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Synthesis of Methylphenyldisiloxanes

Ry Wirriam H, Daupt! anp J. FRankLIN HYDE®

11 connection with the developutcut of improved liigli-temperature silicones comprising methylphenylsiloxane polymers,
a number of low-polymer members and intermediate silanes having both methyl and phenyl substituents have been synthe-
sized and characterized. Methylphenylethoxysilanes were obtained by one-step reactions of methylethoxysilanes with mag-

nesium and chloro- or bromobenzene; they were converted to chlorosilanes by the action of acetyl chloride.

Hydrolysis

afforded silanols and symmetrical disiloxanes; the latter were employed as starting materials for the preparation of unsym-

metrical disiloxanes by acid- and alkali-catalyzed redistribution processes.
by condensation of silanols with chloro-or ethoxysilanes and by cohydrolysis of two such silanes.

Unsymmetrical disiloxanes were also obtained
Controlled partial hydroly-

sis in ether or t-butanol treatment of methylphenyldichlorosilane afforded a series of w,w’-dichlorosiloxanes; further mild

hydrolysis of the diastereomeric dichlorodisiloxane mixture afforded two (meso and di) crystalline disiloxanediols.

Thermal

tests on the disiloxanes indicate high resistance to air oxidation to 250° and a stabilization of methyl by phenyl substituents.
The compounds show noticeable effects due to oxidation at 300°, siloxane disproportionation above 350°, and thermal group

eliminations above 400°. Other properties are tabulated.

Organosilicon compounds in which the silicon
atoms are bonded to carbon of both methyl and
phenyl groups are of fundamental importance be-
cause a variety of silicone fluids and resins are
formulated from them. The published data for
these compounds have been limited in comparison
with that for compounds and polymers which are
predominantly methyl-substituted. Low-polymer
methylphenylsiloxanes, in particular, are of special
interest because of their applications as stable
heat transfer media in the 200~-300° range and as
actuating fluids in condensation pumps for produc-
ing high vacuum.?

The first methylphenylsilicon compounds to be
described in the literature are methyltriphenylsil-
ane* and trimethylphenylsilane.” The first meth-
ylphenylsiloxane was the disiloxane (Ph:MeSi),0
(VII), which was shown to be the dehydration prod-
uct of methyldiphenylsilanol.® The disiloxane
(PhMe,Si),0 (II1)%13-1 and several methylphenyl-
substituted trisiloxanes,’~% cyclosiloxanes™! and
polysiloxanes!!12 have also been described.

The purpose of the present paper is to assemble a
group of important low-molecular methylphenylsil-
icon compounds, including several unsymmetrically
substituted disiloxanes which have been described
briefly in patents.!¥=1 The formulas and physical
data for these and several related compounds are
listed in Table I. In describing the new com-
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pounds, a variety of procedures by which they
have been prepared and other chemical behavior
are presented.

Both methylphenylchlorosilanes and methyl-
phenylethoxysilanes were employed as intermedi-
ates for preparations of silanols and siloxanes in the
present work and also in the development of meth-
ylphenyl silicone polymers. The ethoxysilanes
are readily separated from each other by rectifica-
tion and are convemniently prepared in the labo-
ratory by omne-step Barbier reactions. One phen-
ylation procedure consisted of adding bromoben-
zene to a mixture of magnesium and the methyl-
ethoxysilane in diethyl ether, while another con-
sisted of refluxing a solution of an excess of chloro-
benzene with the required amount of ester and
magnesium. The chlorosilanes PhMe;SiCl and
PhyMeSiCl were obtained in high yield from the
corresponding ethoxysilanes by the action of acetyl
chloride.

The hexamethyl-*¥ and sym-tetramethyldi-
phenyldisiloxanes,”¢* employed as intermediates
for other siloxanes in this work, were prepared by
hydrolyzing trimethyl- and dimethylphenylchloro-
silanes, respectively, and also by hydrolyzing the
corresponding ethoxysilanes under mild acid con-
ditions. Methyldiphenyl- and triphenylsilanols
were obtained under similar mild conditions from
the corresponding chloro- and ethoxysilanes, but
were condensed to the symmetrical dimethyltetra-
phenyl-*® and hexaphenyl-?®* disiloxanes under
stronger acid or alkaline conditions. The unsym-
metrical disiloxanes were prepared under various
given sets of conditions by three general methods:
(1) by cohydrolysis and condensationl?~b14a of
two chloro- or ethoxysilanes, (2) by equilibration of
mixtures of symmetrical disiloxanes, catalyzed
either by a strong acid®!%b-¢152 or alkali,”11e.13h,15
and (3) by condensation!®1¢a3 of silanols with
chloro- or ethoxysilanes. The third method has an
advantage of frequently favoring higher yields of
the unsymmetrical disiloxane. A fourth method,
which favors formation of unsymmetrical disilox-
anes in still higher yields, consists of condensing

(16) W. H. Daudt, U. S. Patent 2,386,441 (1945).

