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Anal. Caled. for CH;ONS: C, 47.15;
Found: C, 47.36; H, 4.97.

(B).—To a solution of 2.74 g. (0.049 mole) of potassium
hydroxide in 35 ml. of absolute ethanol, 6.21 g. (0.050
mole), of p-thiocresol was added. The mixture was cooled
to 0° and a solution of 4.4 ml. (0.050 mole) of 1-chloro-1-
nitroethane in 15 ml. of absolute ethanol at 0° was added.
The mixture was set aside at 0° for 15 hours, then filtered,
yielding 2.10 g. of potassium chloride. Dilution of the filtrate
with 200 ml. of water precipitated 6 g. of an oil. Oxida-
tion of the oil with hydrogen peroxide in glacial acetic acid,
as above, gave a 159, yield of the same sulfone (affirmed
by physical appearance, alkali solubility, melting point and
mixed melting point) as resulted by oxidation of the product
obtained via p-toluenesulfenyl chloride and 1-chloro-1-ni-

H, 4.84.
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troethane. The low yield of sulfone is associated with the
presence of considerable p-tolyl disulfide in the oily product
subjected to oxidation. The disulfide was separated and
its identity confirmed by melting point and mixed melting
point with authentic p-tolyl disulfide.

(€).—a-Nitroethyl p-tolyl sulfone also resulted (71%
yield) by interaction of 7.06 g. (0.033 mole) of sodium p-
toluenesulfinate dihydrate with 2.19 ml. (0.025 mole) of
1-chloro-1-nitroethane in methanol (75 ml), at reflux tem-
perature for three hours. The crystalline product was ob-
tained by collecting the precipitated sodium chloride and
removing excess solvent. It was identical (solubility in
alkali, melting point and mixed melting point) with the
sulfone obtained by methods (A) and (B) above.
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The Preparation of Aminomethylsilicon Compounds and their Derivatives

By Joun E. NoLL,! JoBN L. SPEIER? AND B. F. DAUBERT

The reaction of various chloro- and bromomethylsilicon compounds with amines and ammonia to prepare aminomethyl-
silane derivatives is described. The quantitative removal of one methyl group from trimethylsilylmethylamines by sodium
amide in ammonia to form N-methyl-(trimethylsilyl)-amine is demonstrated. Some twenty-three new silicon-containing

amines are described along with their derivatives.

In continuation of the work in these laboratories
aimed at a determination of the effect of organosili-
con substituents on organic functional compounds,
a series of amines has been prepared containing the
linkages Si-C-N with alkyl, alkoxy, oxy and aryl
groups on the silicon atoms and hydrogen, alkyl and
aryl groups attached to the nitrogen atoms.

The most convenient method for the preparation
of moderately large quantities of such amines was
found to consist of treating anhydrous ammonia or
amines with compounds of the formula RsSiCH:X,
where R was any combination of alkyl, aryl, alkoxy
or siloxy groups and X was chlorine or bromine.
Solvents neither were necessary nor showed any
advantages as a medium for the reaction. Water
and alcohol were found to promote the cleavage of
the halomethyl group from silicon and were there-
fore avoided.?

The reactions were generally carried out with
about a 20-fold excess of ammonia or a two- to
threefold excess of amine at temperatures of from
60 to 120° under pressure when necessary.

Halomethylsilanes with approximately a 20-fold
excess of liquid ammonia usually formed about 50~
709, primary amine, 20-309, secondary amine and
a small amount of unstable material which prob-
ably was tertiary amine. Compounds of the type
(RgSiCH,)3N were never isolated and identified as
such. Repeated efforts to isolate such products
led only to the production of very unstable and
reactive materials which vigorously decomposed
when heated and which reacted rapidly with the
atmosphere to form an unstable solid of variable
composition. A product thought to have been
tris-(trimethylsilylmethyl)-amine was spilled upon
a piece of paper and found to cause its spontaneous
ignition a few seconds later.

(1) Submitted in partial fulfillmeunt of the requirements for the
degree of M.Sc.

(2) Please address any commurnications concerning this work to Dr.

John L, Speier, Mellon Institute, Pittsburgh 13, Pa.
(3) R. H. Krieble and J. R, Elliott, THuis Journ~aL, 67, 1810 (1945).

