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INTRODUCTION

Previous interest in organosilicon chemistry hés been
largely dominated by certaiﬁ pol&meric compounds containing
aiternate silicon atoms'suqh as the so-called silicones.
Studies of the chemistry of silicon have dealt with relatively
few compounds containing more;than two silicon atoms bonded to
each other. However, in recent yéafs technical skills have
enabled 1nvestigators,to prepare and characterize an in-
creasing number of polysllanes of chain lengths seemingly
limitéd only to the present skill and modes availlable.

- At the time this investigation was begun several organic
substituted cyclosllanes had been characterized and wére
readily available. Some investigations had been made in the
use of these compounds as precursors to formerlx unavailable -
organosilicon compounds. Only a few heterocyclic compounds
containing silicon-silicon bonds had been prepared and little
or no study had been made of the reactions of these compounds.

It had been observed that Ehe presence of a silicon atom
in a cyclic compound gave a reactivity to that compound unlike
analogous linear compounds. It had also been demonstrated that
the reactivity ﬁith certain reagents was'dependent on ring
size, _ '

The présent investigation was begun to make use of Some
readlly avallable cyclosllanes and heterocyclic polysilane

compounds in a further investigation of thelr reactivity and,
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if possible, to initiate_studies of linear polysilanes_conf
taining various fﬁnctional groups by heretofore unused or
unknown routes. Such-qew compbunds afford the opportunity of
expanding the present knowledge of_thé physicalfprbpertieS~as
well as contributing to the spectrographic studlies of oréan—
opolysilane compounds. Attention was directed toward the

ultraviolet and infrared properties of compounds containing

the silicon-silicon bond.



NOMENCLATUREl
In naming(organosilicon compounds having siiicon chains,
: tﬁe rules of nomenclature recommended by the Commission of
Nomenclature of Organic Chemistry of the I.U.P.A.C., and
adopted by The-Americaﬁ Chemical Society (1), will be used.
fHowever, Rule 70.15 of the so-called Amsterdam report, which.
enables us to give the compound Cl-SiPhQSiPha-O-SithsiPha-Cl
the name 1,5-dichloro~1,1,2,2,4,4,5,5-0ctaphenyl-3-oxapenta-
' silane, also carries the footnote "This rule 1s subject to
the possible extensions of the oxa-aéa conventién which are’
now being considered by the commission". -

The I.U.P.A.C..Commissions on Nomenclatﬁre of Organic
Chemistry and of Inorganic Chemistry held joint sessions in
1962 and 1963 and it was tentatively decided that the names
~of all strucfures should be based on the name of the corre-
sponding hydrocarbon even when there 1s l1little or no carbén
present. Following this change, the name for the above com-
pound would be 1,5-dichloro-1,1,2,2,4,4,5,5-oétapheny1-3-oxa-

1,2,4,5-tetrasilapentane.

lmhe author is grateful to Dr. L. T. Capell of The Ohio
State University and former Nomenclature Director and Exec-
utive Consultant of The Chemical Abstracts Service of The
American Chemlcal Soclety for his assistance with the nomen-
clature.
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‘ Rule 70.7 of the Amsterdam report states "Open-chain com~
pqunds which have the requirements for more than one of the
structures as defined (;:g., silbxane, silthiane, silézane or
silane) will be named, if possible, in terms of the silane,
silaéane, silthiane or siloxane containing the largest number
of siiicon atoms"._ Applicatidn of this rule would name the
above compound 1,3-bls (chlorodiphenylsilyl)-l,l,3,3-tetra-
phenyldiéiloxane. |
‘ -Following the above suggesti%ns, compounds named in this
thesis will predominantly follow rﬁle 70.7 with the exéeption
of certain polysilanes containing hetero atoms in the chain
which seem more suiltably adapted to the oxa-aza convention.
Exceptions will be noted in.discussihg certain a,w-disubsbi-
tuted polysilanes in which a séemingly unambiguous nomenclature
given in recent reviews (2, 3) will be used (e.g., fhe compound
: H-(SiMe2)3-Cl will be named lg,3-chlorohexamethyltrisilane).
 Most of.thé compounds discussed are straight-chain polysilanes
cohtaining phenyl or methyl groups on each silicon atom with
| varying groups only on the terminal silicon. TQ avold unwieldy
sequences of numbers, these organic substiltuents will not be
. numbered in every instance a compound is discussed when the
shorter name appears unambiguous. The abbreviation Ph for the
phenyl'(C6H5) group, Me for the methyl (CH3) group and’ether
for diethyl ether wlill be used throughéut this thesils.

»



HISTORICAL

Cyclosilanes
N

Several organic substituted cyclosilanes have been pre-
pared. The known compounds are tetra-, penta- or hexacyclic

and are represented by structures I-III.

2
| l
Si si
R,-S1 — Si-R R_-Si Si-R - 7 g
2 2 S > > R, Sli sli,.xa2
Rp-S1 —51-R, R,-S1 S1i-R, R,-S1 | Si-R_.
Si
- |
Ro
I II | TII
a R = Ph a R =R!'=Ph a R'=_R' = Me
b R = p-MePh b R = Ph, R"? Me7 P R = Ph, Rt = Me
¢ R = R' = p-MePh ¢ R=R'=FPh

The first preparation of ‘a cyclosilane was carried out by
_Kipping from the‘reaction of dichlorodiphenylsilane and sodium
(4). Three crystalline compounds were obtained which have
only recently been fully characterized and identified as
octaphenylcyclotétrasilane (I2) (5), decaphenylecyclopentasilane
(112) (6) and_dodecaphenylcyclohexaéilaﬁe (IIIc) (7). Later
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preparations by Kipping (8) have been tentatively assigned -
structures Ib and ITc by analogy wiéh the phenylated series
(2). Compounds ITb and IIIb have been prepared by the reaction
of dichlorodimethylsilane with 1,M-dilithiooctaphenyltetra-
silane (3) and.1,5-&11ithiodecaphenylpentasilahe,réspectively
(9). | |
| The first permethylated cyclos;fane, dodecamethylcyclof/
hexasilane (IIIa), was made from the reaction of dichlorodim-
ethylsilane and sodium (16a) or lithium (10b). More recent
investigations of Ia (9), IIa (9), and IIIa (11) have provided
means of preparing these compounds in yields of 60-70% using
iithium iﬁ tetrahydrofuran with‘the'appropriate dimethyl- or

diphenyldichlorosilane.

Reactions of Cyclosilanes

Reactlons of cyclosilanes known prior to this study will
be discussed in general terms with the recommendation that the
reader seek further detailed information from a recent review
(2) which also includes some of the results reported hérein.

Ta and IIa are readily cleaved by lithium metal in tetra-
hydrofuran to give silyllithium compounds (12-14). Where- - -
"as, 1,5-dilithiodecéphénylpentasilané could be obtained in high
yield (9), the 1,4-dil1thioodtaphenyltgtrasilane compound was
‘determined to be present in only 27% yield (12). IIIa does
not react with ;itﬁium alone in tetrahydrofuran but the pres-

ence of a catalytic amount of triphenylsilylliﬁhium causes
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- extensive reaction and cleavage (2).

Ring-opening of the cyclosilanes with halogens has been
very useful in the characterization of the cyciic combounds.
Kipping was first to observe the rather surprising reaction of
Ia with lodine (4, 12) to form the éasily hydrolyzed‘l,A-diiodo-
octaphenyltetrasilane. He reported that under comparablenéon-
ditions ITa did not react with iodine. Bromine is more reéc;'
_tive with'Ia (12) and if two moles of bromine are added, 1,2-
d1bfomotetraphenyldisilane can be isolated in 85% yield (9).
ITa, by careful addition of an equivalent amount of bromine,
gives a high yield of 1,5-dibromodecaphenylpentasilane (9, 12,
i4). Mixed ppoducts are obtained with an excess:of bromine
(4); . . :

Organic halides, inorganic halides and cértain metal salts
have proven héeful in the preparation of 1,4-dihalooctaphenyl-
tetrasilane compounds. 1,1,2,2-Tetrachloroethane (4) aﬁd a
large® variety of halogenated hydrocarbons (2) have been used
to prepare 1,4-d1ha1ooctaphenyitetfasilane from their reaction
‘with Ta. 1,2-Dibromoethane has been used to obtain 1,4~
dibromooctaphenyltetrasilane (15). Mercurlic chloride reacts
with Ia to give a 92% yield of the l,4-dichlorooctapheﬁyl:
tetrasilane and 94% mercurous chloride (16). Mercuric bromide,
mercurlic lodlde and stannic chloride react ;n a similar manner
(16). Inorganic halides such as phospﬁorus pentachloride,
sulfuryl chloride and thionyl chloride have also been used to'

give favorable ylelds of 1,4-dichlorooctaphenyltetrasilane



(17). Prior to this investiéation ITa was not lnown to react
ﬁith any of the above reagents. . |

The first reported cleavage of IIIa was with iodine (18).
Mercuric chloride cleaves IIIa in teﬁrah&drofuran to give a
mixture of dichlorosilanes, with ‘evidence for compounds con-
taining one, two, and three silicon aﬁoms (19). During the
course of this‘investigatidn, and following.methods described.
herein, IITa was cleaved by'1,l,a,e;tetrachloroethane to yleld
1,6-dichlorododecamethylhexasilane in ca. 40% yield (11).
Also used was phosphorus pentgchloride (20) and chlorine.1
However, cleavage reactions of tbe fesulting linear polysilane,
after initial ring-opening;”béGOmésfcompetitive and a multiple
of compounds of varying chain iength is obtaihed. Compounds
in the series Cl-(SiMez)n-QI, where n = 2, 3, 4 or 6, have'been
obtained (19).

Ia has also been cleavéd with mercuric acetate to give
1,4-d1lacetoxyoctaphenyltetrasilane which can also be prepared
by the reaction of mercuric acetate on lg,@g}ocﬁaphenyltetra-
silane or by the reaqtion of acetic anhydride on 1,4-dichloro-~
octaphenyltetrasilane. No readtion occurred between IIa or
" hexaphenyldisilane and mercuric acetate. No attempted reac;

tioﬂ'of mercuric acetate with IIIa has been recorded.

1P K. Sen and R. A. Tomasi, Department of Chemistry, Iowa

State University of Sclence and Technology, Ames, Iowa. Infor-
mation on the reaction of chlorine with dodecamethylcyclohexa-

silane. Private communication. 1964,

g
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A previously unprecedented cleavage of a silicon-silicen
bond is observed in éhe cleavage of Ia with hydrogen bromide
and hydrogen iodide (9)..{Attempted cleavage of Ia with
hydrogen chloride or'Iia with h&drogen halides under. comparable
conditions resulted only in recovery of the starting materilal.
Hydrogen_iodide and hydrogen bromide react with octaphehyl-
cyclotetrasilane.in refluxing behzene to give 1-iodo-l,1,2,2,-'
3,3,4,4-0ctaphenyltetrasilane and 1-bromo-1,142,2,3,3,4,4-octae'
phenyltetrasilane (85%), respectively. One hour and four
hours, respectively, were required to bring about compiete
disappearance of Ia. The iodosilane was not isolated, but was

hydrolyzed and characterized as 1,1,2,2,3,3,4,4-0ataphenyl-

_tetrasilan-1-ol (27%) (9).

Pn,-S1——Si<Fh,,
| | + HBr ——3 H-(S1Ph,),-Br
Ph,-S1 — Si~Ph, ‘

4

H-(S1iPh,) y-I +  Hy0 H-(SiPh,) ;!

Addition of phenyllithium to Iavin a tetrahydrofuranfether |
mixture gave after five hours a 55%.recovery of the starting
material and an 18.5% yield of decaphenylcyclopentasilane (20).
Using a fivefold excess of phenyllithium, no starting material
vas recovered and the products were hexaphenyldisilane (;9%)

and pentaphenyldisilane (36%) (20).
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‘ A similar 1:1 molar treatment of IIa with phenyllithium
for five hours gave a 95% recovery of the starting material
(20). A ninefold excess of phenyllithium added to.IIé subse-
quent to hydrolysis gave pentaphenyldisilane (62%) as éhe only
‘identifiable product. | -

Ia reacts with methyllithium in a tetrahydrofuran-ether
mixture to give l-lithio=4-methyloctaphenyltetrasilane (66%)
(2). 1In the presence of excesé_mgthyllithium further éleavage
of tﬁe polysilane is observed to give 1§,2-methyltetraphenyldi-
silane as the major product (65%) after acid hydrolysis (2).
ITa reacts with a five mole excess of methyllithium to‘give
l-lithio-2—methy1te£rapheny1disilane which;was characterized~.
as 1,2-dimethylte’crapheny_ldisilanel with trimethyl phosphate.

Triphenylsilyllithium reacts with Ialto give, after acild
hydrolysis, IIa and ;génonaphenyltetrasilane. Excess tri-
phenylsilyllithium gave hexaphenyldisilahe and pentaphenyldi:
silane (20). The reaction of triphenylsilyllithium and IIa.
over extended periods gives a 79% yield of pentaphényldisilane
after acid hydrolysis (20). Similar disilanes have been ob-
tained with methyldiphenyls11y111th1ﬁm (13) and dimethylphenyli
silyllithium (21). o

Excess methyllithium wifh IITa gives a comQ}exvmixture

'which, upon treatment with chlorotrimethylsilane, gives

g, v. Chang, Department of Chemistry, Iowa State Univer-
sity of Sclence and Technology, Ames, Iowa. Information on
the reaction of methyllithium on octaphenylcyclotetrasilane
decaphenylcyclopentasilane. Private communication. 1964,
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permethylated polysilanes containing three td eight silicon
atoms (11). Only decamethyltetrasilane (22, 23) and‘dodecam—A
ethylpentasilane were;isolated in a relatively pure state (2).

Other nucleophilic reagents capable of cleaving Ia are
]'.:i‘.thium. aluminum hydride '('24') and hydroxylic bases (4).
Methylenetriphenylphosphorane cleaves Ia to give, after acid
hydrolysis, Agfoctaphenyltetrasilahe-l:ol (25)f

Cleavage of a silicoanilicon bond in many reactions may
be considered és an oxidation.. However, specliflc oxidation
of Ia has been obsérved with oxygen and oxygen-containing
compoﬁnds. Kipping prepared octéphenyloxatetrasilacyclopentane
by direct oxidation of Ia with air at room temperature (15). )
The cyclic monoxide, octaphenyl-l,4-dioxatetrasilacyclohexane,
and varying amounts of viscous polymers were obtained from Ia
and air in toluene at 100°C, ozonized oxygen in carbon tetra-
chloride, benzaldehyde, benzyl alcohol, acetophenone, paralde~
hyde and amyl nitrite (15). Octaphenyl-l,45dioxatetra;ila—
éyclohexahe has also been obtained by The reaction of nitric
acid on octaphenyioxatetrasilacyclopentane (4) and by the |
hydrolysis of 1,2;dibromotetraphenyldisilane (26). The reac;
tion of Ia is rapid in refluxing nitrobenzene to give a second
dioxide (U4) which has been suggested to be octaphenyl-l,3;
dioxaEetraSilacyclohexane. ITa was found to be unreactivé_
toward such oxidizing agerits under comparable cbnditioné.

In the presence of chromium:containing catalysts, such

as a "copper chromite", at 150°C and 800 psi pressure, hydro-
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genolysis of Ia takes place to'give U42-48% of diphenylsilane
and 5-12% of 1H,4H-octaphenyltetrasilane (24).. Under'like.
conditlons, hexaphenyldisilane gives 17% triphenylsilane and
a 59% recovery of starting material. IIa is more resistant.
than heXaphenyldisilane'using the same conditions,
Dodecaphenyleyclohexasilane {IIIc) is prepared in very low
yield as a by-product from the general preparation of octa- .
‘phenylcyclotetrasilahe (1a) and.decaphenyicyclopentasilane
(ITa) (4, 9). Shielded by bulky phenyl groups, it is the most
stable and unreactive cYclosilané known. Cleavage réactions
occur only.under strong forcing conditions which cause mul-
tiple cleavages 27; 9). No significant study ﬁas been made

on other cyclosilanes known at this time.

Reactions of the Silicon-Silicon Bond

All of the reactions of cyclosilanes‘brésently studied -
involve ring opening to form an a,w;disubstitutea polysilane.
The resulting compdund is subject-to further silicon-silicon
bond cleavage depending upon the reactivity of the compound and
reagent In the media used. The chemistry involved in initial
ring opening Bf a cyclosilane is dependent upon the substi-
tuents, the ring size and steric factors, .

The significancé of factoré cohtrolling the reactivity of
the abové cyclosiianes will-best be understood in terms of
analogous silicon-silicon bond cleavage of linear organo-

sllanes. Therefore, a brief review of some of the general
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rgactions of organodisilane systems will be considered.
Fupther detailed treatment has been the subject of some interest
in recent yéars_(2, 3, 27). |

Ar&l substituted disilanes are cleaved by alkali metals
in ether solvents (28-.30). Sodium-‘po'tassium alloy, rubidium,
and cesium cleave the silicon-silicon bonds of arylated di-
silanes to give the corresponding silylmetallic comp§unds
(31-35). As a method of cholce, silyllithium compounds are
prepéred by the cleavage of a disilane with lithium in tetra-.
hydrofuran (36-38). They are generally e§§ily handled and
reasonably stable (39). |

The cleavage of disilanes with phenyllithium 1s generally
slow and requires tetrahydrofuran as ‘the solvent and a large
ekcess of phenyllithium to ensure complete reaction. The
treatment of hexaphenyldisilane with phenyllithium in diethyl
ether for five days resulted in a 93% recovery of the starting
material and a 5% yileld of tetraphenylsilane. .A tenfold
excessvof phenyllithium in fetrahydroiuran after 2l hours gave
a 50% recovery of the hexaphenyldisilane and an 89% yield of
tetraphenylsilane (based on unrecovered starﬁing material)
. (40). A comparable treatment of hexaphenyldisilane with .
methyllithium resulted in an 84% recovery of starting material

and the formation of a small amount of triphenylSilanol.l

K. Y. Chang, op. cit., p. 10.°
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Excess Benzyllithium in a mixture of ethér and tetrahydrofuran
cleaves héxaphenyldisilane compietely within one hour at room
‘ temperature (41). The reacfions of the unsymmetrical di-
bsilanes, chloropentaphehyldisilane, ethoxypentaphenyldisilane
and pentaphehyldisilane with phenyllithium in ether resulted
in no cleavage products (42). In eacﬁ instance excellent
yields of hexaphenyldlsilane were reported.

A fecent stﬁdy made during the course of the present work
exemplifies the éomplexity of the reaction of alkyllithium
compounds on polysilanes (9). A reaction of Q;aecyllithium
with.lﬁ,4;bromooctapheny1tetrasilane in ether gave as prod-
ucts: Ia (22%), ITa (1%), 1H,4-n-decyloctaphenyltetrasilane
(2.3%) and a trace of 1,4—2-decyloctaphenyltetrasilane.
Treatment of ;g,4-bromooctapheny1tetrasilane with n-decyl-
magnesium bfomide initially in refluxing ether and finally
in fefluxing toluene resulted in no reaction. A reaction of
n-decyllithium with lg,4-chlorooctaphenyltetrasilane in a
| mixture of benzene and ether gave as products: n-decyldi- '
phenylsilane (40%), 1H,l4H-octaphenyltetrasilane (7.5%), Ia,
and-a trace of n-decyltriphenylsilane (9).

The variety of products obtalned demonstrates the di-
versity of the reactions which are involved. ‘Apﬁarently there
have occurred silicon-éilicon bond cleavage, silicon-phenyl
bond cleavage, halogen-metal intercon?érsion and siﬁple dis-~
placement of hydrogen or halogen to glve the direct coupling

product. The isolation of n-decyltriphenylsilane can be ex-
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plained by the cleévaée of the polysilahe chain by phenyl-
lithium td'giQe the triphenylsilyl group. .The-phenyllithium
most probgbly arose through displacement by n-decylithium.
Reactions of this type have been obser#ed.in the pasﬁ in the
‘cleavage of phenyl grdups from'siiiéqn by l,ufdilithiobutané
(43). | | |

Aqueous or methanolic alkali ( 44-47) and alkali in
hexanol (10) causes cleavage of a silicon-silicon bond to
give a silanol and hydrogen gas. ‘These reactions can be:
considered as an'attack of a base or nucleophilic species.
That a silicon hydride can be an intermediate in such reac-
tions 1is shown in the cleavage of polysilanols by alumina (14,
48) which can be considered to be a mildly basic reagent.
Silicon hydrides containing one less sillicon atom are ob-
ﬁained. It appears that inductive withdrawing substituénts
such as chlorine atoms or hydroxyl groups (14, 42,'48) aid
nucleophilic attack on an adjacent silicon atom.

Depending on the Substituenté, halogens cleave organodi-
silanes with varying ease. The relative reactivity of the
halogens appears to be 012) Br, > 12 (49).

Hexaaryldlsilanes are resistant to silicon-silicon
cleavage.(34, 50-52), although hexaphenyldisilane 1is slowly
cleaved by bromine in carbon tetrachloride (50). Hexaalkyl;
disilanes are rather easily cleaved by.halogens (49, 53, 54).
However, halogen substitution on the disilane reduces the rate

of cleavage (54), e.g., 1,2-dichlorotetramethyldisilane is
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cleaved by bromine approximately 100 times slower than hexa-
methyldisilane under the same conditions (49).

Polysilanes have beén generally consldered to be quité
resistant to.acid cleavage of silicon-silicon bonds. Ekteﬁ-.
sive studies have been made of the desilylation‘l(SS) of aryl
substituted silanes with hydrogen halides (27, 56-58). Alkyl
cleavage of alkylsilanes 1s brought about by hydragén halides.
in the preséncé of aluminum halides, presumably by the Strong
acid HAlXu (27, 59). Extensive studieé have been made on thé
effect of substituents on the leaving group and on silicon
(27). Ar&l substitution decreases with increasing negative
chafacter of the substituents on silicon and also with elec-
. tron-withdrawing substituents on the aryl groub (60-62)., The
proposed mechanism Involves electrophilic attack at carbon.

When the R group in C6H SiR3 is varied in the series methyl,

ethyl, g;prbpyl,'the,eaZe of cleavage of the phenyl group falls
in the ratio of 100:48:6 which suggests a steric hindfance
effect. The order of the inductive effect in the series "
should facilitate cleavage by stabilizing the pbsitively-
charged transition state (63). ﬁhder pressure, in the.absence »
of catalysts, hydrogen halides cause the halogenation of silane
and monoalkylsilanes (64). Concentrated sulfuric acid has been
used to cleave methyl groups from permethylated poiysilanes td,
obtain, after tfeatment with an ammoniﬁm halide salt, a-halo-
or o,w-dihalomethylpolysilanes (54). No silicon-silicon bond

cleavage was observed.
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Upon passing hydrogen chloride gas ovef Me3SiSiMe3,

Me3SiSiMeQCl, MeSSiCHQSiMé201, MeBSiCHQSiCI3 and Me3SiCHQSiMe3
at 350 to 700°C, it was found that the yields obtained by o
‘breaking silicon-silicon,or silicon-methylene bonds decreased

" in the glven order with the latter two being equivalent (65).
In a recent preparafionlof pentamethyldisilanylferrocene and
l,l'-bis(pentémethyldisilanyl)ferfocene, cleavage of the
silipon;silicon bond Wasvfogﬁd to be‘facile in very‘dilute
solut;ons of hydrogen chloride in methanol or ethanol (66).
This was cited as the‘fifst published example of acld cleavage
of a silicon-silicon bond under mild conditions. A possible
'intermediate wés postulated as involving filled d-orbitals of
iron with vacant p}orbitals of silicon which facilitated the
rapid electrophilic cleavage observed (66). Comparable con-
ditions with pentamethylphenyldisilane, heptamethylphenyltri-
sllane and cyclopentédienylpentamethyldisilane gave no siiiconf
silicon acid cleaVagg.} Hydrogen chloride has been found to
rapidly cleave éértain perchlorinated polysilanes (67)vand‘
mixtures of methylchlorodisilanes (68) in the presence of
amine catalysts.

