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ORGANOSILICON COMPOUNDS
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INTRODTUCTION

A few years ago, Eaborn and Pitt reported the optical resolution of the acid
P-(EtMePhSi)C,H ,CO.H by fractional crystallization of its (—)-quinine salt from
ethanol®, the first fully authenticated resolution of an organosilicon compound
containing only one asymmetric silicon centre. We have now prepared, and resolved
by a similar method, the closely related compound p-TEtMe(p-3eOCH,;)S1.C;H,
CO.H. We hoped, by selective stereo-specific cleavage by bromine (¢f. ref. 3) of the
Si-C¢H OMe-p bond in suitable derivatives of this acid, to make optically-active
compounds having reactive groups attached to silicon, but this hope was not realized.

The preparations of several new asymmetric organosilicon compounds are
described in the EXPERIMENTAL section.

DISCESSION

The preparation of the acid p-(EtMePhS1)C;H ,CO,H involved oxidation of the
p-tolyl group of the compound p-(EtMePhS1)C.H Me!-2, but we thought it unlikely
that a similar approach would succeed with a p-methoxyphenyl in place of a phenyl
group because of the ease of oxidation of the methoxyvl group. The required racemic
acid, (1), m.p. 1061077, was svnthesized in good vield by the following route:

MeSHOEL), 2B R | o (Et0).SiCH, Brp 2580, pede(Et0))SiC,H,Br-p

i A-MeOC H, Li
:
v

MO EtMe(#-MeOCgH }SiCgH, Br-p

{i12 CO,, etc.

EtMe{p-MeQC H,)SiC,H,CO.H-p

n
The acid was resolved by fractional crystallization of its (—)-quinine salt from
ethanol. Acidification of the less-soluble diastereomeric salt yielded the (--)-acid

m.p. 106~107°, a5 +I.2° {c, 3.7 In benzene). The rotation is only about half of that
of the zcid {(+)-p-(EtMePhSi)C,H ;CO,H.

* For Part XXXV1I, see ref. 1.
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The (+)-acid was treated (i) with diazomethane to give the (—)-methyl ester
(—)-EtMe(p-MeOCH,)SIiC,H,COMe-p (II), [«lf -~—0.I6° (¢, 40 in carbon tetra-
chloride), and (#2) with lithium aluminium hydride to give the (+)-benzy! alcohol,
(+)-EtMe(p-MeOCH )SiC,H ,CH.OH-p, [«1F +0.14° (¢, 38 in benzene). This alcohol.
was converted into the methyl ether, (—)-EtMe(p-MeOCH,)SiC,H,CH OMe-p, (III},
having a negative rotation, [« —0.25° (¢, 40 in carbon tetrachloride).

Bromine cleavage of the (—)-methyl ester, (II), followed by isopropanolysis of
the product gave the expected isopropoxy compound, EtMe(iso-PrO)SiC;H ,COMe-p,
but optically-inactive. Bromine cleavage of (—)-benzyl methyl ether (IIi) and
treatment of the product with lithium aluminium hydride gave only the racemic

hydride, EtMeHSiC,H ,CH,OMe-p.

EXPERIMENTAL”®

Ethyvimethvl(p-chlorophenyl)fluorosilane .

The Grignard reagent from p-bromochlorobenzene (129 g, 0.68 mole) land
magnesium (16.4 g, 0.68 g-atom) in ether (300 ml) was added during 1 h to a stitred
ice-cold solution of ethylmethyldichlorosilane, {87.8 g, 0.61 mole) in ether (200 Ani).
The mixture was refluxed for 3 h, then treated with an excess of aqueous 2 N hydro-
chloric acid. The ether layer was separated, washed and dried (Na,S0O,)}, and the ether
was distilled off. The residue was dissolved in ethanol (1500 ml), 40 wt-9; aqueous
hydrofluoric acid (100 ml) was added, and the mixture was kept at 60° for S h, during
which time four additional 100 ml quantities of the hydrofluoric acid were added?.
The solution was diluted with a large volume of water, and extraction with light
petroleum (b.p. << 30°), followed by washing, drving (Na.S0,), and fractionation of
the extract gave ethyvlmethyl{p-chlorophenyljfiuorosilane (37 g, 30 %), b.p. 91—93°/13
mm, 15 I.4984. (Found: hydrolysable F, g.2. CgH,.CIFS1 caled.: F, 9.37 9.}

