*O—?*H
' CH3

In view of the ease of acid catalysed fragmentation of
acetals it was anticipated that the silyl acetal might
undergo reaction with camphor-10-sulphonic acid with
considerably greater ease than was observed for the methoxy-
silane. Consequently, the naphthyl cleavage would then only
constitute a minor side reaction. Although acetals are
reported to fragment by specific acid catalysis, thereby
negating the possibility of asymmetric reaction, it was hoped
that silyl acetals might not follow the same mechanism in
non-polar media. Furthermore, a recent report shows that not
all acetals follow specific acid catalysis. 09

The silyl acetal from {-naphthylphenylmethylsilanol and

at .
vinyl ethyl ether was prepared in quantizéve yield by the
above method. Since this acetal possesses two centres of

asymmetry, one at silicon and the other at carbon, the product

exists as a diastereoisomeric dl pair. The nuclear magnetic

resonance spectrum of the material exhibited the expected
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resonances apart from the indication;of ﬁ0h~equiva1ence for
the methylene protons of the ethoxy group. This‘Behaviour has

previously been noted for ethoxy acetals'!® and may be

explained with reference to the Newman projection below:

] CH,
A HB
H 03133
CH3

The methylenc protons view, through the oxygen atom, an
agymmetric centre which imposes on the two protons non-
equivalent chemical environments. The protons are, therefore,
magnetically shielded to different extents irrespective of
which rotamer is considered. Accordingly, the protons HA and
HB are mutually coupled to give an AB quartet, each/line of
which 1s further split into a quartet by coupling with the
methyl. Therefore a band of sixteen lines would be expected.
Normally, however, only eight lines are observed due to over-
lap11o and only in the spectrum of the below acetal has the

full sixteen lines been observed.
OCH
/
H-C=C-CH
OCH20H3

CH

2773

The number of lines observed for the methyleneoxy group

of the silyl acetal, prepared in this study, at 100 MHZ

however was considerably in excess of sixteen. This is only

explicable b;'superimposition‘of the spectra of the two

diastereoisomers formed, since second order coupling could be

ruled out due to the large value of Av/J. Furthermore, the

quartet, due to the methine proton, at 5,00 v and the doublet

of the methyl at 8.75 T all exhibit shoulders at high field
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explicable by the presence of diastereoisomers., The reson-
ances due to the silicon methyl and the methyl of the ethoxy
group at 9.20 T and 9,00 7 respectively were uncomplicated by
diastereoisomeric differences.

In consequence of the above diastereoisomeric features of
the nuclear magnetic resonance spectrum it was of interest to
discover what changes (if any) were apparent in the unrescted
acetal after partial reaction with the sulphonic acid.

Once the stability of the acetal on a silica gel coated
thin layer plate for long periods of time had been established
and a suitable elutive solvent found, the reaction of the silyl
acetal with the sulphonic acid was followed by using thin-
layer chromatography. The reaction was done in toluene
solution. A solution 0.033 M in silyl acetal and 0.004 M in
(+)=-camphor-10~sulphonic acid reacts so fast at room temperw
ature that all acetal was removed in ten minutes. Decreasing
the sulphonic acid concentration by a factor of ten and
repeating the reaction at 3° slowed the reaction sufficiently
for study; complete reaction was reached after about two hours.
Chromatographic separation after thirty minutes under these
conditions yielded 24% unreacted silyl acetal. Infrared and
nuclear magnetic resonance spectroscopy showed the acetal to
be unadulterated with disiloxane or silanol and free of
sulphonic aecid. Although some change had occurred in the
intensity distribution in the methyleneoxy resonances, no

measure of change in diastereoisomeric composition could be

obtained due to the complexity of the band. Optical rotatory

dispersion studies of the acetal, separated from the reaction,

in hexane showed it to be without optical activity over the

range 588 to 320 n.m. It must, therefore, be assumed that no
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asymmetric hydrolysis had oceurred amg that the reaction
either follows specific acid catalysis or the free energy

differences were t00 small to produce observable optical

activitye.

5. Attempted hydrolysis of 1~ethoxy—1~(1~naphthylphenylmethyl~

silyloxy)ethane with 1-phenylethylamine in toluene.

With the discovery that the silyl acetal is very rapidly
fragmented by acid it was interesting to investigate its
stability under basic conditions. The base chosen was
T-phenylethylamine with the view to possible asymmetric
reaction.

No observable change occurred even after twenty four

hours at reflux.
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IX.

OPTICAL ROTATORY DISPERSION AND CIRCULAR DICHROISM OF
ASYMMETRIC ORGANOSILICON COMPOUNDS

Introduction.

The use of optical rotatory dispersion (o0.r.d.) and more
recently circular dichroism (c.d.) has shown itself to be of
paramount importance in the study of stereochemical problems.
In suitable cases the relative configurations at asymmetric
centres can be determined by comparison with closely related
compounds and, where sufficient data is available, the
absolute configuration may be inferred. In view of the
congiderable body of published work on the use of o.r.d. and
ced. for structural studies there is insufficient scope here
for a discussion to be of any value. The theoretical aspects
and widespread uses of the techniques have been the subject

111113 and a number of reviews.114"116

of several texts
However, it should be mentioned that the vast majority of the
previous work has been the result of structural studies of
natural nroducts.

At the onset of the present work no reported o.r.d. or
c.d. study of an-optically active asymmetric organosilicon
compound had penetrated the spectral regions associated with

anomolous dispersion. Since then two papers have been

published. In 1969 Sommer and McLick reported the results of

a comprehensive study of the o.r.d. and ced. gpectra of

117
1~naphthylphenylmethylsilyl compounds and found Cotton

effects useful for the purpose of correlation of configugation.
. < 11
The second, a short communication by Corriu and Massé

n the o.r.d.

reported the effect solvent coordination had o

Of an asymmetric a~silyl ketone.



O.r.d. and c.d. studies of novel asymmetric organo-

. > o
gilicon compounds are, therefore, of obvious interest.

Successful asymmetric reductions of several racenic methoxy~-
silenes with chiral lithium aluminium hydride complexes
provide a convenient route to such compounds. The features
of the o.r.d. and c.d. of these compounds are discussed
senarately under the individual headings of the silyl system
in conjunction with the genersl wWltraviolet gpectra of the

compounds.

1-Naphthylphenylmethylsilyl systeuw.

Ultraviolet spectrea.

The uvltraviolet absorption spectra of compounds
possessing the 1-naphthylphenylmethylsilyl group display
features which ere characteristic of a substituted naphthaler-
Three band systems are present which are typical of benzenoid
hydrocarbons in general. Using Clar's notation these three
bands are designated o, para, and 8, appear in order of
decreasinz wavelength, and are successively more intense in

that direction. The transitions responsible for these bands
1 1, 1 1 1 T, 119

ere assigned Ly < A, L, < 4 and By < 4.

The monosilicon compound3117 possess 2 small shoulder at

324 n.m. preceding a first meximum at 318 n.m. and a second

more intense peak at 313 n.m. (log,e 2.5-2.8). These

absorptions constitute the o band. The absorption then

increases to the para band, consisting of three broad maxima

of which the central one at 284 n.m. ig mogt intense

. N s 0 260 Nelleg
(103106 ~ 3.9), Absorption then subsides below

before rising for the very intense, symmetry allowed, B

- . and para
transition at 225-226 nem. (logyge 47 4.8). The o and p




symmetry forbidden. Vibrational interactions introduce a
certain measure of allowedness which ig responsible for their
presence.

Table 12 shows the ultraviolet spectral characteristics
of the compounds studied. The dat:. for the 1-naphthylphenyl~

methylsilyl compounds agree closely with that already

published.117
Table 12,
Ultraviolet Absorptions of RgMeSiX compounds.

R X Absorption oharacteristics&’b’c
1-Np H 225 (4.8543), 284 (3.9754), 313 (2.7709)
1=Np OMen(=) 226 {4.7259), 284 (3.9085), 314 (2.6503)
1-Np Olle 225 (4.8531), 284 (4.0253), 314 (2.5441)
ﬁGHz H 205 (4.1875), 267 (2.7657)

Q50H2 Olfe 221 (4.1072), 267 (2.7694)
Et H 217 (3.8344), 260 (2.3711)
Bt OlMe 215 (3.8621), 260 (2.3655)
Mes H 215 (4.3523), 272 (2,8007)
Mes Oie 212 (4.4387), 272 (2.7910)

a) SpectroSol hexane fraction solvent used in all cases,
b) Wavelength maxime listed for the main absorption bands.
v i i : cular

¢) Wavelength waxima quoted first are in n.m.; mole

absorptivities (10o1o ¢) are in parentheses.

ngiial rotatory dispersion and circular dichroism.
curves of 1-naphthylphenyl-

Prior to 1969 the o.r.d

; plad ispersion curves
methylsilyl compounds consisted of plain disp
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with a cut-off point of 340 n.m. The incursion of hish

- A, .
absorbance at that point prevented penetration of the absorp-

tion band and s0 no Cotton effects were detected.  However;
the advent of improved instrumentation has enabled the Cotton
effects of other compounds possessing strongly absorbing
chromophores to be investigated.115

In the course of the work on the asymmetric reductions
of 1-naphthylphenylmethylmethoxysilane (see previous Chapters%
the o.r.d. 0f the optically pure (+)-silane was determined.
The curve down to 313 n.m. was a plain, positive dispersion,

however, at that point a small sharp fell in rotation occurred

which was followed by steeply rising activity. Cut-off due to

unfavourable high absorption occurred at 300 n.me Because of
the limitations of the eguipment available, samples were sent
to Westfield College, London for c.d. measurements, (by
courtesy of Prof. W. Klyne and Dr. 2. M. Scopes). The results
confirmed and supplemented the data published one month later
by Sommer. ' '! Since then the c.d. of (=)-1-naphthylphenyl-
methyl-(~)-menthoxysilene has been determined at Westfield.

Figs. 10 and 11 show the c.d. spectra obtained.

()

Sommer revports a positive c.d. maximum ot 318-319 n.en.
for the (+)-silane and a number of compounds possessing this
-4 1
configuration. The menthoxysilane also shows this character—

istic. Onset of the pars absorption prevented Sommer from

studying the c.d. behaviour below 314 n.m. Results obtained

at Westfield for the (+)-silane show the presence of multiple

Cotton effects at 290-300 n.m. The peak at 297 nem. 1is

negative and that following at 293 n.n. positive. The region

270-290 n.m, possesses a complexity of negative Cotton effects

i o1 it .d. peaks
followed by an equally complex region of positive ce.d. P
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at 240-270 n.me ALl the maxima'in these regions are of low

intensity ([8] < 1000) and vecause of this and the nisn
absorption of the para band quantitative determinations of

intensities were impossible.

With the subsidence of the para band Sommer resumed

measurements at 240 n.m. and showed the bresence of a strong
positive c.d. maxiaum 2t 225 n.m. The molecular ellipticity
[6], of the band was +41,000. The results from Westfield
showed the presence of s band at 221 nem. [6] = +44,900 which
exhibited considerable fine structure and a shoulder at 226
nems (6] = +38,300. Sommer reports that further c.d. data
velow 216 ne.m. for the R3SiX compounds generally, with the
exception of the (+)-silane, show adjacent negative Cotton
effects. However, unfavourable [8]/¢ ratios prevented
quantitative measurements. The results from Westfield are in
general agreement, but also reveal negative Cotton effects at
208 n.m. [8) = =15,800 and 196 n.m. [6] = -23,800 for the
(+)-silane.

Study of the c.d. maxima associated with the B band for
(~)=1-naphthylphenylmethylchlorosilane shows a positive peak
2t 233 nem. [O] = +13,500, The position is in close
agreement with that reported by Sommer (234 n.m.) but the
intensity is lower ([8] = +29,000)s This is followed
successively by a negative Cotton effect at 227 n.m. and a
positive Cotton effect at 221 n.m. Beyond these, multiple

negative c.d. peaks stretch down to 200 n.m. The shift in the

c.d. peak from 225 n.m. for the silane to 234 n.m. for other

R3SiX compounds has been explained as possibly due to the

overlap of this Cotton effect with other oppositely signed

The result of such

Cotton effects at shorter wavelengths.
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coupling of c.d. bands of similar intensity is to red shift

the band at higher wav

120 .
wavelengths. formation of such couplets results in a

elengths and blue shift the band at low

mutual cancellation of component c.d. curves =nd a diminution

of rotatory strength. However, this explanation fails 4o
account for the absence of a shift for the silane, since the

~

results from Westiield wnambizuously show the presence of
negative Cotton effects closely adjscent to the positive one
at 221 newm.

The c¢.d. of (~)~1~naphthylphenylmethyl~(~)~menthoxy«
silane (Fig. 11) is basically similar in its major character—
istics to the other RBSiX compounds with the same configur-
ation. A weak positive Cotton effect at 318 n.m. is followed
by a complexity of negative Cotton effects [8] = -1,000 from

250-300 n.m. A positive strong c.d. peak at 233 n.m.,

characteristic of the absolute configuration,‘is followed by a
complex series of negative c.d. peaks down to 200 n.m.
Preliminary worl: reported by Sommer indicates that simple
branching in the X group (e.g., X = OC(CH3)3) causes
increased Cotton activity in the region of the para band.
This is responsible for the negative plain dispersion curves
of the compounds X = OCH(CHB)Z, CH2CH(CH3)2, CH2C(CH3)3,
O*chlo~C6H11, and OMen(-), which possess the (+)-silane
configuration. However, branching at the a-carbon centre
does not show this effect e.Zes (+)~R3SiCH(CH3)2~ The reason
for this behaviour is uncertain but is probably a consequence

of conformation. The c.d. results of the menthoxysilane,

: ivity of the para
however, do not show an increased Cotton activiity D

bang compared with the silane but a change in sign of some of
This, together with

the peaks in this region is observed.



the weaker activity of the peak at 23j ﬁJm. iS‘the,probable

‘ of the negativ i i : . o -
cause e dispersion of (~)-R381OMen(~) after

allowing for the activity of the (=)-uenthoxy i

Bengylphenyluethylsilyl system.

Ultraviolet Spectra

Despite the chonge in symmetry of substituted benzenes,
compared with the parent hydrocarbon, the spectroscopic
behaviour of the substituted compounds is largely uniform and
resembles that of benzene itself. The 256 n.m. band (1Lb+1A)
with its characteristic vibrational structure, and the two
shorter wavelength bands (at 203 and 185 n.m. in benzene) are
all present. The main effect of substitution is to shift the
bands.119

The presence of g silicon atom in a side chain 8 to an
aromatic ring produces a marked shift in the a band to 270 n.m.
together with a noticeable intensification when the silicon

121

and carbon compounds are compared. This has been

explained as a consequence of o-m hyperconjugation causing
electron release from the RBSiCng to the benzene ring.
Large bathochromic shifts of the para band (1La) to 220 n.m.
are also found.

Electronic transitions of phenyl groups bonded 1o
silicon occur at very similar positions to those typical of
the carbon analogues without great changes in intensity.

o +
Aromatic chromophores attached to a common silicon centre

. s i ypical of the
are known to possess spectroscoplc properties typilca

i1soleted uvnits. It is not, therefore, unreasonable that the

Wtraviolet spectra of benzylphenylmethylsilyl compounds 820w

features expected from the addition of the spectral

o ilicon.
cheracteristics of phenyl on silicon and benzyl on si




Table 12. gives the data for the main ﬁltraviolet

absorptions of the benzylphenylmethylsilene ang ~méthoXYéilane

The o band is at 267 n.m. and shows the expected vibratibnal

fine structure. In the case of the silane the absorbance
then rises to the first of three moxima at 221 n.nm
(logyoe 4.1568). The central meximum is observed as a
shouvlder at 210 n.m. and is immediately followed by the most
intense of the three at 205 n.m. (log1oe 4.1875). The
ultraviolet spectrum of the methoxysilane differs in that the
peal at 221 n.m. is the most intense and the other two suffer
a red shift to appear as a shoulder at 215 n.m. (logqoe
4.1038). The reason for this difference is unknown.

Oereds and c.d. characteristics.