Several reagents are capable of causing an intramolecular
rearrangement of certain organosilanes to form disilylmethane
derivatives. Rearrangement products have been obtained from
isoprobenylpentamethyldisilahe, 1,E;d1isopropenyltetramethyidi~
silane and 1,3-diisopropenylhexamethyltrisilahe with concen-

trated sulfuric acid, subsequent to treatment with ammonium
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fluoride (69).

l. H,SO

CH3 CH3. 27"h _
. L o L
CH2=c-(SiMe2)3-c=CH2 L — (FSiM§QCMe2)2-SiMe2
2. NH,F

(Chloromethyl5pentamethy1disilane undergoes intra@olecular re~.
arrangement with aluminum chloride (54) and also wth a
nucleophilic reagent, sodium ethoxide in ethyi alcohol (70).
The phenomenon of intramoleculaf rearrangemént to form disilyl-
‘methane derivatives has also been observed with hexaﬁethyldi—
silane which readily unqergoes rearrangement at 600°C to glve
2,2,4-trimethyl-2,4-disilapentane (71).

A direct analogy with the reactiviéy of cyclbsilanes of
varying ring size can be made by cémparing the silicon-
methylene cleévage reactions of'silacyclpbutane and silacyclo-
pentane derivatives. The silacyclobuéane ring'syStem has been
shown to be very susceptible té cleavage by polar reagents.
‘Facile ring opening has been observed with ethanolic vase (72,
73), sulfuric acld (73), ethanolic silver nitrate (T74), brOmine
(T4, 75) and hydrogen halides (75-77). A recent study of 1;i;
.triphehyl-l-silacyclobutane found that facile ring opening
also occurred with lithium aluminum hydride and wilth basic
‘alumina-chromatography (78). The five-membered.ripg homolog,
1,1,2-trip@eny1-l—silacyclopentaﬁe, was found td be quifte un-
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;eactivé under conditions where the silacyclobutane was readily
cleaved. It did not reac§ with bromine, ethanolic silver
_salts, lithium aluminum hydride or with basic alumina (78).
Thelcompound l-methyl-1-Silécyclopentane was found to be 103

- to 1OLL times less pqacti#é in hydrolysis reactions than its
four-membered ring homolog (72).

The enhanced feact;vity of the fdur-membered ring vs. thé )
five-membered ring is pfoposed to. be a combination of in-
creased ground'stafe energy, due to ring strain, and a de-
creased transition state energy due to the geomeﬁry of the
£ our-membered ring. An attacking species is able to form a
pentacovalent addition complex with the four-membered ring
reéulting in less angular motion in going from a strained
tetrahedral sp3 nybrid to an essentially less strained tri-
gonal bipyramid'dsp3 hybrid (17, 78). On the other hand, the
five-membered ring, due to less ring strain, would enjoy a
"lower grdund staté energy and the corresponding pentacoordi-
nate transition state would require a greater angular métion
in rehybridization from a nearer tetrahedral configuration to
the pentacovalent complex. The stabllity and formation of
pentacoordinate organosilicon transition states, intermediates
and compounds have been the'subject of recent interest (79,
80).

An analogous comparison has been made recently 6f the -
relative reactivity of cyclosilanes éuch as obtaphenylcyclo-

‘tetrasilane (Ia) and decaphenylecyclopentasilane (112) (2).
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Figure 1. Pentacovalent intermediate involved in the
: attack of octaphenylcyclotetrasilane by
various reagents



21

Figure 1 demonstrates the formation of the pentacovalent com-
plex as it might be applicable to reactions of Ia. It is
suggested that any mechanism which provides a closer approéqh
to such an intermediate would permit a lower energy profile 
and, therefore, indicate a more facile‘reaction, e.g., the
greater reactivity of bromine with iIa over that 6f_hexaphenyl-

disilane (2).

The Ultraviolet Absorption

Properties of Polysilanes

The ultraviolet properties.of numerous monosilane deriv-
atives have been previously reported (27, 81). Only recently
has a study of the spectral properties of polysilanés been
examined (3). Haéue and Prince (81) have reported that Group
IVB compounds of the type Ph3ivm4Ph3 (M = Si, Ge, Sn and Pb) show
ultraviolet maxima in the 239-248 my region (¢ = 30,400 to
33,900). Thus, hexaphenyldisilane has imax. 246.5 mu (¢ =
32,600). It.was sdggested that an intense interaction between
phenyl groups on different M atoms through the M—M'bond
occurred. Conjugation was considered to occur through over-
lap of pr orbiftals wilth suitable vacant d-orbitals on the M
~atom, i.e., pﬁ -d or dmw -d interactions. Other studies
soon followed on the effects of replacing the phenyl substi-
tuents of the disilane with méthyl or'vinyl groups (82-84) and
extending the perphenylated silicon-silicon chain (85, 86).

An examination (87) of a homologous series of e, w-diphenyl-
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_permethylated polysilanes, Ph-(SiMe,) -Ph (where n = 2 to 6),
gave maxima in the 236 to 265 mu region (¢ = lS,éOO to 30,500).
Studies of a family of permethylated linear polysilanes,
Mef(SiMee)n-Me, implied that the polysilané chain itself

‘ absérbs ultraviolet radiation without the presence of phenyl
groups (82). The_intense absorptién*bf organopolysilanes

has been observed to be present in cyclic (10b, 86) and
branched (88, 89) compounds, although'the absorption maxima
appear at lower wavelengths'than their linear analogs. The
‘ultraviolet spectra of some'cyclosilane compounds have been

reported to show absorptions as given in Table 1 (86).

Table 1. Ultraviolet spectral data for some cyclosilanes

(86)
' ) USRI ' Molar
Compound Max.” absorbtivity
’ K-
(SiPny), Ta 23y 64,500
(SiPh2)5 IIa 270, 251 (sh) 33,000, 60,000
Me,PhgSig ITb 249(sh) 41,000
(SiPh2)6 IIIc 248 (sh) 60,000
Me,Phy oSt - IITb | 250(sh) " 56,800

(SiMe2)6 IIIa 232, 255 (sh) 5,800, 2,000




‘ Present studies on the ultraviolet properties of poly-
silanes have led to the following observations (3).

a) Phenyl;containing monosilanes exhibit only the
benzenoid fine-structure of B-bands having low molar absorb-
tivities (27, 81).

b) With polysilanes, intense absorption maxima are ob-

served and the 2 increases with increasing chain length.

Max.
c) The molar absorbtivities also increase with in-

..creasing chain length. These compounds‘appear to obey Beefs-
Law. |

d) Substituents such as phenyl and.vinyl cause an in-
crease in iMax.’ while chloro-, hydroxyl and H- appear to
havellittle effect on the band position.

e) Cyelic and branchedApolysilanes absorb at loWer

wavelengths than thelr corresponding open-chain analogs.
Heterocyclic Polysilanes

The term hetérocyclic as it applies to polysilanes in
.this discussion will be limited to those compounds containing
at least one silicon-silicon bond. This eliminates compounds
such as silacyclobutane in which we would properly consider
silicon as the hetero atom. Also this would not include
cyclotri- or cyclotetrasiloxanes Which are not monosilanes

but do not contain two adjacent silicsﬁ.atoms. As mentioned
previousiy, numerous compounds such as'siloxanes, silazanes or

silthlanes containing alternate'siliéon atoms have been pre-
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pared and studied extensively (27, 90).

Only a few heterocyclic coﬁpounds containing the silicon;
silicon bond have been prepared and little or no study has
been made on the reactions of these compounds. Most of the
~kﬁown compounds contain oxygen as the hetero atom, Deriva-
tives haVving structures IV-IX have been prepared. TheApresént

discussion will be

0

o A
R_-Si 'S1-R 7\ - ﬁ\‘ :
Si—Si R.-Si Si-R R.-Si Si-R
2
/ N N/ 2 2N ;2
R, R, si Si ——Si
g . R 4 \\R
2 2 2
IV : v VI
R = Ph R = Ph | . R.=Me
. 0 0. 0
. . - - - / \ / -
Ry-Si S1i-R, R.-Si Si-R R.-Si- S1-R
R,.--Si Si-R 0 Si-R. . 0 0
0 .81 / S&
| R R
R, 2 )
VII VIII IX
a R = Ph R = Ph . a R =PFPh
b R = Me b R = Me
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confined to the preparatipn and'reactions of some of these

compounds.,

To demonstrate the limited number of heterocyeclic com-

pounds prepared, most of the known compounds are listed below

- with the preparation reference in parenthesis.

Mea-sT
Mészi _
(91)

Ph,-Si

Ph,-Si
(17)

Me, Me,
\ /
/Si-—— Si,\

S S
N\ - yd
Si—-S1
/ \
Me2 M62

Mee-Si Ph2-Si
Me -S - Ph. -
62 .i Ph2 Si
(91) (17)
Si-Me2 Me2—Si
Me2_81 N~Me Ph2-Sr
Me,-S1 Me th-Si
silm Me -8 — Si-
62 82 Si Si Me2
(92) (93)
th-Si ?i-th
Ph2-Si\\\\ ///Si-Phg
.
§
- Ph
(95)
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Ph
» l
Php-Si Si-Ph, Me-Sli : .
. Pha-Si\ /Si-‘Ph2 Me,-S1
. |
l
Ph
(95) (96)

Kipping prepared IV by direct oxidation of Ia and by
hydrolysis of the dihalo derivatives of Ia (4). He élso ob-
tained two éompounds havihg the genéral formula Ph88i402 for
which he proposed structures VIIa and VIII,'but he was unable
to characterize‘either compound (4). One of these compounds
was prepared by the oxidation of IV with nitric acid. The
samé éompouﬁd was prepared by the dehydration of 1,1,2,2-
tetraéilane-l,é;diol,1showing‘the compound to be VIIa (26).

The other lsomer obtained by the reaction of nitrobenzene on

Ia was assumed to be VIII (26). Kumada has reported the
preparation of VIIb from the hydrolysis of 1,2-dihalo- and

1,2-diethoxytetramethyldisilanes (97), and of IXb from the
cohydrolysis of diethoxydimethylsilane'and 1,2-die€hoxytetra—
methyldisilane (98). Compounds V and VI have been obtained
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by dehydration of the correspondlng a,w-dlols.l V was ob~

tained in very low yilelds.

o

14

ls Inoue} Department of Chemistry, Towa State University
of 6Science and Technology, Ames, Iowa., Private communication.
1963. : : .
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ExpERIMENTAL

The reagents, solvents and gases used in the following
experiments were commercially availabie materials. Ail hydro-
| ~carbons and ether solvents used in a reaétionvwere stored over
sodium wire. Othef reagents'and gases wefe used as they were
obtained cbmmercially or freshly distilled if there was any '
question of water.or oxygen-containing COﬁtaminants. Tetra-
hydrofuran used with orgénometailic reagents was dried by
ref;uxing for 24 hours over sodium followed by distillation
from lithium aluminum hydride. The organosiliicon halides were
obtained from Dow Corning Corporation and Union Carbide Corpo-
ration. Lithium metal from Lithium Corporation of America was
obtained as wire. t was washed free of oils with hydrocar-
bons and cut small pieces into‘a nitrogen-filled reaction
flask. : Organometalllc solutions were quantitatively titrated
according to a published double titration technigue using
allyl bromide or 1,2-dibromoethane (99, 100). Color Test I
"was used as a qualitative test for 6rgangmetallic reagents
(101). The molar refractance (MR), boiling-pbint,number
(B.P.N.) and calculated boiling points were obtained usiné
data from a recent publication (27) and from studies in These

Lab_oratories.l The yields of crude products or unidentified

17. M. Holmes, Department of Chemistry, Iowa State Univer-
.81ty of Science ‘and Technology, Ames, Iowa. Information on
group boiling-point numbers of polysilanes. 1965.
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;olids are based on the weight of the startiﬁg material to
'give crude approximations of the material balance.

In general, the experimental apparatus consisted of a
foﬁr-necked standard taper flask equipped with a therﬁometer;
a Trubore stirrer, atFriedrichS'condenser-and,“as required, an
addition funnel or gas'inlet tube which usually'extended below
the liquid level. A safety flask having the same or a larger
volume than the reaction vessel was placed bétween‘ﬁt and the
gés source. The gases were metered by passing them thfough a
1 mm. capillary 3 cm. long. The pressure drop across this 1
orifice was measured with a manometer filled %ith carbon tetra-
chloride. The calibration was based on the water displacement
of air in an inverted 500 ml. graduate. A high speed, air-
driven motor was used for most reactions. A wire flail
attached to the paddle in réactiqns using lithium metaluin-
creased the agitation and was genefally felt‘to bé pelpful in
obtaining high yields. All glassware‘wéé*0ven-Qried.before use
- and purged while hot wifth dry; oxygen-fréé nitrogen. All ex-
ternal outlets were fitted’with nitrogen inlets to exclude air.
Pressure reactions were cafried out in a 1 liter stéinless
steé1~Pafr Pressure Reaction Apparatus, item No. 4511, under
atmospheres of oxygen-ffee, dry nitrogen. Temperatures were
uncorrected and melting points above 109°C were obtained with
a Mel-Temp apparatus. Lower melting points Were-determined in
ah electrically heated oll bath.

Infrared spectra were determined using a Perkin Elmer
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Model 21 Spectrophotometer. A Beckman IR-7 Spectrophotometer
with sodium chloride_optics was used for spectra in the 400 to

1200 em”t

region with KBr cells. UltraViélet spectra were ob-
tained with a Beckman-DK-2A Spectroph&tometer; ietters indi-
céte the relative intensity of absorption bands: s = strong,
‘m = medium, wA= weak, sh-= shoulder. Proton magﬁetic resonancg'_
(NMR) spectra were' obtained with a Varian A-60 Spectrometer or
a Varian Higﬁ'Resolution Spectrophotometer, model HR-60, at 60
Mé/sec.

Vapor phase chromatographic (VPC) analjses.were carried
out with an F & M Model 500 Gas Chnromatograph, using a column
packed with silicon gum rubﬂer S E 30 on Chromosorb W (1:20).
Molecular weight determinations were made with a Mechrolab

Model 301—A Vapor Preésure Osmometer. Benzil was used as a

standard with benzene as solvent.
Pfeparation of Cyclosilanes

Octaphenyleyclotetrasilane

 Fol1owing a previously described synthesis (9), 14 gm.
(2.02 gm.-atom) of lithium metal, 50 ml. of tetrahydrofuran
and 1 ml. of dichlorodiphenylsilane were placed in a reactionl
flask. In a few minutes the reaction became hot and, with
rapid stirring, a solution of 278 gm. (1.1 moles) of dichloro-
diphenylsilane in 200 ml. of tetrahydrofuran was added in 75
minutes at a rate ﬁhigh maintained a slight yellow color (silyl-

lithidm) in the reaction mixture. The reaction proceded with
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vigorous refluxing except for the last few minuteé when heating
was required.

 The mixture was then cooled and filtered. The insoluble
material was extracted twice with hot benzene and twice with .
a methanol-water mixture to obtain 137 gm. (68%) of Ia, m.p.
and mixture m.p. 318-324%¢C, Concentration of the benzene
liquor and addition of petroleum ether (b.p. 60-70°C) gave .
3-4 gm. (2%) of ITa, m.p. L60-L68°C.

Decaphenylcyclopentasilane (ITa)

Dichlorodiphenylsilane, 1 ml., was added to 14.4 gm.
(2.04 gm.-atoms) of lithium metal in 20 ml. of tetrahydrofuran
to initiate a reaction. Tb a rapidly stirred mixture was
added, over 30-45 minutes, 255 gm. of dichlorodiphenylsilane
in 300 ml. of tefrahydrofuran. The rate of addition was such
as tq maintain a light yellow color. The mixture was then re-
fluxed for 4 hours and the color became dark brown. Addition,
of 6-8 ml. of dichlorodiphenylsilane then stopped the reaction
by reacﬁing with the silyllithium and excess lithium present.
After cooling and hydrolyzing in cold water, the mixture v=s
filtered and the residue washed with 3 1. of acetone to yield
167 gm. (91%) of crude product, m.p. 440-450°C. The dried
crude product was then dissolved in,2 l. of benzene and allowed
to stand for several days.: Apprbximatqu 2-3 gm. of dodeca-
phenyleyclohexasilane (IIic) wés slowly precipitatéd in this
manner. After removal of IIIc, the solvent was concentrated

and petroleum ether (b.p. 60-70°C) added to yleld 150 gm.
 (81%) of pure ITa, m.p. and mixture m.p. 472547600.
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Dodecamethylcyclohexasilane

Using a slightly modified procedure from that described
(11), 5 gm. of hexaphenyldisilane was added to 45.5 é;. of dry
lithium wire. Rapid stirring for 10 minutes causéd a‘thorough
coating of the disilane on the lithium metal. Tetrahydrofuraﬁ,
50 ml., was then added and a dark brown mixture of triphenyl-
siiyllithium appeared after 30 minutes of rapid stirring. In
two additions a total of 360 ml. (3.0 moles) of dichlorodi-
methylsilane in 750 ml. of tetrahydrofuran was added in 14 to
‘20 hours. The first solution contained 180 ml. of dichlorodi-
methylsilane in 450 mi. of tetrahydrofuran. The second solu{
tion, which was added to the funnel when the addition of the
first portion was almost complete, contained 180 ml. of di-
chlorodimethylsilane in 300 ml. of tetrahydrofuran..

| The mixture was heated as the reaction subsided during
the latter half of the'additions. The 1light yellow colorlof
the active silyilithium cémpounds was difficult to discern in
this reaction due to the light brown color of the salts. Using:
"High Sodium” (0.1%) 1ithium (Lithium Corporation of America)
improved the color but seemed to have little or no effect on'
the yield of IITa. As soon as the additlon was complete, the
vmixture was cooled and poured through an open Buchner funnel
into 400 ml. of ice water containing 1Q0‘ml. of N HCl. The
organic material was extracted twice with ether which was then
washed twice with distilled water and dried With anhydrous

sodium sulfate. The ethers were then removed by evaporation
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on a rotary evaporator under reduced pressure and the residue

washed with 50 ml. of cold acetone. The crude product, 130

gm. (75%), was recrystallized from hot acetone to obtain a

125 gm. (72%) yield of IIIa, m.p. and mixture m.p. 252-256°C.

Reaptions of Octaphenylcyclotetrasilane

Octqphenylcyclotetrasilane with phosphorus pentachloride

In benzene . To a suspension of 3 gm.: {0.004 moie) of
Ia in 50 ml. of benzene was added‘0.94 gm.: (0.0045 mole, 10%
excess) of phosphorus pentachloride. The mixture was refluxed
with stirring for_l hour. The homogeneous reaction mixture
was concentrated and, upon the addition of petroleum ether
(b.p. 60-70°C), 3.02 gm. (92%) of yellow-white solids, m.p.
183—18600, was obtained. One recrystallization from benzene-
petroleum ether (b.p. 60:7000) gave 2.7 gm. (83%) of pure

material, m.p. and mixture m.p. 186-18700. Small amounts of

nonresolvable crystalline solids were lsolated.

A similar reaétipn involving 44.0 gm. (0.06 mole) of Ia,
13.6 gm. (0.065 mole) of phosphorus pentachloride and 150 ml.
of benzene provided 44.7 gm. (93%) of 1,4-dichloroodtaphenyi:
tetrasilane, m.p. 185-187°C, upon recrystall;zatién. |
‘ In xylene A third reaction was made using 10.0 gm.
(0.013 mole) of Ia, 90 ml. of xylene and 3.13 gm. (0.015 mole)
of phosphdrus pentachloridé. :The mixtﬁre was refluxed for 2

hours, cooled and filtered. The filtrate was distilled to

| yield appfoximately 1 ml. (90%) of phosphorus trichloride,
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b.p. 76-80°C.,vn§O

spectrum of the distillate was superimposable with the spectrum

1.5077 (ref. sample 1.5138). An infrared

of é freshly distilled sample of the trichloride. Work-up as
above gave 1.7 gm. (17%) of recovered Ia, m.p. 315-320°C and
8.2 gm. (73.5%) of 1,4-dichlorooctaphenyltetrasilane, m.p.

“

185-187°cC.

Octaphenylcyclotetrasilane with phosphorus
trichloride (attempted)

Phosphorus trichloride, 2.1 gﬁ. (0.015 mole), Ia, 10.0 gm.
(0.013 molé), and 90 ml. of xylene were refluxed for 2 hours.
Upon filtering, 9.85 gm. (98.5%) of starting material was re-
covered, m.p. 318-322°cC.

Octaphenyleyelotetrasilane with chlorine

" In carbon tetrachloridé A series of reactions was
carried out in which Ia, 10.0 gm. (0.011 mole), was dissolved
in 100 m%. of cafbbn tetrachloride and the rapidly stirred
suspenéionbwas treated with chlorine gas at a constant rate
(approximately 200 ml./min.) for a speéifiéd time. The reac-
tion was then quenched by the rapid removal of:excess chlorine
under reduced pressure. The so}vent was also removed in this
manner. The products were isoléted by erystallization of the
residues from benzene-petroleum ether (b.p. 60-70°C) mixtures,
The results are summarized in Table 2. -

In ether Octaphenyleyclotetrasilane, 10.0 gm. (0.014

mole), suspended in 80 ml. of ether was treated with chlorine
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Table 2. Reaction of octaphenylcyclotetrasilane with chlorine

——

Dichloro d%rivatives
- - (%)5:¢
Time " Temp.2 Starting .
min. - o¢C mategial 1,4- 1,2-
7°
2.5 20 - 29 eme 96.7 ——
5 25 - 33 oz -—- 89 1.7
10 24 - 31 —-——— 85 - 8.5
15 25 - 35 —-—— 71.6 25 .4
20 25 - 30 -— 56.6. - 33
30 25 - 30 ‘ - 30.6 37
Lo 28 - 30 c-- - 34
70 26 - 36 - _— i3

a‘I‘emperature control was maintained with an ice-bath.
bBased on. unrecovered starting material.

CThe remainder of the reaction residue consisted of high
boiling, unidentified, viscous oils.

gas at 200 ml,/min. for 10 minutes in the manner described in
the previous experiment. The temperature was held at 18-229% -
by means of an ice-bath. The reaction mixture was then fil-

tered to yield 10.4 gm. (94.7%) of 1,4-dichlorooctaphenyl-

_tetrasilane, m.p. and mixture m.p. 187—18800. Evaporation of

the filtrate yielded an additional 0.3 gm. (2.7%) of product,
m.p. 184-186°¢C, and 0.2 gm. of an unidentified material melt-
ing 'dt 179-180°C. | ;

A similar reaction, with chlorine.addition for 1 hour,
provided 10.5 gm. (95.7%), m.p. 188-189°C, and 0.3 gm. (2.7%)
of 1,u-dichlorooctapheﬁyltetrasilane, m.p. 186-188°C.
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In petroleum ether (b.p. 60-70°C) Chlorine gas was

added at approximately 200 ml./min. for 15 minutes (3 1., 0.12
mole) to a suspension of 21.9 gm. (0.03 mole), in 150 ml. of
petroleum ether (b.p. 60-7000). The temperéture was main-
tained at 15-2500 with an lce-bath. The excess of"chlorine
was removed under reduced pressure and the solidé wefe‘fil-
tered off td-érovide 24,0 gm. (100%) of 1,4-dichlorooctaphenyl-
tétrasilane, m.p. and mixture m.p. 186-18790.

In n-pentane A 22 gm. (0.03 mole) sample of Ia sus-

pended in 150 ml. of n-pentane was treated with chlorine gas
for 13 minutes at 200 ml./min. (2.6 1., 0.11 mole) in the
manner described. After removél of excess chlorine, the sus-
pension was filtered to obtain 23.7 gm. (97.3%) of 1,4-di-
chlorooctaphenyltetrasilane, m.p. and mixtures m.p. 184-
185°¢.

In ether containing hydroquinone ° Chlorine gas was

added at approximately 200 ml./min. for 3 min. (0.6 1., 0.025
mole) to a mixture containing 5 gm. (0.607 mole) of Ia, 80 ml.
" of ether and 1 gm. (0.009 mole) of hydroquinone, m.p. 175-
177°C. The temperature was kept at 15-17°C with an ice-bath.
Excess chlorine was removed under reduced pressure and the
suspension filtered to give 4.6 gm. (92%) of recovefed Ia,
m.p. and mixture m.p. 321-328°C. Concentration of the solvent
gave 0.3 gm. (5.5%) of l,4-dichlorooctéﬁhenyltetrasilane and
0.3 gm. (30%) of hydroquinone, m.p. 172-174°C and mixture m.p.

