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hydrogen is formed without hydrogen atoms.?
They propose that bis-hydroxymethyl peroxide was
the intermediate in this non-radical process. Since
this was a gas phase reaction, a cage mechanism
could not be involved. A concerted mechanism
would explain these results in the gas phase as well
as those in the present case in solution. Thus
by analogy with this related reaction which does
go in the gas phase, we may assume that the cage
mechanism does not operate in the present reaction
in solution. Furthermore, although a cage mecha-
nism seems possible in an inert solvent, it hardly
seems conceivable when the solvent is reactive
towards the ‘“‘caged’” species as in the present
case.

If in equation 4 the rate-determining step is
ky, then there would be no deuterium isotope effect
when the corresponding deuterated compound
was decomposed. As will be reported in the subse-
quent paper, there is such an isotope effect and
thus this postulate is untenable. If one assumes
that the recombination of the radicals within the
cage to give starting material is such that the rate
determining step is &s, then an isotope effect would
be anticipated. Under these circumstances one
would expect the entropy of activation to be posi-
tive instead of negative as found.

(27) D. W. G. Style and D. Summers, Teans. Faraday Soc., 42, 388
(1946).
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The large negative entropy of activation (Table
IIT) found is compatible with a rigid transition
state and has been repeatedly found for reactions
postulated to proceed from non-cyclic reactants
via a cyclic transition state.”

Thus the cage mechanism is untenable and the
evidence in favor of the cyclic concerted mecha-
nism for the formation of hydrogen, acid and alde-
hyde from the hydroxybutyl butyl peroxide is
substantial. The mechanism proposed (eq. 7)
is compatible with all the data obtained so far.
No other mechanism has been proposed which
explains all of the facts.

0—o,_
RCH CR
u o/ o

RQH QR

—

}—> RCHO + H, + HO.CR (7)
“H-H NOH
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(28) A. A. Frost and R. G. Pearson, "Kinetics and Mechanism,”’
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[(CeH;):S8i0]:As was ptepared by the interaction of AsCl; with (CsH;):SiONa or with (CeH; );SiOH in the presence of NHi.

It was also prepared by the cohydrolysis of AsCl; and (CeHj;),SiCl.
The macro-molecular species, (HO),As(O)[08i(CeH;).0As(O)OH |:OH was prepared by the

(CeH;)58iC1 with KH,AsO,.

mteraction of (CsHs),SiCl, with KH,AsOy at room temperature,
As[OSi(CeH;);0 sAs was prepared by the cohydrolysis of AsCl; and

composition approached [OSi(CeH;),0As(O)OH],.

(CeH3):SiCl: and also by the interaction of AsCls with (CeH;),Si(OH ). in the presence of either (C,H;)sN or NHs.

[(CeH;)3s810 :AsO was prepared by the reaction of

This prodict slowly decomposed to give a material whose

The

physical, thermal and hydrolytic properties of the compounds prepared were examined.

Compounds of pentavalent arsenic containing
Si—0O—As linkages have been prepared by Kary and
Frisch? by the interaction of both alkyl- and aryl-
chlorosilanes with either alkyl- or aryl-arsonic
acids to produce compounds such as

al CH, CI

| |
CHssi—O—g\{s—O—S\iCHs and

¢l O Cl
CeHs

¢

|
( C3H5 )3Si—0—!1’&s—0—5i( CSH 5 )3

0O

Hydrolysis of compounds of the above type did not
proceed in a simple manner to give polymers con-

(1) This report is based on portions of a thesis to be submitted by
Bertrand L. Chamberland to the Graduate School of the University of
Pennsylvania in partial fulfillment of the requirements for the degree
of Doctor of Philosophy.

(2) (a) R. M. Kary and K. C. Frisch, THIs JourNaL, 79, 2140
(1957); (b) U. S. Patent 2,863,893 (1958).

taining alternating Si-O-As and O-Si-O linkages;
instead, materials were obtained which had an ar-
senic to silicon ratio of only 1 to 12.

The present investigation was carried out for
the purpose of preparing and characterizing mono-
mers and polymers containing Si-O-As(III) or
Si—0—As(V) linkages.