The results reported here are for the most optically
active samples isolated. Since the pure enantiomers of these
compounds have not been prepared, the optical purities of the
compounds reported below are unknown.

The (+)-benzylphenylmethylmethoxysilane possessed a
plain positive dispersion curve over the range 588-294 n.m.;
(~)»benzylphenylmethylsilane gave a plain negative curve.
Measurements below 294 n.m. were inaccessible due 1o the
unfavourable [@P1/c ratio incurred by the 1Lb transition.

(+)~Benzylphenylmethyluethoxysilanej 0.R.D. (c 16.68;
hexane), 22°; [@]588 +4.11%; [53500 +6.13°%; [@]400 +12.25%;

[é]BOO +40,3°%; [3] +44.0°,

294
(-)-Benzylphenylmethylsilane;

] ] ) .
21%; [§J588 ~17.1%;5 L8l500 ~25.8%5 (81,00 =46:0%;

L 4400 Ty
81300 =110°5 Lalyg, -116
Semples of the above compounds were Sen

n of their CeQs characteristicse

0.R.D. (c 11.98; hexane)

t to Westfield

College for the determinatio




Fig. 12. shows the results which pOSSGSS‘Some interesting
: (]

features. As in the 1“naPhthylphenylmethylsilyl sysfem’the
optical activity of these compounds is governed by multiple

cotton effects.

The silane possesses a number of weakly positive , long
wavelength, c.d. peaks, which increase in rotatory power with
decreasing wavelength. The first, situated at 273 n.m.

([e1 +60) is followed by a minimum at 270 n.m. (led ~0). &
second peak beginning at 268 n.m. reaches a waximum at 265
n.m. ([8J +110) and falls to zero at 264 n.m. An ill-defined
region then follows which may contain weakly negative c.d.
peaks from 254-260 n.m. and positive ones below this from

254 nem. to the advent of a stronger positive peak at 242 n.m.
Unfortunately the maximum of this peak was not reached and its
rotatory power remains unknown. The positive c.d. peaks in

the 260-280 n.m. range are associated with the symmetry

forbidden o band of the phenyl and benzyl groups on silicon.

The orizin of the 240 n.m. ced.peak is uncertain since its

position corresponds to the start of the intense para band.

Investization of the low wavelength region 200-230 n.m.

was achieved using greater dilution and a decreased path-

length. As expected from the negative o.r.d. curve of the

silane, the region is populated with multiple negative Cotton

effects which reached a maximum at 206 n.m. ([e] -6,700).

The c.d. spectra of the (+)-methoxysilane exhibited a

weak negative Cotton effect at 239 nel. (Ce] -200). The sign

of this peak appears to be indicative of the relative config-
since

i : ; i i £ ounds
uWration gbout the silicon in this series ol comp ,

it is likely, on the grounds outlined in Chapter V, that the

i i tions.
(~)~silane and (+)-methoxysilane have opposite configuratl
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The occuﬁgnce of this peak in the c.q. of the methoxy81lané is

preceeded by a Cotton effect (or effects) of very low
rotatory power ([6] -50) at 270 n.m.
The range 210-230 n.m. possesses multiple, positive

Cotton effects at 212, 218 and 223 n.m. with decreasing
rotatory power in that direction. The most intense at 212
n.m. has (81 +3,900 and is followed on the low wavelength
side by a negetive Cotton effect at 209 n.m. ([8] -4,000)
The positive c.d. pesks in this region, therefore, appear to
be responsivle for the siszn of {a]588‘

Recuction of (+)~benzylphenylmethylmethoxysilane to
(+)~benzylphenylmethylsilane with lithium aluminium hydride in
diethyl ether (experiment 21) ihdicates that the methoxysilane
used in these studies possessed an optical purity of at least
73% that of +the silane used. The positive Cotton effects in
the ronge 210-230 neom. for the methoxysilane are, therefore,
weaker than the ne ative c.d. peaks of the silane at 210 n.m.

This would account Tor the higher rotatory power of the silane

observed at longer wavelengths.

Mesitylphenylmethylsilyl system.

Ultraviolet swectra.

Both the parent silane and the methoxysilane in hexane

, . : istics. The
show the expected ultraviolet benzenoid characteristics

band, with its vibrationsl fine structure, rises steeply

through a wmaximum at 284 n.m. (10g.40€ = 2.7) and two

shoulders at 279 snd 275 n.m. to the band maximum at 272 n.m.

(1OG=1Oe ~ 2.8). The band then falls through further peaks at

. i 0 a mininum at
267, 261 and 254 n.m. in diminishing intensity ¥

. teeply with the
about 250 n.m. The absorbance then increases SLEE J

Onset of the para band.




The para band consists of an intense Peék at 213-214 n.m.

(10g+40¢ =~ 4.4) with a broad shoulder at 230 n.m.

0.,r.d. and c.d. characteristics.

)

The o.r.d. curves of (+)umesitylphenylmethylmethoxy~
gilane and (-)-mesitylphenylmethylsilane show interesting and
contrasting tehaviour. That of the former exhibits g plain,
positive dispersion over the range 588-300 n.m. However, the
silane, after a slight increase in laevorotation from 588 n.m.
to a broad trough at 380-370 n.m., undergoes a change in sign
of rotation and becomes increasingly more dextrorotatory until
cut-off at 294 n.m. Tigz. 13 illustrates the o.r.d. of the
compounds .

(+)-llesitylphenylmethylmethoxysilane; O.R.D. (c 7.28;
hexane), 23°; [§]588 +6,2°: [@]500 +9,05%; [@]400 +15,25%;
[§]3OO +27.9°.

(=)=lMesitylphenylmethylsilane; O.R.D. (¢ 13.57; hexane),
22%5 [alge =9.65%; Lelyny ~12.95%5 Leljnp =18.8%
[6]384_370 ~19.9° (broad trough); [§]31O 0.0°; [@]294 +24.2°%.

The o.r.d. of the silane clearly shows the presence of

. 1 .
2 positive Cotton effect associated with the Lb aromatic

transition (¢ band) superimposed on a negative background

curve. The background rotation is probably the result of a

strong negaetive Cotton effect (or effects) in the short wave-

length transitions 210-230 n.me

. : o least
C.d. measurements confirm the above inferences, at le

with regard to the presence of a pogitive Cotton effect in the

1Lb transition of the silane. TFig. 13 shows the presence of a

The c.d. of

weakly positive c.d. peak at 281 n.m. ([e] +60).

. k, positive
the methoxysilane also shows the presence of a weak, I

s b
Cotton effect at 281 n.m. ([6] +30). Examination of the
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ion associated with the i , . .
regt tntense 'L, fransition (para band)

yag impossible due to the unfovoursble [6]/¢ values.

An O.r.d. Mezsurement on a very weak solution of the

gilane in hexane using a 1 m.m. cell showed g definite dextro-
rotation at 250 n.m. Due to the high absorption in this
region the accuracy is uot high but the [@]250 is estimated to
ve about +530°. This means that there must be another
pogitive Cotton effect at a wavelength lower than 250 n.m. but
higher than the negative 'giant' responsible for the laevo-

rotation at 588 n.m.

Phenylethylmethylsilyl and Phenylisonropylmethylsilyl systems.

Ultraviolet Snectra

As expected, compounds in these series display a typical
phenyl chromophore spectrum with a 1Lb band centred at 260 n.m.

(log.1oe

intense 1La transition occurs at 216 n.m. (log.1oe ~ 3.8).
1

= 2,365) with vibrational fine structure. The more

The absorpticn coused by the 'Be |4 transition (B band)
probably occurs at shorter wavelengths (<200 n.m.) and is not
observed.

Ocr.d. cheracteristics.

e . 4 o
T"he silanes and methoxysilanes of both these systems gave

. » Measure-
plein dispersion curves over the range 300-588 n.m. Measur

ments below 300 n.m. were precluded by the high absorbance for

e a i surable
solutions of concentrations gufficient to give measur

. ined
rotations. For these reasons no c.d. data was obta ‘

0.R.D. (c 19.145
-18,5°;

(~)«Phenylethylmethylmethoxysilane3
-
nexane), 23°; [3]5gg ~7.00%5 (850 =9-80% L8400

[§]300 "53.00 @




(+)=-Phenylethylmethylsilane; 0.R.D. (c: /15’«9‘7? ’he‘tx:a%l ) -
e 21y OGXane ), :

) Ou 1

0 .

+5,65%; [8l g0 +11.0°,

(+)~Phenylethylwethylsilene; 0.R.D. (¢ 19.523 CC14) 000
[2]5gg +1.43%5 L3540 +2.27%; Lad, 00 +4.58°; (8,00 +15.4°.

(~)~Phenylisopropylmethylimethoxysilane; 0.R.D. (c 17.09;
hexane), 23°; [@]588 ~8.95%; [‘§]5oo ~14,2°; [@]400 ~27.6°;
[@]312 -60,6°,

(+)~Phenylisopropylmethylsilane; O.R.D, (¢ 14.08;
hexane), 21%; [6’53588 +1,20°; EMSOO +2,1005 [§]4OO +5.45%;
(8130 +20.6°.

Cyclohexylethylmethylsilyl system

This fully saturated system possesses no electronic

transitions in the accessible ultraviolet region above

121

200 n.m. Therefore, the Cotton effects responsible for the

plain o.r.d. curves are situated at wavelengths below 200 n.m.
The optically active compounds isolated from the partial
asymzetric reduction with (+)-cinchonine-lithium aluminium
hydride complex possessed some aromatic impurity which wes
found to be difficult to completely rcmove without causing

extensive recemisstion. Because of this, and the weak

rotatory pewer of these compounds, measurements below 300 n.m.

were impracticsble. C.d. measurements at Westfield College

showed that this aromatic impurity was not responsible for the

optical activity since no Cotton effects associated with

0.r.d, measurements, also

aromatic transitions were detected.
confirmed the optical activity

conducted at Westfield College,

of the compounds.,

. . D :303
(—)-Cyclohexylethylmethylmethoxysﬂane, 0.R.D. (c 13:303



- 1@2 _’{’

nexane), 21%; (3] 1,100 -

. " 588 ; [§]500 ~1.40%; [3]
¢ 300 ‘3-3 °

()~Gyelohexylethylnethylsilane, 0.2.D: (5 153

edl o)y o '34;

400 °

h , 20°%; - -
exane), 20°5 Lalggg ~0.17°5 [aly ) ~0.26%; [3] :
[@]325 ~0.94°. 3 L8dy 00 ~0.47%;

Discussion of results and conclusions

T = e
he organosilicon compounds (I) and (II) are classed
gse

as homoconjugated molecules.115

T CH,
51— L
(D 1,0 cHy  (II)
i
JCHy

Gompounds belonging to class (III) may be regarded as di-

homoconjugated.

CH

C(Hs—951—X

(II1)

In all the above cases the compounds are conformation—

ally flexible structures and as such the interpretation of

ur is made difficult. Homo-
y charac-

their o.r.d. and c.d. behavio
e compounds are normall
Moffit 2% has

conjugated optically activ
JB v’
erised by very intense Cotton effects.

1ator model for homoconjugated

Proposed a coupled oscil



compounds and Mason and Vane'23 have‘suééessfﬁlig‘épp
this model to the consideration of the rigid alkaloid‘
calycanthine. Numerous other examples of rigid hdmon
conjugated compounds are found in referencés 115 and 116
However, mention must be made of the studies of‘diphenyl~
. 124 . |
propylamines phenylalanine, mandelic acid and phenyl-

25

glycine,1

. 1 [N S 4 o »
acids. 26 To this class of flexible, homoconjugated

substituted phenylacetic and 3~phenylpropionic

compounds belong the diaryl methanes and some quinones127

and dihomoconjugated renresentatives include diaryl

ethanes.128’42

Sowmer in his study of the o.r.d. and c.d. behaviour

)117

Na)

ox assumes to a first approxime—

compounds of type (I
ation that the naphthyl and phenyl groups operste as
separate, inherently symmetric but dissymmetrically
perturbed chromophores. Spectral evidence that phenyl groups
bonded to o common silicon or neutral tetrahedral carbon‘

behave a2s isolated chromophores supports this conclusion.

Although not completely excluding the possibility that

the naphthyl and phenyl groups act as coupled ogeillators

Sommer assumes that the activity of the naphthyl chromo-

phore dominates the 0.r.d. and c.d. spectra of compounds

Cotton effect activity

Fh

of type (I) and thet the very weak

this view.

iy

0

(+)-neopentylphenylmethylsilane (1V) supports
g
1
]
:

neo-C 1, ;mebi—=mCly

e - -

(IV)



However, the compound (IV) cannot be hém@ceﬁjf&g
and so the analogy 1s not strictly wvalid, Unfo-rtun:at‘efl
the importance of interactions through homoconj_uga;ti‘O'n,«-in
the spectra of flexible molecules of the type under consid-
eration is not yet known. Study of the c.d. and o.r.d.
characteristics of, for exsmple, 1-naphthylcyclohexylmethyl-
silane may help to resolve this difficulty.

Assuming that the aromatic groups in compounds of the
type (L) to (III) act =s inherently symmetric chromophores
then their optical activity would depend on their respective
dissymmetrically perturbing environments. The substituent
X could then effect the activity of the chromophores by

i) electronic imteraction with them through the bond-

ing framewori,

ii) perturbation of the chromophores as an element

of their spatial environments,
iii) its simultaneous conformational effects on the

molecule as a whole.117

Txsmination of molecular models indicates that the

) AT
greetest factor determining the conformational distribution

in the compounds of type (I) is sasociated with the steric

compression incurred between the peri hydrogen on the

naphthyl nucleus and the other Zroups bonde@_ to the silicon

. i is
centre. Meximum freedom 1O 1ntramolecular motions

provided when this hydrogen atom is flanked by the two

groups that have the smalles?® gteric reauirements. T‘here-—
fore, the same conformational preferences might be expgcted
in all compounds where X is 1ess sterically challenging

then methyl, i.e. X = H, I OH, OCHj» c1. The differences
he silane (I, X = H) and that

in the c¢.d. behaviour of *t




shown by its derivatives may be a bonseqﬁéhcéfofaére ronic

interactions related to the fact that these new substituents

contain, in contrast to hydrogen, non-bondineg electrons. It
is reasonable 0 expect that the optical activity of
aromatic m-m¥* transitlons is affected by mixing of n—m*
transitions or transitions involving d-orbitals.

The differences observed in the o.r.d. spectra of the
mesitylphenylmethylmethoxysilane (II, X = OCH3) and the
gilane (II, X = H) may similarly be due to electronic
factors associated with the group X. Examination of scaled
models shows that the silane may exist in two conformations
possessing similar energies. However, due to the increased
bulk of the methoxy group over the hydrogen atom only one
of these conformations is likely. The conformations are

shown belows:

e Me methyls***txf% e

-

Therefore, the striking differences observed may be the

result of a change in conformational behaviour. The 0.r.d.

°nd c.d. spectra of other derivatives of this gystem ore

required in ordexr to see if the above phenomenon ig general.

Introduction of a methylene grouping between an

in ¢ rgion
ssymmetric centre and a chromophore results in en inve

Thig effect, known 23 the

for gaturated ketones, now

0f the associated Cotton effect

'proximity rule' and first noted

lanine
seems rather general. Thus the c.d. band of phenyla

e opposite gign to that of

in the 260 n.m. region has th

125 although both pogsess the
ersion of sign

same config-—
(=)-mandelic acid

. 2 v
uration, Verbit and Heffron 2lso find an 1n




of the Cotton effect at 260 nem. for sﬁbstituiedvphenyl:
geetic and 3-phenylpropionic acids w1th the same conflo-;
uratlon.1 26 In this connection the Lb transition
asgociated with the benzyl on silicon would be eXPe;“Céa -
have a Cotton effect opposite in sign to that of a phenyl in
the gsame perturbed environment. The phenyl and benz‘yl
groups in benzylphenylmethylsilyl derivatives (III) may be
considered, to a first approximation, to be enantiomeric in
their asymmetric environments. Therefore the two chromo-
phores may be expected to give Cotton effects of the same
sign in the 1Lb region. The c.d. spectra of the silane (111,

= H) and methoxysilene (III, X = OCH3) both exhibit two
optically active transitions at 265 and 240 n.m. which
possegs the same sign. Whether the 240 n.m. c.d. peak is
due to the benzyl on silicon as & separate chromophoric
entity, however, is not as yet resolved.