(17) R. O. Sauer, THIs JOURNAL, 86, 1707 (1944).

(18) fa) F. 8. Kipping and L. L. Lloyd, J. Chem. Soc., 79, 449
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{e) C. A. Kraus and W, X. Nelson, THis JourNaL, 56, 195 (1934).

(19) W, Patnode and D, F, Wilcock, ibid., 68, 358 (1946).
20) W. H. Daudt, U. 8. Patent 2,550,003 (1951).



Jan. 20, 1952

TABLE I: PHYSICAL AND ANALYTICAL DATA OF METHYLPHENYLSILOXANES AND INTERMEDIATE SILANES

—_
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Ct, OH %

Caled.

Si, %
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Calcd.
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Sp. refraction®
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(vac.)
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mm.

B
C.
—67
<-—80
<-—80

0
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Formula

Compound
Me;sSiOSiMes

No.

1.3730 0.301 0.301 34.6 34.8 34.6
1.4588
1.5149
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1.5549
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0.756
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0
=3

25.0 24.9 24.9
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.311
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.309
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.311
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93 16
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PhMesSiOSiMes

19.5 19.5
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PhMe:SiOSiPhMe:
Ph:MeSiOSiMe;

111
v
v

19.4 19.4
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974
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4.9
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Ph:MeSiOSiPhMe;
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16.3 15.9
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1
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1.076°
1.076¢
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.312¢ 13,7 13.7 13.6
13.7

.311¢

.312
.312
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3.0°

1

180
231
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466

PhaMeSiOSiPhoMe
Ph;SiOSiPhMe;

VII

13.8

13.8

50
76
226

VIII
IX
X

11.9 12.0 11.9

.313¢

1.6124¢

11,000°

3

PhySi0SiPhaMe
Ph3SiOSiPhs

10.5

10.5

1.59,1.68,1.71

1.018*

494

.315° 14.4 14.3
.292 28.0
.297
.269

.271
.272

2.95° 1.5540% .313

2.35
2.7

24¢

224

37
< —80

(pour pt.) —75

(PhCHs):SiOSiMes

X1

28.2 27.7

.293
.297
.268
.272
.275

1.4450
1.4913
1.5318
1.5375
1.5411

.911

2.0
3.9

117
178
154

233
307

PhMe:SiOSiMe:0SiMes

XI1X

22.6

23.4

.975
1.153
1.153
1.155

13

PhMe:SiOSiMe:0SiPhMe:
PhMeClSiOSiPhMeCl

XIIX

XIv
XV

14.8

SYNTHESIS OF METHYLPHENYLDISILOXANES

11.3

18.4

18.2

1
1

188-191

PhMeCISiOSiPhMeOSiPhMeCl

19.1

19.0

18.7

231-233

PhMeClSi[OSiPhMe [:0SiPhMeCl

PhMeSi(OH)OSiPhMe(OH) A"
PhMeSi(OH)OSiPhMe (OH)

PhMe:SiOEt

XVI

1

19.
19.3

19.3

111

XVII

19.3

84

g

XVIIX
XI1X
XX

15.6
13.
11.6

15.6

.308
.289
.310

.308
.290

1.480920
1.4678%
1.5440%

.923120

1.3
1

17
18
16
17
15
25

87.5
112
171
225

197
218
291

1

13.0

.96220
1.01820

PhMeSi(OEt):
PhaMeSiOEt

Ph;SiOEt

11.6

.311

XXI1

9.29

9.22

63

XXI11

Ct, 20.8 20.6

1.03220 1, 508220 .291 .289

1.110%0

1.35

79
176

191
295

PhMe:SiCl
PhaMeSiCl

XXIII

14.9 15.1

Ct, 15.2

.299

1.5740%0
1.5777

XVIV
XXV

7.9 8.0

OH,

.306 13 13.3

.307

3.81 1.084
¢ Calculated from bond refraction data of Warrick, THIS JOURNAL, 68, 2455 (1946).

198

24

184-187

b SIC increases with orientation during measurement.

PhsMeSiOH

¢ Values on supercooled liquids.
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chlorosilanes with alkali metal salts of silanols!4b;
this will be described in another paper.

Inspection of Table I reveals how the physical
and analytical properties of the different reported
compounds vary according to the number and dis-
position of the methyl and phenyl substituents;
data for hexamethyl- and hexaphenyldisiloxanes
are included for comparison. Resistance of the in-
dividual methylphenyldisiloxanes toward air oxida-
tion at elevated temperatures is indicated by air-
blowing tests.?® Traces of oxidation products are
produced when the compounds are heated in con-
tact with air above 250°. Consequently, their sta-
bility to oxidation is comparable to that reported
recently for polymethylphenylsiloxanes® and con-
siderably greater than that for polymethylsilox-
anes, which show evidence of oxidation at 175~
200°.22 However, they are less stable than hexa-
phenyldisiloxane, which air-oxidizes slowly above
300°. These results indicate that the methyl
group is more susceptible to oxidation scission than
the phenyl group and that the former is stabilized
by presence of the latter. This stabilizing action
is also indicated in mixtures of dimethylsiloxane
polymer fluids with minor proportions of dissolved
methylphenylsiloxanes.?® One benzylmethyldisil-
oxane (XI) was prepared and found to be highly
susceptible to air oxidation of its benzyl groups
above 150°.

