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CYCLOBUTANE AND OTHER TRIORGANYLCHLOROSILANES
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The first stage of the reaction of hexamethyldisilazane with 1-chloro-
1-methyl-1=silacyclobutane gives 1, 3, 3, 3-tetramethyl-1, 1-trimeth-

- I o
ylenedisilazane CH,(CH,),Si(CHs) NHSi(CH;)s, and after that 1, 3-
. o . I I,
dimethyl-1, 3-bis(trimethylene )disilazane {CH,(CHz),SICH;LNH  is
formed. The latter reacts with 1-chloro-1-methyi-1-silacyclobutane

T
to give trisfmethyl(trimethylene)silyl] amine [CH;(CHs):SiCHslN. From
a large number of examples it is shown that transsilylation of disila=-
zanes with chlorosilanes is a general reaction.

We previously showed [1] that hexamethyldisilazane
(I) reacts with excess 1-methyl-1-chloro-1-silacyclo-
butane (), to give basically the corresponding trisil-
ylamine (IIT):
[{CH,)sSiLNH + (J?H2(CH2)2S,i(CH3)C1——
1 I}

1 M
~> (CH,):8iC1+[CH,(CH,);SiCHLN
m

11 is also obtained by reacting II with the disilazane IV:

| .. ' I |
4[{CH, (CH,),SiCH3];NH+ CH,(CH,) Si(CH;)Cl —
v 1
2)

—= NH,Ci+ 3[&H2(CH2)2§3CH313N
il

1t was of interest to investigate reaction 1 in greater
detail, and to obtain information about the stages in-
volved in formation of I,

It could be postulated that III is formed from the
trisilyl-substituted amine V, which is transsilylated
by II* or disproportionated:

[ i
[{CH,)3Sil,NH + CH,(CH;),Si(CH5)C1 —
1 I

—+ [HCUJ+[(CH,);Sil;N(CH,) Si(CH2)aCHy (3)
v

*Transsilylation of silazanes is known, but little in-
vestigated. Thus it has been established [2] that I re-
acts with tetrachlorosilane according to the equation
[{CHg)sSiENTT 4+ SiCly — (CHa)3SiNHSICl++ (CHy)3SiClL A similar
reaction of trisilylamines has been described, but in-
stead of chlorosilanes, BCly was used {3]: (H:Si)sN+
+ BCly — H3SiCl+ {H38i):NBCl;.

! |
2[CH,);Sil,N(CH;) Si(CH,)CH, —
| |
= [CH,(CH,),Si(CH;)],NSi(CHy)o+[(CH5),SikN
| | | i
2[CH,(CH,),SiCH,NSi{CHs)3 — [CHy( CH,),SICH,,N +
1

+1(CH;)SILN(CH,) Si( CH,),CH, (32)
v

A | |
[{CH,;)3Si];N(CH3) Si(CH,),CH,+ CHy(CH,),Si(CH;)Cl — (CH;3)3SICT+
| |
+[CH,(CH,)SICH;],NSi (CHy)s

| i
CH;(CH,),SI(CH,)C1 { {
e, (CHy)sSiCI+[CH:(CH,),SICHLN  (3b)

To check on whether the reaction of Eq. 3a takes
place, we ran a control in which V, specially synthe~
sized as described in [1], was heated at 145-150° in a
sealed tube, in the presence of 5% by weight of am-
monium chloride. It was shown that 4 hours heating
left V unchanged, so that Eq, 3a was excluded,

Evidently reaction 3b is also excluded, since, as a
control showed, tris(trimethylsilyl)amine does not re-
act with II.

Thus though formation of V in the first stage is also
possible, to postulate by analogy with reaction 2, sub-
sequent formation of III from it, is improbable,

Another route to III can be transsilylation of I:

T
[(CHy)sSilpNH+ CH,(CH,),Si(CHy) Gl —
I |
—» (CH,)gSiC1-+[CHy(CH,),SiCHyNHSI(CHa)s

| i { |
[CH,(CH,),SiCH;]NHSi(CHg)s+ CH,(CHg),Si(CH3) Cl —
Vi
| i
—» [CH,(CH,);SiCH,):NH+ (CH;),SiCl
v
| 1 ! |
4[CH,(CH,),SICH;,NH + CH,(CH,),Si (CH;)Cl —
| |
— NH,CI+3[CH,{CH,),Sil:N

1 |
4{(CH,),Sil,NH +-9CH,(CH,),Si(CH,) Cl —

[ |
—+ B(CH,)¢SIC1 +3[CH,( CH,),SICH N+ NH.CI (4)
v

To determine the possibility of a reaction taking
place in accordance with Eq. 4, Iwas reacted with 11,
using a mole ratio 2:1, 1,3,3,3-tetramethyl-1,1-tri-
methylenedisilazane VI and 1,3-dimethyl-1,1,3,3-bis-
(trimethylene)disilazane (IV).
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Table 2

Starting Triorganylchlorosilanes

Bp, °C CL_ %
Compound np® .
(pressure, mm) Found |Calculated
| y— .
CH;(CHj3)2Si(CH3)Cl 102—103 (760) | 1.4482 29.6 29.43
T .
CH;(CHz)sSi(C.H;)Cl 133.5 (760) 1.4567 26.7 26.4
. .
CHz(CH,)3Si(CH3) Cl 129 (760) 1.4537 26.5 26.4
CICH; (CH,3),SiCl 114—116 (760) | 1.4370 25.10 24.85
CyHy (CH3),SiCl 73—75 (9—10) | 1.5095 20.9 20.8
CHy=CH(CH,),SiCl 82—83 (760) 1.4140 29.85 29.5
CH,y=CH,—CH, (CH;),SiCl 113—115 (760) | 1.4295 26.3 26.35
n-CsH7 (CH3)SiCl 111.5—113 (760) | 1.4127 26.0 26.0

