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b X
INTRODUCTION

Organosilicon compounds a{o those in which at least one
carbon-silicon linkage exists. Organomilicon cempounds con=-
taining functional groups usually have these groups attached
to the organic redicals. 3Some exceptions are the amino~
silanes and the isocyanato~ and isothiocyanatoailanes in
which these respsctive radicals are attached to the silicon
aton.

The introduction of functional groups inte organosilicon
molecules can be effected by suitably modifying usual pro=
cedures. Compounds comtaining nitre, amino, carbaxyl,
hydroxyl, and carbonyl groups have been described. It is of
interest to note that unsaturated groups are generally not
found attached directly %o the sillcon atom.

If organcosilicon compounds centaining functional groups
were relatively readily scceasidle, then it might be possibdle
to prepare from such compounds other silicon~containing chemi~
cals which might be of value in medicine and agriculture.

{a) H. M lman ¢ Chenmistyy, An Advanced
¢ w » Inm,. !ﬂ'k. H, I., 19“8

%.S“‘ﬁ% F.':;.%wm ok, 6.35,@«, oy m lﬁf‘ *
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HISTORICAL

In this survey, the only organcsilicon scupeunds fnclus
ded are those comtaining functional groups attached to the
silicon atom and those in which organic redicals comtaining
functional groupe are linked to silicon through carbon.

Nitroarylsilanes

The nitroarylsilanes have been synthesized by suitably
modifying ordinary nitration processes. By treating a
solution of tetraphenylsilane in carbon tetrachloride with
fuming nitric acid at 0°, Kipping obtained a 93% yield of
nitrated mdaewez By carefully separating the ccmponents
Wg,ﬂ;,l,,sz, vas 1solated in mﬁ ymn.. Tne compound
erystallized in the form of six-sided plates melting at
225+226", The structure was proved by cleaving the compound

with bromine, the product obtained being g~nitrobromobensens.
Boiling sodium hydroxide converted the nitro compound into
aitrobenzens.

dann, Ol ), v

l‘%”céﬂgsiwzﬁsl 3» When tristhylphenylailane was nitrated

m and J. C. Blackbumn » m Yy
(1932 Yl » L R8sy
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The nitration of phenyltrimethylsilane was effected in
65% yleld by treating the silane with copper nitrate in
acetic anhydride at 40° for 6 hours, Some nitrobensens
(25%) formed as a consequance of cleavage. The resulting
mixture of nitration products was found to contain artho,
meta, and pars isomers in the ratio 30140130, Separstien
and then chilling a pentane asclution of the residus in a Dxy
Ice bath. Chilling in this way caused solidification of
pnitrophenyltrimethylailane which was mm:d. leaving
n«mmphmmmﬁhyuum in the filtrate.

Hirophenvitainethvlailant ng(m{ab’

observed to betl at 117° st 10 m., off 1532, af9 1.0734

p-Nitraphany ekhylailans, wﬁzmﬂt(ﬂﬂglg. has &
bodling peint of 136“ at 10 mm., ng 145329, AF z.ossf

=it trophenvitrinathyisilang Wa@l@"(%bt
found to boil at.129° at 10 mm., and it melts at 38-39°,
This compound wes also formed in 55% yield by nitrating
trimethylphenylsilane with fuming nitrie aedd in acetie

hydride.’

| Re A. ' and P, B. Brumfield, J. e 308
73, AT70 (1953 L &“‘MW#:

53; *Q m, WM Mm' IM SW
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preparation of the nitrophemyltrimethylsilanss, the retie of
Sxkha to pATS isomers baing 80:20,% No penitrobensyltrimeshyle
silane was detocted.* The compounds can be separeted by

aewcumm,ap 1.5:76,¢th. It omn be exidised
prectically quantitatively to gwnitrobensoie acid wish het
nitric acid.

B\ Armhe e AALZE, R-028C6H, gt (i), hae
amnmmww“mmm.ng”hﬂn.efm It
was readily clsaved with sodium hydroxide t0 yield penitres
Wm&mwm,wmf

L aatl
bodling scetic acid with ainc and hydrechleric sedd er hydro-
gonated in ethyl acetate in the presenss of platinos oxide
catalyss, the corrssponding smino cospownd, Saspakise{m-smine-
phenyl)-silens, (a-HgWCgH, )55, was predused.® Iv meles at
3807 and is not soluble in most organic solvents. However,
the amine dissolves aperingly in bedling phensl, vyelehexansl,
eniline, or pyridine. The fres base is atable to acids and

6

(1935)1:. 8. Kipping and J. C. Blackburn, J. Chem. 80g., 1085



alkalis,©

Tetrakis-(gm-aminophenyl)~silane forms several salts,
The tetrahydrochloride is very scluble in water, but sparingly
so in ethanol. The oxalate, plcrate, platinichloride, and
acetate all precipitate from a solution of the hydrochloride
and the appropriate reagent, but they are unstable in water,
The hydrochloride, when treated with bromine water, forms a
brome derivative which does not melt below 3009, The amine
also forms tetrakis-(g-acetamidophenyl)-silane, which melts
at 300-3010,6

etrakis sopropylami

ppheny.l B 5

L m~(CH3) 2CHNHCGH,,_7,S1, was obtained when tetrakis-
{@~nitrophenyl)~silane was reduced with tin and hydrochloric

&
NI, ol W

acid in boiling acetone.® The compound was reported to boil
at 135°, and it is scluble in acetons, ethyl acetate, chloro-
form, and ethanol. The tetrahydrochloride is a water-soluble
crystalline solid melting above 300°,6 When the tetrahydro-
chloride was treated with sodium nitrite, a pale yellow pre-
cipitate developed, and sthe filtrate from this precipitate
did not couple with alkaline -naphtol.6
Trimethyl-(p-aminophenyl)-silane, p-HpNCoH,S1(CHj)4,
was obtainad by the catalytic reduction of trimethyl-
(g-nitrophenyl)-silane with Raney nickel.’»7 It boils at

7K, A. Benkeser and P, E. Brumfield, J. Am. Chem. 50C.,
24,253 (1952),
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51.5-55.5° at 0.5 mm., and 6v-60,5° at 0,77 mu., n20 1.5380,

dio O.9l+77.5 It is also reported to have the following

constants: boiling point, 113° (10 mm.), nD 1,5393, dio

O.9l+7.7 The yields were 77-80%5 and 85%.7 The melting
point of the anilide, trimethyl- (E-acetamldophenyl)-silane,
is 169-170°.7

Trimethyl-(o-aminophen l'-silane,.g-H2NC6HhSi(CH3)3,
prepared by the same method as the para isomer, was formed
in 83% yield.’ 20

D
dio 0,952, The N-acetyl derivative melted at 130-130.5°.7

It boils at 101° at 10 mm., n3~ 1.5388,

The catalytic reduction of trimethyl-(m-nitrophenylj-

silane resulted in the formation of trimethyl-(m-aminophenyl)-

silane, m-HpNCGH,Si(CH;)3, in 754k yield.” It boils at 110°

at 10 mm., n%o 1.6362, dﬁo 0.947, Trimethyl-{m-acetamido-

phenyl)-silane melts at 114-115°.7
Irimethyl-(p-aminobenzyl)-silane, 27H2N06HACH231(CH3)3,

can be prepared in 85% yield by the catalytic reduction of

the corresponding nitro compound.7 It boils at 119° (10 mm.)
and melts at 33.5-34°. The N-acetyl derivative melts at
132-133°.

Trimethyl-(o-aminobenzyl)-silane, g—HchéﬂhCsti(CHB)B,
was prepared in 90% yield in a manner analogous to that by
which para amino compound was synthesized. The boiling point
is 114° at 10 mm., n2° 1.5345, d2° 0.939.7 Trimethyl-

L
(o~acetamidophenyl)-silane melts at 117-117.5°,
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Each frimethyle(sminophenyl)-silane and trimethyl-
{(p~eminobensyl J=silans could be dissotised and coupled with
£-napthol to yield red and orange-colored products. 7The
reaction of trimethyle(g-sminobensyl)-silane with nitrosyl
chloride resulted in the formation (16%) of indasole. It is
proposed that the trimethylsilyl group undexwent displace-
ment a8 represented by the scheme

081 (G35 OBl
& | ﬁ + (053)_383.* ?.

er=(3-sniaeshanvh ) ailae, B-igN0gh81(00zts)s,
mmmmyebmmwhmmwwmmam-
aniline and ethyl orthosilicate reacted with lithiwm.® It
mﬁaoprwcdin%r&ddgfmg-bmnu, sthyl
orthosilicate, and mymthim. It bolls at u5~150° at

16 m.,® ane us-xsa’ ot 16 m., un 1.4950, af° 1.0702,7

w(eﬂg)zmwﬁmsﬂglg, vas ayntm‘d by she reaction of
p~dimethylaminophenyllithium upon ethyl orthosilicate.® It
distills at 180-182° at 14 mm, pressure,.’

- R. B. F Patent 2,386,452, Oets 9, 1945
a0, 605 O8LsY.7" TR !

9 o
1946 R. ¥. Clark, Doctoral Mﬂm Iowm State Collage,
T
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Several other organcsilicon compounds centaining the
p~dinethylaminophenyl group have been prepared by Gilman and
co-workers in order that their properties be studied.iOs 15
These propertiss were found to be unusual when compared with
those of their phenyl and petolyl analogs.

Pl mhanol « {(pedimsthvlisninonhanyl l»at lang
p~(CHy ) )NCgH, 81 (CgHs )3, was prepared by treating triphenyle
chorosilane in ether with pedimethylaminophenyllithium,:0
The yield of product, melting at 233235%, was L6%. Some
tetraphenyl silane (10%) was also obtained. The hydrochlo-
ride of triphenyl=-{p~dimethylaminophenyl)~silane can be
formed by treating the amine with ethereal hydrogen chloride;
it melts at 227+229° when resrystallized from absclute

3 o ¢ T)endy LN

L p~(0H3 ) gNCgH, 7281 (Cglig )2, was obtained in 4OF yield from
diphenyldiethoxysilane and p-dimethylaminophenylldthium.iO
The compound melts at 180-181° after recrystallisation from
a mixture of ethanol and petroleum ether (boiling point
60-70%)+

\.R-“ £ RODNANRY

Fhanyli eI MLV ML NoODNENY

£ p-{CHy )oNCgHy, _7354CgH; , can be prepared in 17§ yield by the

10
He G411 Mo &+ Plunkett, and G. E. Dunn, J. 4n. Chem.
300., 73, %.?i%}-)u ! '
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interaction of phenyllithium and tris~(p~dimethylamineophenyl)e
ethoxysilane. 10 1t melts at 171-173° after rocrymmxuuen
fron patmltm ethar (bou.:lng point 6a~70°). : ‘

L p,-.wn;, )ﬁncﬁnkj,’sz, was synthesized by the intaraction of
silicon tetrachloride and pedimethylaminophenyllithium
followed by hydrolysis after addition of the erganclithium
compound was cenplusod.m ~In this manner & yleld of 41% was
obtained. However, 4if the reactants are heated at the reflux
temparature of ether until Color Test In becomes negative,
yields as high as 86% can be obta.tned-m

L ?(333)3“65;._7331&, was prepared by treating trichloro~
silane with p-dimethylaminophenyllithium. The first equivalent
of the organolithium compound was added at ~10%, but the other
two equivalents were introduced while the reactants wers warm-
ing to room temperature. The reaction mixture was then reflux-
ed for thirty hours. The yleld of product melting at 157°
after recrystallisation from absolute ethanol was 49%.
Tris-(p~dimethylaminophenyl }=silane was obtained also by
the reduction of tris«(p~dimethylaminophenyl)-chlorosilane
with lithium aluminum hydride in ether solution, This pro-

i1
Hs Gllman and P, Schulse, ibid., 4Z. 2002 (1925).
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cedure leads to a 98% yield of product of such a high degree
of purity that recrystallization is unnecessary.lo
This silane does not yield hydrogen when it is treated
with potassium hydroxide in piperidine!® as do most compounds
containing the Si-H bond . +2 However, if tris-(p-dimethylamino~
phenyl)=-silane is warmed to 60° in a 2% solution of ethanolic
potasgsium hydroxide, the evolution of hydrogen is vigorous.
In this manner, a yield of 85% of the corresponding silanol
can be obtained after acidification of the reaction mixture.l®
Tris-«(p-dimethvlaminophenvyl )~gilanol
L p-{CH3)2NCgH;,_73S10H, was prepared in 58% yield.lo The pro-
cedure followed was the addition of one equivalent of p-
dimethylaminophenyllithium to silicon tetrachloride at =-15°
to =209 followed by the introduction of the other two equiva-
lents while the mixture was warming to room temperature. The
reaction mixture was refluxed until Color Test I*l beceme
negative, and then hydrolyzed. Some tetrakis(p~dimethyl)-

aminophenyl)-silane (8%4) was also formed. The melting point

of the silanol is 183-184,° after recrystallization from
10 ’

benzene.

L p-(CH3)2NCgH;,_73810C2H5, can be prepared by refluxing an
ether solution of ethyl orthosilicate and p~dimethylamino-

phenyllithium until Color Test 111 becomes nogative.lo The

12 |
F. S. Kipping and J. E. Sands . o ROCe 8,8
(1921); N. W. Cusa and F. S. Kipping: %hzgff“io§351i9§z§.
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yield was 11,5% when the reaction mixture was hydrolysed, and
124 when the product was obtained without subjecting the
reaction mixture to hrdrplm-.1° After recrystallisation
from & benzene-ethanol mixturs, tris-(p-dimethylaminophenyl)w
ethoxysilane was found to melt at 125-126°.%0

Tria=(p~dimethylaminophenyl ) ~sthoxysilane was converted
into the ailanol to the extent of 80% when it was dissolved
in dilute hydrochlorie acid followed by treatment with 0.2 N
sodium hydroxids aolutian.m

When p~dimethylaminophenyllithium was introduced into an
ether solution of silicon tetrachloride at =15° to ~20° over
& period of 2 hours and the contents of the reaction vessel
stirred for § hour at room temperature prior to hydrolysis,

L &3 v

¥ E2 AR L IO AT ﬂ 4 N1 0: .

Lp+(CH;) NG H, 7,81 (0H),, was formed. The blus, sticky,
crude product was crystallised from & benzane-petroleum sther
mixture (the boiling renge of the petroleum ether is 90-120°),
and a 77% yisld of pure produdt xzlting at 173~174° was ob~
tained,

Bis~(p~dimethyleminophenyl)-silanedicl was prepared also
by the hydrolysis of bise(pedimethylaminophenyl)~diethoxy=

silane with dilute sodium hydroxide.l3 The yield of product
formed by this method was 63% (from bmom),.u

13
(1950) He Gilman and G. N« R, Smart, J. Org. Chem., 14, 720
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and then obtaining the product from the beasens solution by

La-(w;)zwf,ahj as(%u,)zm. was prepared by the same pro-
codure as was the pars isomer, except that refluxing of the
solution was over & 4 hour period.ié The yield of produss,
botling at 184-085° at 0.2 mm., was 78%.

When dtpwhtmwmmwx)-mm was

aalnophanvl.)-ailane. z.n—(czi,)zueﬁa,,.?w%a,)am.
mamWwe.xm,mmuumyaaﬁ.

L a-»wa;)zmgs,,.? t%ﬂs)zsm. was prepared by the setion of
Jdthivm alumlmm hydride upon the corresponding ehloro come
pound in 55% yleld. ¥ It has a boiling point of 186+187° at
.15 m.l“

m(an;)mmsx(sa;);, prepared in 48% yleld by refluxing a
solution of trimsthylchlorosilmne end pdimetiyleminophenyle
14thium in ether for one hour, boils at 252+253%.2% when
subjected to cleavage with anhydrous hydrogen chleride in
reflwxing acetic acld for 1 howr, trimethyl~(p-dimethyl~
smdnophenyl j~silane was converted into dimethylaniline
(73.5%) and vrimethylehlorosilane (67%).35

e

15
He Ollman and ¥. Jo Mereball, ihid., Zh, 2066 (1949).
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In general, the formation of p~dimethylaminophenylsilanes
occurs more slowly than does that of other arylsilanes when
aryllithium compounds are reacted with silicon tetrachloride.
In refluxing ether, 60 hours were required before Color Test
13 became negative in tho synthesis of tetrakis~ {(p~dimethyl~
aminophenyl)~silane, 48 hours in the preparation of trise
(p~dimethylaminophenyl ) ~ehlorosilane, 36 hours in the forma-
tion of tris«(p~dimethylaminophenyl)-ethoxysilane, and 30
hours in the preparation of tris~(p~dimethylaminophenyl)-
silane.l Further, the fact that diphenylsilanedicl was
obtained in 49% yield in the preparation of diphenyl-
(p~dimethylaminophenyl)~silancl is evidence of the relative
slowness with which pedimsthylaminophenyllithium reacts with
chlorosilanes. In contrast, phenyl= and p~tolyllithium react
almost instantanecusly with silicon tetrachloride as 0°.18

The practiocally quantitative conversion of trxisryle
silanocls into hexaaryldisiloxenes has besen accomplished by
the use of 98% formic acidl? or glacial acetic acid.l7 How-
ever, when tris«(p~dimethylaminophenyl)=silanol was treated
with either of these reagents, only blue-colored oils and

10

16
He Gilman and R. N. Clark, ibid., 68, 1675 (1946).

17 |
sudd H, (ilman, H, gu Nelvin, NI;I“SS‘ m:'g‘wm
8 O L3 lilﬂ s Gllman and L. 8. . :
deg., 23, 908’ (19833, Hlier, Shame
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glasses were obtalned .10 Refluxing a toluene solution con=

taining trie~(p~dimethylaminophenyl)~chlorosilane and the
sodium salt of tris~({p~dimethylaminophenyl)-silanol for 6
hours resulted in the formation of a solid which did not
fuse at W°.-m

Arylsilesnes Containing 8iNR, Groups

Among arylsilicon compounds of this type is hagaphenyl~
dlailazane, (TogHs) 3847 0H, It was prepared by the reaction
of triphenylsilans with sodiwm in liquid awmonis.l®

Na .

2(CgHs)381H ¢ Ny ——  [Togls)3Si/p Wi # By

The product melts at 175° and is atable in air and even
in boiling dilute sodium hydrmido.m It can be hydrolysed
to triphenylsilanol with hydrochloric acid.

Irichenvl-{aminel-silane, (ColH;)3SiNH,;, was obtained
when triphenylehlorosilane reacted with liquid ssmoniam. ’
was extracted with dry petroleum ether from which it was
crystallised. It melted at 55-56°.%7

An unusual substance, "triphanvliailieyl ethvias

{Cplis ) 38440lgNHo, a solvated free radical, has been

It

8
He He - Le As Bigelow, and C. A. KEraua M
51, 306715290 ’ R

19 ,
Ce A+ EKraus and R. Rosen, ibid., &Z, 2739 (1925).
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described by Kraus and Eatough.zoa It was supposedly pre-
pared by the reaction of lithium with triphenylbromosilane in
ethylamine, This substance reportedly melts at 45°, and it
can be distilled at 150° in high vacuum, It was described as

(Cgl5)381Br # Li 4 CpHsNH, —> LiBr £ (CgHg)3S1.CoHgNH,
being soluble in the usual organic solvents except low-boil-
ing petroleum ether and ethanol,<0a

"Triphenylsilicyl ethylamine™ was said to undergo the
reactions shown below, one product being the highly desirable

triphenylsilyllithium, This latter substance was reported to

2(CgHg) 251 .CoHNH > (CgHe)5181(ChHe) oy CoHeNH
67573 275772 boiling ether 6753 67573 27572

(06H5)331.02H5NH2 £ Li 6;;;§§;+ (06H5)331Li ¢ 02H5NH2
undergo reaction with ammonium bromide, bromobenzene, and
trimethyltin chloride, respectively, in liquid ammonia to
yield the expected triphenylsilane, tetraphenylsilane, and
triphenyl-(trimethyltin)-silane,20a

Later researches, however, have shown that what had been
regarded as "triphenylsilicyl ethylamine" was actually tri-
phenyl-(ethylamino)-silane, (CgHs)3S1NHCoH5.%%® This

20(a) C. A. Kraus and H, Eatough, ibid., 55, 5008 (1933);
(b) R, A. Benkeser, R. E, Robinson, and H, Landesman, ibid.,
Ik, 5699 (1952). B
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aminosilane, melting at 47-48°, was obtained by the actiocn of
lithium upon triphenylchlorosilane and triphenylbromosilans,
respectively, in ethylamine, and also by the reaction of
sither halosilane with ethylamine in ether.2C’ The former
procedure was supposed to form "triphenylcilicyl ethyle
amine,"208 bug none of the reactions aseribed to this sub~
stance was given by the pmdu_et.mb

When "triphenylasilicyl ethylamine” in ethylamine solu-
tion reacted with lithium, a red color was observed to
develop. The appearance of the color supposedly attended the
formation of MphmyhﬂyMMm.m‘ It would seem, how-
ever, that the development of the red color is aasociated with
the reaction of lithium with arcmatic nueleli and not with
organosilicon compounda as such.wb In support of this view
is the fact that benzene as well as triphenyle~(ethylamino)-
silane and tetraphenylsilane react with lithium with the
appearance of sh&a red color, but tetramethylsilane and
lithium do not give rise to the same phmmn.m Further~
more, analyses indicate that one phenyl group can absord six
equivalents of lithium,2%P

By the reaction of lithium dialkylamides with triphenyl~
chlorosilane or triphenylsilane, triphenyl-{dialkylamino)-
silanes may be obtatnnd.a Good results were had with tri-

phenylsilane snd lithium dialkylamides. 7The lithium salts of

H. Gilmen, B, Hofferth, H. W. Melvin, and G. E. Dumn,
ibid., 72, 5767 {1940).
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hydrazine, carbazole, Nemethylaniline, diphenylamine, and
2,5«-dimethylpyrrole were without effect upon tﬁphonyhium.zl

Iriphenvi-(di-p-butylanine )-ailane, (CsHs )3SiN(C Hy-nly,
can be prepared in 10f yield by adding lithium di-p-butylamide
to a solution of triphenylchlorosilane in ether, removing the
solvent by distillation, and heating the residue at 200° for
1 hour.® The crude product was distilled and erystallised
from petroleum ether (boiling point 60~70°). The amine was
also synthesized in 63% yleld by refluxing an ether suspen-
alon of triphenylsilane and lithium di-gsbutylamide for %
hour. The melting point is 60-62° (from absolute ethanel.)?l

ﬁ ; pathvismaine ) -2 2, (CgHs)384N(CH3)2, was
prepared in 75.6% yield by the use of lithium dimethylsmide
and triphenylsilane. It melts at 80-81° after recrystallisa-
tion from absolute sthanol.%t |

{CoHs )354N(CHa )2, was
also prepared from triphenylsilane and the corresponding
l1ithiwm dialkymtic.n The yield was 74.2%, and the pro-
duct has a melting point of 84-85°.

L wcca;)gu%au3sm(04®m)z, was obtained when mw-(m-dm-
thylaninophenyl )=silanol and excess di-g-butylamine were
refluxed for 30 minutes, the excess amine being slowly dis~
tilled so as to remove the water that formed during the
reaction. The yleld of product, melting at 62-64°, was 92%
after recrystallisation from di-pg-butylamine and washing
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with petroleun ether (boiling point 60~70°),2
Arylsilanes Containing the 834COOH Greup
By subjecting triphenyl=(phenylisopropyl)-silane in

ether to cleavage with sodiumvpotassium alloy and then care

‘ arbo silane (tod~ -
d), (CgHs) 3310093, was obtained,??
The acid is a white z:rystalnno substance atable at room
tenperature, but decomposes into carbon monoxide and a mix~
ture of triphenylsilanol and hexaphenyldisiloxane when |
heated. Upon treating the compound with acid, the same type
of decomposition was effected. In no oase was carbon dioxide
& pwdm.zz

~ Heloarylsilanes
The bhaloarylsilanes have shown themselves to be impore
tant in many instances because uh:lu:.owus@mm-
quently replaceable by other groups. They, therefors, may be
cm&.&md to bt upomn intermediates.

msss.csa; (aca3~a)(h-5), mnns at lsow under 13 mm.
pressure, wupmuﬁbymmeumﬁwmtm
chlor.tdc md zmtsh&r-s-bmnms*mth:tm.s

Sl mativ] o{pebromonhanvl } wailane 3~M6HAS£(GH3)3, wan
W :m 535 mxxd by tm&ng trimethylohloroasilane with

22 | | | o
" ‘Re A, Benkeser and R. G. Severson, ibid., Zi, 1424 (1951).
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grbromophenylmagnesium bromide. It boiled at 146-148° at 50
mm, , dh 1.2197, n 1 5302, 23 The compound was also synthe-
sized by the reaction of p-bromophenyllithium (prepared from p-
dibromobengene and grbutyllithiumzb) upon trimethylchlorosilane.
The yield by this method of synthesis was 55-61%.25
Trimethyl-(p-bromophenyl)-silane can be converted into p-
trimethylsilylbenzoic acid by the carbonation of its Grignard
reagent or its organolithium compound,26 and p~-trimethylsilyl-
benzaldehyde can be prepared from p-trimethylsilylphenyllithium
and N-methylformanilide (see p, 110 of EXPERIMENTAL).
Trimethyl-(p-chlorophenyl)-silane, prCIC6HhSi(CH3)3,
boiling at 119-120° at 50 mm., nf® 1.5182, af° 10282,
was formed in 83% yield by the reaction of p-chlorophenyl-
magnesium bromide with trimethylchlorosilane.?? It sluggishly
reacts with lithium and magnesium to form p-trimethylsilyl~

phenyllithium and p-trimethylsilylphenylmagnesium chloride
(see p. 102 of EXPERIMENTAL). The dipole moment of trimethyl-

23¢c, E. Burkhard, ibid., 68, 2103 (1946).

2ksee H, Gilman, J, A. Beel, C. G, Branner, M. W, Bullock,

G, E, Dunn, and L, S, Miller, 1bid. z& 1499 (l9h9) for the
reparation of n-but lithium “and A. Gliman and H, Haubein,
f g y 1515 (19h{ for the determination of the titer,

253. G. Jones and H, Gilman in R, Adams, "Organic
Reactions," Vol, VI, John Wiley and Sons, Inc., New York,
N. Y., 1951, p. 355.

26J. D. Roberts, E, A, McElhill, and R, Armstrong,

J. Am. Chem. Soc., Z_, 2923 (1949).
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(g-chlorophenyl)-silane has besn found to be 1,70 D.%0 Since
the dipole moment of chlorobensene is 1.57 D, the trimethylsilyl
group in the para position apparently slightly releases .
electrons to the phenyl group, for the net vestor component of
the dipele moment in the direction of the rinsfvdm to the
m&ruﬂyl group is only 0,1=0.25 D%

- wd={p-flucraphanyl)-ailane, p-FOsH,84(CH3)3, was
mpmd in 91:6 yield by the intersetion of trimethylchloro-
silane and peflucropheaylmagnesiua bromide.”® It boils at
92-93° at 60 mm., nj® 14711, dF° 0.9452.

The dipole moment of fluorobenzene is l.4h D, and that of
trimethyl-(p~finorophenyl)~silsne is 1.69 D. Thess data slse
indicate the release of elsctrens by the trimethylsilyl growp
%o the bansens nucleus.?d |

The Orignard reagent prepared from g-iodechlorobensens
reacted with trimethylchlorosilane to ferm frimathvle(m-chlayoe
phsavl)oailans, w~CiCoH,81(CHz)3, &n 53% yield:®® It has o
boiling podnt of 97-102.5° (23 mm.), n3% 1.5070. The Grignard

corresponding acid by carbonatien,2?

R~C1CsH, (OgHy ) 281C1, was synthesised by reflweing an evher
solution containing diphenyldichlorosilane and p-ohlovophenyl
magnesium bromide for 72 hours, The yuu of product,

bolling at 149-150° at 0.3 mm., was 368,04 Pphenyl~(p-chloyo~
phenyl)~ghlorosilane can be converted inte W_LW
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s R-01CgH), (CgHs)281H, boiling at 161-162° (1L mm.),
in 563‘ yield by treatment with lithium aluminum hydride.lh

Several chlorinated aryl silanes have been prepared in
order that their insecticidal properties might be studied.?’
p~Chlorephenyllithium®® was caused to resct with phenylethexy=-
or phenylchlorosilanes to form a series of silanes having the
general formula (CgHs )84 (CH,CLR)smn Where n « O S0 3.7
Mathyltris-(p-chlorophenyl )=gilane and dimethylbis-(p-chloro~-
phenyl)-silans were prepared in a similar mannsr by treating
methyltrichlorosilane and dimethyldiethoxy- ox dimethyldi~
chlorosilane, respectively, with p-chlorcphenyildithium,??