The symmetrical dimethyltetraphenyldisilox-
ane (VII) and hexaphenyldisiloxane are stable to
400° in the absence of air, but above this tempera-
ture they resinify with attendant loss of benzene
and hydrogen. The unsymmetrically substituted
methylphenyldisiloxanes disproportionate slowly
above 350° in the absence of catalyst, and at lower
temperatures in contact with traces of alkali.

Controlled partial hydrolysis in ether? or t-buta-
nol treatment of methylphenyldichlorosilane®!!2
afforded a series of w,w’-dichlorosiloxanes (XIV-
XVI), of which each member is probably a diastereo-
meric mixture. A further mild hydrolysis of the
dichlorodisiloxane member (XIV) gave two (meso
and dl) crystalline 1,3-dimethyl-1,3-diphenyldisil-
oxanediols (XVII and XVIII). One of these is
found to be isomorphous with a previously reported
crystalline 1,3-diethyl-1,3-diphenyldisiloxanediol.

Experimental Part

Dimethylphenylethoxysilane (XIX).—A small quantity of
Grignard reagent, prepared in a test-tube by heating mag-
nesium with a few drops of bromobenzene in chlorobenzene,
was added as a primer to a refluxing mixture of 225 g. (2.0
moles) of chlorobenzene, 334 g. (2.3 moles) of dimethyl-
diethoxysilane and 48.6 g. (2.0 moles) of magnesium turn-
ings., The mixture was then held under reflux for seven
to ten hours, when the magnesiuym had reacted and pre-
cipitation of the ethoxychloride was complete. The liquid
product was most conveniently separated from the salt by
strip-distilling to 150° (25 mm.), with reduced pressure
applied after removing low-boiling compounds to 145°
(atm. pressure). The salt was porous and actually pro-
moted even boiling. Redistillation through a 2-ft. column

{21) C. M. Murphy, C. E. Saunders and D. C. Smith, Ind. Eng.
Chem., 42, 2462 (1950).

(22) D. C. Atkins, C. M. Murphy and C. E. Saunders, ibid., 39, 1395
(1947),

(23) W. H. Daudt, U. S. Patent 2,468,869 (1949).

(24) C. A, Burkhard, Tars JOURNAL, 67, 2173 (1945).

(256) R. Robison and F, S. Kipping, J. Chem. Soc., 101, 2156 (1912).
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afforded 50 g. of unreacted dimethyldiethoxysilane, 152 g.
(42%) of dimethylphenylethoxysilane, b.p. 87.5° (17
mm. ), and higher-boiling material from which small amounts
of biphenyl, dimethyldiphenylsilane,® b.p. 160° (18 mm.)
and p-terphenyl were identified. It is preferable that the
reactants be mixed initially; for, in another run in which
chlorobenzene was added slowly to the other reactants with
stirring under reflux, the magnesium and salts became
coated with an oily complex which arrested the reaction.

Dimethylphenylethoxysilane was also prepared in 519,
vield from dimethyldiethoxysilane by a Barbier reaction,
in which bromobenzene was added dropwise to a stirred
mixture of magnesium turnings and the diethoxysilane in
an equal volume of diethyl ether. When the voluine of
ether was substantially less, the magnesium became coated
with an oily complex.

Addition of an excess (112 g.) of acetyl chloride to 45.1
g. (0.25 mole) of dimethylphenylethoxysilane caused warm-
ing for several hours. After standing four days, the mixture
was distilled, affording the excess of acetyl chloride, ethyl
acetate, and 395 g. (939,) of dimethylphenylchlorosilane’
(XXIII), b.p. 189-191° (739 mm.). Hydrolysis of this
chlorosilane, or of the ethoxysilane with a trace of hydro-
chloric acid, afforded tetramethyl-1,3-diphenyldisiloxane
(III),*s b.p. 162-162.5° (13 mm.), in yields exceeding
909%. When the ethoxysilane was hydrolyzed with acid
amounting to more than 10 mole per cent. that of the silane,
or when the chlorosilane hydrolyzate was refluxed with
209 hydrochloric acid to complete hydroxyl group con-
densation, some phenyl group hydrolysis occurred, giving
rise to higher-boiling compounds, from which hexamethyl-
1,5-diphenyltrisiloxane (XIII),'® b.p. 178° (13 mm.), was
fractionated.