Results and Discussion

Tris-(triphenylsilyl)-arsenite, [(CsH;)3Si0 JsAs, a
colorless, microcrystalline substance melting at
190.5°, was prepared as indicated by the equations
AsCls + 3(CeH;):SIOH -+ 3NH; —>

[( CeH5):Si0 3As 4+ 3NH;Cl
AsCl; + 3(CeH;):Si0Na —>
[(CsH;)sS10 JsAs + 3NaCl
AsCl; + 3(CeH;)s8iCl1 + 3H:0 —>
[(CsH:)sS810 JsAs + 6HCl (3)

Tris-(triphenylsilyl)-arsenate, [(CeHs)sSi0 J3AsO,

a colorless, crystalline substance melting at 240~

(1)
(2)
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242° was prepared by the interaction of an ethereal
solution of (CeHs)sSiCl with either an excess or de-
ficiency of KH,AsO, at room temperature. The
reaction proceeded fairly rapidly even though
KH:AsO, is insoluble in ether. The reaction ap-
peared to have occurred in two stages, as indicated
in equations 4 and 5, although the intermediate
species could not be isolated.
KHsAs0s + (CsHj)sSiCl —>

(CeH;);Si0As(O)(OH), 4+ KC1 (4)
3(CeH;):Si0As(0)(OH )y —>

[(CsH5)3:S10:As0 4 2H;As04  (5)

Condensation of the primary product apparently
occurred in steps as indicated below to form tris-
(triphenylsilyl)-arsenate as the end product.

H
5
(CeHs)ssi—O—flis=O ------- -> Si(CeHs)s
(l) ........ ) ...........
S— ?

H HO—x!sz—OH

The vacant 3d orbitals of the silicon could readily
accept an electron pair from the As==0 to form a
linkage in an activated complex which could then
decompose with the elimination of H3AsO,.
Tris-(triphenylsilyl)-arsenite distilled unchanged
in vacuo at 351°; when heated at 420° for several
hours decomposition occurred with the formation of
a sticky material. Tris-(triphenylsilyl)-arsenate
could not be distilled. Decomposition was rapid at
290° and after heating at 300-360° for several
hours a sticky material was again obtained. The
sticky material formed in both of the above cases
might contain As—O-As linkages produced by the
stepwise elimination of hexaphenyldisiloxane, e.g.

[(CoHy)sSi0]r Asi—O—Si(CsHy)s] + o

i
( CsH5 )3Si—;O—AS [OSi(CsHﬁ )3 ]2 —_—

B

O

[(CeHs)sSiO]zifliS‘o‘lfliS[OSi(CeHs)s]z 4+ [(CsH:);5S1).0

Both tris-(triphenylsilyl)-arsenite and tris-(tri-
phenylsilyl)-arsenate were hydrolyzed only very
slightly when dissolved in acetone—water solutions.

In an attempt to prepare a polymer containing
alternating Si-O—As linkages, an ethereal solution of
(CsH5)2SiCl, was treated with excess KH,AsO, at
room temperature. The over-all reaction may be
expressed by the equation

4x KH>AsO4 4 2x (CsH;)2SiCly —>

(@] CeHs; O

HO—JHXS —O—Sli—O—fl{s —O—H+ (2x — 1)/
(@] éeHs (@] H;AsO; + 4x KC1 (6)
i i

2z

On evaporation of most of the ether, a viscous sticky
liquid was obtained, and complete removal of the
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ether gave a solid whose composition corresponded
to the species given above where x equals one. This
substance hydrolyzes at a measurable rate. Above
120° it loses water and gives a glassy, resinous ma-
terial. On standing, the viscous liquid described
above slowly eliminated more H;AsO, with a con-
sequent increase in the value of x, to give polymers
with composition approaching

CHy O

— O—Sli—O—fﬂs—
SH O

i

z

A little [(CsH;),S10]; was also isolated in this reac-

tion. This would indicate that a very small num-

ber of the Si—O—As linkages may have undergone

reaction as
Loy

3] —As—O—S8i—0—As—

! ! !
CeH,

—

10
[(CsHs):Si0 s + 3[—?5—0—?5—}
This type of decomposition has previously been re-
ported for other compounds containing Si~O-metal
linkages.?

