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Catalytic Polymerization of Methyl- 
phenyldisilazanes and Alkylphenyl-N-phenylominosilanes 

K. A. ANDRIANOV and A. M. KONONOV' 
INSTITUTE OF ELEMENTOORGANIC COMPOUNDS, 
USSR ACADEMY OF SCIENCES, MOSCOW, USSR 

Summary 

The reaction of polymerization of methylphenyldisilazanes and alkyl- 
phenyl-N-phenylaminosilanes under the action of alkalis at high tempera- 
ture was studied. It was demonstrated that polymerization of the above 
compounds is accompanied by the evolution of benzene as a result of split- 
ting off of phenyl groups from silicon atoms and of hydrogens from nitrogen 
atoms. When hydrogen atoms bound with nitrogen were exhausted, in the 
case of polymerization of symmetrical tetramethylphenyl- and dimethyl- 
tetraphenyldisilazanes, 1,1,3-trimetliyl-1,3,3-triphenyldisilazane, and meth- 
yldiphenylphenylaminosilane, the reaction was kept going by the interac- 
tion of phenyls with the protons of the methyl groups. Polymers of acomplex 
structure were obtained as a result. 

The literature does not contain any references to the synthe- 
sis of polymers out of trialkyl (aryl) aminosilanes or hexaalkyl 
(aryl) disilazanes. However, such compounds are interesting from 
the viewpoint of obtaining polymers by a method suggested by one 
of us (1,2). Dimetliylcyclosilazanes and methylphenylcyclosila- 
zanes react under the action of alkalis with the breaking of the 
S i x  and N-H bonds, ejection of methane (or benzene), and the 
formation of polymers. It would be logical to assume a similar reac- 
tion pattern in the case of polymerization of organodisilazanes and 
organoaminosilanes. 

Earlier (3 )  we reported an attempt to polymerize hexamethyl- 
disilazane and trimethyltriethyldisilazane under the action of 

* N. N. Makarova, graduate student of Moscow Lomonosov Institute of Fine 
Chemical Technology, took part in the experimental part of the work. 
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440 K. A. ANDRIANOV AND A. M. KONONOV 

alkali. In the course of the reaction of the aforementioned sub- 
stances with KOH, we noted the evolution of insignificant quanti- 
ties of methane and ethane, respectively, but have not succeeded 
in obtaining polymers, which, it seems, was due to low reaction 
temperatures. In order to investigate alkaline polymerization of 
alkyl (aryl) disilazanes and aminosilanes we specially synthe- 
sized high-boiling methylphenyldisilazanes of the general for- 
mula [ R,( C6H5)3-zSi2] NH and alkylphen yl-N-phen ylaminosilanes 
RR'C6H5SiNHC6H5, where R = CH, and R' = CH3, C2H5, C,H, (4). 

It was demonstrated experimentally that under the action of 
catalytic quantities of KOH at a temperature above 270" on syrn- 
metrical tetramethyldiphenyldisilazane, dimethyltetraphenyl- 
disilazane, and l,l,Strimetyl-1,3,3-triphenyldisilazane, there 
occurs a reaction accompanied by the evolution of benzene and 
formation of polymers. Figure 1 shows the dependence between 
the evolution of benzene and reaction time. It will be seen that the 
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FIG. 1 .  Polymerization of symmetrical tetramethyldiphenyldisilazane (1,2), 
1,1,3-trimethyl-1,3,3-triphenyldisilazane (3), and symmetrical dimethyl- 
tetraphenyldisilane ( 4 3 ) .  Quantity of benzene evolved. Reaction tempera- 
ture, O C :  1, 300 to 320; 2, 310 to 320; 3, 300 to 315; 4, 300; 5, 330 to 340. 
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POLYMERIZATION OF METHYLPHENYLDlSllAZANES 44 1 