When reaction 4 was run using a 1:1 mole ratio of
I:I, the products were I, IV, and VI. The reaction
of I with 1-chloro-1-ethyl-1-silacyclobutane (mole ra-
tio of reactants and reaction conditions the same as
for I) also confirms that III is formed by Ed., 2, Be-

o
cause of the large volume of the group CH,(CH;),SiC,Hs

i |
compared with that of CHy(CH,),SiCH; it could be as-
sumed that reaction 4 would lead primarily or solely
to the disilazane [CHé(CHg)zS{iCQHs]QNH, and this was
[

found experimentally to be the case.

Transsilylation can be extended to many triorgano-
chlorosilanes with alkyl, aryl, chlormethyl and other
substituents at the silicon atom:

[(CH3)3Si}sNH -+ RR,’SiCl — (CH;)3SiCI+[RRy’Si|;NH
R=CH;=CH; CH,=CH—CH,y; CgH;;
" CICH,; n-CsHy; R’=CHaj;

T T
or RR,’Si=CH,(CH,),SI(CHy);  CHy(CH,),Si(CoHs);

1 [
CH,(CH,);Si(CH;)

)

It can also be used to synthesize unsymmetrical
disilazanes:

[(CH;)sSi].NH + C¢Hs(CH,),SiCl ©)
—  CgHy(CH,),SINHSI(CHg)s+ (CH3),SiCl

Transsilylation proceeds readily, is characterized
by high yields (up to 90%), and in a number of cases
can be used as a simple preparative method for sym-
metrical and unsymmetrical disilazanes. We consider
that it is best effected by boiling the reactants in a
flask fitted with a fractionating column with slow bleed-
off of the much lower boiling chlorosilane formed (tri-
methylchlorosilane when I is used), However trans-
silylation can be effected by simply distilling a mix-
ture of disilazane and chlorosilane from a Claisen
flask, as we confirmed for I and 11,

Physico-chemical constants and yields of disila-
zanes obtained by transsilylation, as well as the mole
ratios of the reactants, are given in Table 1,

EXPERIMENTAL
The starting I had bp 125—126° np® 1.4085, d* 0.7750. Table 2

gives the constants of the triorganylchlorosilanes used.

The transsilylation of disilazanes with chlorosilanes was run in a
flask fitted with a fractionating column with a 400 mm long glass-
packed section, In the case of reaction of I with various triorganyl-
chlorosilanes, the resultant trimethylchlorosilane was slowly distilled
off at 56.5=59°, Reaction was carried out with various mole ratios of
reactants (see Table 1), Benzene or toluene (150-~250 ml per 1 mole
of I) was the solvent when reacting chloro derivatives of 1-silacyclo-
butane, to prevent polymerization of the silane derivatives of 1-silacy-
clobutane formed.

Transsilylation of I with phenyldimethylchlorosilane. A mixture of
16.1 g (0.1 mole) I and 8.5 g (0.05 mole) phenyldimethylchlorosilane
was charged to a flask fitted with a fractionating column, and heated
to boiling. 5 min after start of refluxing the column head temperature
settled down to 56.5°. In 30 min 4. 6 g trimethylchlorosilane was taken
off, bp 56.5-59° (85% yield). The residue in the flask was transferred
to a Claisen flask, and excess I distilled off. Vacuum-distillation then
gave 6 g (0.027 mole) 1, 1, 3, 8, 3-pentamethyl-1-phenyldisilazane and
1.9 g (0.0075 mole) 1, 3-bis(phenyldimethyl)disilazane.

Reaction of I with 1-chloro-1-methyl-1-silacyclobutane. a) A solu-
tion of 32.2 g (0.2 mole) I in 50 ml dry benzene was brought to react

\ |
with 48,1 g (0.4 mole) CH,(CH,),51(CH;)Cl as described above. After
distilling off the trimethylchlorosilane the mixture was distilled from a
Claisen flask, and I and benzene vacuum-distilled off. Subsequent dis-

I 1
tillation gave 10, 2 g (0. 059 mole) CHa(CHy)2Si(CHs) NHSi(CHs)s,

l i
17.9 g (0.097 mole) [CH; (CHz)2Si(CHy) kNH and 2.0 g (0.0074 mole)

| |
[CH2(CHa) 251 (CHs)I:N.

b) A mixture of 32.2 g (0.2 mile) I and 12.05 (0.1 mole)

| |
CHp(CH,)2Si(CH,) Cl was put in a Claisen flask and distilled at armo-
spheric pressure. After distilling off 12 g material bp 60-115°, the

residue was vacuum-distilled, to give 4.2 g (0.024 mole)
i
C‘Hg(ngg)ZSi(CHS)NHSi(CHa)g and 2.8 g (0.015 mole)

[Cle(CHz)leiCHs]zNH.

Coammonolysis of trimethylchlorosilane and 1-chloro-1-methyl-1-
silacyclobutane. The method described in [1] was used to prepare, from
108.5 g (1 mole) trimethylchlorosilane and 21 g (0.17 mole)
C|Hg(CH2)ZSli(CH3)CI 15 g (0.087 mole, 50%) 1, 3, 3, 3-tetramethyl-1,
1(trimethylene)disilazane, bp 71—75° (19 mm), np® 1.4455, d,* 0.8527.
Found: MRy 54.11, M 175. Calculated MRy 54.23, M 173.4.
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