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ABSTRACT

Experimental work is reported on the synthesis, characterization,
and evaluation of organic and semiorganic polymers useful as coatings that will
withstand high temperatures, high vacuum, and radiation. Poly(phenylenesil-
oxanes), suitable for the preparation of films, were prepared by the conden-
sation of arylenedisilanols with cyclic siloxazanes. The polymers, which
represented a variety of structures and were characterized in detail, had high
molecular weights and good high- and low-temperature properties. Several were
screened under high vacuum-ultraviolet irradiation conditions. High molecular
weight poly(benzoxazoles) were prepared, but no satisfactory method was found
for preparing poly(benzoxazole)films. Attempts to prepare titanium chelate
polymers, titanoxanosiloxanes, and boroxanosiloxanes produced only low molec-
ular weight products. An investigation of model systems for ferrocene poly-
esters and boron chelate polymers did not reveal any potentially useful meth-
ods of polymerization. Several other potentially useful polymer systems were
examined briefly.

| =]



I. INTRODUCTION AID SUMMARY

The objective of this program was to develop, synthesize, and evalu-
ate new organic and semiorganic polymers with useful film-forming properties
and with stability against high temperature, high vacuum, radiation, and the
environment of space.

In recent years, new polymeric systems have been developed that have
one or more properties that recommend their use as high temperature film-
forming materials. A number of these systems were examined in the current
program. In addition, developmental synthesis and evaluation work were com-
pleted on several new systems that are potentially useful in radiation resis-
tant coating applications.

The emphasis placed on the synthesis of polymers containing each
structural type depended, in part, on information obtained on the systems in
a survey of the literature. The following factors were considered in screen-
ing the new polymers: thermal stability, hydrolytic stability, and film-form-
ing ability. Some systems were abandoned because of their failure to meet
these requirements. Relative molecular weights, in terms of the solution
viscosities of polymers, and polymer solubilities were studied in relation to
the film-forming abilities of the polymers.

As nearly as possible, systems which could be defined chemically
were studied. In general, considerable attention was given to monomer purity
and monomers and polymers were characterized by ultimate analysis for ele-
ments, physical characteristics, infrared spectroscopy, and nuclear magnetic
resonance spectroscopy, when applicable. In some of the work, it proved con-
venient to examine the properties of the polymer systems with model compounds.

The more promising polymer systems were examined in detail including
chemical and physical characterization as well as the determination of heat
stability by differential thermal analyses and thermogravimetric analyses.
Vacuum-ultraviolet stability of several polymers was also studied.

The following include the polymer systems that were initially

selected and the systems that were subsequently included in the scope of the
work.

A, Titanoxanosiloxanes

Condensation polymerizations of a difunctional chelated titanium
monomer, bis(8-oxyquinoline)diisopropoxytitanium, with diphenylsilanediol



did not provide a sufficiently high molecular weight product for coating ap-
plications. Some evidence was obtained that an inherent limitation in the
polymerization was the tendency to form low molecular weight cyclic compounds.
Condensations of the chelated titanium monomers with Efphenylenebis(dimethyl-
silanol) and p-phenylenebis(diphenylsilanol) also failed to afford high mo-
lecular weight materials. A previously described condensation product of
tetrakis(dimethylamino)titanium, diphenylsilanediol, and triphenylsilanol was
skown to contain substantial quantities of tetrakis(triphenylsiloxy)titanium.
A suitable procedure could not be found for preparing polymeric condensation
products of diphenylsilanediol and chelated phthalocyanine titanium deriva-
tives.

B. Boroxanosiloxanes, Phosphoroxanosiloxanes, and
Phosphoroxanoboroxanes

A previously prepared boroxanosiloxane had a low molecular weight
and was found by infrared analysis to contain siloxane linkages. A litera-
ture search revealed that phosphoroxanosiloxanes were too unstable hydrolyt-
ically to merit experimental work. Phosphoroxanoboroxanes were approached
through the use of chelated boron-containing monomers, but no satisfactory
polymerization procedures could be developed with model compounds.

C. Polybenzoxazoles

A satisfactory procedure for the synthesis of high molecular weight
aromatic and aliphatic polybenzoxazoles was developed through the use of poly-
phosphoric acid as the polymerization medium. Although the polymers had good
heat stability, they were highly colored and exhibited very limited solubility.
No satisfactory method could be found for producing polybenzoxazole films.

D. Po;y(agylenesiloxanes)

Condensation reactions of arylenedisilanols and various organosili-
con monomers were studied in considerable detail, and a variety of structures
with high molecular weight were prepared and characterized in detail. Polymers
in this class had high heat stability, good low temperature properties, and
were soluble in a variety of solvents. Solution of the polymers could be used



for the preparation of coatings, and some of the coatings were screened under
conditions of intense ultraviolet radiation in high vacuum.

E. Ferrocene Polyesters

An attempt to prepare ferrocene polyesters showed that aliphatic
esters of ferrocene dicarboxylic acid do not undergo transesterification reac-
tions of the type that are used to prepare polyesters from terephtalates.

F. Other Systems

Poly(s-triazinyl ether) and poly(heterocyclic ethers) were examined
briefly as potentially useful polymers, but satisfactory polymerization
methods for these systems could not be found within the time available for
evaluating their potential.



II. POLYTITANOXANOSILOXANES AND POLYBOROSILOXANES

A portion of the goal of the present work was to review experi-
mentally a number of polymer systems containing a metal-oxygen-silicon-oxygen
backbone and a system containing a phosphorus-oxygen-boron-oxygen backbone.
The systems selected were those that appeared, on the basis of earlier work,
to offer some potential as candidate radiation-resistant coating materials.

A, B8-Hydroxyquinoline Chelate Polymers

|

R' R' R' = methyl or phenyl

Q R Q R! R' Q = 8-oxyquinoline
T4-0-§1-0 T4-0-8i 5i- R = phenyl
R Q
n

The synthesis of a low molecular weight polymer from bis(8-oxyquino-
line)diisopropoxytitanium and diacetoxydiphenylsilane has been described.
It also has been reported that bis(dialkylamino)bis(8-oxyquinoline)titanium
and diphenylsilanediol produced a polymer that can be solvent cast as a film.g/
The molecular weight of the latter polymer was not reported. Because quan-
titative reactions with model compounds have been established for the synthe-
sis of titanoxanosiloxane linkages,3 the most promising of these methods,
the condensation of titanium alkoxides with silanols, was examined. The
monomer, bis(8-oxyquinoline)diisopropoxytitanium, was readily prepared by a
method given in the literature.d '

When bis(8-oxyquinoline)diisopropoxytitanium and diphenylsilanediol
were heated in benzene, a poly(bis(8-oxyquinoline)titanoxanodiphenylsiloxane)
was obtained which had a molecular weight of 795 by vapor phase osmometry.

% h @ Ph
]
iso-Pr-O-gi-O-iso-Pr + HO-Ei-OH -—f——ﬁ>--{ii-0-§i-0
h Ph

Since the molecular weight for the simple condensation product of two monomer
units was 610, no significant polymerization had been achieved. The material,
wnich was soluble in dimethylformamide and dimethyl sulfoxide, could be cast
as a film from dimethylformamide, but the film did not maintain its integrity
when it was handled.



Since the degree of polymerization appeared to be limited by the
insolubility of low molecular weight condensation products in benzene, at-
tempts were made to effect the polymerization in dimethyl sulfoxide, but a
higher molecular weight was not obtained. In dimethylacetamide, the molecular
weight was increased to 2,800. The infrared spectrum of the polymer prepared
in dimethylacetamide showed a low end group (OH) concentration, and within
the experimental error, the yield of the polymer was quantitative. Even with
the increased molecular weight, however, the material was still not suitable
for coating application. Subsequently, it was shown that a similar conden-
sation product was at least partly soluble in xylene; therefore, solubility
in aromatic solvents was probably not the factor that limited the molecular
weight.

Other modes of polymerization, including the melt polymerization of
diphenylsilanediol and diisopropoxybis(8-oxyquinoline)titanium and the melt
and solution polymerizations of diacetoxydiphenylsilane and diisopropoxybis-
(8-oxyquinoline)titanium, proved no more satisfactory.

A polymer has been reported as the product of treating p-phenylene-
bis(dimethylsilanol) with bis(8-oxyquinoline)diisopropoxytitanium in refluxing
benzene.X/ The polymer, which was a brittle solid, had a molecular weight of
about 1,380. The reaction of bis(8-oxyquinoline)bis(dimethylamino)titanium
and p-phenylenebis(diphenylsilanol) was investigated by Tower,2 but the sili-
con-0f7taining monomer was subsequently shown to be largely diphenylsilane-
diol.4

In a repetition of the first experiment, the condensation product of
diisopropoxybis(8-oxyquinoline)titanium and p-phenylenebis(dimethylsilanol) was
a high melting solid with & molecular weight no greater than the repeating unit.

e Me ?
HO—%i §i-OH + iso~Pr0-Ti-0-iso-Pr —Sl 0- Tl 0
Me Me é

The infrared spectrum of the polymer indicated that Si-O-Ti bonds were present.
A low molecular weight product was also obtained when Efphenylenebis(diphenyl-
silanol) was used.

In an alternate approach, a molar excess of the siloxane was used
to obtain a prepolymer with silanol end groups, which could undergo conden-
sation in a chain extension reaction to advance the polymerization. With
the excess of silanol, the materials remained soluble in benzene throughout
the polymerization. The prepolymer had an inherent viscosity in toluene of



0.11. In one attempt to advance the polymerization, the prepolymer was heated
with a catalytic amount of sodium hydroxide, which was added to the polymer as
an aqueous solution. Under these conditions, decomposition occurred and
8-hydroxyquinoline sublimed from the mixture.

Infrared spectra of the polymers from diphenylsilanediol and diiso-
propoxybis(8-oxyquinoline)titanium prepared in dimethylacetamide were super-
imposable with the spectra of the polymers prepared in benzene, (Fig. 1).

The spectra were also nearly superimposable with the spectrum of the model
compound, bis(8-oxyquinoline)bis(triphenylsiloxy)titanium (Fig. 2) except for
a shift of the 5i-0-Ti absorption in the model compound from 905 em~L to

945 cm~L in the polymer.,

Ph Ph
Ph-§1-0-T1-0-5i-Ph
Ph 4 Ph

However, the spectrum of a condensation product from bis(8-oxyquinoline)di-
isopropoxytitanium with p-phenylenebis{diphenylsilanol) rather than diphenyl-
silanediol retained the absorption at the same frequency as the model cam-
pound, 905 em-1 (Fig. 3).

Q Ph
73-0-8i 1-0
@ Ph

The absence of new absorption bands in the 1000 - 1100 em~L region
precludes siloxane formation during the polymerization, and the absence of
new bands in the 800 - 860 cm-l region argues against the formation of Ti-0-Ti
bonds. The increase in frequency of the Ti-0-Si absorption is best explained
on the basis of the probability of ring formation and the consequent damping
effect of the ring. Since the acetylacetone chelate of titanium forms a di-
meric oxide, which requires a cis configuration of ligands about the titanium
atom, it seems reasonable to assume that 8-hydroxyquinoline derivatives of
titanium may also form compounds requiring the cis titanium configuration.

In the cis configuration, the chelated titanium atom could form an eight mem-
bered ring of alternating siloxy and titanoxy groups.

The chief argument against ring foimation is the molecular weight
data, which vary from 500 - 2,000 depending on the sample chosen for analysis.
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However, all molecular weights were determined on raw polymers which were not
fractionated and may represent a wide range of molecular types. Evidence in
favor of ring formation limiting the molecular weight of the titanoxosiloxanes
is the absence of a frequency shift for the Ti-0-Si bond in the product from
R7phenylenebis(diphenylsilanol) which has a structure that would make cycliza-
tion less probable,.

B. Titanoxanosiloxanes and Borosiloxanes

Ph 1 Ph ]
[(PhSSi-O -T1}(051-0}) [BQGOéi-O)Si
R 2

A polymer from tetrakis(dimethylamino)titanium, triphenylsilanol,
and diphenylsilanol has been reported as a glass that can be solvent- or melt-
cast as a film.2 Repetitions of the procedure with titanium tetraisopropyl-
ate rather than tetrakis(dimethylamino)titanium gave a tan powder that melted
at about 250°% and was insoluble in hot dimethylformamide.

2Ti(NMep)y + 2PhzSiOH + 2PhoSi(OH)p -— kPh3SiOTi)2(OPhQSiO)é]
- n

+ BMeNH2

Zeitleré/ has shown that the reaction of titanium tetrabutylate
with triphenylsilanol gave tetrakis(triphenylsiloxy)titanium quantitatively
regardless of the mole ratio of reactants. An infrared spectrum (Fig. 4) of
the tan powder from attempted resin preparation was consistent with the pres-
ence of tetrakis(triphenylsiloxy)titanium (Fig. 5).

Because failure to obtain a resin may have been a result of the
different starting materials, the preparation was repeated with tetrakis(di-
methylamino)titanium in place of titanium tetraisopropylate. A tan powder,
insoluble in dimethylformamide, was obtained which had an infrared spectrum
identical to the other sample.

It has been reported that a borosiloxane polymer, which was an
amber glass-like material, was obtained by treating two molar equivalents of
trimethylborate with three molar equivalents of diphenylsilanediol.é/

2B(OMe)s + 3PhpSi(OH)p — > [Bo(PhpSiO)s! + 6MeOH
- “n

* All temperatures are in degrees centigrade.
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Recalculation of the molar quantities from the gram quantities used in the
experiments showed that the molar ratio was 1:1.91 rather than 1:1.5.

Borosiloxanes were prepared from mixtures containing both molar
ratios of tributylborate and diphenylsilanediol. The product from the 1:1.91
molar ratio was & glass at room temperature that became brittle after 1 hr.
at 450°. The molecular weight of the polymer, which had a Si:B ratio of
1.94:1, was 597 compared with 652 for the repeating unit. The polymer pre-
pared from a 1:1.5 molar ratio was a glass at room temperature and softened
at 85°., The presence of siloxane in the infrared spectrum of the polymer
(Fig. 6) is consistent with Anderson's observation that the product from di-
butoxymethylboron and diphenylsilanediol did not contain B-0-Si bonds.§/

C. Phthalocyanine Chelates

A polymer from phthalocyanine titanium dichloride and triphenyl-
silanol, reported to have a silicon:titanium ratio of 2.8:1, was described
by Towers.2 Although the material was crystalline, the authors claimed that
heat-stable films could be melt- and solvent-cast. The same authors reported
a second polymer from tetrakis(dimethylamino)titanium, phthalonitrile, and
diphenylsilanediol that did not form a film, but was represented as containing
a phthalocyanine structure.

Pc Ph
ti-0-$i- Pe = phthalocyanine
Ph -l

A repetition of the preparation by the reported method gave a black material
whose thermogravimetric analysis showed a procedural decomposition temperature
of 205°, This product was a mixture of at least two materials, since 51 per
cent was benzene soluble.

Other phthalocyanine-containing polymers with degrees of polymer-
ization less than 10 have been described in the literature, but the materials
were invariably insoluble in all solvents and did not melt.”/ It can be con-
cluded from the literature that any phthalocyanine-containing polymer with
even a moderately high molecular weight cannot be used to fabricate films by
the usual melt and solvent casting techniques.

Two alternate approaches to phthalocyanine-containing polymers were
investigated. One approach considered the possibility of preparing a tractable

11



polymer, which could be fabricated as a coating or film, and subsequently
treated with a phthalocyanine precursor to obtain a polymer with phthalocyanine
groups in the repeating units. In such a reaction, a titanium ligand in a
titanoxanosiloxane could be displaced.

4p + {rirposiPhpol ——> Jripcosipnp0}  + L
“n n

P = phthalocyanine precursor
L = ligand
Pc = phthalocyanine

A model system was chosen in which 1,3-diiminoisoindoline or phthalonitrile as
the phthalocyanine precursor could displace 8-hydroxyquinoline as the ligand
from bis(dimethylphenylsiloxy)(8-oxyquinoline)titanium.

NH
c CN
AN\ |
[ /NH or + QUi [OSiMegPlzl , T
X c CN
N
PcTi[0SiMe,Ph] .

Neither ligand displacement or displacement of the dimethylphenyl
siloxy group occurred when the model compound was heated with either 1,3-di-
iminoisoindoline or phthalonitrile at 200° at atmospheric pressure or under
vacuum. Higher temperatures could not be employed because the starting ma-
terials sublimed from the reaction zone at 200°.

A second experimental approach to phthalocyanine-containing polymers
that was considered was the condensation of phthalocyaninetitanium diisopro-

pylate with diphenylsilanediol. However, attempts to prepare the monomer from
a mixture of solid phthalocyanine and titanium tetraisopropylate failed.

PcTi(0-iso-Pr)p + PhpSi(OH)y — > {PcTiOSiPhp03
n

12




D. Experimental

Throughout this report, reactions involving organometallic reagents,
silicon halides, titanium alkoxides, zirconium halides, boron alkoxides or
halides, or other moisture sensitive compounds were carried out in glassware
which was flamed out under nitrogen prior to use. The reactions were pro-
tected from atmospheric moisture either with drying tubes packed with Drierite
or with a positive nitrogen atmosphere.

Solvents were reagent grade and were anhydrous when moisture sensi-
tive compounds were used. Phenylmagnesium bromide and methylmagnesium bromide
were used as 3M solutions in ether from Arapahoe Chemical Company, and n-butyl-
lithium was used as a 15 per cent solution in hexane from Foote Mineral Com~

pany.

Analyses for elements were performed by Spang Microanalytical Labo-
ratory, Box 1111, Ann Arbor, Michigan, or by Schwarzkopf Microanalytical Labo-
ratory, Woodside, New York. Molecular weight determinations by vapor pressure
osmometry were performed by Crobaugh laboratories, Box 4078, Charleston, West
Virginis, and light scattering experiments and gel permeation chromatography
by Arro Laboratories, Joliet, Illinois.

1. 8-Hydroxyguinoline Chelate Polymers

a. Bis(8-oxyquinoline)diisopropoxytitanium: (Method: Reference 3)
A solution of 256 g. (1.76 moles) of 8-hydroxyquinoline in 800 ml. of toluene
was added to 251 g. (0.88 mole) of freshly distilled tetraisopropoxytitanium
in 400 ml. of toluene over a 2.5-hr. period. Stirring was continued for an
hour after the addition was complete, then 800 ml. of toluene was distilled
out. When the product was cooled, 301 g. (75 per cent) of bis(8-oxyquinoline)-
diisopropoxytitanium separated and was collected by filtration. The melting
point 184 - 186° (reported, 174 - 17s°,§/ i72 - 173°,§/ 166 - 171°)2/ was not
changed after recrystallization from toluene,

Anal. Calcd. for CpgHpgNpoO4Ti: C, 63.44; H, 5.77; N, 16.6. Found:
C, 63.49; H, 5.87; N, 6.24.

b. Bis(8-oxyquinoline)diisopropoxyzirconium (attempted): To a
stirred mixture of 32.8 g. (0.10 mole) of tetraisopropoxyzirconium in 125 mil.
of toluene was added a solution of 29.0 g. (0.20 mole) of 8-hydroxyquinoline
in 220 ml. of toluene. The product, which separated upon addition of the
8-hydroxyquinoline, was stirred 2 hr. at room temperature and collected by
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filtration. There was obtained 23.1 g. (92 per cent conversion based on 8-hy-
droxyquinoline) of tetra(8-oxyquinoline)zirconium, which did not melt at 325°.
The infraff7 spectrum of the product was identical to the spectrum reported
by Thomasi®/ for the tetrasubstituted derivative.

Anal. Calcd. for C3gHo4N40O4Zr: C, 64.74; H, 3.62; N, 8.39. Found
C, 64.55; H, 3.76; N, 8.34.

In a second experiment, reverse addition of the reactants gave simi-
lar results.

c. Tetrakis(dimethylamino)titanium: (Method: Reference 11) A
stirred solution of 64 g. (1.0 mole) of n-butyllithium in 625 ml. hexane at
-10° was treated with 45 g. (1.0 mole) of dimethylamine, which was added as a
gas above the surface of the liquid. The temperature of the reaction mixture
was maintained at -10° with a Dry Ice-acetone bath during the addition, which
required 1.5 hr. The white, turbid mixture was stirred an additional 15 min.,
then allowed to warm to 25°. Titanium tetrachloride (42.7 g., 0.225 mole) was
added dropwise during 30 min. to the stirred mixture at 5 - 10°., The yellow~
orange liquid was refluxed at 60° for 2 hr. to remove the excess dimethylamine
and butane. The mixture was filtered and the filtrate evaporated at 60°
(0.05 mm.). Subsequent distillation through a 30-cm. vacuum-jacketed column
gave 21.6 g. (44 per cent) of tetrakis(dimethylgmino)titanium, b.p. 56 - 68°
(0.30 - 0.50 mm.) (reported, 50° (0.05 mm.)).ll7m

d. Polymer from tetraisopropoxytitanium, diphenylsilanediol, and
triphenylsilanol: In this experiment, the procedure described by Towers2/
for preparing the polymer, [(Ph3SiOTi)2(0SiPhp0)3],, was repeated, but tetra-
isopropoxytitanium was used in place of tetrakis(dimethylamino)titanium.

To 8.5 g. (0.030 mole) of freshly distilled tetraisopropoxytitanium
dissolved in 100 ml. of benzene was added 8.3 g. (0.030 mole) of triphenyl-
silanol in 45 ml. of ether during 30 min. The mixture was stirred during the
addition and for 1 hr. after the addition was complete. Subsequently, 9.7 g.
(0.045 mole) of solid diphenylsilanediol was added. During the latter addi-
tion, which required 1 hr., a heavy white precipitate formed. After the mix-
ture was refluxed 2 hr., the solvents were distilled out and a thick gum was
obtained that became brittle and powdery at room temperature. Upon devola-
tilization at 210° (0.8 mm.), the residue darkened slightly. The product
began to soften at 250° and melted at 344 - 358° (A1l block). It was soluble
in chloroform, but insoluble in hot benzene and hot dimethylformamide. The
infrared spectrum (Fig. 4) was similar, but not identical, to the spectrum of
an authentic sample of tetrakis(triphenylsiloxy)titanium (Fig. 5), differing
mainly in the presence of SipO absorption in the 1075 - 1025 cm-! region. In
a thermogravimetric analysis (Fig. 7), the material lost weight continuously
above 150°,
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Anal. Calcd. for (C72H60088i5Ti2)n: S5i, 10.89; Mol. Vt. for repeat-

ing unit, 1,289. Found: Si, 8.50; Mol. Ut. 1,159 (by VPO in Chloroform at
37°).

e. Polymer from tetrakis(dimethylamino)titanium, triphenylsilanol
and diphenylsilanediol: {(Method: Reference 2) A solution of 8.734 g.
(0.0316 mole) of triphenylsilanol in 45 ml. ether was added dropwise during
45 min. to a stirred solution of 7.084 g. (0.0316 mole) of tetrakis(dimethyl-
amino)titanium of 100 ml. of benzene. After the mixture was stirred an addi-
tional hour, 10.253 g. (0.0474 mole) of solid diphenylsilanediol was added.
During this addition, which required 1 hr., the color changed from orange to
light yellow and a thick precipitate formed. The mixture was stirred and re-
fluxed 2 hr., the solvents were distilled off, and the residue was dried at
130° (0.05 mm.) to give 20.8 g. (caled. 14.9 g.) of a brittle tan solid. An
infrared spectrum of this material was identical to the spectrum obtained from
the polymer from tetraisopropoxytitanium and was very similar to the spectrum
reported by Towers.2/ The latter polymer contained a much stronger band at
3400 cm™l. When the product was further dried at 210° (0.7 - 1.0 mm.) for 30
min., the infrared spectrum of the light brown, brittle solid, m.p. 317 - 330°,
had not changed.

f. Polymer from diphenylsilanediol and bis(8-oxyquinoline)diiso-
propoxytitanium (prepared in benzene): The experiment described in the lit-
erature for the preparation of [PthiO(CgHgNO)gTid]n, was repeated.r The
same polymer has been prepared by Thomas from bis(8-oxyquinoline)bis(diethyl-
amino) titanium.19/ A mixture of 13.0 g. (0.060 mole) of diphenylsilanediol,
27.2 g. (0.060 mole) of bis(8-oxyquinoline)diisopropoxytitanium, and 270 ml.
of benzene was stirred and heated until the azeotrope, which distilled out of
the mixture, contained no more isopropyl alcohol. During the heating, suffi-
cient benzene was added to the mixture to maintain a constant volume. VWhen
the product was collected by filtration, washed with benzene, and dried under
reduced pressure, 34.8 g. (calcd. 33.2) of a bright yellow powder was obtained
which melted at 343 - 347°. The product was soluble in cold dimethylformamide,
dimethylacetamide, and dimethyl sulfoxide, but insoluble in most other common
organic solvents.

Anal. Calcd. for (C50H22N4OSiTi)n: N, 5.09; Mol. Wt. for the re-

peating unit, 551. Found: N, 5.20; Mol. W3. 795 (by VPO in dimethylformamide
at 100°).

Ten grams of the polymer was heated in 200 ml. of boiling xylene
overnight and filtered. Evaporation of the solvent gave 0.9 g. of xylene-
soluble material, which melted at 261 - 265°, The infrared spectrum of the
soluble portion was identical to the spectrum of the whole polymer.
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g. Polymer from diphenylsilanediosl and bis(8-oxyquinoline)diiso-
propoxytitanium (powder polymerization): Five grams of a polymer prepared
from diphenylsilanediol and bis(8-oxyquinoline)diisopropoxytitanium in benzene
was heated and stirred under 0.5 mm. of nitrogen at 100° for 20 min., 180° for
1 hr., and 250° for 5 hr. The product, which was cooled under 0.5 mm. of
nitrogen and stored under nitrogen, melted at 330 - 336°. A thin layer of
reddish powder on the inside surface of the flask (m.p. 360 - 373°) was partly
soluble in hot dimethylformamide. A film cast from the soluble portion was
povdery.

h. Polymer from diphenylsilanediol and bis(8-oxyquinoline)diiso-
ropoxytitanium repared in dimethyl sulfoxide): A mixture of 8.7 g. (0.40
mole) of diphenylsilanediol, 18.2 g. (0.040 mole) of bis(8-oxyquinoline)diiso-
propoxytitanium and 250 ml. of dimethyl sulfoxide was heated slowly (1.5 hr.)

to 180°. An orange precipitate, which formed at 90°, dissolved at 156° to

give a bright red solution. A distillate from the mixture, which was collected
at 130 - 180°, contained about 8 g. of isopropyl alcohol (by VPC using a col-
umn packed with 20 per cent Carbowax on 60 - 80 mesh white Chromosorb;

calcd. 4.8 g.). The solvent was distilled off at 0.2 mm., and 26.4 g. (calcd.
22.1 g.) of a foamed, brittle solid was obtained. The infrared spectrum of
this polymer was similar to the spectrum of the polymer obtained from the same
materials in benzene.

Anal. Found: Mol. Wt., 671 (by VPO in dimethylformamide at 100°).

i. Polymer from diphenylsilanediol and bis{8-oxyquinoline)diiso-
propoxytitanium (melt): A mixture of 4.326 g. (0.0200 mole) of diphenyl-
silanediol and 9.088 g. (0.0200 mole) of bis(8-oxyquinoline)diisopropoxyti-
tanium was stirred and heated to 160° (0.5 mm.) under nitrogen. Within a few
minutes, a trace of a white sublimed solid appeared in the glass outlet tube.
At 180°, the reaction mixture melted and bubbling was observed., The dark
orange melt was heated to 210°, stirred for 30 min., and cooled under nitrogen.
An infrared spectrum of the sublimed solid (m.p. 130 - 135°) was identical to
the spectrum of diphenylsilanediol. The residue (10.5 g., 95 per cent) was a
dark orange powder, m.p. 220 - 231°, The infrared spectrum was very similar
to the spectra of polymers made from the same materials in benzene and di-
methyl sulfoxide.

A similar experiment in which the reactants were not stirred until
the mixture had melted also produced some sublimed diphenylsilanediol. The
dark orange residue weighed 11.6 g. (calcd. 11.0 g.), m.p. 146 - 182°, The
infrared spectra of both materials were similar,.
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j. Polymer from diphenylsilanediol and bis(8-oxyquinoline)diisopro-

poxytitanium in dimethylacetamide: A mixture of 8.7 g. (0.040 mole) of di-
phenylsilanediol, 18.2 g. (0.040 mole) of bis(8-oxyquinoline)diisopropoxy-

titanium, and 180 ml. of dry dimethylacetamide was heated slowly to 168° during

1.5 hr, An insoluble precipitate dissolved at 100°, A distillate from the
mixture, which was collected at 130 - 152°, contained 4.9 g. (calcd. 4.8 g.)
of isopropyl alcohol by VPC using a 2.7-meter column packed with 20 per cent
PEG 4,000 on 60 - 80 mesh Chromosorb.

The solvent was distilled at 75° (20 mm.), then at 140° (0.5 mm.),
and 22.5 g. (caled. 22,1 g,) of an orange solid was obtained, m.p. 242 - 246°.
The infrared spectrum of this material contained no -OH peak at 3400 cm-1,
but was otherwise identical to the spectra of the polymers obtained from the
same materials in benzene and in dimethyl sulfoxide.

Anal, Calcd. for (CsoHQ2N4O)n: Molecular weight for the repeating
unit, 551. Found: 2,800 (by VPO in dimethylformamide at 100°).

k. Diacetoxydiphenylsilane: (Method: Reference 1) A solution of
120 g. (2.00 moles) of glacial acetic acid in 100 ml. of ether was added drop-

wise over 2 hr. to a stirred mixture of 253 g. (1.00 mole) of dichlorodiphenyl-

silane, 166 g. (2.10 moles) of pyridine, and 650 ml. of ether. The thick mix-
ture was filtered and the pyridine hydrochloride salts were washed with ether.
Evaporation of the combined filtrate and washings and subsequent distillation
gave 208 g. (70 per cent) of diacetoxydiphenylsilane, b.p. 138 _}40 (0.06

mm. ); n§7 1.5357 (reported, 158 - 162° (0.17 mm.), n go 1.5372).%

1. Polymer from diacetoxydiphenylsilane and bis(8-oxyquinoline)di-
isopropoxytitanium (in benzene): The experiment described in the literature
for the preparation of [PhpSiO(CgHgNO)2TiO] q) Was repeated. L/ A mixture of
9.011 g. (0.0300 mole) of dlacetoxydlpheny181lane, 13.631 g. (0.0300 mole) of
bls(e-oxyqulnollne)dllsqpropoxytltanlum, and 150 ml. of benzene was heated to
reflux for 2 hr. A small amount of insoluble material was filtered off and

the clear, orange filtrate was devolatilized to 150° (0.05 mm.) to give 21.4 g.

(caled. 16.5 g.) of a red, viscous liquid. Analysis of the distillate by VPC
showed no isopropyl acetate.

m. Polymer from diacetoxydiphenylsilane and bis(8-oxyquinoline)-
diisopropoxytitanium (melt): (Method: Reference 1) A mixture of 6.008 g.
(0.020 mole) of diacetoxydiphenylsilane and 9.087 g. (0.020 mole) of bis(8-
oxyquinoline)diisopropoxytitanium was heated at 175° under nitrogen for 16 hr.
A distillate (3.15 g., calcd. 4.1 g.) from the mixture was 95 per cent pure
isopropyl acetate (by VPC). The red viscous residue was heated to 100° (0.03
mm.) to give 11.9 g. (calcd. 11.1 g.) of a foamed orange solid, m.p. 184 -
190°. The infrared spectrum showed a weak Si-0-Ti band at 940 em=1,
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n. Polymer from p-phenylenebis(dimethylsilanol) and bis(8-oxyquino-
line)diisopropoxytitanium (in benzene): (Method: Reference 1) A mixture of
5.560 g. (0.0250 mole) of p-phenylenebis(dimethylhydroxysilane), 11.360 g.
(0.0250 mole) of bis(8-oxyquinoline)diisopropoxytitanium, and 130 ml. benzene
was stirred and heated until the azeotrope, which distilled out of the mixture,
contained no more isopropyl alcohol. A total of 2.12 g. (71 per cent) isopro-
Pyl alcohol was found in the distillate (by VPC). During the heating, benzene
was added to maintain constant volume. After the solvent was distilled under
reduced pressure and the residue was heated to 60° (0.05 mm.), 14.4 g. (calcd.
14.1 g.) of a polymer was obtained, m.p. 273 - 278°., The infrared spectrum
indicated an Si-0-Ti band at 910 - 920 cm-1,

Anal. Calcd. for (028H30N204Si2Ti)n: Molecular weight for the

repeating unit, 563. Found: Molecular Weight 502 (by VPO in dimethylformamide
at 100°).