Etiivlmetiyl(p-sethoxydhenvl)chlorosilane

The Grignard reagent from p-bromoanisole (123.5 g, 0.66 mole) and magnesium
(16.0 g, 0.66 g-atom) in ether {150 ml) was added dropwise to a cooled solution of
ethyvlmethyvldichlorosilane (78.5 g, 0.55 mole) in ether (100 ml). The mixture was
refluxed for 2 h, then set aside overmight. The liquid was decanted from the salts,
which were then washed several timeswith ether. The ether was taken off at atmosphere
pressure, and the remaining volatile material distilled quickly at reduced pressure
from the magnesium salts. Fractionation of the distillate gave ethylmethyl{p-methoxy-
phenvljchlorosilane {(zo.1 g), b.p. 116°/5 mm, 3 1.5173. (Found: hydrolysable Cl, 16.3.
C,0H;5CIOSI caled.: Cl, 16.59%.)

MethvI(p-bromo bhenyl)dicthoxysilane

Methyliriethoxysilane (178 g, 1.0 mole) in ether (100 ml) was added rapidly to
the mono-Grignard reagent from p-dibromobenzene (354 g, 1.5 mole) and magnesium
(36.4 g, 1.5 g-atom) in ether (500 ml) and benzene (500 mi). The mixture was refluxed
for S h, then treated with aqueous ammonium chloride. The ether layer was washed,
dried (Na,S0,), and fractionated to give methyvl(p-bromophenyl)diethoxysilane (121.5

° Unless otherwise indicated, all compounds for which analyses are given are new.
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g, 42 %) b.p. 107°/3 mm, ng} 1.5016 (lit.3 b.p. 8§7-88° ’2—3 mm, 5y 1.4980). (Found:
C, 433 H, 5.9. C;;H,;Br0,Si caled.: C, 45.7: H. 5.9 %.)

Etiaylmethvl(p-bromophenyl)ethoxysilane

(@). Methyl{p-bromophenylldiethoxysilane (z21 g, 0.77 mole) was added rapidiy
to the Grignard reagent from ethvl bromide (96.4 g, 0.88 mole), magnesium (21.5 g,
0.83 g-atom) and ether (500 ml), and the mixture was refluxed for 6 h and set aside at
room temperature for 1S h. The ether was replaced by benzene, and the mixture was
treated with aqueous ammonium chloride with cooling. The benzene laver was washed
and dried (Na.SO,), the benzene was distilled off at atmospheric pressure, and the
residue was fractionated at reduced pressure to give ethylmethyl(p-bromophenvl)-
ethoxysilane (164 g, 78 °5), b.p. 142°/18 mm, #{ 1.5168. (Found: C, 48.5; H, 6.4.
C,.H,.BrOSi caled.: C, 48.35: H, 6.3°;.)

(b). p-Dibromobenzene (425 g, 1.80 mole) in ether (1 1) and benzene (500 ml)
was added as quickly as possible to magnesium (43.8 g, 1.0 g-atom) in ether {200 ml),
external cooling with alcohol/Drikold being used once reaction had started. The
mixture was allowed to warm to room temperature and stirred for 1 h, during which
time all the magnesinm disappeared. Methyvltriethoxyvsilane (267.4 g, 1.50 mole} in
ether (100 ml} was added rapidly with ice-cooling, and the mixture was refluxed for
6 h. The Grignard reagent from ethyl bromide (1¢6.2 g, 1.S0 mole) magnesium
(43-5 g, 1.S0 g-atom) and ether (Soo ml) was added rapidly with ice-cooling, and the
mixture was then refluxed for 5 h. Treatment with aqueous ammonium chloride and
working up as in (a) gave ethvimethyvl(p-bromophenyvljethoxysilane (269 g, 66 2,), b.p.
¥20-122°/6 mm, %y I.3I72.