174-177°C-
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Octaphenylcyclotetrasilane with
anhydrous hydrogen chloride

Octaphenylcyclotetrasilane was treated with anhydrous
hydrogen chloride under a variety of conditions with regard to
solvent, temperéture and duration of reaction (Table 3).
Deperiding on the conditions the yield of l-chloro-1,1,2,2,3,3,~
4,A-octaphenyltetrasilane ranged from 2 to 92%. Details of
the reaction:in benzene are given, together with the work-up
. of the products as a'general procedure,

A mixture of 14.6 gm;.(0.62 mole) of Ia and 250 ml. of
benzene was heated to the réflux temperature and anhydrous
hydrogén chloride was added continuously above the liquid level
for 6 hours. An additional 200 ml. of benzene was introduced
and the admission of gas continued for 6 hours. After stand-
ing overnight at room temperature, the reaction mixture was
- filtered to give 12.6 gm. (86.3%) of crude starting material,
m.p. 308-320°C. Concentration of the filtrate gave in two
crops an additional 1.9 gm. (13.4%) of recovered octaphenyl-
cyclotetrasilane.‘ ‘ '

The final filtrate was then evaporated to dryness at re-
duced pressure with the ald of a steam bath. The residue was
dissolved in 2 ml. of benzene and the addition of 20 ml. of
petroleum eﬁher‘(b.p. 60-70°C) caused the precipitation of
0.30 gm. of solid, m.p. 156-158°C. Recrystallization of this
material provided 0.28 gm. (2.0%) of pure l-ohloro-1,1,2,2,3,-
3,4,4-0ctaphenyltetrasilane, m.p. 161-163°C. Mixture melting
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Table 3. Reactions of octaphenylcyclotetrasilane (Ia) with
) “hydrogen chloride

Solvent . Ia Tgmp. Time Recovered, a
(ml.) (mole) ( Cg (hours) (1a) Product

Benzene® (450) 0.02 = 78 127 89 . 2%

Xylene (300) 0.02. 138 6 62 33

Xylene (350)  0.04 138 - 13 55 33

Xylene (750)  0.04 138 17 70 21

o-Dichloro- 0.04 175 2.0 1.4 81

~ benzene (300) g :

o-Dichloro- 0.04 175 1.5 '3 - 88
benzene (300) '

o-Dichloro- 0.08 175 1.75 1.2 91
benzene (400) : '

o-Dichloro- '0.08 175 3 1.3 93

~ benzene (400)

a _
1H,4-Chlorooctaphenyltetrasilane,

bWith the éiception of the reaction in benzene the hydro-
gen chloride was admitted below the llquid level at all times.

point determinations of this compound with 1§,4§¢octa§henyl— -
tetrasilane, m.p. 160-16106, and with 1H,l4-bromooctaphenyl-.
tetrasilane, m.p. 161-162°C, were not depressed. However, an -
infrared spectrum of the product (in cdrbon disulfide) using
potassium bromide cells showed a silicoh—hydrogen absorption

at 795 em~l as well as absorptions at 560 and 523 em™t attri—,
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butable to the silicon-chloride bond (102) (see discussioﬁ).
Anal. | Calecd. for 048H4101814: Si, 14.68. Found: Si,
14.58, 14.48%. 'The ultraviolet absorption spectrum in cyclo-

hexane gave A, . 253 mu (w sh). o | |
Octaphenylcecyclotetrasilane with 8,8!'-dichlorodlethyl ether

A mixture of 14.6 gm. (0.02 mole) of Iz and 100 ml. of s;e'-
dichlorodiefhyl ether was refluxed for 1.5 hours, Aféer stand;
ing overnight, 2.2 gm. (15%) of starting material, m.p. 318-330°
C.was obtained. The sélvent was removed by distillation under‘
reduced pressure with a steam bafh and the residue dissolved

in 10-15 ml. of benzene. Addition of 30-40 ml. of petroleum
ether (b.p. 60-70°C) provided 4.2 gm. (29%) of a crude product,
m.p. 173-17600. Evaporation of the filtrate to approximately

20 ml. provided an additional 0;6_ gm. (4.1%4), m.p. 153-155°C.
Repeated recrystallization provided no pure producté. Using

KBr cells, an infrared spectrum (in CSQ) of the lowest melting
fractibn obtained showed strong absorptions at 790, 560 and

523 émél and was superimposable with the spectrum of 15,4-
chl0robctapheny1tetrasilané. A spectrum of the higher melting
fraction, m.p. 170-1759C, showe@ a weak absorption at 790 cm"l |
anid strong absorptions at.523, 545 and 560 em L. This spectrum
" was superimposable with the spectrum of 1,4-dich;orooctaphenyl-

tetrasilane.

Octaphenylcyclofetrasilane with a hexachlorocyclohexane

Decalin, 100 ml., containing 80 gm. (0.1l mole) of Ia
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and 11.7 gm. (0.04 mole) of 1,2,3,4,5,6-hexachlorocyclohexane,
m.p. 111-113°C, was heated at 185°C for 5 hours. The solvent
was then removed with a rotary evaporator under reduced pres-

sure and the residue, except for 18.9 gm. (24%) of Ia, m.p.

328-332°C, was dissolved in;hoy_benzene.'.Concentration of the.
solvent and addition of'petrolequether (b.p. 60-70°C) pro-
vided 41.7 gm. (52% based on starting material) of solids -
melting ovéf the range 175-180°C'and 2.4 gm. (3%) of solids,

m.p. 150-15400. Repeated recrystallization from benzene-~
petroleum ethef (b.p. 60-TO°C) mixtures gave no'pure fractions
but mixture melting points and infrared spectra comparisons
with high melting, 178-180°C, fractions and low melting, 1604
162°C, fractions as in the previous reaction indicated the
products to be mixtures of 1,4-dichloro- and 1H,4-chloroocta-
- bPhenyltetrasilane.

Octaphenylcyclotetrasilane with
t-butyl chloride

In xylehe A mixzture of 22 gm. (0.03 mole) of Ia, 200
ml. of xylene and 5 ml. (0.046‘mole) of t-butyl chloride was .
heated for 24 hours at 133-138°C. t-Butyl chloride, 5 mi.
(O.b£5 mole), was then added and heating continued for 23 hours
at 132°C. Upon cooling, 7.0 gm. (31%) of starting material,
Mm.pe. 327-332°C, was obtained. Concentration of the solution
and addition of petroleum ether (b,p. 60-70°C) several times
‘ provided the following solid fractions: 12.3 gm. (53%) of
1H,4-chlorooctaphenyltetrasilane, m.p. and mixture m.p. 161-
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162°C; 1.0 gm. (4.3%), m.p; 156-160°C; and 0.3 gm. (1.49),
melting over the range 158-176°C. A vapor trap immersed in a
dry ice-acetone bath attached to the condenser trépped a mix-
ture of 1iquids and solids. This mixtuve was then warmed and
the‘vapors placed in a gas cell. An Infrared spectrum showed
" absorptions which differed from the spectrum of t-butyl
chloride at 1660 and 888 cm™Y. This is believed to be due to
isobutylene formed by dehydrohalogenation of the t-butyl
chloride (103). '

| In decalin A mixture of Ia, 22 gm. (0.03 mole),.g-

" butyl chloridé, 28 gm. (0.3 mole), and 100 ml. of freshly
distilled decalin was heated at the reflux temperature (83-
95°C) for 72 hours. Concentration of the solvent gave a_21.8
gm. (99%) recovery of Ia, m.p. 332-334°C.

To a second reaqtioﬁ mixture containing 22 gm. (0.03 mole)
of Ia in 100 ml. of decalin was added 5 ml. (4.35 gnm., 0.046
mole) of t-butyl chloride. The mixture was then heated to a
reflux temperature of 144°C which slowly rosebto 170°¢C over
12 hours of heating. .Addition}bf 5 ml. (4.35 gm., 0.046 mole)
of t-butyl chloride then brought the reflux temperature dbwn'
to 148°C. After an additional 11 hours of heating, the tem-
perature had risen to 173°C'and the reaction mixture was cooled
and allowed to stand overnight. Work-up as above provided 18.6
gm. (80.6%) of crude ;@,h-chlordoétaphenyltetrasilane, m.p.
157-159°C. An infrared spectrum of the material was super-

imposable with that of an authentic sample.
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Dehydrohalogenation'of t-butyl chloride in decaliﬁ (at—

tempted} A mixture of decalin, 75 ml., and Efbutyl chloride,
10 ml., was refluxed fof 24 hours. A dry ice-acetone trap

" connected to the condehser collected a Small amdunt of t©-

butyl chloride containing no olefinic.material as indicated

by an infrared spectrum.

In o-dichlorobénzene . Ia, 40 gm. (0;055 mole), and t-

" butyl chloride, 5 ml. (4.35 gm., 0.046 mole), were heated in
150 ml. of o-dichlorobenzene at 161-167°C for 1.75 hours. An
additional 4 ml. (0.037 mole) of E}butyl chloride was added
and heating continued at 157 to 180°¢ fdr 7.5 hours. Work-up
as above gave 11.0 gm. (27%) of starting ﬁaterial, m.ﬁ. and
mixture m.p. 229-231°C, and 29.4 gm. (70%) of 1H,4-chloroocta-

-

phenyltetrasilane, m.p. and mixture m.p. 164-166°C.

Octaphenylcyclotetrasilane with 2-chlorobutane

~ Ten ml. (8.7 gm., 0.095 mole) of 2-chlorobutane ﬁas added
slowly to 100 ml. of o-dichlorobenzene containing 7.3 gn. (0.01
mole) of Ia preheated to 180°C. The mixture was refluxed at
147-155°C-for'seven hours after which time an additional 4 ml.
(3.5 gm., 0.04 mole) of 2-chlorobutane was added. Heating was
continued at 146-150°C for an additional 9 hours. Work-up of
the products as described gave a 6.2 gm. (85%) recovery of Ia.
and a 0.5 gm. (6.84) yield of crude Lg;nfchlorooétaphenyltetra-
silane, m.p. 156-159°C. Recrystallization of the crude material

gave m.p. and mixture m.p. 164-166°¢.
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Octaphenylceyclotetrasilane with
n-butyl chloride (attempted)

In xylene A mixture containing 7.3 gm. (0.01 mole) of
Ja in 100 ml., of Xylene was heated under reflux. Over a 70
hour period, 8 ml. (0.074 mole) of n-butyl chloride was added
in 2 ml. aliquots. The boiling point rahged frém 129-13300.
Work-up gave a 99% recovery of Ia, m.p; and mixture m.p. 329~ -
333°C. |

In o-dichlorobenzene - A simllar reaction was carried

out with 7.3 gm. (0.0l mole) of Ia in 100 ml. of refluxing o-
dichlorobenzene. Over a period of 67 hours, 9 ml. (0;085 ﬁole)
of n-butyl chloride was added. The temperature ranged frém
157-158°C. Wofk—ub.gave 7.2 gm. (98%) of recovered Ia, m.p.

and mixture m.p. 328-33100.

OctaghenYIcyclotetrasilaﬁe with t-butyl bromide

A mixture of Ia, 7.3 gm. (0.0l mole), t-butyl bromide,

5 ml. (0.0ﬁﬁ'mole),-and 100 ml. of decalin was heated for 1
hour at 166°C. An additional 2 ml. (0.018 mole) of the bro-
mide was then added and heating continued for 0.5 hours at
162°C. Upon cooling the solution and allowing it to stand for
36 hours, 6.25 gm. (77%) of solid, m.p. 174-177°C precipitated.
Se#eral recrystallizations from cyclohexane gave 0.1 gm. of
white solid, m.p. 216-217°C. The melting point was not de- -
pressed by an authentic sample of 1,4-dibromooctaphenyltetra-
silane. Concentration of the filtrate by distillation followed
by addition of petroleum ether (b.p. 60-70°C) provided 1.3 gm.
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(16%) of crystéls, m.p. 16i-163°C. It was not possible to
determline if this fraction was lg,ngoctaphenyltetrasilaﬁe,
m.p: 160-16106, or 1H,4-bromooctaphenyltetrasilane, m.p. 162;
163°C, or a mixture of both as each of these compounds gave a
mixture m.p. which was not depressed. An Infrared spectrum
of the last fraction obtained possessed a strong Si-0-Si
absorption at 1045 cm'l which indicated the presence of octa-

phenyloxatetrasilacyclopentane (26).

Octaphenylcyclotetrasilane and nitrobenzene

A 3.65 gm. (0.005 mole) sample of octaphenylcyclotetra-

silane was added to 50 ml. of nitrobenzene and the mixture

heated at reflux for 30 minutes. Cooling and addition of 75
ml. of ethyl alcohol gave no crystalline products. The sol-
vents were Then removed by distillation under reduced . pressure.
The residue was dissolved in acetone and 50 ml. of ethyl
alcohol was added. Upon standing, 2.5 gm. (68%) of dark brown
crystals pfbcipiﬁated, melting over the range 185—20800.' Re=~
crystallization from acetone yielded 0.45 gm. (12%) of a com-
pound having a constant m.p. of 245-24690. This sample was
used for an X-ray powder photograph which was found to,be '
identical to the powder photograph of VIII, m.p. 256-257°¢C,
obtained from the hydrolysis of XIII (see below). An ultra-
violet spectrum of the above sample gave a Amax. (in cyelo-

hexane) 245 mu (sh). The infrared spectrum gave zbsorptions

(1n CS,) in u at: 3.27 (m), 5.13, 5.30, 5.50, 7.3, .55, 7.72,



45

7.95 (w), 8.46 (m), 8.91, 9.0, 9.07 (s triplet), 9.43 (sh),
9.65, 9.71, 10.06 (m), 13.63, 1%.00, 14.40 (s), 14.80 (m).

A second mixture of Ia, 21.9 gm. (0.3 mole), and 100 mi.
. of nitrobenzene was heated to 165°C. The reaction then be-~
came vigorously exothermic and the témpérature rose to 208°c
in less than one minute wi@h a rapid féflux observed fdr
several minutes. Aftér heating at reflux for an additional
15 minutes the mixture was then cooled. Renmoval of the sol-
vent by distillation under reduced pressure and addition of
50 ml. of acetone to the fesidue provided upon standing 4.9
gm; (22.4% vased on starting material) of solid, m.p. 234-
'237°C. The addition of 30 ml. of ethyl alcohol gave an addi-.
tional 6.2 gm. (28.3%) of a black crystalline solid. Repeated
recrystallizations from acetone and from petroleum.ether (b.p.
80-11500).gave many fractions.j’séveral grams were obtained
~which melted at 245-24600. After several recrystallizations
. this m.p; rose %o 248425000. The melting poiﬁt of. the major
fraction was 245-2479Ceafter seven recrystallizations. Small
Tractions having lower and higher melting points were ob-
tained after each recrystallization. Tne infrared spectrum
of the major fraction (in CS,) gave absorptions in nat 9.43
(sh), 9.65, 9.81 and 10.06 in the Si-0-Si band region. The
absorptions at 9.65 and 10.06 ' are believed to be due to
the silicon-phenyl vibrations. The‘band at 9.65 u appears‘at
9.75 u for larger ring siloxanes and is shifted to 9.65 1 for

six—membered ring compounds showing an Si-0-Si absorption at 9.8-
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9.9 u. Lower melting pure fractions, 1.3 gm., m.p. 230-232°C,
and 0.15 gm., m.p. 219-22000, were obtained. A.mixture m.p.
with the higher melting fraction and IXa was not'depressed.
The infrared specfra of these two lower melting fractions (in.
'CSe) showed an Si-0-Si bond absorption at 9.43 1 identical to
IXa. | | |
A third reaction mixture of Ia, 2l:9 gm. (0.03 mole), in |

100 ml. of nitrobenzene was slowly heated to 140°C in 1.5 |
hours. The reaction was then cooled and 19.1 gm. (87%) of the
starting material, m.p. 320-32700, Was‘recovered by filtration.
- Distillation of the filtrate under reduced pressure and addi-
tion of 15 ml. of acetone provided O.7\gm. (3.2%) of solid
mélting over the range 262-280°C (block preheated ta 25000),.,
Ethyl alcohol‘20 ml., Wag’then added and an additionél 1.1 gnm.
(5%) of crystalline solld was obtalned. The overall yleld of
éolids based on starting material Wag 95%. Récrystallization
of the last two fréétidns from adeténé gave 0.7 gm. (3%) melt-
ing at 255-257°C (5ioék[preheated_to 250°Cc), 0.25 gm. (1%)
melting at 244-246°C and three other fractions totaling 0.6
gm. (2.5%), m.p. 252-255°C. A mixture m.p. with the first
fpéction and VIII,'m.p. 256-257°C, was not depressed., The
‘infrared spectrum (in CS,) showed an Si-0-S1 bond absorption
%at 9.80 u chafacteriStic of a six—membgred ring (see Table 1).
An infrared spectrum of the second fraction, m.p. 244-246°C,
showed S1i-0-Si bond absorptions at 9.43 (sh) and 9.80 pu
similar to mixtures of IXa and VIII (see Table 14).-
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a,w=-0ctaphenyltetrasilane Derivatives

1H,4-Bromooctaphenyltetrasilane and t-butyl bromide

A mixture of 8.1 gm. (0.0l mole) of 1H, 4-bromooctaphenyl-
tefrésilane, 8.0-m1,,(0.07 mole) of t-butyl bromide and 100
ml. of decalin was heaﬁed ét-lS&oC for 12 hours. An additional
5 ml. (0.04L4 mole) ofnszutyl bromide was added and heating
was continued for 4 hours at 145°C. The solvent was removed
by distillation under reduced pressﬁre'and the residue dis-
solved in benzene. The addition of petroleum ether (b.p. 60-
70°C) provided 4.4 gm. (55%) of crude product, m.p. 200-202°C.
Three recrystallizations from cyclohexane provided 1.9 gm. of
a white solid, m.p. 219-221°C, the melting point of which was
not depressed by an authentic sample of 1,4-dibromooctaphenyl-
tetrasilane. Distillation of the filtrate and treatment with
petroleum ether (b.p. 60-70°C) provided an additional 3.0 gm.
(374), m.p. 147-150°C, which was not characterized. Benzene
was found to be unsuitable for the recrystallization of 1,4-
dibromooctaphenyltetrasilane due to occlusion of the solﬁent
in the crystal strudture,vgiving a m.ﬁ. of 200-204°C instead
of 223-22400 as obtained by the use of‘cyclohexane or petro-

leum ether (b.p. 90-115°C).

1,1,2,2,3,3,4,4-0ctaphenyltetrasilanil-ol

A mixture containing 15.3 gm. (0.02 mole) of lg;héchloro-
octaphenyltetrasilane, 100 ml. of tetrahydrofuran and 50 ml.

of N hydrochloric acid was stirred at room temperature for 6

—
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hours. 'The organic layer was separated from the aqueéus layer
and was ‘washed séveral times with distilled water.
The solvent was evaporated from the extracted material
- and the residue was dissolved in 50 nml. of benzene. ‘The re-
sulting'solution was dried with anhydrous sodium sulfate and
éfter filtration was treated with 100 ml. of petroleum ether
- (b.p. 60-70°C) to yield 13.1 gm. (87%) of crude 1,1,2,2,3,3,~
_4,4—octaphenyltetrasilén-l-ol, m.p. 188-190°C. Partial evapo-
ration of the filtrate provided an additional 1.6 gm. (10.7%)
of product, m.p. 184-18900. Recrystallization gave 13.35 gn.
(89.5%) of the pure product, m.p. and mixture m.p. 185-187°C.
An ultraviolet spectrum in cyclohexane gave \p.. 253 mu (sh);
,A sample of lg,4-chlorooctaphenyltetrasilane treated in
a similar manner in a mixture of benzene, ether and water‘

showed no hydrolysis after 8 hours of stirring at 30°C.

1Y,4-Methyloctaphenyvltetrasilane

»ig;MeChlorooctaphenyltetrasilane,_4.8 gm. (0.063 mole),
dissolved in 60 ml. of tetrahydrdfuran was added slowly to a
mixture of 7 ml. of a 0.81 M methylmagnesium iodide-ether solu-
tion (0.606 mole) and 40 ml. of tetrahydfofuran. Color Test I
was negative 15 minutes after the addition and'iO ml. (0.008
mole) of the 0.81 M methylmagnesium 1édide was added. After 1
hour the,colbr test was agaln negative and an additional 5 ml.
. (0.004 molej of the Grignard réagent was added. A color test

_after 30 hours of stirring was positive. The reaction mixture
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was then left to - stand for three days after which time a solu-
tion of ammonium chloride in water was added. The two layers
were separated with several washings of the aqueous layer wilth
ether. After distillation of the organic layer under reduced
pressure, the residue was dissolved in 25 ml. of ﬁenzene and
,50 ml., of pgtroleum ether (b.p. 60-70°C)'was added. Upon stand-~
ing overnight, 3.1 gm. (66.5%) of a solid, m.p. 172-174°C was
obtained. Evaporation of the solvent mixture provided an addi~
tional 0.7 gm. (15%), m.p. 171-17300.. The melting point of the
Tirst fractioﬁ when mixed with an authentic sample of i-methyl-
1,1,2,2,3,3,4,4~-0ctaphenyltetrasilane was not depressed. An
infrared spectrum (Csa) of the product was very similar to the
spectrum of the starting material with the exééption of an
absorption at 1240 cm-l which is due to tThe silicon-methyl

‘max.
256.5 mu (e 35,260) in 1.35 x 10™°M ¢yclohexane solution.

~bond (102). An ultraviolet absorption spectrum gave A __

1,4-Dipropoxyoctaphenyltetrasilane (attempted)

An 8.0 gm. (0.0l mole) sample of 1,4-dichlorooctaphenyl-
tetrasilane, m.p. 186-187°C, was stirred in 100 ml. of propyl
alcohol at 37°C for 7 hours. After filtration, 7.9 gm. (99%)
of solid melting at 179-181°C was obtained. Extraction with
100-ml. of hot petroleum ether (b.p. 80-115°C) left 1.0 gm: of
 insoluble material, meltihg over the rarge 206-222°C. The
infrared spectrum of this 1atter fraction showed that octa-

phenyloxatetrasilacyclopentane was present (26). Infrared
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spectra of all of the fractions obtained contained no absorp-
tions in the region af aliphatic CH stretching vibrations as

~ evidenced by. other Silylpropoxy compounds (see below).

lH,4—Propdkyoctaphenyltétrasilane

A 11.5 gm. (0.015 mole) sample of lg,u-chlorobctaphenyl-
tetrasilane was refluxed in 100 ml; of propyl élcohol for 4.5
hours. Filtration of the cooled mixture gave 7.3 gm. (629%)
of crude product, m.p. 134-13890. The alcohol was remo#ed by
distillation under reduced pressure and the residue dissolvéd
in 5-10 ml. of benzene to which was then added 75 ml. of
pbtroleum ether (b.p. 6o;7o°C). Upon standing, an additional
4.0 gm. (33%) of solids was precipitated. Recfystallization
to a constant m.p. gave 5.6 gm..of pure 1H,4-propoxyocta-
.phenyltetrasilane, m:p. 140-141°c. An infraréd spectrum of
‘the materiél éhowed absorptions in the CH and C0Si stretching
regions at 3.38 and 9.31 u, respectively, consistant wifh the
proposed structure 1102, 103). The ultraviolet absorption

spectrum in cyclohexane gave xmax 253.0 mu..
Anal. Caled. for C5th80814: Si, 14.25 Pound: 8i,

14,28, 14.26%.