The amines also reacted with halomethylsil-
anes. A two- to threefold excess of primary amine
usually resulted in from 50-88%, of secondary am-
ines of the formula R3SiCH,.NHR'’, with the remain-
der usually accounted for approximately as tertiary
amines, (RsSiCHj),NR. Secondary amines yielded
tertiary amines and probably quaternary salts.
Tertiary amines reacted very sluggishly to yield
quaternary salts. Ethanolamine resulted in the
formation chiefly of N-methylethanolamine indi-
cating that the halomethyl group was cleaved from
the silicon.

A most interesting cleavage of a chloromethyl
group occurred when chloromethyltrimethylsilane
reacted with sodium amide in liquid ammonia.
Cleavage and rearrangement appeared to be almost
instantaneous with the formation of N-methyl-
(trimethylsilyl)-amine. This product on distilla-
tion eliminated methylamine and formed N-methyl-
hexamethyldisilazane in excellent yield. These
reactions might be represented according to the
equations

MeSiCH.Cl + NaNH; —> Me;:SiNHMe + NaCl
2Me;SiNHMe —> (Me;Si);NMe + MeNH,

The preparation of amines containing the link-
ages Si—O-Si—-C-N- was effected in three different
ways. First, and least successful, bis-(chloro-
methyl)-tetramethyldisiloxane was treated with
ammonia or an amine. The difunctionality of the
bis-chloromethyl compound led to the production of
a mixture of products that could not be satisfactor-
ily separated. The second method was more suc-
cessful. It consisted of the hydrolysis of an al-
koxysilylmethylamine in aqueous or aqueous
alcoholic solution. Siloxane-methylamines were
easily obtained. Methyldiethoxysilylmethylamine
yielded a thermoplastic polymer, soluble in water,
which reacted rapidly in air to form what appeared
to be a bicarbonate salt. Triethoxysilylmethyl-
amine yielded a white amorphous powder, which
was water soluble.
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Name of componnd

Trimethylsilylmethylamine
Water azeotrope
Hydrochloride

Bicarbonate

Sulfate
p-Nitrobenzamide

Bis-(trimethylsilylme thyD-amine
Hydrochloride”
Dimethylphenylsilylmethylamine
Hydrochloride
Bis-(dimethylphenylsilylmethyl)-
amine
Hydrochloride
Ethoxydimethylsily methylamine

Hydrochloride

Tetramethyldisiloxane-1,3-bismethylaniine  O[SiMesCH,NH, )

Dihydrochloride

Bis-(ethoxydimethylsilytniethyl)amine

2.2,6,6,8,8,12,12-Octuamethyl-1,7-oxu-

2,6,8,12-sila-4.10-a z:lcyclodo-

decane
Dicthoxymethylsilylmethylamine
Triethoxysilylmethylamine

Bis-(triethoxysilylmethyl)-amine

TABLE I:

Formula

I\ICzSiC HzNIIg

Me,;SiCH,NH,-FICH

Me;SiCH:NH,-H,CO;

LIEgSiCI{zNHCOCsII4NOg-P
(MesSiCH )N H

CGHssiM62CH2NH2
(CsHsSiMe,CI1,),N11L

EtOSiMe.CH.NH.

(EtOSiMe;CHa)sNH
(Me:Si C HzN H CI‘IQSH\IC‘;O )x
MezSi——CH:NHCHJSil\/Ieg
>0
Me,Si—-CH.NH--CH,.SiMe:
(Et0),SiMeCH,NH,

(EtO);SiCH,NH.,

[(EtO):SiCH: L,NH

Yield,
cr
SO

50

19

68

28

~1

[)

37
100

B.p.,

°C. M.
93.0 736.8
83 750

M.p. 240-241

Sublimes at roomn temp.

M.p. 213-216 (dec.)
M.p. 123.5-124

170.5

M.p. 158.5-159

226.5 744.1
M.p. 198 200
215.2 23
M.p. 121-126
131.8 740
M.p. 183-187
M.p. 247--249
160-170 24
152 23
67.5 24
93 26
117 0.4

n3n

1.4139
1.4161

736.8 1.4217

1.433
.4488

—

M.p. 45-49
1.4120-6
1.4080

1.4132

N

.955
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d¥y

0.7646
.815

=1
b

.940

L9958

.849

.892
.946

.914-6

.973

Sp. ref.