Ethyvlmetioel(p-bromoplenyiifiorosiase

Ethvimethvl(p-bromophenvijethoxysilane was prepared in solution as de-
scribed in (&) above, but 2z N hydrochloric acid was used subsequently in place of
aqueous ammonium chloride. The organic laver was left for 1 h in contact with the
acid, then separated, washed, and dried (N2,50;). Removal of solvent left a high
boiling residue, which was dissolved in ethanol (2 1) and treated with 4o 9, aqueous
hydrofluoric acid (6co ml In totalj at 60° during 6 h*. Working-up as for the p-chloro-
phenyl analogue, above, gave ethvimethyvi{p-bromophenyl)fivorosilane (67 g, 18 %),
b.p. 232°, %7 1.5161. (Found: h\.drol\ sable F, 7.6. CoH,,BrFSi caled.: F, 7.7%.)

Ethybmetivi{p-cilorophenyl)(p-methoxyphenyvi)silane

To ethylmethyl(p-chlorophenyI)flu. .rnsilane (36.5 g, 0.18 mole) in ether (100 ml)
was added the organolithium reagent from p- bromoamsole {(50.5 g, 0.27 mole), lithium
{3-S g, 0.54 g-atom} and ether (100 mi}. The mixture was refluxed for 2 h, then treated
with dilute acid and worked-up in the usual way to give, on fractionation, ethyvl-
methyl{$-chloropheavl)(p-methoxyvphenyl)silane, (”S g), b.p. 136-157°/1—2 mm, 1""
1.5729. (Found: C, 66.1; H, 6.5. C;JH,CIOSi calcd.: C, 66.1; H, 6.6°,.)

Ethyimethyl(p-bromophenvi)(p-methoxvphenvl)silane

(@). n-Butyllithium (0.12 mole) in ether (200 ml) was added dropwise under
nitrogen with ice-cooling and stirring to p-dibromobenzene (24.3 g, 0.x0 mole) in
ether (roo ml). The mixture was refluxed for 0.5 h, then cooled and added dropwise
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under nitrogen to a stirred solution of ethylmethyl{p-bromophenyl)chlorosilane (zo.x
g, 0.094 mole) in ether (50 ml). The mixture was refluxed for 2 h, and the ether was
replaced by benzene (2co ml). Filtration, followed by fractionation of the filtrate gave
ethyvimethyl{(p-bromophenyl) (p-methoxvphenyl)silane (16.3 g, 52 %5), b.p. 168°/3 mm,
73 1.5860. (Found: C, 57.5; H, 5.85. C,4H,,BrOSi calcd.: C, 57.3; H, 5.7 %.)

(5). The organolithium reagent from p-bromoanisole (280.5 g, 1.50 mole),
lithium (20.8 g, 3.0 g-atom) and ether (730 ml) was added to a stirred, cooled solution
of ethvlmethyl{p-bromophenyl)ethoxysilane {269 g, 0.98 mole) in ether {50 ml). The
mixture was stirred for 1 h, kept at room temperature for 70 h, then added to crushed
ice. Dilute hydrochloric acid was added until iwo clear layers separated, and the
ethereal layver was washed, dried {Na.S0,), and fractionated to give ethylmethyl-
(p-bromophenyl){p-methoxyphenyl)silane (227 g, 69 %), b.p. 192°/y mm, #7 1.5561.

p-LEthvlmethvi(p-methoxy phenvl)silvlibenzoic acid

{a). Ethylmethyvl{p-bromophenyl)(p-methoxyphenvi)silane (189 g, 0.56 mole)
was added dropwise under nitrogen to magnesium (15.0 g, 0.62 g-atom) in ether {300
ml), and the mixture was refluxed for 2 h then cooled, diluted with more ether (200 ml)
and added to a slurrv of ether and solid carbon dioxide. The mixture was allowed to
come to room temperature, water was added, and the mixture was made just acid
by cautious addition of dilute sulphuric acid. The ethereal layer was washed several
times with water, then extracted with 1 N aqueous sodium hydroxide (2 » 11}. Ether
(x 1) was added to the aqueous extract, which was then, with occasional shaking, made
just acid with 2 N sulphuric acid. The ethereal laver was washed and dried (Na,50y)
and the solvent was removed to leave a solid which on recrystallization from light
petroleumn (b.p. 60-80%) gave racemic p-ethvimethyl(p-methoxyphenyl)silylibenzoic
acid (rr3.5 g, 6S8°;), m.p. 106-107°. Recrystallization from aqueous ethanol gave
material of m.p. 106.5~107.0°. (Found: C, 67.9; H, 6.7. C;-H.y0,5i calcd.: C, 68.0;
H, 6.7 %)

{(b). An attempt to make the acid from ethvimethyvl(p-chlorophenyi}{p-methoxy-
phenvlisilane by lithiation in ether followed by carbonation gave only impure product
in low vield.