Condensation of 1,1,2,2,3,3,4,4-0ctaphenyltetrasilan-1-o0l
In 90% formic acld (attempted) _ 1,1,2,2,3,3,4,4-0cta~

phenyltetrasilan-1-0l 7.5 gm. (0.01 mole) was heated at 105°C
in 100 ml. of 90% formic acid for 64 hours. After cooling,

filtration of the mixture ylelded 7.2 gm. (96%) of solids,
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m.p. 182ei85°C. Recrystallization from benzene-petroleum
ether (b.p. 60-70°C) gave 7.1 gm. (95%) of starting material,

m.p. and mixture m.p. 187-189°C;

In 98% formic acid (attempted) As in the above reac-

tion, 7.5 gm. (0.01 mole)»of 1,1,2,2,3,3,4;4-octapheny1tetra-
silan;l-pl was refluxed in 75 ml. of 98%‘formic acid for 3
days. Work-up gave 6.9 gm. (92%) of recovered starting mate-
rial, m.p. and mixtufe Mm.p. 187-189°C.-

A mixture of 7.5 gm. (0.0l mole) of the tetrasilanol in
50 ml. of benzene and 50 ml. of 98% formic acid was heated for
87 hours. Work-up gave 2.4 gm; (32%) of starting material,
m.p. 185-187°C, and the following crude solids: 2.0 gm.,
melting over the range 80-11000; 0.25 gm., meltiﬁg over. the
range 156-162°C; and 0.2 gm., m.p. 170-172°C. Attempted frac-
.tional crystallization gave no pure compounds} An ihfrared_
spectrum (in CSE) of the crude fractions showed weak absorb-
tions at 9.3-9.4 u, indicative of S10Si bonds (103).

lH;4-Chlorooctaphenyltetrasilane_
with phenyllithium

in tetrahydrofuran at room temperature Three ali-

quots, 10,.3 and 2 ml.; of 0.4 M phenyllithium-ether (0.006
mole) were added over a period of 20 minutes to 4.6 gm. (0.006
mole) Of»lg,4-chlorooctaphényltetrasilane dissolved in 75 ml.
of tetrahydrofuran., Addition of each éliquot produced a bright
orange color ﬁhich rapidly faded except for the last addition
in which the color did not fade after stirring for 30 minutes.
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The reaction mixture was then hydrolyzed with water, extracted
With ether, the solvent removed by distillation under reduced
pressure and the residue dissolved.in benzene. 'Fractionation
_from a‘benzene~petroieum ether (b.p. 6047090) mixture provided
five fractions which melted either in the range of 198-230°C
or 430-490°C. iRecrystallization of ﬁhe fract}oné provided
1.75 gm. (40%) of ITa, m.p. 469-472°C, and 0.4 gn. (8.3%) of
tetraphenyléilane, m.p. 236-23800. Identification was achieved
by a mixed melting point with an éuthentic sample, The re-~
mainder of the reaction residue was a yellow oil. An infrared
spectrum of the 0il showed a strong absorption in the Si-H
region at 4.72 u (102). At no time during the reaction was
Color Test I positive.

In tetrahydrofuran at -30°C 1§,4-Chlorooctapheny1-

tetrasilane, 7.65 gm. (0.0l mole), in 75 ml. of tetrahydro-
furan was treated with é5 ml, of 0.485 M phenyllithium (0.012
mole) in ether at -30°C. After 45 minﬁtes of stirring, the
reaction mixture was rapidly hydrolyzed and the products
isolated as described in the previcus experiment to give 2.0
gm. (27%) of IIa, 0.1 gm. (1.5%) of Ia, and 0.5 gm. (7%) of an
unknovwn solid melting over the range 203-211°c. -~

In tetrahydrofuran at -70°C Fifteen ml. of 0.485 M

phenyllithium~-ether (0.0073 mole) was added to a mixture con-
tainihgi?S ml. of tetrahydrofuran and 7.65 gm. (0.01 mole) of
1H,4-chlorooctaphenyltetrasilane at -70°C. A bright orange

color appeared and slowly faded after stirring for 1.5 hours.



53

Ap additional 5 ml. of the phenyllithium-ether mixture (0.0024
mole) was then added and the color became a dafk reddish-brown
which did not fade -after 45 minutes. The réaction mixture was
then rapiqu hydrolized and ﬁhe produgts were isolated as de-
scfibed in the'previous expériments}_ The crude ylield included '
three fractions: 1.5 gm. (20%), melting over the range 195-
205°C; 3.1 gﬁ. (42.5%),.me1ting over the range 187-193°C; and
0.5 gm. (7%), melting over the range 147-155°C. Several re-
crystallizations gave 0.3 gm. of a s0lid which had a constant
m.p. (199-20100). A mixture m.p. of this compound with an
authentic sample of 1,1,2,2,3,3,4,4-nonapheny1tétras;1ane,

m.p. 200-202°C, was depfessed. Another fraction, 1.2 gm.,
had & constant m.p. of 218-220°C. Based on the ultraviolet
spectrum in.cycléhexaﬁé“(lméi; 3l3;5 mu), the infrared spectrum
(which showed a strong SiH bond absorption at 4.76 u (in CS,)
and the-molecﬁlar weight determinations, the latter compound

is believed to contain seven éilicon‘atoms in the chain (86)
and is probably 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7-pentadecaphenyl-
heptasilane. T '

Anal. Calcd. for C mol. wt. i352. -Pound :

v90H76Si7:
mol. wt. 1342, 1318, 1337, 1263.

1H,4~Chlorooctaphenyltetrasilane and
phenylmagnesium bromide (attempted)

A mixture containing 7.65 gm. (0.01 mole) of 1H,4-chloro-
octaphenyltetrasilane, 75 ml. of tetrahydrofuran and 25 ml. of

0.5 M phenylmagnesium bromide-tetrahydrofuran (0.0125 mole) was

.
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rgfluxed for 4 days. The mixture was then hydrolyzed with a
1% hydrochloric acid solution, extracted with ether, evapo-
rated to dryness and the residue recrystallized in a benzene- '
petroleum ether (b.p. 60-70°C) mixture. An 88% recovery (6.7
.gm.)'of starting material was the only isolable product,'mqp.-
and mixture m.p. 161-163°C. |

1H,4-Chlorooctaphenyltetrasilane and
‘phenylmagnesium iodide (attempted)

| Phenylmagnesium iodide-ether, 18 ml. of 0.81 M (0.0146
mole), 1H,4-chlorooctaphenyltetrasilane, 7.65 gm. (0.01 mole),
and 75 ml. of tetrahydrofuran were stirred at reflux teﬁpefa— 
ture for 3'days. Color Test I was positiVe. Hydrolysis and
work—up as in the previous experiment gave 6.4 gm. (84%) of
starting material, m.p. 160-163°C, and 0.1 gm. (1.3%) of
solids melting over the range 210-21400.

Reactions of Decaphenylcyclopenﬁasilane

Decaphenylcyclopentasilane with
phosphorus pentachloride

In benzene in a 1:2 molar ratio (attempted) Decaphenyl-~

cyclopentasilane, 10.0 gm. (0.011 mole), phosphorus penta-
chloride, 4.2 gm. (0.022 mole), and 150 ml. of benzene were
refluxed together for 2.5 hours. The soivent was then removed
by diétillation under reduced pressure., The residue, dissolved
in 30 ml;'of benzene, was then poured into 200 ml. of petro-
leum ether (b.p. 66-7o°c). Filtration after 2 hours ylelded
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3.4 gm. (84%) of starting material, m.p. and mixture m.b; 456~
u64°¢, Concentration of the filtrate yielded an additional 1.2
'gm. (12%) of‘impure-starting material,.m.p. 432-440%,

A duplicate'reaction using xylene'as solvent was carried
out with a reaction time of 8 hdurs at 138°%. A quantitafive
recovéry of the starting material (97%) resulted. |

In benzene in a 1:5 molar ratio Decaphenylcyclopenta-

silane, 5.0 gn. (0.007 mole), phosphorus pentachloride, 7.1
gm. (0.034 mole), and 100 ml. of benzene were refluxed for 16
hours with stirring. Approximately 70 ml.Aof the solvent was
then removed by distillation under reduced pressure., The re-
maining solution was then poured into 500 ml. of petroieum

~ ether (b.p.. 60-70°C) and filtered after 2-3 minutes., A light
brown solid, 1.7 gm. (34%), melting over the range 380-420°C
was obtalned and identified, upon recrystallization, as un-
reacted starting material, m.p. 456-464°C. The filtrate,
after standing overnight, yielded 2.5 gm. (68%) of 1,5-di-
chlorodecaphenylpentasilane, m.p. and mixture m.p. 180-184°C

(see below).

In 1,1,2,2-tetrachloroethane  Decaphenylcyclopenta-
silane, 20.0 gm. (0.022 mole), and phosphorus pentachloride,
5.0 gﬁ. (0.024 mole), were added to 100 ml. of 1,1,2,2;tetra-
chloroethane. The suspension, soluble at 80°C, was refluxed
for 15 minutes. The solvent (b.p. 65-70°C/20 mm.) was then
removed by distillation under reduced pressure over a steam

bath. The residue, dissolved in 20 ml. of benéene,'was poured
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nipto'eoo ml. of rapldly stirred petroleum ether (b.p. 60-70°C).
After stirring for 1 hour, 18.6 gm. (86%) ofnsplid melting.at
180-;8200 was obtained. 'Recrystallization gave the constant
m.p., 179-180°C. An infrared spectrum using KBr cells and
carboﬁ disulfide as solvent showed Si-Cl absorptions at 519
and 550 cm.';. The ultravidlet spectrum in cyclohekane gave
A\max. 2925, 265 (sh) mu.
Anal, Caled. for C60H50012815: Si, 14.30. Found:

Si, 14.40, 14.37%.

~ Three similar reactions were carried out using 10.0 gm.
(0.011 mole) of IIa and 2.5 gm. (0.012 mole) of phosphorus
pentachloride in 100 ml. of 1,1,2,2-tetrachloroethane. The
reaction mixtures were refluxed for six minutes, two hours and
four hours. The results are given in Table 4. It was observed
that maximum yields were obtained in 15 minutes or less with
decreasing yields, probably due to secondary cleavages, of
1,5-dichlorodecaphenylpentasilane occurring with longer reac-
tion times. All of the reactions of IIa with bhosphorus penta;
chloride are summarized in Table'u.

In carbon tetrachloride Decaphenylcyclopentasilane,

10.0 gm. (0.011 mole), phosphorus pentachloride, 4.2 gm. (0.02
mole), and 100 ml. of carbon tetrachloride were refluzed to-
gether for 5 hours. Approximately 80 mi. of the}soivent was
thenuremoved by distillafion under redﬁced pressure., The re-
action mixture was then poured into 400 ml. of.petroleum ether

(b.p. 60-70°C) and filtered after 2-3 minutes. Unreacted
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Tgble 4, Decaphenylcyclopentasilane with nhosphorus,penta-

chloride

Molar V .:Time: Temp. ‘Produgts' (%)b ' o
ratio - Solvent - hours c ITa 1,5~  Others®
1:2 “benzene 2.5 80 92 - | -
1:5 benzene 16 ‘80 SR TS —
1:1 xXylene 8 138 - 96 -- --
1:2 CCl, 5 78 73 23 -
1:1 coy, 2l 78 8 13 trace
1:1 CoHpCl, 0.1 142 10 69. "
1:1 " 0.25 142 - 86 "
1:1 . 2 142 -- 50 13

1:1 " o4 142 - 30 15

aUnreacted'starting material.

bl,5—Dichlorodecaphenylpentasilane.

CLow melting solids melting over the range 150~ 165°¢.,
The remainder of the reaction residue consisted of unidentified
viscous odils.

starting material, 7.3 gm. (73%), was obtained; m.p. and mix-
ture m.p. 454-464°C. Concentration of the filtrate yielded an

additional 2.5 gm. (23%) of a solid melting at 173-176°C. This
material was recrystallized and identified. by mixed m.p. (178-
1809C) as 1,5~-dichlorodecaphenylpentasilane.

A second reaction mixture using 10.0 gm. (0.011 mole) of
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I;a and é.5 gm. (0.012 mole) of phosphorus pentachloride iﬁ
100 ml. of darbon'tetrachlopide was refluxed for 24vhours.
Work-up gave 7.8 gm. (78%) of IIa and 1.4 gm. (13%) of 1,5-
‘dichlorodecabhenylpentaéilane. »

Decapﬁénylcyclopentasilane and
1,1,2,2-tetrachloroethane

Decaphenylcyclépentasilane,’20.0 gm. (0.022 mole), and
100 ml. of i,1,2,2-£et:achloroethane were refluxéd at 140°C
for 50 hdurs. The solvent was then removed by dlstillation
under reduced pressure. The residue, diséolved in 60 ml. of
benzene, was added to 600 ml. of rapidly stirred petroleum
ether (b.p. 60-70°C). The crude yield of product, m.p. 176-
179°C,was 15.2 gm. (70.5%). Recrystallization gave a m.p.
and mixture m.p. of 179—18000. No attempt was made to
identify small amounts of lower melting solids.

A similar'reaction run for 36 hours gave 2.7 gm, (13.5%)
of unreacted decaphenylcyclopentasilane and 13.6 gm. (63%) of
1,5-dichlorodecaphenylpentasilane. A third reaction with a
reaction time of 24 hours gave 8.0 gm.'(uo%) of unreacted
starting material and 6.5 gm. (30%) of 1,5-dichlorodecaphenyl-

'pentasilane.

Decaphenyleyclopentasilane with chlorine

A series of reactions was carried -out in which deca-
phenylecyclopentasilane, 10.0 gm. (0.011 mole), was dissolved
in 100 ml. of benzene or carbon tetrachloride. - Chlorine gas

was then introduced into the rapidly stirred solution through .
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a sintered glass gas diffusion tube at a constant rate (ap-
pfoximately 200 ml./min.) for a specified time. The reaction
- was theh‘quenched by the rapid remova1 of ex&ess chlorine
under reduced pressure., The products were isolatéd by frac-
tional crystallization from benzene-petroleum ether (b.p. 60-
70°C) mixtures. |

- A typical example using benzene.as solvent involved the
addition of chlorine at 200 ml./min. for 15 minutes. The ex-
cess chlorine and all but 30-35 ml,., of the solvént was tﬂen
quiékly removed using a water aspirator and steam bath. The
mixture was then added to 400 ml. of petroleum ether (b.p. AO-
70°C), stirred for 1 hour and filtered. 1,5-Dichlorodecapheny1- |
pentasilane, 3.25 gm. (30%), was obtained,im.p. and mixture m.p, ,
178-179°C. Evaporation of the filtrate to 20 ml. and addition
of 50 ml. of petroleum ether (b.p. 60-70°C) gave, aftér_sténd-
ing overnight, 2.0 gm. (29%) of solid, m.p. 125-130°C. Re-
crystallization gave a m.p. of 126-12800 which was not de-
‘pressed by a mixture m.p. with an authentic sample of 1,3-di-
chlorohexaphenyltrisilane. The filtrate was then evaporated
to dryness and 25-30 ml. of petroleum ether (b.p. 60-70°C)
added hot. Upon standing overﬁight, 1.0 gm. (19%) of material,
m.p. 115-12900, was obtained. 4Recrystallization of this mate-
rial gave a m.p. of 116-117°C which was not depressed upoﬁ
admixture with an authentic sample of i,2-dichlorotetraphenyl-
disilane. The results of this series of reactions are sﬁmma-

rized in Table 5. - ..



60

Table 5. DecaphenylcyclopentaSilane with chlorine

somens W S b ngiﬁiﬁi‘é?w)iz_
benzene 10 18 - 20° 32 61 - -
" 15 " trace 76 - -
" 309 " -- 33 - 10
L 60 . " - - - -
L 5 25 - 39 0 55 - --
" 8 25 -39 trace 78  -- --
" 10 25 - 44 - 53 B e
’ 15 25-4 - 30 30 19
" 20 25 - 46 - trace 33 29
L 5 76 - 80 25 68 -- --
0014A 10 18 - 19° 7370 — e
" 30 21 - 25° 8.5 50 - -
i 60° 25 -35  -- -- trace 75
g 240 25 -

35 - - -— -

aBa.sed on unrecovered Starting material.

bThe remainder of the reaction residue was an unidentified
viscous oill.

®The Eemperature was regulated by a cooling bath.

dyith reactions over 20 min. mixtures of hexachloro-
cyclohexane isomers were 1solated when using benzene.

®The chlorine gas flow rate was not constant.
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| In ether Decaphenylcyclopentasilane, 10.0 gm. (0.011
mole), suspended in 90 ml. of ether was treated with chlorine
at 200 ml./min. for 1 hour. Work-up yilelded 8.6 gm. (86%) of
starting material, m.p. and mixture m.p. 446-45600. Evapo-
ration of the filtrate yielded 1.2 gm. (112) of 1,5-dichloro-
. decaphenylpentasilane, m.p; ahd mixture m.p. 178-180°C.

A similaf reagtion using petroleum ether (b.p. 60-70°C)
or n-pentane as solvents with 10.0 gm. (0.011 mole) of IIa
and additidn of chlorine for 10 to 20 ﬁinutes gave a quanti-
tative recovery of the starting material. Increaéing-the”
additién time of the chlorine to more than 30 minutes re-
suited‘in less recovered starting material. However, mul-
tiple cléavage occurred which made the products difficult to"
séparate. Distillation of the 301venté gave a mixture of
high boiling'quuidé. The hydrocarbons were probébly being
chlorinated thus changing the solvent system and causing |
faéter multiple cleavages of the polysilanes (see above).
Additlon of chlorine to Efpentane for 30 minutes at 200 ml./
min. gave the same chlorinated broducts In the same ratio as
found in reactions with IIa. The results were determined by
gas phase chromatography.

Decaphenylcyclopentasilane with
hydrogen halldes (attempted)

Hydrohalogenation of IIa was éttempted with wvarious
hydrogen halides using a variety of conditlons with regard

to solvent, temperature andvtime. Ih_only two Instances was
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phere any apﬁreciable reaction and in these cases secondary
cleavége of the polysilane qccurred to givé intractable prod-
ucts. The attempted'reactions, fhe conditions used and thelr
results are tabulated in Table 6.

- Decaphenylcyclopentasilane with
organic halides (attempted)

Attempted reactions of ITa were carried out with t-butyl

chloride, t-butyl bromide, 1,2,3,4,5,6-hexachlorocyclohexane
and s,é'-dichlorodiethyl ether under conditlons for which Ia
reacted readily. A high recovéry of starting material re-
sulted with small amounts of viscous oils being isolated in
each instance. The results are given in Table 7.

Decaphenylcyclopentasilane. with hydrogen
cnloride at high pressure :

A 68 ém. sample of ITa (0.0745 mole) was placed in a
stainless steel autoclave and hydrogen chloride gas was added
to a pressure of 300 p.s.i. (0.83 mole, a 11-fold excess) at
27°C. Over a period of 4 hours the autoclave was slowly heated
to 143°C.(320 p.s.1l. pressure). At 85°C the pressure wasv380
p.s.i. Upon cooling and release of the excess gas from the
autoclave through a trap immersed in a dry 1lce-acetone bath,

a mixture of liquids and solids was obtained. Distillation
' 20

provided 32 gm. of benzene, b.p. 79-80°C, n=° 1,5085 (ref.
sample n20 1.5090). -This accounts for 54.7% of the available

D

phenyl groups. No furthgr attempt to isolate or identify the

) products was made,
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L 4
4

Table 6. Deéaphenyldyclopentasilane with ‘hydrogen chloride-.
~ and hydrogen. bromide (attempted)

: ' ITa
IIa " Gas Temp. Time recovered
(mole) Solvent (ml.) used (OCS hours - (%)
0.018 o-Dichlorobenzene HCl 170 10 84
(250) '
0.019 o-Dichlorobenzene  HCl 175 45 83
(200)
0.016 o-Dichlorobenzene HBr 170 7 37.5
: (200) :
0.022 Xylene (200) HBr 138 48 g1
0.022 Bromobenzene (200) HBr 153 31 - 92.5
0.011 m-Dibromobenzene = HBr 210 16 -——
(70)
0.022 Triethylbenzene HBr 205 19 Tl
(150 |

-

Decaphenylcyclopentasilane and nitrobenzene

A 10 gm. (0.011 mole) sémple of ITIa and 75 ml. of nitro-
benzene were refluxed for 24 hours. Removél of the solvents
by . distillation under reduced pressure and addition of 50 ml.
of acetone to the residue gave 2.1 gm. (21%) of IIa, m.p.
468-474°C. The tarry black filtrate was partly decolorized
with activated charcoal and approximately 0.1 gm. of crystal-

line solids were removed with a spatula from the_slides of the

flask as the acetone evaporated. Recrystalllzatlion of these

crystals gave impure solids having melting raﬁges of 178-180°
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Q . .
Table 7. Decaphenylcyclopentasilane with organic halides

: : ITa
. IIa _ " Halide . Temp. Time recovered
 (mole) Solvent (ml.) used (°c) hours (2)
0.011 "eat! (1oo)i A’(01Et)204 170 11 86
0.036 Decalin (80) 06H6016 - 150-160 24 95
0.0296 Decalin (100)  t-Bucl® 150 = 22 o8
0.066 o-Dichlorobenzene t-BuCl 158 70 77°
(100) . :
0.066  Decalin (75) t-BuBr®  153-166 48 91

aB,B'?Dichlorodiéthyl ether.
Pt_Butyl chloride.

®An infrared spectrum of vapors from a cold-trap con-
nected to the condenser indicated that a small amount of
olefin had been formed.

dﬁfButyl bromide.
c, 1§0-164°c and 166-184°C. Ultraviolet, spectrum of the
solids gave A___  253.5 mu, 259, 264, 270.5 showing that the
solid contained no polysilanes. An infrared spectrum showed

- 8i-phenyl absbrptions at 8.88, 8.92, and 9.68 and Si-0-Si bond
abso;ptions at 9.25 (w) and 9.88 4, These absorptions were .
-identlcal to tﬁose}in the spectrum of é mixture of octaphenyl-
cyclotetrasiloxane and(hexaphenylcyclotrisiloxane. No other

crystalline solids were obtained upon treatment of the tarry
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residues with ethanol or petroleum ether (b.p. 60~7Q°C).

Dodecaphenylcyclohexasilane and
nitrobenzene (attempted)

Dodecaphenylcyélohexasilane, 2.0 gm. (0.0018 mole) was
heated in 50 ml. of refluxing nitrobenzene for 24 hours. The
mixture was then cooled and filtered to give a quantitative

recovery (2.0 gm.) of startiﬁg material; m.p.'492-50000.

Hexaphenyldisilane and nitrobenzene (attempted)

A 10.4 gm. sample of hexabhenyldisilane (0.02 moie) was
heated at IBO;EOOOC.for 24 hours in 75 ml. of nitrobenzene.
The reactidn mixture was then codled and filtered to give 9.95
gm. (96%) of starting material, m.p. and mixture m.p. 368-
370°C. The filtrate was concentrated to give an ad@itional
0.1 gm. (1%) melting over the range 340-38600.

1,5-Dihydroxydecaphenylpentasilane

135-Dich1orodecaphenylpentasilane, 5.0 gm. (0.005 mole),
in 75 ml. of tetrahydrofuran was added to 20 ml. of 0.1 N
hydrochloric acid and allowed to stand two days. The solvent
was then removed by distillation under reduced pressure wilth
a steam bath. The residue was dissolved in 25 ml. of benzene
éo which was added 30 ml. bf petroleum ether (b.p. 60-70°C).
The product, 5.0 gm. (102%),melted at 169-176°C. After
several similar recrystallizations, 2.5 gm. (51%) of pure
1,5-dihydroxydecaphenylpentasilane, m.p. 174-176°C,was ob-
‘tained, Identification was made by mixture m.p. (174-176°C)
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with an authentic sample obfained from the hydrolysis of
1.5-dibromodecaphenylpentasilane (9).

1,5-Di-n~Propoxydecaphenylpentasilane
l,5-Dichlorodecaphen&lpenteéilane, 3.0 gm. (0.003 mole),
was edded to 100 ml. of n-propanol and refluxed fof 3-4 hours.
The reaction was then cooled and filtered. The prOdﬁet, 2.8
gm. (91.7%), meltedbat 190-192%¢C. Recrystellization from ben-
zene gave 1.6 gm.ﬁ(52 5%) of pﬁre material, m.p. 196-19700.
An NMR spectrum of the product showed a triplet centered
at 9.41 v, a quartet centered at 8 82 T and a triplet at 6.89
«, indlcative of the methyl, methylene, and methylene adjacent
to oxygen,protons, respectively. The aryl multiplet was
centered at 3.13 7. An average aryl to aliphatic proton
ratio of 49.9:14 was found (3 determinations). calculated

ratio: 50:14. The ultraviolet spectrum in cyclohexane gave

1max. 294.5 myu.

Anal. Caled. for C66H640 Sis. Si, 13.64., Found: 8i,

,15;71, 13.61, 13.62%.