Fouud Caled.?

o
Hel
Lo

272

.2583

.2563

0.3268 0.3270

.3241

.3244

.2038

.2920

.2697

.2583

.25565

Element

MW
NE
NE
Si
C

H
N
Cl
Si
NE
SO,
Si
C
H

Si
NE
Si
Ci
Si
NE
Cl
Si
NE
Cl
Si
NE
Ci

Si

Ct

Si

Si
NE
Mw?

Si
NE
Si
NE
Si
NE

Analyses,

Found

102.5,
105.3,
119.8,
20.21,
34.95,
10.21,
9.53,
25.36,
17.0
163
32.38
11.16
52.69
6.26
11.35
2.1,
190 .0
24.6
15.3,
16.76,
169.6,
17.66,
17.91,
320,
9.73,
19.0,
144.3,
21.01,

21.2
26.68,
22.8,
32.01,

175.7

350

16.93,
165.5,

14.48,
197,

15.35,
383 .4,

104.3

105.0

120.1
20.24
35.17
10.16
9.82
25.42

29.2

15.4
16.74
170.5
17.53
17.73
323
9.73
19.4
144.8
20.86

26.69
22.7
32.18

16.90
165.8

14.52
196.7

15.41
364.1

Caled.

103.
103.

20.
34.
10.
10.
.38
.0

24
17
165
32

11

21.
26.
22,
32.
175.

351

17.
163.
14.
193.
15.
369.

2
2

09
41
12
03

.22
1.
52.

6.

12
36
39

.10
29.
189.
24,
15.
16.
165.
17.
17.
313.7
10.
21.
133.
20.

63

15
73

10

33

06

52

18

8988
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& Molecular weight determined cryoscopically in benzene.

formed very fine platelets m.p. 1568.5-159°,

and the 176° form also melted always at 164°.
at 164° but did not change in appearance.

The ethoxysilylmethylamines are surprisingly
resistant to hydrolysis in acidic media. In one
cade, sethoxydimethylsilylmethylamine hydrochlo-
ride was made by evaporating to dryness a solution
of the amine in aqueous hydrochloric acid.

A third procedure utilized a reaction recently dis-
covered by L. H. Sommer and co-workers at Penn-
sylvania State College who noted that under proper
conditions concentrated sulfuric acid was capable of
cleaving only one methyl group from certain tri-
methylsilyl-organic structures.* This process was
easily carried out. A compound of the type MesSi—
CH,-NR,, where R could be another Me;SiCH,, H
or alkyl group, was dissolved in excess sulfuric acid
and heated to 100-111° for 6 to 36 hours. Exactly
one molar equivalent of methane was evolved for
each trimethylsilylmethyl group present. Treat-
ment of the sulfuric acid solution with alkali then
freed a siloxane-methylamine in nearly quantitative
yields.

By these various procedures the compounds
listed in Table I and II were prepared. The basic
dissociation constants of the amines have been de-
termined and will be the subject of a forthcoming
publication.

In these tables the calculated specific refractions
were obtained by the use of Warrick’s data.® The
neutral equivalents were determined to the methyl
red end-point.

Experimental

The examples that follow illustrate the geuneral methods
used to prepare the amines of Tables I and II.

Reaction of Chloromethyldimethylphenylsilane and Am-
monia.—Chloromethyldimethylphenylsilane was prepared
from chloromethyldimethylchlorosilane! and phenylmagne-
sium bromide in ether in a yield of 779,. The following
properties were determined: b.p. 121° at 24 mm., #%D
1.5186, d%, 1.023; sp. ref. 0.2965, caled.’ sp. ref. 0.2974.
Anal. Caled. for CyH;ClSi: 8i, 15.19. Found: 8i,
15.08, 15.13.