Owr.d. and c.de studies have been reported for many

compounds that bear a single phenyl group bonded to an
asymmetric carbon. In these compounds the aromatic tran-

sitions are inherently gymmetric but are perturbed by their

disgymmetric environment. The 0ered, and cede data of

optically active (+)_neopentylphenylmethylsila.ne display

n effects in the o ( Lb)

curve then

very weak, negative, multiple Cotto

absorption region. Following these the o.r.d.
positive cotton effect

217 Nelle

rises steeply and indicates &
L absorption band near 213-
for asymmetric

agssociated with the
s to be quite general
snd a phenyl group

This behaviour appear

compounds having the S configuratlon

Oerede
attached directly to the oentres 29 pperefore the

.7 re R =
and c¢.d, behsviour of the (+)-Rile@sil compounds whe




ethyl and isopropyl may be anticipated as exhip Qing5vgr 
gimilar features. Samples of optically active phenylethyl-

methylsilene and phenylethylmethylmethoxysilane, prepaned
py asymmetric reduction failed to show any Cotton effects
at 260-270 n.m. Therefore these effects, ifxpfééént, mﬁst

be regarded as being extremely weak,




XO

PROTON MAGNETIC RESONANCE OF DIASTERAOISOMERIC ALKOXY;
SILANES.

In the course of resolving 1-naphthylphenylmethylsilane

via its (=)-menthoxy derivative4 it was noticed that the
nuclear magnetic resonance spectra of the separated
diastereoisomers and their mixture featured resonances
which are extremely useful in determining the optical purity
of the diastereoisomers during resolution.

The instances of magnetic non-equivalence of protons

131

in diastereoisomers are wany and Raban and Mislow have

recently demonstrated the applicability of nuclear magnetic
resonance spectroscopy to the analysis of diastereoisomers
as a means of determining optical purity. There are, also,
8 number of instances reported where this technigue has
been applied to the analysis of diastereoisomeric 0rgano=
silicon compou.rlds.12’130’89 The method is particularly
useful in followirg the purification of the lower melting
(+)=1-naphthylphenylmethyl-(-)-menthoxysilane (Ib), where
melting point and optical rotation are not very gensitive
to purity. .

The 60 MHz nuclear magnetic resonance gpectrum of the

mixed diastereoisomers in carbon tetrachloride features a

complex aromatic multiplet at 1.8-2.8 T, a broad band

centred at 6.50 T, due to the methine proton attached o

i i the
oxygen, and resonences from T.4=9e¢3 T agsociated with

i thyl on
aliphatic protons of the menthoxy moiety and the mevhy

ces with
silicon. In addition, there are four sharp resonan

ich are
a intensity of three protons centred at 9.50T, whic




due to two superimposed doublets, the Chemical»shifts of
which depend on the chirality at the silicon atom, -

The spectrum of (-)<i-naphthylphenylmethyl-(-)-
menthoxysilane (Ia) showed two major differences from the
above (see Fig. 14.). TFirstly, in the region 9.0-9,2 T,
the peaks at 9.05 and 9.17 7, present in the mixture, were
absent in the spectrum of the pure (Ia) and in addition
there was a considerable intensification of the peak at
9,14 T+ Secondly, the only resonances at high field were
5 doublet centred at 9.55 T (J = 7«1 Hz). The spectrum of
the lower melting (Ib) recrystallised from ethanol showed
resonances a2t 9.05 and 9.17 7. The high field resonances
consisted of a doublet at 9.51 7 (J = 7.3 Hz) together
with a minor doublet due to (Ia) which was only completely
removed with great difficulty.

The high field doublets were originally thoughtggto
be due to the methyl on C(5) of the menthoxy molety, based
on arguments involving probable steric interactions in the
most stable diastereoisomer (see later). However, work by
Mislow and co-workers 90 on the nuclear magnetic resonance
spectra of related diastereoisomeric phosphinate menthyl

esters rigorously proves that gimilar high field doublets

are caused by the pro~§~132 methyl of the igopropyl &roup.

In view of the analogy and the gimilar coupling constants

for the doublets in the two geries (J = 7 Hz for the pro-

S-methyl and J = 5 Hz for the wethyl at C(5)) it is now

thought more likely that the nigh field resonances observed

in this study, are due to the pro-g-methyl Zroups (H,,Fig.

15‘)0

i i gjion
The resonances of the Jiasstereoisomers 1n the reg
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9,5 7 are sufficiently well Separatéa;%ﬁaﬁ,theyﬂareféaﬂveﬁ”
jently employed in quantitatively assessing Op'tiééi, pu_rlty
Differences in the resonances in the region 9.0-9,2 w,‘dﬁe\
to the other methyl groups, provide additional indications
of purity, but are too close to the resonances of the
methyls on silicon to be of great value on their own.
Examination of the region 9.0-C.3 T at 100 Mg

confirms the above indications but gives no additional
information. Under these conditions the high field doublets

at 9.4-9.6 T are separated to the extent that overlap of

two pealrs occurs and the region has the appearance of an
wnsymmetrical triplet.
lowever, the 220 Mz gpectra of Ia and Ib allows one

to assign the positions of the other methyl doublets (Hc

and Hd) of the menthoxy moiety and the methyl on silicon
(Hb) [(Figs. 17 and 18].

(2) (a)
CH CH

l\‘// 3

1-Np
N\
§§S1

o3’ |

(b) ¢

Ib

la Flg- 15

The positions of the C—»CH3 joublets and the SlCH3

. . o q
singlets, arising from the protons identified as Hyy Fyo

H,, and H, in the above formulae, &re given in Table 13-

s 1
: - vased on analogy with
The assignments of these protons are bas




Mislow's results from menthyl nFalkylﬁhenylphOSphiné%és .

Temperature dependence of the n.m.r. spectfaa’b of

Table 13.

(Ia) and (Ib) [Solvent 0014].

s,

21° 0° ~20° ~40°
Ia 9.55(0)  9.56(8)  9.59(0)  9,60(0)
Ib 9.48(8)  9.50(1)  9.52(0) 9.53(2)} fa
Ia 9.25(0)  9.25(0)  9.25(5)  9.25(0)
Tb 9.23(1)  9.23(4)  9.23(6) 9.23(7)} T
Ia 9.18(6) 9.18(4) 9.18(5) 9,17(5)
Ib 9.23(5)  9.23(6)  9.24(2) 9&33(5)} Yo
Ia 9.16(6) 9.18(4) 9.18(5) 9.17(5)
Ib 9.10(0) 9.09(8) 9,09(4) 9.08(8)} fa

a) 1t values calculated from T.M.S. internal standard on

expanded 220 MHz spectras The values are reported to

three places of decimals but the figures in parentheses

are not go reliable.

b) J of H, and Hy are 7.0 Hz and of H, 6,0 Hze

HCH

The coupling constents for the doublets H, and Hy in

the two diastereoisomers are 7.0 Hz, identical with those

reported for the analogous protons in the phosphinates.

The methyl doublet Hc,although not resolved in the gpectrum

has a coupling

= 4.5-5.5 Hz).

of Ia and only partially in that of Ib,

constant of only 6.0 Hz (Mislow reports Jyag

The lower values of the coupling constants for these protons

ne of the Hc resonance because of
o

at ¢{2) and c(6), thus

are attributed to broadeni

virtual coupling to the ring protons




creating an apparent decrease in couplihgjéonstang’133

The upfield shi '
he upf shift of the H, doublet in the diastereo-

igomers la and Ib
anisotropy of the
effect due to the
shift is observed

diastercoisoumeric

Proton !Masznetic

is attributable to the diamagnetic

aromatic groups, rather than to any

presence of a silicon atom. No upfield

in the spectrum of a mixture of

cyclohexylethylmethylmenthoxysilanes-.

Table 14.

Resonance Spectra of Diastereoisomeric

menthoxysilanes.

Chirality High field

¥o. R, R, R,  at Si. doublet® (7).
Ia 1-Np & CH, 3 9.5%
Ik 1-Np [ CH, R 9.49
- 40
2a #eH,, & CH, 9.4
2b ¢CH2 o] CH, - 9.45
3a Et Jij CHy - 9,37
3b Bt J/] CHy - 9.43
o7P
4a Et cycLoCcH CH, - 94
| b
4 Et cycloCcHy CHy - 9.27
a) Jyey = THe

b) Methyl doublet in pure (=)
9,18 7: R. A. Lewis, O. Korplun,

~-menthol is observed at

Amer. Chem. Soc., 90, 4847, (1968).

The phenomeno
derivatives of any silane possessi

Table 14 gives the positions of the

m appears 1O be gener

ol for menthoxXy

ng an aromatic groupe

H resonances for
a




diastereoisomers of benzylphenylmeth&l_ ;
methyl— menthoxysilanes. The method may, ‘therefgre; 'b\é
useful for the determination of the optical purity of any
novel optically active organosilane, possessing an aromatic
ring, prepared by asymmetric reduction. All that is
required is a simple, highly stereospecific synthesis of
menthoxysilanes. Preliminary attempts at preparing the
menthoxysilanes from optically active benzylphenylmethyl—
gilane and (~)-menthol using palladium on charcoal as a
catalyst indicate that in this particular case extensive

racemisation occurs, so making the determination of optical

purity inaccessible.

Mislow's results show that in the case of menthyl

n-alkylphenylphosphinates the higher field doublet of the

Ha protons is due to the diastereoisomer with the S config-
uration at phosphorus. Therefore, the method is useful for
the determination of absolute configuration at phosphorus.
Similarly, the diastereoisomer of the menthoxysilanes Ia
which gives the Ha doublet at the highest field possesses
the S configuration at silicon. The phenomenon may, there-

fore, also be useful for the determination of the absolute

1 4 - L3 s *
configuration of asymmetric gilicon compounds.

Since the upfield shift of H ig caused by the

diamagnetic anisotropy of the sromatic groups and since the

highly shielded protons are gituated on the pro-3S- methyl

* Mislow has already demonstrated the parallelism that

exists between sulphinates snd phosphinates. Both form

(‘“)~menthoxy compounds, the S diastereoisomers of which

i 1 1 O e
give H_ doublets at highest rield (refervence 90)




group in the menthoxy moiety of the Sy, alkoxy compownd, it
ig of interest to know whether the shift is primarily a
consequence of conformational preference or of “intrinsic
diastereotopism“.134 The results from variable temperature
nuclear magnetic resonance studies at 220 MHz (Table 13)
show that the positions of Ha in diastereoisomers Ia and Ib
are shifted to higher fields by a loweiding of temperature.
The positions of the other methyl protons HC and Hd are
relatively unaffected. (Hd undergoes a slight shift to
lower fields.) This illustrates the importance of the
conformer vopulation term (Avcp134b) and shows that the
phenomenom is associated with the conformer of lowest

energy, the population of which will be expected to increase

with lowering of temperature. Change of solvent polarity

canses only slight changes to the chemical shifts of Ha’

e.2. in carbon disulphide Ha is centred at 9.52T7, in
dimethyl sulphoxide at 9.50 v, and in carbon tetrachloride
at 9.55 tv. In view, therefore, of the small changes in
chemical shift that are engendered by large changes in

solvent polarity it is unlikely that the shifts observed

with change in temperature are due to solute-solvent inter-

actions.

Pie., 16 depicts a geometry of the stable conformer of

the diastereoisomer Ia 1n which the pro=S methyl group 18

; 1
situated in a shielded region above the plane of the naphthy

1 | ges a greater
ring system. The naphthyl group posses S

135 plet is
shielding effect than the phenyl and so a dou

n the spectrun of Ib,

i in which
found at higher field than 2
., In this

the pro-S methyl is shielded by 2 phenyl group
equatorial

topolozy the menthyl group is in &% all-




conformation, 3% the 1s0propyl group is stagoered with
regpect to the cyclohexane ring and so oriented that’there"
T '.T)‘ - “ . . -
are ho Cﬁ3/081L3 1y3-syn~diaxial 1nteraction5137 and the
peri~hydrogen of the 1-naphthyl group takes a position

between the methyl and the -CMen group.5

Fig. 16

placed in a similar conformation, would

isomer,

The R

S1

result in the isopropyl group being shielded by the phenyl

group.

Similar results to these have been found by Mislow in

a preliminary investigation of menthyl arylphenylphosphin-

ates (unpublished results, see refs 90) where aryl 1s
f-naphthyl.

Results of variable temperature on the positions of

the high field doublets in the 000 MHz spectrum of the

nixture of diastereoisomeric (i)-phenylethylmethyl—(—)~

i mi i to
menthoxysilanes (Table 15) shows very gimilar behaviour
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Fie. 17 220IHz spectrum of (—)-1'—naphthylphenylme‘th'_y1~
(=)-menthoxysilane (Ia).




pig. 18 220MHz spectrum of 1-naphthylphenylmethyl-

(-)-menthoxysilanes enriched in

diastereoisomer (Ib).




Temperature dependence of the m.m.r, spectra of

(+)-phenylethylmet hyl-(-)-menthoxysilane diastereoisomers.

.
TempPe 3a 3b /:f/lv Hz
20° 9.35(6)  S9.42(2) 1445
0° 9.39(7)  9.46(4) 14.8
-20° 9.40(3)  9.47(3) 1545
~40° 9.42(7)  9.50(0) 1640

Solvent 0014.

that observed for the diastereoisomers Ia and Ib. The
arguments on which the preceding conformational analysis
were based may be extended to the present cases Therefore
the diastereoisomers exist in preferential conformatioens
such that the pro-S methyl group is shielded by the phenyl
ring in 3b and is less shielded in 3a. The increase in

Av with lowering of temperature igs in accord with this views

Relative Stebility of Diastereoisomers Ia and Ib.

Reaction of (i)~1wnaphthylphenylmethylsilane with

(+)-menthol (experiment 41) using palladivm on charcoal as

a Oatalyst6j’89 gives a mixture of 1-naphthy1phenylmethyl~

: i agonance
menthoxysilane diastereolsomersSe. Nuclear magnetic ¥

N o
spectroscopy shows that the mixture consists of 557

. g 45%
(=) —1-naphthylphenyluethyl-(~)-menthoxysilane (Ta) and 457
of (+)_1_naphthylphenylmeﬁhyl-(n)»menthoxysilane (Ib),
together with the same proportions of the mirror 1mage

gilane with menthol under

compounds. The reaction of the




these conditions is reported to prooeeﬁ Qithﬂ5595%J;
63 and so the above ratio of products reflects the relativ
rates in which the two diastereolsomers are formed. The
same preferential formation of Ia is observed when Ia and
1y are formed by a method which involves equilibration of
configuration at the gsilicon atom. Therefore the diastereo-~
jgomer Ia must be the most thermodynemically favoured.

This at first sight might appear unusual in view of
Fig. 16 since in this diastereoisomer the isopropyl group
is closer to the 1-naphthyl group than the less sterically
demending phenyl. However, gince the conformation of the
nevhthyl group 1is such that the peri-hydrogen is well
renoved from the isopropyl 2Zroup the naphthyl moiety may
offer no greater steric interaction than a phenyl ring.
Indeed, it can be visuslised that under these considerations
the naphthyl group might well provide less steric compress-
jon than a phenyl if the latter 1s regarded as a conform-
ationslly freely rotating groupe

Incidently, since diastereoisomer la has the higher

melting point it must also possess the most ordered

structure in the crystal lattice. Tpis further indicates

(but does not prOVe) that Ia offers the best steric fit for

the groups about silicone

Other Diastereoisomeric Alkoxysilanes.
phenylmethylsilane with

Reaction of (&)-1-naphthyl

dium on charcoal in

entane
(+)~1-phenylethanol using palla P

. . - ,t l"‘
solvent gave a mixture of diastereoisomeric 1-naphthy
i 130 clear
phenylmethyl-1-phenylethoxysilanes: The nu
the mixture analysed 1t a8

* £
magnetic resonance spectrum oL




56% (&)~ _naphthylphenylmethyl=(4)-1-phenylethoxysilane and
14% (3)-1-naphthylphenylnethyl~()~1-phenylethoxysilane, >0
The above mixture was then equilibrated in'tﬁluene»af
g4 for 24 hours with solid potassium hydroxide in the
presence of (#)-1-phenylethanol (Experiment 43).to give a
product which analysed as 60% (4)-1-naphthylphenylmethyl-
(+)-1-phenylethoxysilane and 40% (x)-1-naphthylphenyl-
methyl—(i)—1~phenylethoxysilane. Standard deviation on
gseven readings of the ratio of the methyl on silicon
resonances at 934 and 9.39 T, due to the above compounds,
was about 1.0%. (¢)~1wNaphthylphenylmethyl~(i)-?»phenyls
ethoxysilane is, therefore, the diastereoisomer of lower

enerzy. The absolute configuration of the (=)=(~) compound
130

determined by Brook and co-workers is given below.

