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FOREWORD

This report was prepared by Midwest Research Institute, 425 Volker
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Force Systems Command, Wright-Patterson Air Force Base, COhio, with
Dr. Harold Rosenberg (MANP), as Project Scientist. Funds for this project
are supplied to the Air Force Materials Laboratory by the Office of Aero-
space Research.

This technical report covers the work conducied from 23 January to
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Mr. Dwayne Immon and Mr. Iraj Hekmati for their contributions to the re-
search.

This technical report has been reviewed and is approved.

W. E. GIBBRS
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ABSTRACT

Condensation polymers of N,N'-bis(dimethylaminodimethylsilyl)tetra=~
methyleyclodisilazane and b1s(E-dunethylhxgggfys1ly1phenyl) ether and p~
phenylenebls(dlmethylsllanol) were prepared and characterized. Uhder
various conditions of .preparation, the polymers lost. ﬁolublllty in nonpolar
, Ls.before high molecular weights could be achieved. The condensation
of the same arylene disilanols with N,N'Jbls(dlgg&ﬁg&ﬁ&&gl)tetramethylcyclo-
disilazapne in the presence of sodium hydride gﬁﬁe polymers with less tendency
to lose solublllty, but high molecular weight materials were not obtained.
Condensation reactions of arylene disilenols with the amino-, methylamino-,
and diethyleminosilyl derivatives of the cyclodisilazane monomers are also
reported. Evidence is offered for the structure of the oligomers obtained
by equilibrating dichlorodimethylsilane with hexamethylcyclotrisilazane
under various conditions and the structure compared with that of other
similarly prepared materials that have been reported by others. Additional
details are offered on the synthesis of monomers and intermediates.

(This document is subject to special export controls and each trans-
mittal to foreign govermments or foreign nationals may be made only with
prior approval of the Polymer Branch, MANP, Nommetallic Materials Division,
Air Force Materials Iaboratory, Wright-Patterson Air Force Base, Ohio 45433.)
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I.

INTRODUCTION

The goal of this program is to develop new synthetic methods for high
molecular weight silicon-nitrogen polymers. Approaches have been selected
that afford the greatest probability of obtaining polymers with flexible
backbones. The present report describes the results of research on this

program conducted after that reported in AFML-TR-66-116, Part IIT, December
1967. ‘

In earlier work, new intermediates with the trisilylamine and cyclodi=~
silazane structures received particular attention as candidate polymer pre-
cursors. Methods were developed for preparing a number of functional tri-
silylamines and cyclodisilazanes, and these compounds have been screened in
polymerization experiments. Condensation of silylamino derivatives of cyclo-

disilazane with arylenedisilanols appears to offer potentially useful
materials.

Also, earlier work had shown that when molar deficiencies of dichloro-
dimethylsilane were heated with hexamethylcyclotrisilazane or octamethyl-
cyclotetrasilazane, a high proportion of the monomers was converted to
oligomers that were not volatile at 230°.% These oligomers had good heat
stability and surprising solvolytic stability. Some evidence concerning
their possible structures was offered.

This report.concerns additional research on condensation polymers,
particularly those derived from difunctional cyclodisilazane derivatives and
arylenedisilanols, and on the earlier reported oligomeric materials.

* All temperatures are reported in °C.

1




A

DISCUSSION

A. Monomers, Intermediastes, and Samples

1. N,N'-Bis(chlorodimethylsilyl)tetramethylcyclodisilazane: This key
intermediate, whose preparation has been reported a number of times in
earlier reports, has been isolated by distillation from a complex mixture
of compounds obtained by eguilibrating hexamethylcyclobrisilazane and
dichlorodimethylsilane at 175°. The compound was usually separated in the
fractions that boiled between about 145° and 165° at 45 mm., and the frac-
tions were used directly without further purification in the preparation of
derivatives. Since the conversion to these derivatives was usually high, -
it was assumed that the intermediate had been obtained in reasonably high
purity. G.l.c. data obtained during this report period indicated that
fractions boiling between 145° and 160° at 45 mm. had been at least 85% pure
and that a fraction could be collected at 156° at 45 mm. that was 99% pure.

2. Arylenedisilanol monomers: Considerable time was spent on the
synthesis of arylenedisilanol monomers.

e MeoSi (OEb)p e ig?
Br-Ar~-Br . =5 5 BrMg-Ar-MgBr > EtG—%rAr-g—OEt
THF ‘ - Me Me
NaOH
AR oy
HO-8i-Ar-8i-0H < NaO- §1-Ar-£1-ONa
ﬁie f&e Me Me

By this method, the intermediates and monomers, E—phenylene’bis(dimethyl—
ethoxysilane), p-phenylenebis(dimethylsilanol), bis(p-dimethylethoxysilyl-
phenyl) ether, and bis(p-dimethylhydroxysilylphenyl) ether, could be pre-
pared in very satisfactory yields. Although p-phenylenebis(dimethylsilanol)
was easily purified, the purification of bis(p-dimethylhydroxysilylphenyl)
ether offered errabic resulis.

After a number of the baiches of ‘b:els(2—&3?:11eth§rlmrdréxysilyl§henyl}
ether had polymerized spontaneously on storage after recrystallization, it
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was found that this monomer was particularly sensitive to the acid concen-
tration of the buffered solution used in the hydrolysis of the .sodium
salt. With proper adjustment of the acidity, stable monomer could be ob-
tained. Polymerized materials could be recovered through the use of
methanolic sodium hydroxide.

3. N-Methyl-N'-dimethylaminosilyltetramethylcyclodisilazane: An
attempt to prepare N-methyl-N'-dimethylmethylaminosilyltetramethylcyclodi-
silazane by treating tris(chlorodimethylsilyl)amine with methylamine af-
forded a poorly defined product under the conditions that had given good
conversions of N-methyl-N'~trimethylsilyltetramethylcyclodisilazane from
methylamine and bis{chlorodimethylsilyl)trimethylsilylamine.

- \S'/ *
z. pet. i L./ N
N(8iCl)z + MeNH, ———> MeN-Si-N  N-Me
N . ether T Ngy/

7 N\

If this monomer could be prepared, it could probably be homopolymerized by
ring expansion and condensation under acid conditions. The product of the
reaction appeared to contain about 80 percent of the specified cyclodisila~
zane. Since n.m.r. data indicated that pure tris(chlorodimethylsilyl)amine
-had been used [thére was no indication of N,N'-bis(chlorodimethylsilyl)-
tetramethylcyclodisilazane being present] , it seemed pertinent to reexamine
the method reported by Wannagat for the preparation of tris(dimethylamino-
dimethylsilyl)amine (Ref. 1). The procedure was repeated except that the
reactants were simply warmed to room temperature before the product was
worked-up. Under these conditions the yield of tris(dimethylaminodimethyl-
silyl)amine was reduced to 20 percent as compared with the 83 percent yield
that Wannagat obtained when the reactants were heated in refluxing petroleum
ether for 15 hr. before they were worked-up.

It is apparent that more forcing conditions are required for an adequate
conversion to obtain this monomer. On the other hand, previous work with the
N-methylcyclotrisilagzanes have indicated that higher temperatures in such

' condensations could lead to ring cleavage side reactions; therefore, the
preparation may not be feasible.

4. Condensation of dimethylphenylsilanol with cyclodisilazane deriva-
tivess:s Because of its structural relationship as a model compound of
polymers studied during this report period, the synthesis of the condensa-
tion product of dimethylphenylsilanol and l\T,l\T'—bis(dimethy‘la.minodimethyl—
silyl)tetramethylcyclodisilazane was of some interest.

% All unfilled bonds are methyl groups.
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D ChHSi-0H + N-8i- ’}1\ L > C é ~0-5i- N N fS:L {}-;Sl-f}
65 o5 I\RSi}T 11 —> Cgli5-51 11\1\ - 65
PaN SR

The product was isolated by distillation in less than a quantitabive conver-
sion (66%), and the spectrum of the distillation residue showed medium
strength absorption bands abt 915 and 945 em~Ll. Also s, & significant forerun
was separated in the distillation. The less than quantitative conversion
and the spectral evidence for the formation of trisilylemine struchures in-
dicated that ring clesvage could be a s:uie reactmn in a polmerlzatmn
involving such a condensation.

In an investigation of the reaction in which the ring would be cleaved
and the trisilylamine formed, the cyclodisilazane was treated with 5 moles
of the silanol. However, no pure product could be isolated, apparently both -
because of the high boiling point of the product and the resisbance of the
ring to cleavage. In an alternate reaction, dimethylphenylsilanol was
treated with N,N'~bis(trimethylsilyl)tetramethylcyclodisilazane, and 19% of
the trisilylamine derivative was isolatbed.

i

. ,
- 84—
. 1 /'Sl\ I Lo L L.
3 Cgls-5i-0H + -Sz-ﬂ -Si- > (25}15—{?3.-0-1@-0-%‘1-(;‘8}25 + - 1-0-%{1-051{5
S gy | . ]
7N '

In the reactién, a considerable portion of the cyclodisilazane ring remained
uncleaved even though the reactants were heabed at 150° for 9 hr.

5. Other compounds: In addition to the repetition of the preparation
of a number of monomers and intermediates reported in earlier reporis, the
compounds listed in Table I were also prepared.

TABLE I

TABULATION OF MSCELLAI\EGUS COMPCOUNDS SYNTHESIZED

20

Compound Name Boiling Point 'I_]_“.ll

Bis(methylamino )dimethylsilane , 108-109° (atm.) 1.4160

Bis(methylamino )diphenylsilane 103° (0.010 mm.) 1.5718
1,3-Dichlorotetramethyldisiloxane 56-57° (40 m.) -—
1,5-Dichlorohexamethyltrisiloxane 94-95° (40 mm.) --
1,7-Dichlorooctamethyltetrasiloxane 125-126° (40 mm.) --




B. Condensation Polymerizations

1. Silanol-silylamine condensates: A previously reported condensation
polymer from bis(p-dimethylhydroxysilylphenyl) ether and N,N'-bis(dimethyl-
aminodimethylsilyl)tetramethylcyclodisilazane has been found to have po-
tentially useful properties as an elastomeric gum.

In the preliminary investigation of the polymerization variables, a
series of experiments were carried out in which small amounts of the mono-
‘mers were heated together under different conditions. When equimolar
quantities of the reactants were heated in the absence of solvent, the
polymers gelled at temperatures as low as 72°., In toluene or xylene solu-
tion, .gelation occurred either during the reflux period or while the solvent
was being removed from the polymer.

In the first experiments, the polymerizations were carried out by mix-
ing the monomers cold and immersing the polymerization mixtures in a heating
bath. Because the monomers were not mutually soluble, random reaction
could occur in the nonhomogeneous medium. An experimental modification was
therefore adopted in which the monomers were first mixed in a toluene solu-
- tion and the toluene was then evaporated under reduced pressure to give an
oil that could be further polymerized. However, even with this modifica-
tion, the polymers became insoluble when they were heated to 95°.

The latter procedure was followed in preparing four 30-g. samples from
the same monomers. The oil that was obtained by evaporating the toluene
was gradually heated in a rotary evaporator with the bath temperature being
slowly increased until the mixture no longer flowed. In the four experi-
ments a final temperature of 65-75° was required. Two of the polymers,
those containing molar excesses of the cyclodisilazane monomer, were soluble
immediately after the polymerization was complete, but all ultimately be-
came at least partly insoluble. Iater it was found that a polymer that was
heated no higher than 30° during its preparation gelled after storage for
72 hr.




Under all conditions that have been examined, the highest inherent
viscosity obtained on these polymers was about 0.20, and all the polymers
were subject to subsequent solubility loss. Insoluble portions of the
polymers swelled extensively in toluene; therefore, the extent of cross-
linking or ciea.vage of the cycloélszlazane ring was not great.

In AFI«E—TR—SS-I]_G s Part IITI, it was suggested that insoluhility could
have resulted from a minor amount of cyclodisilazane ring cleavage, which
would allow a portion of the cyclodisilazane to function as a trifunctional
monomer in its reaction with the arylenedisilanol.

R
\ /°
o AR,
P aadd R—O-%i—ﬁ\ /ﬁ-%ﬁ-@-ﬁ 137/
: /Sj‘_\

It does not seem unreasonable to assume that the cyclodisilazane ring com-
petes with the pendant silylamine group for the silanol. Evidence that such
cleavages occur is the observation of weak silazane absorpiion in the 900 o
950 em™+ region in ‘these polymers, which can be assigned to a disilazane or
trisilylamine structure.

Except for the weak band in the 900 to 950 ecm~1 the infrared spectra
of the polymers were entirely consistent with their structures. The struc-
tures were further confirmed by the agreement of the calculated and experi-
mental values for the elemental analyses of polymers from N,N'-bis(dimethyl-
aminodimethylsilyl Jtetramethyleyclodisilazane with both p-phenylenebis-
(dimethylsilanol) and bis(p-dimethylhydroxysilylphenyl) ether.

As a possible approach to increasing the relative rate of reaction at
the pendant silylamine group with respect to the cyclodisilazane group, the
polymerizations of the amino-, methylamino~-, dimethylamino-, and diethyl-
aminosilyl derivatives of the cyclodisilazane were compared. In this series
it was found that condensation at the pendant silylamine group was favored
by the more basic amine su‘nstituént. The condensation products with the
amino- and methylaminosilyl d.erzvatzves had mmuch stronger absorptions in the
900 to 950 em™t region mélcatmg that ring cleavage had been even more
favored in these condensations. The lack of reactivity of the aminosilyl
derivative was demonstrated by the reprecipitation of unchanged diol after
the two monomers were heated in toluene for several hours at 50°. Ring
cleavage was so extensive in the polymerization that prolonged heat treat-
ment was required for gelling the product. Rather than acting as a cross-
linking agent in these examples, the ring cleavage culminated in &egraéatmn
and hence 10Were{1 molecular weights. :
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Very recently, polymers have been reported as the product of condensing
arylenediols or arylenedisilanols and N,N'-bis(diethylaminodimethylsilyl)-
tetramethylcyclodisilazane (Ref. 2). Molecular weights and solubilities of
the polymers were not reported, but it was stated that the polymer from
N,N'-bis(diethylaminodimethylsilyl)tetramethylcyclodisilazane and p,p'-
biphenol is soluble to only a minimum extent in aromatic solvents. Since
the ionization constants of dimethylamine. and diethylamine are 5.12 x 10'4
and 1.26 x 10-3 N respectlvely, it is possible that the dlethylamlne group

functions more effectively as a leaving group in the polymerization owing to .

its increased basicity. Such an assumption was apparently valid, since a
soluble polymer with an inherent viscosity of 0.77 was obtained from bis-
(g—dimethylhydroxysilylphenyl) ether and the diethylamine-substituted mono-
mer. Under similar conditions a polymer that was not completely soluble in
toluene was obtained from the dimethylamine-substituted monomer. The poly-
mer from the diethylamine-substituted monomer, however, became partly in-
soluble after eight days' storage and is thus subject to the same storage

stability limitation in its solubility as the polymers from dmethylamlne-
substituted monomers.

2. Silanol-silyl hydride condensates: When N,N'-bis(dimethylsilyl)-
tetramethylcyclodisilazane was heated with bis(_1_)-dimethylh;ydro:qysilylphenyl)
ether in the presence of sodium h;ydride s hydrogen evolved smoothly above
85°. 1In a preliminary experiment, a polymer with an inherent viscosity of
0.21 was obtained that could be heated to 150° without gelation and re-
mained toluene-soluble after 18 days.

10 ' NeH
HO- Sl Sl OH + H-Sl-N< )_\I 'Sl-H ———
/ \

N

81 0 ki-0-83 N/Sl>\r 8i-0
1 1=-0-51- -3i-
i R W
1
AN

Since this condensation appeared to offer a route in which higher
molecular weight, soluble polymers might be obtained, a series of experi-
" ments were carried out to determine the important variables in a polymeri-
zation procedure in which the reactants were heated in xylene, the solvent
was evaporated, and the finished polymer was heated under vacuum to remove
the remaining solvent and complete the polymerization. Of the variables
studied, two seemed to have an important effect on the properties of the
finished material: The catalyst level and final temperature to which the

polymer was heated. v

n

o
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At a low catalyst level (0.1 wt. %), a homopolymer of bis(p-dimethyl-
hydroxysilylphenyl) ether was obtained. A copolymer was obtained with the
0.5 wt. % catalyst level, and none of the polymers prepared with this level
of catalyst gelled during polymerization or after a month's storage. The
higher 1.0 wt. % catalyst level was satisfactory in some experiments, but
several of the polymers gelled either during polymerization or on storage
for less than a month. ~ :

Significant changes in degrees of polymerization as reflected by the
changes in inherent viscosities were effected by the final temperature at
which the polymer was heated. However, when the final ﬁemperature was in-
creased sbove »180°, the polymers lost their solubiliby.

Although this procedure had initially appeared promising, and polymers
could be obtained that retained their solubility in toluene, the procedure
ultimately proved to have the limitation of producing polymers with inherent
viscosities no higher than 0.2. Some higher viscosity polymers were pro- '
duced, but these also lost their solubility. An unexplained phenomenon in
comnection with this mode of polymerization is that in the spectra of the
polymers the weak 945 cm’l absorption is evident, bub does not seem to be
associated with insolubility.