A similar experiment, in which a 25 per cent mole excess of the diol
and 550 ml. of benzene was used, gave 2,12 g. (89 per cent) of isopropyl alco-
hol (by VPC) and 13.2 g. (caled. 12.3 g.) of a yellow powder, m.p. 118 - 157°;
Tinn (toluene) = 0.11 at 30°. The reactants remained &oluble throughout the
polymerization.

Four grams of the polymer was wet with 4 ml. of 0.02 per cent sodium
hydroxide then devolatilized at 100° (10 mm.). Further heating at 250° under
nitrogen for 36 hr. and cooling under vacuum gave a trace of sublimed 8-hy-
droxyquinoline, m.p. 75 - 76.5°., The infrared spectrum of the residue was
similar to that of the starting material.

o. Polymer from p-phenylenebis(diphenylsilanol) and bis(8-oxyquino-
line)diisopropoxytitanium (in toluene): A mixture of 4.74 g. (0.0100 mole)
of p-phenylenebis(diphenylsilanol), 4,544 g. (0.0100 mole) of bis(8-oxyquino-
line)diisopropoxytitanium, and 200 ml., of toluene was stirred and heated to
reflux over a period of 1 hr. All the reactants were soluble at the reflux
temperature. Heating was continued for 2.5 hr., and most of the solvent dis-
tilled off. Filtration pgave 7.2 g. (89 per cent) of a dark yellow solid which
melted at 340 - 375°, Evaporation of the filtrate gave an additional 1.8 g.
of a red powder which melted at 247 - 287°, The infrared spectra of the two
products were similar and nearly superimposable with the spectrum of the model
compound, bis(8-oxyquinoline)bis(triphenylsiloxy)titanium. The specific vis-
cosity of the main fraction in chloroform was 0.014 (0.5 per cent solution).
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2. Polymer Containing Boron and Silicon

Towers prepared a similar polymer with the proposed structure
[EQ(OPhQSiO)i]n;g/ hovever, the calculated quantities of reactants shown by
this author do not agree with the required molar ratio. Therefore, two ex-
periments, one with the reported gram quantities and one with the calculated
gram quantities, were carried out.

A solution of 16.1 g. (0.07 mole) of tri(n-butoxy)boron in 100 ml.
of heptane was mixed with 22.7 g. (0.105 mole) of diphenylsilanediol and 50
ml. of benzene. After the mixture was heated at the reflux temperature for
6 hr., the solvents were distilled out,and the residue was devolatilized at
200° (1 mm.). Additional heating of the slightly viscous liquid residue to
350° (1 mm.) gave 4.8 g. of liquid distillate, b.p. 100 - 130° (1 mm.), n%4
1.4339,and 1 g. of crystal that sublimed during the distillation, m.p. 185 -
187° (from benzene-petroleum ether, b.p. 35 - 60°).

Anal. Found: B, 2.96; Si, 11.68; Mol. Wt., 509 (by VPO in benzene
at 37°).

About 20 g. of a glassy polymeric residue, which softened at about
85°, was obtained. The thermogravimetric analysis of this residue is reported
in Fig. 7, p. 15.

A similar experiment in which 16.1 g. (0.07 mole) of tri(n-butoxy)-
boron, 29.0 g. (0.134 ilole) of diphenylsilanediol, 100 ml. of heptane, and
50 ml. of benzene were employed gave 27.4 g. (calcd. 22.8 g.) of a glassy
solid after the product was devolatilized at 300° (1 mm.).

Anal. Caled. for (CzgHzoBoOgSiz), : B, 3.31; Si, 12.92; Mol. Ut. for

for the repeating unit, 652. Found: B, 2.59; Si, 13.00; Mol. Wt. 594 (by
VPO in benzene at 37°).

When the polymer was heated at 450° for 1 hr., a brittle, brown
solid was obtained which had lost 36 per cent of its weight.

3. Phthalocyanine Derivatives

a. 1,3-Diiminoisoindoline: (Method: Reference 12) An autoclave
vas charged with 50.0 g. (0.39 mole) of phthalonitrile (m.p. 142 - 144°) and
300 ml. of methanol. Liquid ammonia (100 ml.) was added slowly while the
mixture was stirred. After the autoclave was sealed, the mixture was heated
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without stirring at 90 - 125° for 4 hr. then stored at room temperature for

70 hr. UWhen the contents of the autoclave were filtered and evaporated, the
blue solid residue that was obtained was redissolved in a minimum amount of
methanol and treated with charcoal. The product was precipitated from the
resulting yellow solution with ether, and two fractions were obtained: a pink
solid, m.p. 179 - 181°, and a tan solid, m.p. 182 - 184°. An additional amount
of a tan solid, m.p. 181 - 183° was obtained when the solvent was evaporated.
An attempt to chromatograph the solid melting at 179 - 181° indicated that at
least four components were present. Recrystallization of the combined mate-
rial from ether-methanol cooled with a Dry Ice-acetone bath gave 0.7 g. (0.1
per cent) of 1,3-diiminoisoindoline, m.p. 189 - 192° (reported, 196°12/ and
193°13/).

b. Sodium phthalocyanine: (Method: Reference 4) A mixture of
10 g. (0.078 mole) of phthalonitrile, 1.8 g. (0.078 g. atom) of sodium and
100 ml. of n-amyl alcohol was refluxed 15 min. The hot mixture was filtered
and washed with ether until the washings were colarless. After the residue was
dried in air overnight, 4.1 g. (38 per cent) of sodium phthalocyanine was
obtained.

In a second experiment, phthalonitrile was dissolved in boiling
n-amyl alcohol and subsequently treated with sodium. From 22 g. of phthalo-
nitrile was obtained 6.4 g. (27 per cent) of sodium phthalocyanine. Addi-
tional colored impurities could be removed from both products by trituration
with acetone.

c. Phthalocyanine: (Method: Reference 14) A flask which had been
washed with concentrated hydrochloric acid and distilled water was charged
with 10.5 g. (19 mmoles) of sodium phthalocyanine and about 150 ml. of dis-
tilled water. The mixture was heated at 90° for four days, filtered, and the
residue was dried in air. Phthalocyanine containing some sodium phthalocyanine
vas obtained.

Anal. Calcd. for CzpHygNg: C, 74.69; H, 3.53; N, 21.8; Na, 0.00.

Caled. for the sodium salt: Na, 8.25. Found: C, 74.8; H, 3.55; N, 21.2;
Na, 2.50.

d. Phthalocyaninediisopropoxytitanium (attempted): A mixture pre-
pared by adding 2.2 g. (0.0043 mole) of phthalocyanine to a solution of 10.4
g. (0.035 mole) of freshly distilled tetraisopropoxytitanium in 100 ml. of
toluene was heated at 95° for five days. The solid product, which was col-
lected by filtration and washed with benzene until no more color was removed,
was not identified.

Anal. Calcd. for CzgHsgOpNgTi: Ti, 7.07. Found: Ti, 1.87.
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e. Chlorodimethylphenylsilane: (llethod: Reference 1) Two hundred
milliliters of a 3 M solution of phenylmagnesium bromide in ether (0.6 mole)
was added dropwise over a period of 65 min. to a stirred solution of 155 g.
(1.2 moles) of freshly distilled dichlorodimethylsilane in 250 ml. of ether.
The next day the mixture was filtered and distilled, and 65 g. (GO per cent)
of chlorodimethylphenylsilane, b.p. 190 - 196° (reported, 191 - 194°),Y vwas
obtained.

f. Dimethylphenylsilanol: After 36 g. (0.13 mole) of 1,3-diphenyl-
tetramethyldisiloxane was added dropwise over a period of 1 hr. to a stirred
solution of 10.2 g. (0.26 mole) of sodium hydroxide in 100 ml. of isopropyl
alcohol, the solution was stirred 16 hr. at 70 - 80°. Removal of the solvents
at reduced pressure gave a viscous liquid which was dissolved in 175 ml. of
dry ether and added dropwise over a period of 3 hr. to a mixture of 180 ml.
of ether, 365 ml. of water, and 17.2 g. (0.29 mole) of acetic acid. After the
mixture was stirred an additional 2 hr., the ether layer was separated, washed
twice with distilled vater, and dried over sodium sulfate, The infrared
spectrum of the residue indicated that both siloxane and silanol groups were
present and . the unpurified material was used in subsequent experiments.

g. Bisgdimethxlpheny;siloxzzbisf8-o§yguinoline)titanium: (Method:

Reference 1) A solution of 10 g. (0.066 mole) of the impure dimethylphenyl-
silanol in 50 ml. of benzene was added dropwise to a nearly boiling solution
of 10.0 g. (0.022 mole) of bis(8-oxyquinoline)diisopropoxytitanium in 100 ml.
of benzene. After the addition was complete, additional benzene was added to
naintain a constant volume while the isopropyl alcohol-benzene azeotrope was
allowed to distill. A total of 150 ml. was collected before the refractive
index of the distillate equaled the refractive index of benzene. Evaporation
of the solvent gave a viscous liguid that crystallized when it was stored
overnight under petroleum ether. When the crude product, m.p. 112 - 116°, was
recrystallized from benzene-cyclohexane, 3.2 g. (23 per cent) of bis(dimethyl-
phenylsiloxy)bis(8-oxyquinoline)titanium, m.p. 134 - 137° (reported, 137 -
138°)Y/ was obtained.

h. Product from 1,3-diiminoisoindoline and bis(dimethylphenylsil-
oxy)bis(8-oxyquinoline)titanium: A mixture of 0.204 g. (0.346 mmole) of bis-
(dimethylphenylsiloxy)bis(8-oxyquinoline)titanium and 0.200 g. (1.48 mmole)
of 1,3-diiminoisoindoline was added to a 15-ml. flask equipped with a distill-
ing head containing a thermometer and a 15-ml. receiving flask. The reactants,
which were thoroughly mixed prior to heating, were heated at 180 - 200° for
2 hr. in a Wood's metal bath. During the heating, about 20 mg. of a colorless
crystalline solid, which melted at 204 - 208°, collected in the distilling
head. The infrared spectrum contained bands at 3200 cm~} (NH or OH) and
1720 em™! (C:0 or C:N). The solid was neither a starting material, dimethyl-
phenylsilanol nor 8-hydroxyquinoline.
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In a second experiment, the reactants were heated at 1 mm., and dur-
ing the first hour about 5 mg. of bis(dimethylphenylsiloxy)bis(8-oxyquinoline)-
titanium collected in the distilling head. Neither dimethylphenylsilanol nor
8-hydroxyquinoline distilled when the residue was heated 18 hr.

i. Product from phthalonitrile and bis(dimethylphenylsiloxy)bis(8-
oxyquinoline)titanium: When a mixture of 0.200 g. (0.345 mmole) of bis(di-
methylphenylsiloxy)bis(8-oxyqainoline)titanium, 0.174 g. (1.48 mmole) of
phthalonitrile (m.p. 142 - 144°), and 0.0150 g. of ammonium molybdate was
mixed and heated 6 hr. at 200° (1 mm.), the only material that distilled was
S0 mg. (34 per cent recovery) of phthalonitrile, m.p. 134 - 138°,

j. Product from tetrakis(dimethylamino)titanium, phthalonitrile,
and diphenylsilanediol: (Method: Reference 1) A mixture of 3.00 g. (0.0134
mole) of tetrakis(dimethylamino)titanium and 6.86 g. (0.0535 mole) of phthalo-
nitrile in 150 ml. of pyridine was refluxed for 6 hr., and 2.90 g. (0.0134
mole) of diphenylsilanediol was added. Refluxing for an additional 6 hr.,
distillation of the solvent, and drying at 200° (1 mm.) afforded 9.6 g. of a
black residue. Extraction of the residue with two 100-ml. portions of ben-
zene gave, after evaporation under vacuum, two soluble portions that weighed
4.4 g. and 0.5 g., respectively. The benzene-insoluble residue weighed 4.7 g.
A thermogravimetric analysis of the residue before extraction (Fig. 7, p.15)
showed a procedural decomposition temperature of 205° (weight loss 2 5 per
cent/hr).
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ITI. POLYBENZOXAZOLES

At the beginning of the work on polybenzoxazoles, little had been
reported on the synthesis of this class of polymers, although other polyaro-
matic systems had been studied in detail. Aliphatic polybenzoxazoles had been
prepared by Brinker in a melt polymerization of 3,3'-dihydroxybenzidine and
mixed aliphatic dibasic acids.iS Subsequently, fully aromatic polybenzoxa-
zoles were reported by Kubota as the product of thermal ring closure of a
polyamide derived fram isophthalyl chloride and 3,3'-dihydroxybenzidine.l6
A melt polymerization technique had also been used by Moyer to prepare aromatic
polybenzoxazoles from 3,3'-dihydroxybenzidine and diphenyl phthalates.l7 In
the course of this work, Imai published the results of polymerizing 3,3'-di-
hydroxybenzidine and 2,2'-diamino-p,p'-biphenol with terephthalic, isophthalic,
and sebacic acids.l§4l§/ Other recent disclosures of polybenzoxazole syntheses
include a publication by Korsha 20/ and a series of patents,21 which employ
methods described by ubota and Moyer. More recently Stacy reported melt homo
condensation of 3-amino-4-hydroxybenzonitrile and cocondensation of 3,3'-di-
hydroxybenzidine with isophthalamide to obtain polybenzoxazoles.22

A, Aromatic Polybenzoxazoles

Although monomers and model cormpounds were prepared by established
procedures, many of the compounds had not been adequately characterized in the
earlier literature. The aminophenol monomers were characterized by elemental
analyses, and compounds of equivalent purity to the analytical samples vere
used in the polymerizations. The aminophenols were isolated and stored as the
more stable hydrochloride salts.

Polyphosphoric acid (116 per cent) has been demonstrated to be ef-
fective as a polymerization medium in obtaining high molecular weight polymers
directly in other polyaromatic systems.23 - 20 In the initial experimental
work on the poly(benzoxazoles), 3,3'-dihydroxybenzidine and 3,3'-diamino-4,4'-
biphenol were polymerized with isophthalamide and terephthalamide in poly-
phosphoric acid at 200° to obtain the illustrated structures.
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The polymer from 2,2'-diamino-p,p'-biphenol and terephthalamide had an inher-
ent viscosity in sulfuric acid of 3.33, which indicates a high degree of poly-
merization. Thermogravimetric analysis and differential thermal analysis
traces of this polymer and the polymer from 3,3'-dihydroxybenzidine and tere-
phthalamide (Figs. 8 - 11) showed good heat stability. Both polymers retained
over 90 per cent of their weight at 500° and GO per cent of their weight at
900° on TGA. The slight trailing-off observed at lower temperature was probably
due to residual solvent since the polymers were dried at 70°.

A comparison of the infrared spectra of these two polymers (Figs.
12 and 14) with the spectra of the model compounds, 2,2'-diphenyl-5,5'-bibenzo-
xazole and 2,2'-diphenyl-G,6'bibenzoxazole (Figs. 13 and 16), indicated that

/\ . —
PR NN PR

the polymer contained little or no functionality that had not cyclized to the
benzoxazole structure. The spectrum of the polymer from isophthalamide and
3,3'-dihydroxybenzidine is also shown in Fig. 15. The polymers were not sol-
uble in any solvents examined except concentrated sulfuric acid. None of the
polymers melted below 450°.
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Fig. 8 - Thermogravimetric Analysis of a Poly(benzoxazole) Prepared from Tere-

phthalamide and 3,3'-Dihydroxybenzidine in Polyphosphoric Acid -
Heating Rate = 3°/Min, Np Atmosphere
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Fig. 9 - Thermogravimetric Analysis of a Poly(benzoxazole) Prepared from Tere-

phthalamide and 2,2'-Diamino-p,p'-biphenol in Polyphosphoric Acid -
Heating Rate = 3°/Min, Np Atmosphere
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Fig. 10 - Differential Thermal Analysis of a Poly(benzoxazole) from Terephthal-
amide and 3,3'-Dihydroxybenzidine in Polyphosphoric Acid -
Heating Rate = 15°/Min, Np Atmosphere
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Fig. 11 - Differential Thermal Analysis of a Poly(benzoxazole) from Terephthal-
.amide and 2,2'-Diamino-p,p'-biphenol in Polyphosphoric Acid -
Heating Rate = 15°/Min, No Atmosphere
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Since the entirely cyclized polymer is not sufficiently soluble or
fusible for preparing films, attempts were made to prepare an uncyclized pre-
polymer which could first be cast as a film and then be cyclized or undergo
a chain extension reaction., Solution polymerization of isophthalyl chloride
with 3,3'-dihydroxybenzidine at -5° - 20° in a dimethylacetamide-cyclohexanone
mixture had been reported to produce an uncyclized polymer with an inherent
viscosity of 1.04 in sulfuric acid.2®/ It was also reported that films of this
polymer could be cyclized at 200° - 530°.

Q g 0 D& ¥
01-c©. 1+ H2N—. ~xme_> cOJ:- 7\ N
HO/ OH HO/ \OH
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- ]
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LT <
N 0
h I _

n

Attempts to reproduce the preparation of the prepolymer were not
successful. In a series of preparations, 3,3'-dihydroxybenzidine with either
isophthalyl chloride or terephthalyl chloride gave polymers with inherent vis-
cosities of 0.33 - 0.24, and 3,3'-diamino-4,4'-~diphenol gave polymers with
inherent viscosities of 0.14. The infrared spectra of the polymers (Figs.

17 and 19) were very similar to the spectra reported in the original publi-
cation, and to the spectra of the uncyclized model compounds, N,N'-dibenzoyl-
3,3"'-dihydroxybenzidine and N,N'-dibenzoyl-2,2'-diamino-p,p'-biphenyl (Figs.
18 and 20); therefore, cyclization had not occurred. None of these polymers
were suitable for preparing films, apparently because of their low molecular
weights.

The temperature limits within which the polymerization could be
carried out without effecting cyclization were examined by heating the model
compounds at specified times and temperatures and determining at the end of
the heating period from the infrared spectrum of the product if cyclization
had occurred. When heated at 150° for 2 hr., neither compound cyclized. At
300° N,N'-dibenzoyl-2,2' -diamino-p,p'-biphenol had cyclized to the benzoxazole
(Fig. 21), but N N'-dlbenzoyl 3,3'-dihydroxybenzidine remained unchanged (Flg
22). These data suggested that higher polymerization temperatures
could be used in preparing the prepolymer without danger of cyclization.
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However, in a series of experiments, higher molecular weight prepolymers were
not obtained when a polymerization temperature of 100° was used or vhen other
acid acceptors, such as s-collidine or quinoline, were used at the higher
temperature.

As an alternate approach to benzoxazole prepolymers, the monomers
were polymerized in polyphosphoric acid at lower temperatures and for shorter
time periods than had been used in preparing the cyclized polymers. At lower
temperatures, unsatisfactory, low molecular weight products were obtained.
Shorter reaction periods produced a cyclized product when a sufficiently high
temperature was used to obtain a high molecular weight polymer.

In subsequent work, an attempt was made to improve the solubility
of polymers containing the benzoxazole unit through modification of the chemi-
cal structure of the polymers. The following structures were selected for
study.

n "n

0 O__@_J{

N 1\L:~_I_(CH2)3
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- n - -n

When the monomers, 2,2-bis(3-amino-4-hydroxyphenyl)propane and
bis(3—amino-4-hydroxypheny1) sulfone, were polymerized with terephthalamide
in polyphosphoric acid at 200°, only low molecular weight polymers were ob-
tained. The highest inherent viscosity for any of the polymers was 0.38 when
the measurement was made in sulfuric acid at a polymer concentration of 0.5
per cent. The polymer from terephthalamide and 3,3'-diamino-4,4'-dihydroxy-
diphenyl ether had a higher molecular weight, Ty, = 1.92, but like the other
wholly aromatic polybenzoxazoles, was insoluble in all solvents except sulfuric
acid. The heat stability of this polymer was comparable with the stability of
other aromatic polybenzoxazoles. The infrared spectra of the three polymers
are shown in Figs. 25, 24, and 25, and the thermogravimetric analysis of a
polymer from terephthalamide and 3,3'-diamino-4,4'-dihydroxydiphenyl ether in
Fig. 26.
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Fig. 26 - Thermogravimetric Analysis of a Polymer From Terephthalamide
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B, Aliphatic Polyhenzoxazoles

Aliphatic dicarboxylic acids and bis(aminophenols) could also be
polymerized in polyphosphoric acid; for example, glutaric acid and 2,2'-di-
amino-p,p'-biphenol gave a polymer with an inherent viscosity of 1.23 in sul=-
furic acid. In spite of the aliphatic link in these polymers, they exhibited
relatively good heat stabilities, showing procedural decomposition tempera-
tures of about 400° by thermogravimetric analysis (Figs. 27, 28, and 29).

The infrared spectra of the aliphatic polymers (Figs. 30 - 34) were consistent
with the structures. Although the aliphatic polybenzoxazole showed impioved
solubilities, films cast from solutions of the polymer from 2,2'-diamino-p,p'-
biphenol and glutaric acid were poorly adherent to test plates and cracked
easily. Table I surmarizes the solubility of these polymers in various sol-
vents and provides a comparison with the solubilities of various aromatic
polybenzoxazoles. All the aliphatic polybenzoxazoles were highly colored and
produced very dark films.

In additional work, an attempt was made to incorporate the per-
fluorocalkylene group in the polymer as a link between benzoxazole groups.
Several perfluoroglutaric acid derivatives, the phenyl ester and the amide as
well as the free acid, were treated with 2,2'-diamino-p,p'-biphenocl.

O-
’~I

q/

i«-j (CFy)3

Under none of the conditions used could a polymer he obtained, and, frequently,
unchanged monomer was the only substance recovered from the polymerization
mixtures. Procedures employed included solution polymerization in polyphos-
phoric acid and melt polymerization of the phenyl ester and the free amino-
phenol.

In the first experiments, it was assumed that perfluoroglutaric acid
and perfluoroglutaramide failed to polymerize with bis(aminophenols) because
of the high volatility of the fluorine-containing compounds. However, in
subsequent experiments, 83 per cent of the diphenyl perfluoroglutarate could be
recovered when it was treated with a bis(aminophenol) in polyphosphoric acid
at 150° for 16 hr.; therefore, failure of polymerization to occur was probably
due to the intrinsic lack of reactivity of perfluoroglutaric acid derivatives.
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Fig. 31 - Infrared Spectrum of the Polymer From Glutaric Acid and
3,3'-Dihydroxybenzidine Dihydrochloride (Nujol)
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Although a number of high-molecular-weight polymers were obtained
in the poly(benzoxazole) series, none of the polymer samples gave elemental
analyses consistent with the proposed structures (Table II). Infrared spectra
were in general consistent with the structures and gave little or no evidence
for the presence of solvent (phosphoric acid) molecules or unclosed ring struc-~
tures. All the polymers, as well as the model compounds, the C=N stretch at
1560 - 1570 em~l, the C-0-C stretch at 1250 - 1270 cm'l, and benzoxazole ring
deformation at 800 - 830 em~1. The analyses were seldom consistent with the
presence of an inert diluent, such as water. No adequate explanation can be
advanced for the disagreements.

C. Experimental

1. Synthesis of Intermediates and Monomers

a. 3,3'-Dihydroxybenzidine dihydrochloride:

1. Via the hydriodic acid cleavage of 3,3'-dimethoxybenzidine:
(Method: Reference 26) After a mixture of 24.4 g. (0.10 mole) of 3,3'-di-
methoxybenzidine and 240 ml, of 57 per cent hydriodic acid was refluxed 24 hr.
under an atmosphere of nitrogen, the excess hydriodic acid was removed under
reduced pressure. The residue, dissolved in 600 ml. of boiling water, was fil-
tered, treated with 15 g. of scdium bisulfite to remove iodine, refiltered
with charcoal, and the filtrate was neutralized with 250 ml. of saturated so-
dium acetate solution. The precipitated 3,3'-dihydroxybenzidine was boiled in
hot ethanol then dissolved in 250 ml. of water by the addition of concentrated
hydrochloric acid until the pH of the solution was 2. After the solution was
filtered with charcoal, the hydrochloride salt was precipitated by the addi-
tion of concentrated hydrochloric acid. Vhen the salt was collected by fil-
tration, washed with 6 N hydrochloric acid, and dried in vacuum over potassium
hydroxide, 10.9 g. (38 per cent) of 3,3'-dihydroxybenzidine dihydrochloride
was obtained. The infrared spectrum is reported in Fig. 3S5.

Anal. Calcd. for Ci1oHj4CloNoOo: C, 49,.84; H, 4.88; N, 9.69;
Neut. Equiv., 145. PFound: C, 50.06; H, 4.92; N, 9.55; Neut. Equiv., 141.

2. Via the hydrobromic acid cleavage of 3,3'-dimethoxybenzi-
dine: (Method: Reference 27) After a mixture of 30.0 g. (0.123 mole) of
3,3'-dimethoxybenzidine and 500 ml. of 48 per cent hydrobromic acid was re-
fluxed 24 hr., the insoluble portion was collected by filtration, dissolved
in 600 ml. of hot water, and neutralized with 300 ml. of saturated sodium
acetate solution. The insoluble portion was again collected by filtration,
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TABLE II

ELEMENTAL ANALYSES OF POLYBENZOXAZOLES

Calculated Found
Polymer Structure Formuls c H .| (] H N
CpoH; oN20p 77.41 3.25 9.03 73.86 3.76 6.68
CooH1 oNp02 77.41 3.25 9.03 71.17 3.15 6.42
CaoH oNp03 73.61 3.09 8.59 62.20 3.08 5.30
€y 7Hy oN20o 73.90 4.38 10.14 70.31 4.54 9.67
Cy7H) oN202 73.90 4.38 10.14 67.49 4.39 8.70
C3.7H12Np03 69.85 4.14 9.59 67.10 4.20 9.05
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washed with water, slurried in 130 ml. of hot ethanol, collected by filtration,
and washed with hot ethanol. When the product was purified by the same proce-
dure used in the hydriocdic acid cleavage, 20.1 g. (56 per cent) of 3,3'-di-
hydroxybenzidine dihydrochloride with a neutralization equivalent of 146 was
obtained.

b. 2,2'-Dinitro-p,p'-biphenol: (Method: Reference 27) To a stirred
suspension of 84,3 g. (0.455 mole) of p,p'-biphenol in 1,000 ml. of glacial
acetic acid at 10 - 20° was slowly added 300 ml. of nitric acid during 45 min.
The mixture was stirred without cooling for 45 min., then poured into 2 liters
of iced water. The orange-brown solid was filtered off, slurried in ethanol,
refiltered, washed with ethanol and ether, and dried to give 117 g. (94 per
cent) of 2,2'-dinitro-p,p'-biphenol, m.p. 274 - 276° (reported, 286°).28
In a subsequent experiment, the crude product was recrystallized from a 30:70
mixture of cyclohexane-xylene to obtain 47 per cent of purified 2,2'-dinitro-
p,p'~biphenol, m.p. 277 - 279°. The infrared spectrum is reported in Fig. 36.

¢. 2,2'-Diamino-p,p'-biphenol dihydrochloride: Sodium hydrosulfite
(115 g., 0.66 mole) was added in portions over a l-hr. period to a stirred
mixture of 28.0 g, (0.101 mole) of 2,2'-dinitro-p,p'-biphenol in 1,600 ml. of
concentrated ammonium hydroxide at 35°. Filtration gave a peach-colored solid
which was added immediately to 500 ml. of stirred 6 N hydrochloric acid. The
yellow solid was collected by filtration and dissolved in 500 ml. of water.
After the solution was filtered with charcoal and treated with 400 ml. of con-
centrated hydrochloric acid, 22.8 g. (78 per cent) of 2,2'-diamino-p,p'-bi-
phenol dihydrochloride precipitated. The product was collected by filtration,
washed with 6 N hydrochloric acid, and dried under vacuum. The infrared
spectrum is reported in Fig. 37.

Anal. Calcd. for CpjH431ClpNpOp: C, 49.84; H, 4.88; N, 9.60; Neut.
Equiv., 145. Found: C, 49.29; H, 4.62; N, 9.62, Neut. Equiv., 144,

d. 2,2-Bis(3-nitro-4-hydroxyphenyl)propane: (Method: Reference 28)
Seventy milliliters of nitric acid was added slowly during 1.5 hr. to a stirred
solution of 68.5 g. (0.30 mole) of Bisphenol A in 350 ml. of benzene and 230
ml. of acetic acid at 5°. After the mixture was stirred 1 hr. at 5°, the
precipitate was filtered off and washed with water, ethanol, and ether. The
crude material, dried in vacuum, weighed 37.5 g. (40 per cent) and melted at
130 - 131°. Recrystallization of the product from 95 per cent ethanol gave
30 g. (32 per cent) of orange 2,2-bis(3-nitro-4-hydroxyphenyl)propane, m.p.
133 - 135° (reported m.p. 135°).28/ After the filtrate was mixed with 500 ml.
of water and 350 ml. of benzene, the benzene layer was separated and washed
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four times with water, dried over calcium sulfate, and evaporated. An addi-
tional 50.5 g. of crude product was obtained, m.p. 108 - 113°., Two recrystal-
lizations from 95 per cent ethanol gave an additional 26.0 g. of 2,2-bis(3-
nitro-4-hydroxyphenyl)propane which melted at 130 - 131°. The total yield was
59 per cent. The infrared spectrum is reported in Fig. 38.

e. 2,2-Bis(3-amino-4-hydroxyphenyl)propane dihydrochloride:
(Method: Reference 28): Sodium hydrosulfite (115 g., 0.66 mole) was added
during 1 hr. to a stirred solution of 31.8 g. (0.10 mole) of 2,2-bis(3-nitro~
4-hydroxyphenyl)propane in 1,600 ml. of concentrated ammonium hydroxide at
30 - 35°, After 1 hr., the peach-colored precipitate was filtered off, washed
with concentrated armonium hydroxide, and dried to give 44.5 g. (172 per cent)
of tan crude product, vhich did not melt below 400°. When a mixture of the
solid in 200 ml. of water was adjusted with concentrated hydrochloric acid to
pH 2, filtered, and treated with 200 ml. concentrated hydrochloric acid,
12.5 g. (38 per cent) of grey-brown 2,2-bis(3-amino-4-hydroxyphenyl)propane
dihydrochloride precipitated. The compound, which was dried over potassium
hydroxide, melted at 233 - 235°, Two additional precipitations with hydro-
chloric acid, one using charcoal to decolorize the solution, gave 6.5 g. (20
per cent) of the product, m.p. 239 - 241°, The infrared spectrum is reported
in Fig. 39.