~ g
CH3\ /ﬁ
~ 0 /
| :

1-Np

Conformational enalysis of this flexible alkoxy

cepmpound 18 difficults In the most atable diggtereoisomers

of the 1-naphthylphenylmethyl- menthoxy and 1~phenylethoxy=

i R
silanes, it is interesting %o note that if the geyumetrl

: ;-0 bond and
silicon centre is viewed from the rear of the 51

g is clockwise then the gteric

¢ carbon atom is also

the steric order of group

order of groups about the asymmetri
the 0-C pond.
nich on an ar gumen’

. This arrange-
clockwise when viewed along

; ~ W
ment corresponds to an erythro isomer




pased on interactions of a purely ster.io‘ﬁa/ture may be |

predicted to be the most stable. °

Formation of the diastereoisomeric benzylphe,nylmethﬂ;
menthoxysilanes from the corresponding racemic silane and
racemnic menthol by the palladium catalysed reaction gave a
mixture of diastereoisomers in the ratio 52:48. The major
component gave & high field doublet, due to the pro-5-
methyl protons, at 9,40 T, whereas the other diastereoisomer
had resonances centred at 9.45 T.

The cause of the shielding mainly responsible for the
doublet at 9.40 7 is unlmown and, therefore, the preferential
conformations of the two disatereoisomers cannot be inferred.

Exanmination of molecular models fails to provide a clear-cut

decision on this point.

Results from an asymmetric reaction involving partial
formation of benzylphenylmethyl—-(-—)—menthoxySilanea ghould

enable the absolute configurations at silicon to be found

for both diastereoisgomerses If, by analogy with 1enaphthyl=

phenylmethyl- (-)-menthoxy- and _1-phenylethoxy- silanes,

the erythro diastereoisomer ;g most readily formed then the

relative sterie order of venzyl and phenyl on gilicon, 1in

the absence of other factors, may be found for this type of

substitution reactione

In an attempt to extend tpis study a series of

)i
diastereoisomeric alkoxysilanes were prepared from (=)-1

e and various cyclic terpene

naphthylphenylmethylsilan
gl as catalyst.(experi-

alcohols using 10% palladium on charco

ment 41).

the
The 100 MHz nuclear magnetic pegonance gpectrum of
col showed evidence of

compound prepared frow (-)—isoborn
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tphe presence of diastereotopic resonances since the number .'

of singlet resonances was more than would be expected fro

purely enantiotopic groups. However, because the'eompoimd

contained approximately 35% of the isomeric bornyloxy com-
pound as impurity (isoborneol, prepared from lithium alumin-
jum hydride reduction of camphor, contains some borneol) the
relationship of the peaks could not be determined and the
ratio of diastereoisoumers, therefore, not found.

The bornyloxy compound, on the other hand, was formed

with greater ease and in much higher purity. The nuclear

magnetlc resonance spectrum of this compound consisted of
three resonances in the range 9.1-9.3 rat 9,16 1, 9.20 =
and 9.27+ in the ratio 4.3:1.7:6.0 respectively. The only
explanation oi these observations is that the low field
resonance is due to a methyl (a) on carbon in the bornyloxy
moiety of both diastereoisomers and in gddition eontains a
peak due to another methyl group (b) in the bornyloxy group
of only one diastereoisomer. The peak at 9.20T is due to
the methyl group (b) of the second diastereoisomer. Reson-
ance at 9.27r is explained by the methyl on silicon and the
third methyl of the bornyloxy group which shows 1O
diastereoisomeric shift. The ratio of diastereoisomers,
therefore, approximates O 57:43.

. e
The identities of the diagtereoisomers were not esta

o affected. Neither

lished since a separation could not b
responsible for

ghould

were the identities of the methyl groups,

the resonances, found. Deuterium 1abelling studies

provide the answer to some OFf these problemse

pectra of the bornyloxy-

Fig. 19 shows the 100 VHz s
20 VHz gpectrum

o

and isobornyloxy- silanes together with the 2
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of the diastereoisomeric mixture reéuifing4from the reaction
(¢£)-1-naphthylphenylmethylsilane with (i)-methylisépféby1‘ ,

carbinol using palladium on charcoal as catalyst. Again thé‘:
3 ® S - :

1«NpﬂMeSi~O~CH(CH3)iPr

1“Qaphthylphenylmethyl~2,3~dimethylpropoxysilgne.

spectrum of this compound appears to possess two cets of

doublet resonances due to an alkoxy methyl group centred at

RS

8,96 and 9.02 v. At 100 MHz these resonances overlap and
give a triplet structure, but at 220 MHz are well separated
doublets, J = 6.0 Hz. The identity of this methyl, however,

is unknown. Ratio of the peaks indicates an approximate

A s oot s i i P

50:50 composition of diastereolsomers.

Preparation and infrared spectra.

Reaction of 1~naphthylphenylmethylsilane and alcohols

in methylene chloride using palladium on charcoal catalyst

/ gives yields of alltoxysilanes that depend on the steric

nature of the alcohol used. Thus menthol, borneol, 180=-
P3/C

R.SiH + RtUH ————— R 310R' + H2

3 3

L

j borneol, methylisopropylcarbinol, and o-fenchol react t0

give 8%, 47%, 22%, 4T%, 0% respectively. Other factors

ch reactions are discussed in

RS SR

that effect the rate of su

ref. 6(3).

In all the above reactlons quantities of disiloxane

and silanol were formed in side reactions. These were

removed by chromatographye

otrs of the alkoxy compounds formed

A1l the infrared spe

from 1,naphthylphenylmethylsilane possessed absorptions
: . bsence
| typical of this system (see Experlmental). In the a




of suitable separation techniques diffe’i’*eneés due to the
diastereoisomers of the bornyloxy-, isobornyloxy-, and
2,3~dimethylpropoxy~ compounds were not found.

The infrared spectra of the separated menthoxy com-
pounds, Ia and Ib, clearly showed their diastereoisomeric
relationship, particularly in the pattern of absorptions at
1050-1110 om“1, due to 5i~0 and C~0 gtretching. However,
pecause of their complexity they are unsuitable for deter-

mining optical purity.




XI.
EXPERIMENTAT.

Boiling points and melting points are uncofrectéd,
Physical constants quoted as Lit. without qualification are

from "Organosilicon compounds", volume 2, part 1, by Bazant

et al?38

60 MHz proton resonance spectra were obtained using
either a Perkin-Elmer R.10. Spectrometer operating at 35°C,
or a Varian Associates A 60. 100 MHz nuclear magnetic
resonance spectra were measured on a Perkin-Elmer R.14 and
200 MHgz spectra recorded on a Varian Associates HA 220,
Tetramethylsilane was used as an internal reference through-
oute.

Infrared spectra were recorded on a Perkin-Elmer Infra-—
cord 237 and Ultraviolet Absorptions measured on a Perkin-
Elmer Infracord 137-U.V.

Optical rotation and optical rotatory dispersion
spectra were ueasured on a Bellingham and Stanley Polarmatic
62 Spectropolarimeter ritted with a 450 watt Xenon filled
ultraviolet lamp. Circular dichroism spectra were determined

at Westfield College, London, on & Roussel—-Jouvan Dichro-

graphe by courtesy of Prof. W. Klyne and Dr. P. M. Scopes.

] i out on
Gas-liquid chromatographic analyses were carried

a Pye series 104 chromatograph using 2 katharometer detector

it used
and helium as carrier gas. The column and conditions

. . 1 i NSs
are described in the approprlate gectio

of
Infrared assignments were pased on the texts

. . .1t
Bellamy139 and Flett14o aided by the review of Bajer.

nagnetic resonance
The interpretations of the nuclear magnetic I
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ipectra were baseé én :2? texts of Mat leébn?4? aﬁ§:Emsié#???
Feeney, and Sutcliffe. .
The chemicals used were mainly laboratory reagenfléf;dé\w
and obtained from llessrs. Hopkins and Williams. SOlvenfs
used for chromatography were A.R. grade and purchased from
Fisons Ltd. BSilica gel M.F.C. supplied by Messrs. Hopkins
and Williams was used without further treatment for column
chromatographic separations. Thin-layer plates were spread,
in accordance with the manufacturer's recommendations, with

a 0.25 mm. thick layer of Silica Gel G, supplied by E. Merck

A.G.

1. Prenaration of phenylmethyldimethoxysilane,144

To redistilled phenylmethyldichlorosilane (80 g.
0.42 mole) b.p.32°/13 mm. (Lit. 82°/13 mm.) in sodium dried
diethyl ether (320 ml.) was added dropwise a mixture of
methanol (26.8 g. 0.84 mole, freshly distilled from its
magnesium salt145) and pyridine (66.5 g., dried over solid

potassivm hydroxide).
The mixture was stirred continuously and kept at 0°C

throughout the addition. After 24 hours at room temperature

the pyridine hydrochloride was removed and the filtrate

fractionated through a 6" x 3" column filled with glass
gilane (55 g. 0.30 mole

helices to give phenylmethyldimethoxy

i.e. 72%) b.p. 36-38°/0.3 mu. (Lite 199°/750 mm.): N.WeTs

neat liquid, 9.7T4 r, singlet, intensity 3. (methyl on

silicon), 6.54 r, single?, intensity 6, (methoxy), 2.10-

(aromatic): i.r. neab liquid,

2.70 r, multiplet, intensity 5,
c-H stretehing) 2000-1600w

30s, 11208, 1030m, 1000m,

maxima (om~1) at 3080m, 3060m, (

(overtones), 1595m (stretcbing)s 14




740s, T700s, (monosubstituted aromatic o ;fpheﬁYi'gi
on silicon; 2970s, 2950s.(C-H stretching) 12603'(éymmé£ric' -
deformation), 840s, 800s (rocking mode) - silicon methyl;
2840s, 1190s, 1080s (asymietric Si-0 stretching) - methoxy

on silicone

2. Preparation of (#)-1-naphthylphenylmethylmethoxysilane.

1-Naphthylphenyluethylmethoxysilane was prepared from
phenylmethyldimethoxysilame and 1-naphthyl Grignard reagent
by the method of Sommer et al.t in 77% yield, b.p. 136-138°/
0.15 mm. m.De 57° (Lit. b.p. 143-146°/0.15 mm. m.p. 62.5-
63.5°, recrystallized from hexane): n.m.r. (6014), 9,28 T,
singlet, intensity 3, (nethyl on silicon), 6.50 7, ginglet,

intensity 3, (rnethoxy), centred at 2.4 7, broad complex

band, intensity 12, (aromatic): i.r. thin film, maxima
(cm"1) at 3060m (aromatic C-H gtretching), 2000-1600w (over-
tones), 1590m, 1430s, 1112s, 1023m, 1000w, 740s, T00s (mono-
substituted aromatic ring bendings) - phenyl on gilicons
15000, 1217m, 11458, 985s — 1-naphthyl on silicon;’ 2960m,
12555, 830s, 800s - silicon methyls 2030m, 1185m, 10808 -

methoxy on silicon.

3. Prepar-tion of (@)-1~ﬁaphthylphenylmethy19il&ﬂe'

(+)—1-Naphthylphenyluethylmethoxysilane was reduced with

lithium aluminium hydride4 in diethyl ether %0 give (£)-1-

naphthylphenylmethylsilane in 93% yield, m.DP. 40-41° (Lit.
M.Ps 42°): n.WeTe (0014), 9,32 T, doublet, JCH3SiH = 4.0 Hz,
integral 3 (methyl on gilicon), 4.60 Ty quartet, J = 4.0 Hz,
integral 1 (proton on silicon), 1.9-3.0 7, complex ?and,
integral 12 (aromatic): 1.Te thin film, maxima (em™ )

i d at
typical of the 1—naphthylphenylmethyls1lyl gystem and &

21208 (Si-H stretching) - silicon hydride.



An ethereal solution (200 ml.) conteining Ténaphthyitl
1ithium, (0.2 mole) prepared by halogen-uetal intercoﬁyef;j
sion by the method of Gilman and Hoore,146 was added drop-
wise with stirring to redistilled phenylmethyldichlorosilane
(36.5 g. 0.181 mole) over a period of 1 hour. The reaction
mixture was then allowed to stand overnight at room
temperature.
Tractionel distillation at reduced pressure gave a .

raction (30 2.) b.p. 148-160°/1.0 mm., yield 60% ton
dichlorosilane): n.m.r. (CCl4), 9.00 T, singlet, intensity 3,
(metnyl on silicon), centred at 2.67 7, multiplet, intensity
12, (aromatic): i.r. thin film, absorptions typical of the

1-naphthylphenylmethylsilyl system.

5. Attempted asymmetric reduction of 1-naphthylphenylmethyl-

chlorosilane with di-isopinocampheylborane in diglyme.

Di-isopinocampheylborane was prepared by the method of

Brown et al!'4! from (+)-s-pinene (50 m.mole) [a]588 +54,0°

(¢ 4.0, BtOH) (Lit. [m]D +51.1°148), godium borohydride

(0.71 s.), and redistilled boron trifluoride etherate

(3.55 g.).

To this mixture (i)~1—naphthylphenylchlorosilane

(7.05 2. 25 m.mole) was added. The temperature was main-

tained at apvroximately 0° for 2 hours and then left over-

night at room temperature. wWork up with 20% aqueous hydro-

chloric acid gave a viscous 0il (6.5 g.)3 1T thin film,
naxima (em™ ) at 3450s and 33008, sttributed to silanol (no
absorption at 2120 c:m"'1 due to Si-H stretching)«
Another attempt at the reduction was made using a
twelve-fold excess of di_isopinocampheylborane to chloro-




gilane. The mixture was left overnig -
3 room temperature
and worked up in the manner described, to oivé-éﬁcé”mérém;
> . e 1
viscous o0il, the i.r. of which was very similar to thafwout .

1ined above.

6. Preperation of (+)-neomenthyl chloride.

(+)-Neomenthyl chloride was prepared from (-)-menthol
by the method of Ingold149 in 47% yield, b.p. 52°/1.6 mm.
[ady +11.00°. (Lit. [edpy +38.5°).

7. Attempted reduction of (£)-1-naphthylphenylmethylmethoxy-

gilane with the Grignard reagent of (+)-neomenthyl chloride.

a) The Grignard resgent of (+)-neomenthyl chloride (4.38 g

25 m.mole) was prepared using the procedure of Smith and

150 . . s .
> The reaction reguired initiation with a small

Wright.
quantity of ethylmagnesium rromide. Volumetric titration of
an aligquot from the above reaction indicated that the yield

of Grignard reagent was 53%.
To this mixture was added (i)—1—naphthylphenylmethyl~
methoxysilane (0.5 g. 1.0 m.mole). Ether was then distilled

off and under an atmosphere of nitrogen the semi-solid

mixture was heated at 98° on a heating path for 3 days.