quantity of evolving benzene depends not only on the reaction 
conditions but also on the structure of the initial substance-on the 
quantity of phenyl groups in the methylphenyldisilazane. In all the 
noted examples the quantity of benzene is more than 1 mole per 
mole of initial substance. Therefore, the formation of benzene 
involves the splitting off of hydrogen, which is not linked with 
nitrogen because the hydrogen in the nitrogen is exhausted upon 
the evolution of 1 mole of benzene. In this case the phenyl group 
which splits from the silicon probably reacts with the hydrogen 
of the methyl group. As a result of this reaction, benzene is evolved 
and a Si-CH,-Si bond appears in the polymer. A comparison of 
the infrared spectra of the initial monomers and polymers based on 
them has shown the following: absorption bands typical of N-H 
groups, 3385 to 3400 cm-l and 1180 cm-', disappear from the 
infrared spectra of the polymers (which points to the participation 
in the polymerization process of hydrogen bound with nitrogen), 
and intense absorption bands appear in the 965 and 1030 cm-' 
regions, which we explain by the vibrations of the 4 H 2 -  bond 
(5-7) (see Fig. 2) .  

3400 3200 3000 1400 1200 1000 8 

I 
3400 3200 3000 1400 1200 1000 8 0 0 c m - l  

Frequency 

FIG. 2. IR spectra of symmetrical tetramethyldiphenyldisilazane ( 1 )  and the 
polymer-based unit (2). 
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442 K. A. ANDRIANOV AND A. M. KONONOV 

In the case of tetramethyldiphenyldisilazane, the reaction prob- 
ably takes the following course: 

( C W z  
- 

Si-N-Si (CH,),-NK+ 

Si 
/ \  

\ 

$- C6HR 
I 

HO/ Si 
/ \  

(CH3)z ( 3 5  (CHdz C d 5  

It should be noted that when the percentage of catalyst was 
increased (KOH 1.52 wt. %) and upon intense heating (a tempera- 
ture of 315 to 320” at the beginning of the reaction), we noted that 
methane is evolved along with benzene. 

At the initial stage of the process benzene is evolved, owing to 
the separation of hydrogen from nitrogen. Polymerization proceeds 
further through the occurrence of the n-u conjugation. 

As a result, the mobility of the hydrogen of the methyl group 
increases and it reacts with the phenylanion. The hydrogen which 
is linked with nitrogen is more easily protonized than the hydro- 
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POLYMERIZATION OF METHYLPHENYLDlSllAZANES 443 

gens of the methyl groups. Therefore, this second reaction occurs 
only when the concentration of hydrogens at nitrogen has con- 
siderably diminished. 

As a result of the separation of hydrogen from the methyl group, 
a methyl anion is formed and in turn attacks the nearest silicon 
atom. Owing to this attack, a phenylanion again splits off from the 
silicon atom, and a Si-CH2-Si bond is formed. This gives rise to 
polymers of a complex structure: 

-N-Si(CH,),-N-Si (CHSJZ- 
I I 

- N-Si (CH3),-N-Si(CH,) z- 

Si 4i  + C,H, 

- N-Si (CH,),-N--Si(CH:J,- 
I I 

- N--Si(CH3),-N--Si (CH,),- 

Si s i  + KC6Hs 

(CH312 
/ \  -----\ 

CH, A CHZ 
S H S  

The composition of polymers produced by polymerization of 
symmetrical tetramethyldiphenyldisilazane corresponds to the 
following formula: 
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- 

CH, CH, 
I 

Si 
I 

Si 
‘N’ L‘N’ 1 \ 

I c6 5 1. CBHS 
Si s1 

The quantity of benzene evolved as a result of the reaction gives 
an indication as to the cycles and linear sections of the polymers. 
As much as 0.5 mole of benzene per mole of organocyclosilazane 
is evolved as a result of capture by phenyl of protons of the methyl 
group in the case of polymerization of symmetrical tetramethyl- 
diphenyldisilazane and 1,1,3-trimethyl-1,3,3-triphenyldisilazane 
(see Fig. l), which corresponds to the aforementioned composition 
at n + 0. This is also confirmed by polymer analysis (see Table 1). 