In this condensation, the posgsibility exists that some homopolymeriza-
tion of the silanol may occur concufrezﬁ:}.y with the polymerization reaction.
This roubte would effectively lower the concentration of the silancl with
respect to the silyl hydride and at the same time decrease the probability
of ring cleavage reactions that might lead to crosslinking. The use of a
molar deficiency of the dicl with cyclodisilazene silylamine dérivatives in
earlier work had led to more soluble polymers; however, these polymers also
ultimately lost their solubility. S ' !

Some evidence concerning the extent of homopolymerization can be found
in various infrared spectra. The band at about 1030 em™! in N,N'-bis-
(dimethylaminodimethylsiiyl}tetramethyleycledisilazane associated with the
cyclodisilazane ring shifts to about 1010 em™1 in the model compound, N,N'-
bis( dimethylphenylsiloxydimethylsilyl)tetramethylcyclodisilazane (Figure 1,%).
Siloxane absorption is centered at 1070 em™l, The homopolymer of bis( p-
dimethylhydroxysilylphenyl) ether shows siloxane absorption as a broad band
centered at 1050 cm"1 (Figure 2). Except for the relative intensities of
the bands centered at 1010 em~l, and 1070 cm~l, the infrared spectrum in the
1000~1100 em™1 region of the model compound was similar to the spectrum of
the polymer obtained by cénéensing bis( E-&:‘methylhyérexysi}.ylpheayl} ether
with N,N'-bis(dimethylaminodimethylsilyl)tetramethylcyclodisilazane (Figure
3). The polymer from the silyl hydride also showed the same pattern in the

¥ All infrared spectra are reproduced i:a" the ”Appen&ix, P, 59.‘
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1000-1100 cm™L region (Figure 4), but other siloxane absorptions may be
present, since the valley between the two peaks is less pronounced. The
predominant mode of bonding is, according to the infrared data, similar to
the bonding in the model compound, but some homopolymerization cannot be
precluded.

Should homopolymerization occur, some water would be formed as the
product of the reaction and lead to the cleavage of silazane linkages. In
only one of the sodium hydroxide-catalyzed experiments with the cyclodi-
silazane monomer, one with a low sodium hydride concentration, was homo-
polymerization actually observed to occur. Furthermore, in only one ex-
periment was water formation observed. The latter experiment, however, was
not one that was catalyzed by sodium hydride, but was a preliminary experiment
in vhich sodium bis(trimethylsilyl)amide had been screened as a potential
- basic catalyst for the polymerization.

Homopolymerization of the arylenedisilanol was also observed in an
attempt to extend this mode of polymerization to the sodium hydride-induced
condensation of bis(dimethylsilyl)trimethylsilylamine with bis(p-dimethyl-
hydroxysilylphenyl) ether.

3. Other condensation polymerizations: Another approach to the
problem was to select for consideration other functional bis(silyl) cyclo-
disilazane derivatives in which the nature of the leaving group in the
condensation polymerization was such that reaction at the pendant group
would be preferred over ring cleavage. Potentially useful monomers were:

N,/
‘ /Si | X = 0CgHs
y X-?l- P —?1-X = NHCgH5
/Si\ = NHCOCHz
= NHSi(CHz)=

Methods had been developed previously for the synthesis of the hydrido,
phenoxy, and anilino derivatives; therefore, these monomers could be
readily prepared. Condensations of the anilino and phenoxy derivatives
with bis(E-dimethylhydroxysilylphenyl) ether did not produce polymers.
Attempts to prepare the acetamido and the trimethylsilylamino derivative by
methods that have been described for similar structures in the literature
were unsuccessful (Ref. 3).

A final series of condensation polymers were prepared by heating bis-
(Eydimethylhydroxysilylphenyl) ether in various mole ratios with an equili-
bration oligomer that had been treated with dimethylamine (see AFML-TR-66-

. 116, Part II, and subsequent sections of this report.) Although most of the
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polymers had low inherent viscosities, intermediate concentrations gave
higher molecular weight materials, several of which were not completely
soluble in toluene. One polymer had an inherent viscosity of 0.31. The
infrared spectra of the polymers were very similar to the spectrum of the
oligomer except for the presence of Si-CgHs bands, and there was ample
evidence for the presence of both SioNH grcups and cyclo&s:.l&zane rings
in the po},ymers. . 4

In one erQeriment the rep}.acyea'ble nitrogen groups were determined by
heating the ollgomef with ethanol and titrating the liberated amine. When
an equivalent amount of arylene&lsz.lanol was used in a ‘polymerization with
the same eq_ullz.‘sratlon polyme'r » the inherent viscosity of the preduct was
low.

C. Eguilibration Polymers and Oligomers

Earlier, in work under this contract, it had been found that oligomeric
silazanes were obtained vhen hexamethylcyclotrisilazane or ochtamebhyleyclo-
tetrasilazane was heated with a molar deficiency of ﬁchlém&:‘uaethylsi}.ane.
The work was initiated to extend the scope of the preparative reaction that
had been used for the synthesis of N,N'-bis (chloroMethylszlyl)‘betramethyl—
cyclodisilazane. On the basis of infrared and n.m.r. data, the fcllamg
structure was tentatively assigned to these materials:

‘f H LY _f
) ) 3.\ o fSl\ )
CL-SiN] N-Si-N-SitN] CN-Si-Cl
! si” | gi” !
N n~ N

The mixtures of reactants were heated at 175°, cooled, treated with
dimethylamine (in solution followed by removal of amine hydrochloride) and
heated to 225° in vacuum to remove the volatile components. When the ratio
of MepSiCly to MepSiNH groups in the polymerizations was between 1:22 and
1:6, the conversions were 66-77%. At a ratio of 1:2 and 1:1.33, the con-

version to nonvolatile products was 15% or less, and at 1:44, 40%.

The n.m.r. peaks in the spectra were complex, but were originally
observed to occur in two major groups, one at 5 9.70-9.79 and the other at
T 9.88-9.97. More definitive spectra have since been a?}taz.ned and are
summarized in Table II.

10

L]




TABLE II

SILYIMETHYL PROTON CHEMICAL SHIFTS IN OLIGOMERIC STIAZANES

Peak T
a 10.02 (2 peaks)
b 9.98
c 9.93
a 9.84 :
e 9.80 (2 peaks)
f 9.75

A review of the recorded chemical shifts for related silazanes in
Table IIT allows a more precise assignment of oligomer structures. On the
basis of these data, it seems apparent that three kinds of structures can
be differentiated by their chemical shifts. The structures, N-SiMes-N or
N-SiMepo-X, where X is Me, H, or O, show shifts for the methyl protons in
the 7 9.94-10.05 region. This generalization applies vhen the N-SiMeo-N
group is present in a six or larger-membered ring and vhen one of the
nitrogens in the N-SiMeo-N group is part of the strained cyclodisilazane
ring. Bands a, b, and c in Table II can probably be assigned to these kinds
of structures. Silylmethyl groups that are present in a trisilylamine
structure have chemical shifts in the r 9.82-9.90 region, provided the tri-
silylamine structure is not a part of a cyclodisilazane ring. Thus, bands
d and e  in Table II probably indicate trisilylamine structures. Silyl-
methyl protons, present in methyl groups attached directly to a cyclodi—
-gilazape ring, uwniformly show shifts at ¢ 9.76-9.78, and band f, Table IT,
can be related to such a structure.

At the various mole ratios, bands b, ¢, and f have the greatest
relative peak height. Band b retains its intensity regardless of stoi-
chiometry, band c¢ increases in intensity, and band f decreases in in-
tensity with the proportion of dichlorodimethylsilane present in the
equilibration.

If band f dis assignable to the cyclodisilazane rings, the following
structures are possible in the equilibration mixtures:




TABLE IIT

CORREIATION OF SILYIMETHYL PROTON CHEMICAL SHIFTS WITH STRUCTURE

T | ' . Silaze;ﬁe'
9.94 and 9.95 (MepSiNH)z and (MeoSiNH)4
N/
bR
9.94-10.05 XSi-N_  N-SiX
. . ] \S‘i i

K = CHS, H’ GR} m{g, me} NMEE

N/
VAN
9,95-10.03 X-8i-N N-g8i-N-8i-X
- I Mgy | b
— ‘f Sp———— ——
X = NMEE, Me
9.98 Meli-53.-H-5:2-1iep
‘ )
9.82-8.87 ﬁ(?l‘i\
3

X = OR, CHz, H, N(CHz),

8i= ()
~ /N\ ~
9.85(a)-~9.90(1b) -§1 §i- .. (a)
: H-N N-H
\S_/
VA
S
i N
9.76-9.78 : X-8i-N -Si-X
) | \S' |
AR
X = CHz, H, OR, NH,, NH(CHz), N(CHz)o,
NHPh, OSiRz
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Spectral evidence, both infrared and n.m.r. indicated that cyclodisilazane,
disilazanyl, and trisilylamine structures are present in the oligomers
prepared at 175°, but these groups are probably randomly ordered in the
polymer and the structure camnot be represented by a single formula.

Ih 1964, Krueger and Rochow reported that, when hexamethylcyclotri-
silazane was heated with ammonium halides, silicon-nitrogen polymers were
obtained, for which they proposed the following polymer structures (Ref. 4).

Si | | |
E g E—?iANH-SiéN-?i
N\ e B _ast v |
> { ,:k S :
NH n

(a) (3)

- ‘ In their procedure, the reactants were heated at l60-19od until the
calculated quantity of ammonia had evolved, cooled, treated with ammonia
(in solution followed by removal of ammonium salts), and heated under re-

- : duced pressure to remove the distillable fractions, which boiled at 225-350°.
(1 rmm.). Ammonium chloride gave only a low conversion to a polymer (11%),
but when 1-45 wt. % of ammonium bromide or ammonium iodide was used, the
conversions were 49-73%.

The aymonia-treated polymers were characterized by n.m.r. peaks (in
carbon tetrachloride) at T 10.02, 9.98, 9.95, and 9.74. After the mixture
was pyrolyzed, two peaks remained, one at T 9.98 and the other at T 9.75.

Analytical data reported in their publication for polymers from various
ammonium halides at different concentrations (Table IV) agreed reasonably
well with the calculated values for Structures A and B.

13




TABLE IV

ELEMENTAL ANALYSES OF KRUEGER'S POLYMERS

A N s1
Calcd. for CgHpgNzSis: . 34.85 9.14 15.24 40.76
(Structures A and B) o '
Found 34.07-34.81 9.01-9.85 13.87-17.91 39.54-40.98

It is apparent that the empiricael formula for the oligomers originally
prepared in this laboratory and the empirical formulas for Krueger's pro-
posed structures are the seme. It is further apparent that the n.m.r.
spectra of the two products are similar. Ammonium bromide in the mixbure
could react readily with the cyclosilazane to give a silylbromide, which
could undergo the same equilibration reaction as the silylchloride Wz.th the
remaining cyc}_csz.lazane : »

The similarity of the two reactions was verified by a parallel poly-
merization in which equivalent amounts of silicon-attached halogen and
nitrogen were present. The spéctral properties of the two produchks were
very similar. Their elemental analyses are summarized in Table V and com-
pared with two possible average structures.

‘Table V

ELFEMENTAT, ANATYSES OF EG?EEIME?&TAL OLIGOMERS

>, ./. . B \
! /Sz.\ 1, H . .
Si~N N=~Si- , ’ 3 -] }}' g -
- S - . i
- 81 '

i
% g
TN T . ] z
Structure C : Structure D
| c S N Y
Calcd. for Structure C . 34.85 9.14  15.24 40.76
Calcd. for Structure D  34.43  9.25 16.06 40.26
Found for the oligomer from ' o
MepSiCly and (MepSiNH); — 35.39 9.38 14.93 40.24
Found for the oligomer from - ‘
(MepSiNH)z and NHyBr 34,97 9.44 15.66 39.88
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The n.m.r. spectrum of the dimethylamine-quenched polymer changed very
little when it was heated to 329°. Krueger reported that the ammonia-
guenched polymer retained only two n.m.r. peaks (in carbon tetrachloride)
after it was heated to about 350°. Although this result was not entirely
verified experimentally in this laboratory, an ammonia-quenched dichloro-
dimethylsilane-hexamethylcyclotrisilazane equilibration polymer that had
been thermolyzed to 350° exhibited four n.m.r. peaks in CCl4. Only two -
" of these were major peaks, one at T 9.97 and the other at T 9.75. 1In
benzene there were two peaks, one at T 9.75 and the other at T 9.54. It

is apparent that Krueger had probably ultimately obtained the same oligomeric
materials that have been just recently reported by Fink (Ref. 2).

. Fink found that when the equilibration reaction of dichlorodimethyl~
gilane and hexamethylcyclotrigilazane was carried out at temperatures above
300° rather than at 175°, the chief products were silicon~-linked poly-

- cyclodisilazane derivatives.

Between 285° and 334°, the total conversion to compounds n =2 ton =6
was 65-80%, with the proportion of the higher oligomers being increased’ as
the final temperature of the equilibration was increased. The conversion
to N,N'-bis(chlorodimethylsilyl)tetramethylcyclodisilazane (n = 1) in the
product mixture was reduced from 32.5-10.9%, when the final temperature
was increased from 285°-334°. These oligomers were characterized by their
n.m.r. spectra, elemental analyses, and through the preparation of derive-
tives.

A second series of compounds with the following structures were also
isolated from the complex product mixtures:

|
01{31-1\( ?1-1\1-31-01

No infrared data were reported, but n.m.r. data were used in the deter-
mination of structure of the compounds. Because the n.m.r. data were ob-
tained in benzene rather than carbon tetrachloride, the data could not be

/
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immediately compared with Krueger's data or the data obtained here. There-
fore, a similar equilibration mixture was fractionally distilled. Gas-
liquid chromatographic data indicated that most of the fractions were com-
plex mixtures, but three of the fractions were reasonably pure and were
characterized by their infrared spectra and n.m.r. spectra in both benzene
and carbon tetrachloride solutions and by elemental analyses. The results
of the n.m.r. determinations are shown in Table VI. These data show that

the chain-of-rings structure cannot be eliminated on the basis of the n.m.r. ‘

spectrum in carbon tetrachloride as a possible structure for Krueger's
polymer or for the polymer prepared here earlier, since the n.m.r. spectra
do not differentiate the number of rings in the chain in that solvent.

The downfield shifts and the betier resolution of the peaks from
spectra btaken from benzene solutions do allow the correlation of the spectra
of the oligomers with their structure in the way pointed out by Fink. In
benzene, the progressive downfield shift of the ring-substibtuted methyl
protons is particularly useful in determining chain length. The chemical
shift for the same methyl groups in the oligomers obtained in the 175°
equilibration reaction is T 9.54, which would indicate a chain of several
rings.

A phenomenon not reported in Pink's publication concerns the infrared
spectra of these oligomers. A band that is usually observed at about
1030 em™L in cyclodisilazanes occurs as & multiplet vhen two or more rings
are present in the chain. For example, the compound with two rings in the
chain shows strong absorption at 1010 and 1040 cm~l. More bands occur when
more rings are present, but they are less well-defined.

This feature of the infrared spectra provides a second criterion for
determining the presence of several cyclodisilazane rings in a chain. When
the infrared spectra of the oligomers obtained at 175° are examined, only
a2 single strong band is found in this region. The apparent inconsistency
of the infrared and n.m.r. data has not been resclved.

If any one of the oligocyclodisilazanes could be obbtained in a reason-
able conversion in an equilibration reaction, the compound would make an
attractive monomer for condensation polymerizations. In the reaction above
300° with a 1:1 mole ratio of dichlorodimethylsilene to hexamethylcyclo-
trisilazane, the products were all extremely complex mixbtures with the in-
dividual components difficult to separate and purify by distillation. The
oligomers with the chlorotetramethyldisilazanyl-terminating groups were
particularly difficult to separate from the o,w-bis(chlorodimethylsilyl)-
oligocyclodisilazanes. An equilibration above 300° with a 2:1 mole ratio
of hexamethylcyclotrisilazane gave, as expected, an equally complex mixture
with fewer volatile components. The infrared spectrum of the nonvolatile

16
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TABLE VI

PROTON CHEMICAL SHIFTS OF CYCLODISITAZANE OLIGOMERS
IN BENZENE AND CARBON TETRACHIORIDE

\S.’
[ I'4 l\ | /’
N-Si- N-5i-N
' \Sil [ h
/7 N\
a b
a b
C6H6 9.90 9.67
CCly 10.01 9.78
N’ N s/
\ Sioo, ST .
N-éi-N\ N-5i-N W-gi-
sV Ngyr b Ny
VRN
a b c
a b c
CeHg 9.89 9.61 9.83
CCly 10.02 9.76 10.02
\Ncs 7 \NaQs/s Nas/
N ,31\N v Sl\ ST,
N-Si-N -Si-N N-Si- N-Si-N
7/ \S,/ i S" \S,/ |
/ 1\ 7/ 1\ / 1\
a b-1l ¢ b-2
a b-1 -2 c
CgHg 9.86 9.58 9.54 9.81
CCly 10.02 9.76 9.74 9.99
\Nas” N /7 N\ s/ N 7
N »/Sl\ /Sl\ Sl\ \ Sl\ v
N-Si-N; N-Si-N /N-SI-N /N-SifN N-Si-N
7/ /Sll \Si \S | \Si/ 1 \
N /N 7N VAR
a b-1 c¢-1 D=2 e-2
a b-1 b-2 c-1 c-2
CgHg 9.86 9.57 9.52 9.80 ?
CCly ? (9.75-9.77) ? ?
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portion did not differ greatly from the spectrum of the equilibration product
obtained at 175°.

