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Reactrion of CH;(CsH;),SiH with C(H4NH; in the presence of potassium
metal gives, instead of the expected CHz(CHs),SiNHC,H,, benzene,
diphenyl, and what is apparently a hitherto unknown substituted cyclo-

disolazane CH,(C.Hs)SliN(QH.)SiCHa(CsHS)NlaHg. The Si—CeHs bond
is broken not only by alkali metals, but also by their amides. For the
case of piperazine it is shown that heterocyclic diamines react consid-
erably more readily with trialkylsilanes than do aliphatic secondary
amines.

A few investigations have been concerned with dehy-
drocondensation of amines with hydrosilanes [1-3],
and of these only one gives some concepts of the regu-
larities exhibited by the reaction. The relevant paper
gives data regarding reactivities of amines of various
structures, and the authors establish that secondary
aliphatic amines react with trialkylsilanes at 200°,
while aliphatic amines with branched chains do not re-
act even at 250°, The papers referred to used group I
alkali metals as the dehydrocondensation catalysts,

The comparative reactivities of aliphatic and hetero-
cyclic diamines towards hydrosilanes have not been in-
vestigated, and it appeared to us to be of interest to in-
vestigate the laws involved in reaction between hydro-
silanes and amines of various kinds and structures,
and to settle the question of the strength of the Si—CgH;
bond in hydrosilanes in the presence of alkali metals
and amines, The following were selected for investiga-
tion: triethyl-, methyldiethyl, and methyldiphenylsi-
lane, ethylene diamine, n-butylamine, and piperazine,
The catalyst was potassium.

Dehydrocondensation of diamines with hydrosilanes
having aliphatic substituents at the silicon atom pro-
ceeded in every case with formation of products of the
presumed structure. Thus for example triethyl- and
methyldiethylsilane gave with ethylene diamine and
piperazine (2:1) the corresponding N, N'-disilylamines
an.
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In the case of piperazine, monosubstitution prod-
ucts (I) were also isolated. Formation of N-triethyl-
silylpiperazine (I, R = Et) can be ascribed to the reac-
tivity of the cyclic diamine being less than that of eth-
ylene diamine, It must alsc be noted that piperazine

has a higher reactivity than secondary aliphatic amines,

for it undergoes dehydrocondensation at 85—-90°, while
diethylamine [1] requires 200°,

We previously showed that a phenyl group at the sil-
icon atom raises the reactivity of the hydrosilane in

dehydrocondensation with ethylenediamine [4]. Study
of the reaction of methyldiphenylsilane with ethylene-
diamine showed it to be anomalous. The product was
a thick viscous liquid, distillation of which gave only
diphenyl. It proved impossible to identify an actual
disilyl~substituted ethylenediamine.

In this connection a series of experiments were car-
ried out to determine the direction of dehydrocondensa-

tion of hydrosilanes with amines in the presence of po-
tassium. The amine used was n-butylamine (to facili-
tate identification of the compounds formed).

The main product of reaction of excess n-butylamine

with methyldiphenylsilane in the presence of potassium
was methyltri-n-butylaminosilane:

K
CH,(CgHg), SiH 4 3H,NC,Hy — CH;Si(HNCHy)s + 2CsHs + H,

Using a methyldiphenylsilane:n-butylamine ratio of
1:1, the products were methyldiphenylbutylaminosilane,

benzene, diphenyl and a substance to which structure
III can be assigned, judging from its elementary analyt-

ical data and molecular weight:

CH,
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A number of facts are evidence in support of forma-
tion of type III heterocyclic compounds, and first and
foremost is the possibility of breaking the Bi—C H;
bond by means of potassium or potassamides. In par-
ticular, splitting of the Si—CgzH; bond by potassium
butylamide is indicated by the reaction of methyldi-
phenylsilane with excess butylamide in the presence
of catalytic quantities of potassium metal. Using stoi-
chiometric quantitiefs of methyldiphenylsilane and butyl~
amine, reaction can proceed in the direction of for-
mation of polymers or heterocyclic silazanes. The
benzene and diphenyl isolated in such cases are evi-
dence in favor of the assumed reaction mechanism:

K
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etc. , with formation of further cyclic, crosslinked, or
linear polymers., The time for which the reactants are
heated together substantially affects the yield of meth-
yldiphenylbutylaminesilane, increased heating time re-
ducing the yields of monosilyl derivative and benzene.
This also confirms the correctness of the assumed re-
action mechanism,

EXPERIMENT

The starting trimethyl-, methyldiethyl-, and methyldiphenylsilane
were prepared using Grignard reagents, Their physical constants agreed
with those given in the literature. Amines were carefully dried before
use.

N, N'-Bis(triethylsilyl)piperazine (II, R = Et), and N-triethylsilyl-
piperazine (I, R = Et). 0.1 g K was added to a mixture of 20 g (0.172
mole triethylsilane and 10 g (0,116 mole) piperazine which had been
heated to 80°. Evolution of hydrogen ceased comparatively quickly.
The mixture was heated for 5 hr, the K metal filtered off, and the
filtrate fractionally distilled to give two substances.