TABLE 1 

Properties of Synthesized Polymers 

Quantity 
of benzene Vitrifi- 

Cata- evolved, cation Molecular 
lyst Reaction, moles per temp. of weight, Found, % Calc., % 

Initial KOH, temp., Time, mole of polymer, M,/M., ~ 
- 

monomer % OC hr monomer ‘C thousand N Si N Si 

1. [(CH3)pC,H,Si]ZNH 1.22 300-320 20 1.41 290 300/250 7.84 31.93 8.05 32.3 

2. [(CH,).C.H,Si],NH 1.02 310-320 22 1.38 110 21/- 8.24 31.96 7.94 31.9 

3. [CH,(C,H,),Si],NH 1.10 320-340 2.75 1.88 220 l80/125 5.45 22.86 5.5 22.2 
4. [CHI(CBHs),Si]rNH 0.94 300 7.5 1.84 160 37/- 5.23 22.73 5.5 22.2 

8.13 32.80 

8.45 31.56 

In the case of polymerization of symmetrical dimethyltetra- 
phenyldisilazane as much as 1.9 moles of benzene per mole of 
initial disilazane is liberated as a result of the reaction. This means 
that in this case up to 0.9 mole of benzene per each mole of disi- 
lazane is evolved a5 a result of the second reaction. The composi- 
tion of the polymer is as follows: 

n 

Elementary analysis data (see Table 1) and infrared spectra confirm 
the suggested polymer structure. 

Naturally, the suggested patterns of polymer formation do not 
rule out the possibility of the appearance in the chain of octocyclic 
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POLYMERIZATION OF METHYLPHENYLDISILAZANES 445 

compounds or cycles with a greater or smaller number of atoms, but 
this is less probable. The polymers obtained as a result of the re- 
action between symmetrical tetramethyldiphenyl- and dimeth- 
yltetraphenyldisilazanes and KOH are solid brittle substances with 
a relatively high vitrifica'tion temperature, readily soluble in aro- 
matic hydrocarbons, carbon tetrachloride, and other solvents. Thus 
this reaction does not involve (at least a significant) interaction be- 
tween the chains, since otherwise insoluble linked products would 
have been obtained. 

The thermomechanical properties of the polymers are shown in 
Fig. 3. It will be seen from the thermomechanical curves of the 

I 

O C  

FIG. 3. Thermomechanical curves of polymers. Initial substances: 1 to 3 and 
6, .sym-tetramethyldiphenyldisilazane; 4 and 5, sym-dimethyltetraphenyl- 

disilazane; a, 6, and m, niethyldiphenyl-N-phenylaminosilane. 

polymers that they behave as typical nonstructural products. De- 
spite the high reaction temperature, the polymers have no region of 
highly elastic state. This points to the fact that the linear formations 
between the chain cyclic sections and in the cycles themselves 
do not exceed the segment value. 

An interesting point is that if we polymerize 1,1,1,3-tetramethyl- 
3,3-diphenyldisilazane, an isomer of symmetrical tetramethyl- 
diphenyldisilazane, the quantity of benzene liberated as a result 
of the reaction does not exceed 1 mole per mole of the initial mono- 
mer, and the resultant polymer is a viscous liquid with a vitrifi- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



446 K. A. ANDRIANOV A N D  A. M. KONONOV 

cation temperature of -5O"C, of the following composition: 

This means that in the given case the second reaction does not 
take place. 

Investigation of alkaline polymerization reaction on alkylphenyl- 
phenylaminosilanes demonstrated its general nature. Dimethyl- 
phenyl-N-phenylaminosilane, methylethylphenyl-N-phenylamino- 
silane, and methyldiphenyl-N-phenylaminosilane react with cata- 
lytic quantities of KOH at a temperature above 260" with liberation 
of benzene, and form compaction products. 