In another attempt to prepare polymeric species,
the co-hydrolysis of AsCl; with (C¢Hjs)»SiCl, was in-
vestigated. The principal reaction occurring is
2AsCl; + 3(CeH;):8iCly + 6H,0 —>

As[OSi(CsH;):0]:As + 12HCL (7)

The new compound, As[OSi(CsHs):0]3As, was also
prepared by the reaction of AsCl; with (CeHs),Si-
(OH): in the presence of a hydrohalogen acceptor
such as NH; or (CoHs)sN.  In both cases, reaction
occurred as
2.—\SC13 + 3(C6H5)?SI(OH)2 e

As[OSi(CeH;):0 sAs + 6HCl (8)

The compound, As[OSi(C¢Hj;):0]:As, a white crys-
talline solid melting at 194-195°, has a molecular
weight corresponding to the structure

O—Sl( CeHa )2—0\
As—O—Si(C¢Hs)»—0—As
T0—Si( CsH;)—0

It is, therefore, analogous to the antimony and bo-
ron compounds, Sb{OSi(CHj3);0];Sb* and B[OSi-
(CeH;),0 ;B2

The compound As[OSi(C¢Hjs):0 ]sAs is not hydro-
lyzed to any measurable extent even in boiling
acetone-water solutions. Instead, the melting
point is lowered and it appears possible that the cy-
clic structure may be partly converted to a linear
structure during this treatment.

In addition to the As{OSi(CeHs).0 3As produced
according to equation 8, another substance, of

(3) See P. E. Koenig, WADC Technical Report No. 58-160, 1958,
p. 27.

(4) F.A. Henglein, R. Lang and K. Scheinost, Makromol. Chem., 18,
102 (1956).

(3) R. P. Anderson and M. M. Sprung, WADC Tech. Report, 59-61,
March, 1939,
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composition corresponding to As[OSi(CeHs),0Si-
(CeHs):0J3As, (softens and melts, 35-50°) was iso-
lated. This may be regarded as being derived from
As[0Si(CeHs):0 JsAs as shown in equation 9. The
wide melting point range and somewhat viscous
solutions formed by this material suggests that it
might contain linear as well as cyclic species.

2As [OSI( C6H5)20 ]3AS e
As[OS8i(CeH;):08i(CsH;):0 1:As + As:0x  (9)

Experimental

Reagents.—Arsenic trichloride (Baker and Adainson rea-
gent grade, b.p. 130-131°) was used without further purifica-
tion. Anderson Chemical Company triphenylsilanol (989;)
and triphenylchlorosilane (95-98%,) and also Dow Corning
Corp. purified diphenyldichlorosilane (95%,) and diphenyl-
silanediol (99%) were used without further purification.
Anhydrous diethyl ether, prepared by refluxing Mallinckrodt
‘‘anhydrous’’ ether (0.019; H,0O) with LiAlH, for several
hours, followed by distillation, was used as the medium iu
most reactions. Fisher certified reagent grade benzene was
treated with LiAlH,, refluxed and then distilled for immedi-
ate use. Reagent grade, Matheson, Coleman and Bell potas-
sium arsenate was used without further purification. Its
composition was confirmed by analyzing for arsenic,® As
found, 41.24, 41.80, caled., for KH,AsO,, 41.61.

TRIS-(TRIPHENYLSILYL)-ARSENITE. Preparation
of [(Ce¢H;);SiOJAs. Method 1.—Arsenic trichloride (1.81
g., 10.0 mmoles) in 50 ml. of dry benzene was added to
triphenylsilanol (8.29 g., 30.0 mmoles), dissolved in 350 ml.
of dry benzene in a three-necked, round-bottomed, one liter
flask fitted with a mechanical stirrer, condenser with drying
tube and gas inlet tube. After passing anhydrous ammonia
through the solution for one hour, the mixture was refluxed
for 20 minutes to remove excess ammonia,.

The white precipitate which had formed weighed 2.00 g.
and had a chloride content corresponding to 1.45 g. of NH,Cl
(919 yield according to equation 1). On removing the
benzene, first by distillation, and finally in vacto at room
temperature, crude [(CeH;)3Si0 ;As (5.6 g., m.p. 125-145°,
629 vield according to equation 1) remained. This product
was washed several times with ether to obtain pure tris-
(triphenylsilyl)-arsenite (m.p. 188-191°).

Anal.’ Caled. for CsHyS13A50;: C, 71.98; H, 5.04; Si,
9.34; As, 8.31. Found: C, 72.17; H, 5.29; Si, 9.53; As,
8.52.

Another experiment, using ether, gave 799 yields of both
NH,Cl and crude product, which after purification yielded
plire tris-(triphenylsilyl)-arsenite, (m.p. 189.5°, vield 39%,).