1,5-Diallyloxydecaphenylcyclopentasilane

Allyl alcohol was purified by boiling with anhydrous
potassium carbonate for 1 to 2 nours and then decantingboff
the liquid. This procedure was repeafed four times. The
alcohol was then distilled through a lé in. by 11 mm. glass
packed column from a flask contaihing 50 gm. of anhydrous

potassium carbonate.
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A 10.0 gm. (0.01 mole) sample of 1,5-dichlorodecaphenyl-
- pentasilane was heated in ioo ml. of the purified allyl al-
cohol fof 10 hours. The dichloro compound slowly dissolvedl
and aftef two houfs.of heating a white solid waé slowly pre-
cipitated. Upon cooling and filtering the mixture, 5.9 gm.
of a white orystalline solid was obtained, m.p. 175-177 C.
Recrystéllizatibn ffom benzene-pétroleum ether (b.p. 60-70°C)
mixtures gave 4.9 gm. (47%) having a constant m.p. (175-17600).
A mixture m.p. with 1,5-dihydroxydecaphenylpentasilane, m.p.
176-177°C, was depressed (167-176°C). The infrared speétrum
(4in csz) of the compéund, believed to be 1,5-dlallyloxydeca-
phenylpenﬁasilane, éhowed absorptions at 3.51, 9.45 and 10.88
M assignable to the-aliphatic CH, COSi aﬁd CH2=CH vibrations,
respectively (102, 103). The ultraviolet absorption spectrum

in cyclohexane gave )\ 294.5, 253 (sh) mu.

max.,
Anal. Caled. for Cgggy0,8iz: Si, 13.68. Found:

S1, 13.73, 13.767. | | |
Conéentration of the filtrate gave an additional 1.9 gm. .

(20%) of a solid, m.p. 174-176°C. A mixture m.p. of'this.

sample and 1,5-dihydroxydecaphenylpentasilane was not de-

pressed. An Infrared spectrum of this material showed ab-

sorptions at 2.7 and 12.3 u assigned to the SiOH group (102).

Dodecaphenylpentasilane =~

Bromine, 3.3 gm. (0.021 mole), was added to 18.2 gm. of -
ITa dissolved in 100 ml. of benzene. The mixture was stirred



68 "

ét room temperature for 3 to 4 hours. The éolvent was then ‘
removed under reduced.pressure with a steam bath and the res-
idue dissolved in‘30 ml. of benzene. Petroleum ether (b.p.
60-70°C) was added and after standing two days 17.3 gm. (81%)
of 1,S—dibromodecaphehylpentasilane, m.p. and mixture m.p.
265-20700, was precipitated. -

A 5.4 gm. (0.005 mole) sample of the above dibromide was
dissolved in 47 ml. of benzene and 100 ml; of ether was added.
'Twenty ml. of a_0.65 M phenyllithium-ether solutionb(0.0lz
mole) was added and after 8 hours of stirring Color Test f
' remained positive. Upon work-up and fractional crystalliza-
tion in benzene-petroleum ether (b.p. 60-70°C), only two pure
samples were isolated. A 0.2 gm. (4%) sample of 1,5-dihydroxy-
decaphenylpentasilane was isolated, m.p. and mixture m.p. 1T74-
176°C. A 0.15 gm. (3%) sample having a constant m.p. (231-

, 23200)‘wasvobtained and 1s believed to be dodecaphenylpenta-
'.silane. An infrared spectrum of thé.compound (in CSQ) was
superimposable on the spectrum of IIa. The ultraviolet
297 mu.

mol. wt. 1065. Found:.

spectrum in cyclohexane gave Miax.

Anal. Calqd. for C H6OSi

T2 5°

mol. wt., 1067.

1 5-Dibromodecaphenylpentasilane with
pﬁenJlmagne51um bromide

A 5.4 gnm. (0.005 mole) sample of the previously prepared
1,5Qdibromodeéaphenylpentasilane in 30 ml. of tetrahydrofuran
was treated with 120 ml. of a 0.8 M phenylmagnesium bromide-
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tetrahydrofuran solution (0.1 mole). [The mixture was heated
at the reflux tempefature for 5 days. During the last day
'solvent'was removed until the temperature reached QOOC; After
hydrolySis;.all attempts to obtain érystalline solids frgg
benzene—petroleum”éther mixtures failed. However, aftef re-
moval of the solvents and allowing the olly residues to stand
for several weeks, a few well formed clear crystals were hand-
picked with tweezers to yield 0.1 gm. of tetravhenylsilane,
m.p. and mixture m.p. 234—23600. Identificaﬁion was confirmed

by cdmparison of infrared and ultraviolet spectra.
Reactions of Dodecamethylcyclohexasilane

Dodecamethyleyclohexasilane with
hydrogen chloride

Tn benzene (attempted) A 21 gm. (0.06 mole) sample of

ITTa dissolved in 300 ml. of benzene was treated with a con-
tinuous slow addition of hydrogen chloride at 80°C. Every 4
to 8 hours a small sample of the reaction mixture was removed
for a vapor phase chromatographic analysis. After 48 hours
there was no indication of any reaction products having been
formed. Removal of the solvents under reduced pressure left
21.7.gm. (103%) of solid, crystalline starting material, iden-
tified by VPC. | |

In petroleum ether (b.p. 60-70°C)‘(attempted) '~ A 21.0

gm. (0.06 mole) sample of IITa dissolved in 100 ml. of petro-
leum ether (b.p. 60-70°C) was treated as above with hydrogen
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chloride at 67°C. A vapor phase chromatographic analysis
indicated that:no trace of a reaction had occurred after 48
hours. The solvent was removed’under reduced-preésure and
the residue washed with acetone to give an 86% (18.1 gm.)

. recovery of pure starting material, identified by VPC.

In chloroform (attempted) Compound IITa, 21.0 gm.

(0.06 mole) was dissolved in 150 ml. of chloroform and the '
mixture heated to thé reflux temperature, 62°Cd Hydrogen
chloride gas was added continuously for 120 hours.

Vapor phase chromatographic analysis indicated that no
reaction had 'occurred. Evaporation of the solvents under re-
duced pressure with a rotary_evaporator.lefé 21;0 gm. (100%)
of solid ecrystalline residue. The residue was washed with
ca. 20 ml. of acetone to give an 18.1 gm. (86%) fecovery of
pure starting material, identified by VPC. .

In carbon tetrachloride (attempted) Compound IIIa,

21.0 gm. (0.06 mole) was dissolved in 300 ml. of carbon tetra-
chloride and the mixture heated to 78°C. Hydrogen chloride
gas was added continuously for 30 hours. Vapor phase chrom-
atographic analysis indicated that no reaction héd occurred.
Removal of the solvent gave a 65% (13.6 gm.) recovery of

starting material.

In o-dichlorobenzene Hydrogen.chloride was added to
a mixture containing 21.0 gm. (0.06 mole) of IITa and 300 ml.
of o-dichlorobenzene in the manner described above. The gas

was added continuously for 36 hours at 175-178°C. A sample
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was taken for a vapor phase chromatographic analysis every
.4 to 8 hours. A sample taken after the addition of hydrogen
chloride for 4 hours showed five components to be present in
the reaction mixture. Later comparisons of VPC retention
times with.those of pure samples indicatedvtﬁé'major products
at this stage to be lﬁ,6-chlorododecamethylhexasilahe aﬁd 1q,-
5-chlorodecaméthylpentasilahe. Gas phase chromatogranhy
showed. that the relative‘concentraﬁiOn-of these two compounds
remained approximately edﬁal and reached a maximum concentra-_
tionAat 10 to 12 hours. After.this time the concentrations
of IIIa, iﬁ,6:chloroaodecamethylhexasilane and 1H,5-chloro-
decamethylpentasilane were about equal and an increase in the
' proportion{of_lowef boiling products was evident. A sample
taken after a 24'h§ur reaction time showed only traces of IIIa,
and the lg,6-ehloro and 1H,5-chloro compounds to be present.
Diétiiiation of the product mixture through a 12 mm. b'd
20 cm. glass packed column gave no pure products. The major
products appeared to have boiling point ranges too near that
of the solvent for easy separation. Gas phase chromatography
indicated that 1,2-dichlorotetramethyldisilane and 1,3~di-
chlorohexamethyltrisilane were present in the cfude fractions.
_ A second reaction was. carried out in which a mixture
containing 87 gm. (0.25 mole) of IITa in 200.m1'. of g_:dichloro-
benzene was heated to 184°C and hydrogen chloride added con-
tinuously for 29 hours. In an attempt to remove 16w boiling.

products as they were formed,‘a 12 mm. by 25 cm. glass packed -
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.goiumn and distillation head were attached to the reaction
flask. | |

The‘hydrogen chloride ga; used was passed through cohcen-
trafed_sulfuric acid before entering the reaction vessei.

A vapor phase chromatogram, after 29 hours of reaction,
indicdted very little decrease in the concentration bf the
starfing material.’ The dfStillate collected, ca. SO ml.,
-showed the major component to be solvent. No further work-up
or identification was attfmpted.

In xylene A 21.0 gﬁ. (0.06 mole) sample of IITa dis-
solved in 300 ml. of xylene was treated continuously wifh
- hydrogen chloride for 70 houfs at 139?0. Periodic vapor phase
chromatographic analysis shewed the reaction to be quite.slow,
with a multitﬁde of productsvslowly beipg formed. . The rate
of reaction of the higher polysilaﬁés appéared to.be about
equal to that of the cyclic compound IIIa.

The solvent was removed by distiglation and 3.6 gm. (17%).
of crystalline starting material was obtaihed by fiitration
of the reaction mixtufe. The filtrate, 12.0 gm.‘(57% based on .
starting material), was distilled thréugh a 12 mm. by 20 cm.
glass packed column under reduced pressure. No‘pure frac-
'tions were obtained but comparison of gas chromatograms of
known dichloro compounds and later identifiedvqg,w-éhlord
compounds showed the followlng compouﬁas to be present: 1@,:
chlorohexamethyltrisilane, 1, 34dich1orohexamethyltrisilane ,

1§,4—chlorooctamethyltetrasilane, 1,4-dichlorooctamethyl=-



T3

tetras;lane, lg;5-chlorodecamethylpentasilane, ;§,6-chloro-
dodecamethylhexasilane; IIIa and 1,6—dichlorododecamethyl-
‘hexasilane. ' -
Comparison of the chromatégram peak afeas indicated di-
chloro compounds to be in excess ﬂgg. 2:1) except for the hexa-
and péntasilanes. The ratio was reversea for the hexasilanes.
It wéé later fouhd that, at the temperature used for the gas
chromatogram, any 1l,5-dichlorodecamethylpentasilane present
would have had the same retention time as the starting material.
In a second reaction 105 gm. (0.3 mole) of IITa, dis-
solved in 200 ml. of xylene, was heated to 143°C and hydrogen
chloride added at a slow continuous rate for four days. The:
solvent was removed by dlstillation under reduced pfessure.
Distgllation of the product mixture under reduced pressure
through a 12 mm. by 20 cm. glass packed column gave 14 liquid
fractions having a'total weight of 27.1 gm. (25.7% based on
‘starting material). The residue was ﬁhen,cooled and crystal-
line IIIa precipitated upon standing. The liquid was decanted
into a 250 ml. flask attached to a Widmer spiral and an addi-
tional 8 fractions (17.0 gm., 16.2% based on starting material)
were collected by distillation under reduced pressure. Table
8 lists the products identified and their apbroximate yield,
" as determined by Vapor phase chromatoggaphy using knqwn or
later identified compounds. | | ‘
Redistillation of the above fractions gave 1.5 gm. (1.2%)
of 1H,3-chlorohexamethyltrisilane, b.p. 89-90°C/35~mm. (extra-
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Table 8. DodecamethyICJclohexas1lane with hydrogen chloride

in XJlene

Product C1-(SiMey) -X | Yield + 2%
n o X , - gnm. 4
3 H R oy
3 c1 6.0 o
4 H Lis 3.7
I c1 L.6 3.3
5 H 5.4 4.5
6 H, Cl 10.5 9

‘__

polated b.p. 183°C/760 mm., caled. b.p. 183°C) (27,104) n23
l.h740. The ultraviolet absorption spectrum in cyclohexane

gave.imax 217 mu.

Anal. Caled. for C6H1901313: Cl, 16.81; mol. wt.

210.8. Found: Cl, 16.17%; mol. wt., 245, 250. (Difficul-

ties in determining mol. wt. values have been experienced
1).

A

with similar known methylsilanes
Also obtained pure was 1.8 gm. (1.2%) of 1,3-dichlorohexa~-

methyltrisilane, b.p. 92-95°C/11 mm., n=0 1.4850. The uwltra-

lJ. M. Holmes. Iowa State University of Sclence and Tech~
nology, Ames, Iowa. Information on mol. wt. determinations of

polysilanes. Private communication. 1965.
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violet absorption spectrum in cyclohexane gave lma 217 mu.

(1it. b p. 89-92 C/15 mm. , n20 1. 4852 UV spectrum cyolonexane

gave ) . 218.5 mu.) (13, 87). .

A thir@_cdmpongnt obtained was ;g,u-chlorooctamethyl-
tetrasilane, 1.5 gm. (1.2%);, b.p. 66-70°C/1.5-2.0 mm. (extra-
polated b.p. 243°C/760 mm., caled. b.p. 239 c), n23 1,4983. The

ultravliolet absorption spectrum in cyclohexane gave lmax 234, 5

my .

269.0. Found: C1l, 14.4, 14, od- mol. wt. 277, 284,
| In dichloromethane Hydrogen chloride gas was added at

a slow rate for 8 days to 21.0 gm. of IIIa (0;06 mole) dis-
solved in 50 ml. of dichloromethane. Solvent was lost from

the heated reaction mixture (40-55°C) via the gas stream and

it was necessary to add additional solvent periodically.

Vapor phase chromatographic analysis of samples removed dailly
indicated that the reacﬁion rate was very slow with the prodé
uct distribution being about the same as in the previous reac-
tion. Removal of the solvent left 21.0 gm. of liguid which
was distilled under;reduced pressure to give 13 fractions
totalling 18 gm. (86% based on starting material). A vapor
phase'chromatogram of the fractions shqwéd no pure products,
but comparison with retention times, bolling poiﬁts and refrac-
t4hve indices of samples obtalned pure iﬁ later reactions showed
the:cbmpounds in the seriles H-(SiMéz)n-(Hq'where n=3to6,

and compounds in the series cl-(SiMe,) - Cl, where n = 3, 4
' 2/n
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and 6. The‘Yields of the products could not be determined;4
A second reaction was carried out ih which 105.gm, (0.3
mole) of IIIa, dissolved in 250 ml. of dichloromethane, was
heated to haqdland treated with hydrogen chloride gas for
apprqximately three days; The gas was dried.by bubbling it b
through two bottles of concentrated sulfuric acid before it
entéred the réaction flask. Analysis of a Sémple of the re-
.action mixture by vapor phase chromatography indicated that
no reaction had'occurred. Removal of the solveﬁt with a
rotary evaporator gave 99.8 gm; (95%) of starting material,
m.p. and mixed m.p. 255-258°C. Other than the drylng of the
gas, there was no apparent reaéon for the lack of reaction.

Dodecamethylcyclohexasilane and hydrogen
chloride at hignh pressures -

In a 1:3 molar ratio A 175.5 gm. sample (0.5 mole) of

IITa was placed in a 1 1. stainless steel autoclave. The
autoclave was purged with a rapid stream of nitrogen for 45
minutes and then hydrogen chloride-gas was added to a pres-
sure of 510 b.s.i. at 25°¢ (1.4 moles).' A pressure drop of
70 p.s.1. was observed after 30 minutes. Sixtj p.sS.1l. of

gas was added and there was a pressure drop of 10 p.s.i. in
30 minutes. vThe pressure was brought up to 500 p.s.l. with
hydrogen.chloride (total HC1l 1.6 moles, 58 gm.). The auto-

" clave was then slowly heated to 80°C o%er 65 minutes (pres- |
sure 560 p.s.i.).” After 70 minutes the temperature was 113°C'
and then quickly rose to 175°C in the next 5 minutes. After
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30 minutes the temperature had dfopped to 17000 and the pres-
- snre waé 380 p.s.i. Upon cooling to 35°C, the pressure was
210 p.s.1. (0.56 mole gas). The gas was released through a
dry ice-acetone trap. The volatile materials condensed in
tne trap and‘the.contents of the autoclave weighed 230 gm.,
an increase of 55 gm. over the weight of starting material.

A second reaction was carried out in the same manner as
above. As before the reaction slowly  became exothermic above
70°¢ (heating time TO min.) with a very fast rise in tempera-
ture above 115°C to a maximum of 177°C. Upon cooling to 11°c,
the pressure waé 290 p.s.i. (0.85 mole gas). The products,

- 235 gm., showed a welght gain of 60 gm. over the starting
material. o |

The two reaction mixtures were combined and distilled
| through a Todd Stedmann, 12 mm. by 90 cm., glass packed
column with an automatic distillation head set at a reflux
ratio of lb:l. The over-all yield of products obtained from
these reactions is.included in Table 17. The yields are
based on the sum of the pure fractions obtained plus estimated
yilelds of intermediate fractions by comparison of peak areas
of their vapor phase chromatograms. Pure fractions of all
compounds of the series Cl- (SiMez) -Y, where n = 1-4 and Y ="
hydrogen or chlorine, were obtained from this reaction.
Higher boiling fractions were combined with comparable frac-

' tions in the next reaction for final purification.
A 11.0 gm. (3%) recotery of starting material, identified
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by VPC, was made. However, VPC anéiysis of the high boiling
fractions mentioned showed considerable quantities of IIIa

to be present.

In a 1:2 molar ratio One-half mole, 175 gm., of IIIa

was added to the Parf stainless steel autoclave and the
system was pufged with_niﬁrogen. Hydrogen cﬁloride, 360
p.s.i. at 25°C (1.0 mole), and nitrogen (280 p.s.i., 0.89
mole at 27°C) were added. 'The‘autoqlave'was heated for 8
hours at 40°C. .ReleaSe of the gas and removal of the solids
gave a 175 gm. (100%) recovery of stafting material, shéwn to
be pure by VPC. ' | ‘

The reaction was répéated and the autoclave was heated at
.SGOC for 20 hours. The reaction mixture was then cooled
:(pressure 410 p.s.i. at 27°C)'and»the gas was removed through
a‘dry lce-acetone trap. The contents’of the ;uégclave were
poured through a Bﬁchner funnel, without filter paper, to
obtain 56.8 gm. of wet solid which, when washed with cold
acetone, gave 38.6 gm. (22%) of pure starting material, m.p.
and mixture m.p. 252-254°C.

A third reaction was carried out in the autoclave with
175 gm. (0.5 mole) of IITa, 360 p;s.i. of hydrogen chloride
at 27°C (1.0 mole, 36 gm.) and 240 p.s.i. of nitrogen at 27°C.
The mixture was heated at 60°C for 48 hours (pressure 590
p.s.1. at 57°C) and then cooled to rooﬁ temperature. Work-up
as above.provided a 15}7 gm.. recovery of starting material,

m.p. and mixture m.p. 253-257°C. The product mixture weighed
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207 gm., a weight gain of 32 gm.
The latter two.reaction products were combined and dis-
tilled, as described in the 1:3 molar ratio reactioh, to give
_the product distribution and yields reported'ih_Table 17.
Pure fracﬁions, as indicated by VPC analysis, of all compounds
in the series Cl-(SiMee)n-Y, where n = 3-6 and Y = hydrogen
. or chlorine, were obtained. Over-all yields were determined
as in the 1:3 molar ratio reaction. The purity of éll ma jor
Tractions was estimated to be in excess of 95%. An additional
21 gm. (6%) of crystalline starting material was recovered
dufing tﬁe distillation. IIIa co-distils with the compound
i,5-dichlorodecamethy1pentasilane and a redistillation was
made several times to provide as pure a sample as possible.
However, a mass spectrum analysis which showed mass 360:for
the molecular ion (calcd. 360) also showed a small peak at
348 due to trace impurities of IITa not detectable by VEC.
A mass spectrum of IIIa was used for comparison. IIIa is
only partly sbluble in all of thé pentaéand hexasilane homo-
logs and most of it can be removed by decanting or filtra-
tion. Distillation of the higher molecular weight fractions
was found to be more successful using a Nestan/Faust spinningl
spiral 18 inch by 6 mm. distillation column.

In a 1:4 molar ratio A 1l 1. Parr autoclave containing

122 gm. (0.35 mole) of IIIa and 525 p.s.i. of hydrogen chloride
at 30°C (1.4 moles) was heated at 68°C for 4.5 hours,
The reaction mixture was cooled to 26°C (275 p.s.i.,
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Q.?S,mole gas) and part of the gas ﬁas released ﬁhrough a
double dry ice-acetone trép into a 5 1. evacuated flask. A
later a%tempt was made to derivatize the gas (see below). A
sample of fhe gas was used for a qualitatlve mass spectrum
analysis after being passed through the 'cold trap and bubbled
through distilled water. The mass spectrum analysis indicated
the presence of hydrogen, methane and higher mass fragments up'”
to 127 mass units. A sample of the gas collected 1in a test
tube was heavier than air and burned rapidly upgh'ignition
with a flame. The produ&t mixture weighed 172 gm. giving a
weight increase of 50 gm. or 1.37 moles of hydrogen chloride.

A second reaction was carried out in which 175 gm. (0.5
mole) of IITa and 600 p.s.i. of hydrogen chloride at 30°C
(1.65 mole) were heated at 70°C for L.5 hours (pressure 400
'p.s.i.). - An additional 140 p.s.i. at 70°C (0.33 mole) of
hydroéen chloride (1:4 molar ratio) was added and heating
continued for three hours. The mixture was cooled (pressure
250 p.s.i. at o4°C, 0.7 mole gas) and the gas was released
through a dry ice-acetone trap. |

Distillation of the lower boiling fractions from these
two reactions gave essentially the same products and ylelds.
" The highef boiling fractions were combined for distillation.
The over-all yilelds are listed in Table 17 for all of the com-
poﬁnds in the series Cl-(SiMey). ~Y, whére n=1-6 and Y =
hydrogen or chlorine. In addition, 23 gm. (12%) of impure.
IITa was obtained, identified by VEC. s
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Table 9. Properties of Cl-(SiMea)n-Cl compoundé

200

Compound b.p. °C/mm. 5 Reference

n : .

1 70°/760 1.4060° 105

2 60°/40 1.4540 19, 106

3 97°/18 ~ 1.4818 19, .107

L 72°9/0.06; 1.512 1
890;1.1 J1eT 2

5 86-87°/0.1 1.5225 -
'112-114°/0.06 m.p. 45-47° 19

Table 9 lists the compounds and physical properties of
the series Cl-(SiMe,),-Cl, where n = 1-6, obtained in the
series of reactions described. Identification was made by
comparison of vapor phase chromatograms of authentic samples,
by comparison of published physical propérties and by a
chlorine analysis. A variance in the boiling point of a
compound was sometlimes fouﬁd using the Todd or the Nestar/
Faust spinning spiral column, with the same pressure gauge.

A careful analysis by Qapor phase'chromatography of all
the fractions obtained and of éuﬁhentic samples indicated that
only traces of the compounds in the seqies H;(SiMez)n-H,
where n = 1~6, were present.

Table 10 1lists the retentions in ecm., from a typical

vapor phase chromatégram analysis of the compounds prepared in



Table 10. Vapor phase chromatographic analysisa’b

of the'Cl-(SiMee)n-Y serles

compounds
Retentions in cm. v

Compound n 1 1. 2 2 3 3 & 4 5 IITa 5 6 6

_ - H CL H CL H C H C H -l H
temp. °C 0.7 0.8 1.6 2,7 742 =oe =mc mom oo cme e e oo
' 75° === 0,75 1.1 1.6 3.4 6.9 ~=n =om mom mem oen el o
100°  emm e aem e 1.9 3.0 6.3 e e
125° o emm mme e e cem 1.8 3.0 5.1 === 5,5 6.3 --n -
1500 - el s e mmm mem —-- 1.7 2,7 401 6.1 7.1 1115
175° I e mmm mmm mem —= 101 2.3 3.3 3.6 5.5 8.7

8Silicone gum rubber SE30 on chromosorb W (1:20) column,

PF and M model 500 gas chromatograph,
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this study.

Dodecametﬁ&lcycloheXasilane and
t£-butyl chloride

A 1:4 molar ratio pressure reaction " Toall, Parr

autoclave was added 140 gm. (0.4 ﬁole) of IIIa and 76 .gm.
(0.8 mole) of t-butyl chloride. The autoclave was sealed
and heated at 145 to 158°C for 19 ‘hours (pressure 120 p.s.i.
after 10 hours at 15860). An infrared spectrum of the gas
removed after cooling showed strong absorptioné in the.SiH
and CH stretching region but none attributable to isobutylene
(103). An additional 76 gm. (0.8 mole) of t-butyl chloride
was added and the autoclave was sealed'and heated to 149°C
for 11 hours (120 p.s.i. at 149°C),u The reaction mixture
‘weighed 275 gﬁ., a weightfldss of 17 gm. The distillation
of the mixture gave the polysilanes énd yields listed in
Table 17. All the cqmpounas in the series Cl;(SiMez)n-Y,
where n = 1-6 and Y = hydrogen or chlorine, were obtained.
Also obtained were the following products: 5.4 gm. of 2,2,;
L.trimethylpentane, identified by comparison with the b.p.
(98°C), refractive index (nlz)O 1.3928), infrared spectrum and
VPC retention time of an authentic sample; 4,0 gm. of another
hydfocarboh, és indicated by its infrared spectrum, b.p. 11ll-
11129C, believed to be 2,5-dimethylhexane, b.p. 111°C; and a
small amount, 2.0 gm., b.p. 99°-109°C which was not pure (VPC)
but was probably 2;2,3,3-tetramethylbutane, b.p. 107°C.