Prolonged treatment of the disiloxane at room tempera-
ture with a stream of hydrogen chloride formed dimethyl-
phenylchlorosilane (319,), benzene (20%), products of
dephenylation and aqueous hydrochloric acid; wheu this
reaction was promoted by the presence of anhydrous ziuc
chloride, an increased yield (489,) of dimethylphenvl-
chlorosilane was obtained. Refluxing of the disiloxane in
air for 300 hours at 290-295°, or air-blowing treatment at
255° for 122 hours, gave faint traces of phenol and formalde-
hyde and left the disiloxane essentially unchanged. When
the disiloxane was heated at 425° in a pressure autoclave,
benzene and hydrogen were split out, with formation of
compounds of higher molecular weight.

Methylphenyldiethoxysilane? (XX), b.p. 112° (18 mm.),
and methyldiphenylethoxysilane (XXI), b.p. 171° (16 wm.),
were prepared together in one-step reactions of methyltri-
ethoxysilane and magnesium with either chlorobeuzeie or
bromobenzene, by procedures analogous to those given
above for dimethylphenvlethoxysilane. Treatment of 118.5
g. of methyldiphenylethoxysilane with an excess (177 g.)
of acetyl chloride formed 110 g. (979%) of methyldiphenyl-
chlorosilane (XXIV)¢ b.p. 175-176° (24 mm.). Hydroly-
sis of this chlorosilane or of the corresponding ethoxy-
silane with dilute acid, afforded principally methyldiphenyl-
silanol (XXV),% b.p. 184-187° (24 mtn.). Hydrolysis of
the ethoxysilane with 109, aqueous hydrochloric acid, or
heating the mild hydrolysis product with either constant-
boiling hydrochloric acid or with a small amount of pow-
dered sodium hydroxide at 100°, condensed the silanol to
1,3-dimethyltetraphenyldisiloxane (VII),*® which was con-
veniently recrystallized in high vield as plates from hexa-
methvldisiloxane.

Air-blowing treatment of the disiloxane VII at 255-260°
for 123 hours produced only minute traces of formalde-
hyde and phenol, which were detected in an attached cold
trap. The sample recrystallized on cooling; it then showed
only a slightly depressed melting range (45.5-47°) and un-
changed silicon content (found 13.8, 13.69, Si). However,
similar treatment at 305-310° produced small amounts of
benzene, phenol and formaldehyde and converted the
sample into a highly viscous red oil having a 1.69, higher
silicon content. In the absence of air, the disiloxane under-
went negligible change below 360°, but it disproportionated
into benzene, hydrogen, and a hard amber thermoplastic
resin when held 90 hours at 420-450°.

Triphenylethoxysilane (XXII), b.p. 225° (17 mm.),
m.p. 63°, was prepared together with phenyltriethoxy-

(26) (a) R. F, Fleming, U. S. Patent 2,386,452 {1945);
Saver and E. M. Hadsell, This JoUurNar, 70, 3590 (1948).

(b) R. O.
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silane,?s.2” biphenyl, diphenyldiethoxysilane,® p-terphenyl,
tetraphenylsilane, .2 and other high-boiling compounds
by refluxing ethyl silicate with chlorobenzene and mag-
nesium. Triphenylsilanol%!%.%® was prepared by mild
hydrolysis of triphenylethoxysilane in presence of a trace
of hydrochloric acid, and also from triphenylchlorosilane, 1%
Hexaphenyldisiloxane!s (X), m. p. 225-226°, obtained from
the silanol by treatment with a small amount of sodium
hydroxide in alcohol, is more resistant to high temperature
air oxidation than any of the methylphenylsiloxanes. It
was essentially unchanged with prolonged air-blowing up
to 305°, where it emitted only a faint trace of phenol.
Under reflux, at 475-480°, benzene and hydrogen were split
out slowly, leaving a brittle thermoplastic resin after ten
hours.

1,1,3-Trimethyltriphenyldisiloxane (V).1%—A mixture of
62.4 g. (0.26 mole) of methyldiphenylethoxysilane and 195
g. (1.08 moles) of dimethylphenylethoxysilane was hydro-
lvzed by addition of 24 ml. of 209, hydrochloric acid in an
equal volume of ethanol. The washed product (analysis
found 2.19% OH and 1.0% OFt) was distilled from 0.2 g.
of sodium hydroxide to complete condensation (found 0.29,
OH). Fractional distillation afforded 110 g. of tetra-
methyl-1,3-diphenyldisiloxane (III),"1® b.p, 129-130°
(3.0 mm.) and 140° (6 mm.); 60 g. (67% yield) of the tri-
methyltriphenyldisiloxane (V), b.p. 188.5-189.5° (5 mm.);
and a small quantity of 1,3-dimethyltetraphenyldisiloxane
(VII),*8 which crystallized from the residue.