Irig~(peshlopoohany] J-g1 ilans, (R~ClGsH,)381002Hs,
was fwm in 39.” yield from p-chlorepbenyliithium and ethyl
orthosilicates It i{s a white crystalline material which melts
at :.za" after recrystallisation from 95% ethanol,?7

-. e Betthl pyaeeir i g allanal ., (W%&)’ﬂm’ melting
at 121°% was prepared in 93% yleld by the hydrelysis of tris-
{(p=chloruphenyl )-ethaxysilane with potassius hydroxide in 13l
d&ma—ﬁhmal Mutsian.”

g% peshloronhany] )-silans w%’bﬂt
synthesised by the Mmmm of pechlorvophenyliithiuwm and

275. Gilman and L. 8. Miller, ibid., 73, 968 (19%1).

U. m and F. ¥, Moore M
2327 (me ’ ! !
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ethyl mnmncm. The yield of product, melting at 181°,
was 65%.
Hawald o (. rophanyl }=d L(wm)wao’
was formed when m»(n-chlmphmyl)-ctwmo was refluxed
for 20 minutes with 90% formic seid. It melts at 210° after
recrystallization from mtwol.ﬂ

BaRYALriA-(p-shlorophanyll-silane, (2-GiGeH;)38406Hs,
mwwznw.ssnmmmuum‘” |

it shlorochanyll-dipheny g, (R~Cl0sK, Jad4(Csls )2,
was :w in 61.5% yield by the ms.oa of p=chlorophenyl~
lithivm upon diphenyldiethoxysilane. It melts at 131°,%7

phasyl~(p-chlorophenyl)-ailans, p~01CsH,81(0gls)3,

mmwwwwmwhmmwmuw ’
p-chlorophenyllithium, This method of synthesis resulted in
a 54% yield of product melting atv 1579.27

Mathrlt hlaronl Ans, (p-C10gi,)38icH;, was
formed in 5” yield from methyltrichloresilane and whleron
phmymmm¢27 It melts at 86° (from methanol).2’

(mam)3mm,. can be prepared by trsating methyltris~
(g~chlorophenyl )-silene with chlorine in the presence of

ultra~yiclest light at 170°.27 After extraction of the pro-

duct with mathanol and recrystallisation from petrolsum ether
{beiling point 79-119°), the yield of materisl melting at
200 was 22%, Trichloramsthyltris~{pwohlorophenyl )-silane
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is stable in boiling water and in 30% hydrochloric acid, but
it is cleaved by 50% agqueous sodium hyﬂreu:ido to form hexakis-
(mhlmphml)«diaﬂmmw S '

™ p=(p=chlorcphanvil-silans, (p-ClCgH, ),84(CH3)z,
mbomuhonsedinnwyiﬂubymmuwm—
phenyllithium upon dimethyldichlorosilans or dimethyldliethoxye
silane,”’ It melts at 47°. When this compound was subjected
to chlorinagtion by the same procedurs as that used in the case
of methyltris«(pwchlorophenyl)-silane, the only product
isclated was p-dichlorobensens.

By chlorinating dimethylbis=(prohlorophenyl)=silene in
carbon tetrachloride under the influence of ultraviolst

(g«cmaw,}gai(cmz)cn3, was tomd.z" This distilled at
165-170° at 16'5' P ‘D 1.6062, dk 1.340, This product

was made also by the chlorination of dimethylbis-{p-chloro~
phenyl)-silane without a solvent at 50°, and by treating this
silane with sulfuryl chloride and benszoyl perexide. No methyle
{trichloromethyl)~bis~(p-chlorophenyl )~silane was isolated in
any of these preparstions,?’ When methyle(trishloremethyl)-
diehlomuamw was treated with p-~chlorophenyllithium, only
prdichlorobennene was obtained upon distillation, and none of
the deaired product was uonm.”

29 |
R. H. Krieble and J. R Elliott, ibid., 67, 1810 (1945).
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n-Dodecyltris-(p-chlorophenyl)=-silane,

(9f0106HL)331012H25-g’ resulted from the reaction of p-chloro-
phenyllithium with n-dodecyltrichlorosilane,?7 It is a
viscous, straw-colored liquid obtained by distillation in a
Hickman molecular still, The constants are ngz 1.5679,

diz 1.106, The yield was 64.1%.27

p-Bromophenyldimethylethoxysilane, 273r06H431(CH3)2002H5’

was prepared from p-dibromobenzene, magnesium, and dimethyl-
diethoxysilane in 13.3% Yield.3o It boils at 148° at 34 mm.,
ns5 1,5131, a25 1,2212,30

p-Bromophenyldimethylchlorosilane, grBrcéﬂhSi(CHB)zcl,
can be prepared from p-bromophenylmagnesium bromide and |
‘dimethyldichlorosilane in 46.5% yield.30 It boils at 135.5°
(18 mm.), 027 1.5438, 425 1.3904.3°

The reaction of a benzene solution of p-bromophenyl-
dimethylethoxysilane with 75% sulfuric acid produced 1l,3-bis-
gE-bromcghenxlz-tetramethxldiailoxane,,[fg-Brcéﬂh31(CH3)2h7éo,
in 92% yield,30 The boiling point is 119-121° at 0.7 mm.,
n§5 1.5550, dﬁs 1.3641.3° When p-bromophenyldimethylchloro-
silane was used, the yield of product was 72%.30

Iriphenyl-{p-bromophenyl)-silane, p-BrCgH,Si(Cgl5)3, can
be prepared in 78% yield by the reaction of p-bromophenyl-
lithium (from p-dibromobenzene and n-butyllithium?¥) and tri-

30p, W, Lewis and G, C. Gainer, ibid., 74, 2931 (1952).
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phenylchlorosilane > = After recrystallisation from bensens
containing ethanol, it melts at 167-168°.7%

Triphenyl~(p-bromophenyl)=silane reacts with lithium
dincthylﬁm.do to produce triphenyl-(g-dimethylsminophenyl)-
silane.

(mmam)g&imgug)g. was predum frem the appropriate
organolivhiun compound and ethyl orthosilicate.® It beils at
200-210° at 15 mm.

dmong silicon~¢omtaining napthalenes which have been
synthesised are some hydrexynaphthalene derivatives. They are
prepared by treating chlorosilanes with the appropriste
hydrexynsphthyllishiue compounds.’?

Gmwi(ﬁﬂs 3~37 (eu-z) was formed in 3% yiad by reacting
1~3.ukin~2~ntmaphthdmt (frem :.wa-mmmhm-
lens and gbutyllithium 2} with trimethylchlorosilans at the
MmtmmafttmtérkWShm” It bolls at
126-127° at 0.5 mn., a§° 145569, d,, 1,002,

%W(%ﬂs)rg \e:m), was pmu-oa An stmilar mamner from

3 | ,
He Gilman and H. W. Melvin, ibid., 72, 995 (1950).

32 | |
8. Y. Sunthankar snd H. Gilman, ihdd., 72, 4884 (1950).
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6~bromo~2-hydroxynaphthalens end triphenylehlorosilans in 51%
yield,?? ‘The compound melts at 139-140%,

Gy olig/PL (Clly )3=67 (OH~2), melting at 107-108°, was prepared in
' 48% yield by the same general procedure as the other hydroxy-
naphthylsilanes.??

None of these hydroxynaphthylsilames’? gives a color re-
action with ferric chloride, but each one of them can be con-
verted into its methyl ether by the use of dimethyl mltutn.n
1~(2+Hydroxynaphthyl )=trimethylsilane and 6=(2-hydroxynaphthyl)e
trimethylsilane are cleaved by 204 hydrochloric acid and 20%
potassium hydroxide; 6«(2«hydrexynaphthyl)-triphenylsilans can
be cleaved by dry hydrogen chloride in refluxing acstic acid
solution.t?*3% 1n each instance of oleavage, 2-hydrexy-
naphthalene is formed,’?

An interesting procedure for the preparation of siliason
compounds containing the hydroxyl group in organic redicals
has been developed.’> The series of equations below exsapli-
fies this method when applied to the synthesis of silicon-
containing phenols. - |

p-CLCH,OH 4 (CH3)384C1 —> p=ClOgH, 084 (CHy)g £ HCL
R-C1GgH, 084 (CH3 )3 # (OH3)3840) 4 2Ha————>
a.-wnz?lamm(cx;), # 2aC)
R~(CH3)33106H,084 (CH3)3 A H2O ———
R-(CHy)33406H,08 £ (CHy)3840H

3
Jsp Iu WQ m*; m 3 (1952)01
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Thayhlda of phenols prepared by this procedure are
reportedly qnmutm"} 3

asthvl-(p-hydroxyphenyl)-ailene, p~HOCGH, 81 (CHy)s3,
melting at 74-»7&-9. was prepared in 96% yield.,’3 p~Tri-
methylsilylphenyl 3,5~dinitrobenzoste melts at 142.5-143°,
and mos_-upmmurm derivative melts at 153.5-155°,%7
ashyde(o=hvdroxyphanyl)-ailane, o~HOCsH,81(CH;)3,

w.u at mw.z“ and beils at m° at 26 mm., 40 0.966,
nD 1.515.°% geTrimethylsilylphenyl 3,5-dinitrobensoate
melts at 123-1242.33 This phenol was formed also when 2,4-
bis~(trimethylailyl J-phencxytrimethylsilans was hydrolysed in
aguecus scetome. Apparently the trimethylsilyl greup para to
the (CH3)3840 group was cleaved in the process.

Each of thess two phenols, when heated in a sealed tube
at 250° for 24 hours, rearranges to phencxytrimethyle
silane havins a boiling point of 180-181°.33

(caz)asmsw.(ea;.z) (GM). has a melting point of 51~51.50,32
The 3,5~dinitrobenscate of this phenol melts at 129~129,59,33

g«uoeéa,,suc%)zszns, has as its mmg point 32.2+33°, and
1t boils at w et 24 ma.d

imathylbd (R-HOGGH, ) 294 (CHy ),
melts at 179-.171" 33



(C,H5)384CgH, (0CH;~4) (COCH~3), was prepared in A7% yield by
the metalation of triethyl-p-anisylstlene with p-butylltshium?t
and then subjecting the organelithium compound to carbonation.’
It melts at 52-56° with preliminary softening. Cleavage of
truthﬂa(bm%m-)-uﬂamhwyl)m with mz'3 6
wm&mnaumwmnwmmnmmxm
since Emtwus-hrmbmolo acid was obtained.
8, ReHOOOGGH,31(CHs )3,
was proptrod rran g-trxnthyhuylphenymmim bromide by
carbonation of the organomstallic compound. 26 The yield was
2812 and the malting point of the acid was 117-118°, 26 3
was also formed in 60% yield, melting at 110+111°, by the
awbmﬁmofthmupmd&g&ewmsa

‘ = parhoxyehanyl )-silans, m~HOCOCGH,S4(CH3)3,
was obtained in mﬂ yleld when gechlorophenyltrimethylsilane

was converted into g~trimethylsilylphanyllithium and the

organclithium compound earbomud.% The aeid ulu‘ at
113,7-014%, %

The ionisation constants of the trimethyl-{earboxyphe
silanes were measured and compared with that of bemsoic acid.
The ionisation constant for bensoic acid was found to be
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1.78x107 while trimethyl-(g-carboxyphenyl)-silane (m-tri-
methylsilylbenzoic acid) and trimethyl-(p-carboxyphenyl)-
silane (p-trimethylsilylbenzoic acid) have respective constants
of 0.96x107% and 1.41x1076,26 These data are in agreement with
the observation that the trimethylsilyl group is electron-

Gy HoO(COOH=5) /51 (CH; ) 3.2/ resulted from the carbonation of
2-(5-lithiofuryl)-trimethylsilane /from trimethyl-(2-furyl)=-
silane and nrbutyllithiumzﬁ;. The yleld of product, melting
at 110-111°, was 62%.3%

The carbonation of 2-(5-lithiothienyl)=-trimethylsilane
formed 2-{5-carboxvthienvl)-trimethvlailane
C,Hi3(COO0H=5)/B1(CHy) 327, in 62% yield.?* This acid has a
melting point of 13h~135° after recrystallization from dilute

ethanol.Bh

Cy,H28/54(CgHs)3.2/ (COOH-5) may be synthesized in 45% yield by
the metalation of triphenyl-(2-thienyl)-silane with p-butyl-
lithiumzh followed by carbonation of the RI& campound.5 It
melts at 188-190° with some prior softening.

L p~HOCOCgH; 81(CHg )5 /20, resulted in 63% yield by the oxida-

L
R. A. Benkeser and R. B. Currie, ibid., 70, 1780 (1948).
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tion of 1,3-bis~(p~tolyl)~tetramethyldisilexane with chromium
trioxide in acetic amcid-acetic anhydride solvent containing
sulfuric acid.}o The temperature of the reaction was kept
between ~5° and 5°, The melting point of the pure acid is
241-242° (from acetons). ¢

mamid mmwmobyummmxm- of.
1,3-bisw(p~cyanophenyl)-tetramethyldisiloxans (prepared from
1,3«bis~(p~bromophenyl )«tetranethyldisiloxane and cuprous
cyanide), The melting point of the compound obtained by this
method of preparation is 239-—241".36

Arylatlicon Compounds Containing the Carbonyl Group

The reaction of mthyla-awth&onymm wﬁ.ﬁh acetic
anhydride in the presence of iodine as a catalyst has been
used to prepare WW
Cy, Hp9(C0CHy 5 )1 (CHg )3-37 in 13% yiom. It 43 a yelloew oil
which boils at 104~105° at & mm., 00 1.5289, df° 1.028.34

The oxidation of 2~{5=acetylthienyl)~trimethylailane by
‘mmotmmmumumm.mmﬂfwaim

c,,nga(mm-z) 1_3‘1(:;;13)3-57 1a 73% :mld.35 It is a pale
yellow oil which boils at 89-90° at 0.6 mm. This cmeand
forms a monohydrate melting at 192-»3.99 , and its semicarbasone

35 |
R. 4. Benkeser snd H. Landesmsn, ibid., ZL, 2493 (1949).
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melts at 221-224° with decomposition.35

The furan derivatives analagous to the thiophene compounds
listed above are prepared in the same way.’’ 2=-(5-Acetvifurvl)-
trimethvlailane, C)Hp0(COCH3=5) (S1(CHy)3~2/, 1s a yellow oil
boiling at 78.5-79° at 3-4 mm., nfC 1.4925, df° 0.978,%% The
semicarbagone has a melting point of 200-201°,%° The yleld of
ketone is 25%.
C,Hp0f (CH3)381~57(COCHO~2), formed in 40% yield. It 1s a
yellow oil boiling at 71° at 0,6 mm. preasure.35 The compound
rapidly darkens and solidifies on standing at room temperature
in a nitrogen atmosphere. The monohydrate melts at 108-114°,35

Phenyl Silicon Isocyanates and Isothiocyanates

Triphenylchlorosilane reacts with inorganic cyanates and
thiocyanates to form triphenylsilyl isocyanate and isothio=-
cyanate;36 In addition to this method of synthesis, the
isocyanate can be prepared by the treatment of triphenylchloro-
silane with urea37 and sodium urethan.37 and the isothio~
cyanate can be formed by the reaction of thiourea with tri-
phenylchlorosilane.37

36
G. Se¢ Ford d He He And 761
(19:.,9),((3,) ) iadd- FoL s o Mg oy ARk, 820 TOL
70, 1250 (1

37
H., Gilman, B. Hofferth, and H. W. Melvin, ibid., 72,
3045 (1950).



henylailyl ia ke, (Cgly)381K00, can be synthe-
siged in yields of 80-85% by the reaction of triphenylchloro-
silane with excess silver cyanate in refluxing mcm‘m
The melting point is given as 9541°,7%® and 100-201°.37 1me
compound was also formed in a yield of 67% when the chloro-
silane was fused with urea for four hours,’’ and in 48% yield
when triphenylchlorosilane reacted with sodium urethan ia re~
fluxing xylene.37 ‘

Triphenylsilyl isocysnate is converted into tyriphenyl=
silanol and bengamide when it reacts with phenyllithiwm or
with phenylmagnesium bromide,?? but 1t is not affected by
absolute ethanol in refluxing bensene.>’

When triphenylehlorosilane reacted with silver thio~
cyanate,39%:37 symontum thiccyanate,?” lead thivcyanate,3”
or thicures,’’ the ylelds of triphanyisilvl isothlocyas
(GgHs )384HC3, were 738, 56%, 97%, and 685. rupmxw.y. It
is reported to melt at 76519%0% apa ag 200-102°,37

Iriphenylsilyl iscthiocyanate reacts with phanylliithium
to form triphenylsilancl,’’ tetraphenylsilane,?? and thio-
bmmdm” Phenylmagnesium bromide causes the preduction
of triphenylsilanol and hydregen sulfide.’” If, nowever, the
reaction with phenylmagnesium bromide is carried out at
elevated temperatures, scme bensophenone is obtd.md.’?

Both triphenylsilyl isocyanats and triphenylsilyl
isothiocyanate can be hydrolysed to m;;hmllﬂmol.”
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Cyanoarylsilanes

1,3-Bis-(p-cyanophenyl)-tetramethyldisiloxane,
[ p-NCCgH, (CH4)28i_7,0, can be prepared by treating 1,3-bis-

(p-bromophenyl)-tetramethyl-disiloxane with a mixture con-

taining cuprous cyanide, potassium cyanide, and copper
powder.3o It is a liquid boiling at 190-200° at 1-2 mm.,

ng> 1.5351, af® 1.0460.

Alkylsilicon Compounds Containing SiNR2 Groups

Compounds of the type R33iNR; have been synthesized by
treating R4SiX or (RBSi)ZSOh types with ammonia or amines.

The R groups may be hydrogen or radicals, These compounds are
liquids which undergo hydrolysis, alcoholysis, polymerization,
and conversion into disiloxanes, disilazanes, and silyl
halides.

Trimethyl-{methylamino)-silane, (CHB)BSiNHCHB, was pre-
pared in 55% yield by the action of liquid methylamine or an
ether solution of methylamine upon trimethylchlorosilane.33
It distills at 71° at 755 mm., nf® 1.3905, af° 0.7395.

Trimethyl-(dimethylamino)-silane, (CH,);31iN(CH3);, was
formed when dimethylamine reacted with trimethylchlorcsilane
in xylene.39 It boils at 85-86°,

38R, 0. Sauer and R, H, Hasek, ibid., 68, 241 (1946),

39, Larrson and O, Mjorne, Trans. Chalmers Univ.
Gothenburg, No. 87, 29 (1949) [ C. A., Lk, 1402 (1950)_7.
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Trimethyl-(ethylamino)-silane, (CH3)3SiNH02H5, is the

product of reaction between trimethylchlorosilane and ethyl-
amine in ether,38 The yield of compound by this method of
synthesis was 25%. It boils at 90,1-90.8°, nﬁo 1.3912.38

Trimethyl-(diethylamino)-silane, (CH3)3SiN(CZH5)2, was
formed by merely adding trimethylchlorosilane to an ether
solution of diethylamine.38 The yield of product, boiling at
126.1-126.4°, n%0 1,4112, was 28%.38

Trimethyl-(heptylamino)-gilane, (CHB)BSiNHC7H15, was
obtained by refluxing equimolecular quantities of hexamethyl-
disilazane and heptylamine.“0 The compounds boil at 92-93°
at 26 mm,

Trimethyl-(benzylamino)-silane, (CH3)3SiNHCH206H5, was
prepared from hexamethyldisilazane and benzylamine in the same

way as was the above described compound.“o It boils at 98-99°
at 22 mm. The reaction between hexamethyldisilazane and
*g-phenylethylamine resulted in the formation of trimethyl-

(phenethylamino)-silane, (CH3)381NHCH20H20635, which bolls at
107° at 22 mm, 40

Trimethyl-(phenylamino)-silane, (CHB)BSiNHC6H5, prepared

from hexamethyldisilazane and aniline, has a boiling point of
96-98° at 24 mm.40

k0o, Mjorne, Svensk Kem. Tid., 62, 120 (1950) [ C. A.,
L, 9342 (1950)_7.
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Hexamethyldisilassne, [ (CH3)3347oNH, was obtained in
61-68% yleld by the reaction of gaseous asmonia with an ether
soluticn of urmthylchloroaum.u It can alse be prepared
by treating trimethylchlorosilane with liquid mia”L (L5%
yield) or trimethylsilyl sulfate®® with gaseous mon,u.“<
Hexamethyldisilasane boils at 125.2-125.7°, nf0 1.4081. It
does not react with sodium but is hydrolysed to trimethyl-
silanol by water and hydrochloric acid .38

A by-product formed during the synthesis of trimethyl~
(methylamino)-gilane from trimethylchlorosilane end methyle

anine is N-math L(CH3)3847oNCH. It

{at) adnel-silans, (CpHs)384NHa, boiling at 136.8-
137‘8° at 753 mm., nf° 1.4259, was prepared in 26§ yleld by
adding tristhylchlorosilans to liquid min.ss If the re~
action is carried cut in a low temperature bath, the yleld of
product boiling at 134°, nﬁo 1.4267, 4s Mgw .,
Triethyl~(amino)-silane rescts with the halogen acids to
form the respective triethylhalogenosilanes.*? Thus, triethyl
chlorosilane can be ohtained in 804 yield frem hydrochloric

uﬂw O« Smor, i+ dme Cham. g0g., 66, 1707 (1944)

» Scomer, G, T+ Kexr, and F, C. Whitmore, ibid.
70, 4hS (me). ) ! ’ ’

Pe Lo Bd.lty, Le He Scamer, and ¥, C. mtmo. ikid.,
70, 435 (198).
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acid and in 70% yield when hydrogen chloride is made to react
with an ether solution of the aminosilane.*? Triethylfluoro-
silane is prepared in 89% yield when hydroflucriec acid is
used, 3 Triethylbromosilane is prepared in 70% yield by the
action of hydrogen bromide upon triethyle(amino)-silane, and
in 55% yield by the action of a mixture of hydrobremic and
sulfuric acids with triethyl-(amino)-silane.*
Irdethvi-(sthylanine )-ailans, (O2H5)3SiNHC2HS, was pre-
pared by the action of lithium upon triethylsilene in ethyl~-
amine.** Seemingly the lithium acted as a catalytic agent.

(CHs)384H # Li # CHgNH; —> (CpHg ), SANHC2Hg # L4 # Hp

The amine can also be prepared from triethylbremosilans,
ethylamine, and lithiweb, or by refluxing a 112 ratio of

‘“a“s’s’m’ FIL p G NH, —> (czn,)jamza, # WBr # ¥4,

triethylehlorosilane and ethylamine in bensens.’’ Triethyi-
(ethylamino)~silane is & clear liquid having a cawphor-like
odor, ™ and 1t botls at 63° at 22 ;m.3? Triethyl-(ethylamino)-
silane can be hydrolysed to triethylsilanol,*™ and when

warmed with absolute methanel for 30 minutes, it is converted

“' .
Ce Ae Kraus and W. E. Nelson, 31bid., ﬁ.ﬁ. 195 (1934),
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into trimethylmethoxysilane.3® It does not resct with lithtwmm
in ethylamine wlut.i.cn.“

henylamine)-ail (CzHl5) 334 NHCGHs, was
synthoaiud from tritthylchlmanano and aniline by reflux-~
ing a chloroform solution of the reastants.’’ Iv boils at
130-132° at 12 mm,3?

mnm.!mmmwa.m (C2Hs )Bﬁimﬁzcéﬁh
boiling atl&s at 20 sm,, was prepared by the same procedure
as was the phenylamino ceupmmd.”

(CoHs) ,sim6n3cn3~p,, was formed by mmeumg triethylohloro~
eilane and pstoluidine in boiling benzene.’? It botls at 147°
at 16 mm.

lexasthyldisilasans, [ (CpHs)3847,MH, cen be prepared by
the following sequence of mctienn“*

1iq. NHj3 ;
(Gais)388K # KMz — 25 /"(O2H5)3847RMK £ H2
L7(OgHg ) 330/ 0K 4 KE, Br———> [ (Goly )38/ NH 4 KBr f Wi,
No Si~K bond apparently formed.Md
Hexasthyldisilasane boils at 100° at 1 mm., and is a clear

colorless oil with a faint camphor-like oder.** It {s not
soluble in liquid ammonia and is denser than that solvent, M

netbolhis-(matbylanine)-ailane, (Ci3)281(NECH; )2, was
formed hy reacting mwmmmmm and methylamine in
dry ethar at ~15° and then refluxing the mixture for 45
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minutes.%’ The yleld of product boiling at 66° at 165 mm. was
R

When dimethylbis«(methylamino)-silane is distilled at
atmospheric pressure, it decomposes into mtzylu&m,
N-methyl-l,3-bis={methylamino)~tetramethyldisilasane, -
£ (CH;3 ) 281NHCHg 7pNCH3, and a emall quantity of a polymeric
subﬁmc."’g

st hvll rhel amd 1o ) e Ans (eﬁ3)231(m235)2’
prepared from ethylamine and dimethyldichloresilans in
bensene, the yield being appreximately 69%.%° The boiling
point 1s 139° at 775 b

sathvlbia«({phanvla gilane, (CH3)a81(NHOGHS)2, was
obtained by the resction between dimethyldichlorvsilane and
aniline in carbon tetrachloride solution.*® It boils at 174°
at 4~5 mm., and, after recrystalligation from pstroleum sther,
it melts at 56°."5 The yield was about 665»."5

The rsaction betwesn dimethyldichlorosilane and bensylamine
resulted in the formation of gdimathvibin-(bensylaminel-ailane,
(CHg ) 284 (NHCH2C6Hs )2, in 628 y1eld.% It boils st 174-178°
at 5 m., 20 1.5409, 420 1.0090.43

CH3CHCL(CzHs ) 284NH2, was prepared by slowly adding o(~chlore=

A5
E. Larrson and B, gmith, A T &, 487 (1949)
LB e b 897 (0501 v MR Shem. Samds 2,
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ethyldiethylchlorosilane to liquid ammenia in a Dry lce-acetone
bath, The yiuld of amins boiling at 93° at 38 mm.,
n29 1.4570, 4% 0.9604, was e8%.%3

¢ =Chlorosthyldiethyl-(amino)-silans can be converted into
A~ghlorosthyldiethylhalogsnosilanes when it is treated with
halogen acids, By this means, *~chlorvethyldiethylohloro~
silans (79%),% ~ohlorcethyldiethylfluoresilane (82%), and
o¢=ohloroethyldiethylbromosilane (26%) were prepared.* inhy-
drous hydrogsn chloride reacts with an ether solution of the
silans to produce X-chloroethyldiethylchlorosilane in 76%
yield, and a mixture of hydrobromic and sulfuric acids
converts > ~chlorosthyldiethyle{amino)~silane into the
emupwng bromosilane in §1% yield.A3

~Chloroetk . ol-gllans, ClCHa0HZ(C2Hs)a81NHy,
aaabcpmarodinwﬁyuldbytho action of liquid ammonia
upon 3 ehlorosthyldiethylohlorosilane.#® It hes a boiling
point of 65+65.5° at 7 mm., nf0 1.4624, 40 0.9769,
£«Chlorosthyldisthyl-(amino)=silans is reportedly quite un~
stable, and decomposes slowly into ethylene, ammonium chloride,
and other products.*® |

Haloalkylsilanes

Grganosilicon compounds containing halogens in the alkyl
group can bs prepared by (1) direct halogenation in the

&6
L+ He Sommer, D. L. Balley, and F. C. Whitmere, »
Ghem. 305., 70, 2860 (igad)e * i &
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presence of ultraviolet light, (2) the use of sulfuryl chlo-
ride with bensoyl peroxide catalyst, (3) the action ef phospho~
rus halides upon hydroxy compounds, and (4) the resstion between
allyl compounds and hydrogen halides. They are liquids which
may form esters and amines, and they can be cleaved and hy-
dm’lyndn '

={ehlorome ishloresilans, GHj(CH,C1)8iCly,
tamd in 37$ yield by the photochemical chlorination of
Mhyldiehlmaﬂ.muzg It distills at 121.3°%.29 methyl-
(chloromethyl )~dichlorosilane reacts with phenylmsgnesium
bromide to produce methylphenyl~(chloremethyl )=¢hlorosilane
and diphenylmethyl~({chloremethyl)-silane. Hydrolysis studies
show that the chlorines attached to silicon are sasily affect~
od by simply placing the compound in water.<?

as hlgremathy))~dial J 8, CH3(CHClz)aiCla,
was produced to the extent of 33.35 along with the monochlo-
romethyl compound.?? It beils at 107-108° st 225 ms. Only
the chlorines attached to silicon are hydrolysed under mild
conditions.?

hloromethvl)-trivhenylallane, C13C84(CeHs)3, was
propared by the ahlm-:.natm of methyltriphenylsilane at 150°
in uwltraviolet light.?’ The yleld of product melting at 194°
was 38‘6‘.‘.27

was obtained in 6.55 yield when mmmehzmaum was
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photochemically chlorinated.?” It boils at 109° at 150 mm.
and has ‘a melting point of 99°. -

The action of sulfuryl chloride upon methyletliyldichloro~
silans in the presence of bensoyl peraxide catalyst resulted
in the formation of the methyle(chloroethyl)-dichlorosilanss.¥’
isthyl- <~ohloroathyl) ~diaklorosilane, CHs(CHyCHCL)81C1z, has
a boiling point of 135~136° at 760 ma., 7 and methyl-(S-ghlare-
athvl)-dichlorosilans, CH3(CHZCLCHZ)31C12, beils at 156~157°
at 760 mm, 6

These silanss will react with a 30% excess of quinoline
to form vinylmethyldichlorosilane.*’

(CH3 ) 20HCL810L,
prepared by the phatcehwim chlorination of trimethyl-
chlorosilane, diatills at 1150 at 760 mm.29

Dimethvibia~{g mathyl)-ailans, (CH;)g81(CHaCl)z2, can
be prepared in 631‘ ﬂm by the action of methylmagnesium
bromide upon hi.w(chlnrmthyllndicmmsm‘“ It bells
at 160° (724 mm.), na° 1.4579, af 1.075.48

Dimethylbis~(chloremethyl)~silane was heated and shaken

with potassiun acetate in acetlic acid solution in & stainless

- Bome

. 1. Hurd, ibid., 67, 1813 (1945).
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Bt gt adomat -ailane, (CHg)3S84CHzI, can be
formed by the reaction of sodium iodide with trimethyl-
(ehloromethyl)-silane in dry acetoms solution.® At 744 mm.
pressure, 1t boils at 139.5% 220 1.4917.49 The compound 1s
inert to boiling 20% aquecus silver nitrate and boiling 20%
ethanolic silver nitrate N9 ,
Irimsthvie(dichloremathvl)-ailans (ﬁ@);&ﬂﬂlmm
prcpwod in 795 yidd when methylmagnesium bremide reacted
with dichloremsthyltrichlorosilane.*® The compound boils at
133° at 730 mm., nf® 1,4430, df¥ 1.0395.48

Trimsthyl«{dichloromethyl)=silane reacts vigorously with
sodium ethoxide in absolute ethancl forming methylene chloride
(71% yield) and hexamethyldisiloxans (73% yield).*8 When
heated in a sexled tube at 2009 for 3 hours with potassium
acetate 1n acetic actd, 1t is cleaves, yielddng formaldenyde. b8
, red mat byl w X eghlovast allang, (CH3)3S4CHCLCH;, can be

prepared in 535 vield by the reagtion of methylmagnesium bro-
mide witho{ wohloroethyltrichlorosilane for 14 hours,”® It has
a boiling point of 117,8° at 735 mm., nfC 1.4242, The Ori, Hard
reagent formed from trimethyl-{Uechlercesthyl )-silans reacts
with mercuric chloride to form tximethyl-{{«chleremercurio-
sthyl)-silans with a melting point of 97°. Trimethyl-
(X=chloroethyl)~silane is mot affected by M ﬂm silver
nttm»’z '

52 |
Ls He Sommer and F. C. mm, ibid., $8, 485 (;9“). ,



aabhyle{Cohrom Yll-ailang, (CH3)381(0Hp)3Br, was
obtained when trutthyl-(t-»hydrmrml)-ulm was treated
with phosphorus tribremide under reflux for 4 hours.®? It
boils ot 70° at 25 mm., nf0 1.4SKL, 420 1.1173.%% The yleld
was 84%.%2

Trimethyl«~{ [ [~bromopropyl)=gilane ¢an be converted into
cyclopropane (92%) and trimethylbromosilane (82%) in the
presence of alumimm chloride.,’? When its Grignard reagent
([~trimethylsilylpropylnagnesium bremide) reacts with ethylene
oxide, trimethyle(S~hydroxypsutyl)-silane is produced in 64%

yleld .53

Pt mathv] w{ §ohrogenen ane, (CH3)334(CHg)sBr, boils
at 113° at 23 mm., a§° 1.55‘79-52 It is prepared by treating
trimethyl«(S«hydroxypentyl)~silane with phosphorus tribromide,
allowing the mixture to stand for 18 hours, and then heating
it at 95-99% for 1 hour.’? The yleld of product obtained by
this procedure is 78%.%3

It is interesting to note that trimethyle{5-byomopentyl)-
silane does not form cyclopentans in the presence of aluminum
chloride, some pentane~l and trimethylbromosilans being obtaine
ed instead.’? These observations are in line with the S-elimie
nation mechanisms proposed by these investigatorsS) for
. sillcon~containing compounds. The formation of ecyclopropane
from trimethyl=(»bromopropyl)-silane and aluminum chloride is

53
L B¢« Es» Yan Strien, and 7. G, Whitmore,
ibid., (19&
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explained by the following scheme:53

A1X3 i

> -S1CH,CH, crf y, Alxh

~§10H20320i§ £ Alxh————‘» (‘\{CH /052 —ﬁix £ AlX;.