Smaller, nonisolable amqunts of higher boiling components were
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evlident in the vapor phase chromatographic analysis of inter-
mediate fractions.

At atmospheric pressure A 500 ml. round-bottomed

flask containing .52 gm. (0.15 mole) of IIIa was immersed in

an oil bath heated from 144 to 190°C. Every 2 to 4 hours 4
.ml. of Erbutyl chloride was added. The internal flask tem-.
perature varied from 95 to 163°C. A vapor phase chromatogram
of the reaction mixture indicated that no reaction had occurred
after 21 hours of heating. :

In o-dichlorobenzene To the above reaction mixture

was added 50 ml. of o-dichlorobenzene. The mixture was then
heated over the range of 173 to 183°C for 24 hours with 2 ml.
of Erbutyl'chloride added every hoﬁr for the first 12 hours.
Ten ml. was then added and heating continued between 154 to
178°C for 23 hours. A vapor phase chromatogram of a.sample
indicated only trace amounts of components other than start-

ing materials. Therefore, heating was discontinued.
o,w-Substituted Polydimethylsilanes

1 4-D1chlorooctamethyltetra31lane W1th
t-butyl chloride

'1,4-Dichlorooctamethyltetrasilane, 30.3 gm. (0.1 mole),
t-butyl chloride, 9.3 gm. (0.1 mole), and nitrogen (100 p.s.i.
'at 27°C) were heated at 100°C in an autoclave for 5 hours
(pressure i40 p.s.i.). A vapor phase chromatogram of the mix-

ture ;ndicated that no reac@ion had occurred. An additional
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5 ml. of t-butyl chloride was added and the autoclave heated
at 170°C for 6 hours. An increase of 20 p.s.i. over the ini-
tial pfeséure was noted upon cooling to 27°C.
. Distillation of the reaction mixfture gave the products
and ylelds listed in Table 19. Also obtained were 0.7 gm.
of 2,2,4-trimethylpentane and 0.3 gm. of 2,5-diméthylhexane..

The characterization of new'compoundé in
the Cl-(SiMea)n-Y series

The observed boiliﬁg points, refractive indices and
densities of compounds of the series H-(SiMez)n-c;.prepared
in this study are given in Table 18. The ultravioleﬁ ébsorp-
tion spectraldata are given in Table 20 and the NMR protdn

resonance spectral data are given in Table 24,

l-Chloro-l,1,2,2—tetramethy1disilane

- Anal. Caled. for CyHy3ClSiy: Cl1, 23.20; MR, 46.49;
B.P.N. 23.85, b.p. 119°C. Found: Cl, 22.7, 22.7%; MR, 46.77;
B.P.N. 23.82, b.p. 118°C. The infrared spectrum (in CS,) con-
tained absorptions in u at: 3.37, 3.45 (m doublet), 4.74 (s),
7.20 (m), 8.03 (s), 11.37, 12.03, 12.58, 12.95 (s), 13.23 (w),
15.30 (s). R '

l-Chloro-l,1,2,2,3,3-hexamethyltrisi1ane

“Anal. Caled. for CgH;gClSiz: .Cl, 16.8; MR, 67.54;
B.P.N. 31.55, b.p. 184°C. Found: Cl, 17.3, 17.2%; MR, 66.73;

B.P.N, 31.41, b.p. 183°C. The infrared spectrum (in CS,) con-
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tained absorptions in p at: 3.37, 3. 45 (m doublet), 4.77 (é),
7.20 (m), 8.03 (s), 11.37, 12.05, 12.58, 12.95 (s), 13.70,
14, 25 (w), 15.30 (m).

»1-Chloro-1,1,2,2,3,3,4,M-OCtamethyltetrasilane

Anal, Caled. for CgHpsC1Si,: C1, 13. 2; IR, 88.6;
B.P.N. 39.25, b.p. 239°C. Found: €1, 13.3, 13.35%; I
87.54; B.P.N. 38.19, b.p. 232°C. The infrared spectrum (in
CSp) gave absorptions in u at: 3.38, 3.46 (m doublet), 4.78
(s), 7.15 (m), 8.03, 11.40, 12.05 (s), 12.50 (m), 12.87 (s),

.+ 13.70 (m), 14.50 (w), 15.07 (m).

1-Chloro-1,1,2,2,3,3,4,4,5,5-decamethylpentasilane -

Anal. Caled. for,cloH3lciSi5: Cl, 10.85; MR, 109.6;
. B.P.N. 46.95, b.p. 287°C. Found: Cl, 10.37, 10.97%; MR,
109.6; B.P.N. 48.79, b.p. 298°C. The infrared spectrum (in
CSQ) gave absorptions inAu at: 3.40, 3.47 (m doublet), 4.77
(m), 7.20 (w), 8.05 (s), 11.45 (s), 12.05 (s), 12.60 (m),
13.00 (s), 13.70 (s), 14.5 (w), 15.07 (m).

1-Chloro-1,1,2,2,3,3,4,4,5,5,6,6-dodecamethylhexasilane

Anal. J.Laled. for 012H37C1816: Cl, 9.2; MR, 130.7;
B.P.N. 54.65, b.p. 330°C. Found: C1, 9.25, 9.32%; MR, 131.6;
B.P.N. 55.90, b.p..337°C. The infrared spectrum (in CSQ) gave
absorptions in y at: 3.37, 3.46 (m doublet), 4.77 (m), 7.35
(m), 8.04 (s), 11.42 (s), 12.03 (s), 13.15 (s), 13.70 (m),
14.5%(m), 15.05 (m). -
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1l,5-Dichloro-1,1,2,2,3, 3,4 4,5,5=-
decamethylpen%asilane

Anal. Calca for C10H300128i Cl, 19.45; MR, 113.6;
B.P.N. 50.18, b.p. 309 C; mol. wt. 201. Found- cl, 16.92,
17.0% (see experimental sectlon), MR, 115.2; B P.N. 50.92;

D. 3;090; mol. wt. 260 (mass spectrum). The infrared spec~
trum (in ng)vgaVe absorptions in uy at} 3.40, 3.46 (m doublet);
7.20 (m), 8.04 (s), 12.00 (s), 12.55 (s), 13.0 (s), 13.70 (s),
14.5 (m), 15.0 (m). The ultraviolet absorption spectrum gave

A 250.0, 214 mu (e 19,532, 9,906) in 4.27 x 105 M cyclo-

max.
hexane solutions.

Diphenyl derivatives

The a,w-diphén&l derivatives of the new compounds in this
study were prepared by the addition of a 0.5 molar solution of
phenyllithium-ether to a’sample of the compound dissolved in
ether. A 100% excess of phenyllithlum was used. The ylelds
and properties of the diphenyl derivatives obtained are listed
in Table 1l. An ultraviolet spectrum identical to that of an

authentic specimen was found for each derivative.

1,1,2,2,3,3,4,4-0ctamethyltetrasilane

In a manner previously described (58), 21.0 gm. (O o7
mole) of 1,4-dichlorooctamethyltetrasilane, dissolved in 60
ml. of ether, was added over 20 minutes . to-a flask containing
6.1 gm. (0.16 mole) of 1lithium aluminum hydride and 200 ml. of

" ether. The mixture was reflﬁxed for 12 hours. The excess
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‘Table 11. Diphenyl derivatives® of the C1-(SiMe,), -¥ com-

=W

pounds
Cl-(SiMe,)py-X PhLi Ph-(SiMe, ), ~Ph 4
n X moles moles Yield (%) b.p. or m.p. (°C)
H 0.02 0.05 54 ~ 106/0.6mm.
i 0.03 0.06 97 121/0.45mm.
H 0.02 0.055  63.5. ' 61-62
5 H 0.01 0.02 82 61-62
5 ¢l  0.005 0.011 50 62614
; |

H 0.005 0.011 73 85-86.5

aIdentifica‘cion was made by comparison of b.p;, mixture,
m.p. and ultraviolet spectra (86) of authentic samples.l

ba erude yield of 68% of the compound, m.p. 51-53°C, was
obtained whose UV spectrum was identiceal with that of an
authentic sample. '

lithium aluminum hydride was removed by pouring the mixture
through an oven-dried Soxhlet extraction thimble. The fil-
trate was distilled to yield 12.9 gm. (78%) of 1,1,2,2,3,3,-

I ,4-octamethyltetrasilane, b.p. 98°C/14 mm., n30 1.4930 (1it.
b.p. 74°C/19 mm., nio 1.4922) (58). The compound was shown to

be pure by VPC. The ultraviolet spectrum gave A 235.5 (e

maxe

: ;G. Schwebke and W, H. Atwell, Iowa State University of
Sc%ence and Technology, Ames, Iowa. Samples kindly provided.
1965. : ,
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12,250) in 6.0 x 10 M cyclohexane solution.

1,1,2,2,3,3,4,4,5,5-Decamethylpentasilane

Following the described synthesis, 8.2 gm. (0.025 mole)
of lg,5-chlorodecaméthylpentasilane and 1.2.gm, (0.032 mole)
of 1lithium aluminum hydride gave 4.5 gm. (62%) of 1,1,2,2,3,-
3,4,4,5,5-decamethy1pentasilane, b.p. 14290/19 mn, , ngo 1;50743

0 0.8256. The ultraviolet spectrum gave 3 249.0, 214

max.
.(sh) (e 13,590, 9,440) in 4.29 x 21.0"5 M cyclohexane solution.
An infrared spectrum was superimposable on the spectrum of

the starting material. AMR-calcd. 105.7. FPFound 105.5.

Preparations and Reactions:

“'of'Heterocyclic Polysilanes

Octaphenyloxauetra511acyclopenuane

. 1,4-Dichlorooctaphenyltetrasilane, 24.0 gm. (0.03 mole),
was heated at reflux in 150 ml. of propyl alcohol for 4 hours.
The reaction mixture was then cooled and filtered to give 22.1

(99%) of octaphenyloxatetrasilacyclopéntane. Recrystal-
‘1ization and infrared spectra comparisons indicated-that the
compound was pure but it was found that the melting point

varied as reported earlier.l As with VIII (see below), the

lgipping reported (4): "The melting of such preparations
were most indefinite and irregular; some samples sintered from
205~ 210°C and melted complete at about 220°C; others did not
sinter until about 220°C and melted gradually up to 245° C or
occasionally as high as 250-260°C."
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@elting point was dependent upon the temperature at which the
samplé was‘placed'in the melting'point block. However, with
IV it was observed that 1ntroduction of a fresh sample at tem-
peratures between 240_270 C caused 51ntering and gave melting
pon,nt,s a_pprox:_mately 6°C above the temperature at which the
sample was introduced. A sharp distinct melting point was
obtained at 282-283°C with addition of the sample to the
block.at 280°C at a temperature increase of l.Soc/hin.' The
ultraviolet absorption in cyclohexane gaye a Xmax. 253 mu
(sh). The infrared spectrum (in CS,) showed the following
absorptions in u 3.27 (m), 5.13, 5.31, 5.52, 7.30, 7.52,
7.72, 7.95 (w), 8.42 (m), 9.08 (s), 9. k2 (w), 9. 75, 10. 03
(m), 10. 45, 13. 64, 14.44 (s), and 15.05 (m). The strong ab-
sorption of the silicon-oxygen band at 10.45 u 1is character-‘
istic of this cyclic oxide-and:provided identification (26).

Octaphenyloxatetrasilacyclopentane with
phosphorus pentachloride

In 1,1,2,2-tetrachloroethane A mixture containing 75

ml.'bf 1,1,2,2-£etrachloroethane,_7.45 gm. (0.01 mole) of
octaphenyloxatetrasilacyclopentane and 2.1 gm. (0.0l mole)

of phosphorus pentachloride was heated at 140°C for 10 minutes.
The reaction mixture was then cooled and the solvent removed
by distillation under reduced pressure. The residue was dis-
solved in benzene and 50'm1. of petroléum ether (b.p.A6O-7OQC)V
added. Upon allowing the solution to stand overnight 1.8 gm.
(22%) of solid, m.p. 162-163°C, was obtained. Repeated re-
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. qrystallizations provided 0.9 gm. (11%) of a pure compound,
m.p. 169-170°C, ideéntified by its hydrolysis product as 1-
_chloro-3-(chlorodiphenylsiloxy)-l,1,2,2,3,3-hexaphenyltri—
.silane (XII).(see“bélqw). The ultraviolet spectrum in cyclo-

hexane gave a'xma 245 my (sh). The infrared spectrum (in

x
CSQ)_Showed absorptions in u at: 3.27 (m), 5.13, 5.30, 5.50, °
7.31, 7.51, 7.70, 7.95 (w), 8.42 (m), 8.67 (w), 8.92, 9.01,

: _9.07'(5 trip;et), 9.50 (s), 9.76, 10.04 (m), 13.64, 13.97,
14.45 (s). - ‘

: Anal. .Calcd. for C,gHy,C15081,: Si, 13.76; mol. wt.,
816; Found: Si, 13.68, 13.61%; mol. wt., 807.

In benzene Octaphenyloxatetrasilacyclopentane, 14.9

gm. (0.02 méle), phosphorus pentachloride, 4.5 gm. (0.022
mole), and 100 ml. of benzene were heated at 81° for 10 mi-
nutes. The reaction was then cooled and the solvent removed
by distillation under reduced pressure. Recrystallization of
the residue froﬁ benzene-petroleum ether (b.p. 60-70°C) pro-
vided 13.3 gm. (81.5%) of solid, m.p. 125-182°C. Repeated
fractional recrystallizations gave two pure compounds: 1~
chloro-é-(chlorodiphenylsiloxy)-l,1,2,2,3,3-hexaphenyltri-
silane (XII), 1.5 gm. (9%), m.p. and mixture m.p. with ah
authentic sample (see above) 169-17000 and 1,3~bis(chlorodi-
phenylsilyl)-1,1,3,3-tetraphenyldisiloxane (XI), 1.3 gm. (84),
m.p. 114-116°C, identified by its hydr&lysis;produdt (see
below). The latter compound gave an ultraviolétfspectrum

maximum as a weak shoulder at 240 mu in cyclohexane. _ The '
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1nfrared speCorun contained absorptlons (in CS ) in u at:’
3.27 (m), 5.13, 5.30, 7.31, 7. 51, T7.70, T.94 (w), 8.42 (m),
8.68 (w), 9.06, 9.47 (s), 9.78, 10.04 (m), 13.59 (s), 14, 27
(sh), 14.40 (s).

Agg;. Caled. for q4834601205i4: Si, 13.76; mol. wt.,
816. Found: Si, 13.77, 13.67%; mol. wt., 803, 796.

Octaohenyloxatetrasilacyclopentane
with chlorine

Chlorine was added at approximately 200 ml./hin} to a

~ suspension of 22.4 gm. (0.03 mole) of octaphenyloxatetrasila-
cyclopentane in 150 ml. of petroleum ether (b.p. 60-70°C) for
10 minutes (2 1., O.Q82 mole) between 10-2000. The excess of
chlorine and pért of the solvent were removed under reduced
pressure. The solid was thén filtered off and 21.1 gm. (86%)
of crystalliné material was obtalned, melting over the range
140-14500. The solvent was concentrated to give an additibnal
2.6 gm. (11%), m.p. 127r128°c. The overall yield of solid was
97%. Tne reaction was repeated several times with the yield
0f the mixture of products being between 94-98% (based on a
1:1 mole ratio addition of chlorine). A 40 gm. mixture, m.p.
137%16300, of the reaction products was fractionally crystal-
lized in benzene-petroleum ether (b.p. 60-70°C) mixtures. A
3.55 gm. (9%) sample of 1- chloro-3 (chlorodipheny131loxy)-
1,1,2,2,3,3-hexaph§ny1trisilane, .p. 169~ 170 C, was the only
vpure product isolated. The separation of. the hydrolygis prod-

ucts showed that the reaction was nearly quantitative and that
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there were only two products, 1-chloro-3—(chlorddiphenyl—.
.siloxy)—l,l,2,2,3,3-hexapheny1trisilane (XII) and 1,3-bis-
(chlorodiphenylsiloxy)-l,l,3,3-tetraphenyldisiloxane (XI) (see
below). B

derolysis of l—chloro—3-(chiorodiphenylsiloxy)-
1,1,2,2,3,3-nexapnenyltrisilane (XII)

Three gm. (0.0037 mole) of XII was heated at reflux tem-
perature in 80 ml. of propyl alcohol for 16 hours. Upon cool-
ing, 2.4 gm. (86%) of solid melting at 246-2&900 was obtained.
Concentration of the filtrate provided only trace amounts of
solid; The product was then recrystallized in a benzene-
petroleum ether (b.p. 60-70°C) mixture to provide 0.8 gm.
(29.6%) of a pure compound, m.p. 257;257.500. If a sampie
of the compound was placed in the melting point block at |
temperatures lower than 250°C the melting point was lowviered
e.g., a sample introduced at 150°C mel%ed at 242-2u44°%¢ and
another introduced at 240°C melted at 254~255OC. The maximum
melting point obtained was é57-257.5°C.‘ A mixture m.p. with
a compound, m.p. 245-246°C, prepared from the reaction of
octapnenylcyclotetrasilane and nitrobenzene, as described by
Kipping and tentatively identified (26) as oétaphenyl-l;3- |
dioxa-2,4,5,6-tetrasilacyclohexane (VIII), melted mid-way
between the twp. X-ray powder pattern.photographs o the two
" compounds indicated that they were identical. Repeated re-
crystallizationé in petroleum ether (b.p. 80-115°C) bf the

nroduct obtained from nitrobenzene and (Ia) gave fractions
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that had a m.p. and mixture m.p. of 255—25700 (see below).
The ultraviolet absorption spectrum in .cyclohexane showed

Amax. 256 mu. The infrared spectrum gave absorptions (in CS,5)

in u at: 3.25 (m): 5-1’2: 5.30, 5.50, 6-13 7°3: T7.55, T.72,
7.94 (w), 8.43 (m), 8.92, 8.99, 9.07 (s triplet), 9.65, 9.80,
9.97 (s), 10.07 (m), 13.63, 14.00, 14.40 (s), 14.83 (m).

.Anal. Caled. for CygH, 0,81,: Si, 14.76; mol. wt.,

761; hydrogen value (46, 47), 58.8 ml./gm. Found:  Si, 14.64,
14.71%; mol. wt., T46, T45, T48; hydrogen value, 54.1 ml./gm.

Octaphenyl-1l,3- and 1,4-dioxaocta-
pnenyltetrasilacyclohexane

Octabhenyloxatetrasilacyclopentane, 22.0 gm. (0.0296
mole), was.added to 180 ml. of petroleum ether (b.p. 60-70°C).
Chlorine was added to the suspension at 200 ml./hin. for 25
minutes (5'1:, Q;2 mole) between 15-2500. The temperature
was held at 25°C with an ice~bath. The excess chlorine was
removed and the solld filtered off to giVe 23.0 gnm. (95.5%)
of crystalliné material, m.p; 134-14600. This material
(0.0282 mole) was then added to 180 ml. of propyl alcohol and
the‘mixture was fefluxed”fbr 20 hours. Upon filtering, cool-
ing and concentration of the sélution;,two fractions of crys-
talline material were obtained, 16.7 gm. (78%), melting over
the range 227-236°C and 4.1 gm.'(l9%) m.p. 253-256°C. Sepa-
’,ration of the two cyclic oxides was easily effected by boil-
inglthe crude fractions in aceﬁone. This procedure gave 12.5 |

gn. (58.5%) of octaphenyl-1,4-dioxa-2,3,5,6-tetrasilacyclo-
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' hexane (VIIa), m. p; 225-227°¢, insoluble.in hot acefone, and
8.15° gm. (38“) of octaphenyl-1,3-dioxa-2,4,5,6- tetrasilacyclo;
hexane, (VIII), m.p. and mixture m.p. with the previously pre;
pared compound 255- 25600. In three reactions the percent of
1,4- and 1,3-dioxa derivatives was 54 and 40, 54 and 42 and 62‘
and 36p, respectively, with over-all ylelds ranging from o4~
98p. The 1,4-dioxa compound was identified byva'mixture m.p.-
with an‘aﬁthentic sample prepared by'the hydrolysis of 1,2~
dibromotetraphenyldisilane.1 SiheeIa,mixture n.p. depression
is not observed by some similar silanes2 the following addi-
tional properties_are gi#en. The ultraviolet absorption '.

spectrum in cyclohexane gave a ) as a, shoulder at 245 mu.

The infrared spectrum gave absorz::;ns'(in 082) in u at:
3.27 (m), 5.13, 5.30, 5.50, 7.0, 7.31, 7.6, 7.72, T.94 (w),
'8.42 (m), 9.01, 9.06 (s doublet), 9.67, 9.81 (s), 10.05 (m),
'~13.57 (s), 14.24 (3n), 14.36 (s). ‘

Anal.  Calcd. for C48H4002314 mol. wt., 761; hydro-
gen value (46 47), 58.8 m1 /gm. Found: mol. wt., T4L;

hydrogen value, 60.4.

. lG L. Schwebke. Department of Chemistry, Iowa State
Uhiversity of Science and Technology, Ames, Iowa. Sample
kindly provided. 1964.

%1,1,2,2,3,3,4,4-0ctaphenyl tetrasilane, m.p. 161-162°C,
1- bromo-l 1,2,2,3,3,4,4-0ctaphenyltetrasilane, m.p. 160-162°C,
-and 1-ch10ro-1,1,2,2 3 3,4,4-0ctaphenyltetrasilane, m.p. 162~
1649C, show no depression in a mixture m.p. with each other.
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1-Chloro-5-(chlorodiphenylsilyl )-
- 1,1,3,3,5,5-hexaphenyltrisiloxane

Chlorine was added at 200 ml./min. for 25 minutes (5 1.,
0.02 mole) to a suspension of 13.0 gm. (0.017 mole) of octa-
phenyl-1,3-dioxa-2,4,5,6-tetrasilacyclohexane (VIII) in 170
ml. of petroleum ether (b.p. 60-70°C). The temperature was
maintained between 18-32°C by means of an icezbath. The
brignt yellow color imparfed to the suspension by the chlorine
rapidly disappeared at 32°C. The excess of chlorine was re-
moved under reducéd pressure and the solid was remqved by fil-
tration to give 12.0 gm. (85%) of 1-chloro-5-(chlorodiphenyl-
s11y1)-1,1,3,3,5,5-hexaphenyltrisiloxane (XIII), m.p. 106~
107°C. Recrystallization from petroleum ether (v.p. 60-70°C)
caused no change in the melting point. Concentration of the
filtrate provided an additiénal 1.3 gm. (9%), m;p. 103-106°C,
and 0.3 gm. (2%) of crude product, m.p. 100-10200. The ultra-
max. 240.5 mu

(sh) in cyclohexane. The infrared spectrum (in CSQ) gave the

violet spectrum of the pure compound gave a A

following absorptions in p: 3.27 (m), 5.13, 5.31, 5.50, 7.31,
7.52, 7.70, 7.95 (w), 8.47 (m), 8.92 (s), 9.07 (sh), 9.49 (s),
9.75, 10.05 (m), 13.58, 13.95, 14.43 (s), 14.90 (m). |

. Anal. Caled. for 048H4001202514: Si, 13.63; mol. wt.,
832. PFound: Si, 13.63, 13.65%; mol. wt., 813.5, 801.