Chloromethyldimethylphenylsilane (193 g., 1.05 moles)
was heated in an autoclave with liquid ammonia (425 g.,
25 moles) to 103° over a two-hour period and cooled slowly
to 25°. The excess ammonia was permitted to escape and
the non-volatile residue was mixed with 52 g. of sodium
hydroxide in 300 cc. of water. The water insoluble layer
was separated, dried over anhydrous Na.SO, and distilled
in a still of about ten plates to give 689, yield (126 ml.) of di-
methylphenylsilylmethylamine and 28%, yield (48 ml.) of
bis-(dimethylphenylsilylmethyl)-amine.

Chloromethyltriethoxysilane and Ammonia.—Methyltri-
chlorosilane was chlorinated in the liquid phase to yield
chloromethyltrichlorosilane b.p. 118°. Amnal. Caled. for
CH,CLSI: titratable Cl, 57.7. Found: Cl, 56.3. Ethoxyl-
ation of this yielded chloromethyltriethoxysilane, b.p.
91° at 25 mm., »%p 1.4065, 4%, 1.022; sp. ref. 0.2406,
caled.’ sp. ref. 0.2411. Anal. Caled. for C;HyOsCISi:
Si, 13.16. Found: Si, 13.21, 13.17.

Chloromethyltriethoxysilane (326 g., 1.53 moles) was
heated in an autoclave with liquid ammonia (572 g., 33.7
moles) between 100 and 120° for six hours. The excess
ammonia was released. The products were shaken with
benzene and filtered free of salts. The filtrate was distilled
in a still of about ten plates to give 519, yield (157 ml.) of

(4) L. H. Sommer, ¢ al., ibid., T8, 882 (1951).
(3) E.L. Warrick, ¢bid., 68, 2455 (1946).
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® Molecular weight determined ebulliometrically in benzene.
¢ Bis-(trimethylsilylmethyl)-amine hydrochloride exists in at least two forms.

As usually obtained from acid solutions, it

By precipitation of the amine from petroleum ether with dry hydrogen chloride,
it was obtained in the form of thick rods with sharp edges, m.p. 175.5-176°.
a time, it resolidified at this temperature and then approached the m.p. of 176°,

If the 159° form was maintained at 160° for
A mechanical mixture of the 159° form

The 176° form after standing at room temperature several days melted

triethoxysilylmethylamine and 259, yield (74 ml.) of bis-
(triethoxysilylmethyl)-amine. Both of these compounds
h.yglrolyze on exposure to moisture to form a silica-like mate-
rial.

Chloromethyltrimethylsilane and Cyclohexylamine —
Chloromethyltrimethylsilane® (61 g., 0.5 mole) was mixed
with cyclohexylamine (149 g., 1.5 moles) and heated to re-
flux. The reflux temperature rose slowly from 97 to 133°
during four hours of heating. A large amount of crystalline
precipitate, m.p. 200-201°, formed, which was identified
as cyclohexylamine hydrochloride, m.p. 206-207°, by a
mixed melting point. The reaction mixture was made
strongly alkaline with 159, aqueous potassium hydroxide
and extracted with benzene. The benzene solution was
dried and distilled in a still of about ten plates to give a
90% yield (99 ml.) of N-cyclohexyl-(trimethylsilylmethyl)-
amine.

By a similar procedure using aniline, N-(trimethylsilyl-
methyl)-aniline was obtained. This was hydrogenated
over a Raney nickel catalyst without difficulty and yielded
N;)-cyclohexyl-(trimethylsilylmethyl)-amine identical to the
above.

Reaction of Trimethylsilylmethylamines with Sulfuric
Acid. N,N’-Dicyclohexyl-(tetramethyldisiloxane)-1,3-bis-
methylamine,—N-Cyclohexyl-(trimethylsilylmethyl)-amine
(10.47 g., 0.0565 mole) was dissolved in 27 ml. of concen-
trated sulfuric acid in a flask connected to a 2000-ml. gas
buret and heated at about 100° for 6.5 hours. After this
time no further evolution of gas was detectable. The vol-
ume of gas corrected to standard conditions corresponded to
0.0561 mole. This is very closely stoichiometric to the
quantity of amine used. The reaction that occurred is given
by the equation

Me;gSiCHzNHCGH“ + HQSO4 —_—
HOSOaSiMEzCHzNHCsH“ + CH4

The sulfuric acid solution was diluted with ice, made alka-
line with sodium hydroxide, and extracted with ether. The
ether layer was acidified with dry hydrogen chloride gas
and yielded N,N’-dicyclohexyl-(tetramethyldisiloxane)-1,3-
bismethylamine dihydrochloride (12.5 g., 899%,).