Anal, Calcd. for C,gHygNpo0,-2HC1-2Hp0: C, 49.05; H, 6.59; N, 7.63;
Neut. Equiv., 184. Found: C, 49,20; H, 6.61; N, 7.50; Neut. Equiv., 184.

f. Bis(3-nitro-4-hydroxyphenyl) sulfone: (Method: Reference 28)
A mixture of 375 ml. of nitric acid and 62.6 g. (0.25 mole) of bis(4-hydroxy-
phenyl) sulfone was cooled and occasionally stirred in an ice bath for 1 hr.
The mixture was diluted with 600 ml. of water and filtered. When the precipi-
tate was slurried with 1 liter of hot water, filtered off, and dried, 51 g.
(60 per cent) of crude nitrated sulfone, m.p. 220 - 223°, was obtained. Re-
crystallization from 1,100 ml., of a mixture of 95 per cent ethanol and 2-
butanone gave 15 g. (18 per cent) of tan bifé?—nitro-4-hydroxyphenyl) sulfone,
m.p. 233 - 234° (reported m.p., 231 - 233°,22 203 - 225°28/), Uhen the fil-
trate was evaporated and the residue recrystallized 95 per cent ethanol, an
additional 14.0 g. of the compound, m.p. 232 - 234°, was obtained. The total
yield was 34 per cent. The infrared spectrum is reported in Fig. 40.

g. Bis(3-amino-4-hydroxyphenyl) sulfone: Sodium hydrosulfite (96
g., 0.55 mole) was added during 20 min. to a stirred solution of 25.5 g. (0.075
mole) of bis(3-nitro-4-hydroxyphenyl) sulfone in 602 ml. of concentrated ammo-
nium hydroxide at 30 - 35°, After the mixture was stirred an additional 2 hr.
and filtered, the solid product was washed with water until all the soluble
material had dissolved. WVhen the filtrate and washings were evaporated to
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one~half their original volume and stored overnight, an opaque red gel formed,
which was separated and discarded. Evaporation of the solution gave a yellow-
brown solid, which was recrystallized from water to obtain 2.6 g. (12 per
cent) of purple bis(3-amino-4-hydroxyphenyl) sulfone, m.p. 230 - 231° with dec.
(reported m.p., 227 - 228°,3%/ 233 - 235°,31/ 270 - 271°£2/). Infrared spec-
trun (Fig. 41) of the product and of a spectrum reported in the Sadtler files
were superimposable,

A slurry of 27.2 g. (0.080 mole) of bis(3-nitro-4-hydroxyphenyl)
sulfone, 13.4 g. of 95 per cent hydrazine, and 2.0 g. of Raney nickel in 260
ml. of 95 per cent ethyl alcohol and 150 ml. of water was refluxed 30 min.
An additional 13.4 g. of hydrazine was added and the mixture was refluxed 1 hr.
more. When the dark orange solution was filtered, the solvents removed, and
the residue dried at 100° in vacuum, 28 g. of a brittle orange-brown solid was
obtained. Recrystallization from water gave 4.1 g. of dark brown crystals of
bis(3-amino-4-hydroxyphenyl) sulfone, m.p. 231 - 232° dec. Evaporation of the
filtrate gave 8.5 g. of tan powder, m.p. 226 - 227° dec. Infrared spectra of
the two crops were identical with the spectrum of authentic material. The
total yield was 56 per cent.

h. 4,4'-Dihydroxy-3,3'-dinitrodiphenyl ether: (Method: Reference
31) To a stirred solution of 20.2 g. (0.10 mole) of 4,4'-oxydiphenol in 320
ml. of acetic acid and 200 ml. of benzene at 0° was added 13 ml. (0.2 mole) of
concentrated nitric acid during 1 hr. The mixture was stirred 2 hr. at 0°,
poured into 3 liters of cracked ice and stored overnight. When the precipi-
tate was filtered off, washed with cold water, and dried at 80°, 20.5 g. of
a yellow powder was obtained. The crude product, m.p. 148 - 152°, boiled in
850 ml. of 95 per cent ethanol and filtered, gave 7.1 g. of yellow powder,
m.p. 156 - 158°, An additional 6.3 g. of brown crystals, m.p. 153 - 157°,
precipitated when the filtrate was cooled. The infrared spectra of the two
solids were identical. The combined fractions, recrystallized from 1,100 ml.
of 95 per cent ethanol gave 8.0 g. (27 per cent) of 3,3'-dinitro-4,4'-dihy-
droxydiphenyl ether, m.p. 159 - 160°. The filtrates were combined and evapo-
rated, and the solid recrystallized twice from ethanol to give an additional
1.5 g. of brown crystals, m.p. 155 - 157°. The total yield was 32 per cent.
The infrared spectrum is reported in Fig. 42.

Anal. Calecd. for CjoHgN207: C, 49.32; H, 2,76; N, 9,59, Found:
C, 49.60; H, 2.79; N, 10.00.

A differential thermal analysis indicated the presence of a trace
of ethanol in the analytical sample.
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Fig. 41 - Infrared Spectrum of Bis(3-amino-4-hydroxyphenyl)
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i. 3,3'-Diamino-4,4'-dihydroxydiphenyl ether dihydrochloride :
(Method: Reference 31) A slurry of 2.9 g. (0.010 mole) of 3,3'-dinitro-4,4'-
dihydroxydiphenyl ether, 1.8 ml. of 95 per cent hydrazine, and 0.25 g. of
Raney nickel in 32 ml. of 95 per cent ethyl alcohol and 20 ml. of water was
refluxed for 30 min. An additional 1.8 ml. of hydrazine was added and the
mixture was refluxed 30 min. The purple-black mixture was filtered, the sol-
vents removed, and the residue dried at 100° under vacuum. To this solid was
added 10 ml. of water and 15 ml. concentrated hydrochloric acid. The solid
was filtered off, washed with 6 N hydrochloric acid, dissolved in 50 ml. of
water and charcoal-filtered, and the solution treated with 60 ml. of concen-
trated hydrochloric acid. Filtration and drying over KOH gave 1.5 g. (50 per
cent) of 3,3'~-diamino-4,4'-dihydroxydiphenyl ether dihydrochloride, m.p. 295 -
298° dec. The infrared spectrum is consistent with the structure and is re-
ported in Fig. 43.

Anal. Calcd. for C12H14CloN203: C, 47.23; H, 4.62; N, 9.18; Neut.
Equiv., 155. Found: C, 47.19; H, 4.60; N, 9.27; Neut. Equiv., 153.

j. Isophthalamide: A stirred solution of 40.6 g. (0.20 mole) of
isophthalyl chloride (m.p. 43.5 - 45.0°) in 500 ml. of ether was treated with
55 ml. of concentrated ammonium hydroxide during 30 min. After the mixture
was stirred an additional 30 min. and filtered, 40.0 g. of crude product was
obtained. Recrystallization from 2,500 ml. of water gave_f7.2 g. (72 per
cent of isophthalamide, m.p. 270 - 272° (reported, 280°).32

Anal., Calcd. for CgHgNpOgo: C, 58.53; H, 4.91; N, 17.07. Found:
C, 58.62; H, 4.,72; N, 15.69; 15.76.

k. Terephthalamide: To a stirred solution of 40.6 g. (0.20 mole)
of terephthalyl chloride in 700 ml. of ether was added 60 ml. of concentrated
ammonium hydroxide over a 30-min. period. After the mixture was stirred an
additional 30 min. and filtered, 55.6 g. of a crude material was obtained,
which was boiled with 5 liters of water. Upon filtration, 18.0 g. of insol-
uble material which melted at 323 - 326° was obtained. Terephthalamide, m.p.
325 - 327°, crystallized from the filtrate. The infrared spectra of the two
compounds were very similar, and the combined yield of the two fractions was
95 per cent. '

Anal. Calcd. for CgHgNoOp: C, 58.53; H, 4.91; N, 17.07, Found:
C, 58.66; H, 4.78; N, 13.98, 13.89.

1. Diphenyl terephthalate: A stirred mixture of 20.3 g. (0.10
mole) of terephthalyl chloride and 18.8 g. (0.20 mole) of phenol was heated at
90 - 110° under nitrogen for 30 min. Subsequently, the solid mass was boiled
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in 800 ml. of ethanol. ihen the mixture was cooled, filtered, and the insol-
uble portion recrystallized from tetrahydrofuran, 19.0 g. (60 per cent) of
diphenyl terephthalate was obtained, m.p. 196 - 198° (reported, 191°).-§/

m. Diphenyl isophthalate: When a mixture of 20.3 g. (0.10 mole) of
isophthalyl chloride and 18.8 g. (0.20 mole) of phenol was heated at 100° for
an hour, hydrochloric acid was evolved. The liquid was cooled, added to 400
ml. of ethanol, and the heavy white precipitate was filtered off to give 12.7
g. (40 per cent) of crude product. Recrystallization from ethanol afforded
7.0 g. (22 per cent) of diphenyl isophthalate, m.p. 136 - 137.5° (reported,
m.p. 120°).33/

n. Diphenyl perfluoroglutarate: A mixture of 36.0 g. (0.15 mole)
of perfluoroglutaric acid, 28.2 g. (0.30 mole) of phenol, and 20.7 g. (0.135
mole) of phosphorus oxychloride was heated at 110° for 1.5 hr. Benzene (75
ml.) was added and the mixture was refluxed for 1.5 hr. The clear brown solu-
tion was extracted with four 60-ml. portions of water, two S0-ml. portions of
15 per cent sodium bicarbonate, and two 75-ml. portions of water and dried
over calcium sulfate. The benzene solution vas devolatilized and distilled
under vacuum to give 5.7 g. (10 per cent) of a light yellow liquid, b.p. 137 -
140° (0.5 mm.), which crystallized on standing to an off-white solid, m.p. 41 -
42.5°. A differential thermal analysis shoved a boiling point endotherm at
335° (reported m.p. 42.5 - 43°, b.p. 164 - 65.5° (5 mm.)).éé?

0. Diethyl perfluoroglutarate: (Method: Reference 35) After a
solution of 19.5 g. (0.0813 mole) of perfluoroglutaric acid and 0.25 ml. of
concentrated hydrochloric acid in 100 ml. of anhydrous ethanol was refluxed
for 20 hr., the excess ethanol was distilled off. An additional 100 ml. of
ethanol was added and slowly distilled. Distillation under reduced pressure
gave 17.5 g. (73 per cent) of diethyl perfluoroglutarate, b.p. 104 - 109° (16 -
17 mm.), n%o 1.3607 (reported, b.p. 76° (3 mm.); n=0 1.3546).35/ The infrared
spectrum is identical with the spectrum of the compound reported in the
Sadtler file.

p. Perfluoroglutaramide: (Method: Reference 36) Ammonia was bub-
bled for 2 hr. into a solution of 15.0 g. (0.051 mole) of diethyl perfluoroglu-
tarate in 120 ml. of ether. The mixture was allowed to warm to room tempera-
ture and the product was filtered off, washed with ether, and dried to give
10.0)g56(93 per cent) of perfluoroglutaramide, m.p. 210 - 211° (reported,
210°). '

2. Synthesis and Reactions of Model Compounds

a. 2,2'-Diphenyl-5,5'-bibenzoxazole: After a mixture of 1.446 g.
(C.00500 mole) of 2,2'-diamino-p,p'-biphenol dihydrochloride and 60.0 g. of
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116 per cent polyphosphoric acid was heated and stirred for 2.4 hi. under a
flow of dry nitrogen, 1.221 g. (0.0100 mole) of benzoic acid was added and
the mixture was heated at 200° for 19 hr. The hot, dark brown solution was
poured into 300 ml. of water, and the precipitated material was collected by
filtration, washed with water, and methanol, and dried under reduced pressure
at 70°. The crude product (1.89 g., 96 per cent), m.p. 230 - 240°, gave 0.96
g. (50 per cent) of the purified 2,2'-diphenyl-5,5'-bibenzoxazole, m.p. 239 -
244° after recrystallization from dimethylformamide. A second recrystalliza-
tion from dimethylformamide increased the melting point to 244 - 245,5°.

Anal. Calcd. for CpogH1gN2O2: C, 80.39; H, 4.15; N, 7.21. Found:
C, 80.25; H, 4.29; N, 7.25.

b. 2,2'-Diphenyl-6,6'-bibenzoxazole: A procedure similar to the
method described in section III. C. 2, a. was employed to convert 1.446 g.
(0.00500 mole) of 3,3'-dihydroxybenzidine dihydrochloride to 1.61 g. (83 per
cent) of crude 2,2'-diphenyl-6,6'-bibenzoxazole, m.p. 238 - 242°, Recrystal-
lization of the crude material from dimethylformamide gave 0.69 g. (36 per
cent) of ,the purified product which melted at 243 - 246° (reported, 249 -
250°).*17-/

Anal. Calcd. for CpgHigNoO2: C, 80.39; H, 4.15; N, 7.21. Found:
C, 79.90; H, 4.19; N, 7.13.

¢. N,N'-Dibenzoyl-3,3'-dihydroxybenzidine: A solution of 2.809 g.
(0.0200 mole) of benzoyl chloride in 6.7 ml. of cyclohexanone was added drop-
wise during 30 min. to a stirred solution of 2.892 (0.0100 mole) of 3,3'-di-
hydroxybenzidine dihydrochloride in 23 ml. of dimethylacetamide and 7.1 ml.
of pyridine at 0°. A yellow-orange precipitate formed near the end of the
addition. The mixture was stirred for an additional 3 hr. at 0°, allowed to
warm to 25°, and poured into 200 ml. of water. When the precipitated material
was collected by filtration, washed with water and methanol, and dried at 70°
in vacuum, 4.2 g. (98 per cent) of crude product, m.p. 322 - 326°, vas ob-
tained. Recrystallization from 100 ml. of dimethylformamide afforded 4.0 g.
(94 per cent) of N,N'-dibenzoyl-3,3'-dihydroxybenzidine, m.p. 323 - 327°.

Anal. Calcd. for CpgHpooN2Os: C, 73.57; H, 4.75; N, 6.60. Found:
c, 73.17, 73.02, H, 4,98, 5.11; N, 6.86, 6.84.

d. N,N'-Dibenzoyl-2,2'-diamino-p,p'-biphenol: When 2.892 g.
(0.0100 mole) of 2,2"-diamino-p,p -biphenol hydrochloride was treated with
2.809 (0.0200 mole) of benzoyl chloride by the procedure described in paragraph
IV. D. 12., 3.7 g. (87 per cent) of crude I,N'-dibenzoyl-2,2' -diamino-p,p'-
biphenol, which melted at 319 - 321°, was obtained. Recrystallization from a
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dimethylformamide-ethanol mixture afforded 2.5 g. (59 per cent) of the purified
product, m.p. 322 - 32G°. The infrared spectra of the compound did not change
after recrystallization.

Anal. Calcd. for CzgHpoN204: C, 73.57; H, 4.15; N, 6.60. Found:
Cc, 72,77, 72.93; H, 4.88; 4.96, N, 6.92, 6.87.

e. N,N'-Dibenzoyl-3,3'-dimethoxybenzidine: A solution of 5.6 g.
(0.040 mole) of benzoyl chloride in 50 ml. of benzene was added slowly to a
stirred solution of 4.9 g. (0.020 mole) of 3,3'-dimethoxybenzidine in 50 ml.
of pyridine. When the precipitated material was collected by filtration,
wasihed sequentially with benzene, ethanol, water, and ethanol, and dried, 6.5
g. (77 per cent) of crude N,N'-dibenzoyl-3,3'-dimethoxybenzidine was obtained.
One recrystallization from dimethylformamide gave 5.7 g. (83 per cent) of the
purified compound, m.p. 245 - 247° (reported, 236°).§§7

f. Thermal decomposition of N,II'-dibenzoyl-3,3'-dihydroxybenzidine:
The infrared spectrum of a small quantity of the compound, heated under nitro-
gen at 150° for 2 hr., did not change. Uhen the compound was heated for 2 hr.
at 300° under nitrogen, the color turned gray and the material which became
partly fused, melted at 219 - 224°. An infrared spectrum of the product was
similar to the closed ring analog, 2,2'-diphenyl-3,6'-dibenzoxazole (reported,
n.p. 249 - 250°).37/

When 1.273 g. of N,N'-dibenzoyl-3,3'-dihydroxybenzidine was heated
at 100° for 3 hr. in a mixture of 7 ml. of dimethylacetamide, 2.2 ml. of cyclo-
hexanone, and 2.4 ml. of pyridine, most of the compound dissolved. The product
was poured into water and the precipitate was collected by filtration, washed
with water and methanol, and dried under reduced pressure. A total of 1.14 g.
(90 per cent) of N,II'-dibenzoyl-3,3'-dihydroxybenzidine, m.p. 314 - 320°, was
recovered.

g. Thermal decomposition of N,N'-dibenzoyl-2,2'-diamino-p,p'-bi-
phenol: The infrared spectra of samples of this compound did not change
significantly when the samples were heated at 150° and 300° for 2 hr. under
nitrogen.

When 1.273 g. of N,N'-dibenzoyl-2,2'-diamino-p,p'~biphenol was heated
3 hr. at 100° in solution with pyridine, dimethylacetamide, and cyclohexanone
in the manner described in paragraph III. C. 2. f., 1.10 g. (86 per cent) of
the compound was recovered. The infrared spectrum of the product was the same
as that of the starting material.
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h. Thermal decomposition of N,Ii'-dibenzoyl-3,3'~-dimethoxybenzidine:
The compound, heated in a differential thermal analyzer at 15°/min under
nitrogen showed no evidence of decomposition below its melting point. A melt-
ing endotherm at about 325° was observed as well as a decomposition exotherm,
which showed a peak at about 440°. The infrared spectrum of a sample heated
to 325° under these conditions and cooled rapidly showed a loss of the amide
IT absorption band at 1520 cm-1l.

When 0.37 g. of the compound was heated at 325° for 2 hr. under
nitrogen, a drop of a liquid, which was identified as methyl benzoate by its
infrared spectrum, distilled. The infrared spectrum of the residue indicates
the presence of residual ester, and the NH absorption at 3350 cm-1 had shifted
to 3450 cm=l, indicating a decrease in hydrogen bonding.

3. Polymerization Reactions

a. Polymers from bis(aminophenols) and phthalyl chlorides: 3,3'-
Dihydroxybenzidine dihydrochloride or 2,2'-diamino-p,p'-biphenol dihydrochlo-
ride was polymerized with isophthalyl or terephthalyl chloride by the method
reported by Kubota.ll/ The results are summarized in Table III., The follow-
ing is a typical example of the procedure that was employed. A solution of
4.337 g. (0.015 mole) of 3,3'-dihydroxybenzidine dihydrochloride in 33 ml. of
dimethylacetamide and 5.2 ml. of pyridine was added dropwise during 30 min. to
a stirred mixture of 3.045 g. (0.015 mole) of tetraphthalyl chloride in 10 ml.
of cyclohexanone at 0°. A yellow precipitate formed immediately and the mix-
ture was stirred at room temperature for 3 hr. and let stand overnight. The
mixture was poured into 250 ml. of water and the yellow-orange precipitate
was filtered off, washed with water and methanol and dried under reduced pres-
sure at 70° to give 4.28 g. (82 per cent) of a yellow-green powder which did
not melt at 380°. The inherent viscosity of the polymer (c = 0.5 per cent in
sulfuric acid at 30°) was 0.24.

b. Polymers from bis(aminophenols) and phthalamides in polyphos-
phoric acid: In a typical experiment a mixture of 60.0 g. of 116 per cent
polyphosphoric acid and 1.446 g. (0.00500 mole) of 3,3'-dihydroxybenzidine
dihydrochloride was heated and stirred for 2.5 hr. at 150° under a flow of
dry nitrogen. Terephthalamide (0.821 g., 0.00500 mole) was added and heating
was continued at 200° for 19 hr. The polymer was isolated by pouring the hot
solution into water, washing the precipitated mass with water, first by de-
cantation and then in a Waring Blendor, and storing the product in 10 per cent
sodium bicarbonate overnight. Subsequent filtration, washings with water
and methanol, and drying under vacuum at 70° afforded 1.57 g. (101 per cent)
of the polybenzoxazole which did not melt below 450°. The inherent viscosity
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TABLE III

POLYMERIZATION OF PHTHALYL CHLORIDES WITH BIS(MMOLS!

Acid Chloride Mode of Addition Base

3,3'-Dihydroxybenzidine Dihydrochloride with:

1.

Isophthalyl Acid chloride Pyridine
chloride® to aminophenolP

Isophthalyl Acid chloride Pyridine
chloride&/ to aninophenoly

Isophthalyl Acid Chloride §-Collidine
chloride®. to aninophenoﬁ/

Isophthalyl Acid chloride Quinoline
chloride®/ to allinopheno]l’/

Terephthalyl Aminophenol to Pyridine

chloride@:¢/  acid chloriaed/

2,2'-Diamino-p,p'-biphenol Dihydrochloride with:

6.

7.

8.

a/ Melting point 43.5 - 45° after one recrystallization from heptane.
y Dissolved in freshly distilled cyclohexanone and dimethylacetemide.

Isophthalyl Acid chloride Pyridine
chloride2 to alinopheno].‘i/

Isophthalyl Acid chloride Pyridine
chloride&/ to aninophenoﬁ/

Terephthalyl Aminophenol to Pyridine

chloridedse/ actd chloride?/

Inherent Viscosity

Pinal Temp. Yield (Sulfuric Acid, 30°)

(*c) (%) (c = 0.5%)

.25 107 0.31
100 94 0.21
100 99 0.24
100 104 0.33

25 82 0.24

25 104 0.14
100 94 0.14

25 84 0.14

Physical
Appearance

Olive green
powdert

Light green
powder
Green powder
Green povder
Yellow green
powder

Tan powder

Gray powder

Yellow green
powder

_q/ When & 5 per cent solution of the polymer in dimethylacetamide was evaporated at 200°, & brittle film was obtained.
The powder film, heated 30 min. at 250 - 300° (0.1 mm.), became insoluble in cold dimethylacetamide.

viscosity of the resulting material was 0.15 (0.5 per cent in sulfuric acid).

Q/ Did not form a homogeneous solution.
e/ Melting point 81 - 88°,
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of a 0.5 per cent solution in sulfuric acid at 30° was 0.40. DTA and TGA data
are presented in Figs. 38 and 42. The results of polymerization experiments
of phthalamides with other bis(aminophenols) are summarized in Table IV.

¢. Polymerization of 3,3'-dihydroxybenzidine dihydrochloride and
diphenyl terephthalate (attquted in benzene): A mixture of 1.446 g. (0.00500
mole of 3,3'-dihydroxybenzidine dihydrochloride, 1.592 g. (0.00500 mole) of
diphenyl terephthalate, 0.9 ml. of pyridine, and 50 ml. of benzene was refluxed
for 1.5 hr. An insoluble solid was present throughout the reaction. When the
mixture was cooled, unchanged diphenyl terephthalate precipitated.

d. Melt polymerization of 2,2'-diamino-p,p'~biphenol and diphenyl-
terephthalate (attempted): (Method Reference 39) After a solution of 1.446
g. (0.005 mole) of 2,2'-diamino-p,p'-biphenol dihydrochloride in 50 ml. of
water wae neutralized with aqueous sodium hydroxide, the free amine was fil-
tered off, washed with water, and dried under reduced pressure. A mixture of
the free amine and 1.59%2 g. (0.00500 mole) of diphenyl terephthalate was heated
under nitrogen in a Wood's metal bath from 65 - 215° over a l-hr. period. The
mixture shrank and darkened, but did not melt. A small amount of liquid con-
densed in the neck which was identified by its odor as phenol. The gray prod-
uct (2.6 g., 167 per cent) was partly soluble in acetone, but left a black,
insoluble residue.

e. Polymerization of 3,3'-dihydroxybenzidine dihydrochloride and
diphenyl isophthalate (attempted in xylene): When a mixture of 1.446 g.
(0.00500 mole) of 3,3'-dihydroxybenzidine dihydrochloride, 1.592 g. (0.00500
mole) of diphenyl isophthalate, 0.9 ml. of pyridine and SO ml. of benzene was
heated at reflux, a portion of the reactants was not soluble. Fifty milli-
liters of xylene were added, the benzene was digtilled off, and the mixture
was refluxed for 1 hr. The same material remained insoluble. No solid pre-
cipitated when the mixture was cooled.

The results of a series of polymerizations are summarized in Table V.

Polymers from bis(aminophenols) and glutaric acid: In a typical ex-
periment, a mixture of 60.0 g. of 116 per cent polyphosphoric acid and 1.446 g.
(0.00500 mole) of 2,2'-diamino-p,p'-biphenol dihydrochloride was heated and
stirred for 2.5 hr. at 150° under a flow of dry nitrogen. Glutaric acid
(0.661 g., 0.00500 mole) was added and the mixture was heated at 200° for 1 hr.
and at 150° for 2 hr. When the polymer was isolated and purified by the
method described in paragraph IX.C.3.b., 1.36 g. (99 per cent) of a gray poly-
benzoxazole, which did not melt below 400° was obtained. The inherent viscos-
ity in sulfuric acid at 30° (0.5 per cent) was 1.23.
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A dark-~brown poorly adherent film was obtained by applying part of a
solution of 0.25 g. of the polymer in 5 ml. of dichloroacetic acid with an air
brush to a 2-in. plate. The film was unevenly distributed. A solution of 0.3
g. of the polymer in 5 ml. of 90 per cent formic acid was applied to a plate
with a pipette dropper and allowed to air-dry for 2 hr. The film cracked and
separated from the plate. On another plate, three thin layers were applied,
each one being air-dried for 20 min. before adding the next. After drying at
50° for several hours and at room temperature for one week, the film became
brittle and flaked off. A third film also became brittle when air-dried at
130° for 30 min.

g. Polymer from 2,2'-diamino-p,p'-biphenol and diphenyl perfluoro-
glutarate (attempted melt polymerization): A mixture of 1.081 g. (0.00500
mole) of 2,2'-diamino-p,p'-biphenol (obtained by treating a solution of the
dihydrochloride salt with 0.1 N sodium hydroxide till neutral, filtering off
the free amine, washing with water and methanol, and drying in vacuum) and
1.963 g. (0.00500 mole) of diphenyl perfluoroglutarate was heated in an atmos-
phere of nitrogen at 100° for 30 min. and at 150° for 2 hr. A clear liquid
slowly condensed on the flask walls. After the mixture was heated at 200° for
2 hr., the temperature was increased to 300°, and rapid refluxing occurred.
The temperature of the mixture stabilized at 240°. The temperature was reduced
and maintained at 150° for an additional 18 hr. At no time was there a melt;
the appearance of the reactants did not change.

59



Iv. SILOXANES CONTAINING ARYLENE LINKAGES

The goal of the initial polymer work on arylene-modified siloxanes
was the synthesis of polymers with the following structures:

PR R
%i-Z-§1-0-§i-O
R R R X

Subsequently, the work was extended to include polymers with longer siloxane
segments between arylene groups.

ROR <’E‘ }’
§1-Z-51-0{-51-0
R R \k

y X

Poly(p-phenylenetetramethyldisiloxane) (R = CHz, y = O), which can be obtained
by the dehydration o B—phenylenebis(dimethylsilanol), has been known for a
considerable time, and its properties have been described in detail.él/
Methods have also been reported for the synthesis of random and block copoly-
mers of p-phenylenebis(dimethylsilanol) and ¢,w-dihydroxypoly(dimethylsilox-
anes).&??h In this work, a more general method of polymer synthesis was re-
quired. Since it has been established that silylamines condense with silanols
to form siloxanes under conditions in which there is no self-condensation of
the silanol,éé/ polymer syntheses could be effected by condensation of arylene-
disilanols with diorganodiaminosilanes, cyclic diorganosilazanes, ®,w-diamino-
dicrganosiloxanes, or cyclic diorganosiloxazanes. For example:

PR kR PR R
HO-S1-2-§i-OH + —-Si-Nf —> — 81-2-§1-0-§1-0
R R R R R R

R /5 N\ 1 ROR /R N\
HO-ii—Z-%i-OH + Si-0 $i-N—R —_— §i-Z-$i-O ii-o
R \ﬁe R R
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A. Monomer Synthesis

The synthesis of the required monomers, particularly the arylene-
disilanols and the cyclic siloxazanes, required the development of new or im-
proved methods of preparation for some of the compounds.

1. Arylenedisilanols

Although E-phenylenebis(dimethylsilanol) could be prepared by
Sveda'ség/ procedure, the compound was more conveniently prepared in higher
yields by the following method:

e e
THF . fre
Br Br + MepSi(0CpHs)p + Mg ———> Et0-S$i: 51-0Bt
Me Me
Me Me hydrolysis Me 78\ Me
Et0-81 5i-0Ft > Ho-$i 51-OH
Me Me Me ==/ Me

In the procedure, the arylene bromide and alkoxysilane were added concomi-
tantly to previously activated magnesium, and the intermediate Grignard re-
agent was not isolated.

m-Phenylenebis(dimethylsilanol) was similarly prepared except that
chlorodimethylethoxysilane was used in place of diethoxydimethylsilane in the
condensation with m-dibromobenzene. Condensation of the Grignard reagent with
dichlorodimethylsilane and the subsequent hydrolysis of gfphenylenebis(chloro—
dimethylsilane) gave lower conversions.

Similar in situ condensations of Grignard reagents were used for the
preparation of p-phenylenebis(ethoxymethylphenylsilane) and m-phenylene-
bis(chloromethylphenylsilane), which were hydrolyzed to the corresponding
silanols. p-Phenylenebis(chloromethylphenylsilane) could not be prepared by
Popeleva's px"ocedure.44 Both hydrolyses gave mixtures of stereoisomers from
which high- and low-melting compounds could be isclated. No assignment of
structure for these compounds was possible from their infrared or n.m.r. spec-
tra, which were very similar. Correct analytical data for elemental content
were obtained both on isomeric mixtures and purified compounds. Possible iso-
meric structuresfor p-phenylenebis(methylphenylsilanol) can be represented as
follows:
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OH OH

Me-S8i-Ph Ph—fu-Me
a
NS
|
Me-§i-Ph Me-$i-Ph
OH OH

The preparation of p-phenylenebis(diphenylsilanol) offered more dif-
ficulty. The compound could not be prepared via the direct hydrolysis of the
condensation product of p-dilithiobenzene and dichlorodiphenylsilane by the
method described in the literature.?/ A very low yield (less than 1 per cent)
of the compound was obtained by the direct hydrolysis of the condensation prod-
uct of the Grignard reagent of p-dibromobenzene and dichlorodiphenylsilane.

An intermediate compound, p-phenylenebis(diphenylethoxysilane), was
obtained by the method described by Noltes,45 but the yield was only 7 per
cent. The low yield of the pure product can be accounted for, at least in
part, by the difficulties encountered in its purification.

1. PhpSiClp Ph Ph
BriMg ~MgBr _ Eto-§i</—:\>§i-om
Ph \=

2. EtOH Ph

This intermediate, however, could be hydrolyzed to p-phenylene-
bis(diphenylsilanol), m.p. 224 - 6°, in an 86 per cent yield.

A similarly low yield was obtained in the in situ procedure when
magnesium was treated with chlorodiphenylethoxysilane and p-dibromobenzene in
tetrahydrofuran. The only really satisfactory route to E-phenylenebis(di-
phenylsilanol) was Beck's procedure in which p-dibromobenzene and chlorodi-
phenylsilane in tetrahydrofurasn were added concomitantly to previously acti-
vated magnesium to produce E-pheny'lenebis(diphenylsilane).46 The purified
p-phenylenebisdiphenylsilane was converted to the ethoxy derivative and sub-
sequently hydrolyzed to the diol.

: ?h ?h
Br——< N\ Br + PnoSiClH + Mg —> H-F{:i@Si-H
ot Ph =
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Ph Ph 1. EtOH, Na Ph
H-S‘i—©-§i-H + ———> HO- Sl@i -OH
Ph Ph 2. NaOH (aq) Ph “—/ Ph

In different preparations, B-phenylenebis(diphenylsilanol) melted at
224 - 226° or at 216 - 217°. Both forms retained the same melting point after
repeated recrystallization and both gave correct analyses for elemental con-
tent.