L 
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FIG. 4. Polymerization of dimethylphenyl-N-phenylaminosilane ( I ) ,  methyl- 
ethylphenyl-N-phenyl-aminosilane (2) and methyldiphenyl-N-phenyl- 
aminosilane (3,4). Quantity of benzene evolved. Reaction temperature, "C: 

1, 260; 2, 270; 3, 300; 4, 300 to 340. KOH 1%. 

Time, hr 

The kinetics of benzene evolution is given in Fig. 4. In the case of 
dimethylphenyl- and methylethylphenyl-N-phenylaminosilanes 
the reaction runs the following course: 
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POLYMERIZATION OF METHYLPHENYLDJSllAZANES 447 

n(R)CH,C,H,SiNC,H, & (RCH,SiNC,H,), + nCeHs 
I 

H 

with the formation of low-molecular products mostly of cyclic 
structure. Polymerization of methyldiphenyl-N-phenylaminosi- 
lane results in the evolution of more than 1 mole of benzene per 
mole of the monomer, owing to a similar side reaction of split- 
ting off of phenyl groups from silicon atoms and hydrogens from the 
methyl group. The results are polymers of a complex structure 
(see Table 2). The thermomechanical properties of certain polymers 
are shown in Fig. 3. 

It is known that the H-N bond is subject to hydrolysis. The 
ready hydrolysis of the H-N bond in low-molecular compounds is 
used for analytical purposes (8). With increasing steric hindrances 
the immunity of the H-N bond to hydrolysis increases. Since the 
synthesized polymers possess a complex structure they proved to 
be resistant to acidic, alkaline, and aqueous environments. The 
results of hydrolysis of different polymers are given in Table 3. 

Heating and weight-loss curves were plotted for some polymers. 
Figure 5 shows the thermogram of a polymer obtained from dimeth- 

Time- 

FIG. 5. Thermogram of the polymer obtained from dimethyltetraphenyl- 
disilaznne. 
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yltetraphenyldisilazane. Curves 1 and 2 show the differential and 
integral change of polymer weight upon heating at the rate of 3"lmin 
in an air stream; curve 3 shows the differential temperature vari- 
ation. From the polymer heating and weight-loss curves it is 
evident that the polymer starts losing weight at 300". Up to 320" the 
losses are insignificant and are accompanied by the general endo- 
thermal effect. Considerable losses in the weight of a sample 
begin only at 370 to 400". At this stage of decomposition exothermal 
effects become predominant. The total weight loss of a sample 
upon heating to 600" amounted to 45%. Chromatographic analysis 
of polymer decomposition products in a pyrolytical microreactor 
has shown that up to 350" benzene is the only decomposition 
product of the polymer, and that between 350" and 700" a second 
peak (much smaller is area) appears on the chromatogram. So far 
we have not been able to identify this peak. Apparently upon 
further heating of these polymers, condensation occurs. 

EXPERIMENTAL 
Polymerization was carried out in a three-necked flask with a 

thermometer, mixer, and Wuertz attachment with a direct con- 
denser, which was followed by a graduated receiving flask for 
collecting benzene and also a Tishchenko flask with a titrated 
H,SO, solution. The Tishchenko flask was followed by water-filled 
cylinders for collecting the gaseous reaction products. Before start- 
ing the reaction, the system was blown down with pure nitrogen. 
The benzene evolved during the reaction was identified by the 
chromatographic technique. We noted that in prolonged experi- 
ments of polymerization of tetramethyldiphenyldisilazane, a small 
quantity of hexamethyldisiloxane was liberated along with benzene 
toward the end of the process. 

13.99 g of symmetrical tetramethyldiphenyldisilazane and 0.17 
g KOH were heated for 20 hr at a temperature of 300 to 320" (gradu- 
ally raised). During the reaction 5.5 g of benzene and 0.011 g of 
ammonia were evolved. 6.7 g of a polymer-a solid brittle light- 
brown substance-were discharged from the flask. The character- 
istic of the product obtained is given in the first line of Table 1. 