This dihydrochloride (9 g.) was shaken with 25 ml. of
109, sodium hydroxide solution and extracted with ether.
Evaporation of the ether solution after drying over sodium
carbonate yielded N,N’-dicyclohexyl-(tetramethyldisilox-
ane)-1,3-bismethylamine (6.4 g., 809% yield). N-Cyclo-
hexyl-(ethoxydimethylsilylmethyl )-amine in aqueous alcohol
yielded a product of the same properties.

Bis-(trimethylsilylmethyl)-amine and Sulfuric Acid.—Bis-
(trimethylsilylmethyl)-amine (5.55 g., 0.0293 mole) was dis-
solved in 26 ml. of concentrated sulfuric acid to which 1.5
ml, of 309 fuming sulfuric acid had been added. The mix-
ture was heated to 100°. Reaction was quite rapid, in this
case being 809, complete in one hour. The volume of meth-
ane corrected to standard conditions corresponded to
0.0600 mole after six hours. No more was produced on
further heating. The close agreement between the moles
of methane produced and the equivalents of Me;SiCHo-
groups, indicates that this reaction might well be adapted
for the quantitative estimation of Me;SiCHj-groups in vari-
ous compounds.

The same process was applied to 67.5 g. of bis-(trimethyl-
silylmethyl)-amine at 95-105° for nine hours. The sulfuric
acid solution was then poured upon chipped ice. It formed
a solid white mass of crystals. The mass was sucked as
dry as possible on a suction filter, washed twice with water
and finally twice with boiling methanol. After drying at
100° in an oven, the crystals weighed 100 g., 1029, of theory
for the bisulfate salt. Anal. Caled. for [(—OSiMe;CH-
NHCH,SiMez—)H:SO04)x: neut. equiv., 273.3; SO.~, 35.2.
Found: neut. equiv., 274.3; SO,~, 35.8.

This acid sulfate salt (95 g.) was made into a slurry with
200 ml. of water and neutralized with 30 g. of sodium hy-

(6) F, C. Whitmore and L. H. Sommer, ibid., 68, 481 (1946).
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# Prepared by reaction of 2 with Mel.
reaction of 7 with sulfuric acid and by hydrolysis of 8.

Name of compound
N-Methyl-(trimethylsilyl-
methyl)-amine
Water azeotrope
Hydrochloride
N,N-Dimethyl-(trimethylsilyl-
methyl)-amine
Hydrochloride
X, N,N-Trimethyl-(trimethyl-
silyl)-methyl-animoninn
Bromide
Todide”
N-lIsopropyl-( trimethylsilyl-
methyl)-amine
Hydrochloride
N,N'-Diisopropyltetramethyl-
disiloxane-1,3-bisinethyl-
amine®
Dihydrochloride
2,2,6,6-Tetramethyl-4-iso-
propyl-1-oxa-2,6-sila-4-
azacyclohexane

N-Cyclohexyl-(trimethylsilyl-
methyl)-amine’
Hydrochloride
Phenylthiourea
N-Cyclohexyl-(ethoxydimeth-
ylsilylmethyl)-amine
N,N’-Dicyclohexyltetrameth-
yldisiloxane-1,3-bismethyl-
amine®
Dihydrochloride
N-(Trimethylsilylmethyt)-
octadecylamine
Hydrochloride
N-Trimethylsilylinethylaniline

REeacTiOoN PRODUCTS OF HALOMETHYLSILANES AND AMINES

Mm.