-Phenylenebls(d1pheny151lanol) was satisfactorily obtained by the
same procedure as the para derivative, but the intermediate m—phenylenebis(dl-
pheny151lane) could not be isolated because of its failure to crystallize and
lack of sufficient heat stability for distillation.

No difficulty was encountered, however, when bis(g-bromophenyl)
ether was condensed with chlorodimethylethoxysilane or chloroethoxymethyl-
phenylsilane in the presence of sodium to obtain the intermediate ethoxy de-
rivative in a manner described for related compounds in the literature.=L 47
The ethoxy compounds were subsequently hydrolyzed to the corresponding sila-

nols.
Br@O©~~Br + (Me)oSiC1(CEt) + Na —>
Me . Me
1

EtO—éi—@-O 7 N\ $1-0Et

ﬁe et R lle
Me gm

hydrol.
Eto-'§i—</:\>>o_(/:\>—:sl-0Et—ﬂ——+ HO- &-@— @sl-on

Me \== — lie

Last traces of recrystallization solvents could be removed from the
d:ol only when it was heated in a vacuum oven for a long period of time; con-
sequently, good analyses for elements were not readily obtained from seemingly
pure samples.

The «,w-dichlorosiloxane intermediates required for the cyclosiloxa-
zane monomers were prepared by an equilibration procedure in which dichlorodi-
methylsilane and diethoxydimethylsilane were heated in the presence of ferric
chloride.
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MepSiCly + MepSi(OEt), —ooi3
C1SiMeo0SiMepCl + CL(SiMep0)oSiMepCl + C1(SiMep0)3SiMepCl +  EtCl

In earlier work in this laboratory, mixtures of &,W-diaminosiloxanes
and cyclosiloxazanes were obtained when methylamine was added to the «o,w-di-
chlorosiloxanes at 5°.é§/ These results seemed in conflict with published re-
ports that the only products of the reactions were the a,w-diaminosiloxanes.49
The & ,®w-diaminosiloxanes could be cyclized to cyclosiloxazanes in moderate
yields with heat in the presence of ammonium sulfate.

In the current work, chlorosiloxanes were added to methylamine at
-10° to -20°, and the @,w-dichlorosiloxanes were obtained in good yields with
no trace of the cyclosiloxazane.

CL(SiMep0),SiMesCl + MeNH, — 2050 =20 5  MeNH(SiMep0)nSiMepNMe
n=1,2,3

Although the diaminosiloxanes could be converted to the cyclosiloxazane in the
usual way, the yield did not exceed 35 per cent making the over-all conversion
less than 28 per cent. But when the solution of the chlorosiloxane was heated

150° |
MeNH(SiMen~0),SiMesNHMe > [MeN-SiMe OSiMeé]— or
(Sttieg0)pSiliey (i, )80, ¢ 2
N
MeN(SiMes0),SiMep

to 50° and maintained at that temperature during the methylamine addition,
good yields of the cyclosiloxazanes were obtained directly, and only small
quantities of the diaminosiloxanes could be isolated. A summary of these

50°
C1(SiMep0),SiMepCl + MeNHy "oty eunm > [Meﬁ-smezo-sm%} or
2

ether

1
MeN( SiMex0),SiMen
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reactions is shown in Table VI. The unusual temperature effect in these reac-
tions was verified in several repetitions of the procedure.

TABLE VI

AMINOLYSIS PRODUCTS OF &,w-DICHLOROSILOXANES

Reaction Temperature

-30° +50°
Product Distribution Product Distribution
(% _yields) (% yields)
@,w-Dichlorosiloxane Linear Cyclic Linear Cyclic
1,3-Dichlorotetramethyl- 82 0 8 62
disiloxane
1,5-Dichlorohexamethyl - 86 0 0 66
trisiloxane
1,7-Dichlorooctamethyl - 76 0 0 61
tetrasiloxane

B. Polymerizastion Reactions

Initially, the condensations of pfphenylenebis(dimethylsilanol) and
gfphenylenebis(diphenylsilanol) were screened in a series of experiments in
which the evolution of amine was monitored as a measure of the rate of the re-
acrtion when the reactants were heated 24 hr. in a toluene solution. Although
the use of hydrolytically stable silazanes in the polymerization reaction
would minimize difficulties in handling the monomers, the most hydrolytically
stable silazanes, hexaphenyl-l1,3,5-trimethylcyclotrisilazane and cis-2,4,6-
triphenylhexamethylcyclotrisilazane did not react with the silanols to any ap-
preciable extent during the 24-hr. polymerization period. The result was not
entirely unexpected because relative rate of hydrolysis, alcoholysis, and sil~
anolysis can be expected to have the same order in each of the three series.

In subsequent experiments, nonamethylcyclotrisilazane was & satis-
factory reactant for introducing the =SiMep group into the polymer chain and
diphenylbis(methylamino)silane was satisfactory for introducing the =SiPhp
group. Near quantitative yields of methylamine were obtained and inherent
viscosities indicated a reasonable degree of polymerization when these mono-
mers were treated with prhenylenebis(diphenylsilanol) in refluxing toluene.
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Two of the polymers obtained in the preliminary experiments were
examined in greater detail. The polymer from ;rphenylenebis(diphenylsilanol)
and nonamethylcyclotrisilazane, which was opaque and somewhat brittle, had an
inherent viscosity of 0.86 in toluene.

?h Ph x
HO-§1—<<::>>-§1-OH + —> Si 0- Sl-
Ph Ph

The infrared spectrum of the polymer, which is reported in Fig. 44, suggested
that residual silanol, silezane, or silylamine groups were present. However,
the results of the analyses for elements in this polymer agreed with the cal-
culated values.

The procedural decomposition temperature (weight loss equals or ex-
ceeds 5 per cent per hour) of the polymer on thermogravimetric analysis (Fig.
46) was 515°. The temperature at which decomposition occurred seemed to pre-
clude decomposition through reorganization of siloxane linkages and the vola-
tilization of siloxane high compounds. The TGA trace did exhibit some tailing-
off beginning at about 200°, but since the polymer was not devolatilized above
150°, the small weight loss at the lower temperature could have reflected a
loss of solvent or additional polymerization with the consequent loss of amine.

Although the polymer did not melt, it appeared to sinter at about
220 - 250°; however, differential thermal analysis of the polymer (Fig. 47) did
not reveal any major phase changes up to 500°.

When a sample of this polymer was heated at 300° for 1 hr., the in-
herent viscosity increased to 1.25, but the results of elemental analyses sug-
gest that some decomposition had occurred by way of diphenylation.

Similar results were obtained from the E-phenylenebis(diphenylsilan-
0l)<4diphenylbis(methylamino)silane polymer except that the inherent viscosity

was about 0.36 and the infrared spectrum of this polymer, which is reported in
Fig. 45, did not show residual silanol or silylamine.

Ph Ph
Ho-§i-©-sl -OH + PhySi(NHMe), —> 81</:\>—Si o- 1-0
Ph Ph ‘ 0
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The TGA trace of this polymer is reported in Fig. 46 and the DIA trace in
Fig. 47. Both suggest good heat stability. However, the polymer was brittle
and not suitable for coating applications.

In additional experiments in which arylenedisilanols were heated with
silazanes or silylamines, the polymers either were low molecular weight, tacky
oils or became insoluble during the polymerizations. Even when higher molecu-
lar weights were obtained, the polymers tended to be brittle. Only one system
appeared to offer any promise, the condensation product of B—phenylenebis(di-
methylsilanol) and bis(methylamino)diphenylsilane.

¥e ge Me Me ?h
HO-§1—<:::>>—§1-OH + Pthi(NHMe)2 — 0-§i—<:::>>—§i-0-§i
Me Me Me Me Ph n

Tue polymer had an inherent viscosity of 0.98, and formed a soft, elastic film.

In a serles of preliminary experiments, gfphenylenebis(diphenylsila-
nol) was treated with various cyclosiloxazanes and diaminosiloxanes. The con-
densation products were either insoluble or had relatively low molecular
welghts; however, several of the polymers were examined in detail.

A white elastic insoluble solid was obtained from heptamethyl-l-aza-
3,5-dioxa-2,4,6-trisilacyclohexane and Efphenylenebis(diphenylsilanol), when
the reactants were heated in xylene at 112 - 115° for 24 hr., then devolatil-
ized at 150° under reduced pressure.

Ph Ph [b'de Me Me I{Ie_J Ph Ph  [Me
H0-|Si—'Si-OH + 151-0-51-0-8i-N— —> 'Si@§i-0 Si- :
Ph Ph Me Me Me Ph “—/ Ph e Jz

n

The infrared spectrum of the polymer (Fig. 48) was consistent with
the structure and ultimate analyses for elements agreed well with the calcu-
lated values. No phase changes or melting points were observed on differen-
tial thermal analysis between 25 and 500° (Fig. 49) and the procedure decompo-
sition temperature on the thermogravimetric analysis was 450° (Fig. 50).

Since the polymer became insoluble only after the solvent had been
rerioved from the polymerization mixture, a soluble polymer, prepared by heating
the reactants in solvent for 5 hr., was sprayed on a metal panel and was cured
at 145° to form a strong elastic film. This coated panel was used in an ultra-
violet irradiation experiment described elsewhere in this report.

70



WAVELENGTH AMICRONS)
7 8 i 10

5 0 / 112 113 ]14 15
]oo T 5\1 T T T X ‘r‘l’ l’ T }l ; T l‘t ? : ]00
i ERERERRI ST L s T
s 3 S HHIEEEE BTEROATE St s P
§ T G RS H 1 —
3 : H
Z 40 . 60
< - I L
E 14 - N -
3 & s L
e T : H 40
‘240 T e £ ; 4
< ; ;
= ; i IERERE
- 1 Pibdgg =1 = =
20}k — o : - 20
(S R *}iqf' TE g = :*
O SIS EE I MRS R AN U D R A EE RN R iy N RS _;ff*;'?_*.”*j?io
4000 3000 2000 1500 1200C 1000 900 800 700

M ,
Fig. 48 -~ Infrared Spectrum of the Polymer From Heptamethyl-1
aza-3,5-dioxa-2,4,6-trisilacyclohexane and p-Phenylene-
bis(diphenylsilanol), Tipp 0.07 (Film)

AT

50 100 150 200 250 300 350 400 450 500
Temperature, °C

Fig. 49 - Differential Thermal Analysis of a Polymer From p-
Phenylenebis(diphenylsilanol) and Heptamethyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane - Heating Rate = 15°/Min
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Fig. 50 - Thermogravimetric Analysis of a Polymer From
R—Phenylenebis(diphenylsilanol) and Heptamethyl-1-
aza-3,5-dioxa-2,4,6-trisilacyclohexane -
Heating Rate = 3°/Min; No Atmosphere
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Two additional polymers were prepared for the ultraviolet stability
test from B—phenylenebis(diphenylsilanol) and tetramethyl-2,4,6-triphenyl-l1-
aza-3,5-dioxa-2,4,6~trisilacyclohexane.

Eh Ph Ph lfh' Ph Ph Ph
HO-|i—©—§i-OH + L 51-04 51-F-Ue > Et;i—@-sli 0-5i—-0
Ph Ph Me  Me Ph Ph Me /,
n

The inherent viscosities of these polymers were relatively low, 0.06 and 0.17,
but correct analyses for elemental content were obtained. A thermogravimetric
analysis showed a procedural decomposition temperature of 525° and a second
knee at 775°. Solutions of the polymers could be cast on metal panels to pro-
duce somewhat brittle films. Reflectance data for these films were obtained
before and after irradiation under vacuum.

Subsequently, the reactions of a variety of arylenedisilanols with
heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane were screened. The
highest inherent viscosities (up to 1.74) were found in the polymers prepared
from bis(p-dimethylhydroxysilylphenyl) ether.

HOSiMe;@—O@SiMeQOH + MeN-(SiMey0)oSiMey
][sm%@-o—@—ésm%o)—?}
et n

The polymer had good heat stability, showing a pdt of 495° by TGA and no phase
transitions below 500° by DTA. Several other diols gave polymers with higher
solution viscosities.

\'4

When polymerization parameters were investigated in a series of reac-
 tions between bis(27dimethylhydroxysilylphenyl) ether and heptamethyl-l-aza-
3,5-dioxa-2,4,6-trisilacyclohexane, the most important variable appeared to be
monomer purity, particularly the purity of the cyclosiloxazane. For example,
in a series of 13 experiments in which 96 per cent purity (by g.1l.c.) hepta-
methyl-l-aza-3,5~dioxa-2,4,6-trisilacyclohexane was used, the highest specific
viscosity obtained was 0.60. A second series of 10 experiments in which a dif-
ferent batch of cyclosiloxazane monomer with a purity of 99 per cent was used
gave polymers with specific viscosities of 1.11 to 4.99, provided at least a
slight excess of the siloxazane was present.
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The small excess of siloxazane in the polymerizations appeared to be
necessary because of the volatility of the cyclic compound at the polymeriza-
tion temperatures. Methylamine, which was formed in the polymerization and
was volatilized from the mixture carried some of the monomer with it even when
appropriate condensers were used. A 5 per cent excess seemed adequate.

The most satisfactory polymerization temperature appeared to be 160°.
At that temperature the polymerization could be easily controlled, and high
molecular weight materials obtained within a reasonable time.

An attempt was made to follow the kinetics of the polymerizations in
terms of the viscosity of samples taken at intermediate times during the poly-
merizations, but sampling errors proved too large to allow any meaningful re-
sults. Because of the high viscosity of the polymerization mixtures at 160°,
poor mixing caused considerable differences in samples taken from different
locations in the polymerization vessel.

C. Polymer Properties

Several series of polymers were prepared in order to correlate poly-
mer properties with structures and to provide adequate characterization of the
materials. Some were prepared specifically for ultraviolet-vacuum screening
tests; others were prepared as larger samples for evaluation in other labora-
tories. Samples representing the various structures were selected for charac-
terization.

1. Solubility

Except for several polymers that contained pendant phenyl substitu-
tion, the polymers were soluble in all proportions in toluene. The polymer
prepared from bis(E-dimethylhydroxysilylphenyl) ether and heptamethyl-l-aza-
3,5-dioxa-2,4,6-trisilacyclohexane, was completely soluble at the 0.5 per cent
concentration level in benzene, tetrahydrofuran, perchloroethylene, chloroform,
acetone, carbon tetrachloride, and toluene. In some of the polymerization re-
actions, toluene-insoluble fractions were obtained. These materials, which
could be removed by filtration of toluene solutions of the polymer, apparently
formed as the result of phosphate impurities in the arylenedisilancl monomers.
It is probable that some of the insolubilities observed in the preliminary
polymerization reactions can be attributed also to the presence of this impur-
ity.
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2. Elemental Analyses

The excellent agreement between the calculated results of the anal-
yses and the experimental values reported in Table VII for elemental content
confirms that polymerizations proceed in the proposed manner without randomi-
zation of groups along the chain.

3. Viscosities and Molecular Weight

The inherent viscosities reported in Teble VII are mean values taken
from a series of random samplings from the polymers. The scatter observed in
some of the samplings showed that the samples were not necessarily homogeneous
with respect to molecular weight. Homogeneous samples were obtained when the
polymers were dissolved in toluene and the solvent subsequently evaporated.

Light scattering data for polymers 2 and 5, Table VII gave weight
average molecular weights of 905,000 and 820,000, respectively. Reduced
viscosity-concentration curves for these two polymers are shown in Fig. S1.
Intrinsic viscosities from these plots, 3.52 and 3.60 fit the molecular weight-
intrinsic viscosity relationship established by Merkerﬁl/ for poly(g—phenylene—
tetramethyldisiloxane), [ﬂ] = 1.12 x 1074 Mwo‘75, reasonably well. Gel per-
meation chromatographic data obtained in polymer 2, Table VII, showed a number
average molecular size of 4,385 angstroms and a weight molecular size of

15,967 angstroms, the distribution ratio, Ay/An, being 3.66 (Fig. 52).

4. (Glass Transition Temperature

The polymers were rubbery gums at room temperature. Glass transi-
tion temperatures determined by differential thermal analyses (Table VII) can
be directly correlated with changes in polymer structure. In the two series
of polymers, one derived from pfphenylenebis(dimethylsilanol) and the other
from bis(Egdimethylhydroxysilylphenyl) ether, there is a regular decrease in
glass transition temperature with increase in the length of the polydimethyl-
siloxane chain segment. Such a correlation concurs with predictions that
might be made on the basis of polymer structure. Glass trensitions were the
only thermal changes that were observed on differential thermal analyses be-
tween -110° and 500°C.
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Polymer No.

10

11

Polymer Structure

T g

{SiMePh@SiMePhO( smeao)s]

n
{smeph—@smepho(smego)s] n
—Es1ph2«®-smhe-o(31Me20)3] )
{smne-@-smhe-o(smego ]n

TABLE VIT

POLYMER PROPERTIES

T]:th
0.5% Solution in
Toluene at 30°

3.83

2.7

0.15

0.21

75

L?_fgil
-37°
-5p°
-65°
-62°
-72°

-80°

-75°

-42°

Empirical Formula

Cooliz04514

CopHzgOsS1g

Co4He406516

C14Hpg03514

C16H3404515

C1gH400551¢

C16Hz404515

CopHzg0451s

Cogllizg04Sis

CagHyp04515

CzeHap04815

Analyses
Calcd/Found
c i si
53.52 7.19 25.03
53.74 7.27 25.08
50.52 7.32 26.86
50.62 7.35 26.70
48.27 7.43 28.23
48.02 7.34 28.11
47.14 7.91 31.49
44.60 7.95 32.80
44.40 7.93 30.20
42.80 7.98 33.37
42.76 7.99 33.19
44.60 7.95 32.60
44.49 7.90 32.51
56.26 6.90 . 25.31
56.00 6.97 25.02
56.26 6.90 25.31
56.23 6.83 25.08
63.66 6.24 20.68
63.75 6.25 20.29
63.66 6.24 20.68
64.08 6.07 20.45
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Fig. 51 - Reduced Viscosity-Concentration Curves for
Polymer 2 (A) and 5 (B) Table VII
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S. Thermal Stability

Thermal stability of the polymers was screened by thermogravimetric
analyses under nitrogen at a heating rate of 15°/min. The results of analyses
on two series of structures are shown in Figs. 53 and 54. It is readily ap-
parent that both the identity of the arylene group present in the chain and
the number of dimethylsiloxy groups in the chain segments affect the heat sta-
bility; however, the regular decrease in heat stability with increase in the
number of siloxy groups illustrated in Fig. 53 is particularly noteworthy. A
typical commercial polydimethylsiloxane gum undergoes catastrophic decomposi-
tion under these conditions at 300° or below. It is apparent that chain seg-
ments containing considerable numbers of dimethylsiloxy groups can be present
before the decomposition mechanism effective in the polydimethylsiloxanes (ran-
domization and volatilization of eyclics) limits the stability of the polymer.

The result of a differential analysis of one of the polymers between
room temperature and 500° is reported in Fig. S5.

6. Ultraviolet Radiation-Vacuum Stability

A series of six coated test specimens was prepared and screened under
high vacuum and intense ultraviolet irradiation. The following silanediols
were represented in this series: Bis(g-dimethylhydroxysilylphenyl) ether, p-
phenylenebis(methylphenylsilanol), m-phenylenebis(diphenylsilanol), p-phenyl-
enebis(diphenylsilanol); and m-phenylenebis(dimethylsilanol). The differences
in the changes in reflectance between samples during irradiation were not
large, and the conclusion that changes in structure of the silanol in coating
compositions do not significantly affect the ultraviolet stability seems
justified. The data relative to the stability of the coatings are reported
elsevwhere in this report.

The changes in reflectance for these experimental samples compared

favorably with reflectance changes reported earlier for commercial unfilled
materials, and vitrually no weight loss was observed in any of the samples.

7. Infrared Spectra

The polymers were further characterized by their infrared spectra,
which are reported in Figs. 56 to 66.
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Fig. 56 - Infrared Spectrum of a Polymer From Bis(g—dimethylhy-
droxysilylphenyl) Ether and Decamethyl-1,5-diaza-3,7-dioxa-2,-
4,6,8,-tetrasilacyclooctane (Film) - See Table VII, Polymer 1
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Fig. 57 - Infrared Spectrum of a Polymer From Bis(p-dimethyl-
hydroxysilylphenyl) Ether and Heptamethyl-l-aza-3 so-dioxa-2,~
4,6,-trisilacyclohexane (Film) - See Table VII, Polymer 2
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Fig. 58 - Infrared Spectrum of a Polymer from Bis(E-dimethyl-
hydroxysilylphenyl) Ether and Nonamethyl-l-aza-3,5,-
7-trioxa-2,4,6,8-tetrasilacyclooctane (Film)
See Table VII, Polymer 3
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Fig. 59 - Infrared Spectrum of a Polymer From p-Phenylenebis-
(dimethylsilanol) and Decamethyl-l,5-diaza-3,7-dioxa-2,4,6,8-
tetrasilacyclooctane (Film) - See Table VII, Polymer 4
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Fig. 60 - Infrared Spectrum of a Polymer From p-Phenylenebis-
(dimethylsilanol) and Heptamethyl-l-aza-3,5~-dioxa-2,4,6-tri-
silacyclohexane (Film) - See Table VII, Polymer 5
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Fig. 61 -~ Infrared Spectrum of a Polymer From p-Phenylenebis-
(dimethylsilanol) and Nonemethyl-l-aza-3,5,7-trioxa-2,4,6,8-
tetrasilacyclooctane (Film) - See Table VII, Polymer 5
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Fig. 62 - Infrared Spectrum of a Polymer From m-Phenylenebis-
(dimethylsilanol) and Heptamethyl-l-aza-3,5-dioxa-2,4,6-
trisilacyclohexane (Film) - See Table VII, Polymer 7
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Fig. 63 - Infrared Spectrum of a Polymer From p-Phenylenebis-
(methylphenylsilanol) and Heptamethyl-l-aza-3,5-dioza-2,-
4,6Ltrisilacyclohexane (Film) - See Table VII, Polymer 8
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Fig. 64 - Infrared Spectrum of a Polymer From m-Phenylenebis-
(methylphenylsilanol) and Heptamethyl-l-aza-3,5-dioxa-2,-
4,6-trisilacyclohexane (Film) - See Table VII, Polymer 9
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Fig. 65 - Infrared Spectrum of the Polymer From p-Phenylene-
bis(diphenylsilanol) and Heptamethyl-l-aza-3,5-dioxa-
2,4,6-trisilacyclohexane (Film) - See Table VII, Polymer 10
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D. Experimental

1. Synthesis of Arylenedisilanol Monomers and Intermediates

a. Intermediate silanes: Chlorodiphenylethoxysilane was prepared
by adding a mixture of 25.3 g. (0.55 mole) of anhydrous ethanol and 43.5 g.
(0.55 mole) of pyridine dropwise during 1.5 hr. to a stirred solution of
139 g. (0.55 mole) of dichlorodiphenylsilane in 260 ml. ether. The mixture
was stirred for an additional 30 min. and the salts were filtered off and
washed with ether. When the combined filtrate and washings were fractionally
distilled through a 30-cm. vacuum-jacketed column, 116 g. (81 per cent) of
chlorodiphenylethoxysilane, b.p. 116 - 119° (0.7 mm.), was obtained.

Anal. Calcd. for Cy4H3sClOSi: C, 63.98; H, 5.75; C1, 13.49. Found:
c, 63.91; H, 5.80; C1, 13.70.

Other intermediates, which were prepared by established methods, are
reported in Table VIII.

b. p-Phenylenebis(chlorodimethylsilane): (Method: Reference 56)
A solution of 100 g. (0.423 mole) of p-dibromobenzene and 164 g. (1.27 moles)
of freshly distilled dichlorodimethylsilane in 275 ml. of ether was added drop-
wise to 31.0 g. (1.27 g. atoms) of magnesium. The magnesium was activated with
iodine after about 50 ml. of the solution had been added, and the remaining
solution was added at a rate that maintained reflux. The product was heated
and stirred 18 hr., cooled, filtered, and the salts were washed with ether.
After the combined filtrate and washings were evaporated, distillation gave
44 g. (25 per cent) of p-phenylenebis(chlorodimethylsilane) b.p. 113 - 117°
(0.4 mm.), m.p. 79 - 81° (reported, 87°).28

c. p-Phenylenebis(dimethylsilanol): (Method: Reference 56) A
solution of 21.0 g. (0.08 mole) of pyphenylenebis(chlorodimethylsilane) in
300 ml. of ether was added during 15 min. to a solution of 6.5 g. (0.16 mole)
of sodium hydroxide in 108 ml. of water, which was stirred and maintained at
0° during the addition. The ether layer was separated, combined with 150 ml.
ether washing of the aqueous phase, and dried over sodium carbonate. Upon
evaporation of the solvent, 7.5 g. (41 per cent) of p-phenylenebis(dimethyl-
silanol), m.p. 134 - 136° (reported, 135° )EGJ was obtained. Repetitions of
the procedure afforded the same product in yields of 44 to 57 per cent.

d. p-Phenylenebis(ethoxydimethylsilane): To 32.1 g. (1.32 g. atom)
of magnesium covered with 50 ml. of tetrahydrofuran was added slowly 141.6 g.
(0.60 mole) of p-dibromobenzene in 440 ml. of tetrahydrofuren.
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Chloroethoxymethylphenyl-

silane

Chlorodiphenylsilane
Dichlorophenylsilene
Chloromethylphenylsilane
Bis(methylamino)methyl-

phenylsilane

Bis(methylamino)diphenyl-

silane

1,3-Diallylpentamethyl-
disilazene

Allyldimethyl(methylamino)-

silane

Ref.
Ref.
Ref.
Ref'.
Ref.
Ref.
Ref.
Ref'.

Tl

Compound

Chlorodimethylethoxysilane

S0.
S1.
S2.
S53.

54.
S54.
SS.

TABLE VIII

PREPARATION OF SILICON-CONTAINING INTERMEDIATES

Method of Preparation Yield
Addition of ethanol to dichlorodimethyl- 38-76%

silane

Addition of ethanol to dichloromethylphenyl- 85-89%
silane

Addition of phenylmagnesium bromide in ether 38-64%
to trichlorosilane in ether

Addition of phenylmagnesium bromide in ether 36-46%
to trichlorosilane in ether

Addition of methylmagnesium bromide in ether 33%
to dichlorophenylsilane in ether

Addition of excess methylemine to dichloro- 48%
methylphenylsilene in petroleum ether
Addition of excess methylamine to dichloro~ 82%
diphenylsilane
36%

Addition of allylchlorodimethylsilane to ex-
cess methylamine in petroleum ether at -70°
224

87

Boiling Point

Found Reported
93-95° 94-958/
105-107° 101°

(23 m.) (20 ma. )Y/
115-122° 140-145°

(2 om.) (7 mm. )<
103° 65°

(52 mm.) (10 mm. )%/
114-115° 113°

(103 mm.) (100 m.)f/
95-96° 95-96°

(7 m.) (6 mm.)ff
105-108° 108-112°
(0.1 m.) (0.1 mm. )&/
62-64° 64°

(98 mm.) (98 m. )/
131-132° 128-130°
(45 mm.) (45 mm-)b/



After the addition was complete, the mixture was stirred and heated 1 hr.,
cooled,and treated with 177.7 g. (1.20 moles) of diethoxydimethylsilane. The
mixture was refluxed 20 hr., cooled, filtered, the solvent was distilled out,
and the residue was refiltered. Flash distillation at 2.8 - 3.0 mm. gave
86.9 g. of a crude mixture that was redistilled on a spinning band column.
RfPhenylenebis(dimethylethoxysilane), b.p. 128 - 130° (2.8 - 3.0 mm.), n%o
1.4788 - 1.4780 (reported b.p. 127 - 126° (3.5 mm.), n§° 1.4752§17? was ob-
tained in 62.2 g. (38 per cent) yield. In a repetition of the experiment,
the yield was 43 per cent. The n.m.r. spectrum of this compound is reported
in Table IX.

e. EyPhenylenebis(dimethylsilanol): A solution of 9.1 g. (0.227
mole of sodium hydroxide in 8 ml. of water and 53 ml. of methanol was mixed
with & solution of 23.2 g. (0.0815 mole) of redistilled p-phenylenebis(di-
methylethoxysilane, b.p. 119 - 120° (3.6 mn.), n3° 1.4782, in 20 ml. of an-
hydrous ethanol. After 5 min., a solution of 9.1 g. (0.227 mole) of sodium
hydroxide in 60 ml. of water was added with swirling. An hour later, the mix-
ture was slowly poured into an ice-cold solution of 78 g. of potassium di-
hydrogen phosphate in 570 ml. of water. After 2 hr., the crystalline precipi-
tate was filtered off, washed well with water,and dried in vacuum at 70° to
give 18.0 g. (97 per cent) of crude product. Recrystallization from 400 ml.
of toluene gave 10.0 g. of Erphenylenebis(dimethylsilanol), m.p. 136 - 137°.
The filtrate was evaporated to give an additional 1 g. of product, m.p. 135.5 -
136.5°. The total yield was 60 per cent. The infrared spectrum of this com-
pound is reported in Fig. 66 and the n.m.r. spectrum in Table IX.

f. Q;Phenylenebis(chlorodimethylsilane): A solution of 47.2 g.
(0.2 mole) of m-dibromobenzene in 130 ml. of ether was added in 2 hr. to a
mixture of 77.4 g. (0.6 mole) of dichlorodimethylsilane, 14.6 g. (0.6 g. atoms)
of magnesium turnings, and 70 ml. of ether. The mixture was refluxed an addi-
tional 5 hr., filtered, and the filtrate was devolatilized. Distillation gave
19.5 g. (35 per cent) g—phenylenebis(chlorodimethylsilane) boiling at 89 - 95°
(0.4 mm.). The product was used directly in the synthesis of m-phenylenebis-
(dimethylsilanol).

g. nghenylenebis(dimethylsilanol): By a procedure similar to para-
graph IV.D.l.c., g—phenylenebis(chlorodimethylsilane) was converted to m-
phenylenebis(dimethylsilanol) in a 38 per cent yield, m.p. 78 - 79° (from
toluene) (reported, 82 - 83°).2§/ The infrared spectrum of the compound is re-
ported in Fig. 67.

Anal. Calcd. for CjoH1g09Sip: C, 53.04; H, 8.01; Si, 24.81. Found:
Cc, 53.11; H, 7.89; Si, 24.70.
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Structure

n2/
1b/

B(p-)2/
B(p-)/
B(B-)E/

B(m-)2/

5(p-)¥/

B(m- e/

B(B')E/

X

OH

OEt

OH

OEt

OH

OH

OH

OH
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Me

Me
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TABLE IX

PROTON CHEMICAL SHIFTS OF ARYLENEDISILANES

Me Me
& '
X—-Si ?L—X
|
Me Me
(

A) (B)
7 (Cell4S1) T (CgH40) t (SiOH) 1 (CHp-C-) T (CHz-C-)  (CHzSi) r (SiH)
2.31 2.92 4.09 9.67
doublet doublet
J =7 cps J = 6 cps
2.76 3.30 6.62 9.14 9.94
doublet doublet quadruplet triplet
J = 8 cps J = 7 cps J=7¢cps J =7 cps
2.34 4.12 9.67
2.39 6.32 8.85 9.66
quadruplet triplet
J=T7¢cps J =7 cps
2.80-3.24 3.58 9.60
complex multiplet
2.19-2.58 3.42 9.35

complex multiplet

2.40-2.83 2,99
complex multiplet

2.20-2.57 2.68
complex multiplet

2.32-2,73
complex multiplet

4.52

a/ In dimethylsulfoxide. b/ Neat liquid. ¢/ In carbon tetrachloride.
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h. g—Phenylenebis(dimethylethoxysilane): To 10.8 g. (0.44 g. atom)
of magnesium turnings activated with 50 ml. of tetrahydrofuran, 15 g. of
chlorodimethylethoxysilane, 47.2 g. of m-dibromobenzene, and a crystal of io-
dine, was added a mixture of 45.9 g. (0.44 mole, total) of chlorodimethyl-
ethoxysilane, 44.8 g. (0.20 mole, total) of m-dibromobenzene, and 100 ml. of
tetrahydrofuran. After the addition was complete, the mixture was stirred and
refluxed for 5 hr., then filtered and stripped of solvent. Fractional distil-
letion of the residue gave 3.4 g. of unidentified material boiling at 70 - 89°
(0.5 mm.), n2° 1.4730, and 22.4 g. (40 per cent) of m-phenylenebis(dimethyl-
ethoxysilane? boiling at 93 - 95° (0.47 mm.), n%o 1.4757. The infrared spec-
trum is reported in Fig. 68.