I. Bp 120—123° (4mm), np® 1.4734, d,* 0.8974. Found C 59.86; H
11.89; Si13.80; N 13.95%, M 214; MRy 62.58. Calculated for CioH2N2Si.
C 60.00; H 12.00; Si 14.00; N 14.00%; M 200; MR, 62.23.

1. Bp 146—148° (4mmy), np*® 14770, d,® 0.8915. Found C 61.70; H
12.17;Si 17.50; N 8.36%; M 318.2; MRy 9851. Calculated for CygH3sN,Si
C 6L.15; H 12.10; Si17.83; N 8.92%; M 314.1; MRp 98.66.

N, N'-Bis(methyldiethylsilyl)piperazine. Prepared under similar
conditions using a large excess of methyldiethylsilane. Bp140—142°
(4mm); nn® 1,4678; d, 0.8915. Found C 58.73; H 11.94; Si 20.00; N
10.64%; MRp 89.28. Calculated for CpHyN:Siz. C 58.73; H 11.89; Si 19.58;

N 9.79%; MRp 89.64.

N, N'-Bis(triethylsilyl )ethylenediamine. 3 g (0.05 mole) ethylene-
diamine was added dropwise to a stirred mixture of 23.5 g (0.2 mole)
triethylsilane and 0.2 g K. When hydrogen evolution had ceased, the
mixture was heated for 4 hr at 80-90°, Vacuum-fractionation gave
11.2 g material bp 136—138° (Imm}; np? 1.4575; 4,20 0.8602. Found:
C5851; H 12.77; Si 20.15; N 9.35%; M 282.2; MRp 91.45. Calculated
for C1HuNpSip. C 58.33; H 12.50; Si 19.45; N 9.72%; M, 288.6;

MRp 91.19. v

N, N'-Bis(methyldiethylsilyl)ethylenediamine. 6 g (0.1 mole) ethyl-
enediamine was added to a stirred mixture of 22 g (0. 2 mole) methyl~
diethylsilane and 0.1 g K. The mixture was left overnight, and after
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removing the K, distilled, to give a compound 125° (1mm): np®
1.4490; d® 0.8509. Found: C 55.67; H 12.40; Si 21.12; N 11.18%: M 259
MRp 82.15. Calculated for CiaHaeN3Siz. C 55.38: H 12.30; Si 21.54; N
10.76%; M 260.5; MR, 82.17.

Methyltri-n-butylaminosilane. 30 g (0.4 mole) n-BuNH, was added
to a stirred mixture of 19. 8 g (0.1 mole) methyldiphenylsilane and
0.1 g K. When evolution of hydrogen had ceased, the mixture was
stitred for 8 hr at 50°, Distillation gave a mixture of benzene and but-
ylamine bp 70—90° (760mm) and a compound bp 98—100° (3mmy);
np® 1.4440; 4,2 0.8586. Found: C 60.5; H 12.49; Si 11.06%; MRp 80.2.
Calculated for Ci3HasN,Si. C 60.21; H 12.75; Si 10.80%; MRp 80.5.

Methyldiphenyl-n-butylaminosilane and 1, 3-dimethyl-1, 3-diphen-
yl-2, 4-di-n-butylcyclodisilazane (II). 7.5 g (0.105 mole) n-BuNH,
was added to a stirred mixture of 20 g (0.11 mole) methyldiphenylsi-
lane and 0.1 g K. A vigorous reaction ensued. When evolution of hy-
drogen had ceased, the mixture was stirred for an hour at room temper-
ature, unreacted K removed, and the products fractionally distilled,
first at atmospheric pressure, then under vacuum. 4 cuts were ob-
tained. The first (80-83°), after washing with water and drying and
distilling had bp 80—8i1° np*® 1.5012, and corresponded to benzerne.
The second (80=90° at 2 mm) was a crystalline substance mp 63.5-70°,
and its elementary analysis and molecular weight corresponded to
those of diphenyl. The 3rd cut (bp 156~158" at 2 mm) was methyldi-
phenyl-n-butylaminosilane n,? 15440; d,® 0.9821. Found: C 75.69; H
857, N 5.29; Si 10.57%; MRp 86.35, Calculated for C 75.82; H 8.55; N
5.20; Si 10.40%; MRp 86.66. The 4th cut (180-220° at 2 mm) gave,
on repeated distillation, a cut bp 220—225° (2mm) np* 1.5460; d/®
1.0280. Found: C 68.79; H 8.34; Si 14.96; N 7.00%; M 409; MRp 118.
Calculated for CaHaiNzSip. C 60.02; H 8.95; Si 14.68; N 7.32%; M 382,
MRp 1189. This data enables structure II to be assigned to the latter
compound.
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