Addition of aiethyl ether (50 ml.) end destruction Of

d gave an 0il from the organic

the Grignard with dilute aci

layer. Examination of this product by thin-layer chromato-

. : ons
graphy and infrared showed it to consist of hydrocarbon

from the Grignard reagent and 1«naphthylphenylethylmethyl~

silane. No peak at 2120 en” ! due to Si-H was observed.

b) The above reaction was repeated put this time the

synthesis of the Grignard reagent was initiated with

gis of the mixture of

ethylene dibromide. product analy



nethoxysilane amd Grignard reageﬁt,‘after heatiﬁéiuﬁﬂéf -
inert atmosphere for 3 days, showed the COmpléte aﬁéence}of
reduced silane. The methoxysilane appeared to‘be'compléfeiy
wmaffected by the above treatment and was recovered in good
yield (>80%).

o, Asymmetric reduction of (%)-1-naphthylphenylmethylmeth—

oxysilane with 131 comnlexes formed frowm optically active

alkaloids and lithium aluminium hydride in diethyl ether.

The following allkaloids were used:-
(+)-quinidine, recrystallized from absolute EtOH, dried
at 120° to give anhydrous material

[alggg +243° (o 0.044, EtOH) (nit. 148 (0115 +243.5°

(99% EtOH).
(=)-quinine, dried at 120° overnight

[alggg =145 [zit. 14 (217 ~169.3° (in 97% E80H)J.

(+)-cinchonine, dried at 120° overnight

~ .. 148 :
[elggg +204° (o Ou41, Bt0E) [Lit. 4° [ody +229°

(mtoH) 1.
(=)—cinchonidine, dried at 120° overnight

(0] gg =10443° (z408) [Lit.'4 o117 -107.5°

(EtCH) 1.
n vacuo b.D. 132°/18 mm.

(+)-y—ephedrine, distilled e
148 157

[a]588 +49.4° (Et0H) m.p. 117° (Lit.
+51.24° (E40H) m.p. 197-118° 1.

(~)-ephedrine, distilled beP- 129°/4 mm.

0
[alggg ~4-96° (pis. 148 [a120 ~6.3° (B0

. . .
8a. Reduction with (+)-quinidine-1ithm aluninium hydrice
53

compleXx.
comp-&=-

i i ition of
The complex hydride was prepared in situ by the addi




(+)aquinidine (3.56 go 11 m.molej‘téfl thium "7; ; '
pnydride (0e42 go 11 memole) in diethyi th“ glu?;?}ywivw
previously distilled from lithium alumizi'er - ml”@
mixture was refluxed for 30 min. and a sozmt%ydrlde).‘:m e
oxysilane (10 g 34.8 m.mole) in ether (20uﬁion itee W le
After refluxing for a further 4 hr. the T
was decomposed with dilute sulph t ‘excess no
phuric acid, the ether layer
washed several times with water, dried over anhydrous sodium
sulphate, and the ether removed to give an oil (9.07 g.)e
This product (5.8 g.) was chromatographed on silica gel,
using as eluant a mixture (1:9) of benzene and light
petroleum (b.p. 60-80°) to give 1-naphthylphenylmethylsilane
(2,93 2.) Ladggg +1.96%; Lal, gy +6.47° (¢ 13.91, EtOH).
Change of eluant to benzene gave wnreacted methoxysilane
(4.31 geo) [&]588 -0.93°%; [“J4oo ~3.74° (c 14.34, EtOH). The
NemeTe and i.re. spectra of these products were identical
with those of authentic racemic samples. The purity was
further established by t.l.c. and by their u.v. extinction
coefficients, which agreed very closely with the values for

the racemic materialse.

8b. Crystallization of the active gilane from the partial

_Jithium aluminium hydride

reduction with (+)-quinidine

complex.
padvd Sk

The crystals of active 1_naphthylphenylmethylsilane

were pressed between whatman's 541 filter paper to remove

small quantities of unerystallized gilane.

e orystallizations frow SpectroSol

salt mixture, gave the

Three successiv
0° in an ice-

hexane fraction,held at -1
0
(0] g +35+5 (¢ 0.12,

pure dexbro-enantiomer MePe 63°,

hexane) [Tit.* m.p. 64°; Lol +35.0°1.




Attempts to increase the oPtical‘éﬁrity §f'fhe=activ§f
methoxysilane by similar fractional crystallization f&iléaﬁ&
and so 1t was completely reduced with lithium aluminium
hydride in diethyl ether. Fractional crystallization of the
product gave the laevo-enantiomer of the silane m.p. 59°

[@]588 "'290 (C 0.34, hexane).

8c. Reduction with 1:1 complexes of lithium aluminium

hydride and optically active alkaloids.

The method described in 8a. was used on a scale of one
£ifth. The extents of reduction were calculated on the
jgolated yields of silane. The purity of the fractions was
checked by t.l.c. and i.r. and optical rotations measured at
various wavelengths.

The results are given below under the heading of the
particular alkaloid used and are also tabulated for

comparison in the relevant section of the discussion.

i) (=)-quinine
1-naphthylphenylmethylsilane, 0.63 go 35.4%
[0lcgg +1.52%5 800 +4.83° (¢ 15.72, hexane);
1~naphthylphenylmethylmethoxysilane, 0.60 g
5 e 0 8021 hexal’le).

ii) (+)=cinchonine

1“"napl’fchylphelflylmethylsilane, 0.76 g. 42.7%

_ ane) ;
[a]588 +1.24°3 EGJ4OO +4.05° (¢ 26.25, hex :
1"Ilaph“thl\flplflenyllcrle1:h},rl,me‘thoxys:’LZLane, 1.17 g

- 0 >7,91, hexane).
[u]588 ~0,40°; [a]4OO 1.79° (¢ '




141) (=)-cinchonidine
1-naphthylphenylmethylsilane, 0.50 g. 28%
- 0. it - |

[CL]588 0064‘ 9 [(1]400 '—'2‘000 (C 1504’79 h@X&HE)B ‘
1-naphthylphenylmethylmethoxysilane, 1.12 g.

Lalggg +0-13%5 Lalyop +0459° (e 19.24, hexane).

iv) (=)-ephedrine
1-naphthylphenylmethylsilane, 0.40 g. 22,5%
[a]588 +0.26%; [a]4oo 0.42° (¢ 23.01, hexane);
1-naphthylphenylmethylmethoxysilane, 1.28 g,

Vo observable optical activity (¢ 36.42, hexane).

V) (+)=y—ephedrine
1-naphthylphenyluethylsilane, 0.49 &. 27 .5%

[@]588 +4..5303 [CL]4OO +14.60 (C 16.67, hexane);

1~naphthylphenylmethylmethoxysilane, 0.95 g.

[@]588 -0,86%; [“]400 ~3.44° (c 13.7, hexane).

9.  Asymmetric reduction of 1-naphthylphenylmethyluethoxy-

silane using 1:1 complexes formed from optically active

slcohols and lithium aluminium hydride in diethyl

ether.

PR

The following terpene alcohols were used:-

(=)-menthol, supplied by Sastman-Kodak, distilled

t.p. 119°/30 mm.

[m]588 ~32.6° (¢ 4.07, Et0H) [Lit.148 Do 111°/

20 mm. [a]£8 ~50.1° (E+0H) 13
2129, MePe 012-3° (gealed

(=)-borneol, distilled D.Pe

tube )

I3 1 8 O . O Q
(alggg ~22° (EtOH) [Lit. 48 y,p. 2129, m.p. 208
Q

(129 =37.74°1




- 136?5
(~)~isoborneol, from lithium al/iﬁrxih um
reduction of (+)-camphor, ‘ ,
[nlegg —14-2° (1e0H) [Tit, "9 [q120 3230 (ue0m) 1
(+)-~fenchol, supnlied by Koch-Light,
[nggg +10-4° (e 4.67, Et0R) [Tit.74% Lol 410.36°
(Et0H) 1
cholesteral, supplied by British Drug Houses,
[a]588 ~36.7° (c 1.87, CHC13) [Lit.148[GJD -31.12°
CBtZO); B.D.E. quote [aJD ~38,5 to -40.5° (CHCl3)];
lanosterol, supplied by Koch-Light, me.p. 130-1°,
[0dggg +41.2° (o 0,85, OHCL) [Lit. 48 mop. 140-1°
[y +58° (CHC1;) 15
Reductions were also done using:-
(+)-2-0ctanol, supplied by Koch-Light,

[~lsgg +7-8° (e 13, WeOH) [Lit. 48 [@]£7 £9.9°].

9a. Asymmetric reduction with 131 molar complexes of

(~)-menthol and lithium aluminium hydride.

To a stirred suspension of lithium aluminium hydride

(0.085 g. 2.24 m.mole) in diethyl ether (10 wl. previously

distilled from lithium aluminium nydride) was added dropwise

10 ml. of an ethereal solution of (-)-menthol (0.349 g.

2,24 m.mole). The mixture was then refluxed for 30 minutes

after complete addition and & golution of ( +)-methoxysilane

(2 g. 6.96 m.mole) in ether (4 mle.) was added. After

refluxing for a further 4 hours the excess hydride was

. P -
decomposed with dilute sulphuric acid (0% '/v), the temper

y an ice-bath. The ether

ature beine maintained below 10° b

layer was washed severasl times with dilute sulphuric geidy

r anhydrous sodium sulphate.

then with water, and dried OVe




nemoval of ether gave a product Uhiéég
contained (-)-menthol.

The reactlon mixture was chromatographed on silicavé;i.
usingz a mixture (1:9) of benzene and light petroleum (b,é.
£0-80°) to give 1-naphthylphenylmethylsilane (0.879 g.).
[~I5gg +0+46° [edjog +1-55° and 1-naphthylphenylmethyl-
nethoxysilane (0.69 g.) [“]588 -0.13°, [q]400 -0.89°,

The neMsTe and i.r. spectra of these products were
identical with those of authentic racemic samples; no trace
was found of 1~naphthylphenylmethyl«(~)umenthoxysilane or
(~)-menthol.

9b. Asymmetric reduction with 1:1 molar complexes of other

optically active alcohols and lithium aluminium hydride.

The procedure detailed in the previous section was
followed. The results are given below under the heading of
the particular alcohol used.

i)  (=)=bvorneol
{-naphthylphenylmethylsilane, 1.0 g. 56.2%
DY]588 +0.20°; [@]400 +0.66° (c 13.58, hexane);

o

1~naphthylphenylmethylmethoxysilane, 0.32 2.

Optical activity too weak 10 measure.

ii) (-)-isoborneol

1“’ﬂaphtlrlylpherlylme”Gl'lylszllarle, 0.83 g- 46.6%

No observable optical activitys

1’“Ila}?hthylphenylmeJchylmeJuhoxys:'Llane, 0.95 &-

Optically inactive.

1ii) (+)-~fenchol

1*naphthylphenylmethylsilane, 0056 Lo 31-5%

[o] go (¢ 13.97, hexane) ;

588 +O.34O; [“]400 +1‘O




1~naphthy1phenylmethylmethoxyéilane o

[m]588 -0.10%; [m]400 -0.35° (C 15.9, heX&ﬁej;ﬂ

;v) cholesterol
{-naphthylphenyluethylsilane, 0.55 g. 31%
No observable optical activity;
1-naphthylphenylmethylmethoxysilane,

No observable optical activity.

v) lanosterol
Mo reduction occurred and only 1-naphthylphenylmethyl~

methoxysilane separated.

vi) Repeat attempt at asymnetric reduction with 131 molar

comnlex of lanosterol and lithium aluminium hydride.

The procedure described in section 9a. was followed

except that the mixture of methoxysilane and complex hydride

was refluxed for 24 hours.
1-naphthylphenylmethylsilane, 0.10 g. 5.6%
No observable optical activitys;
1~naphthylphenylmethylmethoxysilane,

No observable optical activity.

vii) (+)~2-o0ctanol

{-naphthylphenyluethylsilane, 0.42 g. 23.6%

. 0 1.19, hexane);
[~15gg +0-26%; [ 1,00 *0-7° (c 21.79

1-naphthylphenylmethylmethoxysilane, 1.05 &

~ ° T — 0 .857 heXaﬂe)-
[~J588 0.0%; [®1,00 0.05° (c 15

. 1-
10.  Attempted asymmetrig_zggggzigg_gg_gf)-1~naphthylpheny

~ n — -
methylmethoxysilane using & 2:1 molar complex betwee

e in diethyl ether.

nenthol and lithium alggigigﬁwéléﬁyl—“f

n of 1ithium alumini

. um hydride
To & stirred suspenslo




(0,086 g. 2.25 memole) in diethyl etheir//(io ml,) W‘,a,s‘; added
aropwise 10 ml. of an ethereal solution of (~)-menthol
(0,701 g¢ 4.5 m.mole)

The solution was refluxed for 30 min. after complete
sddition and a solution of (#)-methoxysilane (2 g. 6.96
p.mole) in ether (4 ml.) was added. After refluxing for 4
nours the mixture was worked up using the procedure detailed
in section 9a.

Infrared examination of the product revealed that very

1ittle reduction had occurred ( < 5%) .

11. Asymmetric reduction of (&)-1-naphthylphenylmethyl-

chlorosilane with 1:1 (+)-quinidine-lithium aluminium

hydride complex 1in diethyl ether.

2)  (+)-Quinidine (0.711 g. 2.20 m.mole) and lithium
gluninium hydride (0.084 g. 2.20 m.mole) in diethyl ether
(20 ml.) were used to prepare the 131 complex in the
procedure described in section 8Ba.

(i')~‘l-Naphthylphenylmethylchlorosilane (2.0 g. Tef

m.mole) in diethyl ether (4 ml.) was added and the mixture

refluxed for 2 hours. The work UD then followed the

. ing
procedure given in sectilon 84. Chromatography using a

Q
mixture (1:9) of benzene and 1ight petroleun (bep. 60-80 )

on silica gel gave ‘l—naphthylphenylmethylsilane (0.335 g
19%).

1 5 a for 4
b) The reduction was reP'eated put this ti0€ refluxe

hours. Anhydrous methanol (5 ml.) was added and the MixTLTe

i i ilute
stirred for a further 30 minutes. Work up with dilu

1owed in the normal menner.

sulphuric acid was then fol

Chromatographic separatlol gave:—




1-naphthylphenylmethylsilane, 0.445,3:425%
0 . ~ '

[eggg +027%; [rdy 00 +0470° (c 15.90, hexane);

1~naphthylphenylmethylmethoxysilane, 1.11 g.
0

[a]588 +0.12%; [“3400 +0.35° (¢ 18.35, hexane).

The i.r. spectra of the fractions isolated were identical

with authentic racemic samples.

c) Reduction with 1:1 alkaloid-lithium aluminium hydride

in diethyl ether.

The procedure detailed in 11b) was followed:
i) (-)=-quinine
1~naphthylphenylmethylsilane, 0.204 g. 16%
D:]588 ~0.17%; [@]400 ~0.57° (¢ 17.32, hexane);
1-naphthylphenylmethylmethoxysilane, 0.512 Zo

Optically inactive.

ii) (-)-cinchonidine
1-naphthylphenylmethylsilane, 0.444 g. 25F

[a]588 ~0.25%; [“]400 _0.86° (c 16.49, hexane);

1~naphthylphenylmethylmethoxysilane, 0.85 g

No observable optical getivity.

iii) (+)~cinchonine

1"Jﬂa-PhthylphenylmeJchylsj.lame, 0.395 &g. 20%

- . T~ 0 8.56, hexane);
[qj588 +1.03% [*d,00 +3.36° (c 1865

No methoxys

d) Reduction with 131 (»)*menthol—lithium gluminium
hzdride in diethyl ether.

ours dry methano

The work up was then

ilane was formed — only gilanol.

ml.) and &
After refluxing for 4 I 1 (5

few drops of dry pyridine were added.

followed in the normal Way-




of solvent and heating decomposition occurré_d and a ’
sublimate formed; the i.r. spectrum and m.p. of which were

jdentical with those of pure naphthalene.

12. Preparation of (%)-phenylethyluethylmethoxysilane.

To an ethereal solution (25 ml.) of phenylmethyldi-
methoxysilane (8.2 g. O.1 mole) was added, with stirring, an
ether solution of ethylmagnesium bromide (100 ml. O.1 M).
The mixture was leflt overnight at room temperature and then
refluxed for 1 hr. prior %0 work-up with saturated aqueous
gmmonium chloride. The ether layer was then washed with
water and dried over anhydrous magnesium sulphate.

Solvent was removed by distillation and the residue

distilled at atmospheric pressure to give a fraction (14 g.