Air-blowing treatment of the disiloxane V above 250°
caused slight discoloration and gave vapors of formaldehyde,
phenol and benzene. The viscosity of the compound iu-
creased from 12 cstks. to only 13 cstks./25° after 120 hours
of air-blowing treatment at 255-260°, After an additional
sixty hours at 300-305°, the viscosity rose to 53 cstks. and
the silicon content showed a 0.5% Si increase (found 16.60,
16.549%, Si). When heated under nitrogen for 168 hours
under reflux at 364-368°, there was partial disproportiona-
tion into the symmetrical disiloxanes; traces of hydrogen
and benzene were identified in a connected Dry Ice trap.

Pentamethylphenyldisiloxane (II).1%-%14_To 143.2 g.
(0.5 mole) of a technical grade of tetramethyl-1,3-diphenyl-
siloxane (III), containing about 109, of hexamethyl-1,5-
diphenyltrisiloxane!®® (XIII) and 81.2 g. (0.5 mole) of
hexamethyldisiloxane was added 1.35 g. of powdered 83%
potassium hydroxide. The mixture was heated under
reflux for 90 hours, during which time most of the caustic
was in solution and the boiling temperature increased from
122 to 146°. It was then washed neutral with dilute
hvdrochloric acid, ammonia and water. Distillation af-
forded, in addition to some of the starting siloxanes, 2.0 g.
of octamethyltrisiloxane, b.p. 50-52° (17-20 mm.); 64.1g.
(0.37 mole) of pentamethylphenyldisiloxane (II), b.p.
87.5-90.5° (14.156 mm.); and 4.2 g. (0.04 mole) of hepta-
methyl-1-phenyltrisiloxane (XII),!® b.p, 117-118° (14
mm. ).

Pentamethylphenyldisiloxane was also prepared readily
by equilibration at room temperature of the disiloxane
mixture (1) upon standing 16 hours with alcoholic potas-
sium hydroxide, 3% (2) upon treatment with hydrochloric
acid in ether solution,!3*—%2 and (3) by stirring with 1%
of concentrated sulfuric acid®!%-e!® jn the absence of
solvent. It was also obtained by a dilute hydrochloric
acid-catalyzed cohydrolysis of trimethylethoxysilanet!?%
and dimethylphenylethoxysilane.

This compound showed no change in viscosity or com-
position upon long standing, or upon blowing with a constant
stream of air for 1000 hours while under reflux. However,
it disproportionated to hexamethyldisiloxane (I) and tetra-
methyl-1,3-diphenyldisiloxane (III) on long refluxing in the
presence of a trace of a sodium hydroxide or upon standing
with alcoholic potassium hydroxide, or in hydrogen chloride-
saturated ether solution.

Tetramethyl-1,1-diphenyldisiloxane (IV)%* was prepared
from 75 g. (2.83 moles) of 1,3-dimethyltetraphenyldisiloxane
(VII) and an excess (175 g.) of hexamethyldisiloxane.

{27) E. Khotinsky and B. Seregenkoff, Ber., 41, 2946 (1908); M. N.
Kalinin, Compt. rend. acad. sci. U. R. 5. S., 26, (No. 4), 368 (1940).

(28) F. S. Kipping and A. G. Murray, J. Chem. Soc., 180, 2734
(1927).

(29) A. Polis, Ber,, 18, 1540 (1885); F. S. Kipping and J, F. Short,
J. Chem, Soc., 1029 (1930).

(30) W, H, Daudt, U. S. Patent 2,390,518 (1945).
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There was little reaction when the mixture was first stirred
120 hours at 50° with 0.6 g. of sodium hydroxide in 10 g.
of ethanol, as most of the disiloxane crystallized on cooling.
However, the siloxane interchange was effected when 7.8
g. of sodium hydroxide in 77 g. of 969, ethanol was em-
ployed as catalyst and the mixture was held under reflux
for one week. Water was next added dropwise until the
mixture became cloudy and two additional hours of re-
fluxing served to hyvdrolyze and to condense the alkali
salts in solution. Distillation of 204 g. of the water-
washed reaction product afforded 127 g. of hexamethyl-
disiloxane (I), b.p. 98-98.5°; 71 g. (839%) of tetramethyl-
1,1-diphenyldisiloxane (IV), b.p. 124.5-125° (2.5 mm.);
and 6 g. of residue from which 1.1 g. of the starting di-
methyltetraphenyldisiloxane crystallized. Equilibration in
this experiment was probably nearly complete in less than
two days, for then the solid disiloxane no longer crystal-
lized on cooling from solution.

The disiloxane IV showed no change when refluxed over
a flame and under nitrogen for 300 hours at 285-290°. A
similar treatment in contact with air caused a slow evolution
of formaldehyde and phenol, an amber discoloration, and a
viscosity increase from 4.5 to 5.5 cstks. at 25°. The

disiloxane was not attacked until heated above 250°. A"

sample which was held 120 hours at 255 to 260° while a
constant stream of air was passing through it was found to
emit traces of formaldehyde and benzene, which were iden-
tified in the attached Dry Ice trap. This sample showed a
viscosity increase of only 1.1 cstks. at 25° and an unchanged
silicon content. That no siloxane disproportionation oc-
curred in any of the above experiments was indicated by the
absence of hexamethyldisiloxane in the attached cold traps,
and by no significant (less than 0.839,) change in silicon
content. However, heating at 250-300° in the presence of
a trace of powdered sodium hydroxide effected rapid dis-
proportionation into the symmetrical disiloxanes (I and
VII).