The possibility that an equilibration product could be chemically
modified to produce a purer product was considered. The requirements for
the modification would depend on the mechanism for the formation of chains
of silicon-linked cyclodisilazane rings. Lithtle has been clarified in the
literature on the mechanism of ring formation or oligomerizations.

One possible mode of formation of the oligocyclodisilazanes could be
the simple disproportiomation of N,N‘—bls(chlorodlmetbylsn.lyl)te*hramethyl-
cyclodisilazane or its condensabion products.

\S_/ \S,/ % -~
i- /l\ | heat i"/l b /1\ l, .
CLE1Y N-81-CL —=225 CL-S1-N ON-8i] ON-Si-C1 + MepSiCly
. : | i
/S - /Sl\ /S <

If an equilibrium existed, it could be upset by', distilling the dichlorodi-
methylsilane from the mixture as it was formed. One attempt at such a
disproportionation indicated that very little or no oligomerization occurred
at 250°. This result cannot be considered as conclusive, since oligomeriza-
tion occurs in the equilibration reactions above 300° and in the presence
of a Lewis acid in the form of ammonium halides. Several additional ex-
periments would clarify whether or not this route is important.

An alternate mechanism that is possible is chain extension through the
base-catalyzed condensation of the terminal chlorotetramethyldisilazanyl
groups. Such a reaction could proceed in a way analogous to the method
described by Geymayer (Ref. 5) for the preparation of N,N'-bis(chlorodi-
methylsilyl)tetramethyleyclodisilazane.

2

i i
c1-dim-di-c1 + NeN(SiMez )y ——> CL-5i-

rd

#
\ N-Sz.-Cl + HN(SiMeg)o

/N

+ NaCl

When the same base was used with N-(3-chlorotetramethyldisilazanyl)-N'-
chlorodimethylsilyltetramethylcyclodisilazane at room temperature, the
major product of the reaction was the cyclodisilazane oligomer (n = 3).
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Si
I | HI Et~0
CL-S1iN] SN-S1-N-Si-Cl + NeN(SiMeg)y 2 o
B I ai” ! |
: 7
Vd
| ;Sl\/ | \Si/ | \/Si\ |
CL-8i-N_ N-Si-N_ “y-Si- . N-8i-Cl
T A T A B
s AN PN

Again, the results of this experiment were not entirely definitive because
of the lack of a pure sample of the chlorotetramethyldisilazanyl-substituted
starting material and the necessity of determining the products of the ex-
periment by g.l.c. Nonetheless, the condensation product tonstituted about
75% of the volatile portion of the product.

- The only available source of the chlorotetramethyldisilazanyl deriva-
tives has been from the high boiling portions of the equilibration products
obtained in the preparation of N,N!'-bis(chlorodimethylsilyl)tetramethyl-
cyclodisilazane, so the resources for examining this approach as a prepara-
tive method have been limited. Also lacking is the information as to how
the chlorotetramethyldisilazanyl derivatives arise in the equilibration
mixtures. Fink's work suggests that they might form when 1,5-hexamethyl-
trisilazane participates in the condensation reactions. They could also
form by the reaction of chlorodimethylsilyl-terminated cyclodisilazanes with
hexamethylcyclotrisilazane.

\S./ ’ N,
PN N
3 CL-Si-N] N-Si-Cl + (MepSiNH)g ——> CL-Si-N  W-8i-N-8i-C1
| \Si/ I | \Si/ |- |-
s ~N 7/ ~N

Although this question has not been thoroughly investigated experimentally,
one experiment indicates that the latter reaction does occur to some extent
at 175°. Additional experiments along these lines could lead to a better

i understanding of the equilibration and oligomerization reactions.

|

! In view of the somewhat successful attempt at effecting ring closure

| by treating the disilazanyl derivative with sodium bis(trimethylsilyl)amide,
an oligomer containing disilazanyl groups was breating with sodium bis(tri-
methylsilyl)amide under similar conditions. There was some evidence in the

infrared spectrum that some ring closure had been effected, but the polymer
was brittle.

19




IiT.

FUTURE WORK

On the basis of the results in this report, the following laboratory
work is recommended:

1. Additional work on the arylenedisilanol-N,Nf-bis(dimethylamino-
dimethylsilyl)tetramethylcyclodisilazane condensation products in order to
assure repeatabiliby of the polymerization results vhen the polymeric prod-
ucts are not completely soluble in nonpolar solvents.

2. Other condensation reactions between arylene disilanols and func-
- tional cyclodisilazane derivatives will continue to be studied in order to
obtain high-molecular-weight, soluble polymers. Structural modifications
of the silazane monomer may include arylation and the use of oligomeric
materials.

3. Atbtempts will conbinue to find new reactions of ftrisilylamines
that will aliow their incorporation in polymeric struchbures.

4. Some work will continue on the equilibration and oligomerization

reaction that will lead to new information useful in preparing thermalily
and hydrolytically stable polymers. ‘
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EXPERTIMENTAT,

A1l chiorosilanes were redistilled before being used. Reactions were
carried out in glass equipment that had been flame~dried and flushed with
dry nitrogen before use. Reactants were protected from atmospheric mois-~
ture with Drierite-packed tubes or a positive pressure of dry nitrogen as
needed. FElemental analyses were conducted by Spang Microanalytical Laboratory.
Infrared spectra were determined with a Perkin-Elmer Infracord spectrophotom-
eter and n.m.r. spectra were determined with a Varian Associates Model A60
spectrometer using cyclohexane as an internal standard.

. A. Synthesis of Miscellaneous Organosilicon Monomers, Intermediates, and Samples

1. Hexamethylcyclotrisilazane and octamethylcyclotetrasilazane:
To 700 ml. of ammonia in 6,000 ml. of petroleum ether, b.p. 35-60°, cooled
in a Dry Ice-isopropyl alcohol bath was added dropwise 1,161 g. (9 moles)
of dichlorodimethylsilane in 2,000 ml. of petroleum ether. After the mix-
ture was stirred overnight at room temperature and the ammonium chloride
was filtered off, the solvent was distilled from the filtrate. Hexamethyl-
cyclotrisilazane (268.5 g., 41%) distilled at 183-184° and octamethyl-
cyclotetrasilazane (211 g., 32%) at 146-151° (35 mm.), m.p. 96-97°. Repe-
titions of the preparation are summarized in Table VIT. '

2. Hexamethyl-N-(trimethylsilyl)cyclotrisilazane: When 23 g. (1.0 g.-
atom) of sodium in 500 ml. of refluxing dioxane was treated with 193 g.
(0.91 mole) of hexamethylcyclotrisilazane, 125 ml. of redistilled styrene,
and 109 g. (1.0 mole) of chlorotrimethylsilane by the procedure described
in AFML-TR-66-116, Part II, p. 28, 173 g. (65%) of hexamethyl-(N-trimethyl-
s11yl)cyclotr1s11azane, b.p. 113° 810 mm. ), ng 20 31,4628, was obtained [re-
ported b.p., 112-113° (10 mm.); n2° 1,4596] (Ref 6).

3. Bis(methylamino)dimethylsilane: About 900 ml. (excess) of methyl-
amine was collected in a 12-liter flask (previously flame dried under
nitrogen) cooled in an isopropyl alcohol-Dry Ice bath. The amine was di-
Iuted with 3 liters of petroleum ether, b.p. 35-60°, and 645 g. (5.0 moles)
of dichlorodimethylsilane in 2.5 liters of petroleum ether was added in
S hr. The mixture was allowed to warm to room temperature and stored over-
night, After the salts were filtered off and washed with petroleum ether,
the solvent was distilled through a 45-cm. vacuum-jacketed column packed
with berl saddles and fitted with a partial reflux head. The residue was
fractionally distilled on a l-meter spinning band column to give 394 g.
(67%) of bis(methylamino)dimethylsilane boiling at 107-108°. Redistillation
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gave the pure compound boiling at 108-108.5°; n%O 1.4150; infrared spec-
| trum, Figure 5. Nuclear magnetic resonance pesks (CCl,) at T 7.57
- (6H, doublet, J =7 c.p.s., NHCH3) and T 10.07 [6H, singlet, Si(CHz)o] 5
g.l.c. analysis (Table VIII, Method A-1) a single peak at 2.7 (reported
b.p. 107-108°) (Ref. 7).

Ansl. Calcd. for CgHygNpSi: C, 40.62; H, 11.93; N, 23.69; Si, 23.75.

Found: C, 40.81; H, 11.84; N, 23.81; Si, 23.55.

TABLE VIII

GAS-LIQUID CHROMATOGRAPHIC PROCEDURES

. Temperature
Method Column (°) Carrier Flow
A-1 Two-Meter Column Packed With 50 He, 82 ml/min
‘ 5% SF 96 on 100/120 Mesh

Gas Chrom Q
A-D ' 180 He, 61 ml/min
A-3 160 He, 44 ml/min
B-1 One-Meter Column Packed With 150 N, 52 ml/min

5% SE 30 on 80/100 Chromport

XXX
B-2 175 N, 52 ml/min
B-3 200 N, 52 mi/min

. B-4 230 N, 52 ml/min

4. Bis(methylamino)diphenylsilane: About 400 ml. (excess) of methyl-
amine was collected in a 5-liter flask (previously flame~dried under
nitrogen) in an isopropyl alcohol-Dry Ice bath. The amine was diluted
with 1 liter of petroleum ether, b.p. 35-60°, and 506 g. (2.0 moles) of
dichlorodiphenylsilane in 1 liter of petroleum ether was added with stirring
in 2.5 hr. The mixture was allowed to warm to room temperature and was
stored overnight. The salts were filtered off and washed with petroleum
ether. The filtrate was stripped of solvent and the residue distilled
through a 45-cm., vacuum-jacketed column to obtain 453 g. (94%) of crude
bis(methylamino)diphenylsilane boiling at 122° (0.11 mm.). Fractional
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distillation through a l-meter spinning band column gave 382 g. (79%) of
bis(methylamino )diphenylsilane, b.p. 103° (0.010 mm.); n%o 1.5718; infrared
spectrum,Figure 6. Nuclear magnetic resonance peaks (CCly) at T 2.31-2.87
(10H, multiplet, CgHs), T 7.38 (6H, doublet, J = 7 c.p.s., NHCHz), and T
9.08 (broad, NH); g.l.c. analysis (Table VIII, Method A-2) a single peak at
6.2 min. [reported b.p. 108-112° (0.1 mm.); n%g 1.5690] (Ref. 7).

Anal. Calcd. for CjaHigpSi: C, 69.37; H, 7.48; N, 11.56; $i, 11.59.
Found: C, 69.20; H, 7.55; N, 11.62; Si, 11.64.

5. o,w-Dichlorosiloxanes: After a mixture of 296 g. (2.00 moles)
of diethoxydimethylsilane, 1,132 g. (8.78 moles) of dichlorodimethylsilane,
and 3.0 g. of ferric chloride was heated at 71° for 10 hr., ethyl chloride
was no longer evolved. TUpon distillation, 555 g. of dichlorodimethylsilane
was recovered, and 3% g. of oligomers boiling between 53 and 140° (40 mm.)
was obtained. Fractional distillation of the oligomers gave the following
compounds: 1,3-Dichlorotetremethyldisiloxane, 85 g., b.p. 56-57° (40 mm.)
[Feported, 41° (20 mm.)] (Ref. 8), n.m.r. peaks (CCl.) at T 9.49 [singlet,
si(CHs)ol; 1,5-dichlorohexamethyltrisiloxane, 154 g., b.p. 94-95° (40 mm.)
[reported, 79° (20 mm.)] (Ref. 8), n.m.r. peak (CCl,) at T 9.83 [6H,
singlet, 0Si(CH3)20] and 7 9.56 [12H, singlet, C1Si(CHz)20]; and 1,7-dichloro-
octamethyltetrasiloxane, 82 g., b.p. 125~126° (40 mm.) [repoz*te&, 111° (20
m.)] (Ref. 8), n.m.r. peaks (CCly) at T 9.86 |12H, singlet, 08i(CHz)x0]
and T 9.56 [12H, singlet, C18i(CHz),0]. T

6. Dimethylphenylsilanol: A solution of dimethylethoxyphenylsilane
[pre;;ared by treating 65.6 g. (0.38 mole) of chlorodimethylphenylsilane
with 80 ml. of dry ethanol and purging the mixture for 2 hr. with nitrogen
$0 remove hydrogen chloride} was added to a solubtion of 153 g. (3.83 moles)
of sodium hydroxide in 255 ml. of methanol and 300 ml. of water. After
the solution was stirred for 1 hr., it was added dropwise to 346 g. of 85%
phosphoric acid in 3 kg. of ice and 1.5 liters of water. Fractional
distillation of the ether extract of the hydrolysate afforded 48.3 g. (83%)
of dimethylphenylsilanol, b.p. 100-102° (13 mm.); n20 1.5139; infrared
spectrum, Figure 7; n.m.r. peaks (DMSO) at T 9.63 [6H, singlet, Si(CHz)],

T 4.06 (1H, singlet, OH), and T 2.20-2.65 (5H, multiplet, CgHs) [reported .
b.p. 101-101.5° (14 mm.), ng5 1.5100] (Ref. 9). In a second smeller scale
experiment, the yield from 17.1 g. (0.10 mole) of chlorodimethylphenyl
silane was 61%.

B. Synthesis of Arylienedisilanols

1. E~Blenylenebis(ethomdime‘shylsilane) ¢ A solution of 500 g.
{2.13 moles; ol p-dibromobenzene in 1,100 ml. of dry tetrahydrofuran was
added in rapid drops to 105 g. (2.42 g.-atoms) of previously activated
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magnesium covered with 200 ml. of tetrahydrofuran. The reaction proceeded
exothermally. After the addition was complete, the mixture was refluxed for
2 hr., then treated with 635 g. (4.26 moles) of diethoxydimethylsilane in
rapid drops. An additional exothermic reaction occurred during the
addition. The product was refluxed overnight, cooled to room temperature,
and filtered to remove the unchanged magnesium. After the filtrate was
extracted exhaustively with petroleum ether, b.p. 60-90°, evaporation of
the combined filtrate and petroleum ether extracts on a rotary evaporator
and flash distillation of the residue afforded 355 g. (59%) of the crude
product. Fractional distillation gave 292 g. (49%) of p-phenylenebis-
(ethoxydimethylsilane),b.p. 112-113° (2 mm.), n§° 1.4780, [reported, b.p.
119-120° (3.6 mm.), nf® 1.4782] (Ref. 10).

2. p-Phenylenebis(hydroxydimethylsilane): A solution of 292 g.
(1.04 moles) of Efphenylenebis(dimethylethoxysilane) in 300 ml. of 95%
ethanol was added to a solution of 208 g. of sodium hydroxide in 730 ml.
of methanol and 83 ml. of water. To this mixture was added a solution
of 208 g. of sodium hydroxide in 810 ml. of water. After 1 hr., the solu-
tion was added to a stirred mixture of 4 kg. of ice, 3.3 liters of water,
and 870 g. of syrupy phosphoric acid. When the precipitate diol was
stored overnight, filtered off, and dried under reduced pressure, 229 g.
(98%) of the crude material was obtained. Two recrystallizations from
toluene afforded 109 g. (72%) of p-phenylenebis(hydroxydimethylsilane),
m.p. 135°, (reported, 136-137°) (Ref. 10).

3. Bis(pfethoxydimethylsilylphenyl) ether: A solution of 350 g.
(1.07 moles)ﬁaf bis(beromophenyl) ether in 550 ml. of dry tetrahydrofuran
was added to 57.3 g. (2.36 g.-atoms) of previously activated magnesium
covered with 100 ml. of dry tetrahydrofuran at a rate which maintained an
exothermic reaction. After the addition was complete, the mixture was
refluxed for 1 hr., treated with 317 g. (2.14 moles) of diethoxydimethyl-
silane over a period of 20 min., and then refluxed overnight. After the mix-
ture was filtered to remove the remaining magnesium, the solvent was
evaporated in a rotary evaporator and the residue was washed exhaustively
with petroleum ether, b.p. 60-90°. The extracts were evaporated and
flash-distilled to obtain the crude ethoxysilane. Fractional distillation
afforded 191 g. (47%) of bis(p-ethoxydimethylsilylphenyl) ether, b.p.
136-140° (0.04 mm.), n%o 1.5200 [reported, b.p. 141-142° (0.1 mm.) n%o
1.5213] (Ref. 10). : .

A repetition of the experiment, but with twice the quantities of
reactants, afforded 405 g. (51%) of bis(p-ethoxydimethylsilylphenyl) ether,
b.p. 163-167° (0.3 mn.), ng0 1.5202.
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A final preparation with 500 g. (1.53 moles) of bis (p-bromophenyl)
ether gave 240 g. (42%) of bis(p-ethoxydimethylsilylphenyl) ether, b.p.
141-143° (0.06 mm.), ng0 1.5195.