78%) bep. 199-202° (Lit.63 110°/23 mm.): nem.rs 60 MHz neat
liquid, 9.70 T, singlet, intensity 3 (methyl on gilicon),

8.6-9.5 7, complex AyB; type absorptions, intensity 430

(ethyl on silicon), 6.63 T, singlet, intensity 2.16 (methoxy

of phenylethylmethylmethoxysilane), 6.53 T, singlet, intens—

ity 1.08 (methoxy of dimethoxysilane), 2,2-2.9 Ty multiplet,
ima (c,m."1) at

neat liquid, maxl

2000-1600w (over—

intensity 5 (aromatic)s 1T

3070m, 3050m, (C-H stretching, gromatic)

0
tones), 1590w (C==C «tretching), 1430m, 4110s, 1000m, T40S,

700s - phenyl on siliconj 2950s, 29408 (C=H gtretcning)

), 830s, 800s (rocking mode) -

1250s (symmetric deformation
1180m, 1080s (asymmetric

nethyl and ethyl on silicons 28308,

Si-0 stretching) — methoxy op silicone
‘ 1
G.l.c. at 115°%, using @ 9! x 1/8" 0.de gtainless stee

h 5,E.30 on firebrick and a flow

4 mm. bore column packed wit



dimethoxysilane and phenylethylmethylmethoxysilane mgzs:pe@;@
ively. Integration found the phenylethylmethylmethoxysilane
to be 88% pure.
N.B. W.m.r. 100 MHz, (15% /v in CC14) shows that the ethyl
group on silicon in this compound is an A.B, spectrum

32
closely resembling a second order spectrum with J/A&v= 0.33.

13, Preparation of (+)-phenylethylmethylsilane.

(2)-Phenylethylmethylmethoxysilane (2 go 11.1 m.mole)
in diethyl ether (5 ml.) was added to lithium aluminium
hydride (0.5 g. 13.2 m.mole) in diethyl ether (20 ml.). The
nixture was refluxed for 24 hours and the excess hydride
destroyed by addition of saturated agqueous ammonium chloride.
The ether layer was separated, washed with water, and dried
over anhydrous magnesium sulphate.

Jther was removed Dby distillation and the pot residue
pulled down on a vacuul pump gt 40 mm. pressure to remove
last traces of solvent and give & colourless oil (1.62 g.
91%). G.l.c. at 115° on a 9' column packed with firebrick,
using S.L. 30 silicone gum as liquid phase and helium a8
carrier gas, gave a major peak with retention time 5 mine

. = : )
and a minor one, due tO phenylmethylmlane, at 2.5 min.

(from Phenylmethyldimethoxysila:ae in original methoxy51lane).

111 ' : zene-
Column chromatography o1 gilica gel using 1:4 ben

light petroleum (De.Pe 60-80°) gave pure phenylethyhnethyl-—

silane (1.5 g. 90%) as 2 colourless oil: ne
(€c1,), 9.70 qoublet, imtensity 3 JCH3__H

i intensity 5
(methyl on silicon), 8.9-9:4 T pultiplet, intensty




(ethyl on silicon), 5.60 r, mult-ipj_éé,
on silicon), 2.3-2.7 7, complex multiplet, intenéity' 5
(aromat10)3 i.r. thin film, maxima (crn'"1), absorpti'(;né
typical of the phenylethylmethylsilyl system, 21108

(stretching) - silicon hydride.

14. Asymmetric reduction of (#)-phenylethylmethylmethoxy-

silane with (+)-cinchonine~lithium aluminium hydride

complex.

A 1:1 complex was prepared from lithium aluminium
hydride (0.207 g. 5.42 m.mole) and (+)-cinchonine (1.63 g.
5.55 m.mole) in diethyl ether (40 ml.) in the manner
described vnreviously. To this was added ()-phenylethyl-

nethylmethoxysilsne (1,495 g. 827 p.mole) in ether (20 ml.)

and the mixture refluxed for 24 hours.

Excess hydride was then decomposed by the addition of
saturated agueous ammonium chloride (10 ml.) and the
alkaloid removed by filtration after precipitation by
sdditions of light petroleum. After drying over anhydrous

magnesium sulphate gsolvents were removed Dby careful distil-

lation to give a colourless 0il (1,54 g.)3 i.r. Bhin film,

maxima, (om—1) showed strong absorptions ab 2830 (methoxy on

silicon) and 2120 (Si-H <iretching). G.l.c. showed The

presence of phenylethylmethylsilane (56%) and phenylethyl-

. tity of
methylmethoxysilane (43%), together with a small quantity

phenylmethylsilane (from reduction of phenylmethyldimethoxy-«

silane impurity).

jlica gel column [20 x 2 cm. using

Chromatography on & S
(bep- 60-80°)1 gave

1:4 bengene-~light petroleul mixture

phenylethylmethylsilane (057 & 46%) -




[o)5g8 +0.50%5 Lal oo +1.68° (c 1557, bewsne) [tiﬁ{isyu’
lodp +1+ 220 (hexane)l; [G3588 +0,95%; [a ]400 +3,@éq"
(o 19.52; cc1,) [Tat."0 [ady +2.53° (co1,)].
The 0ptlca1 yield of the silane was calculated to be
38-41% based on the two values reported for the optically
pure compound .
Change of solvent to benzene eluted phenylethylmethyl-
methoxysilane (0.216 g-‘14.5%) - [a]588 -3.89%; lal,gp =10.3°
(¢ 19.14, hexane): i.r. and n.m.r. spectra of the fractions

were identical with those of the authentic racemic compoundse

i) (=)-cinchonidine
phenylethylmethylsilane, 0.57 &. 46% (by gelece 51%)
[0‘3588 "00180; [CL]4OO "'00610; [a‘]303 “1-850 (C 15089,
0014), Optical yield Toe1%;3
phenylethylmethylmethoxysilane, 0.31 g. 21%
0
Ea]58o +0,59° [01400 +1.71° [a]303 +4.,68° (c 16.84,
0014).
ii) (+)-guinidine
% (by g.l.CO 54%)
+4.300 (C 17-849

phenylethylmethylsilane, 0.59 g. 47
[63588 +0.44°3 [a]400 +1.34%; [GJ3O3

0014), Optical yield 17.2%;
0.48 g. 32%

-13,50° (¢ 17.02,

Phenylethylmethylmethoxysilane,
hexane).
i1i) (=)-quinine ,
eVe 6 0
Phenyletnylmethylsilane, 0.65 z. 52 (by geleC 4
. 0°
[01588 [G]4OO 0

Phenylethylmethylmethoxy511
~0.47° (c 17« 66, nexane) .

ane, 0025 g‘ 17%

Lalsgg ~0.08°; [elyps




iv) (+)-y-ephedrine .-
phenylethylmethylsilane, 0.20 g.16%=un,g;1;c{34 
[a]588 +0,05%; [GJ4OO +0,16°%; [q]303 +0.47o;(0316;2
nexsne), Optical yield b4o1%;
phenylethylmethylmethoxysilane, 0.60 g. 40%

[0]ggg =0+07°5 Lodyop ~0+18% [adygy =0450° (o 17,14,

nexane ) s

15. Asymmetric reduction of (+)-phenylethylmethylmethoxy-

silane with 131 (=)-menthol-lithium aluminium hydride

complex.

Reaction of methoxysilane (1.5 8. 8,27 memole) and 131
(=)-menthol-lithium aluminium hydride complex (5.5 m.mole)
in refluxing ether (40 ml.) for 4 hours gave & 65% yield of
silane.

Separation of the products gave phenylethylmethylsilane
with a slight, but significant, 1aevo—rofatibn: | V
[a]588 ~0.,03°; [a]303 ~0.40° (c 16.5; 0014). This
corresponds to an optical purity of about 1%. The unreacted
methoxysilane had [&]588 +0.11%; [a]313 +1.51° (¢ 159

hexane ).

16. Preparotion of (i)—benzylphenylmethylmethoxygilane.

Benzylmagnesium chloride was prepared by slowly adding

& solution of bengyl chloride (12.7 g. 0.1 mole) in

anhydrous diethyl ether (50 ml.) %O naznesium turnings

i 3 iodine
(2.6 g.) in diethyl ether (50 ml.) with & trace of 10¢1

i i 1 t was
present. The light greel golution of Grignard reagen

- g added
transferred under nitrogen to a dropplng funnel an

imethoxy-=
dropwise to a stirred solution of phenylmethyldlm

ixture was
silane (18.2 ge O.1 mole) in diethyl ethers The wix




- 146 -

stirred overnight at room tempersture an worﬁed'ﬁ@:w
jce—cold saturated aqueous emmonium chloride. The et
layer was washed with water and dried over anhydrousjma
jum sulphate. ‘
Removal of solvent and distillation of the product gave
g clear, colourless oil (21.2 g. 88%) b.p. 90~91°)o.05 mm, :
nem.Tes 100MHzZ (50% V/V 0014), 9.74 T, singlet, intensity 3
@wthyl on silicon), centred at 7.65 1, AB quartet,
JAB/AvAB = 1.48, intensity 2, (magnetically and chemically
non-equivalent benzylic protons151), 6.65 T,singlet, inten-
sity 3 (methoxy), 2¢4=3.1 T, complex multiplet, intensity 10
(aromatic): i.r. thin film, maxina (cmf1) at 3070s, 3030s
(C-H stretching), 2000-1700w (overtones), 1600 with
shoulders at 1593 and 1585 (C==C stretching), 1430s, 1120s,

10301, 1000m, T40s, 700 - phenyljon gilicon, 2900m, 1450s

(CH, deformation), 1210s, 1160s, 905m - benzyl on silicon,
2960s, 2940s (C-H stretching) - methoxy on silicon. (Pound s
C, Thdeds Hy T.65 Si, 11;8. C15H18Sio requires C, The3s

H, 7.5; Si, 11.6%).

17. ©Preparation of (i)-benzylphenylmethylsilane.
phenylmethylmethoxysilane (2 g

Reduction of (%)-benzyl

8.25 m.mole) with lithium 5luminium hydride (0.5 go) in

refluxing diethyl ether (25 a1.) for 18 hours gaVes after

acid work up, (i)—benzylphenylmethylsilane gs a colourless

i blet
0il (1.4 =z. 80%): neMeTe 100MHzZ (0014), 9,73 T, AOUDLEL,

&e

ethyl on gilicon), Te«65 Ts

intensity 3, Jog g = 3.7 Hz (m
1it

multiplet, intengity o, consisting of two AB quartets sP
i ~equi nt

by the proton on silicon (magnetically nox equivale

151y centred at 5.50 Ty gextet,

protons of benzylic methylene




intensity 1, (proton on silicon split by me‘t;hyi and bens
methylene protons on silicon), 2.4-3.1 T, mulfiple‘t, iy
ity 10 (aromatic): i.r. thin film, maxima (cm"1), absorp-
+ions typical of the benzylphenylmethylsilyl system (see
experiment 16), at 2120s (8i-H stretching), no indication of
any methoxy on silicon.

T.l.c. on silica gel developed with 1:9 benzene/light

petroleum (bepe 60-80°) - one spot, Rp 0.79.

18. hcid Hydrolysis of (*)-benzylphenylmethylmethoxysilane.

A solution of (#)-methoxysilane (0.51 g. 2.71 m.mole)
in diethyl ether (10 ml.) was sheken with 20% V/v aqueous
sulphuric acid for five ninutes and then three times with
water. After the ether layer had been dried over anhydrous
magnesium sulphate the solvent was removed to give an oil
(0e41 Zo)3 i.r. thin film, maxina (cm—'1), absorptions
typical of the benzylphenylmethylsilyl system (c.f., previous
experiments), at 3400s (0-H gtretching), 860m - silanolj
2840, 1190, 1090 (decreased intensity) - methoxy on silicon.

Continued shaking with 20% v/v agueous sulphuric acid

overnight gave an oil identified as (i)wbenzylphenylmethyl—-

silanol: n.m.r. 100MHz (0014), 9.78 t, singlet, intensity 3,

(methyl on silicon), 7.72 T, singlet, intensity 2, (proton

of benzylic methylene), T.22 Ts proad singlet, intensity 1

(hydroxylic proton), 2.4=3e1 Ty complex multiple®, intensity

10 (aromatic): i.r. thin film, no indication of methoxy OF

. : igiloxane
silicon. The spectra showed no evidence of any disi

fOI’mat ione.




19, i) Asymmetric reduction of (i)~bgﬁzylphén~1metvzly‘

oxysilane with (+)-cinchonine-lithium aluminium hy
complex. _ .
(x)-Benzylphenylmethylmethoxysilane (2,0 g. 8.25 m.mole)

was vartially reduced by refluxing for 24 héurs with a 1:1

qolar complex of (+)-cinchonine (1.63 g. 5.54 m.mole) and

1ithium aluminium hydride (0.207 g. 5.42 m.mole) in diethyl

ether (60 ml.). Excess hydride was destroyed with saturated
agueous ammonium chloride (10 ml.) and the alkaloid removed
by filtration. The ether layer was washed, dried over
anhydrous magnesium sulphate, and the ether removed by
distillation. The product (1.96 g.) was chromatographed on
a silica gel column using 1:9 benzene/light petroleum (bepe

60-80°) and gave benzylphenylmethylsilane (0,711 go 41%),

[a]588 ~7.79%; [a]4oo _51.4° (c 14.13, hexane) whose n.I.T.
was identical with that of raoemic/benzylphenylmethylsilane.
Change of solvent to benzene 2ave benzylphenylmethylmethoxy~
silane (0.76 g. 38%), [“]588 +1.86°; [a]400 +5.23° (c 16,68,

hexane) .

ii) (=)-cinchonidine

benzylphenylmethylsilane, 0.843 g. 48%

[G]588 +3.04°; [a]4OO +8.16° (c 16.06, hexane ) ;

0.873

0Q

benzylphenylmethylmethoxysilane,

] . ] -2.42° 15635,
[QJSSB "0.8609 [ﬂJ4OO 2 42 (C

hexane)-

iii) (+)~quinidine
ane, 0.52 &- 28, 5%

-4.51° (c 13.29, hexane) -
1,09 go 54.5%

venzylphenylmethylsil
] o

Lalggg =1.647 [a1)00

benzylphenylmethylmethoxysilane,

] . 0 15A7,mew%
[qj588 +O¢16O9 [a]4oo +O‘59 (C
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iy) (-)=guinine
benzylphenylmethylsilane, 0.66 g. 37% (n.m.,’r. 47%) |
[&]588 +1.77°%; [O"]AfOO +4.78° (¢ 17.37, hexane);
benzylphenylmethylmethoxysilane, 0.73 g. 36.5%

_ 00, [~
[a"588 0.28%; [””400 -~1.08° (¢ 14.95, hexane).

7) (+)-¥—ephedrine
benzylphenylmethylsilane,, 0.35 z. 20%
[0@588 ~5.69%; [@]400 -15,0° (¢ 8.79, hexane);
penzylphenylmethylmethoxysilane, 1,43 g. T1.5%
[elggg +0.46%; [2], 0 +1-29° (e 21.51, hexane) .

vi) (=)—-ephedrine
venzylphenylmethylsilane, 0.12 & 6.8% (ier. T%)
[@]588 ~0,64°; [@400 _1.48° (c 8.24, hexane);
benzylpbenylmethylmethoxysila.ne, 1.56 g 78%

No observable optical getivity.

20. Asymmetric redquction of (:h)—-benzylphenylme’chylmethoxy:

silane with 131 wmolar complexes of 1ithiuwm aluminium

hydride and optiocally active terpene alcohols.

The procedure was the same &s described in the previous

section excent that the reactions were only carried out at

reflux for 4 hours.

i)  (=)-menthol

benzylphenylmethylsilane, 1,04 g. 60F

[“]588 +0.18%; Lad,qo +0.47° (c 174, hexane) s
benzylphenylmethylmethoxysilane, 0.33 g. 17%

)e
[a]588 ~0.45%; [04]400 ~1,09° (c 1263 hexanse




(-)-borneol

ii)

penzylphenylmethylsilane, 1.38 g. 79%
optically inactive;
benzylohenylmethylmethoxysilane, 0,20 g. 10%

optically inactive.