"blCH CHZ(;H Br

The formation of a transition complex might be considered, or

Y S y
/ N\

¢ \ 1
AlXq #-SiX £ CH
3 #-81X £ CHy ci, CH,,

the liberation of a siliconium ion prior to combination with

halogen from Alxh might occur,
c £ lﬂﬂ /”“\dé
S1CH,CH,CH, ey -S":i --CH,CH,CH, — CH CHf./ Ho
AlX

451 ———i-ﬁix # AlX,.
There is no contention by these workers®3 that a silicon-
ium ion is involved in these reactions., The major driving
force 1s the ability of electropositive silicon to release an
electron pair to electronically deficient carbon. The absence
of cyclopentane formation is felt to be traceable to the dis-
tance between silicon and the electronically deficient carbon,
which distance would prevent intramolecular transmission of
charge sufficient for cyclization, despite the lesser strain

involved in a 5-membered ring.53

Trimethyl-(#-bromopropyl)~-silane, (CH3)331CH20HBrCHB, was
formed in 70% yield by the action of hydrogen bromide upon
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allyltrimethylsilane.’¥ The reaction was initiated at room
temperaturs and continued in a Dry Ice-sther bath, The com-
pound boils at 31° (6 mm.), nf° 1.4580, 420 1,113, . The use
of benzoyl percxide in the reaction did not result in the
foraation of any of the r,dm."' |

The product, on being slowly hested, decomposes above
40° ylelding propeme and trimethylbromesilane (88%).54

petk jodeprepyl)-ailana, (CH3)3S4CHCHICH;, was

similarly p:-.p-m in m yz-:un.”’ The beiling point is 57°
(6 mm.), ny 20 3 496, It fumes in the air, and decomposes into
propens (55%) snd trimethyliodosilane (46%) when it is heated
at 80° for 30 minutes.>

(CHy );,swagcmeaaax, can be obteined in 568 yield when
chlorine 1s led into trimethylallylsilane st <70°.°% mts
compound boils at 36° at 4 mm., n2? 1.4581, ¢® 1,030, me
comparable reaction with bromine was observed when that
reagent wes used with allyltrimethylsilans. In that instance,
allyl bromide and trimethylbromosilane were formed. ot
Trimethyl~(g, [~dichloropropyl)-silins is decomposed into
allyl chloride (87%) and trimethylchlorosilane (87%) when it
is heated above 50° for 30 minutes.
chioresilane, CH3CHGLS4C1l3, and @=ghlarge
enzcwnaamz; » Were produced together

Ho Scmmer, L. J. Tyler, and F. C. Whitmore, ik
zg,wa'u.w » ke Jo Tyler, . Co » dhid.,
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silicon less vulnerable to nmwymie-atu&*” The moecha~
nien involving base in the formation of cycloprepans from
[~chloropropyltrichlorcsilane is suggested to be '
- | ¢ | -
HO # =34CHCH0R0L — HO -~ 9{- -- CHaQHaCH,- -~ CL

——> Z810R # Wﬂg # ol %3,

(ca3)3sm&zcngcc1ws,m3, was obtained by shaking trimethyl-
{3-methyl~3~hydroxybutyl)-silans with concentrated hydrochlorie
acid in a separatory funnel for 15 minutes.”® The yield of
pmm.wmgaew“m-rssmpmumm%
220 14338, 4® 0.869,%

hathyle (<-ohlarosthvl) ~Cliorosilane, CH3CHCL(CHs)2847,
was formed in 829 yleld when mem»@g-ommomx)w
s1lane®® was added dropwise to 48% hydroflusric asid cooled in
an Lce bath and the mixture stirred for 10 minutes.*> It beils
at 149+150%, 420 0,9961.43 The compound may also be prepared
with the S-isomer by chlorinating triethylfiucresilane with
sulfuryl chloride with bensoyl perexide catalyst.®?

' vl =Cin ana, CHgClCHa(CoH;)o84F,

boila at 1@1’ at 77 u.”

563:9 He Sommer lﬂd He 8. Marans, ihids, 72, 1935 (1950).

Ds Le We Ay Strong, and F. G
wu&m. ﬁ." (wY’"’ v



Jorost hloreailana, CH3CHCL(CaHg)281CL,
can be prepared by passing hydrogen chloride into an ether
solution of diethylef(~chlorosthyl)-sminosilane.*® The yleld
vas 76%. The constants are boiling peint 179-141°, a0 1.0385,
nb l«&-553 .kg. It was also formed by chlorinating triethyl-
chlorosilans with sulfuryl ehlorides’’

bl hlorasthyll-chlorosilans, GHzCLOHg(Cois)a8ic1,
was formed with the <X-isomer when triethylchloresilane rsacted
with sulfuryl chloride.>! It boils at 153° at 200 ma., or 201°
at 760 mm., dﬁ" 1.9552, nﬁo 1.4636.

14 ath h1orog ~broseailana, CH3CHOL(CHs)o31Br,
can be synebmm in 26% yiold by treating diethyl-({>ehloro=
ethyl)~aminosilane in ether with hydroges bromide,* or by
treating the aminosilane, cooled in an i1c¢e bath, with 8%
hydrobramic acld followed by the dropwise addition of concen~
trated sulfuric acid.*> The yleld by the latter method of
preparation was 81%, Diethyl-(X~chloroethyl)-bromosilane
boils av 194~196° at atmospheric pressurs and 105-106° at

46 wa., n§° 1.4752 and 1.;.7&,,#3

MSlivlnatird- (<-chloreathyhl-silans, (CoHg),OHy81CHOLCH,,
can be obtaimé in 874 y:lald by the interaction of diethyl-
(xX=chloreethyl)~chlorosilane and methylmagnesium bromide.??
The emewmamw«wm. 125° at 200 mm., 172° at

760 m:, d QOW”é‘ B.F 1:“52.’7

o) Dhanyt wloieeh] o J=ailane, (Ozis)205Hs910HCICHS,
boils at mw at & mm., m° at mo mme, 274° at 760 mm.,
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dy 20 3.0109, na 1.5229, It cen be prepared in 52% yield from
diethyl~~chloroethyl)~chlorosilane and phmymm
bromide. T

Diethy grosthvll-silanol, (0Ozi5)2CH3CHCAS10H, was
ebmad by m nydrolma of ﬁﬁwyxnﬁ-mwn-mw
gilane on cracked ice contaiming sodium hydroxide. 57 tne
compound boils at 201° at 29 mm., 150° at 200 am., 195° at
760 mm., 4f° 1.0238, nf° 1.4067,%7 This method of preparstica
seemingly does not make for disiloxane formation, the only
product isolated being the silanal (84$).7

The action of chlorine en ¢ooled tetrasthylsilane reswlted
in the formation or both iscmers of tristhyle{chleroethyl)~

Ixdskhyie Pahloraathyl)-allans, (Cals)381CHCICH,

boils at 7a~73° at 9 m., 4117 0.9143, ag? 144538,° and
14 gths chloroethyl)l-silans, (CgHs)381CHaCHCL, has the
boiling point of §0-62° at 9 mm., d}f 0.51258, af0 1.4562.%°

The X»igsomer ia converted inte tristhylvinylsilane when
heated in a sealed tube with alkalli at 1&50,53 and triethyl~
(@o@hlomthyllnaﬂam forms the vinyl derivative upon being
warmed with alkali,’® Triethylviaylsilane reportedly does
not polymerize even in the presence of benmoyl peroxide or
sulfuric qaid.”

58
8« M. U‘h‘?ﬂ v and A Ms 1t » Chame (Us8.8.Rs)
Lo 2495 (1937) L (Cs Ae» 32, 2083 19';3’} 2.
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(CHg )2CH20181034 (CHi3 )3, was obtained by the hydrolysis of a
mixture of trimethylchlorosilane end dimethyl«(chloromethyl)-
chlorosilane snd then heating the mixture.2? It boils at
200,~204+5%, nf° 1.4106, df® 0,9105, Seme hexsmethyldisiloxans
was also isolated.?? The main produst was formed in a yleld

L (CH3) 2CHaCL84720, was formed by the hydrolysis ef dimethyl~-
(ehloromethyl)~chlorosilane.2’ The product boils at 204.5°,
n20 1.4390, a0 1.045. The yield was appreximately 9k$.

Hydroxyalkylsilanes

Organceilicon compounds containing the hydrexyalkyl greup
- may be synthesiged dy seversal methods. The basie hydrolysis
of esters (particularly acetates) and the resction of Grignard
reagents with appropriate compounds (esters, ketones, and
ethylens oxide) are means succesafully espleyed. Compounds
praparsd by these methods are described bslow.

Phanvid RALhvie{ 3-hydrary=2-nathy bptvl )
Cells (GHy ) p84CHCHaCOH(CH3 )CHy, was obtained by the reaction of
methylmagnesium bromide with ethyl Qérphauyid&uaths&ailyl)ﬁ
propionate.’® The yleld of compound, boiling at 116° (3 mm.),
n2° 1,508, 420 0,347, was 80%,56

Tripathyle(3 hvdraxyeropyl)-silane (333)3&632632932933
wes prepared by the reaction of ethylene cxide in sther with
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trimethylsilylmethylmagnesium chloride.’3 The mixture was
stirred for 3 days after which time the ether was replaced
with benzene in which the reaction was run under reflux for
20 hours. Trimethyl-(3~hydroxypropyl)-silane boils at 83°
at 27 mm., nﬁo 1.4290, d%0 0.8316 and was obtained in 71%
yield.53

Trimethyl-(3-hydroxypropyl)-silane can be converted into
trimethyl~(3-bromopropyl)-silane by treatment with hydrogen
bromide, 23

Trimethyl-(3-hydroxy-3-methylbutyl)-silane,
(CH3)3SiCH,CHCOH(CH4)CH3, has a boiling point of 4,8° at 4 mm,
and was obtained in 63% yield by the reaction of ethyl
£g-trimethylsilylpropionate with methylmagneaium.bromide,56
and from methylmagnesium bromide and L-trimethylsilylbutanone-2
in 82% y1e1d.56 It melts at 12-13°, n2 1.4315, a20 0.8255.56

Triethyl-(hydroxyethyl)=-silane, (CpHg)3SiC,H, OH, has been
called "silicononyl alcohol" by one investigator, the position
of the hydroxyl group not being given.59 Triethyl-(chloro-
ethyl)-silane was converted into the.acetate by treating the
chloroethylsilane with fused potassium acetate in acetic
acid.59 Hydrolysis of the acetate with ethanolic potassium
hydroxide resulted in the formation of triethyl-(hydroxyethyl)-
silane in 48% yield.’9 It boils at 190°,

%96, L. Niedzielski, J. Am. Chem. Soc., 62, 3519 (1940).
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Dimethylbis-(hydroxymethyl)=-silane, (CH3)251(CHZOH)2' was
formed by the slow hydrolysis of dimethylbis-(acetoxymethyl)-
silane in methanol containing hydrochloric acid 48 The boiling

point of this compound is 130° at 27 mm., n§® 1.4611,

di! 0.993.

Trimethyl-(hydroxymethyl)-silane, (CH;)3SiCHy0H, was
prepared by slowly hydrolyzing trimethyl-(acetoxymethyl)-
silane [Sfepared by heating potassium acetate and trimethyl-
(chloromethyl)-silane in an autoclave in acetic acid solu-
t10n7.%0 The yield of product, boiling at 121,60 at 729 mm.,
nf’ 1.4169, df> 0.8261, was 80%.

Trimethyl-(hydroxymethyl)-silane (trimethylsilylmethanol)
forms a 3,5-dinitrobenzoate (95%) which melts at 70-70.5°,60
The alcohol also reacts with trimethylchlorosilane in a chloro-
form-quinoline mixture to yield (trimethylsilylmethoxy)~
trimethylsilane (84%) which boils at 129.8° (738 mm.),

n%s 1.3971, di5 0.7781, Trimethylsilylmethanol slowly reacts
with sodium with the evolution of hydrogen, and dissolves in
boiling 75% potassium hydroxide to form a clear solution from
which an infusible combustible gel is obtained upon acidifi-
cation, Apparently potassium hydroxide causes cleavage of the
silicon-carbon bond, resulting in the production of a poly-

meric siloxane upon acidification of the solution.60

60J. L. Speier, B, F, Daubert, and R. R. McGregor, ibid.,
79, 1117 (l9#8§.
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Trimethylsilylmethanol was found to Be more reactive with
regard to phenyl isocyanate than were neopentyl, methyl, and
ethyl alcohols.éo Mixtures containing equivalent quantities of
.trimethylsilylmethanol and each of the other alcohols were re-
acted with phenyl isocyanate and the ratios of rate constants
were found to be trimethylsilylmethanol/necpentyl alcohol,
6.56; trimethylsilylmethanol/ethanol, 3.57; trimethylsilyle
methanol/methanol, 2.92.%0

Silicon~containing alcohols have been prepared by a
recently developed procedure utilizing chloroalkoxysilaneac33

The reactions involved are

Si0(CHz)xC1l # 2Na # C1Si -——> Si0(CHp)xSi= # 2NaCl (1)

S10(CH,),C1l # 24 —> Si(CH,) OM 4 MC1 (2)
2'x | 2'x elevated temp.

R3810(Cliz)xC1 # Mg—— R,S10(CHp ) MgCl — >

R84 (CHy), OMeCL,  (3)

The compounds resulting from reaction (1) can be hydroly-
zed to the corresponding hydroxyalkylsilanes, while in re-

actions (2) and (3), rearrangements are involved in the forma-

tion of silicon-containing alcohols.33

In these preparations, x must be greater than two. When

x = 2, ethylene is produced.33

(CH3)3Si0(GH2)2Cl F 2Na # ClSi(0H3)3 —
L7 (OH3) 384750 # CoH, # 2NaCl
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When x = 3, magnesium does not react. If x = L or 5, sodium,
lithium, and magnesium all react smoothly provided only one
chloroalkoxy group is attached to silicon. When more than one
such group is linked to silicon, only scdium and lithium are
effective. Too, if x = 4 or 5, the Grignard reagent formed is
stable at room temperature, rearranging only at elevated
temperatures,33 Trimethyl-(3-hydroxypropyl)-silane, previous-
ly described, was prepared in 60-61% yield by the action of
lithium or sodium upon trimethyl-(3-chloropropoxy)-silane
/see reaction (2)_7,33

Dimethylbis-(3~-hydroxypropyl)-silane,

(CH4) 81 (CH,CH,CH,0H) 5, was obtained in 47% yield by the
hydrolysis of the product obtained when sodium reacted with a
mixture of trimethyl-(3-chloropropoxy)-silane and dimethyl-
dichlorosilane.33 It boils at 176° (24 mm., ), n§5 1.4649,

d25 0.940.

Dimethylethyl-{3-hydroxypropyl)-silane,

(CH3) 2CH5S1CH,CHLCHROH, formed in 63% yield by the acid
hydrolysis of dimethylethyl-[?—(dimethylethylsilyl)-prOpoxy_7L
silane in ethanol,33 has a boiling point of 101°, n%% 1.4370,
23 0,839,

Dimethylethyl-(5-hydroxypentyl)-silane,
(CHB)BCZBSSiCHZCHZCHZCHZCHZOH' was prepared by the hydrolysis
of dimethylethyl-/5-(dimethylethylsilyl)-pentoxy/-silane, and
boils at 124° (24 mm.), nf® 1.4421, 4?5 0,838.33



(CH3) 384 CH2CHRCH2CHR0H,

can be obtalned by the action of lithium or magnesium upon
trimethyl~(4-chlorobutoxy)-silane in 56% and 63% yields,
respectivaly.33 When sodium was used, only a small quantity
of the product formed.33 If trimethyl=(4~chlorobutoxy)-
silane 1s treated with a sodium emulsion in tetralin, the
product is pebutanol (75%).3°

Trimethyl-(k-hydrnxybutyl)~Silane boils at 96° at 25 mm.,
nf® 1.4315, a5 0.830.%3

[rimethvl~(5-hydroxypentvl) ~gilang
(CH3) 381CHCHRCHCHaCHO0H, was prepared in 14%, 45%, and 79%
yields, respectively, by the reaction of sodium, magnesium,
and lithium with trimmthyl-(5~chloropentaxy)-ailane.33 It
boils at 110° (25 mm.), nf® 1.4358, df’ 0.841.33 1t was aleo
obtained in a yield of 64% when 3-trimethylsilylpropylmagnesium
bromide reacted with ethylene oxide.’>

These alcohols are said to be of stable structures
posseasing the reactivitles typical of alcohols.33 They do
not rearrange at elevated temperatures as do the phenols, nor
are they cleaved by dilute acids or bases even under prolonged

rafluxing.33

Carboxyalkylsilanes and Their Derivatives
Organosilicon compounds containing carboxyalkyl groups
may be prepared by (1) the carbonation of Grignard reagents,
(2) the reaction of ethyl malonate and ethyl acetoacetate with
certain haloalkylsilanes, and (3) the hydrolysis of esters
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containing silicon. They show the same chemiecal characterw
istics as do other organic acids since they can be converted
into esters, acid chlorides, and smides in the customary

asid), (ca))zmeagm, was formed i.n m y!.d.d when m:nm
silylmethylmagnenium chloride was carbonsted, It has a melt-
ing pd.nt of 40°,83

W wn;,),ma 5, WS pmam in 7:..55
yield by the actiom of the Orignard reagent of trimethyl-
{ehloremethyl)~silame upon ethyl chloroformate, the mixture
 being hested on & water bath for 5 hours.52 It betds av 157°
8t 730 mm. and 75.5° at 42 m., 280 1.4349, a2 0,8762, and
is & colorless, stable liquid possessing a pleasant, fruity
eméz

Trimethyle(sarbosthymethyl)»silane reacts with refimxing
dilute hydroehloric acid snd with sedium hydroxide solutien
{both cold and refluxing) to yield hexamethyldisiloxane in
wxcess of 805 yleld, and acetic aeid,5% Interestion between
the ester and hydrogen chloride results in the formation of
trimethylohlorosilans and ethyl acetate in respective yields

e, L Mt Yl e b, 123

79, mia‘gq s Le He Sommay, and F. 0. Whitnore, ihid.,
; .
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of % and 668,52 Bromine cleaves the ester intc trimethyl~
broemesilene (73%) and ethyl bromomcetate (73%), Absolute
sthanol reacts with the compound to form trimethylethoxy-
silane and ethyl acetate,b2

FYAL o.auid), (ﬂﬂ;)g%ﬂsﬂiﬂﬁm w.ung &t 9@,
pmmdiné%yiddbyt;ha carbonation of dimethylphenyl-
aumwwm em.ma;.“l

aldvipropienia asid), Wﬂz’aﬂéﬂﬁm’ﬂz@ﬂnﬂm has a bolling
point of m‘ st 2 mm,, nf0 15149, 420 1,037,561t was
formed in 82.4% yleld by the hydrolysis of the sster with 10%
sodium hydrexide,

R —— maglacensmﬂﬁeewwaeﬂs.
mammwmmctthcm&mmtotuhyl
acetoacetate with dimethylphenyl~{iodamethyl)-silans for 40
hours &t the reflux temperature of the mixture.’® The yield
of product, beiling &t 106° (2 ms.), nf0 1.4972, 4% 0.98s6,
was 57%:56

(633}26635816!{26&36& was W h 61! ald by
the ‘esponding acid with “Wl,ehlm‘twﬁm.%_



trimsshylsilvisronionic. agid), (533)33133353(@33}@&8,
1quid betlng ot 92“ at 4 m., 020 1.4310, 4% 0.9121, wes
gynthesized by the reaction of sodium ethoxide upon ethyl
X-methyl X~trimethylailylmethylacstoacetate followed by
hydrolysis wish m«mm ma;’“ The yield vas 676,

WM tex;) 3816}139328903, was abwnnd in respec~
tive yields of 66% and 63% when the sodium salts of ethyl
malonate amd ethyl acetomcetate reacted with trimethyl-
(chloromeshyl)~silane, The acid has a boiling point of 147°
under 65 mm, pressure, na. 1.4279. It melts st 22,60

The meid also formed when the ethyl ester was hydrolysed
with 105 sodiwn hydroxide at 90° for 2 hours.”® The yilela
by this method of synthesis was #9%, nf® 1.4280, d%° 0,9196,5°

The reaction between Z-trimethylailylprepionic scid and
Shimlmemrlhmn‘rmltammmm

yields of m"* ad 9&.&@. It boils at 92 (65 m),
220 14375, 4% 0,9609,5% It reacts with dimethyloadmivm and
a&Mmermmmnmm”

ide, (0Hy )?mﬂﬂamg;

6
*he He Scomer and d. Bockett, ihid., 73, 5130 (1951).

1 chloride



62

and 1iquid amonia.’? It 1s a white flaky solid which has a
melting point of 95-96°.52 The conversion of the asid chlo-
ride into the amide occurs to the extent of 94.3%.63

ithyisilyioronion 8, (CH3)381CHZ0H2CH, can be
synthesiged tr«l A*Wth}*lﬂlylpmiwdt by heating the
amide with phosphorus pentaxide.5? It is a clear, colorless
liquid possessing & pleasant minty adnr, and boils at 94°
under 49 mm, pressure, n§° 14240, 420 0,8270.5% e yields
were 71868,

mmw. (H3 )383CHaGHaC00C2Hs, was prepared by re-
fluxing & mixture of trimethyl~(iodomethyl)-silane and the
sodium salt of ethyl acetoacetate for 14 hours.”® The cooled
nass was neutralised with glmclal acetic aeid and then
fractionated. The yield of product, boiling at 93° at 40 mm.,
nnm 1.4198, o 0.8763, was m;’é

The ester was formed also by reacting sodium ethaxide
with ethyl *(~{trimsthylsilylmethyl)-acetoncetate at 90° for
12 hours. After neutralizing the mixture with glacial acetic
acid, the yleld was 64%.5°

CH3CO0H/TH 94 (CHy )3 F0OOC,H;, was prepared by refluring the
sodium derivative of ethyl acetoacetats and trimethyl-(iodo~
methyl)=silane for 3C hours. The compound has a boiling
point of 126° (50 mm.), nf® 1.4405, ¢20 0,949 end was obtained
in A8% yield [Dased on unrecovered trimethyl-(iodemethyl)=
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$ilan37.56 Some ethyl S~-trimethylsilylpropionate (22%4) was
also produced.55
Cl3COC(CHy ) [CHpS1(CH3)3. 7 COOCoHs, was formed by the treat-
ment of the sodium salt of ethyl X«{trimethylsilylmethyl)-
acetoacetate with methyl iodide under reflux for 30 mi.nu.i:e;es.s6
This compound, boiling at 87° at 55 mm., n§° 1.4420,
a2 0,9512, was obtained in 72% yield.”®

If ethyl iodide is used in the procedure given above,
Ampt

wipeunvisl. LAY R b 53 3

£

B il bl Ak A0 el Y b i 4 A SE S i L Y ! G
CH3C0C (C,H) 5/CH,S1 (CHy ) 3 _/C00C,Hs, is obtained in 58% yield.
It has a boiling point of 92° at 3 mm., n3° 1.4453, 420 0.9509.

£

56

(CH3) 381081 (CH3) 2CHZCHLCO0H, was prepared by the carbonation
of the Grignard reagent formed from pentamethyl=-({chloromethyl)=
disiloxane in a yleld of 85%.6l The compound melts at 17,
n%o L4149,

The acid strengths of trimethylsilylacetic acid,
f~dimethyl=(trimethylsiloxy)-silylpropionic acid, dimethyl=-
phenylsilylacetic acid, and ﬁ_-trimethylsilylpmpionic acid were
determined and the respective ionization constants were found
to be 0.6x10™°, 0.6x10~%, 0.54x10~5, and 1.24x10~5.61 These
observations indicate that electron-release by the silicon-

- containing groups is rather strong in the first three in-
stances, hut that this effect rapidly diminishes as the
saturatad chain is lengthened.él The release in the first



6l

three acids is greater than that by hydrogen or alkyl
groups.

asid), (Cghs)381C)oHa0C00H, was formed in 96% yield by the
reaction of tyiphenylsilane with 9~hendecencic acid in hexane
at 75° in a nitrogen stwmosphere for 1, hours, the reaction
being catalyxed by bensoyl pmida.“ The preoduct distills
at 250-270° at 7 x 10" mm., and crystallises from bensens in
nesdles which melt at 58,5-59%. The compound does not react
with 1odine.%% The position occoupied by the carboxyl growp
was not spscified.

When the aclid was ssterfied or when ethyl 9«~hendecencate
was made to reaet with triphenylailane, W-
handecanoate, (CgHs)381010H2000002Hs, was obtained.5% The
ester melts at 49° and distills at 255-280° (7x20*% mm.).