1,6-Dichloro-1,1,3,3,4,4,6,6-0octaphenyl~
5_

2,5-diloxa~-1,3,4,6-tetrasilahexane

Tn petroleum ether - A suspension of 3.8 gm. (0.005
mole) of octaphenyl-l,u;dioxa-2,3,5,6-tetrasi1acyclohexane
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(VIIa) in 100 ml. of petroleum ether (b.p. 60-70°C) was
tfeated'with chlorine gas added at 190 ml./min. for a périod
of 32 minutes (6.1 1., 0.25 mole). %he temperature rose from
28 to '35°C during the firét 10 minutes, rose to 50°C in the
next 5 minutes and was held at 53°C with an icé-bath. The
bright yellow golor imparted by the chlorine rapidly disap-
peared above 4000; Removal of the solids by filtration gave
an.89.5% (3;4 gm.) recovery of fhe stérting material, m.p.
'227-22800. Distillation of the filtrate under reduced pres-
sure provided 15.2~gm. of liquid having a boiling point above.
thét of the solvent. A  vapor phase chromatégraphic analysié
of the petroleum ether showed that it contained 4 major compo-
nents. A similar chromatogram of the high bbiliﬁg'liquid ob-
tained above indicated the présehce of 8 major components.
The residue from the distillation was dissolved in 10 ml. of
petroleum ether (b.p. 60-70°C) and after standing.several hours
0.3 gm. (8%) of a crystalline white solid was precipitated,
m.p. 149-151°C. |

In n-pentane Chlorine gas was added at 200 ml./min.

for 30 minutes (6 1., 0.25 mole) to a suspension containing
7.6 gn. (0.01 mole) of octaphenyl-1,4-dloxa-2,3,5,6-tetrasila-
cyclohexane in 100'm1. of n-pentane. The temperéture was
maintained'between 17-3090 wlth an ice-bath.' Filtration of
the reaction mixture gave a 7 .45 gm. (58%) recovery of the
étartiﬁg'material., A vapor phase chromatogram indicated that

the flltrate contained'ﬁwo major components with greater re-
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tention times than that of the g¢pentane used.n A treatment

of n-pentane ﬁith chlorine uhder comparable conditions with
comparisons By’vapbr bhase chromatography showed that the.
solvent was chlorina?edlat about the same rate with or without
the cycloslilane belng presentf' |

In carbon tetrachloride-petroleum ether Octaphenyl-

1,4-dioxa-2,3,5,6-tetrasilacyclohexane, 7.6 gm. (0.01 mole),
suspended in 80 ml. of carﬁon tetrachloride and 50 ml. of
petroleum ether (b.p. 60-70°C) was treated with chiorine at

' 200 ml./min. for 25 minutes (5 1., 0.2 mole) between 16-34°c.
Excess chlorine was removed under reduced pressure and 3.4

gm. of solid (41%), m.p. 149-151°C, was obtained b& filtra-
tion. Concentration of the solvents to 20 ml. and addition of
30 ml. of petroleum ether (b.p. 60-70°C) gave an additional
4,15 gm. (51%) of crystalline material, m,p. 148-150°C. Re-
crystallization gave a constant melting point of 149-150°C.

The ultraviolet spectrum in cyclohexane gave 2\ 244 my

(sh). The infrared spectrum (in ng)lgave them?:ilowing ab-
sorptions in p: 3.27 (m), 5.13, 5.30, 5.50, 7.30, T.54, 7.70,
7.95 (w), 8.43 (m), 8.92, 9.00, 9.07 (s triplet), 9.47 (s),
9.76, 10.03 (m), 13.59, 13.95, 14.20 (sh), 14.39 (s), 14.80
(w). ‘ ' '

Anal. = Caled. for OygH, C1,0,8iy: S1, 13.50; mol.

ﬁt., 832. PFound: Si, 13.57, 13.53%; mol. wt., 817, 823.
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Hydrolysis of l-chloro-5- (chlorodiphenylsilyl)-
1,1,3,3,5,5-hexaphenyltrisiloxane (XIII)

At 30-40°C Propyl alcohol, 50 ml., was added to 10.8

gm. (0.013 mole) of (XIII), the resulting suspension allowed
to stand for 2 hours at 30-40°C and then filtered. The solid
~obtained, 10.1 gm..(89%), m.p. 77-80°C was recrystallized
from propyl alcohol to a constant melting point, 79-80°¢C.
Concentration of the filtrate gave an additional 0.8 gm. (8%)
- of solid, m.p. 182-190°C. -Recrystallization from petroleum
ether (b.p. 80-1;500)'provided'0.5 gm. (5%) of a pure com-
pound, m.p. 223-226°C, identified in a later experiment as
octaphenyl-1,3,5-trioxa-2,4,6,7-tetrasilacycloheptane. The
lowAmelting material, m.p. 79-80°C, believed ﬁb be 1-(di-
pheny;propoxysiiyl)-1,1,3,3,5,5-hexaphenyl-5-propoxytrisil- |

oxane, gave a A 245 my (sh), in an ultraviolet spectrum

max.
in cyclohexane. The infrared spectrum (in CSQ) contained ab--
sorptions in u at: 3.27, 3.38, 3.44, 3.50 (m), 5.12, 5.30,
5.49, 7.20, 7.28, 7.53, T.68, T.94 (w), 8.44 (m), 8.95, 9.07
(s), 9.24-9.54 (s bﬁoad), 9.75 (m), 9.86 (sh), 10.03 (m),
12,15 (m), 13.60, 13.97, 14.36 (s), 14.72 (w).

Anal. . Cglcd. for 054H5404814: Si, 12.77; mol. wt., R

879. Found: Si, 12.95, 12.92%; mol. wt., 895, 900.
At 98°¢ Compound XIII, 4.1 gm. (0.005 mole), was

heated at reflux in 100 ml. of propyl alcohol for 3-4 hours.
The suspension wés allowed to stand for several hours and then

filtered to yield 2.5 gm. (65.5%) of crystalline solid, m.p.
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206-228°C. Concentration of the filtrate gave an additional
0.1 gm. (1.5%), m.p. 218-221°C. Repeated recrystallizations
from petroleum ether (b.p} 80-11500) gave a varlety of frac-
tidns melting at 220-221°C, 231-232°C or at temperatures in-
termediate betweenlthese limits. The first fractions from a
recrystallization élwqys melted at 230-231°C with subsequent
fractions at lower meltihg points. It.was determined by
analysis, ultraviolet, infrared, X-ray powder pgttern photo-
"graph and chemical reaction that the compouhd exlisted in at
least two isomorphic forms, one melting at 221-222°C and the
other at 231-23200 with mixtures of the two melting at inter-
mediate ranges. The ultraviolet spectrum in cyclohexane gave
Apax. 239.5 mu. The infrared spectrum (in csg) gave the
following absorption in u: 3.27 (m), 5.13, 5.30, 5.50, 7.30;
7.55, T.72, 7.95 (w), 8.43 (m), 8.9, 8.97, 9.06 (s triplet),
9.47 (s), 9.76 (s), 10.04 (m), 13.59, 13.96, 14.38 (s), 14.80
(W), 15.47 (m).

Anal. Caled. for CygHyo03Siy: Si, 14.4k; mol. wt.,
777. Found: Si, 14.54, 14.53%; mol. wt., 752, T60.
| A second reaction was carrled out with 10.0 gm. (0.012
mole) of XIII in 300 ml. of propyl alcohol. The yield of tﬁe
octaphenyl-l,3,5-trioxa-2,4,6,7-tetrasila0ycloheptane, m.p.
202-224%¢, was 43.5% (4.0 gm.). Also obtained was 4.5 gm.
(42.5%) of solid melting over the range 58-70°C. Recrystal-
lization from propyl alcohol gavé 1.9 gm. of 1-(diphenylpro-
poxysilyl)-1,1,3,3,5,5-hexaphenyl-5~-propoxytrisiloxane, m.p.
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79-8000,_identified by a mixture m.p. and infrared spectrum

comparison with the previously prepared sample.
Eydrolysis of 1-(diphenylpropoxysilyl)-
1,1,3,3,5,b-hexaphenyl-5-propoxytrisiloxane (XVI)

Refluxing 10.0 gm. (0.013 mole) of XVI in 100 ml. of

propyl alcohol for 15 hours resulted in a 95% (9.5 gm.) re-
covery of the starting material, m.p. 78-80°C. No other.
isolable crystalline products  were found.

A second reaction was carried out.with‘8.7 gm. (0.0l mole)
of XVI in 150 ml. of propyl alcohol which was saturated with
anhydrous hydrogen chloride. After refluxing‘for 24 hours,
the reaction mixture was cooled to Socyfor 2 hours and then
filtered to give 0.35 gm. (4%) of solid-melting over the range
74-125°C. Concentration of the filtrate gave an additional
7.1 gm. (78.5%) of solid melting over the range 76-118°C. The
solids were extracted several hours with 20 ml. of cold petro-
leum ether (b.p. 60-70°C) leaving 0.65 gm. (8.5%) of octa-
phenrl-1,3,5-trioxa-2,4,6,7-tetrasilacycloheptane, m;p. 222~
223%, - Evaporation of the f1ltrate and recrystallization of
the residue in propyl alcohol yielded 5.9 gm. (68%) of start--
ing material, m.p. 79-81%%. |

- In a third reaction, anhydrous hydrogen chloride was
bubbled at a slbw‘constant rate through 100 ml. of refluxing
propyl alcohol containing 4.7»ém. (0.0054 mole) of XVI for 6
to 7'hours. The reaction was then cooled and the mixture

filtered to give 2.3 gm. (55.5%) of octaphenyl-1,3,5-trioxa-
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2,4,6,T-tetrasiiacycloheptane, m.p. 223-224°C. Concentration
of the filtrate gave 0.4 gm. (9.5%) of crude material, m.p.
176-180°C. No attempt was made to purlify this fraction.

The pyrolysis of l-(diphenylpropoxysilyl)-
1,1,3,3,5,5-hexaphenyl-5-propoxytrisiloxane (XVI)

A 1776 gm. (0.001 mole) sample of XVI, placed in a long
open tﬁbe, was put in a furnace in such a way that the top of
the tube protrudihg:from the furnace remained cool. The tube
was then heated at 160°C for 2 hours, at 200°C for 12 hours
and at 300°C fof'9 hours. During the last 7 hours the liquid
in the tube turned to a light'straw color and several 4rops
of a 11Quid éondensed on the upper portion of the tube. The
welght loss cof' the pyroliZed‘material vas 0.06igm._ Upon. cool-
ing_the reactlion mixture a viscous liquid remalined which was
soluble in petroleum ether (b.p. 60-70°C) and propyl alcohol.
IXa iskinsoluble,in the former solvent and the latter precip-
itates XVI. Organlc solvents were removed from the resin with
a heating pistol at 58°C and 1 mm. pressure. An infrared

spectrum of the residue was similar to that of the starting

-material,

Hydrolysis of 1,6-dichloro-1,1,3,3,4,%4-
6,6-octaphenyl-2,5-di0%Xa~1,3,4,b-tetrasilahexane (XIV)

A 4.2 gm. (0.005 mole) sample of XIV was heated in propyl
5100h01, 150 ml;,'at 970C for 4 to 5 hours. Cooling and fil-
tering provided 0.2 gm. of solid, m.p. 217-21900. Concentra-
tion of the filtrate gave the following fractions: 1.2 gm.,
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melting over the range 104-14400; 2.0.gm., melting over the
range 97-137°C; and 0.1 gm., m.p. 218-219°C. Recrystalliza-
tion from petroleum ether (b.p. 60-70°C) yielded 0.4 gm. (10%)
of octaphenyl-l,3,5—trioxa—2,4,6,Z-tetraSilacyclohepéane, M.De.
223—224°Q, identified by infrared spectra comparison and mix-
ture m.p. A second pure fraction weighed 1.4 gm. (34%), m.p. .
- 106- 107°C and was identifiled as 5,5,7,7,8,8,10, 10-octaphenyl-
4,6,9,11- tetraoxa- 5,758, 10 tetrasilatetradecane (XVII). The
compound showed a xmax. 243‘mu in cyclohexane in the ultra-
violet region. An Infrared spectrum (in‘Csz) gave absorptioné
in u at: 3.27, 3.37, 3.47 (m), 5.12, 5.30, 5.48, 7.20, 7.28,
7.68, 7.93 (w), 8.42 (m), 8.75, 8.92, 9.04 (s triplet), 9.53,
9.75 (s), 9.85 (sh), 10,03, 12.07 (m), 13.58, 13.96, 14.35
(s), 14.67 (m). .
Anal. Caled. for 054h5404é14' Si, 12.77; mol. wt.,
879. Found: Si, 12. 87, 12, Sé%, mol. wt., 833, 875, 882, 909.

With hydrogen chloride . Hydrogen chloride gas was

| added to 150 ml.Aof'propyl alcohdi aﬁ'a slow steady rate for
10 minutes. The temperature was then 4500. Compound XIV,
7.0 gﬁ. (0.008 mole), was added andvthe mixture refluxed for
7 hours with slow addition of the hydrogen chleride. Upon
cooling and standing two days, 4.9 gm. (79%) of octaphenyl-
1,3,5- trioxa-2 4,6,7-tetrasllacycloheptane, m.p. 223- 221°¢
was obtained by filtration. No other crystalline materials

were 1solated.
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1l,7-Dichloro-1,1,3,3,5,5,7,7~-octaphenyltetrasliloxane

In carbon tetrachloride-petroleum ether Chlorine was

added at 190 ml./min. for 20 minutes (3.8 1., 0.015 mole) to

a mixture containing 1.9 gm. (0.0024 mole) of IXa in 60 ml.,

of carbon tetrachloride and 50 ml. of petr?leum epherv(b.p.
60-70°C). Work-up as previously described gave 1.75 gm. (85%).
o: crude product, melting over the range 96—10400. Partial

hydrolysis.occurred during recrystallization to give impure

' ' fractions melting above 200°C. Only a small amount, 0.5 gm.

(25%), m.p. 96—9700; of 1,7-dichloro-1,1,3,3,5,5,7,7-octa-
phenyltetrasiloxane was obtained. ' The ultraviolet spectrum
-of the dichloride in cyclohexane showed'xmax. 271 mu, 264;
259, 254, The infrared spectrum (in CSE) contained absorp-
- tlons inu at: 3.27 (m), 5.13, 5.30, 5.50, 7.30, 7.53, 7.70,
7.94 (), 8.44 (m), 8.90 (s), 9.2 (m), 9.50 (5), 9.75, 10.03
(m), 13.57, 13.95, 14.41 (s).

Anal. Calcd. for: 048H4001203814: Si, 13.23; mol..
wt., 848, Found: Si, 13.36, 13.41%; mol. wt., 827, 816, 824,

In petroleum ether Chlorine was added at 200 ml./min.

for 21 minutes (4.2 1., 0.017 mole) to a suspension of octa-
phenyl-l,3,5-trioxa-2,4,6,7-tetrasilacycloheptane (xa), 3.9
gm. (0.005 mole), in 100 ml. of petroleum ether (b.p. 60-70°C).
fter treatment with chlorine for 9 minutes the temperature
rose rapldly to 45°C and an ice—bath was used to hold the tem-
perature at 26-29°C. The excess of chlorine was removed under

reduced pressure and the mixture filtered to obtain 1.2 gm.

'Y
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(28%) of crude prodict, m.p. 98-101°C. Concentration of the
filtrate afforded three additional fractions: 1.2 gm. (28%),
m.p. 98-100°C; 0.9 gm. (22%), m.p. 96-98°C; and 0.4 gm. of
-solid of which the ma jor portion melted at 97-100°C with the
bélance at 170°C. The total crude yield waé 3.7 gm. (87%)
with a 3.3 gnm. (78%) yield of pure 1,7-dichloro-1,1,3,3,5,5-
7,7-octaphenyltetrasiloxane, m.p. 98-100°C.

Oqtaphenylcyclotetrasiloxane

Hydrogen chloride was added for 45 minutes at a slow con-
stant rate to 140 ml. of propyl alcohol. At 50°C a total of
3;9 gm. (0.0046'mole) of 1,7-dichlor6-l,l,3,3,4,4,7,7-0cta— k
phenyltetrasiloxane (XVIII) was added: 2.2 gm. (0.026 mole)
of XVIII ffom the chlorination of the cyclic trioxide IXa ob-
tained by hydrolysis of 1-(chlorodiphenylsilyl)-3-(chlorodi-
phenylsiloxy);l,l,3,3-tetraphenyldisiloxane (XIII) and 1.7 gm.
(0.02 mole) of XVIII from the chlorination of the cyclic tri-
oxide IXa obtained by hydrolysis of 1,6-dichloro-1,1,3,3,4,4-
6,6-octaphenyl-2,5-dioxa-1,3,4;6-tetrasiiahexane (XIV). The
mixture was then heated at 90°C for 6 hours, cooled, allowed
to stand several days and fhe solid filtered off to obtain
3.0 gm. (82%) of crude octaphen&lcyclotetrasiloxane,'m.p.
196-200°C. Concentration of the flltrate provided only a tfacé
of additional soiid material. Recrystallizatibn of 2.0 gm, in
petroleum ether (b.p. 80-115°¢) gave 1.8 gm. of pure octa-
phenylcyclotetrasiloxane identifled by mixture m.p. (200-202°C)
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with an anthghtic sample. |

N In a'separape.experiment 0.5 gm. of XVIII was refluxed

in 15.m1. of bropyl alcohol for 2-3 hours. Cooling precip-‘
itated 0.1 gm. of solld, m.p. 203-210°C. Concentration of
the squtioﬁ gave, after several days, a few large clear crys-
tals (approximately 0.1 gm.) melting At 59-60°C. The ultra-
violet spectrum in cyclohexane showea xmax. 270 mu, 264 258,
252, 246. The 1nfrared spectrum indicated that the compound
is probably 1,1,3,3,5, 5 7,T-octaphenyl-1,7-dipropoxytetra-
siloxane and (in CS,) showed absorptions in u at: 3.28, 3. 38 |
3.50 (m), 5 13, 5.31, 5.50, 7. 22, 7.31, 7.54, 7.71, 7.95 (W),
8.46 (m), 8.92, 9.22, 9.5k (s), 9.75, 10.03, 12.03 (m), 13.57,

13.98, 14.37 (s), 14.65 (m).

Octabhenyloxatetrasilacyclopentane<£IVa) -
witn nifrobenzene
A mixture of T.5 gm. (0.01 mole) of IV 50 ml. of

nitrobenzene was heated to the boiling point over a period of
40 minutes. After refluxing for 10 minufes, the mixture was
allowed to cool and the solvents‘ﬁere removed.by distillation
underfféduced pressure. Treatment of the black tarry residue
with acetone and écetone-ethanol mixtures gave three'fractions
of solid: 1.5 gm., m.p. 270-274°C; 3.6 gm., m.p. 224-228°C
and 0.7 gm. melting over the range 203-222°C. The over |
yield of solid obtained based on starting material, was 5.8

. (78%). Recrystallization from acetone gave 0.5 gm. of
pure octaphenyl-l,3-dioxa-2,4,5, 6-tetrasilacyclohexane (VIII)
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;dentified by a mixture m.p. (256;25700) and infrared spectrum
comparison with an authentic sample. Several other fractions
gave conetant sharp melting points at the Same.and at lower
femperatures but infrared spectra comparisons indicated that
they were mixtures of five=-, six—, and seven-membered ring
compounds (see Table 14).

A dupllcate reaction mixture wes heated at reflux tem-
perature for 2 hours orior to the usnel workLup,'and gave 3.4

(45% based on starting material) of crystalline solids.

: Recrystallizations gave 2.7 gm. (34.5%) of octaphenyl-1,3,5-
trioxa—2,4,6,T-tetresilaoycloheptane (IXa), m.p. 201-222°.
The ultraviolet sbectrum showed ahlmax. 239 my in cyclohexane.,
The infrared spectrum (1n CS ) gave the following absorptions
in p: 3.27 (m), 5.12, 5.30, 5.50, 7.30, 7.54, 7.68, T7.94,
8.43 (w), 8.91, 8.97 (s doublet), 9.06 (w sh), 9.44, 9.76 (s),
10.02 (m), 13.58, 13.96, 14.37 (s), 15.45 (m).

~ Anal. Caled. for Cygyo04Sty: 51 14,4845 mol. wt.,
777. Found: Si, 14.51, 14.56%; mol. wt.,791.

" Since this compound, previously prepared 5y the hydrolysis
of XIII, gave a m.p. of 231-23200 X—ray‘powder photographs were
taken of the two compounds. The X-ray powder photographs were
not identical. Fractions of ITa, m.p. 221-222°C, were later
obtained from the hydrolysis of XIV, and the mixture m.p. of
this sample with the above product was not depressed. No

chemical, analytical or spectral evidence was found to indi-

cate the compound was not IXa.
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bctaphenyl-l,3-dioxa-2,4,5,6-tetfasilacycio~
hexane with nitrobenzene _

A 3.8 gm. sample of octaphenyl-l,3«dioxa—2,h,5,6-tetré-
silacyclohexane (VIII) (0.005‘m01e) was heated ét reflux for
2 hours in 50 mi..of'nitfoﬂenzehe."The mixture was then cooled
and Tlltered to obtain 3.1 gm. (82%) of solid material, m.p.
242-24400..;Concentration of the filtrate provided'o.35 gm.
(9%8) of solid material melting over the range 220-240°C. Re-
crystailization'yielded 2.9 gm. (76%) of pure VIII, m.p. -253-
255°C, and a trace of solid melting at 214-226°C.

A second treatment of VIII, 3.8 gm..(0.00S mole), with
50 ml. of refluxing nitrobenzehe for 24 hours gave no insol-
uble material upon cpoling and standing for several hours.
Distillation of thelsolvent under reduced pressure and‘addi—
tion of acetone to the black residue also gave no ﬁrecipitate
upon standiﬁg. Evapqration‘of the acetone and addition of Lo
ml. of ethyl alcéhol provided two crops of cfystalline dark
brown solids, 1,6 gm. (42% vased on‘étarting material), m.p.

' 174-180%C, and 0.3 gm. (8%) melting over the range 162-172°C.
The solids were dissolved in acetpné and decolorized with ac-
tivated charcoal. The acetone was then evaporaﬁed and the
residue recrystallized from petroleum ether (b.p. 80-11500),

A 0.2 gm. Sampié‘of a white crystalline solld was obtained,

" m.p. 189-193°C. A mixture m.p. with an authentic sample of
nexaphenyleyclotrisiloxane, m.p. 192-193°C, melted at 191-193°C.
The ultfaviolet spectrum of this and all ffactions obtained
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showed X in cyclohexane at 254 mu, 259, 264.5, 270 in-

.dicating that no polysilane compounds were present. From a
0.45 gm. fraction, ﬁ.p. 193-19500,_pure crystals of octaphenyl-
cyclotetrasiloxane wére handpicked with tweezers énd the mix-
ture m.p. with an authentlc sample, m.p. 204-20500, was not
depressed. An infrared spectrum was ‘also used to identify
these two products. 'Since‘these two compounaé are known to
form eutectic mixtures and exhibit polymorphism (108, 109)

no further attempts to separate the products were made.

Octaphenyl-l,4-dioxa—2,3,5,6-tetrasiladyclo-
hexane with nitrobenzene .

‘ A mixture contéining 75 ml. of niltrobenzene and 6.85 gm.
(0.009 mole) of octaphenyl-l,4-dioxa-2,3,5,6-tetrasilacyclo-"
hexane (VIIa) was heated at 205°C for 4 hours. The reaction
mixture was then cooled and upon standing overnight, 6.55 gm.
(96%) of the sﬁarting material was recovered, m.p. and mixﬁure
m.p. 227-22900. Concentration of the filtrate gave 0.1 gm.
(1.5%) of a 5lack crystalline solid, m.p. 216-220°C.

In a second reaction 5.35 gm. (0.007 mole) of VIIa was
heated at reflux for 24 hours in 50 ml. of nitrobenzene.
- Upon cooling and standing no precipitate was formed. Distil-
lation of the solvent under reduced pressure and addition of
50 ml. of acetone also provided no precipitate upon'standing.‘
Most of the acetone was allowed to evaporate aﬁd 40-50 ml, of
ethyl alcohol was addéd}‘ A 2.15 gm. (40% based on starting

material) sample of brown crystals was obtaiﬁed melting over
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the range 165-17800. Evaporation of the filtrate té 10 ml.
-and addition of 50 ml. of ethyl alcbhol yielded no.moré crys—
talline solids upon standing several weeks. The residue ob-
tained by removal of the solvent from the fiitrate-consisted
of a black tar. This was soluble in acetone but formed an
insoluble oil in petroleum ether (b.p. 60-7060).- Recrystal-~
lization of the solids from acetone and betroleum ether (b.p.
.80-11500) gave 0.4 gm. of pure octaphenylcyclotetrasiloxane
m.p. 204420500.‘ It was identified by mixture m.p., comparison
of'thé infrared spectra, and by an:ﬁltfaviolet spectrum in
cyclohexane, A 253 mi, 259, 269.5, 270.5. Also obtained
was 0.6 gm, 6f hexaphenylecyclotrisiloxane which was identified
by a mixture m.p., infrared spectrum and by the ultraviolet
spectrum in cyclohexane, Ap... 253.5 mu, 259.5,.264.5, 270.
Other fractilons obtained, 0.65 gm. melting over thé range 160-
17500 and 0.6 gm. melting over the range 179-188°C,lappeared

to be eutectic mixtures of these two compounds as indicated

by comparison of the infrared spectra.
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DISCUSSION

The Chlorination of Perphenylated Cyclosilanes

Recent advancé? in the preparation of organic substituted
cyclosilanes, such as obtaphenylcyclotetrésilane (1a) (9),
decaphenylcyclopentasilane (IIa) (9) and dodecamethyleyclo-
hexasilane (IITa) in high yields,have provided a means of
preparatioh of a large variet& of»ﬁeretOfore unavailable poly-
sllanes. -

1,4-Dichlorooctaphenyltetrasilane has been prepared by
the halogenation of Ia with a vafiety of reagents. These in-
clude organic and inorganic halides of which some typical re-

actions are illustrated below (17).