1,1,1-Trimethyltriphenyldisiloxane (VI).!%!4—Toa large
excess (400 g.) of trimethylethoxysilane!’® was added 5
ml. of 369, aqueous hydrochloric acid, followed by 28.1 g.
(0.10 mole) of triphenylsilanol, m.p. 150-151°.  The mix-
ture was warmed until the silanol erystals had dissolved and
was allowed to stand 16 hours. Water was next added to
hydrolyze the ethoxysilane. Distillation of the washed
product afforded 228 g. of hexamethyldisiloxane, b.p. 98-
99°, followed by 34.1 g. (96.5%) of liquid 1,1,1-trimethyl-
triphenyldisiloxane, b.p. 232° (27 mm.), which crystallized
on standing, m.p. 49.5-51°. Recrystallization from
ethanol gave elongated prisms, m.p. 50.5-51.5°. A 0.56-
g. pot residue also crystallized on cooling and was recrystal-
lized from benzene as stout prisms of hexaphenyldisiloxane
(X),® m.p. 224-225°, showing no melting depression with
a sample obtained from condensation of triphenylsilanol.

When 1,1,1-trimethyltriphenyldisiloxane was heated
under nitrogen and under reflux (at 350-370°), it was found
to disproportionate to the hexamethyl- and hexaphenyl-
disiloxanes. When submitted to air-blowing treatment at
250-300°, it exhibited a behavior similar to that of its
isomer (V). The melting point was depressed only 3°
after 120 hours air-blowing treatment at 255-260°. How-
ever, after 60 hours air-blowing at 300-305°, the disiloxane
no longer crystallized and the product was a liquid 7
50 cstks.

1,1-Dimethyltetraphenyldisiloxane (VIII).!*—To 180.3
g. (1.0 mole) of dimethylphenylethoxysilane was added 1.0
g. of 50% aqueous sodium hydroxide, which disperses as a
soluble salt and serves as a condensation catalyst. The
resulting solution was heated to 110° and to it was then
added 55.2 g. (0.20 mole) of triphenylsilanol in 0.3 to 0.5
g. portions in two hours, during which time some ethanol
was distilled. After heating the mixture for an additional
one-half hour at 110-115°, 8.0 g. of water was introduced;
ethanol then distilled rapidly as the excess ethoxysilane
was hydrolyzed. The mixture was heated overnight at 90—
115°, taken into ether and neutralized with dilute acetic
acid. The solid product was filtered, rinsed with petroleum
ether and methanol, and identified as hexaphenyldisiloxane
(X),8 m.p. 223-224°; yield 17.7 g. (33%). Recrystal-
lization from chlorobenzene afforded 17.1 g. of prisms, m.p.
225-226°.

The washed, dried and concentrated filtrate (145 g.)
afforded 95 g. of tetramethyl-1,3-diphenyldisiloxane (III),
b.p. 290-295° (737 mm.), and 37.7 g. (46%) of 1,1-dimeth-
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yltetraphenyldisiloxane, b.p. 230-232° (4 mm.). The
latter crystallized on standing and was recrystallized from
ethanol-ethyl acetate as tabular, hexagonal prisms, m.p.
49-49.5°,

Methylpentaphenyldisiloxane (IX).!1%—A mixture of 6.9
g. (0.025 mole) of triphenylsilanol and 23.3 g. (0.100 mole)
of methyldiphenylchlorosilane in an equal volume of diethyl
ether was allowed to condense by standing ten days at room
temperature. The excess chlorosilane was hydrolyzed
largely to methyldiphenylsilanol by washing with water;
the concentrated product (found 4.09, OH) was soluble in
methanol and deposited on chilling a trace of triphenyl-
silanol. The mixture was then heated overnight at 80—
90° with 0.10 g. of sodium hydroxide to give a completely
condensed product. (Anal. Found: 0.09% OH). Crystal-
lization from petroleum ether afforded 0.53 g. of hexa-
phenyldisiloxane (X). Distillation of the filtrate at 3 mm.
afforded 15 g. of a mixture, b.p. 190-210°, from which 1,3-
dimethyltetraphenyldisiloxane crystallized; and 8.7 g. of
another mixture, b.p. 220-255°, from which 3.2 g. (27%)
of the desired methylpentaphenylsiloxane crystallized as
prisms. Two recrystallizations from methanol-petroleum
ether gave prisms melting sharply at 75-76°.