Qptical resolution of (=)-p-lethvimethy l({wnetlzoupizen\I)sz'lvl‘ben..oic acid

A solution of the (=)-acid {120.5 g, 0.40 mole, in ethanol (250 ml}] was added
to a solution of (—)-quinine (133 g, 0.42 mole) in ethanol (750 mij. The resulting sait
was allowed to crystallize, washed with ethanol, then recrystallized 6 times from
ethancl to constant m.p. 194-197° {(decomp.), [« 3 —121.8° (¢, 1.1 in chloroform;.
This diastereomeric salt {25 g} was placed in a separatory funnel with ether (400 ml)
and water (300 ml) and 0.1 N hvdrochloric acid was added with vigorous shaking
until ali the solid dissolved. The ethereal laver was washed and dried (Na,50,) and
the solvent was removed to leave a solid (12.3 g), which was recrvstallized from
aqueous ethanol to give (-f~)-p-{ethylmeth_\'l(j)—methoxyphenyl}silyl}benzoic acid, m.p.
100-107°, 'z"‘ -+1.2° (¢, 3.7 in benzenej.

()~ and (—)-{Methyl p-{ethvlnethyl(p-methoxy phenvl)silvl benzoate}
(a). The (=j-acid (18.4 g, 0.6 mole) was added in portions to an excess of
diazomethane in ether (150 mlj. Dilute hydrochloric acid was then added to ensure
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com:plete removal of residual diazomethane, and the ethereal laver was washed with
dilute aqueous sodium hvdroxide and with water, and dried (N2.SO,). Removal of the
solvent and fractionation gave (= )-Imethxl p-z’etbvlmethx 1(p-methoxyphenyljsilyli-
benzoate} (16.2 g, 84 %) b.p. 168°/0.05 mm, 5§ 1.5632. (Found: C, 68.6; H, 6.95.
C1sH2.0,551 caled.: C, 6838; H, 7.069%.)

(b). Similar treatment of the {<}-acid {44 g) gave the (—}-ester (92°,), b.p.
183/0.1 mm, ng 1.5632, {«if —0.16° (¢, 40 in carbon tetrachloride}.

(%) and (+)-p-[Ethylmethyl(p-metkoxvphenvi)silvi:benzyl alcohol

{a). The (=)-acid (36.8 g. 0.12 mole) In ether (200 mole) was refluxed with
lithium aluminium hvdride (7.0 g, 0.18 mole) in ether (400 ml) for 3 h. The usual
worling up, culminating in fractionation, gave (--)-p-{ethvlmethyl(p-methoxy-
phenyl)silvl'benzyl alcohol (30 g, S5 925). b.p. 183%/0.02 mm, =§ 1.5737.

(6). From the (=-)-acid was similarly obtained the (=-)-alcohol, b.p. 167°/0.015
wem, n5 1.5735, (=5 —0.14 {¢, 35 in benzene). (Found: C, 71.5; H, 7.8. C;;H,.0.S1
caled.: C, 71.3; H, 7.7 %.)

(=) and (—)-p-[Ethvbnethyl(p-methoxyphenvl)silvl benzyl methvl ether

{a). (=)-p-[Ethyvlmethvl{p-methoxyvphenyl}silvl benzylalcohol (47 g, 0.17 mole}
in toldene (100 m!) was added to a vigorousiy stirred refluxing mixture of sodium (4.8 g,
0.21 g-atom) and toluene (200 ml}. The mixture was stirred and refluxed for 1.5 h,
heating g was stopped, dimethy! sulphate (22.¢ g, 0.18 mole) was added, and after the
vigorous reaction had died away, refluxing was continued for 1.5 h. The mixture was
cooled, and, methanol (100 ml} was added to destroy residual sodium. followed by
concentrated aqueous ammonia (250 ml) to destrov residual dimethyl sulphate.
Addition of an excess of water, followed by ether extraction, and washing, drving
(Na.50,) and fractionation of the extract gave (=)-p-lethvimethyl(p-methoxy-
phenylisilviibenzyl methyl ether (26.4 g, 52°;), b.p. 172%0.07 mm, n#§ 1.5563.
(Found: C, 71.7;: H, S.0. C;gH.,,0,Si caled.: C, 71.9; H, 8.05 2,.) The infrared spectrum
showed that no residual hydroxyvl groups were present.