4. Bis(p-dimethylhydroxysilylphenyl) ether: Bis(p-ethoxydimethyl-
silylphenyl) ether [191 g. (0.511 mole]] in 100 ml. of ethanol was treated
with 102 g. (2.55 moles) of sodium hydroxide in 350 ml. of methanol and
40 ml. of water, followed by 102 g. (2.55 moles) of sodium hydroxide in 370
ml. of water. When the resulting sodium salt was hydrolyzed with 4 kg. of
ice and 2 libers of Water‘cbntaining 475 g. of syrupy phosphoric acid,

157 g. (98%) of crude bis(p-dimethylhydroxysilylphenyl) ether was obtained.
In an attempt to purify this material by recrystallizations from mixbures
of toluene and petroleum ether, it polymerized during a third recrystalli-~
zation, to 100 g. of a rubbery material. In each of two other experiments,
203 g. of bis(p-ethoxydimethylsilylphenyl) ether wes hydrolyzed and quanti-
tative conversions to the crude diol were obtained. Recrysballization of
the latter afforded 150 g. and 166 g. of bis(p-dimethylhydroxysilylphenyl)
ether, respectively. These samples were similarly vecuum-dried at 50° for
seven days and found to exhibit siloxane groups. To a solution of 232 g.
(4.13 moles) of potassium hydroxide in 2 liters of 95% ethanol was added
262 g. (0.825 mole) of the partially polymerized bis(p-dimethylhydroxy-
silylphenyl) ether. The mixture was heated to reflux for 120 min. to ef-
fect solution. The soluble portion was transferred to an additional funnel
and added slowly to a solution of 422 g. (3.10 moles) of monobasic potassium
phosphate in a mixbure of 3 liters of water and 3 kg. of ice. After the
mixture had warmed to room temperature overnight, the crude product was
filbtered off, mixed and subseguently filbered three times from 2-1iter
portions of distilled water. The residue was air-dried overnight, and
dried under reduced pressure at room temperature to remove the remaining
water. A total of 249 g. (95%) of bis(p-dimethylhydroxysilylphenyl) ether,
m.p. 101-103°, was obtained. Recrystallization of the material in three
portions from 1 liter of petroleum ether, b.p. 60-90°, and 1.5 liters of
toluene gave 219 g. (84%) of bis(p-dimethylhydroxysilylphenyl) ether, m.p.
103-105°; differential thermal analysis trace, a single endotherm at 104°.
The infrared spectrum is reported in Figure 8.

Repetition of the procedure with 129 g. of the impure diol gave 60.4 g.
of bis(p-dimethylhydroxysilylphenyl) ether, m.p. 103-104°.

C. Synthesis of Cyclodisilazanes

1. N,N'-bis(chlorodimethylsilyl)tetramethylcyclodisilazane: A mix-
ture of 158 g. (O.?El mole) of hexamethylcyclotrisilazane and 139 g.
(1.078 mole) of dichlorodimethylsilane was heated at 175° for 77 hr. To
the mixture was added 200 ml. of petroleum ether, b.p. 30-60°, and the
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soluble portion was separated from the ammonium chloride and distilled.
N,N'-Bis(chlorodimethylsilyl)tetramethyleyclodisilazane (159.5 g., 60%)
boiling at 151~164° (45 mm.) was collected. The fractions, boiling points,
weights, and g.l.c. analyses are reported in Table IX.

Repetition of the procedure in which 155.5 g. (0.5325 mole) of octa-
methyleyclotetrasilazane and 137.4 g. (0.165 mole) of dichlorodimethyl-
silane were heated at 175° for 65 hr., gave 171.0 g. (65%) of N,N'-bis-
(chlorodimethylsilyl)tetramethylcyclodisilazane. The fractions, weights,
boiling point ranges, and g.l.c. analyses are reported in Table X.

A mixture of 65.7 g. (0.30 mole) of hexemethylcyclotrisilazane and
77.4 g. (0.60 mole) of dichlorodimethylsilane was heated under nitrogen
to 225° in 24 hr. The portion soluble in 125 ml. of petroleum ether
(60-90°) was stripped of solvent and after a short-path distillation, gave
55.9 g. (50% based on hexamethylcyclotrisilazane) of N,N®-bis(chlorodi-
methylsilyl)tetramethyleyclodisilazane, boiling range 150-163° (45 mm.),
and 21.2 g. of higher boiling material, boiling range 92-166° (0.1 mm.).
The latter contained N,N!-bis(chlorodimethylsilyl)tetramethyleyclodisilazane
(17%), N-(3-chlorotetramethyldisilazanyl)-N'-(chlorodimethylsilyl)tetra-
methylcyclodisilazane (52%), and oligo-g,w-(chlorodimethylsilyl)tetra~-
methylcyclodisilazane (n = 2) (31%), as well as other peaks as determined
by g.l.c. analysis (Table VIII, Method B-3).

In other preparations, the results recorded in Table XI were obtained.

2. N,N'-Bis(dimethylsilyl)tetramethylcyclodisilazane: To 3.9 g.
(0.102 mole) of lithium aluminum hydride in 250 ml. of diethyl ether was
added 33.8 g. (0.102 mole) of N,N'-bis(chlorodimethylsilyl)tetramethyl-
. cyclodisilazane in 100 ml. of ether in 2 hr. The temperature was main-
- tained below 30° during the addition. After the mixbture was stirred
overnight at room temperature and the solvent was removed at reduced
pressure, the residue was distilled at 37-39° to obtain 22.6 g. of the
crude product, which was collected in a Dry Ice trap. The distillation
residue was not heated gbove 60°. Fractional distillation gave 17.4 g.
(65%) of N,N'-bis(dimethylsilyl)tetramethylcyclodisilazane, b.p. 79°
(14 mn.), n50 1.4309 [reported b.p. 65-66° (8 mm.), n0 1.4312] (Ref. 11);
g.l.c. analysis (Teble VIII, Method A-3), a single peak at 1.2 min. The
infrared spectrum is reported in Figure 9.,

In another experiment, to a suspension of 5.7 g. (0.150 mole) of
lithium aluminum hydride in 330 ml. diethyl ether was added 49.8 g. (0.150
mole) of N,N'-bis(chlorodimethylsilyl)tetramethylcyclodisilazane in 2 hr.
After the mixture was stirred overnight at room temperature and the solvent
removed at atmospheric pressure, 17 g. of a liquid, b.p. 45-60 (L mm.),
was collected in a Dry Ice trap.
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TABLE IX

G.L.C. ANATYSIS OF N,N'-BIS(CHLORODIMETHYLSILYL)TETRAMETHYICYCLODISILAZANE
(Experiment No. 1)

Fraction B.P. Weight G.L.Qﬁ/ Peak No. and Area Percentage
No. (45 mm.) (g.) 12/ 2/ 3b/ 40/ 54/
1 151-152° 19.0 <1 98 <1 <1 1
2 152° 15.0 - - - - -
3 154° i2.7 7 89 1 <1 3
4 154° 10.5 <1 929 <1l <1 <1l
5 154° 9.8 6 30 <1 <1l 4
6 154-156° - 10.1 - 98 <1 - 2
7 156° 8.1 - g9 - - <l
8 156° - 10.3 - 99 <1 - <1
9 156° 8.7 - 99 <1 - <1l
io 158° 8.4 - g7 1 - 2
11 160° 9.3 - 387 1 - 2
12 160° 10.1 - 96 1 - 3
13 160° 9.7 - 95 1 - 4
14 160-162° 8.5 - 839 .~ 1 8
i5 164-166° 9.3 - 80 2 2 16

a/ G.l.c. method: Table VIIT, Method B-1.
b/ Unidentified.
\ 7
1 f81\ i
¢/ C1-8i-N  N-Si-C1 .

i

NI
, si_ | H
TN 3l
4/ C1-8i-N  N-Si-N-8i-Cl
I Ssi” | '
/N
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TABLE X

G.L.C. ANALYSIS OF N,N'-BIS(CHLORODIMETHYLSILYL)TETRAMETHYLCYCLODISILAZANE
“ (Experiment No. 2)

Fraction B.P. Weight G.L.C.E/ Peak No. and Aréa>Percentage
No. (45 mm.) () W e /& Y
1 140-145° 45.0 17 72 3 1 6
2 146-153° . 20.9 5 88 3 2 3
3 154;ls6° - 42.9 3 89 4 1 4
4 156° 17.3 < 1 .91 4 1 4‘
5) ~ 158-160° 22.0 < 1 84 6 1 9
6 160-168° 22.9 < 1 7 7 1 15

a/ G.l.c. method: Teble VIIT, Method B-l.

b/ Unidentified.

N 7
Sl\ |
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| %
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Repetition of the procedure with 46.5 g. (0.140 mole) of N,N'-bis
(chlorodimethylsilyl)tetramethyleyclodisilazane and 5.30 g. (0.140 mole)
of lithium aluminum hydride gave 19.1 g. of a liquid boiling at 32-35°
(0.5 mm.). When the unpurified products from the two experiments were
combined and distilled on a 3-ft. spinning band column, 29.8 g. (39%) of N,N'-
bis(dimethylsilyl)tetramethylcyclodisilazane boiling at 77-78° (14 mm.)
was obtained, n%o 1.4310, g.l.c. (Table VIII, Method A-3), a single peak at
1.2 min.

Repetition of the procedure with 34.3 g. (0.1037 mole) of N,N'-bis-
(chlorodimethyl)tetramethyldisilazane and 3.9 g. (0.1037 mole) of lithium
aluminum hydride gave 14.2 g. (52%) of N,N'-bis(dimethylsilyl)tetramethyl -
cyclodisilazane, b.p. 71-72° (10 mn.), ngC 1.4302, g.l.c. analysis (Table
VIII, Method A-3), a single peak at 1.3 min.

3. N,N'-Bis(amino dimethylsilyl)tetramethylcyclodisilazane: Repetition
of the procedure described in AFML-TR-66-116, Part II, p. 34, with 61.3 g.
(0.19 mole) of N,N'-bis(chlorodimethylsilyl)tetramethyleyclodisilazane
afforded 23.9 g. (44%) of N,N'-bis(aminodimethylsilyl)tetramethylcyclodi-
silazane, b.p. 95° (5 mm.), m.p. 36-38° (sealed tube) [reported, b.p. 99-
100° (7 mm.), m.p. 33-35°] (Ref. 11); g.l.c. (Table VITI, Method A-3), 3
single peak at 3.2 min. An additional 9.2 g. of less pure material was also
obtained. The infrared spectrum of the pure material is reported in Figure
10.

In another experiment, when 23.3 g. (0.0705 mole) of distilled N,N'-

- bis(chlorodimethylsilyl)tetramethyleyclodisilazane was treated with ammonia,
11.7 g. (57%) of N,N'-bis(eminodimethylsilyl)tetramethyleyclodisilazane
boiling at 98-100° (6 mm.), m.p. 35-37°, was obtained; g.l.c. analysis
(Teble VIII, Method A-3) showed N,N'-bis(aminodimethylsilyl)tetramethyl-
cyclodisilazane at 3.0 min., 92%, and an unknown impurity at 3.9 min., 8.0%.

4. N,N'-bis{dimethylmethylaminosilyl)tetramethyleyclodisilazane:
Repetition of the procedure described in AFML-TR-66-116, Part I, p. 34,
with 62.8 g. (0.19 mole) of N,N'-bis(chlorodimethylsilyl)tetramethyleyclo-
disilazane afforded 44.1 g. (73%) of N,N'-bis(dimethylmethylaminosilyl)-
tetramethylcyclodisilazane, b.p. 109-110° (3 mm.), nDO 1.4515 '[reported,
b.p. 118° (8 mm.), n=0 1.4518, AFML-TR-66-116,Part II] ; g.l.c. (Table VIII,
Method A—S),a single peak at 6.0 min. The infrared spectrum is reported
in Figure 11.

When 23.4 g. (0.0708 mole) of distilled N,N'-bis(chlorodimethylsilyl)
tetramethyleyclodisilazane was treated with methylemine, 15.1 g. (67%)
of N,N'-bis (dimethylmethylaminosilyl )’cetramethylcyclodisilazane boiling
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at 119-121° (8 m.), 11%0 1.4515, was obtained; g.l.c. analysis (Table VIII,
Method A-3) indicated the compound was 96.8% pure with a peak at 5.2 min.,
and contained 3.2% of an unidentified impurity at 1.5 min.

A repetition of the experiment with 39.3 g. of N,N'-bis(chlorodi-
methylsilyl)tetramethyleyclodisilazane gave 21.6 g. (57%) of N,N'-bis-
(@imethyimethylaminosilyl)tetramethylcyclodisilazane, b.p. 107-109° (5 mm.),
n%o 1.4517. A g.l.c. analysis indicabed the material was pure. A forerun,
10.5 g., contained 72% of the bis(methylamino)cyclodisilazane.

5. N,N'-Bis(dimethylaminodimethylsilyl)tetramethyleyclodisilazane:
A solution of 60 ml. (excess) of dimethylamine in 100 ml. of petroleum
ether, b.p. 35-60°, which was cooled in a Dry Ice-isopropyl alcohol bath
was treated with a solution of 60.5 g. (0.18 mole) of N,N'-bis(chlorodi-
methylsilyl )tetramethyleyclodisilazane in 200 ml. of petroleum ether.
After the addition was complete, the mixture was warmed to room bempera-
ture, the salts were filtered off, and the solvent was evaporated. After
a preliminary distillation, the compound was distilled on a spinning band
column to obtain 34.6 g. (54%) of W,N'-bis(dimethylaminodimethylsilyl)-
tetramethyleyclodisilazane, b.p. 118-119° (4 mm.), n%O 1.4529-1.4531 [re-
ported (AFML-TR-66-116, Part II), b.p. 122-123° (5 mm.), n%o 1.4530] . The
infrared spectrum is reported in Figure 12.

When excess methylamine in 100 ml. of petroleum ether, b.p. 35-60°, was
treated with 55.1 g. (0.167 mole) of distilled N,N'-bis(chlorodimethyl-
silyl)tetramethylcyclodisilazane, there was obtained 26.6 g. (46%) of
N,N!-bis(dimethylaminodimethylsilyl)tetramethylcyclodisilazane, b.p. 109°
(2 m.), I}%O 1.4530, g.l.c. analysis (Table VIII, Method A-3), a single

peak &t 7.2 min.

The procedure was repeated with 63.5 g. (0.19 mole) of N,N!-bis(chloro-
dimethylsilyl)tetramethylcyclodisilazane. When the product was combined
with 32.5 g. of the impure cyclodisilazane derivative from previous experi-
ments and fractionally distilled, 50.1 g. of N,N‘-bis‘(éimethylaminoéimethyl-
silyl)tetramethylcyclodisilazane, b.p. 118-120° (3.8 mm.), n80 1.4530, was
obtained; g.l.c. analysis (Table VIII, Method A-3), a single peak at 8.6 min.

A mixture of 104 g. (0.80 mole) of dichlorodimethylsilane and 118 g.
(0.40 mole) of octamethylcyclotetrasilazane was equilibrated at 175° for
52 nr. A solution of the soluble portion of the equilibration product in
500 ml. of petroleum ether, b.p. 35-60°, was added to a solution of 200 ml.
(excess) of dimethylamine in 500 ml. of petroleum ether. After a preliminary
distillation, the product was fractionally distilled on a spinning band
column to obtain 88 g. (42%) of NW,N'-bis(dimethylaeminodimethylsilyl)tetra~-
methylcyclodisilazane, b.p. 113-114° (4 m.), nZ0 1.4531-1.4535, g.l.c.
analysis (Table VIII, Method A-3) showed a single peak at 7.1 min.

32




6. N,N'-Bis(diethylaminodimethylsilyl)tetramethylcyclodisilazane:

To 18.6 g. (0.254 mole) of freshly distilled diethylamine in 75 ml. of

petroleum ether, b.p. 60-90°, was added dropwise 159 ml. of 1.6M butyl-

lithium in petroleum ether while the temperature was kept below 30°. The
mixture was then treated with 42.0 g. (0.127 mole) of N,N'-bis(chlorodi-
methylsilyl)tetramethylcyclodisilazane in 75 ml. of petroleum ether in

1 hr., stirred for 0.5 hr. at room temperature, and heated at reflux for

2 hr. After the salts were filtered off in a Celite-packed filter and the

solvent was evaporated, a preliminary distillation gave 35.1 g. of a liquid,

b.p. 110-126° (0.7 mm.). Fractional distillation on a spinning band column

gave 26.3 g. (51%) of N,N'-bis(diethylaminodimethylsilyl)tetramethylcyclo-

disilazane, b.p. 83° (0.1 mm.), nC0 1.4590 [reported b.p. 164° (12 mm.)

. n20 1.4584 (Ref. 12)]; n.m.r. peaks (cc1,) at T 10.068 [i2H, singlet,
Si(CHz), pendant], T 9.82 [12H, singlet, 8i(CHz)oring], T 9.06 (1°H,
triplet, J = 7, -CH3), and T 7.13 (8H, quadruplet, CH2); g.l.c. (Table

. VIII, Method A-3), a single peak at 8.8 min.; infrared spectrum Figure 13.