Method 2.—The sodium salt of triphenylsilanol was pre-
pared in 989, yields by refluxing an excess of sodium with
triphenylsilanol (6.00 g., 21.7 mmoles) in 200 ml. of ether
for 10 hr., followed by mechanical removal of the unreacted
metal after a further 10 hr. at room temperature. Addition
of 7.27 ml. of 0.923 M AsCl; in ether to the (CeH;);SiONa
immediately produced a fine white precipitate which was
removed after refluxing for 1.5 hr. A chloride analysis on
the precipitate indicated the presence of 0.97 g. (769 vield)
of NaCl.

Upon complete removal of the ether from the filtrate the
crude [(CsH;)s810 );As obtained (3.23 g., 49% yield accord-
ing to equation 2) was purified by washing several tiines with
ether. The pure product (1.10 g., m.p. 189-190°) had an
identical infrared spectrum to that of the product obtained
by method 1.

Anal. Caled. for C5Hy;Si;As0O;: C, 71.98; H, 5.04; Si,
0.34; As, 8.31. Found: C, 71.93; H, 5.17; Si, 9.56; As,
8.53.

Method 3.—Arsenic trichloride (1.81 g., 10.0 mmoles) in
50 ml. of benzene was slowly added during a period of thirty
minutes, with constant stirring, to a mixture of triphenyl-
chlorosilane (8.85 g., 30.0 mmoles) in 100 ml. of benzene
and 9.18 ml. of ammonium hydroxide (309%;, d = 0.9016 g./
ml.). After vigorous shaking for a further twenty min-

6) H. H. Willard, N. H. Furman and C. E. Bricker, "Elements of
Quantitative Analysis,”* D. van Nostrand Co., New York, N. Y., 1936,
p. 259.

(7) All analyses were performed by Galbraith I.ahoratories, Knox-
ville, Tenn.
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utes the white precipitate, which had formed, had absorbed
all the excess water and was separated from the benzene
solution by decantation.

Evaporation ¢n vacuo of the filtered benzene decantate
yielded a solid, which after washing with ether, was identi-
fied as pure tris-(triphenylsilyl)-arsenite (m.p. 190°; 4.5 g.,
50% vield according to equation 3). Its infrared spectrum
was identical to that of products prepared by methods 1 and
)

The yields were found to vary considerably with slight
variations in rate of addition of AsCl; and rate of stirring.
The above yields were the highest obtained. More repro-
ducible but smaller yields were obtained by adding the NH,-
OH to a mixture of the AsCl; and (C¢H;);SiCl in benzene.
Tris-(triphenylsilyl)-arsenite is soluble in benzene and carbon
tetrachloride, slightly soluble in acetone and ether and
insoluble in methanol.

Thermal Stability.—Tris-(triphenylsilyl)-arsenite, (m.p.
188-191°) on heating i# vacuo, with constant pumping, for
30 minutes at 351°, slowly distilled to the cooler (room tem-
perature) end of the tube and solidified to a clear crystalline
mass {m.p. 189-190°) which had an infrared spectrum identi-
cal to that of the starting material. No apparent decomposi-
tion occurred on heating the sample in an evacuated tube at
270° for one hour but when heated at 350° for a further three
liours and then at 420° for three hours some decomposition
was evident. The product obtained, a sticky material, still
contained arsenic and was soluble in ether.

Hydrolytic Stability.—Tris-(triphenylsilyl)-arsenite (43.5
mg., m.p. 189.5-190.8°) was dissolved in 100 ml. of 109,
water—acetone solution during 15 minutes and was then
stirred continuously at room temperature for 90 minutes. As
the compound dissolved, the relative pH (pH meter) de-
creased from 8.45 to 7.05 and during the next 70 minutes it
decreased to 6.86. The solvent was removed 4z vacuo at
room tegnperature and the recovered material melted at
185-187°.

TRIS-(TRIPHENYLSILYL)-ARSENATE. Preparation
of [(CeH;);SiO);AsO. Method 1. (Excess Triphenyl-
chlorosilane).—After stirring triphenylchlorosilane (10.0 g.,
33.9 mmoles) in 100 ml. of ether with powdered KH,AsO,
(1.80 g., 9.95 mmoles) for 10 hr. at room temperature, the
dense, ether-insoluble KH;AsO, was replaced by a very fine
white precipitate (7.11 g.). Upon removal of potassium
chloride and H;AsQ; from this precipitate by extraction with
methanol in a Soxhlet apparatus, the residue was washed
with ether and was found to be pure [(CsH;);8i0]As0 (m.p.
236-240°, 2.65 g., 879, yield according to equations 4 and
3—based on KH3AsO, employed).