Ansl. Calcd. for Cp4HpgOpSip: C, 59.51; H, 9.28; Si, 19.88. Found:
c, 59.27; H, 9.08; Si, 19.55.

i. g—Phenylenebis(dimethylsilanol): A solution of 21.4 g. (0.076
mole) of m-phenylenebis(dimethylethoxysilane) was hydrolyzed by the procedure
described in paragraph IV.D.l.e. to give 9.7 g. (56 per cent) of the diol melt-
ing at 79 - 81° (reported 82 - 83°).46/

j. prhenylenebis(ethoxymethylphenylsilane): To 10.9 g. (0.45 g.
atom) of magnesium turnings in 40 ml. of tetrahydrofuren was added 47.2 g.
(0.2 mole) of p-dibromobenzene, 90.0 g. (0.45 mole) of chloroethoxymethyl-
phenylsilane, and 100 ml. of tetrahydrofuran over a 1.5-hr. period. The mix-
ture was refluxed and stirred for 3 hr., cooled, treated with 100 ml. of pe-
troleum ether (b.p. 60 - 90°) to precipitate the salts, and filtered. Distil-
lation of the filtrate gave 43.0 g. (53 per cent) of p-phenylenebis(ethoxy-
methylphenylsilane) boiling at 187 - 188° (0.0S5 mm. ). The infrared spectrum
is reported in Fig. 70.

Anal. Calcd. for CpsHzgOpSip: C, 70.88; H, 7.44. Found: C, 70.81;
H, 7.43.

k. p-Phenylenebis(methylphenylsilanol): A solution of 1.2 g.
(0.030 mole) of sodium hydroxide in 7 ml. of methanol and 1 ml. of water was
mixed with a solution of 4.1 g. (0.010 mole) of p-phenylenebis(ethoxymethyl-
phenylsilane) in 2.5 ml. of anhydrous ethanol. After 5 min., a solution of
1.2 g. sodium hydroxide (0.030 mole) in 8 ml. of water was added. An hour later,
tL> mixture was poured into an ice-cold solution of 10.3 g. of potassium di-
hydrogen phosphate in 75 ml. of water. After four days, the crystalline pre-
cipitate was filtered to give 2.8 g. (80 per cent) of crude material, m.p.
92 - 96°. Three recrystallizations from a 50-50 mixture of toluene-petroleum
ether (b.p. 60 - 90°) gave 1.0 g. (29 per cent) of p-phenylenebis(methylphenyl-
silanol), m.p. 128 - 140°C. The infrared spectrum is reported in Fig. 71.

Anal. Calcd. for CpogHppOpSip: C, 68.52; H, 6.33; S5i, 16.03. Found.:
Cc, 68.36; H, 6.23; Si, 16.09.
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In a second experiment, 17.4 g. (0.0428 mole) of p-phenylenebis-
(ethoxymethylphenylsilane) gave 11.8 g. (79 per cent) of crude material. Re-
peated recrystallization of the sample from 50-50 mixtures of toluene and
petroleum ether (b.p. 60 - 90°) afforded 1.2 g. of a pure isomer melting at
156 - 158°. The infrared spectrum is reported in Fig. 72.

Anal. Calcd. for CpooHppOpSin: C, 68.52; H, 6.33; Si, 16.03. Found:
C, 68.38; H, 6.53; Si, 15.96.

From the filtrates, 4.3 g. of an isomeric mixture, m.p. 127 - 141° was re-
covered. The only difference between the n.m.r. spectra of the isomeric mix-
ture and the pure isomer (Table IX) was the sharpness of the SiOH absorption

peak.

When the experiment was repeated, 4.2 g. of an isomer melting at
128 - 129° was separated as well as 24.2 g. of a mixture melting at 125 - 128°
and 1.3 g. of the high melting isomer, 151 - 155°. The infrared spectrum of
the low melting isomer is reported in Fig. 73.

1. g—Phenylenebis(chloromethylphenylsilane): To 14.6 g. (0.60 g.
atom) of magnesium turnings under 70 ml. of ether was added a solution of
47.2 g. (0.20 mole) of m-dibromobenzene and 114.6 g. (0.6 mole) of dichloro-
methylphenylsilane in 130 ml. of ether in 1.5 hr. The mixture was stirred and
refluxed for 19 hr., cooled, treated with 100 ml. of petroleum ether (v.p.
60 - 90°% and filtered. Fractional distillation gave 20.7 g. of material boil-
ing at 180 - 197° (0.1 mm.). Redistillation afforded 16.0 g. (21 per cent) of
g-phenylenebis(chloromethylphenylsilane), b.p. 179 - 85° (0.07 mm.).

Anal. Calcd. for CpoHpoClpSis: C, 62.00; H, 5.20; Si, 14.50. Found:
c, ¢1.97; H, 5.17; Si, 14.33.

m. m-Phenylenebis(methylphenylsilanol): A solution of 15.6 g.
(0.0381 mole) of gfphenylenebis(chloromethylphenylsilane) in 175 ml. of ether
was added over a 25-min. period to 3.0 g. (0.076 mole) of sodium hydroxide in
100 ml. of water which was stirred rapidly at O - 5°. The ether layer was
separated quickly and dried over anhydrous sodium sulfate. After the ether
was evaporated and the viscous liquid residue was crystallized from toluene,
3.2 g. (23 per cent) of an isomer of gyphenyienebis(methylphenylsilanol), m.p.
139 - 140° was isolated. The infrated spectrum is reported in Fig. 74.

Ansl. Calcd. for CpoHppOpSip: C, 68.52; H, 6.33; Si, 16.02. Found:
C, 68.47; H, 6.23; Si, 15.96.
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A second isomer was isolated upon evaporation of the toluene solu-
tion. Recrystallization from cyclohexane gave 3.1 g. (20 per cent) of isomer
B, m.p. 101 - 102°. The infrared spectrum is reported in Fig. 75 and the
n.m.r. spectrum in Table IX. The n.m.r. spectra of the two isomers were
identical.

Anal. Calcd. for CpgHpnOoSin: C, 68.52; H, 6.33; Si, 16.02, Found:
C, 68.72; H, 6.26; Si, 15,93.

n. p-Phenylenebis(diphenylethoxysilane): (Method: Reference 45)
To a mixture of 31.0 g. (1.27 g. atoms) of magnesium (activated with iodine),
7.0 3. of p-dibromobenzene and 50 ml. of tetrahydrofuran was added a solution
of 93.0 g. (total 0.423 mole) of p-dibromobenzene, 321 g. (1.27 moles) of di-
chlorodiphenylsilane, and 150 ml. of tetrahydrofuran over a period of 45 min.
When the addition was complete, the mixture was refluxed 3 hr., the tetrahy-
drofuran was replaced by toluene, and refluxing was continued at 110° for 3.5
hr. After the product was filtered and the salts were washed with toluene,
the combined filtrate and washings were evaporated. The residue was boiled
1 hr. in 2 liters of anhydrous ethanol and a small amount of material that re-
mained insoluble was filtered off. From the cooled ethanol solution precipi-
tated 58.0 g. of the crude product, m.p. 120 -132°, Numerous attempts to
purify the material by recrystallization from ethanol failed, but in these
attempts, considerable high melting solids and oily products were separated.
The remaining 20.5 g., m.p. 147.5 - 151.5°, upon recrystallization from tolu-
ene, gave 13.6 g (6.7 per cent) of B-phenylenebis(diphenylethoxysilane), m.p.
158 - 161° (reported, 158 - 160°).45/ The infrared spectrum (Fig. 76) is con-
sistent with the structure.

o. p-Phenylenebis(diphenylsilanol) (via the hydrolysis of p-phenyl-
enebis(diphenylethoxysilane)): A solution of 1.2 g. (0.030 mole) of sodium
hydroxide, 7 ml. of methyl alcohol and 1 ml. of water was added to a refluxing
solution of 5.3 g. (0.010 mole) of p-phenylenebis(diphenylethoxysilane) in 10
ml. of tetrahydrofuran. The mixture was allowed to cool for 5 min., and a
solution of 1.2 g. (0.030 mole) of sodium hydroxide in 8 ml. of water was
added and swirled at 5-min. intervals for 30 min. This mixture was added to
an ice-cold solution of 10.3 g. of potassium dihydrogen phosphate in 75 ml. of
water and dried to give 4.0 g. (85 per cent) of crude g-phenylenebis(diphenyl-
silanol), m.p. 206 - 209°. Hydrolysis of several combined samples of p-phenyl-
enebis(diphenylethoxysilane), which melted within the range of 156 - lgi°,

gave 86 per cent of g-phenylenebis(diphenylsilanol), m.p. 224 - 226° (reported,
205.5 - 227.0°).4/

Anal. Calcd. for CzgHpgOoSip: C, 75.90; H, 5.52; Si, 11.84. Found:
C, 76.19; H, 5.76; Si, 11.77.
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p. p-Phenylenebis(diphenylsilane): (Method: Reference 6) A mix-
ture of 8.4 g.*lo.34s g. atom) of magnesium (activated with iodine) and 30
ml. of tetrahydrofuran was treated with a solution of 40.8 g. (0.173 mole) of
p-dibromobenzene, 79.2 g. (0.38 mole) of chlorodiphenylsilane, and 100 ml. of
%étrahydrofuran during 1 hr. After the mixture was stirred and heated at re-
flux for 1.5 hr., the thick, gray mass was poured onto cracked ice. After 15
min., the aqueous phase was decanted and the thick precipitate was treated
with 250 ml. of petroleum ether (b.p. 60 - 90°). This mixture was washed with
two 250-ml. portions of water, filtered, and the filtrate evaporated to give
72 g. (94 per cent) of crude product, m.p. 84 - 90°. The crude material after
three recrystallizations from petroleum ether (b.p. 60 - 90°) afforded 29.5 g.
(39 per cent) of g-phenylenebis(diphenylsilane), m.p. 102 - 105° (reported
107 - 108°).46/ The infrared spectrum of this compound is reported in Fig. 77
and the n.m.r. spectrum in Table IX.

Anal. Calcd. for CzgHpgSin: C, 81.39; H, 5.92; Si, 12.69. Found:
C, 81.37; H, 6.00; Si, 12.74.

Q. p-Phenylenebis(diphenylsilanol) (via the hydrolysis of p-phenyl-
enebis(diphenylsilane)): About 25 mg. of sodium was added to a refluxing
solution of 28.0 g. (0.0633 mole) of p-phenylenebis(diphenylsilane) in 18 ml.
of anhydrous ethanol and 20 ml. of tetrahydrofuran. After refluxing for 5 hr.
and cooling overnight, the mixture solidified to a white mass. The solid was
heated to reflux to redissolve the solid, and a solution of 7.6 g. (0.19 mole)
of sodium hydroxide in 6.3 ml. of methanol was added. After 5 min., a solu-
tion of 7.6 g. (0.19 mole) of sodium hydroxide in 50 ml. of water was added.
The solution was stored 30 min. and poured into an ice-cold solution of 65 g.
of potassium dihydrogen phosphate in 475 ml. of water. The white precipitate
was filtered off and dried under vacuum to give 34.7 g. (115 per cent) of a
white solid, m.p. 191 - 196° dec. Recrystallization from 1,300 ml. toluene
gave 23.5 g. (78 per cent) of p-phenylenebis(diphenylsilanol), m.p. 22%¢ - 226°
(reported, 225.5 - 227.0°).4/ The infrared spectrum of the compound was con-
sistent with its structure (Fig. 78).

Hydrolysis of B—phenylenebis(diphenylsilane) that melted at 100 ~
103° by the same procedure, after three recrystallizations from toluene, gave
74 per cent of g-phenylenebis(diphenylsilanol), m.p. 216 - 217°. The melting
point did not change after additional recrystallizations.

Anal. Caled. for CzgHpgOpoSin: C, 75.90; H, 5.52; Si, 11.83. Found:
c, 76.19; H, 5.82; Si, 11.58.
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The infrared spectra of the compounds melting at 216 - 217° and
204 - 226° did not differ and the n.m.r, spectra of the two compounds were
superimposable. The n.m.r. spectra are reported in Table IX.

r. E-Phenylenebis(diphenylsilanol): A solution of 30.7 g. (0.13
mole) of m-dibromobenzene and 56.8 g. (0.26 mole) of chlorodiphenylsilane irn
100 ml. of tetrahydrofuran was added in 1.5 hr. to 6.3 g. (0.26 g. atom) of
magnesium turnings in 30 ml. of tetrahydrofuran. After the mixture was re-
fluxed an additional 2 hr., cooled, and poured over cracked ice, the hydro-
lyzed product was extracted with 250 ml. of petroleum ether (b.p. 60 - 90°)
and dried over sodium sulfate. Evaporation of the solvent gave 36.4 g. (63
per cent) of liquid residue that would not distill at 225° or crystallize from
petroleum ether (b.p. 60 - 90°) or ethanol.

The crude residue (35 g., 0.0792 mole) in 100 ml. of anhydrous
ethanol was mixed with 40 ml. of anhydrous ethanol containing a small piece
of sodium and refluxed until hydrogen evolution had ceased (1 hr.). The
cooled mixture was poured into a stirred solution of 23.2 g. (0.58 mole) of
sodium hydroxide, 140 ml. of methanol, and 20 ml. of water. After a solution
of 23.2 g. (0.58 mole) of sodium hydroxide in 160 ml. of water was added, the
mixture was stirred occasionally for 0.5 hr. then poured into an ice-cold solu-
tion of 200 g. of potassium dihydrogen phosphate. When the crude white prod-
uct was removed by filtration, two recrystallizations from toluene gave 10.2 g.
(27 per cent) of m-phenylenebis(diphenylsilanol), which melted at 111 - 113°.
The infrared spectrum of the compound is reported in Fig. 79 and the n.m.r.
spectrum in Table IX.

Anal. Calcd. for CzoHpgOpSip: C, 75.90; H, 5.52; Si, 11.84. Found:
C, 76.88; H, 5.78; Si, 11.31.

s. Bis(p-dimethylethoxysilylphenyl) ether: A mixture of 43.0 g.
(0.131 mole) of bis(p-bromophenyl) ether, 39.0 g. (0.282 mole) of chlorodi-
methylethoxysilane, and 13.0 g. (0.564 g. atom) of 1 mm. diameter sodium wire
in 500 ml. of ether was stirred at reflux for 24 hr. The mixture was filtered,
and the filtrate was stripped of solvent. The residue was distilled on a spin-
ning-band column to obtain the following fractions: A, b.p. to 130° (0.1 mm.);
B, b.p. 130 - 140° (0.1 mm.), 15.9 g., n30 1.5217; C, b.p. 141 - 142° (0.1
mm. ); 11.5 g., n%o 1.5213, The combined weight of fractions B and C was
27,4 g. (56 per cent). 1In repetition of the procedure, the yields were 42 -
58 per cent.

Anal. Calcd. for CpoHzp0zSip; C, 64.12; H, 8.07; Si, 15.00. Found,
(fraction B): C, 64.27; H, 8.04; Si, 15.16. Found, (fraction C): C, 63.92;
H, 8.10; Si, 15.03.
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By an alternate method, a quantity of a solution of 55.4 g. (0.4
mole) of chlorodimethylethoxysilane in 120 ml. of tetrahydrofuran was added to
9.7 g. (0.4 g. atom) of magnesium turnings (flame-dried in the flask) suffi-
cient to cover the magnesium. About 5 ml. of a solution of 49.2 g. (0.15 mole)
of bis(p-bromophenyl) ether in 100 ml. of tetrahydrofuran and a crystal of io-
dine were added to initiate the reaction. The remaining silane solution was
added rapidly while the reaction mixture was maintained at a gentle reflux,
then the bis(p-bromophenyl) ether was added dropwise without stirring at a
rate which maintained a gentle reflux. After the addition was completed (1.5
hr.), the mixture was heated at reflux and stirred for 5 hr., filtered, and
stripped of solvent. Fractional distillation of the residue on a spinning-
band column gave 20.1 g. (36 per cent) of bis(p-dimethylethoxysilylphenyl)
ether boiling at 140 - 145° (0.086 - 0.11 mm.), n§0 1.5215. There was 13.8 g.
of residue. The infrared spectrum of the compound is reported in Fig. 80 and
the n.m.r. spectrum in Table IX.

t. Bis(Q-dimethylhydroxysilylphenyl) ether: A solution of 58.0 g.
(0.155 mole) of bis(p-dimethylethoxysilylphenyl) ether in 140 ml. of anhydrous
ethanol was added slowly with stirring to a solution of 24.0 g. (0.60 mole) of
sodium hydroxide in 100 ml. of methanol and 15 ml. of water. A solution of
24.0 g. (0.60 mole) of sodium hydroxide in 105 ml. of water was added in 10
min., and the mixture was stored for 1 hr. The mixture was added dropwise dur-
ing 0.5 hr. to a stirred solution of 175 g. (1.28 moles) of potassium diacid
phosphate in 2.5 liters of water and about 1.5 kg. of ice. The gummy precipi-
tate crystallized in about 1.5 hr., was collected by filtration, and was dried
under vacuum at 60°. The yield of crude bis(E-dimethylhydroxysilylphenyl)
ether was 49.0 g. (99 per cent). The infrared spectrum of the compound is re-
ported in Fig. 81 and the n.m.r. spectrum in Table IX. Five grams of the
crude material was separated, washed well with water and dried for 4 hr. at
75° (0.05 mm.). The compound melted at 102 - 104° and showed a single melting
exotherm on DTA at 105°.

Anal. Calcd. for CygHpp0zSip: C, 60.33; H, 6.96; 5i, 17.64. Found:
c, 60.09; H, 6.88; S5i, 17.50.

The remainder of the crude material (44 g.) was dissolved in 130 ml.
of ether, and the ether solution was filtered, dried over sodium sulfate and
600 ml. of petroleum ether (b.p. 60 - 90°) was added to precipitate the diol.
The diol was collected by filtration (m.p. 101 - 104°) and recrystallized from
a mixture of 530 ml. of petroleum ether (b.p. 60 - 90°) and 65 ml. of acetone
and dried at 75° (0.05 mm.) for 4 hr. to give 37 g. of bis(p-dimethylhydroxy-
silylphenyl) ether, m.p. 103 - 104°. The compound showed two DTA endotherms,
one at 96° and the other at 102°. The filtrate was evaporated to one-half
volume to give 4.7 g. of additional product, m.p. 103 - 104° (reported, 96°;é§/

91°587 The total yield was 89 per cent.

Anal. Found: C, 60.48; H, 7.18; Si, 17.49.
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In repetitions of the experiment, yields from 62 to 88 per cent were
obtained. Poor analytical results were obtained on samples, unless they were
very carefully dried to remove traces of recrystallization solvents before
analysis. Difficulties in removing traces of solvent from bis(g—dimethylhy—
droxysilylphenyl) ether are evident from the following experiments. A sample,
recrystallized from benzene and dried at 76° for 4 hr. at 0.1 mm., still showed
a benzene peak in its n.m.r. spectrum. Another sample recrystallized from
acetone-petroleum ether showed an acetone peak in its n.m.r. spectrum after
being dried at 55° for 4 hr. at 0.1 mm.

u. Bis(p-ethoxymethylphenylsilylphenyl) ether: A mixture of 32.8

g. (0.10 mole) of bis(p-bromophenyl) ether, 44.1 g. (0.22 mole) of chloro-
ethoxymethylphenylsilane, 10.0 g. (0.44 g. atom) of sodium, and 500 ml. of
ethyl ether was refluxed with rapid stirring for 41 hr. The mixture was fil-
tered to give 32.4 g. (100 per cent of theory) of salts. Distillation of the
filtrate gave 20.3 g. (41 per cent) of bis(p-ethoxymethylphenylsilylphenyl)
ether boiling at 226 - 243° (0.04 mm.), n% 1.5783. The infrared spectrum is
reported in Fig. 82.

Anal. Calcd. for CzpHz403Sip: C, 72.24; H, 6.87; Si, 11.26. Found:
c, 72.01; H, 6.71; Si, 11.11.

v. Bis(E—hydroxymethylphenylsilylphenyl) ether: A solution of 20.0
g. (0.04 mole) of bis(p-ethoxymethylphenylsilylphenyl) ether in 100 ml. of an-
hydrous ethanol was hydrolyzed in the manner described in IV.D.l.t. The white
solid collected by filtration was dissolved in ether, dried over anhydrous
sodium sulfate, and evaporated to obtain 16.4 g. of a tacky gum that would not
recrystallize from toluene, benzene, or a mixture of benzene-petroleum ether
(b.p. 80 - 90°). The gum was dissolved in 200 ml. of petroleum ether (b.p.
60 - 90°) and 100 ml. of benzene. A second liquid layer formed on cooling,
and after 21 deys it began to crystallize to a white, amorphous solid. The
material was dried in a vacuum desiccator overnight at 0.05 mm. to give 9.0 g.
(50.8 per cent) of the bis(p-hydroxymethylphenylsilylphenyl) ether melting at
48 - 55°. The infrared spectrum is reported in Fig. 83.

Anal. Calcd. for CpgHpgOzSip: C, 70.54; H, 5.92; Si, 12.69. Found:
c, 70.73; H, 6.09; Si, 12.51.
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2. Synthesis of Cyclosiloxazane Monomers and Intermediates

a. 1l,3-Dichlorotetramethyldisiloxane, 1,5-dichlorohexamethyltri-
siloxane and 1,7-dichlorooctamethyltetrasiloxane: (Method: Reference 59)
A solution of 32.1 g. (1.75 moles) of water in 32 ml. of dioxane was added in
1 hr. to a solution of 387 g. (3.0 moles) of dichlorodimethylsilane in 350 ml.
of ether. Distillation gave the following fractions: 43.0 g. (7 per cent) of
1,3-dichlorotetramethyldisiloxane boiling at 136 - 139°; 50.2 g. (18 per cent)
of 1,5-dichlorohexamethyltrisiloxane boiling at 170 - 180°; and 20.9 g. (10
per cent) of 1,7-dichlorooctamethyltetrasiloxane boiling at 102 - 115°
(19 mm.).

The following prccedure was usually used for preparing «,w-dichloro-
siloxanes: After a mixture of 248 g. (2 moles) of diethoxydimethylsilane,
1,132 g. (8 moles) of dichlorodimethylsilane and 1.5 g. of ferric chloride were
heated at 85° for 7 hr., ethyl chloride was no longer evolved. Upon distilla-
tion, 514 g. of dichlorodimethylsilane was recovered and 547 g. of oligomers
boiling between 25 - 140° (40 mm.) was obtained. Fractional distillation of
the oligomers gave the following compounds: 1,3-dichlorotetramethyldisiloxane,
287 g., b.p. 57 - 58° (40 mm.) (reported, 41° (20 mm.));§§/ 1,5-dichlorohexa-
methyltrisiloxane, 138 g., b.p. 94 - 96° (40 mm.) (reported, 79° (20 mm.));ég/
and 1,7-dichlorooctamethyltetrasiloxane, 23.6 g., b.p. 127 - 128° (41 mm.) (re-
ported, 111° (20 mm.)).ég/ The n.m.r. spectra of the compounds are reported
in Table X.

In a modification of the latter procedure, 104 g. (0.8 mole) of di-
chlorodimethylsilane was treated with 18.4 g. (0.4 mole) of dry ethanol over a
period of 1 hr., the mixture was refluxed to expel hydrochloric acid, cooled
to 25°, and transferred to a flask containing about 0.1 weight per cent ferric
chloride. After the mixture was heated at 82° for 4.5 hr., fractional distil-
lation gave 12.5 g. of 1,3-dichlorodisiloxane, 14.4 g. of 1,5-dichlorotri-
siloxane, 7.5 g. of 1l,7-dichlorotetrasiloxane, and 14.2 g. of a residue.

b. 1,3-Bis(methylamino)tetramethyldisiloxane: To 300 ml. of methyl-
amine in 1,500 ml. of petroleum ether (b.p. 30 - 60°) at -30° was added 284 g.
(1.40 moles) of 1,3-dichlorotetramethyldisiloxaene during 1 hr., with the tem-
perature of the mixture maintained at -10 to -20°. After the addition was com-
plete, the mixture was allowed to warm to room temperature, refluxed for 2 hr.,
filtered, and the solvents removed. The residue was devolatilized at 120° and
fractionally distilled through a 30-cm., vacuum-jacketed column packed with Berl
saddles to obtain 220.4 g. (82 per cent) of 1,3-bis(methylamino)tetramethyldi-
siloxane, b.p. 65 - 68° (20 mwm.), n%o 1.4138 (reported, b.p. 63 - 65° (20 mm.),
n%7 1.4085).2§/ The infrared spectrum of the compound is reported in Fig. 84
and the n.m.r. spectrum in Table X.
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TABLE X

PROTON CHEMICAL SHIFTS OF SILOXANE DERIVATIVES

T (-0MepSiCl)

(B)

T (-OMepSiN-)

me Me Me
§1—0-§i-N
Me Me

2

(c)

T (-MegSiO) T (NHMe)

@e Me /
X-5i-0~Si-04-8i-X
i 1 [
Me Me
(a)
Structure § n

A Cl 0 9.53
A Cl l 3.57
A Cl 2 9.58
A NHMe O
A NHMe 1
A NHMe 3
B 2
B 3
C

104

9.98

9.98

9.92

9.92
9.86
9.88

9.83
9.87
7.51
doublet
J = 6.5 cps
9.98 7.51
doublet
= 6.5 cps
9.94 7.48
doublet
J = 6.5 cps
9.93 7.63
9.94 7.50
7.58
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c. l,S-Bis(methylamino)hexamethyltrisiloxane: A solution of 100 ml.
of methylamine in 500 ml. of petroleum ether (b.p. 30 - 60°) at -30° was
treated with 138 g. (0.50 mole) of 1,5-dichlorohexamethyltrisiloxane during
1 hr., while the temperature of the mixture was maintained at -10 to -20°.

The mixture was allowed to warm to room temperature, heated at reflux for

2 hr., filtered, and the solvents removed. When the residue was devolatilized
and fractionally distilled through a 30-cm., vacuum-jacketed column packed with
Berl saddles, 113.8 g. (86 per cent) of 1, 5 bls(methylamlno)hexamethyltrl-
siloxane was obtained, h.p. 92 - 94° (15 - 18 mm.), nDO 1.4102 (reported, b.p.
97 - 98° (20 mm. ), n 6 1. 4070) The infrared spectrum of the compound is
reported in Fig. 85 and the n.m.r. spectrum in Table X.

d. 1,7-Bis(methylamino)octamethyltetrasiloxane: After 40.5 g.
(0.115 mole) of 1,7-dichlorooctamethyltetrasilazane was added to 25 ml. of
methylamine in 100 ml. of petroleum ether (b.p. 30 - 60°), which was main-
tained at -10 to -20° during the addition, the mixture was warmed to room tem-
perature, refluxed 2 hr., filtered, and the solvents were removed. Fractional
distillation gave 29.7 g. (76 per cent) of 1,7-bis(methylamino)octamethyltetra-
siloxane, b.p. 114 - 115° (9 mm.), n%o 1.4100. The infrared spectrum of the
compound is reported in Fig. 86 and the n.m.r. spectrum in Table X.

Anal. Caled. for CyoHszpNpOzSig: C, 35.24; H, 9.46; N, 8.22; Si,
32.97. Found: C, 35.06; H, 9.20; N, 7.98; Si, 32.74.

e. Decamethyl-l,5-diaza-3,7-dioxa-2,4,6,8~tetrasilacyclooctane:
When a mixture of 220 g. (1.15 moles) of 1,3-bis{methylamino)tetramethyldi-
siloxane and 2.2 g. of ammonium sulfate was heated at 176° for 24 hr. and
subsequently fractionally distilled, 116 g. (66 per cent of crude decamethyl-
1,5-diaza-3,7-dioxa-2,4,6,8-tetrasilacyclooctane, b.p. 93 - 96° (5 mm.) (re-
ported, 82 - 85° (0.2 mm.))ég/ was obtained. ILower boiling fractions (37 g.)
contained some 1,3-bis(methylamino)tetramethyldisiloxane. Redistillation on
a spinning band column gave 60.0 g. (34 per cent) of the pure compound, b.p.
87 - 88° (5 mm.), m.p. 27 - 28°, nd’ 1.4321.

Into a solution of 194 g. (0.96 mole) of 1,3-dichlorotetramethyldi-
siloxane in 600 ml. of petroleum ether, which was heated to 50°, was distilled
200 ml. of methylamine while the temperature of the mixture was maintained at
50°. After the addition was complete, the mixture was cooled, filtered, and
the salts were washed with petroleum ether. Evaporation of the solvent and
distillation through a spinning-band column gave 12.5 g. (8 per cent) of 1,3~
bis(methylamino)tetramethyldisiloxane, b.p. 42 - 43° (5 mm.) and 91.4 g. (62
per cent) of decamethyl-1,5-diaza-3,7-dioxa-2,4,6,8-tetrasilacyclooctane, b.p.
86 - 87° (5 mm.), n30 1.4318, m.p. 29 - 30°. The compound showed a g.l.c.
purity of about 100 per cent. The infrared spectrum of the compound is re-
ported in Fig. 87 and the n.m.r. spectrum in Table X.
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f. Heptamethyl-l-aza-3,5-dioxa-2,4,0-trisilacyclohexane: A mixture
of 114 g. (0.427 mole) of 1,5-bis(methylamino)hexamethyltrisiloxane and 1.1 g.
of ammonium sulfate was heated at 150° under nitrogen for 16 hr. The solution
was fractionally distilled through a 30-cm., vacuum-jacketed column packed with
Berl saddles to give 52.8 g. (47 per cent) of heptamethyl-l-aza-3,5-dioxa~
2,4,6-trisilacyclohexane, b.p. 62 - 66° (20 - 23 mm.). Redistillation through
a spinning-band column gave 41.7 g. (32 per cent) of heptamethyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane, b.p., 60 - 61° (16 - 18 mn.), ng® 1.4103 (re-
ported, b.p. 65 - 70° (20 mm.),n3’ 1.4059).28/ ‘The g.1.c. purity of the com-
pound was 98.7 per cent. The infrared spectrum of the compound is reported in
Fig. 88 and the n.m.r. spectrum in Table X.

When excess methylamine was added to a solution of 50.2 g. (0.181
mole) of 1,5-dichlorohexamethyltrisiloxane in 500 ml. of petroleum ether (b.p.
60 - 90°) in 1 hr., and the mixture was not cooled, the maximum temperature of
the reaction mixture was 51°. Filtration and distillation gave 20.0 g. (47
per cent) of heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane boiling at
65 - 72° (21 mm.), n%s 1.4057 (reported b.p., 65 - 70° (20 mm.), n%7 1.4059)18/
and 7.4 g. (15 per cent) of 1,5-bis(methylamino)hexamethyltrisiloxane boiling
at 85 - 100° (21 mm. ). There was 10.7 g. of higher boiling residue.