Methylpentaphenyldisiloxane was also prepared by a
sodium hydroxide-catalyzed cohydrolysis of triphenyl-
ethoxysilane and methyldiphenylethoxysilane. 1%

1,1,1-Tribenzyltrimethyldisiloxane (XI)14—A 2.30-g.
sample of tribenzylchlorosilane, m.p. 140-142°, was co-
hydrolyzed with a large excess (34 g.) of trimethylethoxy-
silane by the addition of 369, aqueous hydrochloric acid in
small portions, followed by an excess of water. A small
amount of hexabenzyldisiloxane?! was filtered and recrystal-
lized from benzene—ethanol as needles, m.p. 201.5-202.5°.
Hexamethyldisiloxane was next distilled at 98-100°; the
rest of the product distilled at 213-214° (25 mm.) and
crystallized on chilling, m.p. 33.7-35.5°. Recrystalliza-
tion from methanol-petroleum ether affords long prismatic
needles, m.p. 36.8-37.2°, of the tribenzyltrimethyldi-
siloxane. Both the latter compound and hexabenzyl-
disiloxane suffer ready oxidation of benzyl groups forming
bengaldehyde and benzoic acid, when heated in air above
150°.

1,3-Dimethyl-1,3-diphenyldichlorodisiloxane (XIV), 1,3,5-
Trimethyl-1,3,5-triphenyldichlorotrisiloxane  (XV) and
1,3,5,7 - Tetramethyl - 1, 3, 5, 7 - tetraphenyldichlorotetra -
siloxane (XVI).—To 386 g. (2.02 moles) of methylphenyl-
dichlorosilane™!2 in an equal weight of diethyl ether, 18.44
g. (1.02 mole) of water was added dropwise during four
hours with stirring. Fractional distillation afforded 219
(81 g.) of the starting silane, 329, of the disiloxane XIV,
1.79%, of 2,4,6-trimethyltriphenylcyclotrisiloxane,’? 259, of
the linear trisiloxane (XV), 29 of 2,4,6,8-tetramethyl-
tetraphenylcyclotetrasiloxane,’10 79, of the linear tetra-
siloxane (XVI), 49 of crude 1,3,5,7,9-pentamethyl-
1,3,5,7,9-pentaphenyldichloropentasiloxane  (with  b.p.
about 247° (1 mm.)), 4% of a crude 1,3,5,7,9,11-hexa-
methyl-1,3,5,7,9,11-hexaphenyldichlorohexasiloxane (with
b.p. about 272° (1 mm.)) and 49, of a 365 cstk./25° liquid
residue of higher w,w’-dichlorosiloxanes (found: Cl, 7.0;
Si, 20.1).

Preparation of the above-described lower dichlorosiloxanes
requires homogeneous reaction conditions, which are af-
forded by the ether or some other mutual solvent. In a
similar run without solvent, there was obtained a higher
recovery (45%) of the silane, only 8%, of distillable chloro-
siloxanes (including a 2% vyield of the disiloxane XIV,
isolated), and 47% of a liquid residue, viscosity 485 cstks./
25°, comprising a mixture of higher chlorosiloxanes (Anal.
Found: Cl, 5.75; Si, 20.6). Thus, under heterogeneous
conditions, there appears to be an effective excess of water
in the reaction zone and any lower dichlorosiloxanes initially
formed are favorably situated for further hydrolysis.

The lower w,w’-dichlorosiloxanes were also prepared by
adding ¢-butanol dropwise to methylphenyldichlorosilane.
In this reaction both #-butyl chloride and hydrogen chloride
are principal by-products; small amounts of polyiso-
butylenes and benzene also form.

meso- and dl-1,3-Dimethyl-1,3-diphenyldisiloxanediols
(XVII and XVIII).—Mild hydrolysis of 40 g. of the dichloro-
disiloxane XIV in 200 ml. of ether was effected by shaking

(31) G. Martin and F. 8. Kipping, J. Chem. Soc., 95, 302 (1909);
A, R. Steele and F. S. Kipping, ibid., 131, 1431 (1928).
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with chilled 109, aqueous ammonia, and followed by im-
mediate washing and distillation of solvent; yield 33.4 g.
of a greasy solid, m.p. 70-75° with previous softening
(Anal. Found: OH, 9.16). Recrystallization from 35-
60° petroleum ether afforded 21.9 g. of a dry crystalline
mixture, m.p. 79-84° (found: OH, 10.94), which was
fractionally crystallized with the use of petroleum ether and
of hexamethyvldisiloxane containing small amounts of
acetone or ethanol. There was obtained 7.8 g. of the first
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compound ‘A, as long needles with m.p. 110-111°;
and 3 g. of poorly defined crystals of an isomeric compound
‘““B,” m.p. 82-84°, X-Ray powder diffraction patterns
show a dissimilarity of structure between these two ma-
terials. However, compound ‘‘A’’ is isomorphous with
aud apparently structurally similar to a crystalline 1,3-
diethyl-1,3-diphenyldisiloxanediol, m.p. 86-86.5°,% pre-
pared in a similar manner.
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Dichroisms of Benzene Rings. I.