7. N,N'-Bis(anilinodimethylsilyl)tetramethylcyclodisilazane:
Repetition of the procedure described in AFML-TR-66-116, Part III, p. 27,
with 24.1 g. (0.26 mole) of freshly distilled aniline and 21.4 g. (0.065
mole) of N,N'-bis(chlorodimethylsilyl)tetramethyleyclodisilazane afforded
7.7 g. (27%) of impure N,N'-bis(anilinodimethylsilyl)tetramethylcyclodi-
silazane, b.p. 170-186°, m.p. 95-104°. Recrystallization of the dis-
tillate from petroleum ether, b.p. 30-60°, gave 3.7 g. (13%) of purer
material, m.p. 105-106°, :

8. N,N'-Bis(dimethylphenoxysilyl)tetramethyleyclodisilazanes
Repetition of the procedure described in AFML-TR-66-116, Part II, p. 36,
with 22.4 g (0.70 mole) of N,N‘-bis(methylaminodimethylsilyl)tetramethyl—
cyclodisilazane and 13.2 g. (0.14 mole) of phenol afforded 13.6 g. (44%)
N,N'-bis(dimethylphenoxysilyl)tetramethylcyclodisilazane, b.p. 148-150°
(0.5 mm. ), m.p. 44-45°. :

9. N,N'-Bis(dimethylphenylsiloxydﬂmethylsilyl)tetramethylcyclo-
disilazane: To 11.8 g. (0.0340 mole) of N,N'-bis(dimethyldimethylamino-
silyl)tetramethylcyclodisilazane in 35 ml. of toluene was added in 1 hr.
10.3 g. (0.0680 mole) of dimethylphenylsilanocl in 35 ml. of toluene. The
solution was stirred 0.5 hr. at 26°, heated slowly to 80° (1 hr.), and
maintained at 80° for 1 hr. After the solvent was stripped off, fractional
distillation of the residue gave 2.2 g. of an unidentified material boiling
between 132-170° (0.018 mm.) and 12.6 g. (66%) of N,N'-bis(dimethyl-
phenylsiloxydimethylsilyl)tetramethylcyclodisilazane, b.p. 178-180°
(0.018 mm.), nDO 1.4869, n.m.r. peaks (CCl,) at v 10.02 [12H, singlet,

cyclodisilazane Si(CHz)z], 7 9.78 [12H, singlet, 08i(CHz)o0], T 9.68
[12H, singlet, CgHsSi(CHz)00], and T 2.43-2.86 (10H, multiple, CgHs).
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Although the infrared spectrum of the distillate (Figure 1) was consistent
with the structure, adsorptions were evident in the infrared spectrum of
the r esidue (2.2 g.) indicating the presence of SioN (915 and 945 cm™L,
strong) and SipNH (1180 and 3360 cm-l, weak) groups (Figure 14).

Anal. Calcd. for CpgH4glpOpSig: C, 51.18; H, 8.23; N, 4.98; Si, 29.93.
Found: C, 51.00; H, 8.12; N, 4.88; Si, 29.37.

10. N,N'-Bis{acetamidodimethylsilyl)tetramethylcyclodisilazane
(attempted): To a mixture of 6.85 g. (0.116 mole) of acetamide in 40 ml.
of freshly dried and redistilled triethylamine was added 19.1 g. (0.058
mole) of N,N‘-bis(cblorodimethylsilyi)tetramethylcyc}_oﬁisilazane in 40 mi.
of toluene in 1 hr. After an additional 100 ml. of toluene was added, the
mixture was stirred for 4 hr. at room temperature, filtered to remove the
amine salt, and the solvent was distilled off. The residue (3.9 g.) did
not distill below 200° (0.5 mm.) and showed no carbonyl adsorption in its
infrared spectrum.

In a modification of the experiment using 34.2 g. (0.103 mole) of
N,N'-bis(chlorodimethylsilyl)tetramethyleyclodisilazane, the mixture wes
stirred for 1 hr. at room temperature, then heated at 90° for 1.5 hr. When
the product was distilled, 4.3 g. was collected boiling between 95-165°
(0.5 mm.). Carbonyl adsorption was evident in the infrared spectrum of
the distillate.

A mixture of 18.5 g. (0.0530 mole) of N,N!-bis(dimethyleminodimethyl-
silyl)tetramethylcyclodisilazane, 6.3 g. {(0.1060 mole) of acetamide,
and 20 ml. of toluene was heated at 110° for 15 hr. Dimethylamine was
evolved during the heating period. After the solvent was distilled off,
an infrared spectrum of the residue showed bands at 1170 and 935 em~t
(sipNH), 1010-1090 cm™t, broad (S5i0Si), but the cyclodisilazane bands
expected at 880 and 1020 em™L were missing.

11. N,N'-Bis[dimethyl(trimethylsilyl)amino] tetramethyleyclodisilazane
(attempted): After a solution of 14.6 g. (0.05 mole) of N,N'-bis(amino-
dimethylsilyl)tetramethylcyclodisilazane in 90 ml. of toluene was treated
with 14.7 g. (0.1 mole) of bis(trimethylsilyl)acetamide and the mixture was
stirred 3.5 hr. at room temperature, the solvent was evaporated, and the
regidue was distilled rapidly to obbtain 23.3 g. of product boiling in the
range of 80-140° (0.4 mm.). Redistillation afforded a series of fractions
boiling over the range of 90-134° (0.2 mm.). Although the infrared spectra
of all the fractions contained bands that could be correlated with the de-
sired sbtructure, they also contained carbonyl adsorption. The n.m.r.
spectra of the fractions were complex and could not be interpreted o con-
firm the siructure.




D. Synthesis of Trisilylamines and Their Derivatives

1. Bis(chlorodimethylsilyl)trimethylsilylamine: To a solution of
71.2 g. (1.95 moles) of hydrogen chloride in 500 ml. of dry ether was added
94.5 g. (0.325 mole) of hexamethyl-(N-trimethylsilyl)cyclotrisilazane over a
period of 1.5 hr. while the mixture was maintained at -60°. The mixture
was warmed to room temperature, filtered, and the solvent was distilled.
Fractional distillation afforded 59.8 g.(68%) of bis(chlorodimethylsilyl)-
trimethylsilylamine, b.p. 99-100° (10 mm.) [reported, 104-105° (12 mm.)]
(Ref. 13).

In a repetition of the experiment, a solution of 52.5 g. (0.18 mole)
of hexamethylF(N-trimethylsilyl cyclotrisilazane)in 200 ml. of ether was
treated with 39.4 g. (1.08 moles) of hydrogen chloride in 200 ml. of ether
to give 31.0 g. (64%) of bis(chlorodimethylsilyl)trimethylsilylamine,

b.p. 103° (11 mm.).

2. N-Methyl-N'-trimethylsilyltetramethylcyclodisilazane: To a solu-
tion of 25 ml. (excess) of methylamine in 200 ml. of petroleum ether,
b.p. 35-60°, was added 44.8 g. (0.155 mole) of bis(chlorodimethylsilyl)tri-
methylsilylemine in 125 ml. of petroleum ether while the temperature was
maintained below ~20°. When the mixture was warmed to room temperature,
the excess methylamine distilled. The salts were filtered off, and the
filtrate was evaporated on a rotary evaporator at room temperature. The
residue was first distilled at a temperature sufficiently low that the pot’
was not heated above 40°, then fractionally distilled to obtain 28.3 g.
(79%) of N-methyl-N'-trimethylsilyltetramethylcyclodisilazane, b.p. 48°
(7 mn.), m.p. -43 to -40°, n20 1.4272 [reported, b.p. 52-53° (7 mm.), n20
1.4273] (Ref. 13).

3. N-Phenyl-N'-trimethylsilyltetramethylcyclodisilazane: To 3.16 g.
(0.34 mole) of aniline in 50 ml. of ether was added 43 ml. (0.088 mole) of
1.6N n-butyllithium in hexane during 0.75 hr. The temperature of the reac-
tion mixture was maintained at 30-34° with the occasional use of a water
bath. After about one equivalent of butyllithium had been added, the reac-
tion mixture changed from a light brown to a greenish-yellow color, and near
the end of the addition, the solution developed a yellow color and a pré-
cipitate formed. The reaction mixture was stirred for 2.5 hr., and 9.3 g.
(0.34 mole) of bis(chlorodimethylsilyl)trimethylsilylemine in 50 ml. of
ether was then added in 1 hr. as the color of the reaction mixture changed
from yellow to purple. The reaction mixture was refluxed for 2 hr. and
filtered to obtain 2.9 g. (100%) of lithium chloride. When the filtrate
was evaporated, 9.6 g. (96%) of crude N-phenyl-N'~-trimethylsilyltetramethyl-
cyclodisilazane remained as a reddish solid residue. Two recrystallizations
from n-pentane gave 5.1 g. (51%) of the purified compound, m.p. 95-96°
(reported, m.p. 95°) (Ref. 13). ‘
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4. Tris(chlorodimethylsilyl)amine: A solution of 8.25 g. (0.226 mole)
of anhydrous hydrogen chloride in 100 ml. of ether was added to a solution
of N,N'-‘i}is(chlcroéjﬁethylsilyl)tetrazgeti’g}.cyclodisilazane in 100 mi. of
ether at -60°. The addition required 1 hr., and the mixture was stirred for
an additional hour. After the mixture was warmed to 25°, it was filtered,
stripped of solvent, and the residue was distilled to obtain 9.6 g. (55%)
of tris(chlorodimethylsilyl)amine, b.p. 103° (10 mm.); m.p. 85-90°; d.t.a.
transitions at 15° and 85-91°; n.m.r. peak (CClg) at T 9.29 [singlet,
si(CHz)p] [reported, b.p. 105° (10 mm.), m.p. 73-75°, n.m.r. peak at T 9.33]
(Ref. 1).

5. NW-Methyl-N'-dimethylmethylaminosilyltetramethylcycliodisilazane:
To excess methylamine in 100 ml. of petroleum ether, b.p. 35-60°, at -60°
was added 15.3 g. (0.0496 mole) of tris(chloroéjmethylsﬂyl)aaﬁne in 100 mi.
of petroleum ether in 0.5 hr. The mixture was allowed to warm to 25° and
was filtered. Evaporation of the filtrate afforded 13.4 g. of a clear
liquid residue. A low-temperature distillation (40° or lower) at reduced
pressure gave 12.0 g. of distillable material, which was collected in a -60°
bath. A second distillation gave the following fractions: (a) 0.7 g.,
b.p. 63-65° (5 mm.), n%O 1.4358; (b) 4.2 g., b.p. 65-66° (5 mn.), ng0 1.43%;
(c) 3.4 g., b.p. 66° (55 m.), n20 1.4402; and (4) 2.5 g., b.p. 67° (5 m.),
1’1_%0 1.4415. Fractions b, ¢, and d were identified as impure N-methyl-IN'-
dimethylmethylaminosilyltetramethylcyclodisilazane, 9.9 g. (81%); infrared
absorptions (neat) at 3450 (-NH), 1250 and 795 (CHzSi), 875 and 1070 (cyclo-
disilazane, SipN-CHz), and an impurity at 930 cm~l (SipMH); n.m.r. peaks
(cc1,) at T 10.05 (pendant €HzSi), T 9.82 (cyclodisilazane ring CHzSi),
T 7.62-7.51, four peaks (CHzWH and NCHz), and T 9.94 (unidentified impurity,
weak). The g.l.c. analysis (Table VIII, Method A-3) showed 10% impurity
in b, 12% in c, and 24% in 4.

6. Tris(dimethylaminodimethylsilyl)amine: Excess methylemine in
100 mi. of petroleum ether, b.p. 35-60°, cooled in a Dry Ice-isopropyl
alcohol bath was treated by dropwise addition with a solution of 9.6 g.
(0.030 mole) of tris(chlorodimethylsilyl)amine in 50 ml. of petroleum ether.
The mixture was allowed to warm up to room temperature, filtered, and dis-
tilled to obtain 4.0 g. of forerun boiling at 67-110° (6 mm.) and 2.0 g.
(20%) of tris(dimethylaminodimethylsilyl)amine boiling at 100-103° (0.4 mm.),
n.m.r. peaks (CCly) at T 9.86 [18H, singlet, Si(CHz)s] end T 7.60 [18H,
singlet, N(CHz)g] [reported, b.p. 100° (0.6 mm.) and n.m.r. peaks at T 9.86
and T 7.60] (Ref. 10).

7. Bis(S-Qhenyltetz‘amethylﬁisiloxanyljtr:‘methylsilyl amine and penta-
methylphenyldisiloxane: A mixture of 8.7 g. (0.030 mole) of N,N'-bis(tri-
methylsilyl)tetramethyleyclodisilazane and 13.7 g. (0.090 mole) of dimethyl-
phenylsilanol was heated to 150° in 1 hr. and at 150° for 4 hr. Distillation
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gave the following fractions: (a) 12.8 g., b.p. 96-100° (15 mm.); (b) 5.9 g.,
b.p. 104-134° (0.05 mm.); and (c) 2.3 g., b.p. 138-152° (0.05 mm.). Since
the infrared spectra of all fractions showed strong absorption at 885 cm~l
and 1025 cm~l (cyclodisilazane), the fractions were combined and heated at
150° for an additional 8 hr. A second distillation gave the following
fractions: (a) 10.8 g., b.p. 94-98° (15 mm.), a mixture of N,N'-bis(tri-
methylsilﬁl)tetramethylcyclodisilazane, dimethylphenylsilanol, and penta-
methylphenyldisiloxane; (b) 3.5 g., boiling at 98-114° (0.5 mm.), tenta-
bively identified as impure 1,3-diphenyltetramethyldisiloxane; (c) 2.3 g.,
boiling at 118-134° (0.5-0.1 mm.), unidentified; and (d) 2.9 g. (19%),

b.p. 160-166° (0.1 mm.), identified as bis(3-phenyltetramethyldisiloxanyl)-
trimethylsilyl amirie, n.m.r. peaks (CCl4) at 7 9.9%2 [12H, singlet,
NSi(CHz)s0], 7 9.89 [oH, singlet, NSi(CHz)z], T 9.65 [1°2H, singlet,
CeHs(CH3)28i0] , and T 2.33-2.75 [10H, multiplet, CgHS] ; infrared spectrum
Figure 15. Fraction (a) showed infrared absorptions at 3350 cm™l (OH), 1420
and 1118 ‘em™l (CgHs), 1050 em=l (Si0Si), and 885 and 1025 cm™ (cyclodi-
silazane); (b) had bands at 1420 and 1118 cm™L (CgHs)> 1050 cm-l,broad
(si0Si), and 925 and 950 em™t (SioN); and (c) had bands at 1420 and 1180 cm™L
(CgHs), and 1050 em™L (8108i), and 925 and 950 em™t (SiSN).

Anal. Calcd. for CozH,sNOoSi: C, 54.58; H, 8.56; N, 2.76; Si, 27.75.
Found: C, 54.60; H, 8.75; N, 2.81; Si, 27.70.

8. Tris(3-phenyltetramethyldisiloxany)amine (attempted): A mixture of
6.4 g. (0.020 mole) of N,N'-bis(dimethyimethylaminosilyl)tetramethyleyclo-
disilazane and 15.2 g. (0.1 mole) of dimethylphenylsilanol was heated at 110°
for 18 hr. The evolution of methylamine was noted. A flash distillation
gave 15.6 g. of product boiling from 86° (0.3 mm.) to 174° (0.03 mm.). Re-
distillation gave the following fractions: (a) 6.3 g. of impure 1,5-diphenyl-
hexamethyltrisiloxane, b.p. 98-110° (0.03 mm.), n%o 1.5069 [reported,

b.p. 178° (13 m.), n%5 1.4913] (Ref. 14); n.m.r. peaks (CCly) at 7 9.9

[4s1, singlet, 081(CHz)p0], T 9.69 L12H, singlet, CgHsSi(CHz)p0], and T 2
2.37-2.83 (10H, multiplet, CgHs); (b) 2.5 g., b.p. 120-138° (0.03 mm.), np
1.4868; (c) 3.4 g., b.p. 142-160° (0.03 m.), n%o 1.4813; (d4) 0.9 g., b.p.
162-164° (0.03 mm.), ng0 1.4838; and 1.2 g. of liquid residue, nS0 1.4839.

Fractions (b) (c) and (d) and the residue showed infrared adsorptions de-
creasing in intensity at 1050 em™L (8i08i) and increasing in intensity for
the band at 885 and 1010 cm~L (cyclodisilazane). A band at 940 cmL (SigN)
was present in all fractions. Fraction (c) had n.m.r. peaks (CCly) at r 10.02
[singlet, Si(CH3), pendant to cyclodisilazene], T 9.97 (singlet), T 9.80
[singlet, Si(CHz), ring cyclodisilazane], . 9.69 [singlet, CgHg-Si(CHz)o0] ,
and t 2.37-2.81 (multiplet, CgHs)- T
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E. Condensation Polymerization Reactions

1. Polymers from bis(p-dimethylhydroxysilylphenyl) and
N,N'-bis(dimethylaminodimethylsilyl)tetramethylcyclodisilazane:

a. Preliminary experiments: A mixture of 1.7445 g. (0.005001
mole) of N,N'-bis({dimethylaminodimethylsilyl)tetramethylcyclodisilazane
and 1.5%28 g. (0.00500L mole) of bis(p-dimethylhydroxysilylphenyl) ether
in 10 ml. of xylene was heated at reflux for 6 hr. After being cooled,
the polymer solution was filtered, the solvent was distilled and the resi-
due was heated to 150° (0.1 mm.) for 1 hr., and 2.9 g. (100%) of an elastic
golid was obbtained. The polymer was not completely soluble in toluene.