In another experiment, 100 ml. of methylamine was condensed and sub-
sequently distilled into a mixture of 108 g. (0.39 mole) of 1,5-dichlorohexa-
methyltrisiloxane and 500 ml. petroleum ether, b.p. 60 - 90°, which was heated
to 50° prior to the addition. The temperature did not rise above 56° during
the addition. After the addition was complete, the mixture was cooled, fil-
tered, and the solids were washed with petroleum ether. Distillation of the
solvents and fractional distillation of the residue through a spinning-band
column gave 56.7 g. (66 per cent) of heptamethyl-l-aza-3,5-dioxa-2,4,6-tri-
silacyclohexane, b.p. 60 - 61° (17 mm. ), n%o 1.4100. The g.l.c. purity was
98.4 per cent.

g. Nonamethyl-l-aza-3,5,7-trioxa-2,4,6,8-tetrasilacyclooctane:
Fifty milliliters of methylamine was condensed and subsequently distilled into
a flask containing 40.2 g. (0.11 mole) of 1,7-dichlorooctamethyltetrasiloxane
in 200 ml. petroleum ether, b.p. 60 - 90°, which was heated to 50° . The re-
action was exothermic and external cooling was applied to the reaction vessel,
meintaining the temperature at 57 - 60°C. The mixture was cooled, filtered
and the solids washed with petroleum ether. The solvent was removed from the
mixture through an unpacked column, and the residue, fractionated through a
column packed with Berl saddles, gave 20.7 g. (61 per cent) of nonamethyl-1-
aza-3,5,7-trioxa-2,4,6,8-tetrasilacyclooctane, b.p. 84 - 85° (8 mm.), n%o
1.4202. The g.l.c. purity of the compound was 98.6 per cent. The infrared
spectrum of the compound is reported in Fig. 89 and the n.m.r. spectrum in
Table X.

Anal. Calcd. for CgHp7NOoSi4s: C, 34.90; H, 8.79; N, 4.52; S8i, 36.28.
Found: C, 35.19; H, 8.54; N, 4.80; S5i, 36.15.
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3. Polymerization of Phenylenedisilanols and Cyclotrisilazanes or Silylamines

In typical experiments, the following procedure was used: A mixture
of 0.436 g. (0.00166 mole) of nonamethylcyclotrisilazane, 2.374 g. (0.00500
mole) of p-phenylenebis(diphenylsilanol), and 10 ml. of toluene was heated at
100 - 115° for 24 hr., and the methylamine evolved during the reaction was
swept into a standard acid solution with a slow stream of dry nitrogen. The
rate of polymerization was measured by back-titrating the standard acid solu-
tion at periodic intervals: 0.5 hr., 0.5 per cent; 1.0 hr., 5.3 per cent;
2 hr., 27.1 per cent; 4 hr., 35.5 per cent; and 24 hr., 51.6 per cent. When
the toluene was distilled off and the residue was devolatilized at 150° for
1 hr., 2.40 g. (91 per cent) of the polymer was obtained. The polymer sin-
tered at 220 - 245°, and the inherent viscosity of a 0.5 per cent solution of
the polymer in toluene was 0.86 at 30°.

Anal. Calcd. for (CzpH3002Siz)n: C, 72.40; H, 5.70; Si, 15.88.
Found: C, 72.03; H, 5.89; Si, 16.07.

When the polymer was heated at 300° for 1 hr. under reduced pres-
sure, the inherent viscosity increased to 1.25.

Anal. Calcd. for (CzpHz00pSiz),: C, 72.40; H, 5.70; Si, 15.88.
Found: C, 70.30; H, 5.90; Si, 15.65.

A polymer, similarly prepared from equimolar quantities of p-phenyl-
enebis(diphenylsilanol) and diphenylbis(methylamino)silane, and an inherent
viscosity (c = 0.5 per cent in toluene at 30°) of 0.36.

Anal. Calcd. for CypHz40pSiz: C, 77.02; H, 5.23; Si, 12.87. Found:
C, 75.40; H, 5.35; Si, 14.75.

This polymer, heated at 280° for 1 hr. under reduced pressure, be-
came partly insoluble in toluene. Data relating to a series of similar experi-
ments is reported in Table XT.

The results of s second series of polymerizations are reported in
Table XIT. Unless stated otherwise, all polymers in this series were de-
volatilized with heat for 1 hr. at 150° (0.1 mm.). In a typical preparation,
a mixture of 1.13 g. (0.005 mole) of p-phenylenebis(dimethylsilanol) and
1.21 g. (0.005 mole) bis(methylamino)diphenylsilane was heated without solvent
at 160 - 195° for 4 hr., then at 200° (0.1 mm.) for 1 hr. The polymer, 2.06 g.
(103 per cent), was a clear, slightly tacky, elastic solid, and a 0.5 per cent
solution in toluene had an inherent viscosity of 0.98 at 30°. A soft, elastic
film was prepared from a toluene solution. The film, after being heated at
125° overnight in an oven, was harder and still elastic,
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4. Polymerization of p-Phenylenedisilanols With Cyclosiloxazanes or Diamino-
slloxenes: Preliminary Experiments

a. Miscellaneous polymerizations: In a typical experiment, a solu-
tion of 1.422 g. (0.003 mole) of p-phenylenebis(diphenylsilanol) and 0.8565 g.
(0.0015 mole) of hexamethyl-2,4,0,8~tetraphenyl-1,5-diaza-3,7-dioxa-2,4,6,8-
tetrasilacyclooctane in 1 ml. of xylene was heated at 150 - 175° for 3 hr.,
then devolatilized at 150° (0.1 mm.) for 1 hr. The polymer, 2.114 g. (97 per
cent), was a light-colored, brittle solid, and had an inherent viscosity of
0.52 in a 0.5 per cent solution in toluene at 30°. A film prepared from a
toluene solution was hard and brittle.

Data relating to similar experiments are reported in Table XIII. Un-
less stated otherwise, all polymers were devolatilized with heat for 1 hr. at
150° (0.1 mm.).

One of the polymers was characterized in detail. A solution of
1.422 g. (0.003 mole) of p-phenylenebis(diphenylsilanol) and 0.705 g. (0.003
mole) of heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane in 5 ml. of
toluene was heated at 112 - 115° for 24 hr. The solvent was stripped off and
the residue was heated at 150° (0.1 mm.) for 1 hr. The polymer, a white, elas-
tic solid, was insoluble in toluene and dimethylacetamide.

Anal. Calcd. for (CzgHyo04Sig),: C, 63.66; H, 6.24; Si, 20.68.
Found: C, 63.44; H, 6.27; Si, 20.52.

Similar monomer compositions remained soluble throughout the poly-
merization in solvent, and one of these solutions containing a low molecular
weight polymer was cast as a film for vacuum-ultraviolet evaluation.

b. Polymerization of p-phenylenebis(diphenylsilanol) with siloxa-
azanes and aminosiloxanes:

(1) 1,5-Bis(methylamino)hexamethyltrisiloxane: A mixture of

4.74 g. (0.0l mole) of p-phenylenebis(diphenylsilanol) and 2.66 g. (0.0l mole)
of 1,5-bis(methylamino)hexamethyltrisiloxane was refluxed in 20 ml. of Xylene
for 18 hr. at 132 - 145°. The polymer became insoluble. Solvent was removed
at 95° (0.1 mm.) for 2 hr. The polymer, a clear, elastic solid, was insoluble
in tetrahydrofuran, dimethyl sulfoxide, and dimethyl formamide. A differen-
tial thermel analysis showed no transition temperatures to 470°, the tempera-
ture at which decomposition began.

(2) Tetramethyl-2,4,6-triphenyl-1-aza-3,5-dioxa-2,4,6-trisila-
cyclohexane: A mixture of 2.37 g. (0.005 mole) of p-phenylenebis(diphenyl-
silanol) and 2.11 g. (0.005 mole) of the siloxazane was refluxed in 20 ml. of
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xylene at 135° for 7.5 hr. A small amount of the polymer solution was placed
in an air oven at 145° for 15 hr. to give a clear, elastic film. One-half of
the polymer solution was used to coat a plate for an ultraviolet-vacuum study,
and the solvent was stripped off of the remaining material to give a white,
slightly brittle polymer that softened near 80°. The inherent viscosity (0.5
per cent conceutration in toluene at 30°) was 0.04. When the polymer was
heated at 150° (0.1 mm.) for 1 hr., the inherent viscosity increased to 0.06.

In a similar experiment, the monomers were heated in 10 ml. of
xylene for 20 hr. at 135 - 137°. The methylamine that collected in an acid
trap was 83.4 per cent of the calculated quantity. A small amount of solution
gave a clear, hard, but slightly brittle film. One-half of the polymer solu-
tion was used to coat a plate for an ultraviolet-vacuum study, and the remain-
ing material was stripped of solvent to give a white, slightly elastic solid
with an inherent viscosity (0.5 per cent concentration in toluene at 30°) of
0.17.

Anal. Calcd. for CgyHug0sSis: C, 70.78; H, 5.59; Si, 16.23.
Found: C, 70.93; H, 5.73; Si, 16.07.

(3) A 1:1 mixture of tetramethyl-2,4-6-triphenyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane and the corresponding heptamethyl derivative:
A mixture of 2.37 g. (0.005 mole) of p-phenylenebis(diphenylsilanol), 1.055 g.
(0.0025 mole) of tetramethyl-2,4,6~triphenyl-l-aza-3,5-dioxa-2,4,6-trisila-
cyclohexane, and 0.587 g. (0.0025 mole) of heptamethyl-l-aza-3,5-dioxa-2,4,6-
trisilacyclohexane in 10 ml. of xylene was heated at 130 - 138° for 48 hr. The
amount of methylamine collected in an acid trap was 85.2 per cent of the ex-
pected quantity. A small amount of the polymer cured at 145° for 15 hr. to a
clear, elastic, flexible film. The solvent was removed from part of the solu-
tion to give a white elastic solid with an inherent viscosity in toluene at
30° of 0.08.

c. Polymerization of heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclo-
hexane with various silanols: The results of a series of polymerizations are
reported in Table XIV. Two polymerization procedures were used. In one pro-
cedure, the monomers were refluxed in xylene (138°) for 24 hr. unless stated
otherwise and devolatilized at 150° (0.1 mm.) for 1 hr. The second procedure
was a bulk polymerization in which the sample was heated initially at 155° for
1 hr. and finally at 200° or higher.

Films of several of the polymers were prepared by dissolving the
polymer in a minimum amount of solvent, pouring the solution into an aluminum
dish, evaporating off the solvent, and heating the polymer in a 145° oven for
24 hr. or more. These results are also shown in Table XIV.
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POLYMERS FROM DISILANOLS AND HEPTAMETHYL-1-AZA-3,5-DIOXA-2,4,6-TRISILACYCLOHEXANE

TABLE XIV

Disilanol

m-Phenylenebis(dimethyl-
silanol) (0.005 mole)

m-Phenylenebis(methylphenyl-
silanol) (0.005 mole)

m-Phenylenebis(diphenyl-
silanol) (0.005 mole)

Bis(p-dimethylhydroxysilyl-
phenyl) ether (0.005 mole)

p-Phenylenebis(dimethyl-
silanol) (0.001 mole)

Bis(p-dimethylhydroxysilyl-
phenyl) ether (0.005 mole)

Bis(p-dimethylhydroxysilyl-
phenyl) ether (0.0025
mole )&

Bis(p-dimethylhydroxysilyl-
phenyl) ether (0.005
mole )2

Bis(p-methylphenylhydraxy-
silylphenyl) ether
(0.00s mole)é/

m-Phenylenebis(diphenyl-
silanocl) (0.005 mole)E/

p-Phenylenebis(diphenyl-
silanol) (0.005 mole )y

m-Phenylenebis(dimethyl-
silanol) (0.005 mole)f‘.l/

m-Phenylenebis(methyl-
phenylsilanol) (0.005
mole )&

p-Phenylenebis(dimethyl~
silanol) (0.005 mole)2/

Procedure
(solvent)
°c/hr

Xylene
(138° /24 nr)

Xylene
(138°/24 br)

Xylene
(138° /24 hr)

Xylene
(138° /24 nr)

Xylene
(138°/48 hr)

No Solvent
(195°/0.5 nr)

No Solvent
(190°/2 nr)

No Solvent
(185°/1 hr)

No Solvent
(200-210°/3 hr)

No Solvent
(155°/45 min)

No Solvent
(215° /30 min)

No Solvent
(185°/4 hr)

Nc Solvent
(190°/4 nr)

No Soivent
(185°/5 nr)

Inherent
Viscosity

(c = 0.5%, 30°)

0.05

Insoluble

0.06

0.95

1.19

1.74

0.08

Insoluble
0.14

0.43

0.17

g/ A 10 per cent excess of the cyclosiloxazane was used.
b/ The polymer was also heated at 200° (0.05 mm.).
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Polymer Description

Film Description

Liquid

Tacky, elastic gum

An elastic solid

A viscous liquid

Left in solution

Clear, elastic gum

An elastic gum

Clear, elastic solid

Viscous liquid

Elastic solid

Cloudy, elastic
solid

Viscous liquid

A tacky gum

A viscous liquid

Viscous liquid

Tacky gum

Viscous liquid

Viscous liquid after
72 hr.

Clear, slightly tacky



A polymer prepared from bis(dimethylhydroxysilylphenyl) ether and
heptemethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane with an inherent viscosity
of 1.74 was investigated in detail. The melting point was above 235° (Fisher-
Johns melting point apparatus). A differential thermal analysis to 500° showed
no decomposition, and the polymer was still clear and elastic at the conclusion
of the run experiment. Thermogravimetric analysis to 900° showed a procedural
decomposition temperature of 495°, and a weight residue of 24.3 per cent at
300°.

Anal. Calcd. for CpoHzgOsSig: C, 50.52; H, 7.32; Si, 26.86. Found:
C, 47.79; H, 7.12; Si, 20.75.

d. Polymers from bis(p-dimethylhydroxysilylphenyl) ether and hepta-
methyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane: The polymerization of bis(di-
methylhydroxysilylphenyl) ether and heptamethyl-l-aza-3,5-dioxa-2,4,6-trisila~
cyclohexane was studied by bulk polymerization. The reactions were carried out
in a 25 x 150 mm. reaction tube with a Wood's metal bath providing the desired
temperature.

The monomers were analytically weighed into the polymerization ves-
sel and immersed into the heating bath for the specified time. The inherent
viscosity (0.5 per cent concentration in toluene at 30°) was determined on
polymer samples at various time intervals. It was noted during the first few
runs that some cyclosiloxazane was being swept from the system by evolving
methylamine, consequently a reflux condenser was added for the remaining runs
to minimize the loss of monomer. The data and the results are reported in
Table XV.

The diol used throughout these runs was recrystallized from a mixture
of petroleum ether (b.p. 60 - 90°) and acetone, dried at 75° (0.1 mm.) for
4 hr., and had 2 m.p. of 103 - 104°. The cyclosiloxazane used in experiments
1 through 3 boiled at 65° (21 mm.), n30 1.4100, g.l.c. purity, 96.3 per cent;
the cyclosiloxazane used in experiments 4 through 6 boiled at 59 - 61° (16 -
18 mm.), n%o 1.4103; g.l.c. purity 98.7 per cent; the cyclosiloxazane used on
experiments 7 and 8 boiled at 59 - 60° (16 mm.), n3° 1.4100, g.1l.c. purity,
98.4 per cent.

e. Preparation of polymers for ultraviolet-stability film studies:

(1) Polymer from bis(g;dimethylhydroxysilylphenyl)ether and
heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane: A mixture of 1.59 g.
(0.0050 mole) of the diol and 1.29 g. (0.0055 mole) of the siloxazane was
heated at 155° for 1 hr. and subsequently at 185° for 1 hr. The polymer,
which was a clear elastic gum, had an inherent viscosity of 1.63 (c = 0.5 per
cent, in toluene at 30°).
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Anal. Calcd. for CopHzgOsSig: C, 50.52; H, 7.32; Si, 26.86.
Found: C, 47.79; H, 7.12; S8i, 20.7S.

(2) Polymer from bis(pfdimethylhydroxysilylphenyl) ether and
heptamethyl-l-aza-3,5-dioxa-2,4,6~-trisilacyclohexane: When a mixture of 1.75
g- (0.0055 mole) of the diol, 1.18 g. (0.00525 mole) of the siloxazane, and
0.055 g. (0.00025 mole) of 1,3-bis(methylamino)-1,3-divinyltrimethyldisilazane
was heated from 120° to 190° over a period of 45 min., & clear gum, which was
not completely soluble in toluene, was obtained. Thermogravimetric analysis
of the polymer is reported in Fig. 90.

Anal. Calcd. for CppH38055is: C, 50.52; H, 7.32; Si, 26.86.
Found: C, 50.28; H, 7.10; Si, 27.05.

(3) Polymer from p-phenylenebis(methylphenylsilancl) and hexa-
methylcyclotrisiloxane: The polymer obtained by heating 1.75 g. (0.0050 mole)
of the diol and 1.11 g. (0.0050 mole) of the cyclotrisiloxene in the presence
of about 0.00005 g. of potassium hydroxide at 180° for 4 hr. was a clear tacky
gum with an inherent viscosity of 0.33 (¢ = 0.5 per cent, in toluene at 30°).
Thermogravimetric analysis of the polymer is reported in Fig. 91.

Anal. Calcd. for CpogHzg04Sis: C, 56.26; H, 6.90; Si, 25.31.
Found: C, 57.97; H, 6.58; Si, 23.53.

(4) Polymer from m-Phenylenebis(diphenylsilanol) and hepta-
methyl-1-aza-3,5-dioxa-2,4,6~-trisilacyclohexane: A mixture of 2.37 g. (0.0050
mole) of the diol and 1.29 g. (0.0055 mole) of the siloxazane was heated at
155° for 45 min. The polymer, which was an elastic solid, had an inherent
viscosity of 0.66 (¢ = 0.5 per cent, in toluene at 30°). Thermogravimetric
analysis of the polymer is reported in Fig. 92.

Anal. Calcd. for CzgHyp04Sig: C, 63.66; H, 6.24; Si, 20.68.
Found: C, 64.08; H, 6.07; 8i, 20.45.

(5) Polymer from p-Phenylenebis(diphenylsilanol) and hepta-
methyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane: When a mixture of 2.37 g.
(0.0050 mole) of the diol, 1.29 g. (0.0055 mole) of the siloxazane, and 10 ml.
of toluene were heated at 107° for 7 hr. and the resulting polymer solution was
devolatilized at 150° (0.1 mm.) for 1 hr., an elastic solid with an inherent
viscosity of 0.21 (¢ = 0.5 per cent, in toluene at 30°) was obtained. Thermo-
gravimetric analysis of the polymer is shown in Fig. 93.

Anal. Calcd. for CzgHyp045is: C, 63.66; H, 6.24; Si, 20.68.
Found: C, 63.75; H, 6.25; 8i, 20.29.
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Fig. 90 - Thermogravimetric Analysis of a Polymer From Bis(R-dimethylhydroxy-

silylphenyl) Ether and Heptamethyl-1l-aza-3,5-dioxa-2,4,6-
trisilacyclohexane
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Fig. 91 - Thermogravimetric Analysis of a Polymer From QfPhenylenebis(methyl-
phenylsilanol) and Hexamethylcyclotrisiloxane
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Fig. 92 - Thermogravimetric Analysis of a Polymer From m-Phenylenebis(diphenyl-
silanol) and Heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane
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Fig. 93 - Thermogravimetric Analysis of a Polymer From p-Phenylene-

bis(diphenylsilanol) and Heptamethyl-l-aza-3,5-dioxa-
2,4,6-trisilacyclohexane

120



6. Polymer from m-Phenylenebis(dimethyisilanol) and hepta-
methyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane: The polymer obtained by
heating 1.24 g. (0.0055 mole) of the diol, 1.18 g. (0.0053 mole) of the siloxa-
zane, and 0.055 g. (0.00025 mole) of 1,3-bis(methylamino)-1,3-divinyltri-
methyldisilazane from 120° to 160° over a period of 30 min. was a tacky gum
that was not completely soluble in toluene. Thermogravimetric analysis of the
polymer is reported in Fig. 94.

Anal. Calcd. for CygHz404Sis: C, 44.60; H, 7.95; Si, 32.60.
Found: C, 44.39; H, 7.78; Si, 32.90.

f. Polymers from arylenedisilanols and cyclosiloxazanes: A bulk
polymerization procedure similar to the one described in paragraph IV.D.4.4d.
was used in the experiments reported in Table XVI. The following were the
melting points of the silanediol monomers: Bis(dimethylhydroxysilylphenyl)
ether, 103 - 104°; m-phenylenebis(dimethylsilanol), 79 - 80°; p-phenylenebis-
(methylphenylsilanol) (mixture of isomers), 126 - 136°; m-phenylenebis(methyl-
phenylsilanol), 138.5 - 139.5°; and p-phenylenebis(dimethylsilanol), 135.5 -
136.5°. Decamethyl-l,s-diaza-s,7-dioxa-2,4,6,B-tetrasilacyclooctane, b.p. 95°
(5 mm. ), ngo 1.4324, m.p. 27 - 28°, g.l.c. purity, 100 per cent was used; nona-
methyl - 1-aza-3,5,7-trioxa~2,4,6,8-tetrasilacyclooctane, b.p. 84 - 85° (8 mm.),
n%o 1.4202, g.l.c. purity, 98.6 per cent, was used; and heptamethyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane, b.p. 59 - 60° (16 mm.), n20 1.4100, g.l.c. pur-

D
ity 98.4 per cent was used.

g. Large-scale preparation of polymers: The following is an exam-
ple of a typical experiment: To 33.4 g. (0.105 mole) of bis(p-dimethylhydroxy-
silylphenyl) ether in a 250-ml., two-necked flask was added 24.7 g. (0.110
mole) of heptamethyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane. The mixture was
heated at 160° for 7.5 hr. The following inherent viscosities were observed
at the specified time intervals (0.5 per cent solution in toluene at 30°);

2 hr., 0.35; 3 hr., 0.45; 4.5 hr., 0.73; 5.5 hr., 0.92; 6.5 hr., 0.97; and
7.5 hr., 1.05. After the polymer was heated at 54° under vacuum for 4.5 hr.,
the average inherent viscosity of several randomly selected samples was 1.12.
The yield was 52 g. (95 per cent). The results of similar preparations are
reported in Table XVII.
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V. FERROCENE POLYESTERS

A part of the initial goals of the research was the synthesis of
ferrocene polyesters.

| b
— N
-{§-0-0~Fc- -§}~ Fc = ferrocene
n
A. Discussion

Two approaches to the polymerization of ferrocene-containing monomers
by transesterification were considered as potential routes to ferrocene poly-
esters. In the first method, dimethyl ferrocenedicarboxylate was heated with
a slight excess of a diol in the presence of a suitable transesterification
catalyst. The procedure is commonly used for the preparation of more conven-
tional polyesters.

o 0

tH
Fc(COpMe), + lORoH —1eab and catalyst %-H-FC—C-O-RL
.“n

vacuum

The required monomer, 1,1'-dimethyl ferrocenedicarboxylate, was most
satisfactorily prepared via the hypochlorite oxidation of 1,1'-diacetylferro-
cenef0261/ and the subsequent esterification of the ferrocene dicarboxylic
acid with methanol in the presence of sulfuric acid. An alternate method in-
volving the lithiation of ferroceneég/ produced mixtures of mono- and disub-
stituted ferrocene carboxylic acid esters, which required a chromatographic
separation that was not suitable for larger quantities.

In attempts to effect transesterification of 1,1'-dimethyl ferro-
cenedicarboxylate with 2,2,4,4-tetramethyl-1,3-cyclobutanediol or 2,2'-di-
methyl-1,3-propanediol, the ferrocene methyl ester was usually recovered from
the reaction mixtures. Temperatures of 150° were employed and catalysts in-
cluded zinc acetate dihydrate, sulfuric acid, sodium, and titanium tetraiso-
propylate. Difficulties in effecting the reaction were complicated by the
ease with which the reactants sublimed and by the decomposition of the ferro-
cene esters when air was not carefully excluded from the mixtures.
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A second approach to the gynthesis of ferrocene polyesters involved
the preparation of an intermediate diol ester, vhich could be used in a poly-
merization reaction.

Fe(COCl), + HOROH ———B35€ o pc(COOROH),

heat and catalyst 9 9 A
Fc(COOROH)» - SN -l:_o-d -Fc-C -O-Rj—
vacuun n

The acid chloride, which was prepared according to the method des-
cribed by Knoblock61 by the action of oxalyl chloride on 1,1'-ferrocenedi-
carboxylic acid, was treated with ethylene glycol in the presence of pyridine
to obtain pure 1,1'-bis(2-hydroxyethoxycarbonyl)ferrocene. Although this com-
pound was not the preferred monomer, its preparation established a synthetic
method for the esters needed in the polymerization reactions.

A suitable ester was prepared by the same method from 1,l1'-{erro-
cenedicarbonyl chloride and 2,2-dimethyl-1,3-propanediol and isolated as a
crude residue, which was chiefly 1,1'-bis(3-hydroxy-2,2-dimethyl-1-propoxy-
carbonyl) ferrocene.

Fe(COC1), + HOCH,CMe CHyOH ——————3 Fc(COOCH,CMepCHy0H)

The identification wos based on the preparative route and verified by a com-
parison of the infrared spectrum of 1,1'-bis(2-hydroxyethoxycarbonyl)ferrocene
(Fig. 95) and the spectrum of the residue (Fig. 96).

This monomer, however, appeared to be equally resistant to trans-
esterification reactions. Under the same conditions that bis(2-hydroxyethyl)-
terephthalate formed a high polymer, 1,1'-bis(3-hydroxy-2,2-dimethyl-1-pro-
poxycarbonyl)ferrocene failed to show any sign of reaction.

B. Experimental

1. Dimethyl 1,1'-ferrocenedicarboxylate (from the lithium intermediate):
(Method: Reference 62)

a. 1,1'-Ferrocenedicarboxylic acid: (A solution of 64 g. (1.00
mole) of n-butyllithium in 625 ml. of hexane was added dropwise during 2.5 hr.
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to 36.8 g (0.20 mole) of ferrocene in 600 ml. of tetrahydrofuran at 0° under
nitrogen. The mixture vas stirred at 0° fcr 6 hr., allowed to warm to room
temperature overnight, cooled to -70°, and slowly added to a slurry of ether
and Dry Ice. After the ether had evaporated, the residue was extracted with
water and the aqueous extract was filtered and acidified. Filtration, washing
with water, and drying over phosphorus pento:xzide afforded 51.4 g. of a mixture
of ferrocenoic acid and 1,1'-ferrocenedicarboxylic acid.

b. Dimethyl 1,1'-ferrocenedicarboxylate: The mixed acids were
added to 500 ml. of methanol containing 11 ml. of sulfuric acid and the re-
sulting mixture was refluxed overnight, cooled, and poured onto 1,000 g. of
ice. The mixed esters vere extracted with ether, and the ether solution was
washed with 6 per cent sodium bicarbonate until the color of aqueous layer did
not change. After the ether solution was dried with sodium sulfate, evapora-
tion of the ether under vacuum gave 38 g. of crude mixed esters. The mixed
esters were dissolved in benzene and chromatographed on 1.5 1b. of alumina
with petroleum ether-benzene (1:1, 1:2, 1:3, 1:4), benzene, and ether. There
were obtained 13.0 g. (26.6 per cent) of methyl ferrocencate, m.p. 64 - 74°
(reported, 70 - 71°),%%/ and 9.9 g. (16.4 per cent) of dimethyl 1,1'-ferrocene-
dicarboxylate, m.p. 110 - 115° (reported, 114 - 115°).§3/ After one recrystal-
lization from heptane, 8.8 g. of diester, m.p. 112.5 - 113.5°, was obtained.

2. Dimethyl 1,1'-Ferrocenedicarboxylate (from the acetyl intermediate)

a. 1,1'-Diacetylferrocene: (Method: Reference 60) To a stirred
mixture of 59.6 g. (0.45 mole) of aluminum chloride and 175 ml. of methylene
chloride under nitrogen, 35.4 g. (0.45 mole) of acetyl chloride was added
dropwise. After the aluminum chloride dissolved, a solution of 32.6 g. (0.175
mole) of ferrocene in 175 ml. of methylene chloride was added dropwise during
1 hr. The purple reaction mixture was stirred for 7C hr., poured onto 250 g.
of ice, and the phases were separated. lhen the methylene chloride solution was
washed with water to remove hydrogen chloride, dried with sodium sulfate, and
distilled under vacuum, the residue afforded, after recrystallization, 21.2 g.
(45 per cent) of 1,1'-diacetylferrocene, m.p. 125 - 128° (from cyclohexane),
(reported, 127.0 - 127.5°).69/

In a repetition of the experiment, 108 g. (74 per cent) of crude
1,1'-diacetylferrocene was obtained.

b. 1,1'-Ferrocenedicarboxylic acid: (Method: Reference G1)
A mixture of 21.2 g. (0.079 mole) of 1,1'-diacetylferrocene and 500 ml. of
commercial 5.25 per cent sodium hypochlorite was protected from light and
stirred at 50°. At 1.5-hr. intervals, three additional 250-ml. portions of
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sodium hypochlorite were added. Vhen the mixture was stirred overnight at
50° and filtered, 5.3 g. of an unidentified nrecipitate (m.p. 317 - 326°),
vhich was insoluble in methylene chloride, was obtained. After the filtrate
was treated with sodium bisulfite and acidified with hydrochloric acid, the
resulting precipitate was dissolved in ether, from which it was extracted with
sodium bicarbonate and reprecipitated by the addition of hydrochloric acid.
The yield of 1,1'-ferrocenedicarboxylic acid was 7.8 g. (36 per cent).

¢. Dimethyl 1,l1'-ferrocenedicarboxylate: 1,1'-Ferrocenedicar-
boxylic acid was esterified by the procedure described in paragraph V. B. 1.
b. rom 7.8 g. (0.0285 mole) of 1,1'-ferrocenedicarboxylic acid was obtained
8.3 g. (95 per cent) of crude dimethyl 1,l'-ferrocenedicarboxylate, m.p. 106 -
108°. After the crude product was recrystallized from heptane, 4.8 g. of the
diester was obtained, m.p. 112.5 - 113.5° (reported, 114 - 115°).5%

3. 1,1'-Bis(3-hydroxy-2,2-dimethyl-1l-propoxycarbonyl)ferrocene (Attempted)

A mixture of 4.5 g. (14.9 mmoles) of dimethyl 1,1'-ferrocenedi-
carboxylate, 3.3 g. (29,8 mmoles) of 2,2-dimethyl-1,3-propanediol, and 0.008
g. of zinc acetate dihydrate was heated at 150° under nitrogen for 1 hr.
Appreciable diol was collected as a solid distillate; 10 g. more of diol was
added, and the mixture was heated for 3 hr. The reaction mixture was cooled
and ground to a fine powder. Chromatography of a portion of the powder on
alumina with petroleum ether-benzene gave two ferrocene-containing compounds:
0.26 g. (82 per cent) of dimethyl 1,1'-ferrocenedicarboxylate (m.p. 112.5 -
113.5°) and 0.057 g. (18 per cent) of a compound (m.p. 91.5 - 93.0°) whose
infrared spectrum was consistent with the structure of l-methoxycarbonyl-1'-
(3-hydroxy-2,2-dimethyl-1-propoxycarbonyl)ferrocene. The structural assignment
was not verified by elemental analyses.

Anal. Calcd. for CjglprsOgFe: C, 57.75; H, 5.88. Found: C, 56.75;
H, 6.35.