131) (+#)=a—fenchol
venzylphenylmethylsilane, 1.03 g. 59%
optically inactivej
benzylphenylmethylmethoxysilane, 0.28 g. 14%

optically inactive.

51, Reduction of (+)~benzylphenylmetnylmethoxysilane with

1ithium aluminium hydride in diethyl ethel.

(+)~Benzylphenylmethylmethoxysilane, [a]588 +1,86°
(0.633 g. 2.62 m.mole) was stirred with lithium aluminium
hydride (0.5 g.) in diethyl ether (12 ml.) at reflux for 5
hours. After the usual treatment with aqueous gmmonium

chloride and drying over magnesiuvm gsulphate the gsolvent was

removed to give an oil (0653 Ze 95%) .
Chromatography through a silica gel column using 1:4

benzene/light petroleum ag eluant gave the benzylphenylw
0
methylsilane, (0.52 g.) [d1588 +6.45°%; [a]400 +16.9

(¢ 14.29, hexane).

22. >Preparation of (+)-mesityl nenylmeth 1methoxysilane.

ide was prepared by addition of

Mesitylmagnesiun brom

mesityl bromide (30 & 0.15 mole) and ethylene dibrouide

i to
(2.81 g. 0.015 mole) in diethyl ether (70 ml.) dropwise

0,188 mole). After the addition

magnesium turnings (4.5 &

lution was refluxed for

was completed the greenish-yellow 80




o4 hours and toluene (100 ml.), dried over
added. The mixture was then refluxed for a further hourand
cther (45 ml.) was removed by distillation under N B
gftmospheree.

To the Grignard reagent was added phenylmethyldimethoxy-
gilane (18.2 z. 0.10 mole) in toluene (10 ml.) and the mix-
ture refluxed for 66 hours at 70°,

The mixture was treated with ice-cold aqueous ammonium
chloride and after washing three times with water, dried
over anhydrous magnesium sulphate. Solvents were removed by
distillation and the residue distilled under reduced
pressure to give a fraction (14.1 g. 52%) Dbeps 134°/0.6 mm.,
05 a colourless oil: n.m.r. 60MHz (CCl4), 9.35 v, singlet,
intensity 3, (methyl on silicon), T.80 7, singlet, intensity

3, (p-methyl of mesityl group), T.70 r, singlet, intensity 6

(o-methyl of mesityl group), 6.63 7y singlel, intensity 3
(methoxy on silicon), 3.26 T, broad singlet, intensity 24
(aromatic mesityl on silicon), centred ab 5,70 ¢, multiplet,

. =
intensity 5, (aromatic): i.r. thin £ilm, mexima (cm ) at

3065-3000m (aromatic C-I stretohings), 2000-1650w (overtones
3

typical of a monosubstituted benzene with intensificatlon of

absorption at 1700 due %O 1,2,3,0 trisubstituted penzene)

1610s, 1550m (aromatic C=C stretchings), 1430s, 11158,

1000m, 850m (C-H deformation of one free hydrogen on an

aromatic ring) - phenyl and mesityl on silicons 29603,

ing
29408 (aliphatic C-H stretching), 1450m (C-C stretehing),

1icon. (Found: Cy T5e4s

H, 8.2;

2830, 1155m, 1085s - methoxy on si
H, 8.2; 5i, 10.5. Oqqilp,S10 reauises Gy 7553

® ) 60"
T.l.c. using 1:4 benzene/1ight petroleuml (bep

B N A4




s

(x)-liesitylphenyluethylm i1 - ' ‘ .
yimethoxysilane (2,0 g. T.4 momole
was reduced with lithium aluminium hydride (0.5 g.) in ‘
giethyl ether (20 ml.). The mixture was refluxed overnight
and treated with saturated agueous ammonium chloride,~washea
with water, dried, and the solvent removed. The product
(1,69 g. 95%) was a clear, colourless oil: nem.r. 60Miz
(cc1,), 9439 T, doublet, JCHBSiH = 4.0 Hz, intensity 3,
(methyl on silicon split by proton on gilicon), 7.80 t,
singlet, intensity 3, (p-methyl on mesityl group), T+69 T,
singlet, intensity 6, (methyl groups o= to gilicon), centred
at 4.75 T, quartet, Joy gqm T 4;0 Hz intensity 1, (proton
on silicon split by methyl), 3+27 7, broad singlet, inten-
sity 2, (aryl protons on mesityl group), 2¢45-2.90 1,

complex multiplet, intensity 5, (aromatic of phenyl): 1.re

thin film, maxima (omf1) absorptions typical of mesityl-
phenylmethylsilyl systen (see previous experiment); at 21408
(stretching) and 880s (bending) - silicon hydride.

T,l.c. eluted with 134 penzene/light petroleun (Depe
60-80°) Ry 0.75.

—mesitylphenylmethylmethoxyu

24, Asymmetric reduction of (&)

silane with 1:1 alkaloid—lithium gluminiuvim hydride

complexese.
+ already described

The nethod used was the same 29 tha

«benzylphenylmethylmethoxysilgne.

for the reductions of (%)

ding of the alkaloid used.

The results are given under the hea
i) (+)-quinidine
0.609 g. 34%

meSitylphenylmethylsilane,
+3.34° (maxinum) ;

[alegg +1-77°5 L5400 +3.25%5 370

[a], . +2.27° (c 16,

66, hexane) 3




ii)

1ii)

T
SRS

iv)

¥

For complete o.r.d.
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nesitylphenylmethylmethoxysilane,

- o°
[a]588 1.01% [051400 "-'2.890; [@]303 ..7'.350-

hexane ) .

(-)=quinine
mesitylphenylmethylsilane, 0.48 g. 27%

[“]588 ~4.,02%; [“on -7.77°%; [“]370 -8.31°

[a]328 ~6418° (¢ 13.57, hexane); [“]310 0.0°% (¢ 2:67,

hexane)*
mesitylphenylmethylmethoxysilane, 0.80 g
[a]588 +2.52°%; [“]400 +5.65%; [“]303 +13,8°

hexane ).

(+)=-cinchonine
nesitylphenylmethylsilane, 0.554 g. 31%

§ 0, 0, )
[(x4588 +1'37 9 [Cx]4oo +2048 g [a]370+206o

o
: ]345 , .
mesitylphenylmethylmethoxysilane, 1.013 g

+2.38% (c 17.05, hexane) ;

(o) gg ~0-47%5 [¥y00 ~1-3673 [odyp3 =3+45°

hexane) «

(~)=-cinchonidine
mesitylphenylmethylsilane, 0.61 g« 34%
[lpgg -1-82%5 L5400 _3.5205 [¥y7q =3+6%°
[ody53 -2.95° (¢ 17.52, hexane);
mesitylphenylmethylmethoxysil&na, 1.0 Ze
[#15gg +1.04°; [%3,00 +2.73% [%d303 +6.73°

hexane).

data see relevant gection

IX.

(o 14.7
{minimum)

(C 7028,

(maximum) ;

(C 17.72,

(minimum)j

(C 17-091

in Chapter

e A AR
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promide (12.3 g« 0.1 mole) and magnesi ‘y di
ether (10 ml.), was added dropwison STum (2t7 £, B
e, with stirring, to
phenylmethyldimethoxysilane (18.2 g. 0.1 mole) in diethyl
ether (20 wl.). The mixture was refluxed under nitrogen for
7 days and the product isolated in the manner described for
phenylethylmethylmethoxysilane (see experiment 12).
Distillation under reduced pressure gave a colourless oil
(16 g.) b.p. 76°/6 mm: n.m.r. 60MHz (CCL,), 9.70.1 singlet,
intensity 3, (methyl on gilicon), 8.7=9.2 Ty multiplet,
intensity 6.3, (isopropyl on silicon), 6.62 1, singlet,
intensity 2.7, (methoxy on silicon), 6.55 7, singlet,
intensity 0.6, (methoxy on sili
phenylmethyldimethoxysilane),
intensity 5, (aromatic).
product (5 g.) on silica gel, using
a fraction (4 g.) which was shown by n.w.
bure Phenylis0propylmethylmethoxy8ilane'
maxima (em™') absorptions typical of methy
on silicon; at 2840s, 1190s,
1380m, 1370m (gem-dimethyl deformation)

on gilicon.

(+)-y—ephedrine  (Refluxed 48 hour
esitylphenylmethylsilane, 0,262 0.15%’ 
[ o] 0,0%; L© ) |

588 9 [ ]400 O-OO (C 13.81, hexane_)\g._ . .

mesitylphenylmethylmethoxysilane, 0.99
9 @ g.

[ ol 0.,0°; [a] 0,00 /
588 400 9 [G]333 O-OO(C 15-2; hexane).

Preparati * : S
eparation of (*)-phenylisopropylmethylmethoxysilane

Isopropylmagnesium bromide, prepared from isopropyl

con - due to some unreacted

2,2-2.9 Ty complex multiplet,

Chromatographic purifioation of the

benzene as eluant, gave
r. and g.1l.C. to be
I.r. thin film,

1 and phenyl groups

10808 - wethoxy on silicon;

1170m ~isopropyl




»6. Preparation of (*)-phenylisopropy othy

(¥)-Phenylisopropylmethylmethoxysilane 4( 2 oy 10
4.mole) was reduced with lithium aluminium hydrme"i
otner (see experiment 13) t0 give a colourless G
95%). Chromatography on silica gel using 1:4 benzene/ligg£'
petroleun spirit gave a fraction (1.5 g.): nim.r. 60MHz
(0014), centred at 9.76 T, doublet, Juy i = 4.0 Hz,
sntensity 3, (methyl on silicon), 8.7-9.4 7, complex
multiplet, intensity 7, (isopropyl on silicon), 5.83 7,
multiplet, intensity 1, (proton on silicon), 2.4-2.9 T,
complex multiplet, intensity 5 (aromatic): i.r. thin film,
maxima (cm—1) absorptions due to the phenylisopropylmethyl-

silyl system; at 2105s (si-H stretching).

27. Asymmetric reduction of (%)-phenylisopropylmethyl-

methoxysilane by 1:1 alkaloid-lithium alpminium hydride

complexes in diethyl ether.

The procedure used 1o partially reduce the mgthoxysilane
(1.62 g. 8.35 m.mole) was similar %0 that described for the
reduction of (i)—phenylethylmethylmethoxysilane (experiment
14). The results are given under the heading of the

alkaloid used.

i)  (+)-cinchonine
. G (dere 2T%)
Phenylisopropylmethylsllane, 0,35 g 29457 (Loxe 277

° 11405
Ladsgg +0.73%; Lad 00 +3.32°5 (%1503 +12.3° (c )

hexane) ;

PheﬂyliSOPx'opylmethylmethoxysilane, 0.51 g

‘ndicates 20%
no optical activity Jetected (memeTe indica

disiloxane).




S

1) (-)-cinchonidine (1.43 go (%) -met: ysil
phenylisopropylmethylsilane, 0.34 g. ég;é%‘ﬁ¢;i
[“]588 +0.13%; [“]400 +0.59%; [“]333 +1.5§0~:cg1‘ .
nexane) ; . -
phenylisopropylmethylmethoxysilane, 0.89 g.
[alggg =0:57%5 Lodyo0 ~1.84%5 L¥50; -5.25° (o 1813,

hexane) .

iii) (=)=-quinine
phenylisopropylmethylsilane, 0.48 g. 35% (iere 57%)
o . 0, . {
[2)5gg =0.03°; [0@303 -0.44° (c 16,49, hexane);
phenylisopropylmethylmethoxysilane, 0.28 g.

[“]588 +0.66° [d]303 +5,26° (c 17.74, hexane).

iv) (+)-quinidine
phenylisopropylmethylsilane, 0.55 & 40.2% (g.l.c. 58%)
[¥] g +0.30%; [¥gy5 +4.557 (e 14,08, hexane);
phenylisopropylmethylmethoxysilane, 0«34 &«
[a]588 -4.61%; [“3313 ~31,3° (c 17.09, hexane) .

28. Preparation of cyolohexylmethyldichlorosilane.

Cyclohexylmethyldichlorosilane, beP: 74-76°/12 wm.

Lit. b.p. 201-202°/760 mm., was prepared in 88% yield by the

method of Speiler et al,152

29. Preparation of (i)-cycloheXylethylmethylchlorosilane.

Athylmagnesiun bromide (82.5 p.mole) in diethyl ether
(50 ml.) was added to cyclohexylmethyldichlorosilane (15 g.

After gtirring for one

76.0 m.mole) at room temperature.
2. days

hour at room temperature the mixture was refluxed for

under an atmosphere of nitrogei: The magnesiuh salts Were
and the ether

removed by filtration through & glass sinter
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removed BY distillation to give a éro
§0°/9 mm. G.l.c. showed it to consist of C‘yélgihexglé
sethylehlorosilane (73%), cyclohexylmethyldichlorosilan
(20%), end cyclohexyldiethylmethylsilane (7%). -

30. Preparation of (i)-cyclohexylethylm/e{;ﬁyi;et‘hoxyisil‘ane; :

(£)-Cyclohexylethylmethylchlorosilane /(5 4g. 26.3 m.mole)
was methanolysed with anhydrous methanol (3/ nl,) and tri-
ethylamine (5 ml.) in light petroleum (15ml.).

Removal of the amine hydrochloride bty filtration and
distillation of the solvent gave a product (4.23 g.). |
G.l.c. analysis showed the product to be cyclohexylethyl-
methylmethoxysilane (70%), cyclohexylmethyldimethoxysilane

(17%), and cyclohexyldiethylmethylsilane (13%) .

31, Asymmetric reduction of (i)—cyclohexylethylmethyl—-

methoxysilane with 1:1 conplex of (#)%’indho‘nine and

lithium aluminium hydride in diethyl ether.

(+)=Cinchonine (1.37 g+ 466 m.mole) and lithium

aluminivm hydride (0.177 &-. 4.66 m.mole) were reacted in

anhydrous diethyl ether (40 ml.) for 30 minuteshat reflux.

(i)—Cyclobexylethylmethylmethoxysilane (0.93 g. above

product, 3.8 m.mole) was sdded in diethyl ether (20 ml.) end

the mixture refluxed for T days- Removal of golvent, lafter

‘ 1ori d dry-
treatment with saturated aqueous gmmonium chloride an v

i ; gtrong
ing, save a product (1.04 z.) whose lere showed & ©

absorption at 2095 om™ | (Si-H stretching).

; 1i0g zel using 139
Chromatographic separation On silica &e &

1 ° . GolOCD
benzene/lisht petroleum gave 2 sraction (0.19 8 )
h 1methyl-
examination analysed the mixture as Cyclohexyle’ﬁ 5;%)
. - 6
silane (70%) and cyclohexyldiethylﬂlethylsl*ane (3




change of solvent to henzene gaVe‘a Yoo
Fraction 1. was treated with activéted,  :
nexane to remove traces of aromatic ma*oé . ‘oha,
rotatory dispersion spectrun measured -;:él and the;® :
plain negative one with a cub-off in t*rans/;lz?fu:“ve was a
uigsion at 286 n.m.

(presumably st1i1ll due to aromatic impurities)
ies):

[a] —001100
588 3 Ladygo =0-30%5 Lalygy =0.76°%;

[“J286 ~0.96° (¢ 14.73, hexane).

Owing to the weak optical rotations of the sample errors of
the order of *0.3° at 286 n.m. were observed. IL.r thiz )
film, exhibited a strong Si-H stretching absorption at
2100 cm™! with no indication of silanol or disiloxane at
3300 and 1080 omf1 Absorptions characteristic of methoxy
on silicon were also absent.

Fraction 2. i.r. thin film, was identical with cyclo-
hexylethylmethylmethoxysilane and nad the following o.r;da

data:

-0.58%; [00400 -1.07°%; [a]312 -1.82° (c 13.30,

hexane) .

f
Lromatic i SR, :
¢ impurities were once agalin the cause of the cut-off

mreatment 0Of the sample with

ature, although

i s
n transmission at 312 n.u.

activ ‘
ated charcoal in hexane gt room temper

moval of the arom
jon of the gample

Succeedi i i i
ding in partial re atics, caused

I.re examinat

e -
xtensive raoemisation.7o
gt of a substantial

aft i
er this treatment showed 1t to consl

amo . .
wmt of silanol and disiloxane. Examination of the

gline in reaction 10

acti )
tivated charcoal found it ©O pe alk

litmus paper.
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¢, l.c. on fraction 2, prior to th

charcoal, showed it to consist of cyclohexylethylm

otnoxysilane (5OR) and cyclohexyldiethyluethylsilane (147

32, Preparation of (+)=-peroxy-camphoric acid.