8ilicon derivatives of acids comtaining sulfur have besn
prepared by the reaction of alkenylsilanes with acids containe
ing the sulfhydryl group.%® The two classes of sudstances
ware shaken together until homogeneity was «ffected, the
Products being ebtained by dletillation %% Thus 3-thia-S-

uSedimathritsptaneds asid, (CHs )381CHCHa8CHaC00H, was
pmmd in 25% yield from trimethylvinylsilane and shioglycelic

o Oadsby, Bassarch. 1, 339 (1950) L Gede, bk, 8881
(1950)7?. » ] ' A p ]

6
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acid.®5 fTnis compound boils at 143-144° at 7 mm., nﬁo 1.4811,
d20 1,0139,%5

-Thia-~7-gila-7,7-dimethyloctanoic acid,
(CH3)4S1(CHy) 3SCH,CO0H, boiling at 164-166° at 9 mm.,

ngo 1.4790, dEO 1,009, formed in 54% yield by the reaction of
thioglycolic acid with allyltrimethylsilane.65

3-Thia=7,7-dimethyl-7-trimethylsiloxy~7-silaheptanoic
acid, (CH3)3S1081(CH3),(CHy)43SCH,CO0H, was prepared from

thioglycolic acid and allylpentamethyldisiloxane in a yleld
of A6%,65 The constants are boiling point}lh9-150Q2° (2 mm.,),
nf® 1.4588, af° 0.9902.%5

The reaction of allytrimethylsilane with ethyl thiogly-
colate resulted in the formation of ethyl 3-thia-7,7-dimethyl-
7-silaoctanoate, (CHjz);51(CH,)3SCH,CO0C Hs, in 63% yield,5
The compound boils at 148-149° at 24 mm., n%o 1.4630,

20 0,9493,5

Ethyl 3-thia~7,7-dimethyl-7-s8ilaoctanocate was sponified
and the acid treated with thionyl chloride and then p-toluidine
to prepare 3-thia-7,7~dimethyl-7-sila-N-p-tolyloctanamide,
(CH3) 384 (CHp) 330H,CONKCH, CH . This amide melts at 72.5-
73°.65

Alkylsilanes Containing the Carbonyl Group
Trimethyl-(f-acetylethyl)-silane (4-trimethylsilyl-2-
butanone), (CH3)3SiCH20H2000H3, was prepared by heating a

mixture containing ethyl <-(trimethylsilylmethyl)-acetoacetate,
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recovered unchanged.56 3-Trimethylsilylmethyl-2-pentanone
has a boiling point of 88° at 30 mm., nf° 1.4295, 420 0.843.56

Trimethyl~-(£-benzoylethyl)-silane (2-trimethylsilylethyl
phenyl ketone), (CH3)3SiCH,CH,CUCgHs, boils at 115° at 4 mm.,

nﬁo 1.5085, 420 0.955.56 It was prepared by the action of
diphenylcadmium upon g-trimethylsilylpropionyl chloride.56

Irimethyl-{(f-methyl-S-acetylethyl)~silane (4-trimethyl-
gilyl-3-methyl-2-butanone), (CH3)331CHZCH(CH3)COCH3, was ob-
tained by hydrolyzing ethyl & - methyl- <« ~ trimethylsilyl-
methylacetoacetate with 10% sodium hydroxide.56 The ketone,
boiling at 83° (4O mm.), ngC 1.4280, 420 0,836, formed in 53%
yield,56 |

Aminoalkylsilanes

Silicon compounds containing aminoalkyl groups may be
synthesized by (1) the reduction of nitriles, (2) the hydro-
lysis of carbamates, (3) the Gabriel synthesis, and (4) the
reaction of halomethylsilanes with liquid ammonia or aminéa in
an autoclave, In the reaction between halomethylsilanes and
liquid ammonia or primary amines no tertiary amines were iso-~
lated, 66 If secondary amines were used, tertiary amines which
sluggishly formed quaternary salts did result.% Reaction of

ethanolamine with chloromethylsilanes caused cleavage of the

66J, E, Noll, J. L. Speier, and B. F. Daubert, ibid.,
73, 3871 (1951).
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chloromethyl group, the product isolated being Nemethylethanol-
amine,56

Iximethyl-(sninemethvl)-allane, (CH3)381CHoNHZ, was pre~
pared in 67% yield by hydrolysing N-{trimethylsilylmethyl)-
phthalimide with hydrochleric acid and then liberating the
free base with potassium hydroxide solution.’? The smine was
also formed when trimethyle{chloromethyl)-silane and liquid
axmonia were interacted in an sutoclave, the yleld being 505,66
The constants reported are boiling point 94% at 729 mm.,
na’ 144139, di° 0.7646.66

The bicarbonate of trimethyl~(sminomethyl)-eilane sub-
limes at room temperature,®6 and the sulfate melts at 213-216°
with dccoap«itmﬁé Ne{Trimethylailylmethyl }«p-nit:obensa~
mide has @ melting point of 123.5-124°.5% the hydrochloride
of the amine melts at 242-243°,96

Attenpts to prepare the amine by the reaction of tri-
methyl=(chloromethyl)~-silane with sodius in liquid smmonia re-
sulted in cleavage and rearrangsment to trimethyl-(methyl-
amino)~gilane which was convexrted into Nemethylhexamethyl-
diailumeg“ The reactiona probably are

(CHi3 )3S4CHaCL # MaNHp —> (CH3)yS4NHGHS # NaCl
2(CH )3 84NHGH;—> /Ol ) 3847 N0Hy 4 CHzNH, .56

When methyl H-(A-trimethylailylethyl)-carbamate was
refluxed with potassium hydroxide in methanol and the product
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(CH3 )384CHCHgNH,, was obtained in a yleld of 83.5%,%3 It
boils at 121° at 735 mm., nf° l.4244, and the hydreoshloride
melts at 300°,63 The formation of N,Ntebis~(S-trimethylailyl~
ethyl)-urea, melting at 77-78°, ccours to some extent in this
preparation.®® The amine also forms by subjecting _-trimethyle
silylpropionsmide to the Hoffmamm reaction.57

rimathyl-(r-sainopropyl)-atlans, (CH;)384CHCHZCHNHg,
1.auqﬂdwhiehmabainngpelntoflk5°un«rtmm
of 726 mm., n° 1.4301, df° 0.7866.53 It was obtained in a
yield of 82% by the reduction of ~trimethylsilylpropionitrile
with lithium alusimm hydride.? The melting point of the
hydrochloride is 183~1840,63

Trimethyl-(icdomethyl)-silane and liquid asmonia can be
udtteMathundcraprmmetsmmupm«
pa=(triaethriailvimathyl) ~amine, [TCHy);84CH, 7,HH, 4in a yield
of 23.7%.5% The botling point 1s 909 (57 mm.), nf0 1.4267,
af® 0.7863. The melting point of the hydrochloride is 158°,63

This auine is also formed along with trimethyle{amino-
methyl)~silane when trimethyl-(chloromethyl)-silans reacts
with liquid ammonia,®® In addition to the hydroehloride, bis-
(trimethylsilylmethyl)-amine forms a sulfate which hydrolyses
to a polymeric substance. The proposed structure of the poly-
mer is ~/034(CH; )z0H,NHCHz84 (0B )5 86

67
and R. ?. Pl.onh, | . ﬁ,. zi%lh' T S *



sshyiphs " ilane, (CHy)gGsHsS4CH]NH],,
was prepared by the reaction of dimethylphenyl~(shloremethyl)-
silane /from (chloromethyl)-dimethylehlorosilane and phenyl-
magnesiwn bromide/ with liquid ammonia in an autoclave in 68%
1e1d. % It batls av 226.5° (744 mm.), nf® 1.5205, ¢f5 0.940.
The hydrochloride melts at 198-200°.66

The by~product of the above-described reaction is his~
Jddneshviohanvlaiiriuathyl)-anine, LTCH;)z06HsS4CH 7o NH,
which has & boiling point of 215.2° at 23 mm., nd> 1.5332,
a25 0.958,%

imathvlathe , 8, (CH3)202H5084CH NNz,
was obtunad when liquid ammonia and dimethyle(chloromethyl)~
ethoxysilane /From ethanol and dimethyl-(schloremsthyl)echloro~
silang/ inveracted.%® The yield of preduct, boiling at 131.8°
st 740 mm,, 13> 1,411, d4f5 0,849, was 37%.5¢ The compownd 1s
quite stable to hydrolysis, the hydrochlorids (melting point
183-187°) bedng prepared by evaporating a hydrochloric asid
solution of the amine $o drnm.“

z.Tca;)zegn,emxﬁzm, boiling at xmw’ st 24 mm.,
225 1,433, 2 0,892, was prepared in 37% yield by the process
described lheu.“

oy (aninomativlloailans, (Ciis0)yS8CHoNHy, was
obtained in 515 yuld when triethoxy~({shleromethyl)-silane
reacted with liquid swmonis.%0 It has a boiling petint of 93°
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at 26 mm., n§5 1.4080, d§5 0.955. Triethoxy-{aminomethyl)-
silane hydrolyzes in the air to produce a silica-like
66

material.
Bis-(triethoxysilylmethyl)-amine, [Ibza5o)3310H2_7énu, a
by~-product in the preparation of triethoxy-(aminomethyl)-
silane was formed to the extent of 25%.66 The constants are
boiling point 117° (0.4 mm.), nS’ 1.4132, d2° 0.973.
Tetramethyl-1,3-bis-{aminomethyl)~-disiloxane dihydro-
chloride, [ICHB)2NH203281720.2H01, melts at 2#7-2h9°.66 It
was formed in practically quantitative yields when trimethyl-

(aminomethyl)-silane reacted with sulfuric acid and the re-
sulting compound subjected to treatment with hydrogen chloride,
The by-product of the sulfuric acid reaction is methane., The

reactions are

2H0S0431 (CH3 ) ,CH,NH, £ Hp0 —
LTCH4) KH,CH,847,0 # 2HpS0,.
Trimethyl~-(methylaminomethyl)-silane, (CH 3 )3 SiCHzNHCH3 s

was obtained by the action of trimethyl-(chloromethyl)-silane
66

65,66

upon methylamine in 50% yield. It has a boiling point of

101.6° at 735 mm, , n%s 1.4094, df5 0.754. The amine forms a

water ageotrope which boils at 83° (735 mm.), n%5 l.h132.66'
The hydrochloride of trimethyl-(methylaminomethyl)-silane has

a melting point of 198-199°, 66
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Trimethx;—ﬂdimethxlaminoﬁethxl)-si;ane, (CHB)BSiCHZN(CHB)Z’
[?rom trimethyl-(chloromethyl)~silane and dimethylamine/ is
found to beil at 110.1° (746 mm.), nf5 1.4102, a25 0.746.66
It was formed in 64% yield, The amine hydrochloride melts at
185-186°, The quaternary salts, trimethyl-(trimethylsilyl-
methyl)-ammonium bromide and iodide, melt at 260-262° and
241 .5-242,5°, respectively.66

Trimethyl-(octadecylaminomethyl)-silane,
(CH3)331032NH618337_2, may be prepared in 67.5% yield from
octadecylamine and trimethyl—(chloromethyl)-silane,65 Its
boiling point is 193-194° at 2 mm., n%6 1.4507, dﬁé 0.815,
and its melting point is 26-320,.66  The amine hydrochloride
melts at 101-102°0,06

Trimethyl-(isopropylaminomethyl)-silane,
(033)3310H2NHCH(CH3)2, can be obtained in 83% yield from
isopropylamine and trimethyl-(chloromethyl)-silane. It boils
at 129.5° at 736.5 mm., nf> 1.4141, df5 0.758.%% The melting
point of the hydrochloride is 136-137°.

Tetramethyl-1l,3-bis-(isopropylaminomethyl)-disiloxane,
[('cu3)2 igo - C3H,NHCH,Si/,0, was prepared by treating tri-
methyl-(isopropylaminomethyl)-silane with sulfuric acid and
then hydrolyzing the product with alka11.66 The compound has
a boiling point of 245° (736.8 mm.), nf® 1.4278, 25 0.850.50
The dihydrochloride melts at 179-180° 66
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Trimethyl-(cyclohexylaminomethyl)-silane,

(CH3)3SiCH2NH06511~cyclo, was synthesized by treating tri-
methyl-(chloromethyl)=-silane with cyclohexylamine66 and by
catalytic reduction of trimethyl-(phenylaminomethyl)-silane.b0
The yields by these respective methods were 90% and 88%, The
compound boils at 211° at 736.5 mm,, n%5 1.4519, dﬁs 0.839.66
The melting point of the hydrochloride is 235-239°, and the
phenylthiourea derivative melts at 136,5-137°,66

After trimethyl-{cyclohexylaminomethyl)-silane was
treated with sulfuric acid and then with aqueous alkali,

tramethyl-l,3-bis~{cyclohexylaminomethyl)-disiloxane,
[(CHB)zcyclo-»céﬁllNBCstgzO, was produced in 80% yield,
ng’ 1.4679, df% 0.922.%® Tne dinydrochloride melts at 228-
2329,

Tgimeghxl-!phenx;am;nomethxll-gi;ane, (CHB)BSiCHZNHC6H5,
/from aniline and trimethyl-(chloromethyl)-silang/ has a
boiling point of 242° at 740.8 mm., n3’ 1,5213, a25 0.918,%

Triethoxy-(cyclohexylaminomethyl)=-silane,

(CoH50) 381CHNHCgHy, ~cyclo, boils at 162° (99 mm.),
nf® 1.44,88, df5 0.889, and was obtained in 64% yield from
cyclohexylamine and trimethyl-(chloromethyl)-silane.56

Studies as to the base strength of the aminoalkylsilanes
showed them to be stronger bases than their carbon analogs.63
For example, trimethyl-(aminomethyl)-silane is nearly six

times as strong as neopentylamine., It is observed, also, that
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while the et-trimethylsilyl group has a strong effect on in-
creasing the basic dissociation constants of amines, the
effect of phenyl- or oxygen-substituted silyl groups is in the
opposite direction,58 Electronegative substituents such as
phenyl or oxygen generally weaken amines,

The fact that the amines containing silicon are generally
stronger than corresponding carbon compounds causes question-
ing of the idea that silicon coordinates with the electrons on
nitrogen in these amines,%9 1If such coordination were to
occur, then amines containing silicon should be weak , 63
Further, cryoscopic determinations of molecular weights of
these amines show them to be monomolecular.68 These consider-
ations tend to rule out intramolecular or intermolecular asso-

ciation among these compounds.63168

The Alkyl Silicon Isocyanates and Isothiocyanates
The general method by which these substances are prepared
is the reaction between silicon halides and silver cyanate and

silver thiocyanate, respectively, in benzene solution,
36,69,70,71

68J. E, Noll, B, F. Daubert, and J., L, Speier, ibid.,
73, 3871 (1951).

69see C., G. Swain, R, M, Esteve, and R, H, Jones, ibid.,
71, 965 (1949) for mechanisms involving pentacovalent silicon,

70H, H, Anderson, ibid., 69, 3049 (1947).
714, H, Anderson, ibid., 72, 193 (1950).
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HBathylt : eYanatosilane GHBSI(HBS)j, boils at
266-267°, dEG 1.304, and melts at 72.4°.7C The demsity was
determined in solution.

imetk . \gcyanasosilang (033323$.(H68)g, boils at
217.3 £ £30, and melts av 160, d§° 1.43, nB 1.5677 £ 0,0005.70

anate), (033)331303, boils at 143.1 y 0.3° and melts at ~32.89,
a?0 0,931, n 1.442 £ 0,0005.70

The methyl allicon isothiocyanates were studied as to
their chemical properties. Bach of them is easily hydrolysed,
though the rate of hydrolysis is moderately slow. The hydro-
lysis product of dimethyldiisothiocysnatosilene is & liquid
which floats on water and which, when dried, boils at 260°,
It 4 assumed to be a cyclic dimethylsiloxane.’C The isothiocy=
anate groups can be determined by titrating the hydrolysed com-
pounds with silver nitrate using ferric nitrate indicator,70

Seversl physical constants were measured. The molar re-
fraction values favor the isothiocyanate structure rather than
the thiocyanate conrxgnrnmion.7° In addition, heats of vapore
ization, Trouton's constants, and the constents in the vapor
pressure quatians for each compound were ascertained.
CgligCHa94(NC3 )3, has a

boiling pos.nt of 348,9 # 10 (171~172° at 3 mm.), and 1t melts
at 36 £ 1% 4§ 1.275 (determined on the supercooled liquid.)™
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Bengyltriisocyanatosilane, C6H5CH281(NCO)3, boils at 11l1-
112° at 3 mm. and 265 £ 2° at atmospheric pressure and has
the constants nﬁo 1.5230, dﬁo 1.225.71 It melts at 11 £ 1°,

n-Butyltriigothiocyanatosilane, gyckH9Si(NCS)3, boils at
135-136° at 3 mm, and 300.6 £ 1° at atmospheric pressure,
nBO 1.5928, dﬁo 1.189.71 Tnis compound melts at -0.5%,

Each of the latter three compounds is a colorless liquid
when pure, and each hydrolyzes without the evolution of heat,
The isothiocyanate groups were titrated with standard silver
nitrate with ferric ion indicator, while the isocyanate moiety
was analyzed for nitrogen by the Dumas method, /1

Ethyltriisocyanatosilane, C H Si(NCO)B, has a boiling
point of 183.5°, df0 1.2191, nf0 1,4468.72

Diethyldiisocyanatosilane, (CpHs)28i(NCO);, boils at
176.7°, df9 1,0223, n&0 1.4348.72

Triethylisocyanatosilane (triethylsilyl isocyanate),

(0285)381NCO, was prepared in a 60-40 nitromethane-~benzene
mixture by the interaction of triethylchlorosilane and silver
cyanate.72 The synthesis did not proceed to completion in
benzene, The significance of the role of nitromethane is

being investigated.72

161.1°, a£0 0.8895, nf0 1.4295.72
n-Propyltriisocyanatosilane, n-C3H78i(NCO)3, was prepared

in a 9:1 benezene~nitromethane solvent, It boils at 198,2°,

n&¥ 1,4462, af© 1.1726,7%

Triethylsilyl isocyanate boils at

724, H, Anderson, ibid., 72, 196 (1950).
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(CHy ) ,CH3L(NCO)3, was pre-
pared 1:: the same aolvcnt. as was the nrprapyl compound. Its
boiling point is 192°, daf° 1.162, n2° L.44h.72

Both preparations involving the propyl compounds were slow
in starting. However, reaction in each case reached completion
after being refluxed for 1 hour.

R=Propvitrilacthicovanakoailane, n-C3H;81(NC3);, prepared
in bensens, boils at 289.5°, d§° 1.2248, ng® 1.6014.72

20D ldsothiocyanatonilans (033)33331(365)3, boil~
ing at 279°, d§° 1.2177, n° 1.6066, was prepared in bensene,72

Among the ethylailicon isocyanates, the rate of hydrolysis
increases as the nmumber of ethyl groups decreases.’? Trimethyle
8ilyl isocyanate can be heated to 85° and shaken with water at
that temperature without a reaction of detectable apeed or heat.
However, if triethylsilyl isocyanate is shaken with 50% ethanol,
1t reacts rapidly with the evolution of heat.’?

Each propyltriisocyanatosilane, when emulsified with
water, hydrolyses at an initially slow rate, but after approxi-
mately 5 minutes, the hydrolysis rate rapidly incresses. How~
is more slowly hydrolyzed than is silieceon

ever, sach compound

tetraisoeymto.n All these compounds -~ ethyl and propyl -
decompose completely in 95% ethanol within 5 minutes.’*
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of L-trimethylsilyldibensothiophene with 30% hydrogen peroxide
in glacial acetic actd.” The compound melts at l46<147°.

O 83.(&

Om ;, waa formed in a manner similar to that used
in the préparation of the compound described sbove.’’ It has
a melting point of 212-213° (from ethyl acetate).

Neither of these compounds is cleaved by hydrogen chlo-
ride. 4-Trimethylsilyldibensothiophene~5~diexide can be
nitrated to form a nitro derivative of undetermined struce
ture.’? The mitro compound melts at 223-224.° co_

1 pathrlphthalinide, (CH;)yS4CHH<go"Cgh,,
was obtained in 89.8% yield by the reaction of trimethyl-
{chloromethyl)=silsne with phthalimide and potassium carbo-
nate.53 It 4s a water-clear oil boiling at 117° at 2 mm.,

220 1.5427, and 1t freeges at 23°,

(CH3 ) 381 CHa0H NHCOOCHS, 18 & clear waterwwhite liquid which
boils at 108° at 12 mm., nf¥ 1.4410. It was obtained in
82,2% yield when S-trimethylsilylpropionemide in methanol was
reacted with bromine and sodium methoxide,53

73&; Gilman and J. F. Habil, m.&; za, 2629 (3.959)11
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Methyl ﬁ-(@-trimthylsﬂylothyl)-carbmto can be hydro-
lysed to f~trimethylsilylethylemine, some N, J'~his~{f-trimethyl~
allvlethvl)-urea, /(0H;)3S4CHCHoRE/,CO, melting at 77-78°
also being formed.53
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EXPERIMENTAL

The apparatus used in experiments involving organometal-
lic compounds consisted of a sultably sized three-necked
round bottom flask fitted with a mechanical stirrer, a reflux
condenser, and a dropping fumnel. The reactions were run
under a positive pressure of dry nitrogen prepared by passing
high grade nitrogen through a train containing, respectively,
sulfuric acid, alkaline pyrogallol, and soda lime or Drierite.
Modifications were made as required.

8ilicon Analynin7k

Polyarylsilanes were analyzed for ailicon by placing a
sample of each compound into a previously ignited platinum
crucible with cover and adding 1l-3 ml. of concentrated sulfuric
acid dropwise to the sample in the partially covered crucible.
Sufficient time was allowed for the sample to become thoroughly
wetted by the acid. Wetting may be facilitated by previously
introducing acetic acid, or by adding 2 or 3 drops of concen=~
trated nitric acid to the sulfuric acid and sample in the
erucible. The partially covered crucible waa then placed on
the wire support of a Rogers ring burner and the flame so
adjusted as to impinge on the crucible Just above the level of
the acid. As the acid evaporated, the crucible was ralsed so
that acid fumes were constantly being evolved. After all the

Th
See ref. 27 for the microdetermination of silicon.
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acid had vaporized, the crucible was ignited at dull red heat
by means of a Meker burner until the weight of the crucible
and silica became constant.

However, compounds containing the trimethylsilyl group
cannot handily be analyzed by the procedure described above
because the volatility of this group is such that low results
are almost invariably obtained.’ These compounds were
analysed by decomposing & sample of each by the Parr fusion
method. The resulting melt was dimssolved in distilled water,
acidified with a 20 ml. excess of perchloric acid and the
solution evaporated to fumes of the acid, The solution was
then diluted with distilled water, cooled, and filtered. The
precipitate thus obtained was washed with four to six 100 ml.
portions of dilute hydrochloric acid (3 ml. of acid and 97 ml.
of water) and once with 100 ml., of dilute ammonium hydrexide
(1 ml. of base and 99 ml. of water). The filter was next
transferred to & previously tared platinum crucible in which
it was carefully charrsd and finally ignited at dull rad heat
until the weight of the crucible and its contents became con-
stant.

Liguid silanes were weighed in gelatin capsules, and the
capsules containing the samples were introvduced into the parr
bomb with the fusion mixture.

75
See ref, 15 for a discussion of the volatility of the
trimnethylsilyl group.
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The samples weighed 0,15-0.25 g. The factor for convert-
ing ailica into silicon 1s 0.4672.

The Preparation of Triphenylailane and Triphenyltin Hydride

Ixiphsnvisilanol.~ Triphenylsilanol was prepared by two
methods, In the first, silicon tetrachloride and phenylmag~
nesium bromide were used in essential accordance with the
directions of earlier workers.’C The yield of product was
96 g« (71%) using 0.5 mole of silicon tetrachleride. In a
gsecond experiment, beginning with 0,3 mole of silicon tetra-
chloride, the yield of triphenyleilanol was 59.6 g., or 72%.
The melting point was 150-151°.

In the second method, phenyllithium (2.83 moles) was
added to 0.% mole of silicon tetrachloride in ether, the
reaction flask being kept in an ice bath,’® The yleld of
triphenylsilancl, after hydrolysing and working up the reaction
mixture, was 83% (215 g.). In addition, 35 g. of tetraphenyle~
silane was obtained.

Attemptad reduction of triphsnviailancl.~ A solution conw
taining 4.8 g. (0.0174 mole) of triphenylsilanol dissolved in
50 ml, of absolute ethanol containing Raney nickel was sube
Jected %0 a pressure of 59 pounds of hydrogen for 17 hours.

At the end of that period, the pressure of hydrogen had not

76
W. Dilthey and F, Eduardoff, Ber., 37, 1139 (1904).
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changed. After filtering the mixture and removing the ethanol
by distillation, 4.6 g. of triphenylsilanol was recovered
(mixed melting point identification). Two other attempts at
the reduction of triphenylsilancl resulted in 95-96% recov-
eries of triphenylsilanol when the reaction times were 20
hours and 24 hours, respectively.

conversion of triphenylcarbinol into triphenylmethane by
treating the carbinol with formic acid has been described.”’
Accordingly, 5 g. (0,018 mole) of triphenylsilanol was refluxed
for 16 hours with 25 ml. of 98% formic acid. After cooling and
filtering the mixture and recrystallizing the residue from
ethanol, there was obtained a gquantitative yield of hexsaphenyl~
disilma"s melting at 220-2220, No triphenylsilane was
isolated.

Apal. Calod. for 03633003123 81, 10.48. Found: 94, 10.46
and 10,52,

been reported that triphenylcarbdinel or triphenylchloromethane

77
Hs Kauffmenn and A. D. Panmwits, ibid., A4S, 776 (1912).

78
W. Cy Schumb and C, M. Saffer . »
366 (1939). e & Gham. 302, G



8,

can be converted into triphenylmethane by heating either sub~-
stance with concentrated sulfuric acid in ethanol.’’ There-
fore, 50 ml. of concentrated sulfuric acid was added to 5 g.
(0.017 mole) of triphenylchlorosilane®® dissolved in 50 ml,
of ethanol and the solution heated with stirring at 70-80°
for 6 hours. The reaction mixture was cautiocusly poured into
400 ml, of solution containing a 104 excess of the sodium
carbonate calculated to neutralize the acid. After filtering
the suspension, a gummy residue that was not appreciably
soluble in the usual organic solvents was collected. Thia
material did not melt at temperatures as high as 380°,

Extraction of the aqueous portion with ether resulted in
the isolation of a small quantity of solid which charred with-
out melting at 350°, These results suggest that cleavage and
hydrolysis might have occurred.

LOLOK0RLALRNE \ romides~ The direc~
tions of earlier workuam were followed in this method. In
one preparation, when 0,62 mole of trichlorosilane was used,
the yleld of triphenylsilane was 88%. Hydrolysis was effected
by pouring the reaction mixture on cracked ice containing sul-
furic acid. 8ince this product, after two recrystallisations

79
J. Schmidlin and A. Gareia~Banus, Bax., 45, 3189 (1512).

80
Prior to the availability of commercial triph lohloro=
silane, the ¢ was by passing anh ygen
c¢hloride &n ether solution of trip o?
Ce Ay Eraus R. Rosen, J. AR. Chem. 80C., | 27h6 (19
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from ethanol, melted at Al4-45° instead of 36-37° as previously
reportod,ls it was analygzed.

Aoal. Caled. for Cyghy 811 84, 10.77. Founds 81, 10.67
and 10,72,

The yield in a second preparation, starting with 0,99 mole
of trichlorosilane, was 86% of pure product melting at A5~
45.5°.%

riphenvichloreoailans and lithium alupinum byvdride.~ To
4 g+ (0,105 mole) of lithium aluminum hydride in 75 ml. of
ether was alowly added 10 g. (0.034 mole) of triphenylchloro~
silane in 25 ml. of ether, and the resulting suspension was
refluxed for 5 hours. The reaction mixture was hydrolysed
with dilute hydrochloric acid and worked up in the customary
menner. The yield of triphenylsilane, melting at 43-4i°
(mixed melting point 44~45°), was 7 g., or 79.5%.

axivhenvitin chloride.~ Triphenyltin chloride was

prepared by a modification82 of the procedure of Kocheshkow,
Nadi, and Aleksandrow®3 from 55 g. (0.1785 mole) of tetra-

8
S8ee J, W. Jonkins, N. lav s Pe Re Guenther, and H, W.

Poat, J. QRE. Chame, A3, 862 (1948), for the preparation of
R35ili types.

1%2 C. E., Arntsen, Doctoral Dissertation, Iowa State Collegse,

K. A, Kocheskow, M, M, Nadi, and A, R. Aleksandrow mo
§7, 1348 (1934), ’ ’ P
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phenyltin and 11,2 g. (0.0429 mole) of stannic chloride. The
yield of triphenyltin chloride, melting at 103-104°, was 47.2
g. (72%). Repeated recrystallization from petroleum ether
(boiling point 77-1159) did not raise the melting point.

Triphenyltin hydride.-~ Triphenyltin chloride instead of
the bromide was used in this synthesis.gh From 20 g. (0.0518
mole) of triphenyltin chloride was obtained 1,5 g. (8,3%) of
triphenyltin hydride, In a second run, using 17.8 g. (0.046
mole) of triphenyltin chloride, the yield was 6.8 g. (42%) of
triphenyltin hydride. The compound was purified by distilla-
tion in vacuo from an apparatus previously swept with nitro-
gen, No percentage yield was reported by the earlier
workers.sh

Iriphenyltin chloride and lithium aluminum hydride.-
Several efforts were made to prepare triphenyltin hydride by
the reduction of triphenyltin chloride with lithium aluminum
hydride since this reagent was used successfully in the forma-
tion of triphenylsilane from triphenylchlorosilane, To 0.6 g.
(0.0163 mole) of lithium aluminum hydride suspended in 50 ml,
of ether was added 12 g. (0.03 mole) of triphenyltin chloride
in 70 ml. of ether and the mixture refluxed for 2% hours on a
hot plate. The reaction mixture was hydrolyzed with l:4 hydro-

chloric acid and the organic layer separated and dried over

8y, F, Chambers and P, C, Scherer, J. Am. Chem, Soc.,
48, 1059 (1926).
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anhydrdua sodium sulfate. After the ether was removed by dis~
tillauon, thm was recovered 1l0.4 g. of t.r:lphcnylm chloride,
This was a recevory of 87.5%.

In a second experiment in which the weights of reactants
and coadiﬁoiu were the same as those used in the above pro-
cedure, the roeovcry of triphenyltin chloride was 10 g. '
(83.3%). -

In a third reaction, 15 g. (0.039 mole) of triphenyltin
chloride and 0.6 g. (0.0163 mole) of lithium alusimm hydride
were used and the ether suspension refluxed for 6 hours. After
working up the reaction mixture, the quantity of triphenyltin
chloride recovered was 12.7 g., or 84.7%.

Some Reacticns®5 of Triphenylsilane and Triphenyltin Hydride
R~ To 26 g. (0.1 mole)

of triphenylsilane in 50 ml. of ether was added 0.1 mcle of
phenyllithium in 107 ml. of ether. A white precipitate
inmediately formed, At the conclusion of the addition of the
phenyliithium solution, Color Test I11 was negative. A portion
of the precipitate was removed and analyzed as described below.
Subsequent to hydrolysis and recrystallization from bensenes,
thers was obtained 30.3 g. (90%) of tetraphenylsilane mlung
at 230-232°.

85
He, Gilman and He W. Melvin, ibid., Zh, 4050 (1949).
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Aoal. Calcd. for Cp Hn8i: 81, 8.33. Found: 81, 8.3 and
8'3'

two runs, 1.6 g, (0.0043 mole) of triphenyltin hydride was
treated with 0.0044 mole of phenyllithium, a white precipitate
being formed at once. Then 00,0044 mole of bensyl chloride was
added to react with any triphenyltimlithiwm®® that might have
formed, Color Test I}l became negative immediately after the
addition of the banayl chloride. The reaction mixture was
hydrolyzed with 1l:4 hydrochloric acid and the ether-insoluble
solid separated by filtration. T7This residue was washed with
five 5-ml. portions of ether and dried in a vacuum desicecator
ovar sulfuric acid. The yield of tetraphenyltin melting at
228-230° (mixed melting point 228-230°) was 1.7 g., or 91%.

In the second experiment, using k.l g. (0.0117 mole) of
triphenyltin hydride, 0,0119 mole of phenyllithium and 0,0119
mole of benzyl chloride, a portion of the precipitate that
appeared was removed for analysis. Subsequent to working up
the mixture, there was obtained 4.5 g. of tetraphenyltin, a
yield of 90%. The compound was identified by the mixed melting
point method.