Anal. Caled. for CiuHisSizAsOs: C, 70.71; H, 4.95; Si,
9.19; As, 8.17. Found: C, 70.44; H, 4.94; Si, 9.04; As,
7.92.

Method 2, (Excess Potassium Dihydrogen Arsenate).—

After stirring triphenylchlorosilane (2.95 g., 10.0 mmoles) in
100 ml. of ether with powdered KH,AsOQ, (3.60 g., 20.0
mmoles) for 7 hr. at room temperature, the insoluble material
was removed by filtration. Analysis of the precipitate for
chloride content indicated that the reaction had proceeded
439, towards completion. Upon standing for one half hour,
the filtrate deposited short white needles on the walls of the
container, which, after treatment with methanol as de-
scribed in the previous experiment, were found to be pure
[(CeH;):Si03As0, (m.p. 236-240°, 0.62 g., 20% vyield ac-
cording to equations 4 and 5—based on the (CsH;);SiCl em-
ployed).

Anal. Caled. for C,iHysSizAsOy: C, 70.71; H, 4.95; S,
9.19; As, 8.17. Found: C, 70.61; H, 4.99; Si, 9.39; As,
7.99.

Since [(CeH5)3810 [;AsO is insoluble in both cold and hot
¢ther, the crystallization of well-formed needles of the ma-
terial from ether solution in this experiment suggests that the
intermediate species, (CeH3):SiOAs(O)(OH),, may undergo
slow decomposition on standing according to equation 5.
On repeating the above experiments on several occasions, it
was found that in each case where excess KH,AsO; was used,
the [(CeH;);Si0;AsO crystallized in well-formed needles
from the ether.

Tris-(triphenylsilyl)-arsenate is moderately soluble in
benzene, carbon tetrachloride and acetone and insoluble in
methanol and ether.

Thermal Stability.—Tris-(triphenylsilyl)-arsenate (m.p.
236—240°) on heating ## vacuo, with continuous pumping for
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TABLE I
INFRARED SPECTRA
(HO)2As(
[OS:(CcHs)zOAs- As[0OSi(CeHs)201s-

[(CsHs):Si0)sAs [(CsHs)28i0 J2:AsO (0)OHLL0 As ) Ref.
Wave no. (cm. 1) Wave no. (cm, "1 Wave no. (cm -1) Wave no. (cm."!) Interpretation Page no.a
3450(w) 3448(w) 3450(m) 3420(vw)

3080(m) 3075(w) 3080(s) 3030(m) ==C—H stretch 56
2325(vw) 2325(vw) 2330(m)

1968(w) 1980(vw) 1970(w) 1962(w)

1900(w) 1905(vw) 1902(w) 1890(w)

1830(w) 1835(vw) 1825(w) 1820(w)

1592(m) 1592(w) 1592(1m) 1591(m) C=C ring stretch 281
1490(m) 1490(w) 1490(w) 1489(m) C==C ring stretch 281
1430(s) 1430(s) 1430(s) 1430(s) Si—CsH;(in solid) 277-281
1335(w) 1333(vw) 1332(vw) 1334(vw)

1308(w) 1308(vw) 1308(vw) 1305(w)

1265(w) 1265(vw) 1265(w) 1262(w)

1187(m) 1185(vw) 1186(w) 1186(m) Si—CeHj; 281

1122(s) Si(CsH;), doublet b
1113 (s) Si(CsH;), doublet b

1115(1108)(vs) 1120(1106)(vs) 1124(s) Si—CeHj; 281
1028(w) 1028(w) 1042(n1) Si-CeHjp 281
1008(w) 1008(m) 1008(s)

998(m) 998(m) 998(w) 998(s) Si-CeH; 281

975 (m) 975(w)
912(vs) 912(s) Si—O0—As=0 (As V) ¢
882(vs) 887(s) Si-O-As (As III) ¢
808(s)

740(s) 743(m) 738(m) 740(s) Bending vib C-H 277

711(vs) 713(vs) 713(s) 717(s) Out of plane C-H 65

695(vs) 698(vs) 695(s) 695(s) Out of plane C-H 65

e L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” .
¢ The values of the Si—-O-Si and Si—O-Ti stretching frequencies
(V. A. Zeitler and C. A. Brown, ¢bid., 61, 1174 (1957)) suggest that the Si-

b C. W. Young, ef al,, THIS JOURNAL, 70, 3762 (1948).