735
735

746

736.5

736.8

736.8

99

TasLE 11
Yield, B.p.,
Formula % °C.
Me,SiCH.NHMe 50 101.6
83
M.p. 198-199
MeSiCHy N Mes 64 110.1
M.p. 185-186
Me;SiCH,N Me;Br M.p. 260-262
Me,;SiCH.N Mel 96 M.p. 241.5-242 5
Me,SiCH.NHCHMe, 83 129.5
M.p. 136-137
O[SiMe,CH,NHCHMe: 245
M.p. 179-180
Men 47 187.5
/\Si —CH.
ol >NCHMe~;
/Siw—CH;v
Me,
Me;SiCH,NHC6H 88 211
M.p. 235-239
M.p. 136.5-137
EtOSiMe,CH.NHCgH 64 162
O[SiMe.CH,NHCsH,, ]2 80
M.p. 228-232
Me,SiCH-NHC, sH -7 67.5 193 -194
M.p. 26-32
M.p. 101-102
Me,SiCIHLNIIC:H; 242

b Prepared also by reaction of 4 with sulfuric acid.

740.8

© Prepared also by hydrogenation of 11 over Raney nickel catalyst.
¢ The neuntral equivalent was determined with a Beckman model H-2 pH meter in 50-50 alcohol and water.

np

1.4094
1.4132

1.4102

—

4141

-

.4278

L4328

—

.4519

1.4488

1.4679

—

. 4507(26°)

1.5213

d?y

0.754

746

.758

.850

875

.922

.815(26°)

918

Sp. ref.

Found Caled s

0.3283 0.3288
L3321 0.3302
5200 13290
L5025 .3037

2065  .2966
.3216 .3214
.3014  .3016
.3015  .3014

3318 .3252

Elemeut

NE
NE
Cl
Si
NI
Cl

Br

NE
Cl
Si

NE

Si
Cl
Si
NE*
Ct
Si

Analsgses, %,
Caled.

Yound
121.1 ,121.9
128.4 ,130.8
23.04, 2319

20.8 , 20.9
131.5 ,131.4
21.06, 21.13
35.56, 35.83
46.0 , 46.1
149 | 149
19.47
20.51, 20.56
142.1 ,141.5
20.28, 20.30
26.05
219.8 ,920.0
15.28, 15.28
185.1 ,185.2
16.18, 16.03
8.74, 8.76
13.7, 13.8
219 .4
16.0 , 16.2
16.51, 16.48
7.33. 7.47
352 , 365
8.77
15.4

35.3
46 .

145

19.
20).¢

138.
20.

217.

15.
185.
.98
.75

13.
215.

15

14

7
.80
.88

.05
6

* Prepared by
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droxide in 150 ml. of water. When one-half of the alkali
was added, the solids quickly dissolved. This indicates
that the normal sulfate salt is more soluble than the bisul-
fate. An oil separated after all the alkali was added. The
oil smelled like burned fish. It was taken up in ether and
dried. The ether was evaporated to leave 60 g. of a mixture
of viscous liquid and pasty crystals. Anal. Caled. for
(OSiMe,CH:NHCH,SiMe;—)x: neut.equiv., 175.3. Found:
neut. equiv., 175.7.

This product was distilled at 23 mm. and yielded 18 g. of
cyclic dimer, b.p. 152° at 23 mm., m.p. 45-49. See Table
I, compound 9. The residue was heated to 330° at less than
1 mmn. but could not be distilled. The residue was appar-
ently a linear polymer of the same composition. It seems
quite remarkable that the cyclic six-membered monomer was
not produced in preference to the cyclic twelve-membered
dimer.

Reaction of Chloromethyltrimethylsilane and Sodium
Amide in Liquid Ammonia.—Chloromethyltrimethylsilane
(122.5 g., 1 mole) and sodium amide (39 g., 1 mole) were
sealed in an autoclave at 10° and liquid anhydrous ammonia
was added. The temperature of the autoclave (80 1b. of
iron) rose immediately to about 40° indicating a most vigor-
ous reaction. The autoclave was heated to 120° for about
11/, hours and cooled to room temperature. The excess
ammonia was released and the non-volatile content of the
bomb was washed out with ether. The solids (wt. 54 g.,
calculated 58.5 g. NaCl) were filtered off and the filtrate
distilled in a still of about ten plates. During the distilla-
tion a gas was evolved (MeNH,) and the boiling behavior
of the material was erratic. The product was redistilled
without difficulty and found to be essentially pure N-

EFFECT OF ORGANOSILICON SUBSTITUENTS ON BASICITY OF AMINES

3871

methylhexamethyldisilazane’ (68 g., 78%), b.p. 148° at
740 mm., #»%p 1.4190, d%, 0.794; sp. ref. 0.3181, caled.?
sp. ref. 0.3168. Amnal. Caled. for C;HyxNSi: Si, 31.9;
n;171t. equiv., 175.4. Found: 8i, 31.2; neut. equiv., 176.6,
177.6.