The Dichroisms of Hexamethylbenzene and

Hexabromomethylbenzene

By Kazuo NAKAMOTO

The dichroisms of hexametliylbenzene and hexabromomethylbenzene, the crystal structures of which had been perfectly

determined by X-ray analysis, were measured by the microscopic method.

In both the cases, remarkable dichroisms were

observed; the absorption for the polarized light whose electric vector vibrates parallel to the benzene ring was always more
bathochromic and hyperchromic than the absorption for the light polarized perpendicularly to the benzene plane.

Introduction

A number of studies have been carried out re-
garding the absorption spectra of organic com-
pounds in solutions, and their results are applied
widely to various regions of organic chemistry.
But absorption spectra in crystalline states have
scarcely been observed, notwithstanding their
theoretical and experimental importances.

This fact is due to technical difficulties. In
order to measure the absorption of the crystal, it is
necessary to get a large single crystal and polish
its planes optically parallel, with thickness of 102~
10~* e¢m., which allows us to measure the absorp-
tion. Moreover, if the measurement of the
pleochroism is required, we must polish the crystal
taking its axial relations in consideration.

By this method, Krishuan and his co-workers!:*
and Scheibe? have measured the dichroisms of
aromatic crystals of the condensed ring system.
But its application is possible only when large
single crystals are obtainable.

In order to measure the absorption of ordinary
compounds whose crystals are obtainable only in
microcrystalline states, some special device 1s
required. Scheibe and his collaborators?! have
measured the dichroisms of benzene and hexa-
methylbenzene crystals, by making use of the
assemblage of its microcrystals which orientate
practically parallel to each other. But to get the
correct results, it is desirable to measure the pleo-
chroism with only one single crystal. Fortunately,
Tsuchida® has invented a new method, which en-
ables us to make measurements of pleochroism in
the visible and ultraviolet region with a single
microscopic crystal easily obtainable in ordinary
procedures of preparation. Many studies® on

(1) K. S, Krishnan and P. X. Seshan, Z. Kris{., 89, 5638 (1934).

(2) K. S. Krishnan and 8. Banerjee, 1hid., 891, 173 (1935).

(3) G. Scheibe, Z. angew. Chem., 82, 631 (1939).

(4) G. Scheibe, St. Hartwig and H. Miller, 7. Elektrochem., 49, 372
(1943).

(5) R. Tsuchida and M. Kobayashi, Bull. Chem. Soc. Japan. 18, 619
(1938); J. Chem. Soc. Japan, 60, 769 (1939); ‘“Colour and Structure

of Metallic Compounds,’’ Zoshindo, Osaka, 1944, p. 180.
(6) S. Yumada, Turs Journar, 78, 1182, 1579 (1951).

absorption spectra of crystals using this method
have been carried out.

The present paper deals with the measurement
of the dichroism in the m-electron band of the
benzene ring. To make the discussions clearer and
simpler, two aromatic compounds whose crystal
structures had been perfectly determined by X-ray
analysis were selected and their dichroisms in the
ultraviolet region were quantitatively measured.

Experimental

Materials.—Hexamethylbenzene C¢(CHj)s was recrys-
tallized from the alcoholic solution, m.p. 164°, colorless
planar crystal, triclinic system (a == 44°27'), oblique ex-
tinction, extinction angle being 44°. Hexabromomethyl-
benzene Cy(CH,Br); was prepared by the method of Bein-
tema, Terpstra and von Weerden.” They were recrystal-
lized from the ethylene bromide solution, m.p. 297°, color-
less hexagonal prism, rhobohedral system, straight extinc-
tion.

Measurements.—The method of measuring the dichroism
of the microcrystals has already been stated in the former re-
ports.® In each case, the finest single crystal was selected
under the microscope, by which the image of the crystal was
enlarged and projected on the slit of a spectrograph in the
eventual dichroism measurements. The extinction coeffi-
clent per mni., «, is given by the following expression

09 o o
a d B3
where d is thickness in mm. of the crystal, and a, and a are
angles of the rotating sector for light through the crystal
and the light for comparison.

Results and Discussion

(1) Hexamethylbenzene.—In 1934, Orelkin
and Lonsdale® studied the ecrystal structure of
hexamethylbenzene. In 1939, Brockway and
Robertson* carried out its Fourier analysis again.
According to their results, all the benzene rings
in this crystal are parallel to the (001) plane and
along this plane occurs the perfect cleavage.
Microcrystals obtained from the alcoholic solution

(7) J. Beintema, P. Terpstra and W. T. von Weerden, Rec. frav.
chim., B4, 962 (1985).

(8) B. Orelksn and K. Lonsdale, Proc. Roy. Soc, (London), Al44, 630
(1934).

(9) I.. O. Brockway and T. M. Rohertson, J. Chem. Soc..
(1939),
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