2 hr. at 290°, decomposed to give two crystalline bands (m.p.
142-144° and 142-194°) which formed in the cooler (room
temperature) sections of the tube. Heating another sample
in an evacuated tube at 225° for 45 minutes caused a darken-
ing in color which did not increase appreciably after an addi-
tional hour at 275° and an hour at 300°. Further heating at
360° for 3.5 hr. produced a viscous liquid which flowed
freely above 100°. After one hour at 400°, further decom-
position was evident and on opening the tube a gaseous prod-
uct and a very viscous dark mass were present.

Hydrolytic Stability.—Tris-(triphenylsilyl)-arsenate (141
mg., m.p. 238.5-239.8°) was dissolved in 100 ml. of 5%
water—acetone solution during approximately 60 minutes
and was then stirred continuously at room temperature for
30 minutes. As the compound dissolved, the relative pH
(pH meter) decreased from 6.52 to 4.52 and during the next
30 minutes it decreased to 4.18. The solvent was removed
in vacuo at room temperature and the recovered material
melted at 237.5-240.0°.

(HO),As(0)[OSi(CeHs), OAs(O)OH],OH. Preparation.
—After stirring a mixture of KH,AsO;, (24.8 g., 138
mmoles, 509, excess over that required by equation 6), with
(CsHg)2S1Cly, (11.6 g., 45.8 mmoles), dissolved in 200 ml. of
ether for 101 hr. at room temperature, the insoluble matter
was removed by filtration. This contained 99¢%; of the
KCl and 969% of the arsenic acid required by equation 6.
On slow evaporation of the filtrate, crystallization of slightly
impure [(CeH;),Si0),, (0.44 g., m.p. found, 182-184°,
literature® 190°; confirmed by infrared spectrum?) occurred.
Further evaporation yielded a clear viscous sticky liquid
which deposited a tough resinous film on a glass surface and
which formed a foam-like solid on complete removal of the
ether 7n vacuo. Analysis was performed on a sample of the
solid dried n vacuo in an Abderhalden apparatus at 80° for 1
hr.

(8) C. A. Burkhard, THIs JourNaAL, 67, 2173 (1945).
(9) C. W. Young, P. C, Servals, C. C. Currie and M. J. Hunter,
ibid., 70, 3758 (1948).

John Wiley and Sons, Inc., New York, N. Y., 1954.

O-As stretch should appear in this region.

Anal. Caled. for CqussizASsOlz: C, 3666, H, 320,
Si, 7.14; As, 28.58. Found: C, 36.95; H, 3.57; Si, 7.31;
As, 28.24.

It was not possible to determine the molecular weight of
this compound since it apparently decomposed on drying
and was then only partially soluble in benzene, a white
powder remaining undissolved. The substance softened
and melted in the region of 125° to give a material which was
a colorless resinous solid when cooled and decomposed
rapidly at 200-250° with elimination of water.

After standing for several days the clear viscous liquid
changed slowly to an opaque, white grease which was only
partly soluble in ether. Upon addition of pentane to an
ether extract of this grease, a white precipitate was formed,
which after drying at 80° ¢» vacuo was found to have a com-
position approaching [-O(CsH;):Si-O-As(O)(OH)-]. It
melted in the range 153-180°.

Anal. Caled. for CyoH,,SiAsQ,: C, 44.72; H, 3.44; Si,
8.72; As, 23.25. Found: C, 41.19; H, 4.84;;Si, 10.26;
As, 24.40.

Hydrolytic Stability.—Two weighed films of the original
compound, prepared by evaporation of ethereal solutions of
the substance, were covered with water for a total of 64 hr.
during which time the water was periodically removed and
was shown to contain arsenic acid. The films were dried at
100° and weighed before adding more water. After this
treatment both films showed a 48-499, loss in weight and
the arsenic content of the film remaining was approximately
189, that of the original compound.

As[OSi(C¢H;),O0;As. Preparation. Method 1.—A mix-
ture of 3.20 g. of distilled water and 15.0 ml. of 309, NH,OH
was slowly added to a solution of AsCl; (11.4 g., 62.6 mmoles)
and diphenyldichlorosilane (16.4 g., 64.8 mmoles) in 300
mls. of benzene with constant stirring during a period of 20
minutes, and the mixture was then shaken vigorously for 20
minutes. The white, benzene-insoluble material (16.7 g.)
which had formed absorbed all excess water and after separa-
tion by filtration was found to contain 1.7 g. of As,O; and
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water-soluble chloride. Partial evaporation of the filtrate
in vacno at room temperature yielded a solid which after
several washings with ether, was identified as pure crystal-
line As{OSi{CsH;):0 As (in.p. 195°, 3.0 g., 409, vield ac-
cording to equation 7).