Aualvais of the precipitate.- The precipitate that formed
in sach of the two preceeding reactians was allowed to ssttle

86
He Gilman and S. D. Rosenberg, ibid., Zh. 531 (1952).
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and the ether decanted in a nitrogen atmosphere. The residue
was then centrifuged for 13 hours and the supernatant ether
decanted. The solid was twice washed with anhydrous ether,
centrifuged, and the ether decanted. Residual solvent was
removed by heating the solid on a steam bath in vagup. The
combined ether washings completely distilled at 36-38°, indi-
cating the abgence of benzene.

A sample of the dried precipitate was hydrolysed and the
total alkalinity determined, the inert portion being recovered.
From 1.4300 g, of the precipitate formed in the reaction be~
tween triphenylsilane and phenyllithium was obtained 1.3968 g.
of tetraphenylsilane. The total alkali, 0.00415 mole, was in
agreement with the loas in weight of the sample (0.0332 g.)
when this was calculated as lithium hydride (0.00418 mole).
Hydrolysis of 0.2895 g. of the precipitate formed in the re-
action between triphenyltin hydride and phenyllithium ylelded
0.2842 g. of tetraphenyltin, and the total alkali (0,00067
mole) again checked with the loss in weight of the sample
(0.0053 g.) when this was calculated as lithium hydride
{0.00067 mole).

Irichenvlailane and methvilithium.- Triphenylailane
(114 gop 0.044 mole) and 0.044 mole of methyllithium were
interacted a8 described in the reaction between triphenyl~
silane and phenyllithium. Color Test I3} became negative
within 5 minutesa. After working up the mixture in the custo-
nary manner and recrystallizing the product from ethaneol,
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11.6 g. (93%) of methyltriphenylsilane, melting at 66-67°87
was obtained. The compound was identified by the mixed melt-~
ing point method, 88

Iriphenylsilane and n-butyllithium.- To 13 g. (0,05 mole)
of triphenylsilane dissolved in 25 ml. of ether was added
0.045 mole of grbutyllithiumzh in ether, Color Test I1l pecom-
ing negative after 30 minutes. After pouring the reaction
mixture into l:4 hydrochloric acid, the hydrolysate was ex-
tracted with hot benzene. The benzene layer was separated and
dried over anhydrous sodium sulfate, and the solvent removed
by distillation., The residue, a gummy solid, was extracted
with 95% ethanol and the material remaining proved to be
tetraphenylsilane (10,7% of the product). From the ethanol
was obtained 10 g. (63.5% yield) of n-butyltriphenylsilane
melting at 869, Disproportionation89 has been reported to
occur among silicon compounds, and this phenomenon might

account for the presence of tetraphenylsilane.

87H, Marsden and F. S. Kipping, J. Chem. Soc., 93, 198
(1908).

88The authentic specimen of methyltriphenylsilane was
kindly provided by Dr. R. N. Clark.

894, Ladenberg, Ann., 173, 159 (1873); G. Calingaert,
H. Soroos, and V, Hnisda, J. Am. Chem, Sog., 62, 1107 (1940);
G. Calingaert and H. A. Beatty, Ch, 24, ref. 1{a).
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Anal, Calcd. for Cp,HigS1i: Si, 8.86, Found: Si, 8,67
and 8,72,

Iriphenylsilane and phenylmagnesium bromide.- Three ex-
periments in which triphenylsilane and phenylmagnesium bromide
were used as reactants were condﬁcted.ss In the first, 0.023
mole of the Grignard reagent was added to 8 g. (0.0308 mole)
of triphenylsilane in ether and the solution refluxed for 24
hours, Color Test I}l remained positive throughout the period
of reaction, After hydrolyzing and working up the reaction
mixture, 92.5% (7.4 g.) of the triphenylsilane was recovered.
No tetraphenylsilane was isolated,

In the second instance, 4 g. (0,0154 mole) of triphenyl-
silane in 15 ml, of ether was treated with 0,012 mole of
phenylmagnesium bromide in 10 ml. of ether, Most of the ether
was then distilled and replaced with 20 ml, of pure xylene in
which the reactants were refluxed for 24 hours, Color Test 11l

remained positive during this time, After working up the re-

action mixture, 3.5 g. (88%) of the silane was recovered,
The third reaction was carried out by first adding 3 ml.

of pure dioxane to 0,022 mole of phenylmagnesium bromide in
21 ml, of ether. Grignard reagents so treated have been found
to be more reactive.’® Then was added 5 g, (0.019 mole) of
triphenylsilane in 20 ml, of ether, and the syspension stirred

904, Gilman and G. C. Gainer, J. Am, Chem. Soc., 69,
877 (1947); E, Bergmann and W, Rosenthal, J. prakt. Chem.,

[Z7 135, 267 (1932).
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at room temperature for 24 hours. The quantity of triphenyl-
silane recovered was 4.5 g. (90%).

Iriphenylsilane and acridine.- Twenty-six grams (0.1
mole) of triphenylsilane and 4.8 g. (0.027 mole) of acridine
were dissolved in 80 ml. of dry xylene in an apparatus connect-
ed to a trap?l and the solution refluxed for 30 hours. The
solid which separated upon cooling the solution was dissolved
in acetone and treated with ethanolic hydrogen chloride to
precipltate acridine hydrochloride which, in turn, was treated
with 10% sodium hydroxide to liberate the base, The base was
recrystallized from ethanol, and 4.7 g. (98%) of acridine,
melting at 1060, was recovered. No depression occurred when a
mixed melting point determination with an authentic specimen
was made, From the acetone solution 24.7 g. (954) of tri-

phenylsilane was obtained,

Triphenyl- ~dimethylaminophenyl)=-silane
from Triphenyl-(p-bromophenyl)-silane

1

Triphenyl—(p-bromophenyl)-silan93 «- p-Bromophenyllithium

was prepared by dissolving 13 g. (0.055 mole) of p-dibromo-
benzene in sufficient ether to insure complete solution at -15°,

the reaction flask being submerged in an acetone-Dry Ice bath,

24

To this solution was added 0,05 mole of n-butyllithium ™™ at the

ng Gilman and A, P, Hewlett, Rec. trav. chim., 48, 1124
(1929).
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rate of 5 ml. per minute., Color Test II-A92 became negative
after 20 minutes, Then, 13.3 g. (0.045 mole) of triphenyl-
chlorosilane in ether was added to the solution of p-
bromophenyllithium at such a rate that the temperature of the
reaction did not rise above -109,93 A precipitate was imme-
diately formed. After all the triphenylchlorosilane had been
added, the bath was removed. The suspension was stirred for
2 hours, and then refluxed with stirring for an hour. The
reaction mixture was hydrolyzed by pouring it into 1:3 hydro-
chloriec acid, and most of the solid product settled at the
ether-water interface. This material was collected on a
filter,

The ether layer was separated, dried over anhydrous
sodium sulfate, and the sclvent removed by distillation., A
small quantity of solid was thus obtained, The total product
was dissolved in the minimum volume of hot benzene and 95%

ethanol was added until the hot solution began to assume a

( ?23. Gilman and J, Swiss, J. Am. Chem, Soc., 62, 1847
1940).

93In the preparation of triphenyl-(p-bromophenyl)-silane
and trimethyl-(p-bromophenyl)-silane (see p. 101 for this
latter preparation), it was found that better yields of the
respective products are obtained if the halogen-metal inter-
conversion reaction and subsequent addition of R33iCl compounds
are carried out at =200 to -10°, If these precautions are not
observed, lower yields result and side-products are formed,
See H, Gilman, W. Langham, and F, W, Moore, ibid., 62, 2327
(1940) for the effects of temperature upon halogen-metal inter-
conversion reactions.
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cloudy appearance, After cooling the solution, the pre-
cipitate that formed was collected on a filter and dried in a
vacuum desiccator over sulfuric acid., The yield of triphenyl-
(p-bromophenyl)-silane, melting at 167-168°, was 14.5 g. (78%,
based on the quantity of triphenylchlorosilane used).

Anal. Caled. for Cp HygBrsi: Br, 19.3; 8i, 6.7. Found:
Br, 19.2; 8i, 6.7.

In two other preparations, the yields were 73% and 77%,
respectively,

Iriphenyl=-({p-bromophenyl)-silane and lithium dimethyl-
amide.~ Lithium dimethylamidegh was prepared by passing di-
methylamine through an ether solution containing 0,03 mole of
grbutyllithiumzh against a pressure of 2-3 cu., of mercury.
Color Test II-A92 was negative at the end of the reaction and
Color Test IV95 was positive,

To the suspension of lithium dimethylamide was added
10 g. (0,024 mole) of solid triphenyl-(p-bromophenyl)-silane
and the mixture refluxed for 36 hours. On working up the re-
action mixture in the usual manner, a viscous oil which could
not be resolved by crystallization was obtained. This material
was then suspended in ether, in which some of the product was

soluble, and the suspension treated with anhydrous hydrogen

9“H. Gilman, N. N. Crounse, S, P, Massie, R, A, Benkeser,
and S, M, Spatsz, ibid., 67, 2106 (1945).

°4. Gilman and L. A. Woods, ibid., 65, 33 (1943).
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chloride., The precipitate was extracted with petroleum ether
(boiling point 77-115°), and the insoluble portion was re-
erystallized from 95% ethanocl, From the ethanolic solution
was obtained 1.4 g. (14%) of a solid, the hydrochloride of
triphenyl-(m-dimethylaminophenyl)-silane, which melted with
decomposition at 210-211°, The quantity of unreacted tri-
phenyl-{p-bromophenyl)-silane (mixed melting point) recovered
from the petroleum ether was 4.2 g. (42%). A viscous oil was

also obtained.Bl

In a second experiment conducted in refluxing ether for
38 hours, the yield of the hydrochloride was 1.5 g. (15%).
The weight of starting silane recovered was 4.1 g. (41%), and

a viscous oll was obtained.Bl

On the basis of the quantities of triphenyl-(prbromoe
phenyl)~silane reacting, the yields of the hydrochloride of
triphenyl-(m-dimethylaminophenyl)~-silane were 24.5% and

25,.8%, respectively.Bl

In each of two other experiments using the same guanti-
ties of starting materials as before, most of the ether was re-
moved by distillation and replaced with 100 ml, of pure ben-
zene,'and the suspension refluxed for approximately 40 hours.
From one run were obtained 3 g. (30%) of the hydrochloride;

L g. (4LO% recovery) of triphenyl-{p~bromophenyl)-silane, and
a #iscous oil, From the second experiment, the products were
3.2 g. (32%) of the hydrochloride, 4.1 g. (41l% recovery) of

triphenyl=-(p-bromophenyl)-silane, and an oil. A mixed melt-

ing point determination of the hydrochlorides formed in each
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experiment showed no depression.31

In the second set of reactions, the yields of the hydro-
chloride of triphenyl-(m-dimethylaminophenyl)-silane, based
on the amount of triphenyl-(p-bromophenyl)-silane reacting,
were 50% and 55%, respectively.Bl

Apal. Calcd. for C,gH,NC1Si: N, 3.4; Cl, 8.5; si, 6.7.
Found: N, 3.3; Cl, 8.6; 8i, 6.6,

Trighenzl-gm-dimsthxlaminoghenzl)-silaneBl.~ To 9.4 g.

(0,034 mole) of triphenylchlorosilane dissolved in 50 ml, of
ether was added 0.0375 mole of m-dimethylaminophenyllithium
(prepared from 0,043 mole of g._-bromodim.ethylanilineg6 and
0.09 g. atom of lithium in 87% yield)., Color Test Ill re-
mained negative during addition, indicating prompt reaction,
However, a slight excess of the organolithium compound was
used, and Color Test Ill became positive at the conclusion of
the addition. The mixture was hydrolyzed and worked up in
the customary manner. The yleld of crude product, melting at
90-95° was 11 g. (85%). After it was recrystallized from
petroleum ether (boiling point 77-115°) to a constant melting
point of 95-96°, the yield of pure triphenyl-(m-dimethylamino-
phenyl)-silane was 7 g. (58%).

96Kindly supplied by Dr. S, V. Sunthankar,
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H’ 307; Si’ 7‘30‘

the hyarnehloride of thu aminat&on prudnct‘una diasalvtd in
ethanol and gently heated with a solution of 108 sodium hy=-
droxide in 50 ethancl. The pracip&ta&ad free base was re~
crystalliged from ethanol and melted at 94~95%. A mixture of
this compound and authentic triphenyl-{g-dimethylaminephenyl)-
silane (melting point 95-96°) melted at 95-96°,

An ethersal solution of authma.e ud.phmy1~(g~dmny1~
aminoyhnuyl)neilaaa was treated with anhyﬂruus hydrogen chlo=
ride, and the mung precipitate recrystalliszed from 95%
ethanol. The mmg point of this hydrochloride was 210~211°
(dec.). The melting point of & mixture of this hydrochloride
with that of the eminstion product was 210-21° (dec.).

Bach free base formed a piorate melting at 203-205° with
decomposition, and a mixture of the two plovates melted at the
same temperature. |

Aoal. Calcd. for CgplipgOsN;8is N, 9.36; 81, 4.68.
Founds N, 9eks 4, belpe _

The Attempted of Triphenyl=
{p~carboxyphenyl ~ui&ano pheay

Several attempts to prepare triphonyl~(nrcarbuxyphuuyi)-ailanc
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(p~triphenylsilylbenzoic acid) by thia method were undertaken.
In a typical experiment, 10 g. (0.024 mole) of triphenyl~
(p=bromophenyl)-silane?’ dissolved in 70 ml, of & 5:2 bengene-
ether mixture was interacted with 0,0277 mole of g~butylli-

t m%fwahmﬁthwimsatmmm. In no
case was appreciable heat of reaction detected. The mixture
was carbonated by pouring it jete-wise inteo a slurry of Dry Ice
in ether. After the Dry Ice had sublimed, the ether suspension
was hydrolyzed, acldified, and filtered. The crude materisl on
the filter had no definite melting point, fusion occurring over
the range 185-205°, Recrystallization from various solvents
did not materially improve the melting point.

From the organic layer was obtained a product which melted
at 180-205° after recrystallization from petroleum ether, etha~
nol, dioxane, and bensens, respectively.

When the reactants were heated to reflux for 2 hours and
worked up in the usual way for the preparaticn of acids, a
solid melting over a range of 170-220° was formed. The weight

of this non-acidic material formed in sach experiment averaged

6 to 7 grams.

AL LRI DY Lt DuDFOIMGD NANY. Ve hey RYC TeeRPo
(0.,0044 g. atom) of lithium 4in 10 ml. of ether was added 2 g.
(0.0048 mola) of triphenyl-{p~bromophenyl)-silane suspended in
20 ml, of ether. The mixture was refluxed for 48 hours after
which time Color Test IMt was still negative. The carbonation
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procedure which followed resulted in a 95% recovery of the

silane, none of the aclid being obtained.

In a second experiment, 10 g. (0.024 mole) of triphenyl-
(p~bromophenyl)-silane and 0.42 g. (0.06 g. atom) of lithium
were suspended in 250 ml, of ether in which medium the re-
actants were heated at the reflux temperature for 70 hours.
Again Color Test I11 did not become positive, Working up the
reaction after carbonation yielded 9.7 g. (97% recovery) of

unreacted silane,

Iriphenylchlorosilane and lithium p-lithiobenzoate.- To

2l

0.16 mole of p-butyllithium™™ in ether at --75097 was added 15

g. (0.061 mole) of p-iodobenzoic acid. After an hour, lh.4 g.
(0.049 mole) of triphenylchlorosilane in 50 ml. of ether was
added to the solution, the temperature of the reaction medium
being maintained at ~75° during the addition., After the in-
troduction of the triphenylchlorosilane solution, the Dry Ice-~
acetone bath was removed and the mixture stirred for 16 hours.
The reaction mixture wés hydrolyzed with dilute hydrochloric
acid and the ether layer dried. Subsequent to the removal of
ether by distillation, 8 g. of a solid having a melting point
of 110-111° after three recrystallizations from ethanol was
obtained.

M. Caled, for CZ5H2002813 Si, 7037. Found: Si, 6075;
6,88 and 6,78,

974. Gilman and C. E, Arntzen, J. Am. Chem. Soc., 69,
1537 (1947).
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These data are inconclusive, If the compound were
p-butyl p-triphenylsilylbenzoate, the silicon content would
be 6.42%., However, attempts to saponify this substance with
20% sodium hydroxide in 50% ethanol did not cause any change
in the melting point or in the analysis of the compound.
p~-Triphenylsilylphenyl valerate (6.42% Si) is also ruled out
on these bases,

p-Triphenylsilylvalerophenone (6.66% Si) might be con-
sidered as a possible product of the reaction, The inertness
of the substance to hydrolysis could be considered as evidence
favoring the formation of such a compound. Presently, how-
ever, no assumption as to the nature of this substance is be-

ing made,

T¥imethyl-(p-halophenyl)-silanes
Trimethyl=-(p-chlorophenyl)-silane.- To 20.8 g. (0,12
mole) of silicon tetrachloride in 100 ml, of anhydrous ether
was added 0,36 mole of metyllithium.98 Color Test Il became
negative after 20 minutes. Then, to the solution of tri-
methylchlorosilane was added 0.107 mole of p-chlorophenylli-

thium (prepared from gybutyllithiumzh

and p-chlorobromoben~-
zene)., The reaction was completed in 10 minutes since Color

Test Ill became negative in that period. After hydrolysis and

98, . Gilman, E. A. Zoellner, and W. M. Selby, ibid.,
55, 1252 (1933). See, also, H, Gilman, E. A, Zoellner,
?. M.)Selby, and C. Boatner, Rec. trav. chim., 54, 584
19351.
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the separation and drying of the ether layer, the solvent was
distilled, and there was obtained 14 g. (71% yield) of

trimethyl-(p-chlorophenyl)-silane boiling at 45-49° at 0.2
mm, , nﬁo 1.5125, dﬁo 1.0285. The constants previously re-

ported are dio 1,0282, n%o 1.5128,%3

Anal, Calcd. for 09H1361Siz Cl, 19.2; Si, 15.17.
Found: €1, 19.3; 8i, 15.2.

Trimethyl~(p-bromophenyl)-silane.- To 47.2 g. (0.2 mole)

of p-dibromobenzene dissolved in enough ether to insure com-

plete solution at ~15° (about 150 ml. of ether was required)

was added 0,194 mole of Qrbutyllithiumzh at the rate of 5 ml,

93 Color Test II--A92 became negative after 20

per minute,
minutes, Then, 19.5 g. (0.18 mole) of trimethylchlorosilan399
in ether was added to the solution of p-bromophenyllithium at
such a rate that the temperature of the reaction mixture did
not rise above -10°, After all the trimethylchlorosilane had
been added, the Dry ice-acetone bath was removed., The suspen-
sion was stirred for 2% hours, and then refluxed for an hour,
The reaction mixture was worked up in the usual way, and the

product distilled. The yield of trimethyl-(p-bromophenyl)-
silane, boiling at 53-56° at 0.2 mm., was 32,6 g., or 79%,

nd0 1.5285, a3 1.2206.

99Purchased from the Anderson Laboratories, Inc,, Adrian,
Michigan,
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m. Calcd,. for chlBMSJ Br, 34.93 31. 12.23
MRy, 57.63.,1% Pound: Br, 34.7; 81, 12.1; Mip, 57.53.

In subsequent preparations uaing 0,18 mole, 0.138 mole,
and 0.4 mole of trimethylchlorosilane, the yields were 89.8%,
75%, and 85%, respectively.
The tollm.ng constants were reported by Burkhard:
n 21,5302, a ¥ 1.297.%

Studies with Trimethyl-(p-bromophenyl)-silane

0. cid) o trimet) c ; wgilana.~ To 0,25
g+ (0.036 g. atom) of lithiwm in 25 ml. of anhydrous other was
added 3.4 g« (0.018 mole) of trimethyle(p-chlorophenyl)-silane
in 10 ml, of ether. The suspension was heated with stirring
at the reflux temperature for 8 hours after which time most of
the lithium had disappeared. The degree of sluggishness with
which the R4 compound formed cannot be overemphasized, Color
Test I becaming poslitive only after refluxing for an hour.
At the conclusion of the refluxing period, the solution was
poured jet-wise into a Dry Ice-ether slurry, and the carbon
dioxide allowed to sublime., After working up the reaction
mixture in the usual way, there was obtained 1.7 g. (L8.7%

103
Molar refractions were calculated from the values of

RQ 09 m& & % ‘%’ 68, 954 (1946), and B. L.
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yield) of product melting at 108-1090, 'Recrystallisation of
the compound from petroleum ether (boiling point 60-70°)
raised the melung point to 110-lll° '191 The trimethyl~
(p-carboxyphenyl)-silane was identified by the mixed melting

point method. 102

g« (0.057 5-' atom) of lithium suspended in 30 ml. of ether
was added 5 g. (0.021 mole) of trimethyl~-{p~bromophenyl)-
silane in 20 ml. of ether and the mixture stirved for 25

minutes at room temperature, The yleld of p=trimethylsilyle
phenyliithium was 92% (0,0193 mole),

The organclithium compound was carbonated by pouring the
solution jetewise into & slurry of Dry Ice in anhydrous sther.
After the Dry Ice had sublimed, the ether mixture was hydroly-
zed and then acidified with dilute hydrochloriec scid. The
aqueous layar was separated and extracted twice with 25 ml. of
ether. The ether portions were combined and dried over anhy~-
drous sodium sulfate. After the solvent was removed by dise
tillation, 3.3 g. (89%) of crude p~trimethylsilylbensoic acid,
melting at 107-109° was obtained. The acid was recrystallised

101
t0 be 1ll7«11
102

The authuatic giac!mm of this acid was gracicusly
provided by Dr. R. N. Clark,

%glzngpointozgthucmmmbnnmcd

.
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from petroleum ether (boiling point 60~70°), and 2.7 g.
(72.2%) melting at 111-112° was obtained (identified by the
mixed melting point method).

This acid was prepared in 70% yield from another run
when 0,051 mole of prtrimethylailylphenyllithium was used
(mixed melting point identification).

YTyt £1vlbana ridae~ Ten grams (0,0515

mole) of g«trmnthylailylbenzoic acid was placed in a 100 ml.
round bottom flask comnected to a reflux condenser fitted with
a calcium chloride tube, and 11,1 g. (0.08 mole) of thionyl
chloride added, The mixture was heated on & stesm bath for an
hour. The contents of the flask were cooled, transferred to a
Claisen fiask, and distilled. The yleld of p~trimethylsilyl~
benzoyl chloride, boiling at 74° at 0.2 mm., was 5.5 g. (50.5%),
n 201,5309, ¢ 20 1.1023,

© Aal. Caled. for Cygfh 3001811 G1, 16,73 My, 59.57.'%
Founds Cl, 16,7 and 16.8; Mip, 59.62.

In another preparation using the same quantities of re-
actants, the yield of p-trimethylsilylbenzoyl ohloride was 8 g.,
or 73 qkﬁa

Good ylelds of ketones have been obtained by the resaction of
gaseous carbon dioxide with RIdi conpounda.lm Attempts to

103
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preopare bis-({p-trimethylsilylphenyl) ketone by this method
were therefore undertaken. Carbon dicxide was passed over or
through an ether solution containing 0.04-~0.06 mole of p~
trimethylsilylphenyllithium with stirring at the rate of 8 to
10 bubbles per second. The rate of flow of gas was measured
by letting the gas pass through sulfuric acid before it
entered the reaction flask. Color Test y ot became negative
within 5 minutes in each instance, and the contents of the
flask asasumed & tan color practically immediately.

The reaction mixture was hydrolyzed with l:l hydrochloric
acid and the organic phase separated and dried over anhydreus
sodium sulfate. After removing the solvent by distillation, a
solid, which after recrystallisation from ethancl melted at
108-111°, was obtained. The weight of product in each of four
reactions was approximately 43-47% of the theoretical (calcu-
lated as the ketone). |

Analytical data for this substance are not conclusive,
The silicon content of bis=(p~trimethylsilylphenyl) ketone is
17.18%, but six analyses gave 15.2%, 15.3%, 15.4%, 15.3%,
15.4%, and 15.6%, respectively,

The compound reacted with hydroxylamine and 2,4~dinitro-
phenylhydrasine. However, the analyses for nitrogen in each
case were not good, In the product from hydroxylamine, the
calculated nitrogen is 4.1%, but the nitrogen found was 6.4%,
6.5%, and 6.4%. Closer agreement between calculated and ex=-
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perimental values for nitrogen was observed in the product
formed from 2,4-dinitrophenylhydrazine and the supposed ketone,
they being 11.07%, and 11.7%, 11.65%, and 11.8%, respectively.
When these derivativea were hydrolysed in ethanol con~
taining hydrochloric acid, the original compound, melting at
108~110°, was regenerated., Attempts to prepare the ketone
from bis~(p~trimethylsilylphenyl)-cadmium and petrimethyl-
silylbenzoyl chloride resulted in oils and glasses,

LS NYL L ' ) : )
salde.~ Ten grams (00,0436 mole) of trimethyle(p-bromophenyl)-
silane in ether was added to lithium dimethylamide’* (pre-
pared from 0.057 mole of p~butyllithium in ether and dimethyl~
amine) and the mixture refluxed with stirring for 48 hours.
After hydrolysis, the sther layer was extracted with five 10~
ml. portions of hydrochloric acid. From the ether layer was
obtained 2 g. (20% recovery) of trimethyl~(p~bromophenyl)-
silane. The aqueous layer was made basic with 20% sodium
hydroxide and extracted with three 25-ml. portions of ether.
Subsequent to drying the ether solution and removing the sol~-
vent by distillation, the residue was distilled at 73-76° at

1 mu, The yleld was 4.7 g. (56%) of a silicon~containing
antne, n 2 1.5211; 4 23 0.9203; M caled. '64.801%%; rm
found 64.45. On the basis of the quantity of trimethyl-
(p~bromophenyl)=silane entering the reaction, the yield of
this amine was 82.4%.

ejalelidey’ ANne ‘Kila Vs im G BaL NV L™
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Anal. celcd. for CyiHygNSi: N, 7.25; 84, 1h.5, Pound:
2» .NaNN« mu.u P&owu.

The picrate melted at 154-156°.15

In a second experiment, 16 g. (0.07 mole) of trimethyl-
(p~bromophenyl)~silane in ether was added to an ether suspen-
sion of lithium dimethylamide (from 0.082 mole of p-butylw
lishium and dimethylamine). Most of the ether was removed by
distillation and replaced with 65 ml. of pure bensens and the
suspension refluxed for 108 hours. The yield of base was 8.3
g (62,2%), and 3 g. (18.7%) of trimethyl~(p-bromophenyl)-
sllane was recovered. The melting point of the picrate of
the amine was 153-155°% (from ethanol), and when mixed with
the picrate of the product of the sarlier run, no depression
of the melting point was observed. On the basis of the guan-
tity of trimethyl~(p~bromophenyl)~ailane entering the reaction,
the yleld of the amine was $0.2%. The following constants were
found: n 30 1.5260; a 20 0.9294; MRy caled. 64.80;1%° Mm,
found 64.65.

Iatification of the aming.- Trimethyl-(p~dimethylamino-
phenyl)-silane’ was prepared in 78.6% yield from 0.075 mole
of trimethylchlorosilane and 0,078 mole of p-dimethylamino-
phenyllithium. Its picrate melted at 154~155%, and the melting
point of a mixture of this picrate with that of the amination
product was 154~155°,
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However, infra-red studieslO4 showed the product formed
by the reaction of lithium dimethylamide and trimethyl-(p-
bromophenyl)-silane to be trimethyl-(m-dimethylaminophenyl)-
silane. Substitution, then, occurred at the position ortho
to that originally held by bromine,

p=Bromo-tert-butylbenzene and lithium dimethylamide.~- To
a suspension of lithium dimethylamide in ether (prepared from
0.05 mole of n-butyllithium?4 and dimethylamine) was added 10
g, (0.046 mole) of p-bromo-tert-butylbenzenelO5 in 20 ml, of
ether, The mixture was refluxed with stirring for 48 hours.
After hydrolysis, the basic material was separated in the
customary way, and 3 g. (37%) of p-dimethylamino-tert-butyl-
benzene, distilling at 68-70° at 1 mm., was obtained, The
quantity of starting material recovered was 2.6 g. (26%).

The yield of p~dimethylamino-tert-butylbenzene, calculated on
the basis of p~bromo-tert-butylbenzene reacting, was 50%. A

tarry residue, as yet unresolved, was obtained upon distill-

ing each substance. The methiodide of p~dimethylamino-tert-

butylbenzene melted at 194-195° (dec.).100

104The author wishes to express deep appreciation to Mr,
Jack Goodman who made this observation and who gave other in-
valuable assistance with this reaction., See H, Gilman, H, W,
Melvin, and Jack Goodman, ibid., 76, 3219 (1954).

105Kindly supplied by Mr. William Meikle.

106y, ¢, Davies and F, L, Hulbert, J. Soc. Chem. Ind.
(London), 57, 349 (1938).




. . bengene™" /.~ This compound was prepared
from 26, 8 ge (0.2 nole) of fert~butylbenzene and an equal
weight of nitric acid (d. 1.52), The yield of p-nitro-tari~
butylbensene, bolling at 84-86° at 2 mm., was 9.2 g. (35.07%).
In a second experiment using 26,8 g. (0.2 mole) of the hydro-
carbon and 40.2 g. of nitric acid (d. 1.52), the yield of pro~
duct, boiling at 83-86° at 1.8 mm., was 22 g. (61.5%).