Approximately 0.00500 mole of the diol and 0.00500 mole of the
cyclodisilazane were mixed and heated under the conditions indicated in
Table XII. The resulting polymers were screened for their solubility in
toluene.

b. Preparation of polymer samples:s To 19.1 g. (0.055 mole) of
chromatographically pure N,N'-bis(dimethylaminodimethylsilyl)tetramethyl-
cyclodisilazane in 100 ml. of toluene was added 15.9 g. (0.050 mole) of
bis (E-ﬁimethy}hydrayysﬂ:ﬁ.phenyl) ether, and the mixture was stirred until
the diol dissolved (1 hr.). The solution was transferred to a 250-ml.
fiask, placed on a rotary evaporator, and toluene was stripped off at re-
duced pressure while the water bath was maintained at 40° or below. The
water-bath temperature was then increased slowly while the flask was rotated
at water pump pressure. After 0.5 hr. (temperature 75°) the polymer foamed
and ceased being fluid. The flask was removed from the rotary evaporator
and 31.9 g. (110%) of a tacky, elastic polymer, with an inherent viscosity
in toluene (0.5% concentration, 30°) of 0.21, was obtained. Additional
polymerizations are reported in Table XIIT.

¢. Preparabion of polymer for characterization: After 7.3105
g. (0.02096 mole) of N,N'-bis(dimethylaminodimethylsilyl)tetramethyleyclo-
disilazane in 45 ml. of toluene was treated with 6.689L g. (0.02100 mole)
of bis(g-&j:aethyl}aydroxysiﬁlphenyl) ether in 1 hr. at 26°, the mixture be-
came homogeneous in 0.5 hr., but was stirred for an additional 1.5 hr. The
infrared spectrum of the residue that was obtained after the solvent was
removed in a robtary evaporator showed absorptions at 1060 em™L (SiEG),
1010 and 885 cm™l (cyclodisilazane), and 940 and 905 cm™l (SioN or Si=N).
When the residue was heated to 53° over a period of 0.75 hr., gelation
occurred. Heating was continued to 80° over 1 hr. to obtain 12.6 g. (104%)
of a rubbery solid polymer that was stored under vacuum for three days. A
sample of the polymer was 4% soluble in toluene after being mixed with the
solvent for 20 hr. The infrared spectrum of a sample of the polymer is
reported in Figure 3. )
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. TABLE XITI

FOLYMER SAMPLES FROM BIS(p-DIMETHYLHYDROXYSILYLPHENYL) ETHER AND
N,N ' -BIS ( DIMETHYTLAMI NODIMETHYT,STLYL ) TETRAMETHY .CY CLODISITAZANE

Mole Ratio Final ,
Experi- of Diocl Polymeriza- Polymer
ment to Cyclo~ tion Tempera- Weight Yie1d® Tnherentt/ Infrared

No. disilazane ture (°C) (z.) (%) Viscosity Spectra
1 1:1 69 30.2 106  Not com-  Fig. 16
: ‘ pletely
soluble
2 1:1.05 6t 22 12 0.24 Fig. 17
3 1:1.1 75 31.9 110 0.21 .  Fig. 18
4 1.1:1 64 3.8 108  Not com-  Fig. 19
pletely
soluble

a/ Calculated on the basis of the limiting molar quantity of monomer.
b/ In toluene at 30°, 0.5% concentration.

The polymer was soluble to an extent of less than 20% in l-methyl-2-pyr-
rolidinone, Methylacet&m:.ﬁe , betrahydrofuran, hexa.methylphcsphcramlé.e,
éme‘shylsulfex:.&e .

Anal. Calcd. for CposHgaNoOzSig: C, 49.94, H, 7.68; N, 4.85;
Si, 29.20. Found: C, 49.68; H, 7.72; N, 4.71; Si, 29.00.

2. Polymers from gphenylenebis(ﬁizﬁethylsilancl) and N,N*-bis(dimethyl-
aminodimethylsilyl )tetramethylcyclodisilazanes

a. Preliminary experiment: A mixture of 4.678 g. (0.0207 mole) of
p-phenylenebis(dimethylsilanol) and 7.208 g. (0.0207 mole) of N,N'-bis(di-
methylaminodimethylsilyl)tetramethyleyclodisilazane in 35 ml. of toluene
was stirred for 1 hr. Since aboub one-half of the diol remained insoluble,
the contents were transferred to a one-necked 100-ml. flask and rotated on
a rotary eveporator at.40°. After the diol dissolved (0.5 hr.), the solvent
was flashed off, and the residue was heated to 73° in 25 min. At a tempera-
ture of 78°, the polymer bloomed. The flask was removed, cooled, and 10.0
g. (1004 yield) of a tacky, elastic, clear gum was obtained. The polymer
wes not completely soluble in toluene.
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b. Preparation of polymer for characterization: A mixture of
5.6048 g. (0.02475 mole) of p-phenylenebis(dimethylsilanol) and 8.6464 g.
(0.02479 mole) of N,N*-bis(dimethylaminodimethylsilyl)tetramethylcyclodi~
silazane, and 45 ml. of toluene was mixed on a rotary evaporator until the
diol dissolved (4 hr.). After the solvent was evaporated and the polymer
was heated at 50° for 1 hr., the residue showed infrared absorptions at
1070 em™L (8ip0), 1020 and 885 cm™ (cyclodisilazane), and 945 and 910 cm™L
(SipN or 8izN). When heating was continued at 56° for an additional 0.25
hr., the polymer gelled. The polymer yield was 12.2 g. (102%). No sig-
nificant changes were observed in the infrared spectrum of the polymer
(Figure 20) after it was stored under vacuum for three days. A sample of
the polymer wes 38% soluble in toluene after being mixed with the solvent
for 20 hr.

Anal. 'Calcd. for CygHaoNoOoSigs C, 44.57; H, 8.31; N, 5.78; Si,
34.74. Found: C, 44.03; H, 8.26; N, 5.78; Si, 34.66.%

3. Comparative polymerizations of bis(gfdimethylhydroxysilylphenyl)
ether and the amino, methylamino, and dimethylamino derivatives of N,N'~bis-
(dimethylsilyl)tetramethylcyclodisilazanes

a. With N,N'-~bis(dimethylaminodimethylsilyl)tetramethylcyclo-
disilazane: A mixture of 1.5925 g. (0.00500 mole) of bis(p-dimethylhy-
droxysilylphenyl) ether, 1.7400 g. (0.00499 mole) of the cyclodisilazane,
and 20 ml. of toluene was mixed in a rotary evaporator at 0° for 2.5 hr.
and at 10° for 1 hr. without effecting solution. After 3 hr. at 15°, the
diol dissolved. Subsequently, the toluene was evaporated at 30° to obtain
a liquid residue that gelled after storage for 72 hr. at room temperature.
The infrared spectrum of the liquid product is reported in Figure 21.

b.  With N,N'-bis(dimethylmethylaminosilyl)tetramethylcyclodi-
silazane: When 1.5925 g. (0.00500 mole) of bis(p-dimethylhydroxysilyl-
phenyl) ether, 1.6000 g. (0.00500 mole) of the cyclodisilazane, and 20 ml.
of toluene were mixed in a rotary evaporator at 37°, the diol dissolved
after 3 hr. After the solvent was evaporated, the infrared spectrum of the
clear liquid residue showed bends at 3400 cm™ (SiOH), 1050 ecm™L (Sin0),
1025 and 885 cm™l (cyclodisilazane), and 955 and 930 cm™L (SizN or SioN).
The residue was heated at 38° for 1 hr. and subsequently at 80° for 1 hr.
The infrared bands assignable to SiO0H and cyclodisilazane became weaker and
those assignable to $150 and 8izN or SioN became stronger (Figure 22). When
heating was continued 85-90° for 2 hr. and then at 130° for 1.5 hr., gelation
occurred.

% The analyst reported that this polymer was extremely refractory.
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¢. With N,N'-bis{aminodimethylsilyl)tetramethylcyclodisilazanes
A mixture of 1.5%5 g. (0.00500 mole) of bis(p-dimethylhydroxysilylphenyl)
ether, 1.4600 g. (0.00500 mole) of the cyclodisilazene, and 20 ml. of toluene
was heated in a rotary evaporator for 2 hr. at 40° and for 2 hr. at 50°
before the diol dissolved. After the toluene was evaporated, some of the
diol reprecipitated, but was redissolved after 2 hr. at 50°. The infrared
spectrum of the viscous liquid residue showed absorptions at 3400 en~L
(siom), 1050 em=1l (8ip0), 1025 cm™t (cyclodisilazane) and at 955 and 930
em=l (SizN or SipN). This residue was heated at 80° for 2 hr. and at 130°
for 1.5 hr. withoul gélation occurring. The final infrared spectrum is
reported in Figure 23.

4. Polymers from N,N'-bis(diethylaminodimethylsilyl)tetramethylcyclo-
disilazane with bis(p-dimethylhydroxysilylphenyl) ether: After 2.0470 g.
(0.005050 mole) of pure N,N'-bis(diethylaminodimethylsilyl)tetramethyl-
cyclodisilazene and 1.6084 g. (0.005050 mole) of bis(p-dimethylhydroxysilyl-
phenyl) ether in 10 ml. of toluene were mixed in a rotary evaporator at
room temperature for 1 hr., the mixture was heated slowly in the water bath
to 50° to dissolve the diol. The toluene was distilled out at reduced pres-
sure while the bath temperature was increased slowly to 85°. After 3 hr.
at 85°, 3.0 g. of a gumy polymer that swelled in toluene was obtained.

In a similar experiment 2.0279 g. (0.005008 mole) of N,N'-bis(diethyl-
aminodimethylsilyl)tetramethylcyclodisilazane and 1.5950 g. (0.005008 mole)
of bis(p-dimethylhydroxysilylphenyl) ether in 10 ml. of toluene were heated
slowly to 50° on a rotary evaporator unbil the diol dissolved. Toluene was
removed at reduced pressure and the residue was heated to 85° in 1 hr. and
then at 85° for 1.5 hr. under reduced pressure. The toluene~soluble, gummy
polymer (3.0 g.) had an inherent viscosity of 0.36 (0.5% in toluene, 30°).

In another experiment 2.0260 g. (0.005003 mole) of N,N'-bis(diethyl-
aminodimethylsilyl)tetramethylcyclodisilazane and 1.5935 g. (0.005003 mole)
of bis (R-éﬁnethy}h},rdroxysiJlehenyl) ether in 10 ml. of xylene were re-
fluxed for 6 hr. The mixbture was filbered, the solvent was evaporated, and
the residue was heated at 150° (0.1 mm.) for 1 hr. A toluene-soluble, gummy
polymer (3.0 g.) with an inherent viscosity of 0.77 (0.5% in toluene, 30°)
was obtained. The infrared spectrum is reported in Figure 24.

Both of the soluble polymers became partly insoluble after storage for
eight days.

Repetition of the procedures in vwhich the monomers were heated in boil-
ing xylene, but with a molar deficiency of the cyclodisilazane monomer, gave
the following results: with a 5% molar deficiency, 86% of an elastic gum
with an inherent viscosity of 0.21; with a 2% molar deficiency, 85% of an
elastic gum that swelled in toluene.
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5. Polymer from bis(p-dimethylhydroxysilylphenyl) ether and N,N'-bis-
. (dimethylsilyl)tetramethylcyclodisilazane

a. Preliminary experiments with sodium hydride as catalyst:
When 1.5924 g. (0.00500 mole) of bis(p-dimethylhydroxysilylphenyl) ether,
1.3136 g. (0.00500 mole) of N,N'-bis(dimethylsilyl)tetramethylcyclodi-
silazane, 0.0100 g. of sodium hydride (used as a 61% dispersion in mineral
0il), and 10 ml. of toluene were heated at 110° for 2.5 hr., no reaction
occurred. Heating was continued between 110-186° for 1 hr. after the tolu-
ene was evaporated and 145 ml. (59%) of hydrogen was collected. The residue
(2.9 g., 100%) was a reddish solid that was mostly insoluble in toluene.

- In a second experiment, 1.5927 g. (0.00500 mole) of bis(p-di-
methylhydroxysilylphenyl) ether, 1.3142 g. (0.00500 mole) of N,N'~bis(di-
methylsilyl)tetramethylcyclodisilazane, 0.0188 g. of sodium hydride, and
10 ml. of xylene was heated slowly to reflux. Hydrogen evolution began at
84°, and after 5 hr. at 136°, 216 ml. (88%) of the expected hydrogen was
collected. When the polymer solution was filtered, and the solvent was
evaporated, the residue being heated to 150° (0.1 mm.), 2.3 g. (80%) of a
polymeric gum was obtained with an inherent viscosity in toluene of 0.12.

-~ The infrared spectrum is reported in Figure 25. Additional heating at 150°
(0.1 mm.) increased the inherent viscosity to 0.21 without rendering the
polymer insoluble. After 18 days, the polymer was still toluene-soluble.

Two repetitions of the experiment with minor experimental modifi-
cations gave essentially the same results. In one of the experiments, the
silanol, sodium hydride, and xylene were heated until the sodium hydride
dissolved, the mixture was cooled to 50° and then treated with the silyl
hydride. The inherent viscosity of the product polymer was 0.17.

b. Preliminary experiment with sodium bis(trimethylsilyl)amide
as catalyst: When 1.5925 g. (0.0050 mole) of bis(p-dimethylhydroxysilyl-

. phenyl) ether, 1.3134 g. (0.0050 mole) of N,N'-bis(dimethylsilyl)tetramethyl-
cyclodisilazane, 0.010 g. of sodium bis(trimethylsilyl)amide, and 5 ml. of
xylene were heated at 133° for 2.5 hr., 105 ml. (40%) of the hydrogen was
collected. The formation of water was observed during the heating period.
After the polymer solution was filtered, the solvent was evaporated, and
the residue was heated at 150° (0.1 mm.) for 1 hr., 3.4 g. (117%) of a
polymer with an inherent viscosity of 0.04 in toluene was obbtained. The
infrared spectrum of the product was similar to the spectrum of the homo-
polymer from bis(p-dimethylhydroxysilylphenyl) ether (Figure 2), except for
bands at 2110 cm™L (SiH), 987 em™l, 940 cm™l, and 905 cm ™l (SioN), and
different from the spectrum of the copolymer.

c. DPolymerization series: In a series of polymerization reac-
tions 1.5925 g. (0.005000 mole) of bis(p-dimethylhydroxysilylphenyl) ether,
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1.3134g. (0.005000 mole) of N,N‘—b:‘.s(dﬁne‘thylsilyl)tetramethylcyclodisila-
zane and 0.015 g. of sodium hydride (free of mineral oil) in 10 ml. of
xylene were heated to reflux for 6 hr. The reaction mixture was cooled,
filtered, and devolatilized at 150° (0.1 mm.). The results of this experi-
ment and other similar experiments are reported in Table XIV.

Except for polymer No. 4, which was a homopolymer of bis(g—di—
methylhyﬁro;qsi}_ylphenyl) ether, the infrared spectra of the polymers were
similar. A typical spectrum is reported in Figure 4. Solubilities and
viscosities determined after specified periods are reported in Table XV.

6. Polymerization of bis(g—d:‘methymyﬁrowsilyl};heny}_) ether with the
equilibration polymer from hexamethylcyclodisilazane and dichlorodimethyl-
silané: TIn a series of polymerization reactions 1.3170 g. of an equilibra-

tion polymer (see paragraph IV.F.2 ) with 0.3185 g. (0.0010 mole), 0.6360 g.

(0.0020 mole), 1.2720 g. (0.0040 mole), 1.9080 g. (0.0060 mole), and 2.5440
g. (0.0080 mole) s respectively, of bis(E-dﬁnethylhydromsilylphem}.) ether

in 5 ml. xylene were heated at reflux for 6 hr. The mixtures were filtered,

evaporated, and heated at 150° (0.1 mn.) for 1 hr. The experiments are
sumarized in Teble XVI. The infrared spechra of two of the polymers,
Figures 26 and 27, demonstrate the decrease in intensity of the SipN band
at 920 cm™l with increase in the diol concentration. ‘

In another experiment, 2.000 g. of an equilibration polymer was pre-
pared by heating 65.7 g. (0.30 mole) of hexamethylcyclotrisilazane with
38.7 g. (0.30 mole) of dichlorodimethylsilane to 319° in 48 hr., treating
the cooled equilibration product with dimethylamine. The dimethylamine
derivative was heated to 332° (0.15 mm.) and then heated at 80° for 7 hr.
with 1.5 g. (0.035 mole) of dry ethanol and 5 ml. of benzene. Titration
of the amine that distilled from the mixture indicated that 1.089 meq. of
dimethylamine had been displaced by the ethanol. Subsegquently, 2.000 g. of

the equilibration polymer, 0.174 g. (0.00054 mole) of bis(p-dimethylhydroxy-
silylphenyl) ether, and 5 ml. of xylene were heated at 140° for 6 hr. After

the solvent was distilled out and the residue was heated at 150° (0.1 mm.),

2.0 g. of a waxy polymer with an inherent viscosity of 0.07 in toluene (0.5%

at 30°) was obtained. Except for some reduction in the intensity of the
absorption due to dimethylamino groups at about 990 cm"l, there was very
little difference in the infrared spectra of the oligomer before and after

it was treated with the diol. Broad adsorption bands in the 1000-1060 em~L

region indicated the presence of oligocyclodisilazanes in both materials.
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TABLE XV

STORAGE STABILITY OF POLYMERS IN TABLE XIV

Initial Time Final
Polymer No. Tinh (aays) ~ Tinh
1 0.15 112 ’ 0.15
2 0.15 111 0.15
3 0.12 111 0.10
4 0.04 - 110 ‘ ©0.08
5 0.18 49 0.14
104 0.14
6 0.12 109 0.11
7 0.17 49 0.24
8 0.08 - 103 0.08
9 0.19 ~ 42 0.24
104 a/
10 0.08 102 - 0.08
11 0.12 102 ©0.10
12 0.13 %8 0.15
13 0.12 97 0.10
14 0.13 % 0.12
15 0.14 30 0.14
90 0.15
16 0.46 25 a/
17

a/ Not completely soluble.