(+)wPeroxy-ca;mphoric aclid was obtained ih/f90573'yie1d
using the method of Milas and McAlevy153 frbm’éamphorio
anhydride, MeDe 221-222° [m]588 ~2.8° (c 4.86, CcHc).

o - 0
mep. 223.5° Laly =7.7 (CGHG)]

33. Reaction of (+)-peroxy-camphoric acid and (%)-1-naphthyl-

phenylmethylsilane.

(ﬁ)~1uNaphthylphenylmethylsilane (0.26 g. 1.05 m.mole)
and (+)-peroxy-cemphoric acid (0,51 go 2436 m.mole) were
dissolved in benzene (26 ml.) and stirred at room temperature.
The progress of the reaction was followed by t.l.Ce ON
silica gel using 1:9 benzene/1light petroleun (Deps 60-80°)
as eluvant. Disappearance of the spot at BEg 0.74 marked
the complete removal of 1~naphthylphenylmethylsilane.

As the reaction proceeded a white crystalline solid

was deposited which was shown to be (+)=~camphoric acid.

The reaction proceeds slowly requiring 48 hours for

completion.
ric acid (0.37 8- 78%) s
[pit. 140

rom the £iltrate

Filtration gave (+)=-campho
mep. 184-185° [a]588 +47.3° (c 1.884 EtO0H) .
Lody +47.7° m.p. 187°]. Removal of penzene f
(0.42 g)*
(methyl on silicon)

3 3 n.m.,I' 6ONIH‘Z
under reduced pressure gave ai oil ’

(0014)9 9¢34 Ty singlet, intensity 3,
i acid

8.7-9.3 r, complex band; intensity 3.4y (camphoric |

iptensity 4.06, (hydro-

impurity), 3.58 7, broad singlets

peroxidic proton on silicon) s 2.,0-2.9 T
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intensity 12, (aromatic): i.r. thin film |
s . 9 1IE 5
gbsorptions typical of the 1-naphthylphenylmethy .
gystem, at 3300s (O-H stretching); at 2850s ,1700‘ .
due to camphoric acid residues B -
The above spectral data indicate ’chat't’he ‘product
’ ‘ ' - the produc
formed in the reaction is 1-naphthylphenylmethylsilyl hyd .
-« - 7 / | | ’ro“'
peroxide since the methyl resonance at 9.34r is lo b
«347 is lower than

that of 1-naphthylphenylmethylsilanol (9.507)

34, Partial reaction of (+)-peroxy-camphoric acid and

+
(£)=1-naphthylphenylmethylsilane.

(£)~1-Naphthylphenylmethylsilane (1.0 g. 4.03 m.,mole) |
and (+)-peroxy-camphoric acid (2,0 g. 9.25 m.mole) in |
venzene (100 ml.) were reacted at room temperature for 6
hours. The mixture was then filtered to remove the camphoric
acid (0.87 g. 47%) and the solution passed through a silica
gel column using benzene as eluant to yield s v
vhenylmethylsilane (0.43 g. 43%) « | |

The o.r.d. of the unreacted silane ghowed no observable

optical activity. Ne.m.r. and 1. spectra showed the

hromatographed material to be free of impurities.

35. Attempted hydrolysis of (£)- 1..naphthylphenylmethyl~

methoxysilane with (+)-camphor- 40-gulphonic acid in

m-xylene.

L “Naphthylphenylmethylmethoxysilane (0.50 &
g. 0.18 m.mole) in

1.8 m.mole)

and (+)*C&mphor-10—sulphonic acid (0.05
n-xylene (50 ml.) were heated ab refltX (139°). The reaction
o as eluant. gomplete

was followed by telec. using benzen

marked by the disappearance of

removal of the methoxysilane,
frer 40 hoursSe

%
he spot at Rp 0.80, occurred &




The solvent was removed under reduce

gulphonic acid by filtration, and the 0il remainine

examined by 1.Te Absorptions at 1430 and 1260 cm™)
ipdicated the presence of phenyl and methyl gr@ups_oﬁ _,
gilicon; a strong band at 1100-1020 cm™ indicated the form-
ation of siloxanes and a broad absorption at 34,001@1"1 the |
presence of hydroxyl groups. In addition bands due to
gulphonic acid were present.

Chromatography through a silica gel column using
benzene as eluant gave an 0il (0.406 g.) whose i.r. spectrum
was free of absorptions due to hydroxyl groups and sulphonic
scid. Absorptions characteristic of naphthyl on gilicon at
1505 and 1220 o~ were very much reduced in intensity. A

strong band at 1070 cm“1 indicated the presence of siloxanes.

Nem.r. showed the aromatic:aliphatic ratio to be 533 and,
therefore, almost complete cleavage of the,;naphizhyl group
had occurred. T.l.c. of this oil using 17% benzene in light
petroleum (bep. 60-80°) showed it to be a complex mixture of

nroductse.

36. Attempted base catalysed nydrolysis of (ﬂ-—%—naphthyl-—
,—phenylethylamine. in

phenylmethylmne thoxys ile:ie with (%)

m-xylene.
m-Xy-ele

3 ( P 1-8
(i)—1«NaphthylphenylmethylmethOXy51lane (0.50 ¢

in m-xylene
m.mole) and ()-phenylethylamine (0,027 nl.) in m-Xy-e

: . o , dicated that
(50 ml.) were refluxed with stirring. P.l.c. 1N

no reaction had occurred after 48 hours.

‘ . 1phen, lme'bh‘ 1-
37. Preparation of (£)-1-etho -1=(1 ﬂzzht
1

s1lyloxy)ethars:

“repared by the method ©
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(i),1_napnthylphenylmethylsilanol (évg,
prepared by hydrolysis of (*)“Chloroﬁilane4)’ana _
otper (1.5 ul. 15.8 memole). Heating with coﬁo ni%

hydrochlorﬁxz acid (0.004 ml.) in a sealed;tube~Z£ zjj .
hOULS yielded, after removal of excess ethef;a¥§olgu¥li:: 18
il (2.48 g. 98%):in.m.r. 100 MHz (0014) 9.20 1, singlet,
intensity 3, (methyl on silicon), centred at 9.00 r, triplet
J = THz, intensity 3, (methyl of ethoxy), centred a;EL7i i
joublet J = SHz, intensity 3, (methyl on carbon), 6.2-6.9 T,
complex multiplet, intensity 2, (methylene of ethoxy, |
complicated by non-equivalence of protons ), centred at

5,00 v, quartet J = 5Hz, intensity 1, (methine bonded to two

oxygens), 1.9~2.8 r, complex multiplet, intensity 12,

(aromatic): i.r. thin film, maxiza (cmf1) - bands character-
istic of the ‘L—naphthylphenylmethylsilyl system and absence
of the O stretching band at 33005 at 1380m.(C%GH3 deform-
ation), 1140s, 1080s, 1055s, 970s - probably due to $1-0 and

(-0 stretchingse

38, Acid catalysed hydrolysis of (i)—1~ethoxy~1~(hdmphthyl~

phenylmethylsilyloxy)ethane with (+)-camphor=10-

sulphonic seid in toluene.

e silyl acetal in toluene

To 5 golution (23 ml.) of th

(0.0331 11) at = temperature of 3° was added 5 gsolution (2¢5

nic acid in toluene (0,004 M) .

The mixture was kept at & temperature of 3° and gtirred
e taken every 5 mine
The plate was

and spotted

continuously. Samples wer
1ica gel-

ene and the gpots jocated bY spray-
ssﬂ@mxic

ote in 10% agqueou

onto a t.l.c. plate spread with si

then developed with benz
ing wi :
ng with 1% potassium permangal

arid
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The extent of reaction was estimated °
~ gisappearance of the spot RF 0.60, due tO,Siiyl.ac_w
the appearaiice of a new spot RF 0.20. This new ,S:PQ’;J
aame RF value as that due to 1“‘naphthylphemlmﬁthylsiiianpl;r.
After 2 hours the reaction was judged %o be virtually
conplete. The silyl acetal was found to be stable to silica
gel and no change occurred after 20 hours on the t.l.c.
plate ot room temperature.

The solvent was removed under reduc@iguéssure"MJgive
an oil:ne.m.r. 100 MHz (CCl4>, 9634 T, singlet, intensity 3
(methyl on silicon), 1.9-3.0 1, complex multiplet, intensity
12 (aromatiec). No other resonances in the n.m.r. were '
observed. The position of the methyl resonance at 934 7
was identical with that due to 1, 3-3i~1-naphthyl-1,3-di-
phenyl-1 ,3~dimethyldisiloxane (methyl on silicon due to
silanol 9.50 «¢)s i.r. absorptions typic%}}ﬁiﬁggﬂwﬂapkﬂwiw
phenylmethylsilyl systen used, with a weak band at 3300 on”!
due to silanol; a very strong band at 1050 on” | indicated

the presence of disiloxane.

SRR i

39, Partial acid hydrolysis of (i)—1-ethoxy—1*(1“ﬂaphthyl“

th (+)—damph0r—10~

Phenylmethylsilyloxy)ethane wi

sulphonic acid in toluene.

The veaction described in the previous exp?rimenﬁ was
cnutes 1 i xture

repeated on twice the scale. ATTET 30 minutes the mix?

1 column and ocluted using benzene

was poured onto a silica g€ :
.) whose

as eluant; Removal of golvent gav

. e
i.r. and n.m.p were identical with (£)-1-ethoxy=1={ |

naphthylphenylmethylsilyloxy)ethane-

siloxane was found. The 0sT.0s

g o e =t ey O S obseI”Ved-



 4pe column with benzene and the absence of g s‘p&; R
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The absence of digiloxane in the 5rodlxe’c,pé1
|  0:90
on the t.l.c. in experiment 38 indicates that the initial
sroduct on the hydrolysis of the silyl acetel is silansl.
subsequent acid catalysed condensation aceeléraiieé?by |
removal of solvent in experiment 38 leads to di/silo;}c"‘ane"

formation.

40, Attempted base catalysed hydrolysis of (d:)-‘/i—ethoxy-%r |

( 1-naphthylphenylmethylsilyloxy)ethane with (&)-1-

phenylethylamine in toluene.

(2)=1-Ethoxy=1-(1-napht hylphenylmethylsilyloxy)ethane
(0,28 g. 0.834 m.mole) in toluene (28 wl.) and (%)=-1-phenyl-
ethylamine (0.25 ml.) were refluxed for 24 hours. T.l.c.

indicated that no reaction had occurred

41, Preparation of diastereo isomeric 1 ~naphthylphenylmethyl~

Q
alkoxysilanes. ~

To (i)-1-naph‘thylphenylmethylsilane (1.5 go 6:05 m.mole)

and synthetic (%)-menthol (1.88 g. 12.0 m.mole) in methylene

chloride (12 wl. dried over Molecular Sieve 54) was added

10% palladium on charcoal (0.1 g.). The mixture was allowed
to stand at room temperature until evolution of hydrogen

ceased, (time from 30 mins. t0 3 nrs. according 10 activity

and. golvent the

1by a

of catalyst). After removal of the catalyst anc:
product was separated from silanol and excess mentho

£ penzene and light

silica gel column using a 134 mixture ©
Petroleun (b.p. 60-80°).
The oil (1.85 g. 78%) had ie

ldentical to those of the product prepar
) —1-naphthylpbeny

., and nemele gpectra

ed by the alkoxy

1m;e,t.hylm.e’choxy-
€Xchange reaction between (£ : ;
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 gilane and (=)-menthol with potassium hydro

\ The reaction of (#)-1-naphthylphenylmethylsilane
(-)-—menthol in the presence of palladium on charcoal in
nethylene chloride followed by fractional erystallization o o -
the diastereolisomers was found to be an nmgmyedgﬂgpfn&the '
route to the preparation of optically active 1-naphthyl-
phenylue thylsilane.

Diagtereoisomeric alkoxysilanes were prepared in yields
dependant on the alcohol used, from (#)-1-phenylethanol
(68%), (&)-methylisopropylearbinol (47%), (-)-borneol (47%),*
(~)-isoborneol (22%)* using the above method. Very little
alkoxysilane was formed from the palladium catalysed reaction
of (%)=1-naphthylphenylmethylsilane and (+)-a~fenchol.

The i.r. and n.m.r. characteristics of these compounds
are discussed in the appropriate chapter of the discussion.
The high purity of the products was established by their
spectra and by t.l.c. using T% V /v benzene in light

petroleum (bep. 60-80°).

%*
The preparations of the alkoxysilanes grom (-)-borneol and

(-)-isoborneol were performed using an excess of (&)-silane

in order to detect preferential diastereoisomer formation.
The yields are calculated on the quantity of alcohol used.

nen ilane.
42. Preparation of () phenylethylLnethyl- (=) -menthoRyE: 5

0 g. 0.06 moles)

) in dry toluene (20 m1)

(£)~Phenylethylme thylmethoxysilane (1

and (-)-menthol (8.5 g. 0.06 mole

gsium
were refluxed for 2 hours with drys PO“'dered potagsty

, . thanol and
hydroxide (0.01 g.). The a7e0Ttroplc mixture of Je

1led off.

The mixture

toluene (b.p. 60°) was slowly disti

a the organic 18Ye¥

rensint e weoa +lhen wached Wi'th Wa'ter an
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dried over sodium sulphate. The toluene was then'removedu‘

distillation and the remaining oil distilled under reduced
pressure 10 give a fraction (9.0 g. 51%) b.p. 106°/0,2 mm:
n.m.r. 60 Miz (0614), 9.64 1, singlet, intensity 3, (méfhyl
on silicon), 9.34 and 9.42 T, two superimposed doublefs

J =T Hz, total intensity 3, (methyls, diastereotopic by
external comparison, associated with the Pro-S-methyl of the
isopropyl group on the menthoxy moiety), Te6~9.2%, complex
band, intensity 20, (menthoxy and ethyl on silicon), centred
at 6.6y, complex multiplet, intensity 1, (methine attached
to oxygen), 2.3-2.8 r, intensity 5, (aromatic): i.r. thin
film, maxina (cm”1), absorptions typical of the phenylethyl-
methylsilyl system, 1385m, 1370m (gem-dimethyl), 1080s, _

1070s, 1055s (Si-0O stretch) - menthoxy on silicon. (Found:

Cy 74.85 H, 10.43 Si, 9.4. C19H32810 requires C, T4.9;
d, 10.63 Si, 9.2%).

Integrals of the doublets at 9.42 and 9.34T in the
60 IHz spectrum of the product show it to be a 50:50 mixture

0f the diastereoisomerse.

43. Iguilibration of (%)-1-naphthylphenylmethyl-1-phenyl-

ethoxysilane with potassium hydroxide in toluene.

(£)-1-Naphthylphenylmethyl-1-phenylethoxysilane
(0.846 g.) [diastereoisomeric ratio 56:44] and (&)-1-phenyl-
ethanol (1.0 ml.) were heated at 84° for 5 hours with
powdered potassium hydroxide (0.006 g.) in sodium dried
toluene (50 ml.). Constant stirring was maintained through-
out. Removal of potassium hydroxide by passing the product
throuszh silica gel and eluting with 1:1 benzene/light

petroleum gave ()-1-naphthylphenylmethyl-1-phenylethoxy-



silane (0,800 g.

95%). N.m.r. analysis at 60 MHz'showed ﬁhe
diastereoisomeric ratio to be 60:40. -
Further treatment under the above conditions for 20
hours did not alter the ratio of diastereoisomers. The
major component in the compound prior to, and after base
catalysed equilibration, possessed a resonance for methyl on
silicon at 9.34 v. The other diastereoisomer gave a reson-

ance at 9.39 1.
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