The remaining powder, 40 g. of 2,2-dimethyl-1,3-propanediol, and
2.5 g. of sulfuric acid were heated under nitrogen at 150° for 18 hr. The
viscous liquid, which was obtained by cooling the reaction mixture, was poured
onto 300 g. of ice and extracted with benzene. The benzene and water layers
were separated and each was extracted, the benzene layer with water and the
water layer with benzene, until the color of the extracts did not change.
Upon standing, the benzene solution of the products remaining after extraction
gave crystalline 2,2-dimethyl-1l,3-propanediol, which was removed by filtration.
After the solution was passed over a short column of alumina to remove any re-
maining diol, evaporation of the benzene under vacuum gave 3.8 g. of crude di-
methyl 1,1'-ferrocenedicarboxylate (m.p. 110 - 114°).
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A mixture of 8.0 g. (26.5 mmoles) of dimethyl ferrocenedicarboxylate,
41 g. (400 mmoles) of 2,2-dimethyl-1,3-propanediol, and 0.012 g. (0.53 mmole)
of sodium was heated at 150° under nitrogen for 5 hr. After the mixture was
cocled, added to water, and extracted with ether, the ether solution was dried
over sodium sulfate and the ether was removed under reduced pressure. The
residue dissolved in benzene was passed over alumina. After the benzene was
evaporated, 9.5 g. of a red solid was obtained which melted at 103 - 109°.
Chromatography of a portion of the solid gave a single ferrocene-containing
compound which melted at 112.5 - 113.5° (melting point of an authentic sample
of dimethyl 1,1'-ferrocenedicarboxylate, 112.5 - 113.5°).

4, l,l'-Bis(S-hydroxy;243,4,4-tetramethyl-l-chlobutoxycarbonyl)ferrocene

(Attempted)

A mixture of 3.00 g. (9.94 mmoles) of dimethyl 1,1'-ferrocenedicar-
boxylate, 1.58 g. (11.0 mmoles) of 2,2,4,4~-tetramethyl-1,3~cyclobutanediol,
and 0.004 g. of zinc acetate dihydrate was heated to 140° under nitrogen in a
S0-ml. flask connected to a rotary evaporator which in turn was connected to
a vacuum line. During the first hour of heating, diol sublimed. The pres-
sure was slowly reduced to 0.1 mm. After 2 hr., no increase in melt viscosity
had been observed. The flask containing the mixture was connected to a dis-
tillation apparatus and 3.0 g. of 2,2,4,4-tetramethyl-1,3-cyclobutanediol and
ca. 0,025 g. of tetraisopropyl titanate was added. The mixture was protected
from atmospheric moisture with a tube containing Drierite, but was not blan-
keted with nitrogen. Vhile the mixture was heated for 3 hr. at 150 - 220° in
Wood's metal bath, 4.4 g. of a colorless liquid distilled (b.p. 65°). Vapor
phase chromatography shiowed four constituents of which one was about 50 per
cent of the total. An infrared spectrum of the distillate was consistent with
the structure of cyclopentadiene carboxylic acid methyl ester.

A mixture of 4.63 g. (15.3 mmoles) of dimethyl 1,1'-ferrocenedicar-
boxylate, 4.96 g. (36.8 mmoles) of 2,2,4,4-tetramethyl-1,3-cyclobutanediol,
0.005 g. of zinc acetate dihydrate and 0.025 g. of tetraisopropyl titanate was
heated at 150° under nitrogen with stirring. During 1 hr., extensive subli-
mation of a white solid occurred, m.p. 126 - 133°, After the addition of 3 g.
more of the diol and two more hours of heating, no distillation of liquid
material had been observed. The residue melted at 96 - 101.5°. A portion of
the residue was chromatographed on alumina with petroleum ether-benzene solu-
tions. Only one colored ferrocene-containing band developed. The melting
point of the solid, from this band, was 114 - 115° (m.p. of dimethyl 1,1'-
ferrocenedicarboxylate, 114 - 115°).
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5. 1,1'-Ferrocenedicarbonyl Chloride (Method: Reference 61)

When a mixture of 15.0 g. (54.7 mmoles) of 1,1'-ferrocenedicarbox-
ylic acid, 25.0 g. (197 mmoles) of oxalyl chloride, 10 drops of pyridine, and
200 ml. of methylene chloride was refluxed 6 hr., the acid dissolved. Evapo-
ration of the solvent under reduced pressure left a residue which upon re-
crystallization from heptane gave 11.5 g. (70 per cent) of 1,1'-ferrocenedi-
carbonyl chloride melting at 97 - 98° (reported, 98 - lOO°).§l/

6. 1,1'-Bis(2-hydroxyethoxycarbonyl)ferrocene

A solution of 1.0 g. (3.22 mmoles) of 1,1'-ferrocenedicarbonyl
chloride in 15 ml. of methylene chloride was added to a solution of 0.15 g.
of pyridine in 33.6 g. (54.2 mmoles) of glycol, and the mixture was stirred
at room temperature for 18 hr. Evaporation of the solvent and excess glycol
at 90° (1 mm.) gave a liquid residue which was insoluble in heptane, but sol-
uble in water. Attempts to derivatize a total of 1.2 g. of the residue with
3,5-dinitrobenzoyl chloride failed. The remaining crude material was chro-
matographed on alumina with methylene chloride. An orange band was eluted,
but three additional bands remained on the column. Evaporation of the methyl-
ene chloride from the eluate afforded a red liquid which partially crystal-
lized after 76 hr. Trituration of the residue left an orange powder, m.p.
56 - 60°, which after recrystallization from cyclohexane gave 0.4 g. of 1,1'-
bis(2-hydroxyethoxycarbonyl)ferrocene melting at 66 - 67°.

Anal. Calcd. for CigHigFeOg: C, 53.06; H, 5.01. Found: C, 52.98;
H, 5.04.

7. 1,1'-Bis(3-hydroxy-2,2-dimethyl-1-propoxycarbonyl)ferrocene

A solution of 12.2 g. (39.1 mmoles) of 1,1'-ferrocenedicarbonyl
chloride, 8.15 g. (78.2 mmoles) of 2,2-dimethyl-1,3-propanediol, 10 drops of
pyridine, and 50 ml. of methylene chloride was refluxed and stirred under ni-
trogen for 22 hr. Vhen the methylene chloride was removed under reduced pres-
sure and the residuc was heated for 3 hr. at 85° (0.1 mm.) and for another
3 hr. at 125° (0.1 mm.), 1.5 g. of 2,2-dimethylpropanediol (identified by its
infrared spectrum) sublimed. An ether solution of the residue was extracted
with water, and 0.15 g. of a red oil, which was chiefly, 2,2-dimethyl-1,3-
propanediocl, was salted from the aqueous extract. Upon evaporation of the
ether solution, a residue was obtained which was redissolved in a 50/50 mixture
of benzene and chloroform and chromatographed on alumina. After the mixture
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was developed and the major fraction was eluted from the column with chloro-
form, evaporation of the solvent at 60° (0.1 mm.) gave 13.4 g. (77 per cent)
of a residue of crude l,l'-bis(S-hydroxy-2,2-dimethyl-l-propoxycarbonyl)ferro-
cene, which was identified by its infrared spectrum.

8. Bis(2-hydroxyethyl)terephthalate (Method: Reference 51)

A mixture of 50 g. (0.258 mole) of dimethyl terephthalate, 294 g.
(5.16 moles) of ethylene glycol,and 0.010 g. of zinc acetate dihydrate was
heated,and distillate was collected between 70° and 188°. After 30 ml. had
distilled, the residue was cooled to room temperature and poured into 1 liter
of cold water. Additional product was precipitated with sodium chloride.
Recrystallization of the dried precipitate from ethanol gave 23 g. (35 per
cent) of bis(2-hydroxyethyl)terephthalate m.p. 107 - 110° (reported, 109°).§§/

9. Poly(ethylene Terephthalate)

A mixture of 15 g. of bis(2-hydroxyethyl)terephthalate and about
0.015 g. of tetraisopropyltitanate in a 50-ml. flask was connected to a rotary
evaporator. The pressure was reduced to 1 mm. and the rotated flask was heated
at 270 - 280° in a Wood's metal bath. After 15 min. glycol ceased to distill
and after 30 min. a viscous polymer had formed from which a fiber could be
drawn.

10. Polymer from 1,1'-bis(3-hydroxy-2,2-dimethyl-l-propoxycarbonyl)-
ferrocene (Attempted)

A mixture of 13.4 g. of l,l'-bis(S-hydroxy-Z,2-dimethyl-l-propoxy-
carbonyl)ferrocene and about 0.015 g. of tetraisopropyltitanate were treated
according to the procedure for the preparation of polyethylene terephthalate.
After 2 hr. at 25° (1 mm.), no neopentyl glycol had distilled.
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VI. BORON CHEIATE POLYMERS

In considering candidate monomers for polymers containing the struc-

0 °
T

tural unit, l%—o-?-OT-, chelated boron compounds were selected because they
Ph |

offered improved oxidative, hydrolytic, and chemical stability. It is well
known that boron-substituted alkyl and aryl groups in certain compounds are
unstable with respect to oxidation and disproportionation and that the BO bond
is hydrolytically unstable. The chelate derivatives of boron are more hydro-
lytically stable than other boron-containing compounds, presumably because the
filling of the vacant orbital on boron blocks the normal route by which hydrol-
ysis occurs.

A, Discussion

Although chelate derivatives of boron were first reported by Dilthey
in 1906,88/ 1ittle is known of their chemistry. Very recently, a method for
preparing a difunctional monomer, dichloro(8—oxyquinoline)boron, was reported
in the 1iterature.§l/ This procedure was satisfactorily repeated to obtain

QH + BClz ——> QBCl2 QH = 8-hydroxyquinoline

the 8-hydroxyquinoline and the dibenzoylmethane chelate derivatives of boron
trichloride. An attempt to extend the reaction to chelate derivatives of
boron tribromide failed. The boron trichloride derivatives gave a satisfactory
elementary analysis for the structures:

- >
Cl// \\Cl C1 Cl

@
N
\_7

jue)

Although these compounds were difunctional monomers, condensation
reactions with phenylphosphonic acid to produce 2 polymer would split out
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hydrogen chloride as a small molecule. The polymerization reaction would be
considerably more useful if a less reactive compound were formed. Therefore,
an attempt was made to prepare the corresponding alkoxy and phenoxy deriva-
tives.

Yhen isopropyl borate was heated with 8~hydroxyquinoline in re-
fluxing toluene, isopropyl alcohol was displaced and an insoluble chelated
derivative was isolated, but the product could not be characterized by ele-
mental analyses as diisopropoxy-8-oxyquinolineboron. The compound contained
a ratio of about two boron atoms per 8-hydroxyquinoline group and no residual
isopropoxy groups. Isopropyl borate did not react with dibenzoylmethane.

Treatment of triphenylborate with 8-hydroxyquinoline at a lower
temperature afforded a good yield of diphenoxy-8-oxyquinolineboron. Thie corre-
sponding dibenzoylmethane derivative was also prepared. These compounds gave
satisfactory elementary analyses for the following structures. The same

q
~ \\ \\
¥ Srand

Ph—O-?————O

Ph Ph Ph

compounds could alsc Le prepared from tlie chelated boron chlorides and phenol.

A model of the polymerization reaction suitable for preparing boron
and phosphorus-containing polymers from these monomers was examined. {hen
diphenoxy(1-oxy-l-propene-l,3-diphenyl-B—one)boron was treated with diphenyl-
prosphinic acid in refluxing chlorobenzene, no evidence for a reaction could
be detected.

B. Experimental

1. Diisopropoxy-8-oxyduinolineboron (Attempted)

A solution of 36.2 g. (0.25 mole) of 8-hydroxyquinoline in 170 ml.
of toluene was added rapidly to a stirred solution of 47.0 g. (0.25 mole) of
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isopropylborate in 30 ml. of toluene. After the mixture was refluxed 3 hr.,
distillation through a packed column gave an isopropyl alcohol-toluene mixture
boiling at 78 - 108°. A yellow solid precipitated from the cooled solution
and was collected by filtration. The solid, which weighed 12.9 g., melted at
138° to above 210°., When the solid was washed with hot toluene, the melting
point was raised to 355 - 357°.

Anal. Calcd. for C37HogB7N4: C, 59.38; H, 3.77; B, 10.12; N, 7.49.
Found: C, 59.44; H, 3.80; B, 10.24; N, 7.57.

A similar experiment with 0.1 molar quantities afforded G.7 g. of

the unidentified yellow solid melting at 355 - 357°. The infrared spectrum
(Fig. 97) of the compound showed -OH absorption at 3400 cm-l.

2. Dibydroxy-8-oxyquinolineboron (Attempted)

When a mixture of 15.5 g. (0.25 mole) of boric acid and 36.2 g.
(0.25 mole) of 8-hydroxyquinoline in 200 ml. of toluene was refluxed for 3 hr.,
a heavy precipitate formed and 8.25 ml. of water was collected in a Dean-Stark
tr=zp. The solid, 30.9 g., collected by filtration ard dried in a vacuum des-
jccator, melted at 355 - 359°., The infrared spectrum was similar to the mate-
rial obtained from isopropylborate and 8-hydroxyquinoline.

3. (1-Oxy-l-propene-1,3-diphenyl-3-one)dihydroxyboron (Attempted)

When a mixture of 1.03 g. (0.0166 mole) of boric acid and 11.2 g.
(0.0500 mole) of dibenzoylmethane was refluxed in 50 ml. of toluene, 0.8 ml.
of water had collected in a Dean-Stark trap after 8 hr. The yellow solid,
which precipitated when the solution was cooled, was filtered off. Evaporation
of the filtrate gave 7.1 g. (63.4 per cent) of unchanged dibenzoylmethane,
melting point 74 - 77°. The solid, 3.0 g., after precipitation from hot chlo-
roform with toluene melted at 403 - 406° with decomposition.

4. (1-Oxy-1-propene-1,3-diphenyl-3-one)diisonropoxyboron (Attempted)

After 20 g. (0.12 mole) of isopropylborate in 100 ml. of benzene
was added dropwise to 24.3 g. (0.12 mole) of dibenzoylmethane in 200 ml. of
benzene, additional benzene was added to the mixture to maintain a constant
volume while 200 ml. of solvent was distilled out. Upon evaporation of the
solvent and trituration of the residue with ether, 17 g. (70 per cent) of the
dibenzoylmethane was recovered.
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5. Dichloro(8-oxyquinoline)boron (Method: Reference 67)

A yellow precipitate formed immediately upon the addition of 6.54 g.
(0.045 mole) of 8-hydroxyquinoline to 100 ml. of partially frozen chloroform
containing 11.7 g. (0.10 mole) of boron trichloride. The mixture, which was
allowed to warm to room temperature, was stirred overnight, and filtered.
When the yellow solid product was triturated with chloroform and dried under
vacuum, 7.3 g. (65 per cent) of dichloro(8-oxyquinoline)boron, m.p. 259 - 261°
(reported, 265°),§1/ was obtained. The infrared spectrum is shown in Fig. 98.

6. Dichloro{l-oxy-l-propene-1,3-diphenyl-3-one)boron

In a manner similar to the preparation of dichloro(8-oxyquinoline)-
boron, 11.7 g. (0.10 mole) of boron trichloride in 100 ml. of chloroform and
11.0 g. (0.049 mole) of dibenzoylmethane gave 8.8 g. (59 per cent) of dichloro-
(1-oxy-1-propene-1,3-diphenyl-3-one), m.p. 232 - 234° (from benzene). The
infrared spectrum is reported in Fig. 99.

Anal. Caled. for C3sH11BClo0p: C, 59.07; H, 3.64; B, 3.55. Found:
C, 59.11; H, 3.64; B, 3.56.

7. Triphenyl Borate (Method: Reference 68)

A solution of 11.7 g. (0.10 mole) of boron trichloride in 25 ml. of
methylene chloride was slowly added to a solution of 25.4 g. (0.30 mole) of
phenol in 100 ml. of chloroform. The mixture was allowed to warm to room
temperature and the solvent and hydrogen chloride were removed under reduced
pressure. Distillation gave 19.4 g. (75 per cent) of triphenyl boiiye which
boiled at 158 - 159° (0.1 mm.) (reported, 157 - 158° (0.05 mm.)).8

8. Diphenoxy(8-oxyguinoline)boron

By the procedure described in paragraph VI. B. 9., 2.56 g. (8.83
mmoles) of triphenyl borate and 1.28 g. (8.83 mmoles) of 8-hydroxyquinoline
gave 1.10 g. (113 per cent) of phenol. The crude product was dissolved in a
minimum of methylene chloride (ca. 30 ml.), and 10 per cent additional solvent
was added. When an equal volume of petroleum ether (b.p. 30 - 60°) was added,
the resulting solution stayed clear for several minutes before crystals formed.
After 2 hr., 30 ml. more of petroleum ether was added and the solution was
stored overnight. The solvent phase was decanted and the crystals were dried
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in a vacuum desiccator containing Drierite. The yield was 2.66 g. (88 per
cent) of diphenoxy(8-oxyquinoline)borsn, m.p. 155 - 158°. The infrared spec-
trum is reported in Fig. 100.

Anal. Calcd. for CpjH1s03NB: C, 73.92; H, 4.73; B, 3.17; I, 4.11.
Found: C, 73.82; H, 4.81; B, 3.35; N, 4.13.

9. Diphenoxy(l-oxy-1-propene-1,3-diphenyl-3-one)boron (from Triplienyl Borate
and Dibenzoylmethane)

Methylene chloride was distilled from phosphorus pentoxide into a
flask containing 6.1 g. (0.021 mole) of triphenyl borate and 4.2 g. (0.021 mole)
of dibenzoylmethane until the reactants just dissolved (ca. 30 m1.). The
methylene chloride was removed from the yellow solution under vacuum at room
temperature and phenol (1.97 g., 97 per cent) was removed at 55° (1 mm.). A
portion (0.9 g.) of the crude product (m.p. 122 - 146°) was recrystallized
from methylene chloride, giving 0.5 g. (56 per cent) of diphenoxy(l-oxy-1-
propene-1,3-diphenyl-3-one)boron, m.p. 171 - 173°, The product, m.p. 171 -
173°, could also be obtained by adding petroleum ether (b.p. 30 - 60°) to a
solution of the crude product in methylene chloride. The infrared spectrum
of the pure material is reported in Fig. 101.

Anal. Calcd. for CpgHpBOy: C, 77.15; H, 5.04; B, 2.57. Found:
C, 76.96; H, 5.08; B, 2.61.

10. Diphenoxy(l-oxy-1-propene-1,3-diphenyl-3-one)boron (from Dichloro(l-oxy-
1l-propene-1,3-diphenyl-3-one)boron and Phenol)

After a mixture of 1.5 g. (4.92 mmoles) of dichloro(l-oxy-1l-propene-
1,3-diphenyl-3-one)boron, 0.93 g. (9.84 mmoles) of phenol, and about 20 ml.
of methylene chloride was stirred at room temperature for 22 hr., most of the
boron-containing material remained undissolved. An additional 1.95 g. (20.8
mmeles) of phenol was added, and the mixture was refluxed for 1.5 hr. Upon
evaporation of the resulting solution and distillation of the excess phenol at
80° (0.1 mm.), 1.9 g. (92 per cent) of crude diphenoxy(l-oxy-l-propene-3-one)-
boron was obtained as a residue. Recrystallization of the residue from a
methylene chloride-petroleum ether (b.p. 30 - 60°) gave 1.2 g. of the purified
compound which melted at 169 - 171°. The infrared spectrum of the compound was
the same as the spectrum of an authentic sample except for spurious weak bands
below 1400 cm™l and a medium intensity band at 950 em~1,
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11. Phenylphosphonic Acid (Method: Reference 69)

A mixture of 50 g. (0.26 mole) of phenylphosphonic dichloride and
100 ml. of water was swirled until the dichloride dissolved. The resulting
hot solution was cooled in an ice bath and the crude phenylphosphonic acid was
collected by filtration, redissolved in water at about 70°, allowed to stand
at room temperature, and then in an ice bath. The mixture was filtered and
the solid product, which melted at 162 - 163.5° (reported, 1861 - 163°),§§/ was
dried in a vacuum desiccator over Drierite for 24 hr. The yield was 33 g.
(81 per cent).

12. Benzenephosphonic Diisopropoxide (Attempted)

When 30 g. (0.15 mole) of benzenephosphonic dichloride was dissolved
in 60 ml. of isopropyl alcohol, the solution became hot and hydrochloric acid
was evolved. The residue that was obtained after the isopropyl alcohol was
distilled and the remaining material was devolatilized at 200° (1 mm.) melted
at 160 - 165° and had an infrared spectrum identical to benzenephosphonic acid.

15. Diphenylphosphonic Acid (Method: Reference 70)

A solution of 0,200 mole of phenylmagnesium bromide in G667 ml. of
ether, which was prepared by diluting commercial 3 M phenylmagnesium bromide
in diethylether, was added dropwise during 2.5 hr. to a stirred solution of
30.6 g. (0.200 mole) of phosphorus oxychloride in 500 ml. of ether. After the
mixture was stored overnight and the ether was decanted, the residue was hy-
drolyzed with 200 ml. of water and sufficient solid sodium hydroxide was added
to bring the pH to 10-11. The insoluble triphenylphosphine oxide was filtered
off, and the filtrate was acidified with concentrated hydrochloric acid to
precipitate the phosphinic acid. Filtration and drying gave 10.1 g. (49 per
cent) of diphenylphosphinic acid which melted at 183 - 186° after recrystal-
lization from a petroleum ether-benzene mixture (reported, m.p. 190 - 192°).70/

14. Bis(diphenylphosphinico){1l-oxy-1-propene-1,3-diphenyl-3-one)boron

SAttegpted!

A solution of 1.0 g. (2.94 mmoles) of diphenoxy(l-oxy-1l-propene-1,3-
diphenyl-3-one)boron, 1.22 g. (5.88 mmoles) of diphenylphosphinic acid, and
30 ml. of chlorobenzene was refluxed in an atmosphere of nitrogen for 22 hr.
When the solvent was distilled to 90° (0.1 mm.), nc phenol could be detected
in the distillate. An infrared spectrum of the residue was similar to an
equimolar mixture of the reactants with the exception of the very weak phos-
phinic acid OH absorption at 26350 m~1 and spurious peaks of low intensity at
1060 cm~l and in the 700 - 800 cm~ region.
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15. Tris(diphenylphosphinico)boron (Attempted)

When a solution of 1.6 g. (13.6 mmoles) of boron trichloride in
15 ml. of methylene chloride was added to a mixture of 8.5 g. (40.9 mmoles)
of diphenylphosphinic acid and 15 ml. of methylene chloride, the acid imme-
diately dissolved, After the solution was stored 18 hr. at room temperature,
the product was devolatilized to 50° (0.1 mm.), and 8.6 g. of a white residue
which melted at 89 - 92° was obtained. When 1.0 g. of the residue was ex-
tracted with benzene, 0.15 g. remained undissolved. An infrared spectrum of
the benzene-insoluble fraction (m.p. 156 - 165°) was consistent with its iden-
tification as boric acid; the infrared spectrum of the benzene-soluble fraction

(m.p. 177 - 182°) was identical with an authentic spectrum of diphenylphos-
phinic acid.
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VII. POLY(s-TRIAZIIYL ETHERS)

Previous work in this laboratory has demonstrated that high molecular
weight poly(§-triazinyl ethers) can be prepared by the condensation of alkoxy-
dichloro-s-triazines with difunctional phenols in the presence of g-collidine.

| ?-Csﬂn
N
N~ N i collidine. [N ¥ ¢H
Ll - w0 - OO0
CI™ S C1 Hs N CHa Jn

These polymers were soluble in nonpolar solvents and could be solvent-cast into
transparent, flexible films. However, difficulties were encountered in repro-
ducing the polymerization reaction. The current work on this polymer system
has been concerned chiefly with defining the variables that might be respon-
sible for the irreproducibility.

A. Discussion

Less soluble, lower molecular weight polymers were obtained in most
of the experiments. The degree of purity of the chloroform was investigated
in several experiments and found to have little effect. Reactant concentration
also did not seem to be important. An attempt at static interfacial polymeri-
zation in a manner recently reported to be successful with this system7l
failed to give a continuous film.

Since the s-triazine monomer and the Bisphenol A were known to be
pure and of consistent quality, the possibility of variation in the nature of
the s-collidine was considered. Since amines are known to be oxidatively sen-
sitive, a sample of s-collidine was shaken in an open flask overnight and sub-
sequently used in a polymerization reaction. An increase in molecular weight
of the polymer was observed. The infrared spectrum of the polymer (Fig. 102)
was consistent with the structure, and elemental analyses agreed well with
the calculated values. A film could be applied with a chloroform solution of
this polymer, but the film cracked and separated from the plate. It was ap-
parent that higher-molecular-weight polymers were required.

Since none of the changes in procedure were effective in increasing
the molecular weight of the polymer sufficiently for coating applications, the

142



WAYELENGTH  [MICRONS)
(& ¢ 1

L - ! L

-

. 1 ~
100 FH=F i : : e R
AL p—— 11 i HE T HH il PN

1,;‘& g; : ;_1 I 14 5Vl

HEREIR PN _}ii ASBENEE

1 LA

S
S

©
o
b 3

o
(=]

IS
(=}

TRANSMITTANCE (%)
]
L =
t
|
o
O

sufpidd b 0T T I JIEEE L SN ANEEREE
I T PTE : EEFS
20[— T i f 3 -120
_,__L;‘ : i it Efngs [ I EED ) T
B ' k4 ST 7 1
B . : N RS s EE SENES SRS SR SN I A
. i 1il- b l i i

0 H . i i i
4000 3000 2000 1500 120()c : 1000
M-

Fig. 102 - Infrared Spectrum of the Polymer From Bisphenol A
2,4-Dichloro-6-pentoxy-s-triazine
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purity of the s-triazine monomer was reconsidered. Different fractions of
carefully fractionated monomers were polymerized, but again no significant ef-
fects were observed.

Because work on other polymer systems appeared more promising, work
on this system was discontinued.

B. Experimental

1. 2,4-Dichloro-6-pentoxy-s-triazine

Solutions of 61.7 g. (0.70 mole) of n-amyl alcohol in 80 ml. of
ether and 84.6 g. (0.70 mole) of sym-collidine in 100 ml. of ether were added
consecutively during 45 min. to a stirred solution of 129 g. (0.70 mole) of
cyanuric chloride in 1,500 ml. of ether. The mixture was refluxed 2 hr.,
cooled, and the collidine hydrochloride was filtered off (99.6 g., 91 per cent).
The filtrate was evaporated under reduced pressure, filtered to remove addi-
tional salts, and distilled through a 30 cm. vacuum-jacketed column packed
with Berl saddles to give 126 g. (76 per cent) of 2,4-dichloro-6-pentoxy-s-
triazine, b.p. 114 - 116° (2.0 mm.) (reported, 95 - 103° (0.5 mm.)).1§7y

Vhen a preparation of 2,4-dichloro-6-pentyloxy-s-triazine was re-

distilled on a spinning band column, the following fractions were collected:
A, ng® 1.5062; B, nfC 1.5059; C, n80 1.5059; and D, n§° 1.5058.

2. 2,4-Dichloro-6-(l,l,7—tri—EﬁPerfluoroheptyloxy)-gftriazine

Redistillation of 2,4-dichloro-6—(l,l,7-tri-ﬁ}perfluorohepﬁyloxy)-§-
triazine on a spinning band column gave the following fractions: A, ngo 1.4139;
B, n%o 1.4140; C, n%o 1.4140; and D, ngo 1.4142.

5. Polymers from 2,4-dichloro-6-pentoxy-s-triazine and Bisphenol A

To a suspension of 5.707 g. (0.0250 mole) of Bisphenol A in 50 ml. of
water were added solutions of 5.903 g. (0.0250 mole) of 2,4-dichloro-6-pentoxy-
s-triazine in 25 ml. of a chloroform, which had been treated with sulfuric acid
and redistilled, and 6.665 g. (0.0550 mole) of freshly distilled s-collidine in
25 ml. of chloroform. After the mixture was stirred 10 min. in a Waring
Blendor, the organic phase was separated, washed with 20 ml. of water, evapo-
rated on a steam bath, and devolatilized at 80° in a vacuum oven. The polymer
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was broken up and washed with 2 per cent hydrochloric acid and water in the
blender and redried. There was obtained ©.6 g. (87 per cent) of an olive
powder, m.p. 288 - 295°, Tinn (0.5 per cent in sulfuric acid at 30°) = 0.10.

The results of similar experiments are described in Table XVIII. In
experiments Nos. 1 and 4 unpurified reagent grade chloroform was used; in ex-
periment No. 2, spectral grade chloroform was used. Experiment No. 3 was a
repetition of the original experiment. Sodium hydroxide was substituted for
s-collidine in experiment No. 5 and the s-collidine used in experiment 6 was
air oxidized for 15 hr. in experiment 6.

TABLE XVIII

POLYMERIZATION OF 2,4-DICHLORO-6-PENTOXY-s-TRIAZINE
WITH BISPHENOL A: I

Experiment Organic Phase Aqueous Phase Yield M.P. Tinh
No. (ml. CHC1;) (m1.) (%) (°c)  (CHC1z at 30°)
1 100 S0 - 210 - 340 0.082/
2 100 50 92 88 - 91 -
3 50 50 97 205 - 215 0.28
4 50 50 102 152 - 170 0.18
5 50 o0 110 132 -~ 142 0.12
5 50 50 80 165 - 350 0.46

a/ In sulfuric acid.

The polymer from experiment 6 could be cast from chloroform solution
as a flexible film. The infrared spectrum of the polymer did not differ sig-
nificantly from the spectrum of the lower molecular weight polymers obtained
from freshly distilled s-collidine. DTA showed a decomposition exotherm com-
mencing at about 260°.

Anal. Caled. for Cp3HosN303: C, 70.57; H, 6.44; N, 10.73. Found
C, 69.81; H, 6.32; N, 10.59.

The results in Table XIX were obtained in a second series of experi-
ments.
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POLYMERIZATIOU OF 2,4-DICHLORO-6-PENTOXY-s-TRIAZINE

TABLE XIX

WITH BISPHENOL A: II
Moles Moles of
s-Triazine of Cyanuric Yield
Fraction No. Triazine Chloride (%)
B 0.025 - 102
C 0.025 - 95
D 0.025 - 87
C 0.025 - 103
C 0.02475 0.000167 102
C 0.0245 0.000333 101

a/ The polymer was insoluble in chloroform.

180
180
185
150
150
308

- 275
- 270
- 270
- 160
- 160
- 335

(CHCl3z at 3G°)

4, Polymers from 2,4-Dichloro-6-(l,1,7-tri-g-perfluoroheptyloxy)-i-triazine

and Bisphenol A

To a suspension of 5.7075 g. (0.025 mole) of Bisphenol A in 50 ml.
of water were added 12,0025 g. (0.025 mole) of 2,4-dichloro-6-(l,l,?-tri-g—

perfluoroheptyloxy)-i-triazine'in 25 ml. of chloroform and 6.666 g. of redis-
tilled s-collidine in 25 ml. of chloroform.

10 min. in a Waring Blendor, the organic layer was separated, washed with 20
ml. water, evaporated on a water bath, and devolatilized at 80° in a vacuum

oven. The polymer was broken up and washed with 2 per cent hydrochloric acid

and water in the Waring Blendor, filtered, and redried in the vacuum oven at

80°. The results of a series of similar experiments are reported in Table XX.

TABLE XX

POLYMERIZATION OF 2,4-DICHLORO-6-(1,1,7-TRI-H-PERFLUOROHEPTYIOXY)-

s-TRIAZINE WITH BISPHENOL A

i—Triazine
Fraction No.

U Qw»

Yield

%)

g5
96
86
91
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VIII. POLY(HETEROCYCLIC) ETHER

On the basis of an analogy with known methods of polymerizing
- y 3 » -
p-bromophenols, an attempt was made to prepare and polymerize the corre
sponding halogenated derivatives of hydroxypyrimidines, pyrazines, and pyrid-

azines.