(86}. The {-—)-alcohol {5S g, 0.20 mole} was refluxed with sodium (7.2 g, 0.30
g-atomj in xvlene (roo ml} for 6 h with stirring, and the mixture was set aside over-
night. Methvliodide (50 g, 0.35 mole) was added, and the mixture was set aside at room
temperature for 5 days, then worked up as above (but without addition of aqueous
ammonia), to give the (—)-ether, b.p. 152-156°/0.04 mm, 2{j 1.5565, (=" —o0.19°
{c. 430 1n benzene) —o0.25 (¢, 40 in carbon tetrachloride).

Bromine cleavage of the methyl esier

(a). To (-_‘:)—{methyl p-{ethylmeth_\-l(j)-methox_\'phen_\'l)sil}'l:benzoate} (12.6 g,
0.04 mole) in carbon tetrachloride (15 ml) was added bromine (5.6 g, 0.035 mole) in
carbon tetrachloride (25 ml), with exclusion of light. After 30 min light petroleum
(b.p. 60807} (50 ml) was added and the mixture was added rapidly to a solution of
cyvciohexyvlamine (7 ml} and isopropyl alcohol (14 ml) in light petroleum. The mixture
was shaken vigorously, water (200 ml) was added and the mixture was again shaken.
The organic laver was washed and dried (Na,S0O,), and the solvent was removed under
reduced pressure. The residual oil was taken up in light petroleum (300 ml) and the
solution was filtered, washed several times with water, dried, and fractionated to give
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(=)-Imethyl p-(ethvlmethylisopropoxysilyl)benzoatel, (5.0 g}, b.p. 152°/8~¢ mm, 1y
I.4919. (Found: C, 63.2; H, 8.2: C,,H,,0,Si caled.: C, 63.1; H, 8.3 %.)

(). The methyl p-(ethyimethylisopropoxysilyi}benzoate obtained similarly
from the {—)-benzoate had b.p. 152°/8 mm, [«}}} 0.00 & 0.005° (¢, 18 in carbon
tetrachloride). The residue from the fractionation had a substantial optical activity,
the source of which could not be identified.

Bromitne cleavage of the mathyl ether

To the (—)-methyl ether (16.2 g, 0.034 mole) in n-pentane (00 mi), bromine
(1.9 g, 0.031 mole) in n-pentane (50 ml) was added dropwise during 7 h. A slurry of
lithium aluminium hydrnde (1.5 g) in ether (100 ml) was added and the mixture was
refluxed for 3 h. The pentane was replaced by cyclohexane, and acetone was added
carefully to destroy residual lithium aluminium hydride. The cyciohexane solution was
washed with hydrochloric acid and water, dried (Na,S0O,), and concentrated to 20 ml
to give a solution of positive rotation corresponding to {1y 0.1z 4 0.02°. Fractio-
nation gave p-bromoanisole and inactive p-({ethyimethyvlsilyvl)benzyl methyl ether (1.5
g), b.p. 123-128%/20 mm, ¥ 1.4975. (Found: C, 67.9; H, g.3. C;;H;30Si caled.: C,
63.0; H, 9.3 2;.) The optical activity remained in the high-boiling residues in the stiil-
pot.
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SUMMARY

The acid p-{EtMe(p-MeOCzH )51.C;H,,COH (RCO,H) has been prepared, and
resolved by fractional cryvstallization of its (—j-quinine salt tc give the (--)-acid,
{x'{i —1.2° (¢, 3.7 in benzene). The (-~)-acid, has been converted into the correspond-
ing RCO.Me, RCH,OH, and RCH,OMe compounds. Attempts to replace the p-
methoxyphenyl group of the ester and ether by other groups have given only inactive
products.

The preparations of several asymmetric organosilicon compounds are described.
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