30.8 g of symmetrical tetramethyldiphenyldisilazane and 0.47 g 
of KOH were heated for 15 hr at a temperature of 315 to 320". 
Within that time 12.6 g of benzene and 1140 n om3 of methane 
(0.4 mole per mole of initial silazane) were evolved. 16.3 g of a 
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solid brittle polymer, soluble in benzene, toluene, and acetone, 
was obtained. Specific viscosity of a 1% solution in toluene was 
0.02. Vitrification temperature, 60 to 65". 

Found: 9.16% N; 32.04% Si. 
23.4 g of symmetrical dimethyltetraphenyldisilazane and 0.22 g 

of KOH were heated for 7.5 hr at 300". Samples of the product were 
taken periodically during the reaction. 7.95 g of benzene was 
evolved in the course of the reaction. After the reaction the contents 
of the flask were vacuumed at a temperature of 260" and 0.34 g of 
benzene was trapped in a trap cooled with a mixture of dry ice and 
acetone. 0.002 g of ammonia was trapped in a Tishchenko flask. 
11.4 g of a solid brittle polymer (Table 1, line 4) was discharged 
from the flask. 

12.99 g of methyldiphenyl-N-phenylaminosilane and 0.12 g of 
KOH were heated for 6 hr at 300". During the reaction 4.4 g of ben- 
zene was evolved. 7.85 g of a solid brittle substance soluble in 
toluene, benzene, and carbon tetrachloride was discharged. Analy- 
sis data are given in Table 2, line 3. 
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Zusammenfassung 

Die durch Einwirkung von Alkali bei hoher Temperatnr erfolgende Poly- 
merisation von Methylphenyldisilazan und Alkylphenyl-N-phenylamino- 
silan wurde untersucht. Es konnte gezeigt werden, dass die Polymerisation 
der beiden obigen Verbindungen unter Bildung von Benzol vor sich geht, 
wobei letzteres durch Abspaltung von an Silicium gebundenen Phenyl- 
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454 K. A. ANDRIANOV AND A. M. KONONOV 

gruppen und von an Stickstoff gebundenen Wasserstoffatomen entsteht. 
Wenn die Menge an Stickstoff gebundener Wasserstoffatome erschopft 
ist, wird im Falle der Reaktion von symmetrischem Tetramethylphenyl- 
und Dimethyltetraphenyldisilazan, 1,1,3-Trim~thyl-1,3,3-triphenyldisila- 
zan und MethyldiphenylphenylaminosiIan die Umsetzung dadurch weit- 
ergefiihrt, dass Phenylgruppen mit den Protonen der Methylgruppen 
reagieren. Polymere mit komplexer Struktur werden als Folge dieser Reak- 
tionen erhalten. 

Resume 

La reaction de polymkrisation des mkthylphBnyldisilazanes et  des 
alcoylphknyl-N-phknylaminosilanes sous l’action des alcalis B haute tem- 
perature a Btk etudike, On a montrk que la polym&isation de  ces composks 
est accompagnke Tune  kvolution du benzene, resultant de la scission des 
groupes phknyls des atoms du silicium et  des hydrogenes des atoms de 
I’azote. Lorsque les atoms d’hydrogene lies A I’azote sont epuisbs, dans le 
cas de la polymkrisation des tetramkthylphknyl- e t  dimkthyltetraphknyl- 
disilazanes symmktriques, du trim6thyl-l,l,3-triphenyl-l,3,3-disilazanes 
et  du mkthyldiphenylphenylaminosilane, la reaction continue par l’inter- 
action des phenyls avec les protons des groupes mkthyliques. Comme 
resultat des polymkres d’une structure complex sont obtenus. 

Receioed by editorJuly 26, 1966 
Submitted for publication November 14,1966 
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