. peAmine-tert-butvibenasns*®7%.- The yleld of this amine,
distilling at 75-78° at 1,5 mm., was 6 g. (85.7%) when pre-
pared from 7 g. (0,0405 mols) of g—nitro-m»bntylbmem »
2heky go (0,21 go atom) of tin, and sufficient hydrochloric
acid to completely dissolve the tin,

) Zax! - Approximately 3 ml.
of wamino-—Wbutylbmme was treated with 5 ml. of 10%
gsodium hydrez:ldo and 5 ml., of dimethyl sulfate and the mixture.
vigorously shaken. The oil that formed the top layer was with~
dravn with a medicine dropper, placed in 5 ml. of ethanol, and
the sthanolic solution treated with methyl iodide. The melting
point of the methiodide (from ethanol) was 195° (dec.)*®® 4
mixture of this methiodide and that of the amination product
(from pebromo-garg~butylbenzene and lithium dimethylamide)
melted at 194~195° (dec.). In addition, a melting point de=-

107
Jeo Be Shoesmith and A. Mackle . . » 6
(1928); é ; D. F. Malherbe, Bar., 52, 319’(!'918?9 ded., 23’3
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ternination on & mixture of the methiodide of the amination
product and an suthentic samplel©8 ghowed no depression.

Since the use of pidutan of the silicon~containing
amino compound proved to be of questionable worth in establish~
ing atructure, it might be that the methiocdide of the product
obtained by the reaction of lithium dimethylamide and p=brome-
tert-butylbensens cannot be relied upon for thst purpose
oither. Therefore, the latter reaction is being restudied.

- Relximathviailvibensaldehvde.- peTrimethylsilylphenylli-
thium was prepared by the dropwise addition of 18.3 g. (0.08
mole) of trimethyl~(p~bromophenyl)-silane in 30 al. of sther
to 1,26 g. (0.18 g. atom) of lithium in 60 ml. of ether. The
yield was 0.068 mole (83%).

To 0.068 mole of p-trimethylsilylphenyllithium was added
10.2 g. (0,075 mole) of Nemethylformanilider®? in 65 ml. of
ether at such a rate as to maintain gentle refluxing. Color
Test I :bocw;s negative after the anilide had been added.
mmwwormﬁmmm&nzhc customary manner,
there was obtained 7.2 g. (626 yleld) of petrimethylsilylben=
sildehyde boiling at 69-72° at 0.2 mm., n 20 1.5202,

108
land Kindly provided by Dr. W. Cule Davies of Lesds, Eng~

109 :
*Organic theses," Yol., 20, John Wiley and Sons, Inc
New York, N, Y., 1940, * e s T
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d %3 0.9820, MR} calculated 54.7.10C

Anal, Caled, for C;oH;,08i: Si, 15.73. Found: 8i, 15.6
and 15.7; MRp found 54.9.

The 2,4~dinitrophenylhydrazonellO melted at 218-220°

(from ethanol-ethyl acetate mixture),

Anal, Caled, for C16H180
15.75 and 15.69.

N 81 N, 15,64, Found: N,

Triphenylsilane and Lithium Amides

Triphenyl-(di-n-butylamino)-silane37,- To 0.034 mole of
p-butyllithium?4 was added dropwise 5 g. (0.039 mole) of di-
p-butylamine in 25 ml. of anhydrous ether, The suspension was
refluxed for 30 minutes, after which time Color Test II-A92
became negative and Color Test IV95 became positive., Then,
8.8 g. (0.034 mole) of triphenylsilane in 50 ml, of dry ether
was added ﬁo the suspension of lithium di*ﬁrbutylamidegh and
the mixture refluxed for 30 minutes. The suspension was
filtered and the solvent removed by distillation, The residue
was refluxed with benzene for an hour, filtered, and the sol=-

vent distilled, A similar treatment of this residue with

110g, L. Shriner and R. C. Fuson, "Identification of Or-
ganic Compounds,™ John Wiley and Sons, Inc., New York, N, Y.,
1940, p. 174.
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petrolouu other (boiling point 60-70°) yielded a guwmy solid
which, after crystallization from absolute ethanol, weighed
7.6 go (63%) and melted at 60~62°, A mixture of this product
and that formed from lithium di-p~butylamide and triphenyls
chlorosilane (melting point 62°) melted at GL-62,

Augl. Caleds for CpgHg;NSi: Si, 7.23; N, 3.6l. Found:
31, 736; E’ 3!61 v

hanvl-{ddethvlanine) -ailane® = To 5.5 g. (0.075 mole)
of diethylamine in 30 ml, of ether was added 0,075 mole of
nrhutyllithiumg“ in ether. Color Test 11-A%2 vecame negative
within 5 minutes and Color Test IV'® was positive. Then 19,9
ge (0.075 mole) of triphenylsilane in 40 ml. of ether was
added dropwise and the mixture refluxed until Color Test V95
became negative (about 30 minutes), The product, triphenyl~
(diethylamino)-silane, melting at 84-85°, was isolated in the
same manner as was the di-p~butylamino derivative. The yleld
was 7he2h.

Anal. Calod. for CopHpsHSL: N, 4.23; Si, 8.46. Found:
E. #9323 81, &5&-

ang’ o~ This compound was
prepared from 0.035 mole of triphenylsilane and lithium dime-
thylamide’* (from dimethylamine and 0,0385 mole of gebutyls
lithium) in the same way as wers the above described compounds.
The yield of triphenyl~(dimethylamino)-silane, melting at 80-
81°, was 7he5%.
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(90%) of triphenylsilane was recovered.

ss.da was praynred by adding 0,015 mole ct‘ p-butyllithium to

0.6 go (0,019 mole) of anhydrous hydrasine suspended in 100
ml. of dry ether. Color Test IV'® falled to develop, but
Color Test nd% became negative within 15 sinutes after the
addition of grbutyllithium. Then was added 4 g. (0,015 mole)
of triphenylsilane in 20 ml. of ether, and the whole refiuxed
for 18 hours. The mixture was filtered and the ether removed
by distillation. The residus was then refluxed in 50 ml. of
bengene for 30 mimites, filtered, the solvent distilled, and
the residus refluxed in 50 ml. of petroleunm ether (boiling
point 77-115°) for 30 minutes, The petrolewm sther selution
was filtered and concentrated to about 1/3 the original velume.
There was obtained 2 g. (k5.7%) of a solid which contained
nitrogen and reduced silver nitrate in dry acetone. During the
procesa of recrystallization from petroleum ether, the melting
point continued to change, becoming 150-158°, 155-170°, and
162-211°, for each successive recrystallisation. The final
substance did not contaln any nitrogen. Apparently the com=
pmmd which tomd hydrolyud rapidly. |
pheaylma. was prepared ﬁ!en b Eo (6..02 mole) of diphenyl-
anine and 0,02 mole of phenyllithimm. Color Test IV?® remained
negative, although Color Tsst 111 inmediately became negative.
Then 5 g. (0.019 mole) of triphenylsilane in 30 ml. of ether
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wag added and the suspension refluxed for 36 hours, After fil-
tering and removing the ether by distillation, 4.5 g. (90%) of

triphenylsilane was recovered.

Iriphenylsilane and N-lithio~N~methylaniline.- N-lithio-
N-methylaniline was prepared from 2.2 g. (0.02 mole) of methy-

aniline in 20 ml, of ether and 0.019 mole of phenyllithium,
Color Test b became negative at the end of the addition of
the organolithium compound and Color Test IV95 became positive,
Then, 5 g. (0.019 mole) of triphenylsilane in 20 ml. of ether
was added and the suspension refluxed for L hours, after which
time Color Test 1795 was negative, After filtering the mix-
ture and distilling the solvent, 3 g. of triphenylsilane was
obtained, This represents a recovery of 60%.

Iriphenylchlorosilane and N-lithiocarbazole, and carba-
zole.~ To N-lithiocarbazole (from 3.4 g., 0.02 mole of carba-

zole in 150 ml. of ether and 0,02 mole of phenyllithium) was
added 5.9 g. (0.02 mole) of triphenylchlorosilane in 30 ml. of
ether and the suspension refluxed for 20 hours, After filter-
ing the mixture and distilling the solvent, there was recovered

5.3 g, (90%) of triphenylchlorosilane (mixed melting point),
In a second experiment, 5.9 g. (0.02 mole) of triphenyl-

chlorosilane and 3.4 g. (0.02 mole) of carbazole were mixed
with 0.5 g. of copper powder, and the mixture heated at 250° in
a metal bath for 3 hours in a 22 x 175 mm, test-tube, The mass

was extracted with petroleum ether (boiling point 72-1159),
and 3.6 g. (61%) of triphenylchlorosilane and 2.9 g. (85.3%)
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interacted, the products isolated were silicon tetrachloride,
phenyltrichlorosilane, and ethyl derivatives of benzene.112
Since this reaction was hydrolyzed, any polychlorosilanes

would probably polymerize to the gummy masses obtained.

Iriphenylsilanol, acetic anhydride, and stannic chloride.-
Investigations of the Friedel-Crafts reaction show that fre-

quently milder catalysts can be used to effect the desired re-
sults when sensitive compounds are being treated.113 In this
experiment, therefore, the milder stannic chloride was the
catalyst seledted. Triphenylsilanol (13.8 g., 0.05 mole) was
dissolved in 200 ml. of pure carbon disulfide and 26.5 g. |
(0.1 mole) of stannic chloride added dropwise to the solution.
The reaction flask was then submerged in an ice bath, and 5.1
g. (0,05 mole) of acetic anhydride was added slowly, No rise
in temperature was noted, nor were fumes of hydrogen chloride -
evolved, The bath was removed and the solution was stirred at

room temperature for 24 hours,

After hydrolyzing and working up the reaction mixture,
13.6 g. (98% recovery) of triphenylsilanol was obtained,
Identification was made by the mixed melting point method.

Iriphenylsilanol, zinc chloride, and acetic anhydride.-
When 0.05 mole of triphenylsilanol in 200 ml. of carbon disul-

112y, E. Evison and F. S. Kipping, J. Chem. Soc., 2774
(1931).

L3y Gilman and N. 0. Calloway, J. Am. Chem. Soc., 55,
4197 (1933).
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fide, 0.1 mole of freshly fused ginc chloride and 0.05 mole of
acetic anhydride reacted at room temperature with stirring for
24 hours, 13.2 g. of the original 13.8 g. of triphenylsilanecl
was recovered,

aulluric acld catalvsk.~ A oamyae useful in condensations,
alkylations, and isomerizations can be prepared by slowly
heating a mixture of molar quantities of anhydrous aluminum
chloride and sulfuric acid to 1209, ferming, supposedly,
4101,.H30, .2 Thts catalyst is described es being less hygro-
scoplc than aluwminum chloride.dd The mbstmo wWas prepared
by heating 0.5 mole of alumimm chloride and 0.5 mole of sul-
furic acld in an Erlemmeyer flask fitted with a thermometer and
a lerge glass tube g0 gases could escape, The product was
ground in a mortar, and 0.1 mole added to 0,05 mole of tri~
phenylsilanol in 200 ml. of carbon disulfide. After following
the procedure deacribed previously, triphenylsilancl was re-
covered (97.8%).

Attempted Pﬂpu'mon of Mpmvlnicm}ﬂnm

Q3 Zo ‘gcm Be M) otlithiunia wﬂv of ether was added
6 g. (0402 mole) of triphenylchlorosilane in 30 ml. of ether,

 Feb, 20, 1%5 Lg, A, 32, 5254 1 Tff' I
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and the suspension refiuxed for 51 hours. Even though Color
Test I*! remained negative after that time and the quantity of
lithium appeared not to have diminished, the suspenaion was
filtered jet-wise into a slurry of Dry Ice in ether. After
working up the solution, there was colleocted 4.9 g. of txi-
phenylsilancl (a 90% conversion of the chlorosilane into the
silanol) and none of the desired triphenyl-(carboxy)-silans.

To 5 g» (0,017 mole) of triphenylehlorosilans and 0.31 g.
(0.0L7 g« atom) of magnesium in 30 ml. of toluene was added 2.6
g+ (0.017 mole) of carbon tetrachloride in 10 ml. of toluene
and the mixture refluxed for 24 hours. After the suspengion
was hydrolysed and worked up, 4.3 g« of triphenylailancl was
cbtained and none of the desired carboxysilane was isolated.
The weight of triphenylsilanol formed represents an 86% con-
version of the chlorosilang.

The Pnpmuem of Triphenyl~(benzyl)-silane
Irdsthoxvehlaroailans.~ Freshly distilled silicen tetra-
ehlnm (&.2 8+, OF 0.477 mole) was dissolved in 100 ml. of
pmmcmaummwmmmmmumn.
capacity which was submerged in an ice-salt bath. The flask
was fitted with a stirrer, condenser and a I-tube into one arm
of which was placed & thermometer so that the bulb was in the
solution. A dropping fumnel containing 66.6 g. (1.448 moles)
of sbselute othanol was fitted into the othm am, and the tep
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of the funnel was attached to the nitrogen line. The ethanol
was added at such & rate as to keep the tamperature of the
solution at 0° or below. When all the ethanol had been added,
the bath was removed and the solution allowed to warm to roos
temperature. The reaction was then heated to 60° at which
temperature it was maintained for an hour.

The solvent was distilled and the residus fractionated at
55-57° at 11 mm. The weight of triethoxychloresilane’ was
66,1 g« (69,88 yield).

Banavltriethoxvallang.~ Benzylmagnesium chloride®l? was
propared in 91% yield from 4.3 g. (0.18 g. atom) of magnesium
and 0.2 mole of bensyl chloride. To 33.3 g. (0.168 mole) of
triethaxychlorosilane in 50 ml. of ether was added 0,168 mole
of bensylmagnesium chloride in 190 ml. of ether. Aftsr Coler
Test I* became negative, the mixture was refluxed for 30 mine
utes and then filtered. The gther was removed by distillation
and the residue fractionated at 84~85.5° at 0.5 mm. The yield
of bensyltriethoxysilane was 35.2 g. or 82.4%, & 20 0.9864.126

Ieivhenvibensyiailang.~ To 20,3 g« {0.08 mole) of benzyl-
triethoxysilane was added 0,264 mole (a 10% excess) of phenyl~
lithium. After stirring at room temperature for an hour, the

5

He Gllman, E. A, 2 and J. B, Dickey, o, .
Shem. 896, 53, 1576 (1929). ’ s de &8

116
We Moluex, Bare., ke 3391 {1908) .



122

nixture was hydrolyzed on ice containing hydrochloric acid.

The ether layer was aeparated and the aqueous portion extracted
with ether. The ether portions were combined, dried over
anhydrous sodium sulfate, and the solvent removed by distil-
lation, The crude product weighed 29.6 g. (99%) and melted

at 91-94°, Repeated recrystallisation frem a 1il methanol~-
ethyl acetate mixture ralsed the melting point to 97-98°,

23.8 g« (85%) being obtained. | ! '

m Caled. fﬁt’ 625332813 81, 8. l’oundt Bi, 79 and 8.1,
Inmm pmmmme‘uwwmmmw
ailmn,thayinldm%%exmm

Auwm Prwnuon of Mphmlutbmmyl)m;

To 93 ml, of an ether solution of 5 g. (o.u:.'? mlc) ai‘ tri-
phenylchlorosilane and 0.3 g. (0.034 g« atom) of lithium was
added 2¢k ge (0,017 mole) of benzoyl chloride, The mixture
was heatad with stirring at the reflux tempersture of the sus-
pension for 19 hours, but thers appeared to be no diminution
in the quantity of lithium,

The volume of ether was yreduced by diatillation and 50 ml,
of pure tolusne was added. This mixture was refluxed for 5
hours. After the Wimmmtmmme asolvent dis-
tilled, 4.3 g« (868 recovery) of Mphmylnhlnmm. was ob-
tained. JNo triphenyle{bensoyl)-silane wss detscted.



To 0.5 g (0,017 g atom) of magnesium in 25 ml. of ether was
added 5 g (0.017 mole) of triphenylchlorosilane in 20 ml. of
ether and the whole refluxed for 12 hours. The quantity of
magnesium appearsd not to decrease during this period. Then
was added 2.4 g. (0.017 mole) of benpoyl chloride. Most of
the ether was distilled and replaced with 50 ml. of pure
toluene, and the new suspension refluxed for 5 hours. The
racovery of triphenylchlorosilane was 95% of the theoretical
and no tr.!.phmylu—(bmeyl}num was discerned.

5 go (0.019 mole) of tﬂphcnyhim in 20 ml. of ether was
aided 2.7 g, (0,019 mole) of bengoyl chloride in 10 ml. of

ether. After the addition was completed, 2 ml. of dry pyridine
was introduced, snd the mixture refluxed for 21 hours. After
removing the ether by distillation, a solid was formed in the
residus, The solid weighed 3.7 g« (74% recovery) and was

proved to be triphenylsilane (mixed melting peint identifica~

grans (%919 mole) of triphenylsilane, 2¢7 g+ (0,019 mole) of
bensoyl chloride and 3 g. (0.038 mole) of dry pyridine were
placed in a4 125 ml. flask attached to & reflux condenser fitted
with a calciwu chloride tube and the solution refluxed for 3
hours. The solution was treated with dilute hydrochloric acid
until ac:ui to litmus to remove the pyridine. The mixture was



extracted with bensens and the bengene portion extracted with
three 20-ml. portions of 10% sodium carbonate and then washed
with water. The bengzene solution was dried over anhydrous
sodium sulfate and the solvent distilled. The residual solid
was recrystallised from petroleum ether (boiling peint 77-
115°), and 4.3 g. (80%) of triphenylsilancl (mixed melting
point) was obtained,

cedure rmm in this instance is essentially that described
for the preparation of g~ and p~nitroacetophencnes from p-
ethylnitrobensens. Into .00 ml. of fark-butyl alcohol in
an Erlemmeyer flask wes placed 2.5 g. (0,109 g. atom) of sedium
wire and the suspansion refluxed on a gtesm bath until .the
sodium had dissolved. Then to the solution, cooled in an lce
bath, was slowly added & cold solution containing 17.5 g.

(0.05 mole) of triphenylbensylailane and 28.8 g, (0.28 mole) of
sart-butyl nitrite®l® 1n 30 ml. of pure bensens. Upon complete
ing the addition, the flask was fitted with a calcium chloride
tube and the mixture laft standing for 24 hours. A reflux
 condenser was then attached and the suspension refluxed for 53
hours, and then steam~distilled. The residus which solidified

1n7
Ao H, Ford-iioore and H, N, ; ' ’ 8+, 079
(1946) Ryden, . ﬁhﬂ- 808,

"~ ®0pganic Syntheses,® Collsotive Vol. II, John Wiley end
Sons, Ino., New York, N. Y., 1943, p. 108, '
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quite strong. These observations suggest that triphenylailyl
cyanide did form.

A third expsriment was undertaken using the seme quantities
of reactants in bengene solution. After refluxing for 18 hours,
the suspension was filtered under nitrogen, and the filtrate
treated with 0.02 mole of phenylmagnesium bromide. When the
Grignard reagent was added, the solution assumed a deep violet
color with the evolution of heat., After the initial heat of
reaction had subgided, the mixture was refluxed over & period
of 14 hours. 3Subsequent to hydrolyszing and working up the
mixture, 1.7 g. (30%) of tetraphenylsilane (mixsd melting
point), 2 g. (42.5%) of triphenylsilanol, and an oil which
was not further investigated were obtained.

Attempted Preparation of Sulfanilamide Derivatives
A xylene solution containing 4.8 g. (0,017 mole) of triphenyle
chloresilane and 3.7 g« (0,017 mole) of p~acetamidobensenesul-
fonamide was refluxed for 20 hours. 4 solid precipitated after
the solution had cocled. This residue was collected on a
filver and it was shown to be unreacted pracetamidobensenesul-
fonamide melting &t 215+217° (mixed melting point identifica-
tion). The quantity recovered was 3.6 g. {97.4%).

Hydrolysis of the xylene-soluble material yielded 72% of
the theorstical amount of triphenylsilanol.

*

- .-
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Dry pyridine was used as the solvent for the next experi~
ment, Into 15 ml, of pyridine were placed 4.8 g. (0,017 mole)
of triphenylchlorosilane and 3.7 g+ (0,007 mole) of peacetamidos
bensenesulfonamide and the solution refiuxed for 20 hours.
After f£iltering the cooled solution, 3.5 g« of the sulfonmmide

fonauide.~ Four grams (0.0, mols) of triphenylehlorosilan
343 84 (e,m nole) of Flegodium peasetanidobensenesilfonmms
(from peacet -“"‘mnm«mmmmﬂhr
droxide) ware suspended in 50 ml, of dry xylens and refiuxed
for 22 hours. After filtering the suspension, the remidue was
twice sxtracted with hot xylene and then dried in a vasum
desicoutor over calcium chloride. The solid welghed 3.3 g.
{quantitative recovery of the salt), and wpon acidification of
it, pencetanddobensemsulfonamide was obtained,

Hydrolysis of the xylens-soluble material ylelded 62.5%
of the theorstical quantity of triphenylsilanol.

In the naxt run, 0,01k mole of N -sodium peacetamidoben-
senssulfonamide snd 0,014 mole of triphenylchloresilans were
suspended in xylens containing 0.3 g. of soppsr powder. The
uixture was refluxsd for & hours. After filtering the sus-
pension, 3.2 g« (80%4) of the triphenylohloresilane was recove
tered 80 a8 to remove the copper. Acidiffcation of the fil~
trate caused the formation of 2.8 g» {94% comversion) of p~
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In the high~temperature reaction next used, 2.2 g« (0.009
mole) of Mesodium pracevamidobensenesulfonsmide, 2.7 g (0,009
mols) of triphenylchlorosilane, and 0.3 g. of copper powder
wers mixed and heated at 195° for 4 hours in a metal bash in &
22 x 175 mm. Pyrex test tube fitted with a calolum chloride
tubs, Only a charred mass which could not be resslved was pro-

(zg.nm)orumzmmzsomammuu.w
mmm(mmu—:ﬂmmuum
nl. of & solution of isopropyl chloride in petroleum ethar
(boiling point 28+38°). The mixture was heated on & water
bath to intciate resction, After reaction begsn, mors of the
alkyl halide had desn introduced. The yisld of im
thium way O.48 mols or A8%.

Isopropyllisthivm (0,23 mole) in petroleum ether (boiling
podnt 26+38°) was added S0 16.8 g. (0,07 mele) of phenyltri-
~ point 28-38%). During the addition of the first equivalent of
mm&wsmw,mmxum negative, but

119
(2547) a;mmmmm,bwmm;%u@



129

the test remained positive while the other two equivalents
were belng introduced.  The suspension was stirred with re-
fluxing for 4 hours after which time Goler Test IV becane
negatives Subsequent to working uwp the reaction mixture,
thers was obtained 11,3 g+ (& 70% yield) of phenyltris~
{1sopropyl)~silane, d f“ 0.9189, n 39 14938, votling ev @1~
° at 06 ome
Mammmmmmm‘mwmu
bodling point, 90-91° at b mm,, d £ 0,905, n §° 1520230
rhwxwtuwm-mm was also prmmt from
0.03 mols of phenylbise(isopropyl)-ethoxysilane and 0.033 um
wzwnwmmmwmm (bmzagm:m
23-28°) for 48 hours. The yield of product boiling at &° at
045 mm., n ? 1.4950, & fo O‘W. was 5.2 go (748).
Phonvihise-(Asauropyl) sethoxvadlangs~ To 15.8 g (e.ass
mole) wmlwwmmzwm of petroleva ether
(mnngpmza«sm was added dropwiss O.)h mele of iso-
propyllishitm in 193 al. of pstroleun sther, and Coler Test I
Mmmmmmwmmmmwmwmmw
mmmwﬁq mmtmmzmmmmmm
Wm. The residus botled at 75-77° at 0.3 mms, d } 00,9265,
:..&.m,. The yield of mzwthmﬂ)nmﬁm
m 10 g. or 63.7%.

dnals Cadode for Gy Hg 0811 81, 11.86. Found: 81, 11.82
and 11.91. |
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Attempted Preparation of Triphenyl-{aminophenyl)-silane

Tetraphenylsilane and nitric acid.~ In each of these re-
actions, the object was to obtain triphenyl-(nitrophenyl)-
silane from which the corresponding aminophenyl compound could
possibly be formed, The first experiment was a modification
of a procedure described earlier,120 7Tep grams (0,03 mole) of
tetraphenylsilane was placed in a three-necked round bottom
fbaék fitted with a reflux condenser, a mechanical stirrer
and a dropping funnel., The flask was submerged in an ice
bath, and a mixture of 2 ml. (00,0368 mole, d. 1.45) of nitric
acid and 10 ml, of sulfuric acid was added slowly with
stirring. The addition was accompanied by much charring of the
tetfaphenylsilane. ‘The mixture was poured into ice water,
filtered, and the solid extracted with benzene. From the ben-
zene was obtained 6.2 g. of tetraphenylsilane, a 62% recovery
(1dentified by the mixed melting point method). The insoluble
portion, weighing 0.67 g. and corresponding to 3,8 g. of
tetraphenylsilane, was silica,

A second experiment in which 5 g. (0.015 mole) of tetra-
phenylsilane in 80 ml. of acetic acid was treated with 1.3 ml.
(0.03 mole) of fuming nitric acid (measured in a buret) in 10
ml, of acetic acid was carried out. The flask containing the

reactants was submerged in an ice bath while the fuming nitric

120,  po1is, Ber., 19, 1012 (1886).
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butyllishium®® was slowly added 3.8 g. (0,022 mole) of R~
bromosniline in 30 ml. of ether. The solution was refluxed
gently for 30 mimutes. Then, 6.5 g« (0.022 mele) of tri~
phanylehlorosilans in 50 ml, of ether was added and the re~
Test I became negative, |

The solution, which was yellow, was trested with ethansl
mmwmmmwmmmﬁ
and then filtered. The solvent was removed by distillation,
leaving & solid. Upon recrystallizstion of the solid frem
" ge (77% yield) of triphenylsilancl meiting st 149-151° (mixed
melting point 149+150°),

In & seoond experiment 0.063 mols of gebutyllithium?®
and 3.6 g, (0,021 mols) of pebromoaniling wers refluxed in
other for JO mimtes,2?2 Then was added 6,2 g. (0.0Z1 mole)
of triphenylchlorosilans in 50 ml, of ether and the solution
refluxed for 5 hours. Treatment with ethane) followed in
order to destroy sny lithium derivatives in the mixture. A
purple color developsd when the ethanol was added, After the
reaction mixturs was worked up, there was obtained 5.2 g.
(89.6%) of triphenylsilsnol melting at 148-150°,

o A
. 1

*
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In the next wxperiment, clear pebutyllithiumme, 2 filtered
under mitrogen, wis used. To 2.8 g, {0,016 mole) of prbwo-
moaniline in 30 ml. of sther was added 0,049 mole of p-butyls
Lishive™ fn ether snd the solution stirred at roem tempera-
ture for an hour. The organciithivm compeund was then slewdy
added to b7 ge (04016 mole) of triphenylehlaresilans in 30 ml.
of sther. Afser 5 mimites Ooloy Test X33 becsms negative. The
m&,mﬂmmunmmmam*maadw
Mwmmmmmm,mmym,

yatallized fyrom petrolevm ether. The yield of tyiphenylaila
‘M&; melting ab 149-151%, was 3.9 g (89%).

Ta this run, the liquid was drained frem the ysllow solid
formed when 2.8 g+ (0,016 mole) of pedrwmoantiline in 30 uml, of
esther and 0.049 mole of pebutyllishium interactod st room tem-
100 ml, of dry sther prier $o the addision of 4.7 g« (0416 mele)
of triphenylehloresilane in 50 wml, of ebhers The solution was
wa ¢hloyide solution, snd the organic layer ssparsted snd dried
panded in water, the suspension made alkaline with sssonis and
luyer and distilling the selvest, & solid which was ispure
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triphonylsilunol separated..  This was recrystallised
petroleun ther (boiling podut 77-115°) o yma m ge- (95.:&;.
. Bty 549 ge (0,034 mole) of priroswaniline in 50 ml. of
sther was treated with 0.0965 mole of pebutyllithiwe®™ and the
solution wtlrred mwmnmw To this
solution was added. 5 g. {0.007 mle) of triphenylehloresilane
in 50 ml. of ether, Most of the mmwmmmu
with 100 ml, of pure benzsns snd the solution refluxed for 15
hourss Hydrolysis of the mixture was effectad by peuring 1t
into foed somonium chloride solution. The organic layer was
distilled, A red-brown oll which did not erystallise from a
varisty of organic solvents was obtained, AStempts to dissill
this material in ¥agua resulted in decempesition ss evidenced

:wm atmnmmmphea:ss- (smvm}wm—- |
phenylehlovosilane, 0.8 g+ (0,034 g+ atom) of sodiwe and 3 g.
{0,017 mole) of prbromoaniliine, sand the mixture refluxed for

AL hours. . The suspension was Ciltered and the sodium dmstroyed
with ethanels The filtrate was hydrolysed with hydreehlerie

m,m&gwmcmammmmuwmmm
sodium sulfate, The material found in this layer 4id not som»
mn&MmmmmmamqﬁmMW. mm:
1lise fmm. he2 g+ of hexapheny. |

amim This weight of the disilexav
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woaniline (adxed muias point Mmmmw). | o

B {ﬁyab‘&ﬁM)afmﬂM“mﬁ»“nw
smuonia containing 0.5 go of farwic nitrates A blue celer
appeared: Then wan added 5 g+ (0.002 mole) of triphenyl=
the silane was finished, the suspension was stirred for 2
mmmmmmmmwwmm
chloride in small guantities until the biue coler disapp

The asmonia was allowed to evaporate and the residue extracted
with benzens in a Soxhlet spparetus. From the bensene selution
was yocoversd L3 g fm; otm;hm&«v(wmm)mmm
titias of sodivm and triphenyle{g-bromophanyl)-gilans, but the
stirring time increamed fyvm 2 %o 6 hours. Afver working wp
mmm,&ms‘ tm:-tummm

Veugin, B R, Vogs, and . A, Memdend, i 4
- & ’up,z,‘ m’ ) # i’ &
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Silanes for Steric Hindrance Studiesl3

Trig-(o~anigyl)-chlorosilane.- To 11.8 g. (0.069 mole) of
silicon tetrachloride in 50 ml. of'ether was added 0.228 mole
of g-anisyllithium (prepared from 0,7 g, atom of lithium and
0.3 mole of g-bromoanisole in 90% yield). The reaction flask
was immersed in an ice bath during the introduction of the
organolithium compound. The bath was removed after addition
had been completed and the mixture stirred for 4 hours at room
temperature, The suspension was filtered free of inorganic
salts and the solvent removed by distillation. The residue
was dissolved in a 1:3 benzene-petroleum ether mixture (the
boiling point of the petroleum ether was 77-1150) and filter-
ed. The filtrate was concentrated until a cloudiness appeared
and then cooled. The yield of tris-(g-anisyl)-chlorosilane,
melting at 204-205°, was 16.1 g. or 60.3%.