OH

N N
HO_/\“ Xl ’ H | Xy
[}
A ~ N
N |
X X

For example, a suitable pyrimidine derivative should be polymerized in the
following manner:

X-“A\l\‘-—OH + NaOH ——> ' \l + NaX + Hx0
N ¥ N
N N

n

A, Discussion

Chloropyrimidines and chloropyridazines were readily prepared accord-
ing to the following established procedures:

N N
O—r \' __Poc1s C I ﬁ H,0, H HO—, \w
N 55% N

83”
|
OH 1 C1
?1 <l:1
| Xy Hp0, OH | \llv
62
/ﬁ % yN
|
C1 OH
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Polymerization of the chlorine-containing monomers could not bLe effected when
they were heated in a variety of solvents, including dimethylsulfoxide, di-
phenyl ether, dimethylformamide, and Xylene in the presence of potassium hy-
droxide or in liquid tertiary amine bases. Attempts to prepare sodium salts
vhich could be homopolymerized also failed. A low molecular weight polymer
soluble in dimethylacetamide was obtained when either the chloropyridazine or
the chloropyrimidine was heated with potassium hydroxide in nitrobenzene in
the presence of copper. The polymer was a dark brown solid not melting below
400°,

The lack of reactivity of chlorine-containing derivatives prompted
an attempt to prepare the corresponding bromine-containing monomers. However,
hydrolysis of 3,6-dibromopyridazine in the presence of ethanol, which was used
to provide homogeneity, gave an ethoxy derivative. Some effort was also com-
pleted on the synthesis of 2-hydroxy-G6-bromopyridazine, but the work was dis-
continued because of the apparent lack of promise of the polymer systen.

g r b
l \N POBr3 | \N Hp0, EtOH, OH- \N He(-),
N2 N 51% N OH
~ ~ =
OH Br OEt
no change

B. Experimental

1. 4,6-Dichloropyrimidine (Method: Reference 73)

A mixture of 23.4 g. (0.18 mole) of 4,6-dihydroxypyrimidine, 330 ml.
of freshly distilled phosphorus oxychloride, and 12.2 ml. of freshly distilled
II,N-dimethylaniline was refluxed 3 hr. The excess phosphorus oxychloride was
removed under reduced pressure on a steam bath, and the syrupy residue was
slowly poured over ice with stirring. The cold mixture was extracted with
three 200-ml. portions of ether, and the combined ether extracts were washed
with 100 ml. of 10 per cent sodium carbonate, dried over sodium sulfate, and
filtered with charcoal. The filtrate was evaporated to give 22.0 g. (82 per
cent) of yii;ow needles of 4,6-dichloropyrimidine, m.p. 66 - 68° (reported
m.p. 68°).

148



2. 4-Chloro-6-hydroxypyrimidine (lMethod: Reference 75)

A mixture of 19.4 g. (0.13 role) of 4,6-dichloropyrimidine and 270
ml. of 3N hydrochloric acid was heated and stirred at 100° for 1 hr. The
clear, wvarm solution was adjusted to pH 9 with concentrated ammonia and fil-
tered with charcoal. The filtrate was acidified to pH 2 - 3 with concentrated
hydrochloric acid and cooled at 5° overnight. Filtration and drying in vacuum
over KOH gave 5.4 g. of light yellow crystals of 4-chloro-6-hydroxy pyrimidine,
m.p. 194 - 197°. The filtrate was evaporated to two-thirds volume and cooled
to give an additional 0.8 g., m.p. 194 - 196° (reported, m.p. 192 - 193°).75/
The total yield was 37 per cent.

3. 4,5-Dibromopyrimidine (Attempted)

A mixture of 23.4 g. (0.18 mole) of 4,6~-dihydroxypyrimidine, 375 g.
of liquid phospnorus oxybromide, and 12 ml. of dimethylaniline was heated at
150° for 3 hr., during which time a heavy precipitate appeared. The excess
phosphorus oxybromide was removed under reduced pressure and the solid residue
added slowly to ice. The cold mixture was extracted with three 200-ml. por-
tions of ether and the combined ether extracts were washed with 100 ml. of
10 per cent sodium carbonate, dried over sodium sulfate, and filtered with
charcoal. The Tiltrate was evaporated to give 2.3 g. of a gummy solid, which
was insoluble in hot petroleum ether. The infrared spectrum was not consis-
tent with the structure of 4,6-dibromopyrimidine.

4. Sodium Salt of 4-Chloro-6-hydroxypyrimidine (Attempted)

A solution of 1.30 g. (0.010 mole) of 4-chloro-6-hydroxypyrimidine
in 30 ml. of anhydrous methanol was added to a solution of 0.54 g. (0.010 mole)
of sodium methoxide in 20 ml. of methanol, and the solution was allowed to
stand 60 hr. The sclution was filtered, evaporated to dryness, and the solid
dried at 0.1 mm. to give 1.7 g. (112 per cent) of solid, which darkened at
230° and decomposed at 241 - 242°,

Anal. Calcd. for CqHoClNoONa: C, 31.49; H, 1.32; N, 18.36.
Found: C, 30.73; H, 2.15; N, 16.46.

-

5. Polymerization of 4-Chloro-6-Hydroxypyrimidine

When a mixture of 1.305 g. (0.010 mole) of 4-chloro-6-hydroxypyrimi-
dine, 0.660 g. (0.010 role) of 85 per cent potassium hydroxide, and 0.010 g,
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of copper powder in 25 ml. of nitrobenzene was refluxed and stirred under
nitrogen for 18 hr. and poured into water, a black precipitate formed in the
organic layer. Filtration, washing with methanol, and drying gave 0.36 g.
(38 per cent) of red-brown powder, which did not melt below 400°. The inher-
ent viscosity (¢ = 0.5, 30° in dimethylacetamide) was 0.10.

When the experiment was repeated using dimethylformamide, no polymer
vas formed.

6. 6-Chloro-3-hydroxypyridazine (Method: Reference 76)

3,6-Dichloropyridazine (20.1 g., 0.135 mole) was added in portions
during 15 min. to stirred 3N sodium hydroxide (200 ml.) at 95°. The brown
solution was refluxed 30 min., adjusted to pH 3 with concentrated hydrochloric
acid, and cooled to 5°. The precipitate wvas filtered off and dried in air to
give 17.0 g. of crude solid, m.p. 134 - 136°. Recrystallization from 125 ml.
of 10 per cent hydrochloric acid and drying in vacuum over KOH gave 11.0 g.
(62 per cent) of opaque, off-white crystals of 6-chloro-3-hydroxypyridazine,
m.p. 138 - 140° (reported, 144 - 145°76/).

7. 3,6-Dibromopyridazine (Method: Reference 77)

A mixture of 9.0 g. (0.08 mole) of maleic hydrazide and 130 ml. of
melted phosphorus oxybromide was heated and stirred at 150° for 2 hr. Some
solid sublimed, and the reaction mixture became stiff. The excess phosphorus
oxybromide was removed under reduced pressure and the residue was slowly added
to ice with stirring. The cold mixture was adjusted to pH 8 - 9 with concen-
trated ammonia and 10.7 g. of black precipitate was filtered off, m.p. 109 -
115°. Recrystallization from methanol gave 4.1 g. (21 per cent) of 3,6-di-
bromopyridazine, m.p. 115 - 116° (reported m.p. 115 - 116°ZZ/).

8. 3-Bromo-6-hydroxypyridazine (Attempted)

A mixture of 4.0 g. (0.0176 mole) of 3,6-dibromopyridazine and 3.2
g. (0.08 mole) of sodium hydroxide in 20 ml. of water and 16 ml. of 95 per
cent ethanol was heated and stirred at 95° for 1 hr. When the mixture was
acidified with concentrated hydrochloric acid and cooled in ice water, 1.82 g.
(51 per cent) of white platelets of 3-bromo-6-ethoxypyridazine was obtained,
m.p. 77 - 78°, The infrared and n.m.r. spectra were consistent with the prod-
uct being 3-bromo-6-ethoxypyridazine. Recrystallization of a portion of the
product from petroleum ether (b.p. 60 - 90°) raised the m.p. to 79 - 80°.
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Anal. Calcd. for CgH7BrONp: C, 35.49; H, 3.48; N, 13.80. Found:
C, 35.v2, Z5.04; H, 3.93, 3.¢1; N, 13.89, 13.92.

9. 3-Bromo-G-hydrorypyridazine (Attempted)

A mixture of 1.15 g. (0.0057 mole) of 3-bromo-6-ethoxypyridazine and
1.6 g. (0.040 mole) of sodium hydroxide in 15 ml. of water was heated and
stirred at 100° for 3 hr. The mixture remained as two phases. After being
cooled, the aqueous layer was decanted, and the solid, m.p. 78 - 80°, was iden-
tified as recovered 3-bromo-6-hydroxypyridazine. The solid was washed with
water, dried, and heated at reflux for 1.5 hr. with 3 ml. of boron tribromide
and 25 ml. of benzene. After the mixture was stored overnight, 20 ml. of water
was added dropwise during 10 min. and a crude solid was filtered off, m.p. 142 -
148°. Recrystallization from 50 per cent ethanol-water gave 0.07 g. of a white
solid, m.p. 169 - 172°, The solid was identified by infrared analysis as being
mostly boric acid.

10. Sodium Salt of 3-Chloro-6-hydroxypyridazine (Attempted)

A solution of 0.54 g. (0.010 mole) of sodium methoxide in 10 ml. of
anhydrous methanol was added to a solution of 1.30 g. (0.010 mole) of 3-chloro-
6-hydroxypyridazine in 15 ml. of methanol and the resultant solution allowed
to stand 60 hr. The solvent was removed and the solid dried at 0.1 mm. for 2
hr. to give 1.55 g. (102 per cent) of white powder, which darkened at 230° and
decomposed at 248 - 255° with a black residue. When the crude product was re-
crystallized from 150 ml. of 99 per cent ethanol, 0.62 g. of white solid was
obtained, which charred at 320°, but did not melt below 400°. It was soluble
in water, burned with a vhite smoke, gave a negative silver nitrate test for
chloride ion, and exhibited an inconclusive Beilstein test. Infrared spectra
of the crude and recrystallized solids were not identical.

Anal, Calcd. for C4HpCIN,ONa: C, 31.49; H, 1.32; N, 18.36. Found:
C, 31.27; H, 1.75; N, 16.76.

When the experiment was repeated with 2.61 g. (0.020 mole) of 3-
chloro-6-hydroxypyridazine and 1.08 g. (0.020 mole) of sodium methoxide, 3.2
g. (106 per cent) of crude solid was obtained, which darkened at 230° and de-
composed at 242 - 243° with a black residue.

Anal. Calcd. for C4HpClNpoONa: C, 31.49; H, 1.32; N, 18.36. Found:
C, 34.67; H, 1.62; N, 16.19.
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11. Polymerization of 3-Chloro-6-hydroxypyridazine

A mixture of 1.305 g. (0.0100 mole) of 3-chloro-6-hydroxypyridazine
and 0.863 g. (0.0100 mole) of 85 per cent potassium hydroxide in 50 ml. of
xylene vas stirred and refluxed under nitrogen for 18 hr. The mixture, which
centained s heavy whitc precipitate was poured into 100 ml. of water. \Vhen
the organic layer was separated, washed with 10 ml. of water, and evaporated
to dryness, 0.2 g. of a waxy solid was obtained.

In a similar experiment, in which dimethylformamide was used as the
solvent, a brown precipitate formed. The mixture was poured into 100 ml. of
water, which dissolved the precipitate and gave a clear solution. The solvents
were removed and the black solid residue was boiled with 100 ml, of toluene for
24 hr. Filtration and removal of solvents gave 0.6 g. of a gummy solid, which
was soluble in water. An infrared spectrum of the solid was very similar to
the spectrum of the starting material.

A mixture of 1.305 g. (0.010 mole) of 3-chloro-6-hydroxypyridazine
and 0.660 g. (0.010 mole) of 85 per cent potassium hydroxide in 25 ml. of di-
phenyl ether was stirred and refluxed under nitrogen for 18 hr. The grey
mixture was poured into 400 ml. of water, and the clear organic layer was
poured into 300 ml. of methanol. There was no precipitate.

When a solution of 1.004 g. (0.0080 mole) of 3-chloro-8-hydroxy-
pyridazine in 20 ml. of pyridine was refluxed for 18 hr. and poured into 400
ml. of water, there was no precipitate. About 0.6 g. (57 per cent) of start-
ing material was recovered, m.p. 140 - 142°,

Vhen the experiment was repeated with 20 ml. of triethylamine as
solvent, about 0.7 g. (67 per cent) of starting material was recovered,

Approximately 10 mg. of potassium hydroxide was added to a solution
of 1.305 g. (0.01 mole) of 3-chloro-8-hydroxypyridazine in 50 ml. of dimethyl
sulfoxide and the mixture was refluxed for 18 hr. The dimethyl sulfoxide de-
composed, and there was no precipitate when the solution was poured into 500
ml. of water.

Repetition of the experiment with 50 ml. of xylene as the solvent
gave 0.80 g. (62 per cent) of starting material, m.p. 138 - 139°.

When & mixture of 1.305 g. (0.010 mole) of 3-chloro-6-hydroxypy-
ridazine, 0.660 g. (0.010 mole) of 85 per cent potassium hydroxide, and 0.010
g. of copper powder in 25 ml. of nitrobenzene was refluxed and stirred under
nitrogen for 18 hr. and poured into 400 ml. of water, a black precipitate

152



formed in the organic layer. Filtration, washing with methanol, and drying at
90° at 0.1 mm. gave 0.62 g. (66 per cent) of brown solid, which did not melt
below 400°. The solid gave a negative Beilstein test for halogen and burned
slowly with no residue. The specific viscosity in dimethyl acetamide was 0.08
(¢ = 0.5).

12. Hydroxypyrazine (lethod: Reference 78)

Sodium nitrite (19 g., 0.030 mole) was added in portions during 30
min. to 150 ml. of concentrated sulfuric acid, which was stirred at -5 - 0°.
Vhen the mixture was allowed to warm to room temperature, then heated to 65°,
a clear solution formed. It was cooled to 0° and a cold solution of 23.8 g.
(0.25 mole) of aminopyrazine in 100 ml. of sulfuric acid was added dropwise
with stirring during 30 min. at O - 5°. The cold diazonium solution was then
added dropwise to ice with stirring until the evolution of nitrogen ceased.
The solution, still containing ice, was neutralized to pH 7 with a solution of
40 per cent sodium hydroxide at a temperature below 25°. The brown solution
was stored overnight at 5°, and the heavy precipitate of sodium sulfate was
filtered off and washed with cold water. The combined filtrate and washings
were evaporated to a thick slurry and then air dried. The solid was extracted
in a Soxhlet extractor for two days with 2 liters of acetone. Repeated evapo-
ration of the acetone extract gave: A, 2.4 g., which charred above 230°;

B, 1.7 g., m.p. 180 - 182°, and C, 8 g., m.p. 148 - 152°, Crops B and C were
combined and recrystallized from 100 ml. of 95 per cent ethanol containing
charcoal to give 4.2 g. (18 per cent) of white crystals of hydroxypyrazine,
m.p. 184 - 186° (reported, m.p. 187 - 188°).78

A mixture of 0.95 g. (0.010 mole) of aminopyrazine and 15 ml. of
20 per cent sodium hydroxide was heated in a 20 ml. stainless steel Parr bomb
at 170° for 20 hr.zg/ After the bomb was cooled, the contents were rinsed out
with an equal volume of water, and the clear solution was neutralized with
concentrated hydrochloric acid. When the solution was evaporated to dryness
and the solid extracted with 500 ml. of benzene for two days in a Soxhlet ex-
tractor, 0.61 g. (64 per cent) of hydroxypyrazine was obtained, m.p. 185 - 187°.
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IX. ULTRAVIOLET-VACUUM FIIM STUDIES

Studies of the effect of simulated sclar ultraviolet radiation in
space on the reflectance of potential protective coatings are reported.

A. Apparatus

Specimen total reflectance and diffuse reflectance curves from 0.24
- 2.2 p were recorded before and after exposure with a Beckman DK-1 double-
beam spectrophotometer and reflectance attachment. Freshly prepared magnesium
oxide was used as the reflectance reference material.

The irradiation chamber, which is shown in Figs. 103, 104, and 105,
was a short cylinder constructed so that 14 pairs of reflector specimens
mounted in isolated pie-shaped compartments could be simultaneously subjected
to UV in a simulated space environment. The entire inner surface of the cham-
ber was coated with a black potassium silicate and graphite mixture. The
specimens were mounted around the inside rim of the chamber so that the re-
flected energy was absorbed by the black chamber walls. The outer surface of
the chamber was water-cooled.

The UV irradiation source was an air-cooled mercury vapor lamp
(General Electric B-H6) located at the vortex of the compartments so that all
specimens were equally exposed.

The irradiation chamber was evacuated in the bell jar of a CEC Model
ICI-14B Vacuum Coating Unit. The vacuum in the system was determined by means
of a CEC Model 6P-140 Pirani Gage and a CVC lModel 6 PH-100A Discharge Gage. A
pressure-regulated switch in the power circuit protected the UV lamp against
a cooling line failure.

B, Irradiation - Preliminary Experiments

Ceramic-coated metal plates (supplied by NASA) were coated by a
Paasch VL airbrush with materials shown in Table XXI. The experimental coat-
ings were cured in an air oven at 145° for 48 hr. The plates were irradiated
for 48 hr., at a pressure of 2 x 1075 - 9.2 x 1076 mm. Hg. Weight losses of
the films during irradiation are shown in Table XXI.
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Fig. 104 - Lamp During Operation
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TABLE XXI

ULTRAVIOLET IRRADIATION TEST SPECIMENS

Thickness Initial Wt. Final Wt. Wt. Loss
Plate Coating (mils) (r.) (g.) ()
Grovp T
1 LTV-602 1.7 0.1064 0.1010 5.4
2 LIV-602 1.9 0.1212 0.1117 8.5
3 Experimental
Polymer AZ 2.0 0.1262 0.1262 0.0
4 5-13 6.7 0.6830 0.8778 0.39
5 S5-13 6.2 0.6334 0.6275 0.94
Group IT
1 DC-808 5.9 0.3664 0.3657 C.192
2 Experimental
Polymer BZ 5.4 0.2722 0.2718 0.110
3 LTV-602 4.7 0.258¢ 0.2504 3.28
4 Experimental .
Polymer ck 4.1 0.1874 0.1833 2.19
5 Experimental , 8.5 0.5412 0.5380 0.592
Polymer pb/

g/ A polymer prepared from p-phenylenebis(diphenylsilanol) and heptamethyl-
l-aza-3,5-dioxa~-2,4,6-trisilacyclohexane.

p/ A polymer prepared from p-phenylenebis(diphenylsilanol) and tetramethyl-
2,4,6-triphenyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane.

In Group I plates were initially clear and shiny, but after irradi-
ation Group I plates 1, 2, and 3 were light brown in color. No change in ap-
pearance was observed in plates 4 and 5. Plate 3 was the only one that did not
lose weight during exposure. Failure of the cooling water supply during the
experiments allowed the Group II samples to overheat; consequently, several of
the experimental coatings flowed. After irradiation Group II plate 3 was
slightly yellow and shiny, plate 1 was yellow and shiny, and plates 2, 4, and 5
were yellow, dull, ancd very wrinkled. The total per cent reflectance of the
Plates in both groups in the 400 - 700 mp region is shown in Table XXII.
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C. Irradiation Experiments On Unpigmented
Experimental Polymers

The preparation and properties of the polymers used in these irradi--
ation experiments are reported in paragraphs IV.D.4.e. The coatings of ex-
per-mantal panels 2, 3, 4, 5, and 6 were applied with an airbrush using toluene
ntolaticns.  Polymer 1 was too viscous even in a dilute solution for an air-
brush application; so it was poured onto plate 1, leaving a rough fiim. Coat-
175 2 and 5 were cured by heating at 150° for 72 hr., then 48 hr. in a 200°
forced-air oven. Coating 3 was cured after heating at 150° for 24 hr.and 72 hr.
in a 200° forced-air oven. Coating 4 cured at 150° for 48 hr. Coatings 2 and
6 containing about 1 per cent t-butyl peroxybenzoate were cured at 135° for 65
hr.

Initially, coatings 2, 3, 5, and 6 were clear and smooth, coating 1
was clear and rough, coating 4 was slightly yellow, and all were elastic.
After irradiation all plates were yellow to light-brown in color; plates 1, 2,
and 4 were elastic and less colored; and plates 3, 4, and 6 were harder and
darker. The weight loss of the plates after irradiation is shown in Table
XXIII. The total per cent reflectance of the plates before and after irradi-
ation in the 400 - 700 mp region is shown in Table XXIV,

TABLE XXIII

WEIGHT LOSS OF IRRADIATED FIIMS

Thickness Initial Weight Final Weight Weight Loss
Plate (mils) (g.) (g.) (%)
15/ 6.1 0.3997 0.3994 0.08
2%/ 6.0 0.3243 0.3242 0.03
3—/ 2.1 0.1237 0.1237 0.00
49/ 4.7 0.3119 0.3118 0.02
SQ/ 7.9 0.4675 0.4675 0.00
62/ 3.7 0.1849 0.1849 0.00

&

Polymer from bis(p-dimethylsilyl)phenyl ether and heptamethyl-1- aza-3,5-
dioxa-2,4,6-trisilacyclohexane,

Polymer from hexamethylcyclotrisiloxane and Efphenylenebis(methylphenyl—'
silanol).

Polymer from gﬁphenylenebis(diphenylsilanol) and heptamethyl-l- aza-3,5-
dioxa-2,4,6-trisilacyclohexare.

Polymer from g—phenylenebis(diphenylsilanol) and heptamethyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane.

Polymer from m-phenylenebis(dimethylsilanol) and heptamethyl-l-aza-3,5-
dioxa-2,4,6-trisilacyclohexane.
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D. Preparation of Coated Specimens for Irradiation Studies
at NASA-Huntsville Laboratories

1. Coating Studies

a. Milling procedure: Zinc oxide (New Jersey Zinc SP-500) was milled
into polymer solution by the following procedure: A 4-dram glass vial half-
filled with steel shot was charged with 0.5 g. of RTV-602 (formerly LTV-602
potting compound), 1.2 g. of zinc oxide (SP-500), and 5 ml. of toluene. The
vial was capped and placed horizontally on a slow variable speed stirrer. The
mill, operating at 90 - 120 rpm, gave good pigment dispersion after 1.5 - 5 hr.
of grinding time; however, if the grinding was continued for 1l hr. or more,
yellowing of the zinc oxide occurred. Grinding time was generally 1.5 - 2 hr.

In another milling procedure, a 100-ml. stainless steel cylinder was
similarly charged and placed on a mechanical paint shaker. After 5 min., the
mixture became grey (iron contamination) and the zinc oxide was not completely
dispersed.

Experimental poly(arylenesiloxanes), with specific viscosities from
1.38 to 2.45, were successfully milled by the glass-vial procedure. It was
necessary to adjust the viscosity of the polymer solution by toluene dilution
for higher molecular weight polymers. Generally a 5 per cent concentration
(0.5 g. of polymer in 10 ml. of toluene) was adequate for good pigment dis-
persion.

b. Spraying procedure: The application of S-13 paint (New Jersey
Zinc SP-500 zinc oxide-240, General Electric RTV-602 silicone-100, and toluene-
170 in parts by weight) to panels was accomplished by spraying with a Paaschs
VL airbrush at 30 psig nitrogen pressure. Smooth, white coatings were obtained.

Pigmented experimental poly(arylenesiloxanes) were also successfully
sprayed on panels; however, the much higher viscosity of the polymer solutions
required additional dilutions in order to cbtain a smooth coating. Polymers
withan inherent viscosity of 1.39 to 2.5 could be sprayed at about a 5 per cent
concentration in toluene with a pigment (zinc oxide) to polymer ratio of
120:100 parts by weight. Higher ratios of pigment to polymer (240:100) gave a
crazed coating. Polymers with inherent viscosities higher than 2.5 became
difficult to spray at a 5 per cent concentration in toluene. A 2.5 per cent
solution of polymer (inherent viscosity 3.10) emerged from the spray gun in a
stream rather than a spray, and smooth coatings could not be obtained.

¢c. Curing studies: Cured coatings of unpigmented poly(arylenesilox-
anes) were obtained by adding 1 per cent stannous octoate to the polymer

v
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solution prior to spraying. A heating cycle of 1 hr. at 100 - 130° gave smooth,
clean, tack-free, rubbery coatings.

Pigmented coatings were cured by adding 1 per cent stannous octoate
and 2 per cent tert-butylperoxybenzoate prior to spraying. The plates were
heated at 135° for 1 hr. to obtain white, rubbery, tack-free coatings. A cure
could not be obtained with 1 per cent stannous octoate alone, or with 1 or 2
per cent of the peroxide alone, or with 1 per cent each of stannous octoate
and the peroxide.

In an attempt to crosslink a coating by air oxidation, an experimen-
tal poly(arylenesiloxane), inherent viscosity 1.48, was applied to a panel and
placed in a 200° oven with a slow air flow for 72 hr. The coating was not
cured.

In a study of the use of peroxides, panels coated with poly(arylene~-
siloxanes) and containing 1 - 2 per cent tert-butylperoxybenzoate, di-tert-
butylperoxide or benzoyl peroxide were heated at 135° for 2 hr. Only the panel
containing benzoyl peroxide was partially cured. A panel containing di-tert-
butylperoxide was partially cured after heating at 170° for 2 hr.

When driers were examined, only coated panels containing 1 per cent

stannous octoate were cured after heating at 100 - 130° for 1 hr. Ilead
naphthoate and dibutyltin dilaurate were ineffective under similar conditions.

2. Coated Test Specimens

At the request of NASA, the following plates were coated and for-
warded to the George C. Marshall Space Flight Center, Huntsville, Alabama:

1. Ten 2 x 2-in. ceramic-coated plates coated with the poly(arylene-
siloxane) prepared from bis(p-dimethylhydroxysilylphenyl) ether and hepta-
methyl-l-aza-3,5-dioxa-2,4,6-trisilacyclohexane only.

2. Ten 2 x 2-in. ceramic-coated plates coated with the poly(arylene-
siloxane) pigmented with zinc oxide.

3. Ten aluminum disks, 15/16 in. in diameter, coated with the poly-
mer only (from 6061-T6 aluminum, 1/16 in. thick).

4. Ten aluminum disks, 15/16 in., in diameter, coated with zinc oxide
filled polymer.

For coating the ceramic-coated plates with polymer only, the follow-
ing procedure was used: A stock solution containing 5 per cent polymer was pre-
pared by dissolving the five polymer samples (10.0 g.) with a mean inherent
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viscosity of 1.63 in 200 ml. of toluene. All plates and disks were washed with
Alconox solution prior to spraying. A 10-ml. aliquot (0.5 g. of polymer) of
the stock solution was further diluted with 15 ml. of toluene and 5 ml. of
xylene. (The polymer solution was too viscous to spray without the excess
solvent.) One per cent stannous octoate was added and mixed in the polymer
solution. A plate was sprayed with an airbrush and cured at 100° for 1 hr.

The weight of the coating was obtained by weighing the plates before and after
filming. The thickness of the coating was determined similarly with a Starrett
No. 1010 dial indicator gage. The data for 10 plates are shown in Table XXV.

TABLE XXV

UNPIGMENTED COATED PIATES

Weight of Film Weight of Thickness of Thickness of

Plate and Plate Film Plate and Film Film

No. (g.) (g.) (mils) (mils)
1 17.0791 0.2049 43,2 3.5
2 16.8636 0.2202 41.9 3.4
3 16.7609 0.2506 42.3 3.8
4 17.1895 0.1845 43 .4 2.8
S 17.1315 0.2132 42.5 2.9
6 17.0350 0.2075 42.1 3.1
7 17.4159 0.2085 44.1 3.4
8 16.7707 0.1925 40.9 3.2
9 17.4106 0.1911 42.2 2.8
10 16.7725 0.2112 41.3 3.3

The coatings of the ceramic-coated plates with zinc oxide-filled poly-
mer were prepared as follows: Five grams of a poly(arylenesiloxane), inherent
viscosity 1.08, was dissolved in 100 ml. of toluene. A 10-ml. aliquot (0.5 g.
of polymer) was milled with 0.6 g. of SP-500 zinc oxide for 1 hr. The mix was
filtered through a wire screen, and the mill was washed with about 3 ml. of tol-
uene. The washings, 1 per cent stannous octoate, and 2 per cent t-butylperoxy-
benzoate were added to the mixture. The plates were sprayed with an airbrush
and cured at 135° for 1 hr. The data for 10 plates are shown in Table XXVI.

183



TABIE XXVI

PIGMENTED COATED PIATES

Weight of Film Weight of Thickness of Thickness of

Plate and Plate Film Plate and Film Film
No. (g.) (g.) (mils) (mils)
11 17.1135 0.3322 41.4 3.1
12 17.0114 0.3436 40.9 3.0
13 17.0295 0.3562 42,2 3.1
14 17.4280 0.4117 43.2 3.9
15 16.7167 0.3955 40.5 3.9
16 16.9574 0.4137 42.2 3.7
17 16.9915 0.3574 41.2 3.4
18 16.6620 0.3566 39.9 3.3
19 17.0538 0.3126 42.9 3.2
20 16.9686 0.3694 41.9 3.2

Twenty disks of 6061-T6 aluminum, 1/16 in. thick and 15/16 in. diam-
eter were coated similarly: 10 disks with 1.0 g. of unpigmented polymer in
50 ml. of toluene and 10 disks with 1.0 of polymer, 1.2 g. of zinc oxide, and
‘ 20 ml. of toluene. The data for 10 unpigmented disks are shown in Table XXVII,
! and the data for 10 pigmented disks are shown in Table XXVIII.

TABIE XXVII

UNP1GENTED COATED DISKS

L Weight of Film Weight of Thickness of Thickness of
| Disk and Disk Film Film and Disk Film
f _No. (e.) (g.) (mils) (mils)
| 1 1.9952 0.0421 70.5 5.4
‘ 2 2.0003 0.0338 69.7 4.2

3 2.0175 0.0356 69.4 3.8
4 1.9956 0.0366 69.2 4.1
5 2.0026 0.0335 70.4 5.1
6 1.9908 0.0298 69.1 3.8
7 1.9844 0.0266 68.2 3.2
8 1.9902 0.0271 68.2 2.1
9 1.9694 0.0281 67.4 2.8

10 1.9881 0.0295 68.5 3.0
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TABLE XXVIII

PIGMENTED COATED DISKS

Weight of Film Weight of Thickness of Thickness of
Disk and Disk Film Film and Disk Film
_No. (g.) (g.) (mils) (mils)
11 2.0056 0.0486 68.5 3.4
12 2.0325 0.0492 68.4 2.9
13 1.9997 0.0563 67.6 2.8
14 2.0375 0.0468 68.3 2.9
15 2.0278 0.0585 68.7 3.4
16 2.0381 0.0528 68.6 3.3
17 2.0081 0.0539 68.7 3.7
18 2.0236 0.0560 68.7 3.4
19 2.0102 0.0541 68.0 3.1
20 2.0115 0.0591 69.2 4.3

Two ceramic-coated plates were filmed with LTV-602 as a control. The
plates were washed with Alconox solution and primed with General Electric's
proprietary SS-4044 prior to spraying. The unpigmented coating was sprayed with
a solution of 1.0 g. of LTV-602 and S ml. of toluene. The pigmented coating
was sprayed with a mixture of 1.2 g. SP-500 zinc oxide, 0.5 g. LTV-602, and
5 ml. of toluene (grinding time 1.5 hr.). Both coatings were catalyzed with
SRC-05 at about a 0.4 per cent concentration just prior to application. The
data for the two plates are shown in Table XXIX,

TABLE XXIX

LTV-602 COATED PIATES

Weight of Film Weight of Thickness of Film Thickness of

Plate and Plate Film and Plate Film
No. (g.) (g.) (mils) (mils)

21 Pig- 16.9891 0.3485 41.3 3.0
mented

22 Unpig- 16.9691 0.2886 43,2 4,3
mented
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