0.17 25 Y

46




+o8er0n8 JO sLep 6 IoqJe oTANTos ATegaTdwod 30N
‘sfep LT J9aJe STAnTos ATegeTdwod 40U pue o8exoqs Jo sfep QT I0338 82°0
*o8ea01s Jo sfep Og 4993® 6T°0
‘s8ex0qs Jo sfep Tg 48338 LT°O

BEEE

PINDTT 4308l [ovL0 A S oLTE T 0800°0 0¥%35° 2 0T
"PTNDIT £oel 2o AR g OLTS"T 0L00°0 9622 2 6
PTODTT £NoRl /o1e0 8°2 g 0LTE T 0900°0 0806°T 8
PINDTT 5[0l ¢T 0 T2 S 0LTe T G500°0 8TSL°T L
PTTOS °T4s®TH POTToMS L2 g 0LTe"T 0S00°0 Gees T 9
PITOS OTAS®TH pPoTToMg 72 S OLTC"T 0700°0 rAXANN g
PTTOS OT4SeTH pOTTeME 22 g oLTS T G200°0 L¥TT" T ¥
wnH LT°0 c'3 g 0LTS'T 0200°0 GGS6°0 ¢
wny /alTo 8'T S 0LTe"T 0200°0 09¢9°0 2
wny /ST°0 9°T S 0LTS"T 0T00°0 G8TS 0 T
SOT}STa030BICUD (0% 28 QUenfo} UT %5°0) (°5) M (°T®) "ToA (*3) "am STOW (*3) ‘M *oN
TeoTsAUg £9TSODSTA QUDISUUTL JOUWATOS  QUSATOS JAUWATOT aoujE (TAUSUATATES UaWT IodxY

UOT4eIqTTINDE  =AxorpAyTAuseurp-ad)sTd

IOl NOLIVEATTIA0E HILM Uanid (TANEEITAIISAXOSQAHIARIANIA-0)SIE 40 NOILVZIYENATOL

INX TIEVL

47




7. Polymer from bis(p-dimethylhydroxysilylphenyl) ether and N,N'-bis-
(dimethylphenoxysilyl)tetramethylcyclodisilazane (attempted): A mixture of
1.5924 g. (0.00500 mole) of bis(p-dimethylhydroxysilylphenyl) ether and
2.2341 g. (0.00500 mole) of N,N'-bis{dimethylphenoxysilyl)tetramethyleyclo-
disilazane was heated in a Wood's metal bath at a pressure of 25 mm. for
3 hr. at 120°, 2 hr. at 140°, and 4 hr. at 180°. The residue, 3.8 g. of a
viscous liguid, solidified on standing. The formation of phenol was not
detected during this experiment. An infrared spectrum of the residue showed
strong bands at 1580 and 1480 cm~l (CgHs).

8. Polymer from bis(dimethylsilyl)trimethylsilylemine and bis(p-di~
methylhydroxysilylphenyl) ether: A mixture of 1.5935 g. (0.005003 mole) of
bis(p-dimethylhydroxysilylphenyl) ether, 1.0282 g. (0.005003 mole) of bis-
(dimethylsilyl)trimethylsilylamine, 0.025 g. (1 wbt. %) sodium hydride (ob-
tained by washing 0.0420 g. of a 61% dispersion in mineral oil three times
with 2-ml. portions of xylene), and 10 ml. of xylene was heated at 130° for
6 hr. during which time 78 ml. (30%) of hydrogen was collected. After the
solution was filtered and the solvent evaporated, 0.8 g. (80%) of bis(di~
methylsilyl)trimethylsilylamine was recovered by vacuum distillation. When
the residue was heated at 180° (0.1 mm.) for 1 hr., 1.5 g. (57%) of a polymer
with an inherent viscosity (0.5% in toluene) of 0.40 was obtained. The in-
frared spectrum, Figure 2, indicated that the residue was a homopolymer of
bis(p-dimethylhydroxysilylphenyl) ether.

9. Polymer from bis(p-dimethylhydroxysilylphenyl) ether and N,N'-bis-
(anilinodimethylsilyl)betramethyleyclodisilazane (attempted): To 1.5925 g.
(0.00500 mole) of bis(p-dimethylhydroxysilylphenyl) ether wes added 2.2247
g. (0.00500 mole) of N,N'~bis(anilinodimethylsilyl)tetramethyleyclodisilazane
in 10 ml. toluene. The mixture was refluxed for 2 hr., the solvent was
distilled off at atmospheric pressure, and the residue was heated at 150°
(0.1 mm.) for 2.5 hr., at 180° (atm.) for 2.5 hr., at 180° (85 mm.) for 5
hr., and at 180° (0.05 mm.) for 6 hr. No aniline distilled and the residue
weighed 3.6 g. (> 100% recovery of monomers).

¥. Eguilibration Reactions

1. Polymerization of hexamethylcyclotrisilazane with ammonium bromide
at 175°: A mixture of 25.5 g. (0.11660 mole of hexamethylcyclotrisilazane
and 9.8 g. (0.100 mole) of ammonium bromide was heated at 175° for 65 hr.

The evolution of ammonia was noted. The soluble portion of the residue was
dissolved in 50 ml. of petroleum ether, b.p. 60-90°, and added to 25 ml. of
dimethylamine in 100 ml. of petroleum ether, while the mixbure was cooled

in an isopropyl alcohol-Dry Ice bath. The salts were filtered off, and the
solvent evaporated. Distillation gave 3.1 g. of unchanged hexamethylcyclo-
trisilazane, b.p. 86-108° (31 mm.),and 2.1 g. of octamethylcyclotetrasilazane,
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b.p. 95-110° (11-0.05 mm.), both identified by their infrared spectra. The
. residue, 14.0 g., was not distillable at a pot temperature of 220° (0.05
' mm.). The infrared spectrum is reported in Figure 28. The molecular weight,
cryoscopically in benzene, was 1500,

A 5.2-g. sample of the residue was heated at reduced pressure to a pot
temperature of 329°, and 0.4 g. of oligomeric oils, boiling range 224-249°
(0.06 mm.), was distilled. The polymeric residue, 4.8 g., was a viscous
oil. The infrared spectrum of the sample had not chenged significantly.
N.m.r. peaks were observed at T 10.03, 10.00, 9.94, 9.84, and 9.75, which
are shown in Figure 37.

. Anal. Found: C, 34.97; H, 9.44; N, 15.6; Si, 39.88.

A similar experiment with 22.7 g. (0.10370 mole) of hexamethylcyclotri-
. silazane and 2.2 g. (0.02250 mole) of ammonium bromide gave on distillation
2.4 g. of unchanged hexamethylcyclotrisilazane, b.p. 92~106° (31 mm.), and
0.5 g. of octamethylcyclotetrasilazane, b.p. about 90° (3 rm.), both iden~-
tified by their infrared spectra. The residue, 15.7 g., was not distillable
at a pot temperature of 220° (0.06 mm.). The infrared spectrum was similar
in all respects to the spectrum of the first sample. The molecular weight,
cryoscopically in benzene, was 1905.

In another experiment, the equilibration polymer was quenched with
ammonia and subsequently thermolyzed in order to compare the properties of
a material prepared in this mammer with the properties of the material re-
ported by Krueger (Ref. 4). A mixture of 21.9 g. (0.10 mole) of hexamethyl-
cyclotrisilazane and 6.45 g. (0.050 mole) of dichlorodimethylsilane was heated
at 175° for 65 hr. The portion soluble in 50 ml. of petroleum ether, b.p.
60-90°, was added to excess ammonia in 100 ml. of petroleum ether previously

" cooled in an isopropyl alcohol-Dry Ice Bath. The mixture was filtered, the

solvent was distilled, and the residue was heated to 350° in a short-path

) distillation apparatus. The distillate, 11.7 g., which boiled in the range
of 92° (10 mm.) to 246° (0.36 mm.), was separated, and the gummy residue,
9.4 g., was examined. The infrared spectrum of the residue differed firom
the spectrum of the dimethylamine-guenched polymer only in the absence of
a band at 985 cnm~l [N(CH3)2] and the strengthening of the band at 1010 cm~t
(oligocyclodisilazane). N.m.r. peaks were observed in CCl, at T 10.01,
T 9.97 (strong), T 9.92, and ¢ 9.75 (strong) and in benzene at r 9.74, and
- 9.54. Krueger observed peaks in CCly at  9.98 and 7 9.75.

2. DPolymerization of hexamethylcyclotrisilazane and dichlorodimethyl-
silene at 175°: After 21.9 g. (0.100 mole) of hexamethylcyclotrisilazane
and 6.45 g. (0.050 mole) of dichlorodimethylsilane were heated at 175° for
65 hr., the soluble portion of the residue was dissolved in 50 ml. of
petroleum ether, b.p. 60-90°, and added to 25 ml. of dimethylamine in 100 ml.
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of petroleum ether, while the mixbture was cooled in an isopropyl alcohol-
Dry Ice bath. The salts were filtered off and the solvent evaporated.
Distillation gave 3.5 g. of material boiling at 86° (8 mm.) to 167° (0.04
mn.) with an infrared spectrum (neat) similar to the spectrum of N-(3-di-
methylaminotetramethyldisilazanyl)-N*-dimethylaminodimethyls ilyltetramethyl-
cyclodisilazane). The residue, not distilleble at a temperature of 220°
(0.04 m.), weighed 19.3 g. The infrared spectrum is reported in Figure 29.
The molecular weight, cryoscopically in benzene, was 1036.

A 7-g. portion of the residue was heated to a pot temperature of 325°
and 1.8 g. of an oligomeric oil, boiling range 195-274° (0.04 mm.), was
collected. The polymeric residue, 5.2 g., was a viscous oil. The infrared
spectrum had not changed significantly. N.m.r. peaks were observed at
T 10.02, 9.99, 9.96, 9.85, 9.82, and 9.74 (Figure 38) in CCly and at T 9.87,
9.81, 9.73, 9.64, 9.60, and 9.54 in CgHg.

Anal. Found: C, 35.39; H, 9.38; N, 14.93; Si, 40.24,

A similar experiment with 21.9 g. (0.10 mole) of hexamethylcyclotri-
silazane and 2.27 g. (0.0182 mole) of dichlorodimethylsilane (mole ratio,
5.5:1) gave on distillation 4.8 g. of unchanged hexamethylcyclodisilazane,
b.p. 90-105° (30 mm.) and 1.5 g. of octamethylcyclotetrasilazane, b.p. about
100° (3 mm.), both identified by their infrared spectra. The residue, 12.7
g. of a viscous liquid, was not distillable at a pot temperature of 220°
(0.04 mm.). The infrared spectrum (Figure 30) showed a somewhat broader
and stronger SioNH band in the 900-950 em™L region and weaker cyclodisilazane
bands at 880 and 1030 cm™L than were observed in the previous experiment in
vhich a 1:2 mole ratio of reactants was used. The molecular weight,
cryoscoplcally in benzene, was 1627,

The following describes the preparation of an oligomer that was used
in condensation reactions with ethanol and arylene disilanols.

After 43.8 g. (0.20 mole) of hexamethylcyclotrisilazane and 12.9 g.
(0.10 mole) of dichlorodimethylsilene were heated at 175° for 65 hr., the
portion of the residue soluble in 100 ml. of petroleum ether, b.p. 60-90°,
was added to 30 ml. of dimethylemine in 100 ml. of petroleum ether, while
the mixture was cooled in an isopropyl alcohol-Dry Ice bath. The salts
were filtered off and the solvent evaporated. Distillation to a pot tem-
perature of 320° gave 23.1 g. of oligomers, boiling range 58° (200 mm.) to
310° (0.07 mm.) and 26.5 g. of a viscous liquid polymer. The infrared and
n.m.r. spectra were not different from the spectra of the oligomer that had
been obtained by equilibrating the same mole ratios of monomers.

A mixture of 6.6 g. (0.0050 mole, molecular welght, 1317, calculated
on the basis of the n.m.r. spectrum assuming two NMeos groups per molecule)
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of the oligomers and 2.7 g. (0.06 mole, a 12-fold excess) of dry ethanol
was refluxed at 77° for 24 hr. The mixbure became homogeneous when it was
heated. Distillation gave 2.0 g. (74% recovery) of ethanol, b.p. 78°,

and no other distillate when the residue was heated to 225° (0.035 mmm.).

The residue, 6.5 g., was slightly colored; the infrared spectrum (Figure 31)
was similar to the spectrum of the original material except for the disap-
pearance of the band at 990 cm~l [W(CHz)s] and the appearance of new bands
at 1075 and 1105 cm~l (SiOCoH5). N.m.r. peaks (CCly) were not changed in
the T 9.70-10.05 region but the peak at 7 7.57 [W(CHz)o] was replaced by
peaks at T 8.80 (triplet, CHz) and T 6.27 (quadruplet, CHp-0).

3. Polymerization of hexamethylcyclotrisilazane and dichlorodimethyl-
silane above 300°:

a. @,w-Chlorodimethylsilated oligomeric cyclodisilazanes:

/
(.FH3 Si CHz
Cl-5i—N N—->si Cl
3| Si  CHz

By the procedure described by Fink (Ref. 12), 43.8 g. (0.20 mole) of hexa-

methyclclotrisilazane and 25.8 g. (0.20 mole) of dichlorodimethylsilane

were heated at 280-303° for 48 hr. The residue solidified on cooling. When

the portion of the residue soluble in 25 ml. of petroleum ether, b.p. 60-90°,

was distilled through a short-path column, the following fractions were

obtained: (1) 12.0 g. of impure N,N'-bis(chlorodimethylsilyl)tetramethyl-
- cyclodisilazane (n = 1), b.p. 144-164° (44 mn.), m.p. 64-70°; (2) 5.0 g.
of impure oligomer (n = 2), b.p. 108-130° (0.04 mm.), m.p. 57-65° |reported
b.p. 118° (0.05 mm.), m.p. 43.5] (Ref. 12); (3) 10.3 g., a mixture of
oligomers (n =2 and n = 3) and -NH-S8i(CHz)oCl terminated oligomers (n = 2)
boiling at 132-165° (0.04 mm.), liquid [reported b.p. 118° (0.05 mm.), 186°
(0.01 mm.), and 144° (0.0L mm.), respectively] (Ref. 12); (4) 5.1 g. of a
mixture of oligomers boiling at 166-189° (0.04 mm.); (5) 8.9 g. of impure
oligomer (n = 3) boiling at 196-235° (0.04 mm.), melting at 71-87° [re-
ported b.p. 186° (0.0L mm.), m.p. 109-110°] (Ref. 12); (6) 6.3 g. of impure
oligomer (n = 4) boiling at 238-281° (0.04 mm.) [reported b.p. 248° (0.0L
mm.), m.p. 93°] (Ref. 12); and (7) 7.0 g. of a waxy solid residue. The
infrared spectra of the fractions were similar in that the cyclodisilazane
bands at 1040 and 880 cm™l were present in all fractions. An additional
band appears at 1010 em™t in fraction 2 which becomes progressively stronger
and broader as the boiling temperature increases. The cyclodisilazane band
at 880 cm™l also becomes broader. ' '
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b. o,w-Dimethyldimethylaminosilated oligomeric cyclodisilazanes:

cus| Ssil  CH

sl S l\ o
(CHz)oN-S1i1-N  W—Si—-N(CHz)o

Hz| 81 CHz

A mixture of 65.7 g. (0.30 mole) of hexamethylcyclotrisilazene and 38.7 g.