Anal. Caled. for CpH, 0,81C1: Si, 7.28; C1, 9.23.
Found: Si, 7.24; Cl, 9.5.

Iris-(o-tolyl)-chlorosilane,- o-Tolyllithium was prepared
in 90% yield from 7 g. (1 g. atom) of lithium metal suspended
in 80 ml, of ether and 85.5 g. (0.5 mole) of g-bromotoluene
in ether,

To 25.6 g. (0.15 mole) of silicon tetrachloride in 40 ml, of
ether was added 0.45 mole of g-tolyllithium in 300 ml, of ether,
Color Test I remained negative during the addition of the first
equivalent but persisted to be positive during further
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addision, The solution was refluxed for 4 hours after which
time the test became negative, The mixture was then poured on
opacked 4¢ saining 10 mle of comcentrated hydrochlerie -
-agidc The muyﬂrm separated, dried over anhydrous
sodiun sulfate, and the ether removed by distillstion. The
gisasy solid that remained was recrystallised from petrolewm
wther (boiling point 60%70%) and 342 g« (68%) of uris-{p-
tolyl)~chicrosilane, melting &t 113+115° was obtained. From
%emuwmmammmmmm& after
ptration of the solutions The total mass was recrystale
siroloun ether (bolling point 60-70%), snd 4he8 g
mm at m-m« was

m&zm points ‘d.sh & :mh msing &t 115«

e.mm«wmmmmmﬁwmw was
sdded mu mole (81 ad of triethaxyohlovosilane in m nl. of
sther. mmm mam After the suse
anlon was mmmmmmmmmmm~

‘ p The “ |In ‘1 |]|

mM?ﬂ ge (Mmh mmmmwmw
mmmwmmnmmwd prthicaresol
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In two subssquent runs, the quantities of txiethoxy-
chlorosilane recovered wers 89,76 and 91.1%, respectively.
Into 50 ml. of pure benzens was placed 4.9 g« (0,017 mols) of
silver petoluenesulfinate and 3.4 g« (0.017 mole) of triethexy-
chlorosilane’ and the molution refluxed for 45 hours. .mﬁﬁﬁo
pension was filtered, and 4eh ge of silver petol 1L
was recoversd (94%). gg%ﬁagﬁg
10 ml. ﬁgpﬁaagg%ua%aggk
riethaxyshlorosilans? would be converted into ethyl orthosilie
cate. ?agawﬁﬁgw%%,gﬁuum |
(86%) o

In another experiment, 0,017 mole of triet Jorosilans’
§@§,§»RE§§§§§»§§§¥
fluxed for 4k hours, The recovery of silver p~tolusnesulfinate
graﬂmg (96%) »

| sthoxyshlorosil ‘gaﬁmgkgﬁ
%gﬁgsﬁﬁx ?wm {(97%) of the salt was re-
covered.

Eg_n?n?ﬁe&mm 525:%1?32 o»eé
bolling xylens. To the suspsnsion was added 5 g. (0.04 mole)
ﬁgggﬁﬁaggﬂvggggg
gently. After the reaction had cessed, 8,8 g. (0,03 mole) of
triphenylehlovrosilans dissolved in 25 ml. of dry xyleus was
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added to the suspension of sodium p-thiocresoxide, and the
mixture refluxed for 18 hours., After filtration of the suspen-
sion and removal of the solvent under reduced pressure, there
was obtained 8.2 g. of a viscous liquid. This material was
crystallized from petroleum ether (boiling point 60-70°), and

7.7 g. (87.5%) of triphenylchlorosilane was recovered (mixed
melting point determination). A small portion of the product

was hydrolyzed to triphenylsilanol melting at 148-150° (mixed

melting point 149-151°),
In another attempt, 4.7 g. (0.,0166 mole) of triphenyl-

chlorosilane and 2,7 g. (0.017 mole) of sodium p~-thiocres-
oxide were placed in a 22 x 175 mm., test tube fitted with a
calcium chloride tube and fused for an hour at 180-200° in a
metal bath., During the heating the reactants turned brown,
The cooled mass was removed, crushed, and extracted with two
50-ml. portions of petroleum ether (boiling point 77-115°),
After removal of approximately 2/3 of the solvent by distilla-
tion, a solid residue was obtained. This residue gave a nega-
tive sulfur test and proved to be triphenylchlorosilane, Hy-
drolysis of this product gave 3.7 g. (86%) of triphenylsilanol
melting at 149-151° (mixed melting point 150-1510),

Iriphenylchlorosilane and sodium p-toluenesulfinate.-
To 15.3 g. (0.052 mole) of triphenylchlorosilane in 80 ml, of

dry xylene was added 9,3 g. (0.052 mole} of solid sodium p-
toluenesulfinate, and the suspension refluxed for 6 hours.

The xylene was distilled under reduced pressure after filtra-

tion and 14.7 g. (96% recovery) of triphenylchlorosilane was
obtained,
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In a second experiment, 0.0153 mole of triphenylchloro-
silane and 0.017 mole of sodium p-toluenesulfinate were sus-
pended in 50 ml, of xylene and the mixture refluxed for 18 hours,

The recovery of triphenylchlorosilane was 89% complete,
A third run was made in which 4 g. (0.014 mole) of tri-

phenylchlorosilane and 2.5 g. (0,014 mole) of sodium p-
toluenesulfinate were thoroughly mixed and fused at 180-200°
for 6 hours in a 22 x 175 mm., test tube fitted with a calcium
chloride tube. The solid mass was extracted with dry acetone
and the acetone distilled. Only a viscous, glassy mass which

could not be crystallized remained.

Irig-{o-tolyl)-chlorosilane and sodium p-toluenesulfinate.-

Two grams (0.0059 mole) of tris-(grtolyl)-chlorosilane and 1 g.

(0.0059 mole) of sodium p-toluenesulfinate were suspended in 25
ml, of dry xylene and refluxed for 55 hours. After filtering
the suspension and removing the xylene by distillation under re-
duced pressure (water aspirator), 1.8 g. of solid melting at
113-114° was obtained. This was proved to be unchanged tris-
(9=-tolyl)-chlorosilane by the method of mixed melting points,
The same quantities of reactants were used in a different
experiment in which the substances were intimately mixed and
placed in a 22 x 175 mm, Pyrex test tube fitted with a calcium
chloride tube. The tube was heated in a metal bath at 140-150°
for 3 hours. The fused mass was crushed and extracted with

petroleum ether (boiling point 60-70°). After filtering the
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sxtract, the solution was concentrated to one-half the original
volwme by distillation., All attempts to crystallisze the pro-
duct resulted in the formation of an oil.

mixture of 2.5 g+ (0,0085 mole) of triphenylehlerosilans, 2.3
g+ (0.,0085 mole) of silver petoluenesulfinate, and 0.3 g. of
copper powder was placed in a test tube fitted with a csloium
chloride tube and heated at 200° for 6 hours. The charred
mass that resulted was extracted with petroleum ether (boiling
point 60-70°%), but only a gummy material uncrystallizable from
the usual organic solvents was obtained.

When the same quantities of reactants wers refluxed in
xylene for 20 hours, the suspension filtered and the filtrate
concentrated, 2 g. (80%) of triphenylchlorcsilans was recovered
&nd identified by the method of mixed melting pot.ntm
thioerescaxide was prepared from 5 g. (e.esml etg-shumo
sol in 20 ml. of ether and 0,036 mole of phenyliithium in ether.
Color Test I'* was negative at the end of the additicn, snd a
solid separated. Then was added 7.8 g. (0.03 mole) of tri-
phenylsilane dissolwed in 25 rl. of sther. The mixture was
refluxed by external-heating for 24 hours with stimring., Aftex
working up the mixture, 7.5 g« (95%) of triphenylsilane was re-
covered. From the aquecus layer, 4.l g. (88%) of p-thiocrescl
(mixed melting point) was obtained.
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In a second experiment, 0,020 mole of lithium p-thiocre-
soxide and 0,019 mole of triphenylsilane were refluxed in 20
ml, of ether for 49 hours. From the mixture was recovered 95%

of triphenylsilane and 85% of p-thiocresol.
In a third run, 0,019 mole of triphenylsilane in 20 ml, of

ether was added to an ether suspension containing 0,02 mole of

lithium p-thiocresoxide. Most of the ether was removed by dis-
tillation and replaced with 35 ml, of toluene, The mixture was
refluxed for 72 hours, After working up the reaction mixture,

91% of the silane and 87% of p~thiocresol were recovered (iden=-
tified by the method of mixed melting points.) |

Iriphenylchlorosilane and diphenyl sulfide.- The general

124

directions for previous investigations were used in these

reactions, Five grams (0.017 mole) of triphenylchlorosilane,
3.2 g. (0,017 mole) of diphenyl sulfide,'?’ and 6.1 g. (0.017
mole) of mercuric bromide were dissolved in 70 ml, of dry ace-
tone. Complete solution was observed after the mixture had been
refluxed for 2% hours. After that time, test portions of the
solution were found to form precipitates in ether and in ethanol.
In their syntheses, the earlier workerslzh found these tests to

be indicative of the formation of these salts, Then 00,0531
mole of solid silver nitrate was added to the mixture

12hp . R. Renshaw and 0, S. Searles, ibid., 55, 4951
(1933).

lstha diphenyl sulfide used was freshly distilled East-
man White Label grade boiling at 296° at atmospheric pressure
and 120-122° at 0.5 mm., nf” 1.632.
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and this treatment was followed by the passage of hydrogen
sulfide through the sclution in order to precipitate the
filtrate was treated with ether. An oil mixed with a selid
material remained after distillation of the solvent. The oil
boiled at 296°, nf° 1.631, showing it to be diphenyl sulfide.
The soldd (2.5 ge, 50%) was triphenylsilancl.

In a second reaction, 0.017 mols of triphenylehlorosilane
and 0,017 mole of diphenyl sulfide were dissclved in dry ace~
tone and the solution refluxed for 24 hours. The substances
obtained were diphenyl sulfide (85%) and the chloresilane (72%).

In a third attempt, 0.017 mole of triphenylchlorosilanse,
0,017 mole of diphenylsulfide and 0,017 mole of mercuric bro-
mide were heated together at 200-250° for 4 hours in an oil
bath. After cooling the mixture, dry scetone was added and the
solution treated with solid silver nitrate. Then the solution
was warmed for 30 minutes, treated with hydrogen sulfids, and
filtered. Only triphenylsilancl (675) and diphenyl sulfide
(87.5%) were obtained,
etdrymmomms ge (c.w.ua.c) of trimethyl~
chlorosilane, ‘Tuk g« (0.04 mole) of diphenylsulfide, and Lk
g+ (0«04 mole) of msrewric bromide, and the selution stirred
for 30 minutes., The mixture sssumed & tan color after it had
bean stirred for about 5 minutes. Then was added 21 g. (0.124
mole) of silver nitrete, the consistency of the mixture beseming




il

pasty at that point. The suspensisn was stirred until a muddy-
brown precipitate appeared. The suspension was then filtered,
and the filtrate was treated with hydrogen sulfide to remove
any residual silver and mercury. The solids were separated by
filtration and the solvent removed by distillation. From the
residue was obtained 6.9 g. (93% recovery) of diphenylsulfide.
No attempt was made to recover any trimethylchlerosilane or its
hydrolysis products.

The Mphmyl.-(hydrmyhmyum

un’7 was propared fram 0.26 mole of mymm““ wd 22 g
(014 mole) of p-bromephencl by refiuxing an ether solutien of
thess reactants until Color Test II~A"2 became negative (about
3 hours). Then was added 15.7 g. (0053 mols) of tripheaylchlo~
rosilans in 50 ml. of ether. Most of the ether was removed by
distillation and replaced with 125 ml. of pure bensens, and the
solution refluxed for 24 hours. After working up the resctien
mixture in the customary way, there was obtsined 12 g. (s 61%
yield) of triphenyl-(g-hydroxyphenyl)-silane melting at 229~
231°, When recrystallised from a 131 mixturs of ethanol and
ethyl acetate, She melting point was reised to 231-332°%

Anals Caled, for 3&%@5&3 8%, 7.96. Found: 81, 7.9
and 7.89.

Yields of 55%, 59%, and 65% were ebtained in other experi-
ments (based on the quantity of triphenylchlorvsilans used).
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It should be emphasised that in this preparasien it is
necesgary that the halogen-metal interconversion reastion be
allowed to proceed until Celor Test II-A’% becomes negative,
or p-butyltriphenylsilane will also be formed. In every in-
stance in which this precaution was not observed, the yield of
the desired product was low and a considerable guantity of p~-
butyltriphenylsilane was obtained.

. aRARHANYV L.t DT TDh AN Y

e+ The procedure fol-
lowed in this syntheeis is the same as that described for the
preparation of triphenyle(g=hydroxyphenyl)-silane, the same
precautions being observed. 1In a reastion using 16.2 g. (0,055
mole) of triphenylehlorosilans and phydroxyphenyllithium®7
(from 0,145 mole of pebromophensl and 0,29 mole of p-butylli-
thimm®¥), the yleld of preduct, melting at 225-226°, was 16 g.,
or 826. After recrystallisation from ethancl, the melting
point of the silane was raised to 226-227°,

Apal. Calod. for Cp HanO0S1: 81, 7,96, FPound: 81, 7.88
and 7.91.

In each of three other preparations employing § g of tri-
phenylchlorosilane, the yields were 77%, 79%, and 814, Tespec-
tively (bvased on the chlorosilane used). |

hlaracetic acid angd -the Muhanyl el hvdraxvpheny,

Each silane (0.6 gey 0.0017 nole) was dissolved in 40 ml. of
20% potassium hydroxide and warmed to effest solution. To each
solution was added 2 g. (0.0021 mole) of chloreacetic asid in
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20 ml., of ethanol, and the flasks containing the solutions were
placed in boiling water for 5 minutes.109 The solutlions were
cooled, diluted with 15 ml., of water, and then made acid to
Congo red with 1l:5 hydrochloric acid. The acidified solutions
were extracted with ether and the ether extracts washed with

three 10-ml. portions of 5% sodium carbonate solution. The wash-
ings were carefully acidified, but no precipitate formed in

either case,

The ether portions were dried over anhydrous sodium sul-
fate and the solvent removed by distillation. In each instance
a quantitative recovery of the starting silane was made (iden-

tified by the mixed melting point method).
In a second attempt, 0.0017 mole of each hydroxyphenyl-

silane was dissolved in 5 ml., of 33% potassium hydroxide solu-
tion and each mixture warmed on a steam bath, Ethanol was add-
ed until solution was practically complete, To each solution

was added 0,0021 mole of chloroacetic acid and the mixtures

heated as described above for an hour., Each silane was quanti-

tatively recovered,
Neither silane gave a color reaction with ferric chloride.

Cleavagel’ of the hydroxyphenylsilanes with hydrogen chlo-
rlde.~ Dry hydrogen chloride was passed into a stirred reflux-

ing solution containing 5.5 g. (0.0156 mole) of each silane in
100 ml. of glacial acetic acid for 15 hours. On cooling, the
reaction mixture was cautiously made basic with sodium carbonate

solution. The resulting mixture was filtered to remove silicon
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compounds, The precipitate was extracted with ether and dried
over anhydrous sodium sulfate. Triphenylsilanol was obtained
from the ether. Hexaphenyldisiloxane, which is not apprec-
iably soluble in ether, was recrystallized from petroleum
ether (boiling point 77-115°), The silicon compounds were
identified by the mixed melting point method.

The aqueous layer was acidified with 1:2 hydrochloric
acid, extracted with ether, and the ethereal solution dried
over anhydrous sodium sulfate, Phenol (identified as phen-
oxyacetic acid) was obtained by this procedurs.

Triphenyl-(p-hydroxyphenyl)=-silane yielded 0.9 g. (64.3%)
of phenol, and 3.3 g. of silicon-containing compounds of which
hexaphenyldisiloxane comprised 1.3 g. (39%), the remainder
being triphenylsilanol (2 g., or 60.6%).

The ortho isomer formed 0.8 g. (57%) of phenol, and 3.4
g. of silicon compounds of which 1.6 g. (47%) was hexa-
phenyldisiloxane and 1.8 g. (53%) was triphenylsilanol,

Attempted Ketone Formation from
Triphenyl-(phenylethynyl)-gilane

Triphenyl-(phenylethynyl)-silane.~ Phenylethynyllithium
was prepared from 1.8 é. (0.0178 mole) of phenylacetylene in
ethér and 0,017 mole of phenyllithium. Then to the solution
of phenylethynyllithium was added 5 g. (0,017 mole) of tri-
phenylchlorosilane in 30 ml. of ether, Color Test 111 became

negative after 20 minutes. Subsequent to hydrolysis of the



148

reaction mixture and separation and drying of the organic
layer, the solvent was distilled. There was obtained 6 g. of
a gummy product which was recrystallized from ethanol. The
yield of pure product, melting at 97-98°, was 4.5 g., or 75%,
This was identified by the method of mixed melting points.
Iriphenyl-(phenylethynyl)-silane and sulfuric acid.~- The
reagent126 for this reaction was prepared by dissolving 10 g.
of sulfuric acid and 1 g. of mercuric oxide in 22 ml, of
water., To 15 ml, of this solution was added 2 g, (0.006 mole)
of triphenyl-(phenylethynyl)-silane, and the mixture stirred
for 5 hours. The solid-that settled was soluble in hot ethanol
and was shown to be unchanged starting material, A part of the

recovered silane was placed in the solution and refluxed for 10

minutes, Upon filtering the cooled solution, an infusible
solid was collected. The overall recovery of triphenyl-
(phenylethynyl)-silane was 1.7 g. (85%).

In a second experiment, the same procedure with the same
quantities of materlals was followed except that the solution
was stirred while being warmed on a water bath at 50° for 18
hours, Subsequent to working up the mixture, 1,8 g, (90%) of
triphenyl-(phenylethynyl)-silane was recovered. No ketonic

material was found in either instance.,

Triphenyl-(phenylethynyl)~silane and ethanolic hydrogen

1260. Weygand, "Organic Preparations,”" Interscience Pub-
lishers, Inc.,, New York, N, Y., 1945, p. 125.
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chloride.~ Into 35 ml. of 5.8 M ethanolic hydrogen chloride was
placed 1.8 g. (0.0054 mole) of triphenyl-(phenylethynyl)-silane
and the solution refluxed for an hour. There was recovered 1.3
g. of the original silane after cooling the solution, After the
solvent distilled, an oil and a solid remained. The solid
proved to be hexaphenyldisiloxane (0.2 g.). Treatment of the
oil with 2,4~dinitrophenylhydrazine resulted in the formation
of 0.3 g. of the 2,4~dinitrophenylhydrazone of acetophencne,

The Preparation and Properties of Triphenylsilyl Isocyanat936

Diphenyldichlorosilane and urea.- Diphenyldichlorosilane
was prepared in situ by treating 6.6 g. (0.038 mole) of silicon
tetrachloride in ether with 0.,0776 mole of phenyllithium, The
reaction flask was submerged in an ice bath while the organoli-
thium compound was being introduced, Then 2.3 g. (0.0388 mole)
of urea was added and the suspension refluxed for 24 hours. The
mixture was hydrolyzed and the ether layer separated and dried
over anhydrous sodium sulfate, The diphenylsilanediol obtained
after distillation of the solvent weighed 6,2 g. (75% yield) and
melted at 158-161°. The compound was identified by the mixed
melting point method.l27

The melting point of diphenylsilanediol has been reported

to be 139076; l55° when heated at 2° per minute, with prelimi-

127Mr. Norman Benedlct graciously provided the authentic
sample,



150

nary m-m at 135°“3‘; 50028, od 12813203280,

Irea snd. tiishanvishloresilang.= To 8.8 g» (0,03 mole) of
triphenylchlorosilans in 50 ml. of diy xylehe were added 2.1
ge {04035 mole) of ures and 2.8 go (0.035 mole) of dvy pyviw
dine to reasct with any hydrogen chloride that might have
formed, and the mixture refluxed for 2, hours. The suspension
was £iltered and the xylens removed by distillatien. The solid
that remained weighed 7.5 g« and was proved $o be unveasted

In a second experiment, 5 g. (0,017 mole) of triphenyle
chlorosilane and 1 g+ (0.017 mele) of urea wers thoroughly
mixed and placed in a 22 x 175 mm. test tube fitted with a
caleiwn chloride tube and the tube heated at 150+200° for 4
hours in & metal bathe The soclid was removed, crushed and ex-
tracted with three 25-ml. portions of petreleum ether (boiling
point 77-115%). After concentrating and oooling the solution,
3uh g (678) of triphenylsilyl isooyanate, melting at 96+97°
was obtained. Slow recrystellization frem the petreleum sther
raised the melting point to 99-100°,

Apale Calod. for CyoHISONSit 84, .33 N, A6, Found:
81, 93 N, he2e

ﬁm % (ﬁ.&’?ca (3}912)& (b) ¢, E. m,
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The materia) that did not dissolve in the petrolews sther
{boiling point 77-115%) was soluble in distilled water and gave
a positive chloride test, and smmonis was evelved when the selue
tion was warmed with sodium hydroxide. The weight of the am~
noniwn chloride formed was 0.9 g (w&mw).

stwme.Ss. (o.azzmwatmmw
2:2 go (04025 mole) of urethan i 30 ml. of dry xylene, the
mixture being heated until the sodium dissppesred, To the
suspension was added 5 g. {0,017 mole) of triphenylchlorosi~
lsne snd the mixture refluxed for 15 hours. The solid that
rengined after distilling the xylene from the filtered solution
was dissolved in petroleum ether (boiling point 77-113°). An
addivional quantity of solid was obtained from the mother li-
quors. The total crude product was recrystallised from pstro-
loun ether (bolling point 77-115%) and 2.8 g. (A8% yield) of
triphenylsilyl isocysnate, melting at 97-98%, was obtained. KNe
depression in the melting point of a mixture of this product
and that previcusly formed was observed.

{o.01 mu) of m»hwhuyx mcymau in 50 ml. of ether was
added dropwise 1) ml. of an sther solution containing 0.0L mole

129
Ly Ge Re ) and Es ¥ . e 4 s ;
%mhwﬁ’m Degering, i Am. Shams A0G,
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of phenyllithium. A white precipitate began to form after the
Lirat 5 or 6 wl. of phenyllithium had been sdded, and refluxing
ceased when the equivalent of phenyllithium had been introduced.
After hydrolysis of the reaction mixture, the sther layer was
separated and dried, and a solid remained after distillation of
the solvent. Thia anterial was extracted with hot water, and
the water«insaluble portion, after recrystallisation from petro-
leum ether (boiling point 77-115°), weighing 1.7 g. (62%), was
proved to be triphenylailancl (mixed melting point). From the
cocled water selution was obtained 0.7 g. (63.68) of bensamide
melting at 125-127° (mixed melting point 126128°),

In another reaction, the ether suspension was treated with
anhydrous hydrogen chloride, and 1.9 g (65%) of triphenylchlo=
rosilane and 0.9 g (85%) of benzamide wers isolated. |

| The Preparation and P
- g%ﬁrm%w

gkvﬁgvggﬁ%&guﬁvwm {04017 mols) of
thiourea were thoroughly mixed in 2 22 x 175 mm. test tube
Litted with a calcium chioride tube and hexted in a metal bath
? for 4 bhours, The fused mass was crushed and ex-
tracted with petroleum ether (boiling point 77-115%) in a man-
ner similar to that employed in the resction betwsen ursa and
triphenylechlorosilane. The yield of triphenylailyl gwﬁww&
nate, melting at 96-97°, was 3.6 g. (68%). gg%
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(0,025 mole) of triphemylchlorosilane in 100 ml, of pure
bangsene was refluxed for 10 hours. The suspension was filtered,
the mm washed with dry bensene, and the solvent distilled.

A my uqm which dissolved in petroleum ether (boiling
point 77+115°) remained. Since a pink coler developed when

the material crystallised, the product was redissolved in 20

ml. of petrolsus ether and reflwsed with Norit and filtered, -

From the clear filtrate was obtainad 6.7 g. (975 yleld) of

u-s.phmyuuy:. isothiocyenate melting at 97-98° (mixed melting
9&»99"),

(6;3157 mu) of Mphcmmyl ueehucymo in 60 nle of
ether was added 0,0157 mole of phenyllithium in 18.3 ml. of
ether. A white precipitate formsd while the phemyllithium was
being introduced. The suspension was stirred for 2 houvs at
room temperaturs, hydrolysed, and filtered. . The insolubles
material, weighing 0.9 g« (17%), proved to be tetraphenylsilane
(mixed melting point fdentification), The sther layer was
The solid residus thus obtained was extracted with hot water,
and 1.1 ge {57% yield) of thicbensamide, meltdng at Llh~115°,
was obtained. The melting point of & mixture of this product
with authentic thiobensamide™l was 114-116°,

v»‘iv

131 |
tqmwa,m

and Pa m 23_. Ez (1890 )u ﬂu, also, A. Beynthsen,
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was produced., ' The hydrolysate was extracted with ether, and
after the usual procedure, 10.6 g. (708) of triphenylsilancl -
and a yed oil which did not contain nitrogen or sulfur were
obtained,  The oil was dissolved in & small volume of ethanol -
and after e¢hilling, 1.7 g+ (17%) of bensophenone was obtained.

" mm wrm amm-ammmmm

mmwmmmummmummmmmw
prmmmmdnemmugwm¢ matmmmm
mmnm (0+0L mole) was disselved in § wl. of concentra-
mnmmm«m,mmmmamuumm»mwm
wmmwam-emtmmnm:'mwmm
wmm«mmm«nmmsnawmm»xw
msamum.muummmmmmwm'
mmmnmnmmgamm."
Whmlw(whwmmhwmmm {4 g+, Or 0.011 mole)
mmmuwu.ammMmmgwux.atm
sodium hydroxide. mnemmamuuacmm-dum
x«mmum-ummwmmm«mmw
MwwapﬁﬂﬁamWMywmuwumm
mmmmmﬂmnwm).mmmmm
nmms"mm. Ammmnmmmd.
mmamme:mﬂmmmmammwm.
mmmﬁummm. mmmm
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during this operation and for periods of 30 minutes to 15 hours
after addition; the temperature was maintained at 0-59,

The 80)id was collected on & filter and dried, the crude
material melting over a range of 160-190%, Astempts to purify
the substance from a variety of selvents (ethamel, toluens,
benzens, chlorobensens, chloreform) resulted in an orange-
colored solid which melted over & range of 185-215°,

Soms of the material was suspended in sodium hydroxide
solution and filtered., The undissolved matter melted over a
rengs of L48~150° Since it did not glvs a positive nitrogen
test, & mixed melting point with triphenylsilancl was taken,
and no depression was obam; |

Another portion (about 0.5 g«) was dissclved in chloreform
and subjected to mtawhia asparation, the column being
activated alumina, A colored sone did appear, snd the material
in that sone wan extracted with ether. After distilling the
solvent, & slightly yellow solid melting over a range of 1l0-
1U40° was collected. It did not contain nitrogen.

In one instancs, when the mixture was acidified after
coupling, filtered, and the solid placed on a wad of paper
towels under a watch gless to dry, the precipitats spontaneocusly
ignited after approximately 2 hours. Sinece tyiphenyl-{p~
hydroxyphenyl)~silane wes recovered (90%), the spentansously
inflammable substance was assumed to have been the free
diagonium salt. In sach experimant, the odor of nitrobsnsene
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was strongs Apparently either hydrolysis and clesvage or ne
reaction occurred, |

In every case in which triphenyl-(g-hydrexyphenyl)-silane
was used, a practically quantitative recovery of that silane
was made.
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DISCUBSION

y : ; pdd

In the carbon series, ormmumﬂmmm
quently and conveniently used to introduce functiomal groups
into the molecules irom which the organcmetallic compounds are
preparsd, The procedure for synthesising csrboxylie acids
from either Grignard reagents or organolithium scepounds is
well known. In addition, ketones, ?? aldenydes,?? and swi-
rmw”’uﬂmgatmm&cwwnmw
parable by ths use of organcmetallic compounds.

Since organosilicon compounds ceontaining Lunctional groups
wers felt to be desireble for possible pharmacalogical and agri-
cultural studies, triphenylsilane was treated with organolithium
campounds in an effeort te obtain triphenyisilyllithium, Instesd
amcmmauMemmmumo, howsver, a tetra-
substituted silane was forwed in each mmu”*u"

ByE # RYL —> RySAR' 4 L4

2
. G, Wistdg, Angee Chame, 53, W3 (1940).
133

(3.959’ He Gilman and L. Ps Cuson, ‘J “9 m -7 T Z& 3469

%‘;&b&m&&;% Pl s Al



160

In extending the examination of the reaction of organo-
lithium compounds to other similar hydrides of Group IV ele-

ments,135 it was found that triphenyltin hydride reacts with
phenyllithium to form tetraphenyltin in 90% yields.85 Tri-
phenylgermane undergoes a similar reaction with phenyllithium
when that organolithium compound is in great excess, tetra-

phenylgermane being produced in almost quantitative yield.l36

It is highly probable that R3PbH137 compounds would react like
the corresponding silicon, tin and germanium compounds., All
this is in contrast with the manner in which triphenylmethane
and RLi ecompounds interact since triphenylmethyllithium is
produced from this hydrocarbon.138
(CgHg)3CH £ RLL ——> (CgHg)4CLi £ RH
While substances of the type RoNLi are not classed as

organometallic compounds,l

they were found to react with
triphenylsilane like organolithium compounds.2l Thus, com-
pounds of the type (06H5)331NR2 were synthesized in yields of

63~75% by the reaction

1354, Gilman and G. E. Dunn, Chem. Revs., 52, 77 (1953).