To more firmly establish the identity of the product, it was
shaken with benzoyl chloride in aqueous alkali and yielded
N-methylbenzamide, m.p. 77.5-78.5°, which showed mno
depression of m.p. when mixed with authentic N-methyl-
benzamide, m.p. 80°.

Another sample was shaken with dilute acid. Hexa-
methyldisiloxane separated, b.p. 100.4° at 742 mm., #»%D
1.3752,d%,0.759. Sauer®reported for this compound a b.p.
of 100.4° at 741 mm., »¥®p 1.3772, d%, 0.7638. Methyl-
amine hydrochloride was obtained by evaporating the aque-
ous acid to dryness. Recrystallized once from acetone the
hydrochloride melted at 223.5-224.5° and showed no de-
pression when mixed with authentic hydrochloride, m.p.
225-226°,

The reaction that occurred probably can be represented
by the equations

Me;SiCH,Cl 4+ NaNH, —> Me;SiNHCH; 4 NaCl
2Me;SINHCH; —> (Me;Si);NMe + MeNH,

The mechanism whereby the first reaction occurred in
liquid ammonia solution is most obscure.

(7) R, O. Sauer and R. H. Hasek, tbid., 68, 241 (19486), report a b.p.
of 145°.
(8) R. O. Sauer, tbid., 66, 1707 (1944).
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Effect of Organosilicon Substituents on the Basic Strength of Amines

By JouN E. NoLL,'2 B. F. DAUBERT AND JOHN L. SPEIER'®

The basic dissociation constants of thirteen (silylmethyl)-amines and one g-aminoethylsilicon compound have been deter-
mined. Some effects of structure and of various substituents upon both the silicon and nitrogen atoms are described.

The basic dissociation constants of a series of sili-
con substituted amines? were determined to find the
effects of organosilicon substituents on the basic
strength of amines.

Two methods were used for determining the basic
dissociation constants. One method gave dissocia-
tion constants at a relatively high ionic strength.
In this method a purified sample of amine hydro-
chloride, analyzed for chlorine to determine its pu-
rity, was dissolved in a volume of water to which a
known amount of standard hydrochloric acid had
been added. The resulting solution was titrated
with standard sodium hydroxide. The progress of
the titration was followed by means of a Beckman
model H-2 pH meter. From the curve of pH
versus ml. of base added and the calculated ratio of
amine to amine salt, the dissociation constant, K,
was calculated using the formula

[RNH,]

[RNH,+] T #O
Aslong as the ratio of amine to amine salt was small
(less than 1:15) pK was constant and the value in
this range was used. Another method, we will call

pK = log
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the extrapolation method, for determining basic
dissociation constants, was used to obtain dissocia-
tion constants at infinite dilution. This method
was particularly suitable for those amines whose
salts could not readily be prepared. The amines
used in the determinations were carefully purified
by distillation under nitrogen. Small quantities
of amine were dissolved in known amounts of water
and the pH of the resulting solution was deter-
mined. Standard hydrochloric acid was added in
some cases so that a known ratio of amine to amine
salt was present. From the pH and concentrations
at each point, the pK was calculated and plotted
against the ionic strength. Extrapolation of the
curve to infinite dilution gave pKg.

The two methods gave only slightly different re-
sults for the more water-soluble amines. The less
soluble amines gave a much lower result by the sec-
ond method. The pH could be determined to a
precision of only about =0.02 pH unit. A varia-
tion of this magnitude caused a variability of any
single value of K of about 109,. Each value listed
in Table I is the average of from five to eight sepa-
rate values of K taken from a smooth curve of the
plot of pK wversus ionic strength (extrapolation
method). The value of pK seldom varied by more
than 0.2 of a unit over the councentration range used
in the determination. The values obtained by