Anal. Caled. for CaslzpAsS1:04: C, 54.54; H, 3.82;
Si, 10.63; As, 18.90. Found: C, 54.30; H, 3.82; Si, 10.77;
As, 18.62.

Cryoscopic measurements in benzene gave a molecular
weight of 782, caled. for As[OSi(CeH;):0)3As, 793. It is
soluble in benzene and cliloroforin and moderately soluble in
acetone aund ether.

Complete evaporation of the snlvent yielded a very viscous
liquid containing silicon and arsenic in a ratio of 10 to 1.

Method 2.—An ethereal solution of AsCl; (1.09 g., 6.02
munoles) in 25 ml. of etlier was added to a solution of di-
phenylsilanediol (1.95 g., 9.01 mmoles) in 100 ml. of ether.
The white precipitate (2.59 g.) which formed immediately
upon addition of triethylamine (1.82 g., 18.0 mmoles) to this
solution was identified as (C:H;);N-HCI1 (m.p., found, 255°,
literature,® 253-254°; positive test for chloride in aqueous
solution) and corresponded to a 959, yield of HCl according
to equation 8.

On partial evaporation, the filtrate yielded crystalline
As[OSi(CeH;),0 As, (m.p. 194°; mol. wt. found, 783,
caled., 793; infrared spectrum identical to that of product
obtained by method 1; 0.99 g., 429 vield according to
equation 8).

Further evaporation of the ether yielded a viscous liquid
which formed a fiuffv solid (1.32 g.) upon complete removal
of the solvent in vacuo. After redissolving in ether, removal
of a small quantity of insoluble material by filtration,
followed by re-evaporation, As[OSi(CeH;):0S8i(CeHs)o0 zAs
(m.p. 35-350°), a material veryv soluble in benzene, chloro-
form, ether and acetone, was obtained.

Anal. Caled. for C72HsnSiaASgOgI C, 6229, H, 436, S,
12.14; As, 10.79. Found: C, 63.77; H, 4.60; Si, 12.20;

As, 11.39.

(10) Lange’s, “"Handbook of Chemistry”’, 8th Ed., Handbook Pub-
lishers, Inc. (1952).
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Method 3,—Anhydrous ammonia was bubbled through a
solution of AsCl; (1.09 g., 6.02 mmoles) and diphenylsil-
anediol (1.95 g., 9.01 mnioles) in 100 ml. of ether for ten
minutes, and after standing for 20 minutes the precipitated
NH,C! was removed by filtration and was found to have a
chloride content corresponding to an 829, yield of HCI ac-
cording to equation 8.

Slow evaporation of the filtrate first deposited a small
quantity of As,O; and then yielded crystalline As[OSi(CsHy)s-
OJ;As (m.p. 194°; mol. wt. found, 797, caled., 793; in-
frared spectrum identical to that of the product obtained by
method 1; 0.60 g., 30% yield according to equation 8).
Complete evaporation of the filtrate vielded a small amount
of sticky, viscous liquid.

Hydrolytic Stability.—After adding 5 ml. of distilled
water to a solution of As[OSi(CsHs).0)As (98.9 mg., m.p.
194°) in 95 ml. of acetone, the clear solution was stirred for
90 minutes at room temperature and tlie solvent was then
removed ¢n vacuo at room temperature. The residue had the
same weight as the original sample and melted at 176-180°;
it did not crystallize on cooling to room temperature but
formed a hard glass.

In another experiment, a solution of 113.6 mg. of the
compound in 100 ml. of 95% acetone-water mixture was
stirred for 90 minutes at room temperature, and after re-
moval of the solvent by boiling for 30 minutes, the sample
was found to have increased in weight by only 1.6 mg. and
melted in the range 140-143°.

Infrared Spectra.—A Perkin—Elmer, model 21, double
beam recording spectrophotometer with a sodium chloride
prism was used. All compounds were examined in KBr
discs at concentrations of approximately 2-3 mg. of con-
pound per 300 mg. of KBr.
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