136O. H, Johnson and D, M, Harris, J. Am. Chem, Soc., 72,

5566 (1950).

lB?Compounds of the type R3PbH have not been isolated,
See H. Gilman and J, C, Bailie,”ibid., 61, 731 (1939); R, W,
Leeper, L. Summers, and H. Gilman, Chem. Revs., 54, 101 (1954).

138H. Gilman and K, V, Young, J. Org. Chem., 1, 330
(1936).
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(CgHg)gSill # LiNR;—> (CgHg)3SiNR, # LiH
where R is n-C,Hg, CpHs, or CHs.
When triphenylsilane was treated with phenylmagnesium
bromide, no tetraphenylsilane was formed; instead, upwards of
90% of the silane was recovered even when the reaction was run

at the reflux temperature of xylene.85 Since it has been shown

that the reactivity of Grignard reagents is increased when di-

oxane is added to their solutions,139 triphenylsilane was
treated with phenylmagnesium bromide containing this compound.
Apparently reaction was inappreciable because triphenylsilane
was recovered to the extent of 90%.85

While it is true that in these instances only RLi com=-
pounds reacted with triphenylsilane to form tetrasubstituted
derivatives while phenylmagnesium bromide was without effect,

the much less reactive dipropylzinc was found to react with
trichlorosilane in a sealed tube at 150° for 6 hours to produce
tetrapropylsilane as well as the expected tripropylsilane.lho
The formation of tetrapropylsilane along with free zinc and
284HC1, P 42n(CqHq) ) ———> 51H(C3H,) 4 £
3ZnC1, £ ZIn £ CyHg # Si(03H7)4

propane might be explained by a reducing action of the silicon-
hydrogen bond in tripropylsilane. It appears not unlikely,
however, that the tetrapropylsilane might have been formed by

139Possibly (CgHs) Mg, which is more reactive than
ESHSMgBr, was precipiéaged. See ref. 1l(a), p. 498, and ref.

140c, pape, Ber., 14, 1873 (1881).
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S1H(C3Ha) 4 £ Zn(C3ltn) ) —— 51(C3Hy), # Zn / C3Hg
a reaction similar tc that described with RLi compounds,
Organometallic compounds differ largely in rate of reaction
rather than in kind of reaction,lhl and the "forced" condi-
tions used by Pape might have been the determining factor in
the results obtained by him., Inasmuch as Grignard reagents
lie between organolithium and organozinc compounds in re-
activity, it is probable that they also would react like organ-
clithium compounds under appropriate conditions,

Only one experiment was conducted to see if triphenylsi-
lane is a reducing agent. Acridine and an excess of triphenyl-

sllane were heated in xylene solution.142

However, no products
that might be formed by such a reduction were isclated,

The displacement of hydrogen by the negative radicals of
organolithium compounds may be explained on the basis that the
hydrogen atom is the negative end of the dipole in the silicon-
hydrogen bond. The physical data on the carbon-hydrogen and

the silicon-hydrogen bonds are: bond energy, kcal./molelhB--

lleee pp. 518-524, ref., 1l{a), for a discussion of relative
reactivities of organometallic compounds,

1h2J. L. Towle, in unpublished studies, has shown that
thiols, under these conditions, will reduce acridine and un-
related compounds. See, also, H, Gilman and J, B, Dickey,
J. Am, Chem, Soc., 52, 4573 (1930),

3¢, s, Pitzer, ibid., 70, 2140 (1948).
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L]
84~H 76, CeH 98.2; bond length, A m*ﬂﬂiﬁﬁ 1.49, C=H 1.09;

percent lonic character™* «-3i-H 3, G-H 4« The bond energies
differ scmewhat, the siliconehydrogen bond being less stable.
The bond lengths are such that the silicon~hydrogen bond is
longer. The psrcent of ionic character is about the same in
each case. However, the relative electronegativities of
carbon, hydrogen, and silicon are 2.5, 2.1, and 1.8, respec-
tﬁmly.m This makes for greater displacement of slectrons
toward hydrogen by silicon than by carbon. Therefors, silicon
is more susceptible to nucleophilic attack by R* and KR3 than
is carbon. Thus, the hydrogen in silicon=hydrogen donds would
be more easily displeced by anions than would be hydreogen in
carbon-hydrogen bonds. In the latter case, the hydrogen being
more acidic, would more likely be replaced by metsla.

Later researches have revealed that silicon-metal bends
may be formed by using various silicon compounds and the appro-
priste metal, The silicon~potassium bond has besn made Lrom
hexaphenyldisilane and sodium-potassium alloy in ethyl ether
and in gpebutyl ether;**® from triphenylehleresilane and the
alloy in ethyl ether; 4% and from triphenyle(phenylisepropyl)e
silene in ethyl m.;-fa Triphenylsilane, triphenylethuxysi~

1
~_Le Pauling, "The Naturs of the Chemical Bond," Gornell
University Press, ithaca, N. Y., 1945,
W05 s 155,

145
Hse Gillman and T. Co Wu, d. An. Chan
(1951)3 4kid., 75, 2509 (1&53); i& gﬁ@
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lane, tris~{p-xenyl)-silane, diphenylsilane, and phenylsilsne
all react with sodium«potassium alloy to form a ailicon~
potassiun linkage  *® gSeemingly at least one aryl group has to
be in the silicon-containing molecule, because triethylsilane
did nmot resct with the alloy.i46
Siliconvsodium and silicon-lithium bonds have besn formed

dimethyl ether with the respective metals M7  The products
wers triphenylsilylsodium and triphenyisilyllithium, Since
solutions of these compounds deteriorate with time, they should
bounaumumympmwodw’

. Possible reactions of compounds containing silicon-metal
bonds might be promising. Tetrasubstituted silanes?®r246 g4
other derivatives have besn synthesised from them.*'

mmumetwﬂrmphmm
memmmmwmemmw
m:eauw%ymmmamnmmrmmum
formation of pgha-mino derivatives.t4? mmemo:w
ammmowwmmmmmwumm

-

Re As He Landesman, and D. J. Foster ~
£hams $80+, Zhs @brr§5ﬂ3~ ' v do

W7, 6. Brook and H. Giimen, ikdde, 76, 278 (1954).

m
(5) Ho Ofbhan"snd Ge ke Narethy SAL %’sﬁhi‘éﬁ;. 952l
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reacted with lithium dialkylamides in ether. *® Fyrther, -

halogenated napthalenes, o~bromodimethylaniline and p-bromo-
anisole also formed products in which the amino groups occupy
positions adjacent to those originally held by the halogen
atoms, |

In amination studies involving halophenylsilanes, it was
found that triphenyl-(p-bromophenyl)-silane reacted with
lithium dimethylamide in ether or an ether~benzene mixture to
yield triphenyl-(m-dimethylaminophenyl)-silane. Some unre-
acted starting material was recovered., The rearrangement also
occurred when trimethyl-(p-bromophenyl)~silane and lithium
dimethylamide were interacted.lo4 The analogous carbon com-
pound, p-tert-butylbromobenzene, seemingly yielded only the
para-derivative,

In the trimethylsilylbenzoic acids, data have been
collected showing the trimethylsilyl group to be electron-re-
leasing with regard to the benzene nucleus.26 This release of
electrons makes for the weakening of the aclds to a greater
degree than does the release of electrons by the tert-butyl
group. Since the haloanisoles and other compounds which under-
go the rearrangement reaction with metal amides have o-p-
directing groups ortho or para to the halogen atom; it follows
that trimethyl-(p~-bromophenyl)~silane would also react in an
analagous manner with metal amides, The apparent failure of

the carbon analoge, p~tert-butylbromobenzene, to behave gim-
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ilarly might be traceable to the weak electron-releasing
property of the tert-butyl group.26

In the case of triphenyl-(p-bromophenyl)-silane, the
situation is possibly somewhat different. The meager evidence
that does exist concerning the orienting influence of the tri-

2,149

phenylsilyl group suggests it to be meta directing. This

radical, then, is electron-attracting. Since bromine also with-

draws electrons,lso

the phenyl radical containing both these
substituents would become positive, Further, the attacking
species (the dimethylamido group), being nucleophilic, would
cause a greater dilsplacement of electrons towards both electron-
withdrawing groups., If displacement towards bromine is greater
than that towards the triphenylsilyl group, the position ortho
to bromine would acquire a positive charge. These combined in-
fluences, then, would cause the attacking dimethylamido group
to enter the position ortho to bromine,

The data on the yields of products by amination of the two
silanes with lithium dimethylamide might be interesting in this
connection, Trimethyl-(m-dimethylaminophenyl)-silane was
formed in 82.4% and 90% yields in refluxing ether (48 hours) and

in a refluxing ether-benzene mixture (108 hours), respectively,

lb9E. G, Rochow, "An Introduction to the Chemistry of the
Silicones,™ John Wiley and Sons, Inc., New York, N, Y., 1946,

150366 ¢, K. Ingold, J. Chem. Soc., 1120 (1933), for
substitution in haloaryl compounds.
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with 18-20% recovery of the starting material, while the
corresponding yields of triphenyl-(m-dimethylaminophenyl)-
silane were 25% (36 hours) and 50-55% (40 hours) with a re- ‘
covery of 40-42% of unreacted triphenyl-(p-bromophenyl)-silane,31l
(The yields are based on the quantities of the silanes react-
ing.) Since, except in one experiment, the conditions under
which these syntheses were effected were roughly the same, the
reactivity of trimethyl-(p-bromophenyl)-silane might be con-
sidered to be greater than that of triphenylf(grbronophenyl)d
silane with respect to lithium dimethylamide,

The mode by which amido groups enter into positions ortho
to those originally held by halogen to form meta~amino deriv-
atives 1s not clear, More data must be assembled in order

that these reactions be better understood.

Attempts to Prepare Triphenyl-{p-carboxyphenyl)-silane

Three procedures were followed in the effort to prepare
triphenyl~-(p-carboxyphenyl)-silane (p-triphenylsilylbenzoic
acid)., In the first, a halogen-metal interconversion reaction
was trled. Some reaction did occur, for heat was evolved, The
product, though, was not acidic, because it was not possible
to titrate it with standard alkali. The melting point was
quite indefinite, the range (180-205°) suggesting the substance
to be impure hexaphenyldisiloxane.lll Cleavage of the p~bromo-

phenyl group by n-butyllithium followed by hydrolysis would
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result in the formation of the disiloxane.l5l While no evidence
has been gathered conclusively favoring the presence of hexa-
phenyldisiloxane in the reaction mixture, possibly it did form.

In the second procedure, several efforts were made to form
p-triphenylsilylphenyllithium from lithium and triphenyl-
(p-bromophenyl)-silane by refluxing the suspension for as long
as three days in ether, No reaction occurred, since after
carbonation, practically all the silane was recovered,

In a third method, triphenylchlorosilane and lithium p-
lithiobenzoate were interacted at -75°,97 The substance iso-
lated did not appear to be an acid or an ester. The analyses
(si found 6.75%, 6.88%, and 6.79% vs. 7.37% calculated) seemed
to more nearly fit the data for triphenylsilylvalerophenone
[TCgH5) 384C¢H, COC Ho 7 which has a calculated silicon content
of 6.66%.

The class to which this substance belongs has not been es-
tablished, It might be well to point out that since an excess
of g:buﬁyllithium was used, the silane might have undergone a
halogen-metal interconversion reaction at the low temperature
used and some ketonic material might have formed when the mix-
ture was carbonated. It has been mentioned before that ketones
are formed in high yields when gaseous carbon dioxide reacts

with RLi compounds.103 While an ether-Dry Ice slush was em-

151y, (ééém?n, Rj A. Benkeser, and G, E. Dunn,
Soc., 72, 1 1950); H, Gilman and H, Hartzfeld, ibid., 73
95 54 ’ VAT A
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ployed in this case, the formation of a ketone cannot be ruled

out without further careful study.

Compounds Formed from Trimethyl-(p-bromophenyl)-silane

Trimethyl-(p-bromophenyl)-silane underwent reaction with
lithium to form the corresponding organolithium compound in
good ylelds, This is in contrast with triphenyl-(p-
bromophenyl)-silane which did not react with lithium. p-
Trimethylsilylphenyllithium was converted into p~trimethyl-
silylbenzaldehyde by treating it with N—methylformanilide;ll8
and into the acid by the usual method. The acid reacted with
thionyl chloride to produce p-trimethylsilylbenzoyl chloride
in fairly high yields (60-70%). Each of these substances

could be well characterized.,

Attempted Ketone Syntheses

The attempts to prepare bis-(p-trimethylsilylphenyl)
ketone from gaseous carbon dioxide and p~trimethylsilyl-
phenyllithium were not as rewarding as were other reactions
involving trimethyl-(p-bromophenyl)-silane. The product of
the reaction had a silicon content 1,.8-2% too low. While the
substance did react with 2,4-dinitrophenylhydrazine and
hy&roxylamine, the nitrogen analyses were such as to leave
one much in doubt (see EXPERIMENTAL for analyses). Hydrolysis
of the nitrogen-containing compounds regenerated the original
substance., No final conclusion has been reached as to the

nature of this substance,
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The Friedel-Crafts reaction was also employed in an
effort to acylate organosilicon compounds. Triphenylsilanol
was treated with acetic anhydride and aluminum chloride cat-
alyst in carbon disulfide solution. Only cleavage products
were formed as evidenced by the appearance of viscous tars.

Cleavage of organosilicon compounds by aluminum chloride

has been previously reported.lll In the case of tetraphenyl-

silane, cleavage occurred as fo].lc)wss:ll’9

(Celg),S1i £ ALCl; ————> (CgH,)451C1 / CeHsALCL,

(CgHg5)484C1 # ALCLy —— (CgHy),81C1, # CgHgALCL,

(66H5)231012 ¢ AlCl3-————> 06H531013 ¢ 06H5A1C12

063581613 £ AlCl3 — SiC1, £ 66H5A1012. |
Finally, silicon tetrachloride and a tarry residue resu:l.t;ed.]'L*9

Because aluminum chloride causes cleavage of the molecule
of triphenylsilancl, other catalysts were selected, Stannic
chlorido,113 fused zinc chloride, and dichloroaluminum bisul-
fate (AlClz.HSOA)llh were employeé, but they proved to be in~
effective, the silanol being recovered in high yields. Later
researches have shown that iodine is a cataiyst of choice in the
acylation of organosilicon compounds, Trimethyl-(2-thienyl)-
silane and trimethyl-(2-furyl)-silane were acylated with acetic
anhydride by means of iodine catalyst.35 The acetyl group enter-
ed the 5-position of the thienyl and furyl parts of the respec-
tive molecules,

Next, experiments were undertaken to prepare triphenyl-

(benzoyl)-silane. Benzoyl chloride, triphenylchlorosilane and
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1ithium or magnesium were heated together in ether and/or
tolusne. Ko reaction took place, When triphenylsilane and
bengoyl chloride were heated at the reflux temperature of
pyridine, only triphenylsilanol was obtained as the silicon
compound. The attempted oximation of triphenyl~(benzyl)e
silane with fari~butyl nitrite was without effect since 974
of the starting silanme was recovered. Each of these effoxrts
was of no avail.

Ancther route by which a benzoyl silane might be prepared
was then selected. It was thought that if phenylmagnesium
bromide could be interacted with triphenylsilyl cyanide,l’?
triphenyl-(bengoyl)~silane might be formed. The cyanide could
not be isolated because the compound seems to be unstable in
the air. Evidence of its preparation was indirect, the silver
chloride formed being used as an indication of the synthesis of
the cyanides FPhenylmegnesium bromide was introduced into the
solution after the silver chloride had been filtered off, and
reaction did occur. Appai’ently the cyanide group acted like a
pseudo~halogen because tetraphenylsilane and some tyiphenyle
silanol were isolated.’”r In no case was the desired product
obtained. The hoped~for reaction was

i52

The possibility of the formation at’ the neeymdc cCan~
not be :-ulad out, See J. J. MoBride, Jr. « Co Beachell,
ibid., 5%‘7 tl ﬁhc on and

952) for an account of
prope: lisocyanosilanes.
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CgHsMgBr HOH
(Celg)3S1CN —Z—p (06H5)331‘|3-"'NMgBr —> (061{5)331?=o.

CBH5 06H5

Next, triphenyl-(phenylethynyl)-silane was subjected to
hydrolysis with sulfuric acid coateining mercuric oxide,
Again the procedure yielded no ketone, Instead, triphenyl-
(phenylethynyl)-silane was recovered to the extent of 97%.

In the last effort, triphenyl-(phenylethynyl)-silane was
treated with ethanolic hydrogen chloride., It was hoped that
the reaction

(06H5)3Sic COglis EEE%> (06H5)3810012CH206H5
. H,0
Lor (Cglg)3SiCH,CCL,Cols 7 —=% (Cgls)3S1COCH,Cl

[or (06H5)3810H20006H5_7
would occur. Instead, however, the compound was cleaved, some
triphenyl-(phenylethynyl)-silane being recovered, and hexa-
phenyldisiloxane and acetophenone being produced.,

It is quite probable that the difficulty of forming a
silicon-carbonyl bond is traceable to the positive charge on

each connecting atom. 3Silicon is electropositive,lhB

and the
carbonyl group in ketones and aldehydes is polarized so that

carbon has a formal positive charge.

C=06&> C—0
These conditions would lead to relatively small affinity be-
tween silicon and the carbonyl group. It is noteworthy that

compounds of the type RBSiCOR' are not known,
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The Attempted Synthesis of Triphenyl-(aminophenyl)-silane
Four approaches to this preparation were made. In the

first, several experiments to mononitrate tetraphenylsilane
were conducted. Cleavage and charring took place when the

120

method of Polis was used. The reagents next tried were

fuming nitric acid dissolved in acetic acid, and fuming nitric
acid dissolved in acetic anhydride. Even when the latter two
solutions containing tetraphenylsilane were heated, no re-
action occurred, the silane being recovered to the extent of
92-94%. More rigorous conditions led to charring.

A series of experiments was next undertaken in which p-
bromoaniline was converted into the lithium compound by means
of a halogen-metal interconversion reaction with n-butylli-
thium, The organolithium compound was then treated with
triphenylchlorosilane, In each instance triphenylsilanol was
obtained along with some o0il which charred when subjected to
distillation.

Next, p-bromoaniline, triphenylchlorosilane, and sodium
were heated in benzene, but no reaction took place. The only
silicon compound isolated after hydrolysis was hexaphenyldisi-
loxane,

Finally, triphenyl-(p-bromophenyl)-silane was treated with
sodium amide in liquid ammonia. From each of two such experi-

ments, approximately 90% of the starting silane was recovered.
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~ The types of amundn desired in these instences wers
(1) th#aa cmnining & silicon-gulfur bond and (2) W-~silicon
derivatives of p-acetamidobensenssulfonamide. In the alipha-
tic series, uwﬁi ‘mmapzommos have been prepared, 153 put
aromatic amm canpeundo of this type are fu.ls" Fo N'=
silicon derivatives of sulfenilamide are reported.’’

Kq sulfides of the type R33i3ir were produced when tri= |
ethaxychlorosilans, triphemylchlorosilane, and triphenylsilane,
respectively, were treated with sodium or lithium Mh.{ew
soxide. Too, all efforts to form sulfones from chlorosilanes
and g-%olnmcsuu‘zm“ met with no success. Finally, no sul-
fmmm aalu were prepaz-od whm triphenylchlorosilane and - O
mhylehlmum‘, respectively, were treated with diphenyl
sulfide.

cxpmge mm“"’ show aryl groups to be ralatﬁal& easily
ranoved, inﬂimm them to have a rather atrong affinity for
electrons. It is possible, then, that the sulfur atom connected
to the aryl group would have & residual positive charge, making
for a M bond between it and the rather electropositive sili-
con atom. The existence of such a condition would perhaps

153 .
He Jo Backer snd F. Stienstra « LIBY. sy 52,
912 (193313 e J. Backes ant e e Kiaenns, TERY: SBes03%

15k,
Hs Cilmen and G, N. R. Smaxrt » » * m
{1551). o Lo OrE. Chsme, 45,
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account for the lack of formation of both R3313Ar types and
sulfonium compounds.

The failure to obtain compounds of the type R33iSOzAr
might also be traceable to the positiveness of silicon and
sulfur. In sulfones, the electron distribution is such that
the sulfur atom has a formal positive charge of two 277 This
would make for a weak bond between sulfur and silicon,

=]
|
e
0 ‘(le":)@l
&

Cilman and Smart?** succeeded in preparixig tris~(g-tolyl)=p~
tolylmercaptosilane, but their attempts to cxidise the campound
to the sulfone led to cleavage., Thus compounds of the type
R331302Ar were not obtained by indirect or direct mathods.

The value of the sulfa drugs in medicine is well known.
It was thought that it would be interesting, therefore, if
silicon derivatives of sulfonamides could be mmde. The silicon~
nitrogen bond is observed to be sensitive to moisture; there~
fore, strictly anhydrous conditions were maintained in each
attempted reaction between p-acetamidobengenesulfonamide or its
N~godium salt and the chlorosilane selected.

155

R. Q. Brewster, "Organic Chemis % Prentice~Hall, Inc.
New York, Ne Y., 1953, See, algo, Che fﬁf’m. 1(a), for a '
discussion of sulfur compounds.
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Unfortunately, the results of efforts to obtain these
compounds were negative. Again, the relative positiveness of
the atoms t0 be linked might be a factor, Iun the aryl sul-
fonamides, the sulfur atom is positive, and this would cause
electrons to have a tendency to move towards sulfur, leaving
the nitrogen slightly poaitive.‘ls 5 If this is a true picture

of the position of charges, it is apparent that a compound of
the type RySiNHSO,R! might be quite unstable,

Triphenylsilyl Isocyanate and Isothiocyanate
The treatment of triphenylchlorosilane with urea was under-

taken in the hope that a silicon dexivative of urea might be
obtained, thus opening the way to the asynthesis of silicon~
containing barbiturates. The observation that the use of the
malonic ester synthesis (and presumably the ascetoacetic ester
aynthesis) with orgsncailicon compounds resulted in the forma-
tion of siloxy cmpoxmdal” excludes these processes in the
preparation of the desired producta. The cbtaining of tri~

156
The symbol —e 15 used to indicate the direction in
which electrons tend to be displaced. See Ch. 25, ref. L{a).

157
(19&7) He Gilmen and R. N. Claxk, J. dm« Chem. $08., QB‘ 967
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phenylsilyl isocyanate was not anticipated. However, tri-
phenylsilyl isocyanate was also produced when triphenylchloro-

silane was treated with sodium urethan,129

no N-triphenyl-
silylurethan being isolated,

Triphenylsilyl isocyanate reacts with phenyllithium to
fofm triphenylsilanol and benzamide. If, however, treatment
with hydrogen chloride instead of hydrolysis follows the
addition of phenyllithium, the products are triphenylchloro-

silane and bengzamide.

HOH

CgHcLl
(C6H S5iNCO —6—2—> (06H5)381N=C(0L1)C6}15—-—)-

503
HOH
(06u5)331mcoc6}15— (06H5)3310H £ CgH5CONH,,

HC1
(CeHg)351C1 # CgH CONH, -

The reaction of triphenylchlorosilane with thiourea re-
sulted in the asynthesis of triphenylsilyl isothiocyanate,
This compound reacts with phenyllithium to form some tetra-
phenylsilane, triphenylsilanol, and thiobenzamide. Since
tetraphenylsilane did appear among the products, seemingly
the scheme given above for the reaction between triphenylsilyl
isocyanate and phenyllithium is not representative of that be-
tween the isothiocyanate and phenyllithium. The isothio-
cyanate moiety apparently behaved as a pseudo-halogen under-
going reaction like that observed with triphenylchlorosilane,
Triphenylsilyl isothiocyanate reacted with phenyl-

magnesium bromide at the reflux temperature of an ether solu-~
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tion of reactants to form triphenylsilanol, However, if
"forced" conditions are used (fairly high temperature), some
benzophenone is also obtained. No thiobenzamide was isolated
in the reaction with phenylmagnesium bromide.

Phenylmagnesium bromide was used in a three-fold excess
in these reactions. The fate of the phenyl group in the
instance of reaction in refluxing ether is not known, How-
ever, in the case of heating in the absence of ether ("forced"
conditions), the course of the reaction might have been as

follows:

Cg Br - CglcMgBr
(CéﬂS)BSiNCS —é—H-éMg—>- (C6H5)331NC(SMgBr)06H5;‘H—5-g—E)~

HOH

(CgHg) o€ = NH i(E>- (CgHs) 2CO £ NHq,
This scheme would account for the presence of benzophenone.
These observations lead one to the conclusion that tri-
phenylsilyl isocyanate and triphenylsilyl isothiocyanate are
not exact analogs in their reactions with phenyllithium and
phenylmagnesium bromide.

The Triphenyl-(hydroxyphenyl)-silanes
Triphenyl-({o~hydroxyphenyl)-silane and triphenyl-(p-
hydroxyphenyl)-silane were synthesized in fairly high yields.
However, the formation of triphenyl=-(g-hydroxyphenyl)-silane
took place at a slower rate and to a lesser extent than did that

of triphenyl-(p-hydroxyphenyl)-silane. These results are
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not surprising in view of the observations made in steric
hindrance studies.lB’l19 Neither of these silanes gave a
color reaction with ferric chloride, nor did they form the
corresponding phenoxyacetic acids., However, both substances

15

underwent cleavage™ ” with anhydrous hydrogen chloride, yield-
ing phenol, hexaphenyldisiloxane, and triphenylsilanol.

Attempts to couple these compounds with p-nitrobenzene-
diazonium salts were fruitless, In the case of triphenyl-
{g-hydroxyphenyl)-silane, no reaction occurred, quantitative
recoveries of the silane having been made,

Triphenyl-(p~-hydroxyphenyl)-silane, on the other hand,
underwent some reaction, apparently. However, what did
actually occur is obscure. The melting points of whatever
formed were so indefinite as to imply the presence of some
sort of mixture., In at least one instance, the free diazonium
salt was separated. At best the reaction can be described as
sluggish and unclear.

Silicon~containing azo dyes have been prepared from

trimethyl- and t.riphenyl-(g_—dimethylaminophenyl)--silane,158a

and their effectiveness and properties studied.l58b

l58(:::1) S. V. Sunthankar and H, Gilman, J. Org. Chem.,
15., 1200 (1950); ibid., 18, 47 (1953). (b) S. V, Sunthankar
and H, Gilman, Textile Research J., 22, 574 (1952); ibid.,
23, 53 (1953). '
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SUMMARY

A purvey of some organosilicon compounds containing
functional groups has been made.

In addition to the established means of synthesis, tri-
phenylsilane was prepared smoothly and in a high degree of
purity from triphenylchlorosilane and lithium sluminum hydride.
Triphenyltin hydride could not be prepared from triphenyltin
chloride by this method. In an effort to form triphenylsilane
from triphenylsilanol, a new synthegls for hemaphenyldisiloxans
was found.

Triphenylgilane and triphenyltin hydride did not form com-
pounds of the type (Cglz)sMLi (where M may be 3i or Sn) when
they were treated with organoclithium compounds, good yields of
tetra-~substituted products being obtained instead.

Triphenyl-{dialkyleamino)«silanes were obtained by the
action of lithium salts of di-p~butylamine, dimethylamine, and
diethylamine, respectively, upon triphenylsilane., The lithium
galts of 2,5-dimethylpyrrole, methylaniline, diphenylamine, and
carbazole were without effect. Lithium hydraside gave a com-
pound which hydrolysed on attempted purification.

Triphenylsilane did not reduce acridine.

Triphenyl~(p~=bromophenyl)-silane and tyrimethyl~{p~bromo~
phenyl)-silane reacted with lithium dimethylamide to yield
peka-amino compounds. Triphenyle({p-bromophenyl)-silane did not
react with lithium, and its reaction with ge-butyllithium re-
sulted in indefinite products.
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Trimethyl={p~bromophenyl)=silane was converted into its
organolithium compound from which the corresponding aldehyde
and acid were prepared. p-Trimethylsilylbenzoyl chloride was
obtained from the acid.

Attempts to prepare bis-(p~trimethylsilylphenyl) ketone
from p~trimethylsilylphenyllithium and geseous carbon dioxide
were unsuccessful. The use of the cadmium compound with p-
trimethylsilylbenzoyl chloride led to the foxrmation of oils
and glasses.

Efforts to acylate triphenylsilanol resulted in either no
reaction or cleavage. The reaction between triphenylsilyl
cyanide and phenylmagnesium bromide ylelded tetraphenylsilane
and triphenylsilancl, no triphenyl-{benzoyl)-silane being ob-
tained.

Triphenyl={nitrophenyl)~silane and triphenyl-(aminophenyl)-
silane could not be synthesigzed by the procedures used.

All attempts to form compounds containing silicon to sul~
fur bonds, and compounds with a carbonyl or carboxyl grouwp
linked to silicon, did not succeed. Too, I ~silicon derivatives
of p-acetamidobenzenesulfonamide could not be prepared.

Two new methods for the synthesis of triphenylsilyl
isocyanate and one for that of triphenylsilyl isothioeyanate
have been devised. The reactions of these compounds with
organcmetallic compounds have been described.

Triphenyl-(g~hydroxyphenyl)~silane and its para isomer
were prepared. They did not give a color reaction with ferric
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chloride, nor did they form the corresponding phencxyacetic
acids. When treated with p-nitrobensenediagsonium salts, the
RAra lsomer gave indefinite products while the grtho compound
did not react,
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