(0.30 mole) of dichlorodimethylsilane was heated to a final temperature of

319° in 48 hr. The portion soluble in 100 ml. of petroleum ether, b.p. ' *
60-90°, was added to 75 ml. (excess) of dimethylamine in 100 ml. of petroleum

ether in an isopropanol-Dry Ice bath. The mixture was filtered, the sol- '
vent was evaporated,from the filtrate, and the residue distilled through a °
short-path column to obtain: (1) 9.5 g. of N,N'-bis(dimethylaminodimethyl-
silyl)tetramethylcyclodisilazane (n = 1) boiling at 89-102° (0.24 mm.),

53}9)@ 1.4530 [reported, b.p. 123-125° (5 mn.), n%G 1.4530]; (2) 4.3 g. impure

oligomer (n = 1) boiling at 104° (0.34-0.06 mm.), n%o 1.4535; (3) 2.1 g.

boiling at 104-146° (0.08 mm.), n%g 1.4547; (4) 11.3 g. of impure oligomer

(n = 2) boiling at 152~174° (0.09 mm.), n%a 1.4642; (5) 11.5 g. of a mix-

ture of oligomers (n = 2 and n = 3) boiling at 174-224° (0.09 mm.), n%a

1.4662; (6) 7.9 g. of a mixture of oligomers (n = 3 and n = 4) boiling at
224-246° (0.10 m.), solid; (7) 11.6 g. of impure oligomer (n = 4) boiling
at 252-305° (0.10 mm.), solid; and (8) 20.2 g. of waxy solid residue.

Practions 4 through 7 were fractionally redistilled through a
vacuum~jacketed Claisen head in a geries of distillations in which the
succeeding fraction was added to the residue of the previous distillation.
The boiling ranges, weight, and g.l.c. analyses of the principal fractions
are reported in Table XVII. Fractions 8-15 were liquids and fractions 16-21
solids. The infrared spectra of fractions 11, 17, and 21 are reported in
Figures 32, 33, and 34. The n.m.r. spectra of the same three fractions in
CCly are reported in Figures 39, 41, and 43, and in benzene in Figures 40,
42, and 44, respectively.

Fractions 10, 11, and 12, Table XVIT, vhen redistilled at 0.05 mm.,

gave 1.4 g. of a center cut, b.p. 153°; g.l.c. (Table VIII, Method B-3)
indicated the fraction contained 95% of a single component.

Anal. Calcd. for CqgHy N.Si, (n =2): C, 39.21; H, 9.87; W,
15.25; 8i, 35.67. Found: C, 39.38; H, 9.87; N, 15.18; Si, 35.58.
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Anal. (Fraction 17, Table XVII) Caled. for CpsHyolNg3iig (n = 3):
¢, 38.24; H, 9.63; N, 14.87; Si, 37.26. Found: C, 38.05; H, 9.71; N, 14.72;
8i, 37.16.

Apal. (Fraction 21, Table XVII) Calcd. for CzoHgolpoSipz (n = 4):

C, 37.68; H, 9.49; N, 14.65; Si, 38.18. Found: C, 37.63; H, 9.30; N, 14.42;
si, 38.24.

In an experiment in which a 2:1 mole ratio of hexamethylcyclotri-
silazane was used rather then a 1:1 mole ratio, 21.9 g. (0.10 mole) of
hexamethyleyclotrisilazane and 6.45 g. (0.050 mole) of dichlorodimethyl-
silane were heated under nitrogen to 285° in 66 hr. After the portion of
the product that was soluble in petroleum ether, b.p. 60-90°, was treated
with excess dimethylamine, the salts were filtered off, and the solvent was
evaporated. Distillation through a short-path column to a pot temperature
of 310° gave 6.5 g. of distillate, b.p. 115-260° (0.2 mm.). G.l.c. analysis
of the distillate (Table VIII, Method B~3) indicated the presence of 12
components, none of which constituted a major portion of the distillate.
The infrared spectrum of the distillate exhibited bands at 3450 cm™L (NH),
1180 em™L (SipNH), 1045 and 885 cm™ (cyclodisilazane), 985 em™ [W(CHz)p],
1010 em ™t (oligocyclodisilazanes), and 930 em™L (SioN). The spectrum of
the viscous liquid residue (17.1 g.) exhibited the same bands as the dis-
tillate.

4. Disproportionation of N,N!-bis(chlorodimethylsilyl)tetramethyl~
cyclodisilazane (attempted): When 9.3 g. (0.0281 mole) of N,N*-bis(chloro-
dimethylsilyl)tetramethyleyclodisilazane (90% pure by g.l.c.) was heated
under nitrogen to 250° in 21 hr. and at 250° for 47 hr., no dimethyldichloro-
silane distilled. Distillation gave 6.0 g. of 99% pure N,N'-bis(chlorodi-
methylsilyl)tetramethyleyclodisilazane boiling between 80° (0.2 mm.) and
100° (0.2 mm.) and a residue of 1.5 g. that contained N,N'-bis(chlorodi-
methylsilyl)tetramethylcyclodisilazane, 5%; N-(5-ch}.erote‘srame‘shyldisi}.azanyl)-—
N!-chlorodimethylsilylbetramethylceyclodigilazane, 1%; a cyclodisilazane
oligomer (n = 2), 32%; and a cyclodisilazane oligomer (n = 3), 62%.

5. C(Condensation of N,N'-bis(chlorodimethylsilyl)tetramethyleyclodi~
silazane and hexamethylecyclotrisilazane: After a mixture of 10.3 g. (0.0311
mole) of N,N!-bis(chlorodimethylsilyl)tetramethylcyclodisilazane (99% pure
by g.l.c.) and 2.28 g. (0.0L04 mole) of hexamethylcyclotrisilazane was
heated at 175° for 48 hr., 10.3 g. of a distillate was collected by a short-
path distillation between 144° (32 ym.) and 184° (0.02 mm.). In addition,
2.2 g. of a viscous liquid residue was obtained. G.l.c. analysis (Table
VIII, Method B-1) of the distillate indicated the presence of the following
components in the distillate: N,N'-Bis(chlorodimethylsilyl)tetramethylcyclo-
disilazane, 53%; N-( 3-chlorotetramethyldisilazanyl)-N-( chlorodimethylsilyl)-
tetramethylceyclodisilazane, 25%; and cyclodisilazane oligomers, 22%.
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When the experiment was repeated, but with 3.9 g. (0.0305 mole) of di-
chlorodimethylsilane also present in the equilibration mixture, the 12.7 g.
of distillate, which was collected between 64° (0.3 mm.) and 108° (0.3 mm.)
contained the following components: N,N’-Bis(chlorodimethylsilyl)tetra-
methylcyclodisilazane, 90%; and N-(3-chlorotetremethyldisilazanyl)-N*-(chloro-
dimethylsilyl)tetramethylcyclodisilazane, 6%. The distillation residue
weighed 0.5 g.

In another experiment, 12.00 g. (0.0363 mole) of N,N'-bis(chlorodimethyl-
silyl)tetramethyleyclodisilazane (90% pure by g.l.c.) and 2.6455 g. (0.0121
mole) of hexamethylcyclotrisilazane was heated under nitrogen to 275° in 24
hr. and at 275° for 48 hr. After the portion of the equilibration product
that was soluble in 20 ml. of petroleum ether, b.p. 60-90°, was treated with
10 ml. of dimethylamine cooled in an isopropyl alcohol-Dry Ice bath, the
mixture was warmed to room temperature, filtered, and the solvent was
. evaporated. Distillation in a short-path apparatus gave 11.5 g. of product

boiling between 112° (0.3 mm.) and 270° (0.3). G.l.c. analysis of the
distillate indicated that the distillate contained the following components:
N,N*-Bis(dimethyldimethylaminosilyl)tetramethylcyclodisilazane, 48%; N-(3-
chlorotetramethyldisilazanyl)-N'-(chlorodimethylsilyl)tetramethyleyclodi-
silazane, 3%; the cyclodisilazane oligomer (n = 2), 32%; and the cyclodi-
silazane oligomer (n = 3), 9%.

6. Condensation of N-(3-chlorotetramethyldisilazanyl)-N*-{chlorodi-
methylsilyl)tetramethylcyclodisilazane and sodium bis(trimethylsilyl )amides
To 10.0 g. (0.020 mole) of N-(3-chlorotetramethyldisilazanyl)-N*-(chloro-
dimethylsilyl)tetramethylcyclodisilazane [b.p. 97-102° (0.1 mm.), g.l.c.
purity, 81%, with 19% lower boiling impurities, Method B-1, Table VIII] was
added 3.66 g. (0.020 mole) of sodium bis(trimethylsilyl)amide dissolved in
30 ml. of ether. The addition required 0.5 hr. and stirring was continued
for 2 hr. After the mixture was filtered and the solvent distilled, short-
path distillation gave 5.2 g. of a partly solid distillate in the range of
122° (0.2 mm.) to 124° (0.03 mm.). G.l.c. analysis (Table VIII, Method B-3)
of the distillate showed three major and nine minor pesks: N-(3-chloro-
tetramethyldisilazanyl)JN'-chlorodhmethylsilyltetramethylcyclodisilazane,
12%; an unidentified peak (13%); and oligocyclodisilazane (n = 3), 75%.

7. Condensation of oligomers with sodium bis(trimethylsilyl)amide:
After a mixture of 21.9 g. (0.100 mole) of hexamethylcyclotrisilazane and
6.45 g. (0.050 mole) of dimethyldichlorosilane was heated under nitrogen at
175° for 48 hr., the petroleum ether-insoluble portion (ammonium chloride)
weighed 2.30 g. (0.043 mole, 57% conversion to trisilylamine structures).
The calculated equivalents of NH remaining in the oligomer were 0.128.
One-fourth of the petroleum ether solution was treated with 5.86 g. (0.032
mole) of sodium bis{trimethylsilyl)amide in 30 ml. of diethyl ether and
.stirred at room temperature for 1 hr. Filbtration gave 0.9 g. of salts.
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When the ether was evaporated and the residue was heated to 220° (0.1 mm.),
4.1 g. of a brownish solid was obtained. The infrared spectrum of the
residue is reported in Figure 35 and the infrared spectrum of the untreated
petroleum ether-soluble polymer in Figure 36.

In a second experiment, the same quantities of reactants were heated
at 300° for 21 hr. Separation of the petroleum ether-soluble product gave
3.0 g. (0.056 mole) of ammonium chloride. The conversion to trisilylamine
structures was 75%. When one-fourth of the polymer was again treated with
3.15 g. (0.019 mole) of sodium bis(trimethylsilyl)amide in ether in a
similar manner, 3.5 g. of a dark brown brittle solid was obtained. The resi-
due from the untreated material (10.3 g.) was a soft waxy solid.
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APPENDIX

FIGURES 1 THROUGH 44,
INFRARED AND N.M.R, SPECTRA
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Figure 1 - Infrared Spectrum of N,N'-Bis(dimethylphenylsiloxy-
dimethylsilyl)tetramethyleyclodisilazane (Liquid)
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Figure 2 - Infrared Spectrum of the Homopolymer of BIE.S( ~di-
methylhydroxysilylphenyl) Ether Obtained in the Attempted
Gopolmnerzzatzon with Bis{dimethylsilyl)trimethyl-~-
silylamine (Film) :
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Figure 3 = B‘lfrared Spectrum of the Polymer from Bls( ~dimethyl-
hyéroxysziylpheﬁyl) Ether and N,N'-Bls(dmethylamlnoﬁmeﬁhyl-
silyl)tetramethylcyclodisilazane, which was Prepared
for Characterization (Nujol)
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Figure 4 - Infrared Spectrum of the Copolymer from Bis(dimethyl-
silyl)tetramethylcyclodisilazane and - Bis(p-dimethylhydroxy-
silylphenyl) Ether Prepared with 0.5% NaH (Film)
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Figure 6 - Infrared Spectrum of Bis(methylamino )diphenylsilane
(Liquid)
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Figure 7 - Infrared Spectrum of Dimethylphenylsilanol (Liquid)
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Figure 8 - Infrared Spectrum of Bis(p-dimethylhydroxysilyl-
phenyl) Ether (Mujol)
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Figure 9 - Infrared Spectrum of N,N'-Bis(dimethylsilyl)tetra-
methyleyclodisilazane (Liquid)
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Figure 10 - Infrared Spectrum of N,N'-Bis(aminodimethylsilyl)-
tetramethyleyclodisilazane (Nujol)
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Figure 11 - Infrared Spectrum of N,Nf-Bis(dimethylmethylamino-
silyl)tetramethylcyclodisilazane (Liquid)
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Figure 12 - Infrared Spectrum of N,N'-Bis(dimethylaminodimethyl-
silyl)tetramethylecyclodisilazane (Liquid)
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Figure 13 - Infrared Spectrum of Bls(dlethyzammadmethyzsml)-
tetramethyleyclodisilazane (}::1{}3116,)
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Figure 14 - Infrared Spectrum of the Residue from the Preparation
of N,N t-Bis(dimethylphenylsiloxydimethylsilyl)tetra-
methylcyclodisilazane (Liquid)
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Figure 15 - Infrared Spectrum of Bis(3-phenyltetramethyldisilox-
anyl)trimethylsilylamine (Liquid)
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Figure 16 - Infrared Spectrum of the Polymer from Bis (p_-djmethyl-
hydroxysilylphenyl) Ether and N,N'-Bis(dimethylaminodimethyl-
silyl)tetramethylcyclodisilazane (1:1) (Toluene Smear)
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Figure 17 - Infrared Spectrum of the Polymer from Bis(E—dimethyl-
hydroxysilylphenyl) Ether and N,N'-Bis(dimethylaminodimethyl-
silyl)tetramethyleyclodisilazane (1:1.05) (Toluene Smear)
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Figure 18 - Infrared Spectrum of the Polymer from Bls(p_-da.methyl—
hydroxysilylphenyl) Ether and N,N*-Bis(dimethylaminodimethyl-
silyl)tetramethylcyclodisilazane (1:1.1) (Toluene Smear)
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Figure 19 - Infrared Spectrum of the Polymer from Bis(p-dimethyl-
hydroxysilylphenyl) Ether and N,ﬁ’-Bis(iimethy}amino&imethylf

silyl)tetramethyleyclodisilazene (1.1:1) (Smear)
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Figure 20 - Infrared Spectrum of the Polymer from p-Fhenylene-
bis(dimethylsilanol) and N,N'-Bis (dﬁmethylamine dimethylsilyl)-

tetramethylcyclodisils
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Figure 21 - Infrared Spectrum of the Polymer from Bis(p-dimethyl-
hydroxysilylphenyl) Ether and ﬂ,N’—Bis(dimethylaminod}‘methy}.-

silyl)tetramethylcyclodisilazane (Smear)
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Figure 22 - Infrared Spectrum of the Polymer from Bis(g-dimethyl—
hydroxys11,ylphenyl) Ether and N,N'-Bis({dimethylmethylamino-
51lyl)tetramethylcyclodls1lazane (Smea.r)
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Figure 23 - Infrared Spectrum of the Polymer from Bis(p-dimethyl-
hydroxysilylphenyl) Ether and N,N'-Bis(aminodimethylsilyl)-
tetramethylcyclodisilazane (Smear)
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Figure 24 - Infrared Spectrum of a Polymer from Bis(R-dimethyl-
hydroxysilylphenyl) Ether and 1\T,1\T'-Bis(diethylaminodimethyl—
. silyl)tetramethylcyclodisilazane (Film)
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Figure 25 ~ Infrared Spectruin of a Polymer from Bis(g-ﬁimethyl-
hydroxysilylphenyl) Ether and N ,N'-Bis(dimethylsilyl)tetra-
' methylcyclodisilazane (Smear)
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Figure 26 - Infrared Spectrum of a Polymer from Bis(p-dimethyl-
hydroxysilylphenyl) Ether and an Equilibration Oligomer
(Film)
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Figure 27 - Infrared Spectrum of a Polymer from Bis(g—&imethyl-
hydroxysilylphenyl) Ether and an Equilibration Oligomer
(Film)
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Figure 28 - Infrared Spectrum of the Oligomer from Hexamethjl-
cyclotrisilazane and Ammonium Bromide (Film)
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Figure 29 - Infrared Spectrum of the Oligomer from Hexamethyl-
cyclotrisilazane and Dichlorodimethylsilane (2:1 Mole Ratio)
, _ A (Film)
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Figure 30 - Infrared Spectrum of the Oligomer from Hexamethyl-
cyclotrisilazane and Dichlorodimethylsilane (5.5:1 Mole
Ratio) (Film)
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Figure 31 - Infrared Spectrum of the Product of Treating an
Oligomer from Hexamethylcyclotrisilazane and Dichlorodi-
methylsilane with Ethanol (Film)
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Figure 32 - Infrared Spectrum of a Fraction Containing Mostly
MepN [SiMep (NSiMep )s] pSiMepliMep (Liquid)
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Figure 33 - Infrared Spectrum of a Fraction Containing Mostly
MeoN [SiMeg (wsiMep )2} zSiMegliMen (Smear)
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Figure 34 - Infrared Spectrum of a Fraction Containing Mostly
MeoN [SiMep (NSiMes )o] 4SiMesNMeo (Smear)
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Figure 35 - Infrared Spectrum of an Oligomer After Treatment
with Sodium Bis{trimethylsilyl)amide (Smear)
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Figure 36 - Infrared Spectrum of an Oligomer Before Treatment
with Sodium Bis(trimethylsilyl)amide (Smear)
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Figure 37 - N.m.r. Spectrum of the
' Oligomer from Hexa-
methylcyclotrisilazane
and Ammonium Bromide
(6014)

Figure 38 - N.m.r. Spectrum of the
Oligomer from Hexa-
methylcyclotrisilazane
and Dichlorodimethyl-
silane (CCly)
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