Ph,Si ——S1Ph, CHC1,.CHC1
| ' ' - \ Cl-(Sith)n-Cl
PhpSi——51Ph, HgCl,

Our interest centered about the determination of suitable

methods for obtaining maximum yields of 1;4-dichlorooctaphenyl-
tetrasilane and of the previously unprepared 1,5-dichlorode-
caphenylpentasilane in large scale laboratory preparations.
This report is concerned with the reaction of ia and ITIa with
chlofinating agents such as chlorine, phosphorus pentachloride
and 1,1,2,2-tetrachloroethane.

. Ia is known to react readily with refluxing 1,1,2,2-tetra-
chloroethane to give 1,4-dichlorooctaphenyltetrasilane (4). A



112

recent small scale preparation (2.0 gm.) afforded a 9ug yield
of the 1,4-dichloro compound after 30 minutes at 140%¢,1
Kipping, who was the first to prepare Ta and ITa and to re-
pbrt on the‘facile_reactivity of Ia toward halogen-containing
hydrocarbons, also reported that no reaction occurred with IIa
in refluxing tetrgphloroethqne (110). We'have found, however;
that IIa does react.slowly with 1,1,2,2-tetrachloroethane and
provides good yields'of-1,5-dichlorodecapheﬁy1pentasilane
after prolonged refluxing. Compound IIa gave a 30% yield

" (based on the stafting matérial) of the 1,5-dichloro compound
after 24 hours at 142°C in 1,1,2,2-tetrachloroethane with 42%
of the starting material being recovered. A_similar reaction
for 36 hours gave 61% of 1,5-dichlorodecaphenylpentasilane and
13.5% of recovered starting material. After 50 hours in re-
fluxing 1,1,2,2-tetrachloroethane, no starting material was )
recovered'and the yield of the 1,5-dichloro compound was 70.5%.
It was qued that prolonged reaction gave increasing quanti-

ties of intractable tars as the only other reaction products.

| 2
Si
Ph,y=-S1 Si-Phy + CHC1,CHCly ~—Cl-(S1Ph,)-Cl

Php-S1———S1-Ph, -

ITa

17, M. Kraemer, Department of Chemistry, Iowa State Univer-

sity of Science and Technology,"Ames, Iowa. Information on the
reaction of IIa with 1,1,2,2-tetrachloroethane. Privaté com-

munication. 1960,
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‘Phosphorus pentacnloride has been reported to react
rapidly with Ia in refluxing benzene to provide good yields
of 1,4-dichlorooctaphenyltetrasilane (17). We have found
that utiliéation of this procedure, as described in the ex- -
perimenfal sectibn;,on a larger scale (44.0 gm.), gave excél:
lent yields (93%) of theil,ﬁ-dichloro compound; The reaction
was fqund to proceed equally well using refluxing benzehe,or
xylene as solvent. Phosphbrus trichloride was obtéined from
the reaction of Ia with phosphorus pentachloride. Phosphorus
trichloride did not react with Ia after 24 hours at 80°C using

benzene as the solvent.

Ia + PCl. ———> 01-(51Ph2)4-c1 + PCl

5 3

We have found that 1,5-dichlorodecaphenylpentasilane can
be prepared by the'cléavage of ITa with phosphérus penta-
chloride in good yields. Howeﬁer, the reaction is dependent
upon the solvent‘used,'the temperature and the reaction time.
Compound IIa did not react with phosphorus pentachloride in re-
fluxing benzene or xylene unless a large excess of the chlorina;
ting agent was used. However, with the use of carbon tetra-
chloride or l,l,2,2-tetrachloroethane as solvent, equal molar
guantltlies of ﬁhosphorus pentachloride did react with IIa to
proVide the 1,5-dichloropolysilane in yields of 86%. Carbon
tetrachloride was found to be a less effective solvent than

1,1,2,2-tetrachloroethane and provided only 23% of 1,5-di-
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chlorodecaphenylpentasilane after refluxing IIa and phosphorus
pentachloride (mole ratio 1:2) in this solvent for 5 hours.
Prolonged heating with either carbon tetrachloride or 1,1,2,2-

tetrachloroethane caused a decrease in thé yield of 1,5-
dichlorodecaphénylpentasilane with the production of an uni-' :

dentified low-melting fraction (up to 15%), m.p. 150-165°C,
and a non-isolable viscous o0il. Repeated recrystallization

of the low melting fraction provided no pure products. TUsing
10% excess phosphbrus pentachloride, l,5—dichlorodecapheny1-
pentasilane in 86% yields was obtained afﬁer 15 minutes at
140°C with 1,1,2,2~tetrachloroethane as solvent.

No reaction occurred between IIa and l,i,2,2-tetrachloro-
ethane or IIa and phosphorus trichlofide In 1,1,2,2-tetra~
chloroethane after 1 hour at 140°C. The increased ylelds
 resu1ting from the use of 1,1,2,2-te§fachloroethane as sol-
vent, as opposed to xylene, may'be due to the Increased solu-
bility of chlorine in the former solvent, The reaction prob-
ably proceeds via the d1350c1ation,of phosphorus pentachloride
to form phosphorus trichloridé and chlorine with subsequent
attack on fhe cycloslilane by chlorine. The influence of Sol-
vent, time and temperature on the reaction of IIa with phos-
phorus pentachloride is summariééd in Table 4 (see Experimental
section).

Compound Ia is known to be cleaved by iodine and bromine,
while Iia 1s slowly cleaved by.bromine.(4, 9). Good yields of
the corresponding a,w-dihalopolyéilanes'have been obtained

- using these reagents. If a 2:1 molar ratio of bromine and Ta
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are used, further cleavége of the silicon chain bccurs and.an
85% yieid of 1,2-dibromotetraphenyldisilane has been reported
(9). No previous reporté on fhe feaction of cyclosllanes with
chlorine have been made.

We have found the reaction of Ia and IIa with chlorine to
be an extremely_inferestiné and useful reaction, not only for
the preparation of tﬁe 1,4-dichloro~- and 1,5-dichlbro- com-
’poﬁnds, but for‘bthgr shorter chain a,w-dichiorb poleilanes
as well. When Ia is suSpénded ih ether and chlorine is added
at a-consta.nt‘ra’ce '(appr"oxima’cely- 200 ml./min.) the reaction is
complete in less than 10 mlnutes and provides near quantitative
yields (98”) of 1 4-dichlorooctaohenjltetrasilane. After
addition of chlorine at the same rate for one hour no addi-
tional cleavage occurred and a 98% yield of the 1,4-dichloro
.compound was again obtained. The reaction'of Ia with chlorine
in ether or hydrocarbon solvents was unique in providing a
means of obtaining a quantitative reaction of a cyclosllane
with no cleavage of the resulting linear 1,4-dichloro com-
pound. Attempts to retard this facile ring-opening with
chlorine by excluding all light had no effect. However, the
addition of a small amount of hydroquinone to the mixture es-
sentially stopped the reaction and a 92% recovery of Ia was
observed in.a reaction involving the addition of chlorine for
10 minutes. The addition of chlorine at the same pate for
1éSsithan two minutes, without the presenqe of hydroquinone;v

gave a quantitative yield of‘1,4-dich1orooctaphenyltgtrasilane,
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Hence, there 1s some Indication that silicon-silicon cleavage
‘with chlorine iﬁVolveé a free radical mechanism, although the
evidence is not definiﬁive. .

It was found'that with the use of carbon tetrachleride as
solvent the reactioﬁ,of chlorine wiéhfIa was ﬁery fast and
further cleavage of the Silicon chain Was observed. However,

initial ringaopening of the ce¢yclosilane proceeds at a much
Ia + Cl, ———> C1-(SiFh,) -C1 nz?2,4

faster rate than cleavage of the resuiting polysilane and good
product control wés obtained by‘the addition of chlorine at a
constant rate for a specified time. A series of reactions was
carried out with carbon‘tetrachloride as solvent and the re-
-sults ére given in Table 2. |

A good example of the difference in reactivity of Ta and
ITa is found in the reaction of‘chfbrine and IIa in ether.
Additioh of chlorine for 20 minuteél(éoo ml./min.) gave no
reactlion with IIa. After one hour under the samelconditions,
only 11% of 1,5-dichlorodecaphenylpentasilane was obtained
with 86% of IIa belng recovered. 'With the use of benzene or
carbon tetrachloride as solvents in the reaction of IIa and
cnlorine, a mixture of 1,S-dichlorodecaphenylpentasilane, 1,3-
dichlorohexaphenylfrisilane and 1,2—dichlorotetraphényldif

silane is’obtained.
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Ila + Clp ——5 C1-(SiPh,),-Cl nz5,3,2

This cleavage reaction 1s particularly facile; however, by
careful c@ﬁtrol of’ the reaction time and temperature and with
constant addltion of the éhlorine gas the desired product can .
be obtained aé the major component. The results of a series
of reactions with :'IIa and chlorine are shown in Table 5..
Iﬁ‘appears that C1eavége of the silicon chain,vsubsequenﬁ
to initial ring-openiﬁg, occurs at a position g to the ter-
minal chlorine atom. Thus, addition of chlorine to Ia gave no
1,3-dichlorohexapheﬁyltrisilane and addition of chlorine to
ITa provided no 1l,4-dichlorooctaphenyltetrasilane. Prolonged
addition of chlorine to Ia or ITa in carbon tetrachloride
yieléed only trace amounts of dichlorodiphenylsllane and an
unidentified, clear, viscous resin. '
Identification of 1,5-dichlorodecaphenylpentésiléné was
made by infrared analysis and by preparation of the 1,5-di-
gppropox§decaphenylpentasilane, 1,5?dihydroxydecaphenylpenta-
silane-ahd l,5-dia11yloxydecaphenylpentasilahé derivatives.

+
Cl-(SiPhy)5-Cl H3O. > HO-(SiPh2)5-OH

C1-(S1iPhp)5-Cl gg3gﬁegﬂggﬁ > CH3CH,CH,0-(S1Phy) -
" OCH,CH,CH,
Cl-(SiPh2)5-Cl CHp = CHCH,,OHy CH2===CHCH20-(SiPh2)5-

OCH20H = CH2
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1,5-Dich;9rodecaphenylpentasilane has also recently been

prepared by the following readtions.l

IIa L.i‘ > | Li-.(siPh2)5-L1
Hg0"

C1-(SiPhp)5-C1 ¢ PCls H-(Siﬁhe)s-g

1

Infrared spectral studieé in the 400-700 cm., - region
show that the introduction of two or more chlorine atoms onto
an organic substituted silane causes absorption of fhe-silicon-
chlorine bond to vary in a regular manner (102). 'This phenom-
enon is illustrated in Table 12, These absorptions are useful
for quantitative as well as qualitative analysis (102). Our
| studies on the preparation of compounds in the series Cl-
(Si?hg)n-CI, where n = 2-5, gave us the opportunity of stud&h
ing the silicon-chlorine stretching frequencies of a,w-dichloro
polysilanes of increasing chain 1ength. The observed absorp-
tions are recorded in Table.13. Also included are the silicon-
chlorine abSorptions of the later prepared 1H,4-chloroocta-
pheﬁyltétrasilane. As a help in assigning the sllicon-chlorine
absorptions, a s?ectrum of 1,1,2,2,3,3,4,4-0ctaphenyltetra-~

siléne was found to contain no absofption in the assigned re-

Als. Cooper, Department of Chemistry, Iowa State University
of Science and Technology, Ames, Iowa. Inhformation on the
chlorination of H-(SiPhy)g-H. Private communication. 1962,
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gions.

Table 12. Silicon~chlorine 1nfrared absorptions of Phn_
‘ 81014 n compounds

Compound Characteristic band position (em.” 1)
Ph3SiCl 560
Ph,SiClp | " 540,580
PhSiCly 515,595
31014 - - h4oh,612
-

Table 13. Silicon-chlorine infrared absorptions of a,w-
disubstituted polydiphenylsilanes

Compoﬁnd- ’ Characterilistic band position (cm.'l).

' C1-S1Ph,y-Cl | E 540, 577
CL-(SiPny),-Cl ' 531, 584
C1-(S1Phy)3-Cl 524, 560
C1-(S1Ph,)y-C1 | 520, 544, 561
Cl-(SiPh2)5-Cl : o - 519, 527 (sh), 550
H-(S1Phy),~C1 520, 560

Infrared spectra were made with a Beckman IR-7 spectro- -
photometer with sodium chloride optics .using KBr cells wilth
carbon disulfide as solvent. ,
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The Chlorination of Heterocyclic Polysilanes L~

Our interest in thé preparation of polysilanes containing
terminal substituted; stable funqtionaliéroups'by the -cleavage
reactions of cyclosilanes, was dirécted toward the use of a
heterocyclic polysilane, octaphenyloxatetrasilacyclopentane
(IV). In an attempt to prepare the 1,4-dipropoxy derivative
of 1,4-dichlorooctaphenyltetrasilane, it was found that a
quantitative yield of the five-membered cyclic oxide was §b-
tained. A study of the directive effecté of a heteroatom upon
'cleévage of cyclosilanes with chlorine and observation Qf the.
reactivity of the silicon-silicon bond in cyclic compounds of
increasing ring-size was particularly rewarding.

Startihg with compound Ia, compounds IV, bctaphenyl—l,u-
dioxa-2,3,5,6-tetrasilacyclohexane (VIIa), oétaphenyl-l,3-
dioxa-2,4,5,6-tetrasilacyclohexane (VIII), octaphenyl?l,3,5-
trioxa-é;4,6,7-tetrasilacycloheptane»(IXa) and octaphenyl-
cyclotetrasiloxane (X) can be made‘in essentially quantitative
yields by the insertion of one oxygen atom at a time into the
ring uéing a procedure iﬁvolving hydrolyéis subsequent to
chlorinatioh'of the appropriate smaller ring compound. Par-
‘allel to the abéve synthese; was the preparation and study of
a,w-dichloro polydiphenylsilanes containing,oné, two, three
ér four oxygen atoms in the organic substituted silicon com-
pound. | |
| ~ The addition of chlorine to Ia 1n ether, pentane or petro-

leum ethgr’(b.p. 60-70°C) provides a quantitative preparation
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of 1,4-dichloro-1,1,2,2,3,3,4,4-0ctaphenyltetrasilane. The
hydrolysis of the dichloride with hot prop&l alcohol gave
octaphenyloxatetrasilacyclopentane (IV) quantitat;vely.
Cydlizatibn to the five-membered ring monoxide was so facile
that attempts to prepare a 1,4-dipropoxy derivative by hydrol-
ysis at lower temberatures resulted only -in recovery of start-.
ing material and a lower yield of'thg cyclic oxide, This is
quite different-frdm 1,5—dichlorodecapheh&ipentésilane which
gave only the 1,5-dipropoxy derivative in good yield when
treated with hot propyl alcohol. Alsp the 1,6-dichloropoly-
silane (XIII) (see below) gave the dipropoxy derivative in
high yield when treated with propyl alcohol at 30°C.

Clp PrOH Ph,-S1 ——Si-Ph,

Ia —mm—m— Cl-(Sith)a-01 —— I
| Pnp-S{  Si-Phy

A4

o
IV

c1 | Pro I -
Ila —25 C1-(S1Phy)s-Cl L PrO-(S1Ph,)5-O0Pr

Octaphenyloxatetrasilacyciopentané (IV) reacts readily
with chlorine in petroleum éther'(b.p. 60-~70°C) or with phos-
- phorus pentachloride in~refluxing,1,1,2,2—tetrachloroethane
or benzene to form two l,5-dichlorooxatetrasilapentanes: 1-3
' chloro-3(chlorodiphenylsiloxy)-l,1,2,2,3,3-hexapheny1trisilane
(XII) and 1,3-bis(chlorodiphenylsilyl)-1,1,3,3-tetraphenyldi-
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§iloxane (XI). The two isomeric products were difficult‘fo
separate by fractlonal recrystallization and'énly small quan-
tities of each were obtainéd pure for analysis; .Idenﬁifica-
tion.was achieved by hydroljsis of XI to the known octaphenyl-
1,4-dioxa-2,3,5,6-tetrasilacyclohexane (VIIa) (26).

2
Nst—si”

PrOH 7 \\O
/

Cl-(SiPhy)o-0-(S1Phy)p=Cl ——> 0

 XI

IV + Cl,

N
//51-—-0
Cl-S1Ph,-0-(SiPh,),-C1 —2 g
2 3. ' \ 4
| S1—38{
. e \
‘Phig Ph,

VIII

Si--Ph2

XII

_VIIa was found to be insoluble in hot acetone and nearly
insolubié in hot benzene while VIII was readily soluble in hot
acetone and cold beﬁzene. It is iInteresting to noté that the
symmetrical products in both the chlorination and hydrolysis
had the lower melting points with XI melting at 114-116°C
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while XIT melted at 169-170°C, VITa at 227-228°C and VIIT at
256-257°C. ‘ | |

. After isolation of the hydrolysis products it was ascer-~
tained that the chlorination of the monoxlde was quantitative.
The cleavage reaction, rather than being random, favored by a
factor of 3:1 the cléavage of the 3,4-silicon-silicon bond.
This is to be expected, as the electronegétive oxygen atom |
would make adjacent sillicon atoms less susceptible'to oxida-
tion (111). Delocalization of unshared electron pairs from
the oxygen atom to free g_orbitals.of the adjacent silicon.
atoms, retarding possible formation of a pentacovalent inter—
mediate; would also be a factor contributing to the observed
ratio (27, 111). Possibly due to ring conformation, these
erffects appear to be decreased in a heterocyclic polysilane.
This can best be demonstrated by the rapid cleavage of IXa
with chlorine as compared to no obéerved cleavage of the linear
compounds, XI, XIII or XIV withxchloripé under comparable con-
ditions. v

The reaction of IV with cﬂlorine appears to be nearly

as fést as the reaction of Ia with-chlorine; Again, this is
in contrast to the reactions of the five-membered ring, IIa,
which reacts very slowly with chlorine in petroleum ether
(b.p. 60-70°C) and not at all with equimolar quantities of
phosphorus pentachloride in benzene. éteric factops are be-

lieved to play an important part in the latter reaction (2).

However, this rapid decrease’in reactivity, with increasing
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ring size, has also been noted in comparisons of nucleophilic
cleaVage of 1,1,2-triphenyl~l-silacyclobutane and 1,1,2-tr;-
phenyl-l-silacyclopentane (78). The decrease in reactivity -
‘with increasing ring size was attributed to differences in
ground and transitlon state energies caused by ring strain,
sferic factors and molecular geometry in the formation of a
pentacovalent intermedlate (see Historical section). These
same properties may in part account for the reactions ob-
served in this thesis. This can best be demonstrated by a
comparison of the effect of adding chlorine to IXa and XIV.
The adjaéent eléctronegative‘or electron donor properties of
oxygen may decrease the ground state energy of XIV more than
that of IXa due to conformational effects as well as ring
strain. The same electron delocalization of the oxygen atom
would cause a decrease in the transition state energy of IXa
as compafed to that of XIV. This does not, however, account
for the inability of chlorine to cleéve compounds suéh-as 1,44
dichlorooctapnenyltetrasilane under the conditions used. The
addition of chlorine to a heterogeneous suspension of a solid
in petroleum ether to give an insoluble product is in itself
a somewhat unusual proceés. Sblubility and solvent effects,
difficult to interpret, are undoubtedly involved. .As shown
above, chlorine adds rapidly to linear o,w-dichloro- polydi-
pnenylsilanes as weil as to cyelic polysilanes in solution.

Compound VIII reacted rapildly wiﬁh chlorine in pétroleum
ether (b.p. 60-70°C). Ring cleavage of the trisilane at elther
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s;iicon-silicon'bond provides the same product, l-chloro-5-
(chlorodiphenylsilyl)-1,1,3;3,5,5-hexaphenyltrisilane (XIII),
and the yileld was essentially quantitative. The product was
easily hydrolyzed uhléss some cére was taken .to prevent. expo-
sure to moist air while recrystallizing. .

o Treatment of XIII with propyl alcohcl at room tempera-
ture provided a high yleld of a dipropoxy derivative, 1- (di-
phenylpropoxysilyl) 1,1, 3 3 5,5-hexaphenyl-5- propoxytrisiloxane
(XVI) and a small amount of the cyclic trioxide, octaphenyl-1-
.3,5-trioxa-2,4,6,7-tetrasilacycloheptane (IXa). Repeating the
reaction with refluxing propyl alcohol increased the yield of
the cyclic trioxide (IXa) to U43-65% with only small amounts of
XVI being isolated. However, the treatment of XVI with hot
propyl alcohol resulted only in recovered XVI. A continuous
slow addition of anhydrous hydrogen chloride to hot propyl
alcohiol containing XVI did cause cyclization and & 55% yield

~of IXa was obtained. P

The pyrolysis of a small amount of XVI at 300°C left only-
a light straw colored viscous polymer; No evidence for the.
formatioﬁ.of IXa was founa. The infrared spectrum of the
resin was similar to the spectrum of XVI. Telomerization
appeared to occur rather than cyclization or deqomposiﬁion.

Compound VIIa was found to be nearly as insolublé as Ia
in most solvents and it resisted ali attempts to cleave tﬁe
silicon-silicon bonds with chlorine in petroleum ether (b.p.

60-7000) or n-pentane. However, 1t was found that the reac-



126
FPho

Si~——0 -

N /S

. Clo » . :
Sl-Ph2 —=» C1-51Phy-0-51Phy-0-S1Ph,SiPh,y-Cl

Si—S1 : XIIT

l\)\ /O

Php PrOH : HC1 PrOH

VIII

PrO-S1Phy-0-SiPh,-0-SiPhyS1iPhy-OPr

2 N\

— | . HC1 th-fi ST—PhQ
' - > ProH > .
| rOH 0 0

\

PrO-S1Phy-0-SiPhySiPhy-0-S1Phy=0Pr - Fhy Php
IXa
XVII
PrOH HC1 PrOH

2 |
/
0 o —FClo g C1-S1Ph,,-0-SiPh,yS1Phy-0-SiPh,~Cl
\ / 2
-S1 — Si-Ph, : XTIV

Phy-S1——8i~Ph
' \

Fhy

VIIa

tion proceeded smoothly with a suspension of VIIa in a mixture
of carbon tetrachloride and ether or carbon tetrachloride and'
petroleum ether (b.p. 60-70°C). The product, 1,6-dichloro-
1,1,3,3,4,4,6,6-oétapheny1-2,5-dioxa-l,3;4,6-tetrasilahexane
(XIV), which was obtained in high vield, was hydrolyzed in
hot propyl alcohol to yleld the same cyclic trioxide (IXa) as
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obtained by hydrolysis of XIII. The hydrolysis in hot propyl
alcohol gave a mixture of IXa and the dipropoxy derivative,
5,5,7,7;8,8,lo,lo-octaphenyl-4,6,9,ll-tetraoxa55,7,8,10-tetfa—
silatetradecane (XVII). Continuous slow addition of anhydrous
hydrogen chloride to hot propyl alcohol and then addition of
XIV to the hot mixture gave IXa-(TQ%) as the only isolable
product.

’Compound IXa, which was also prepared by the'feaction of
'nifrobenzene on Ia and on IV (sée below), gave constant melt-
ing fractions at 2214222°c, 231-232°'c and at intermediate
ranges, The X-ray powder pattern photographs of IXa,lobtained
from the hydrolysis ovaIII, m.p. 231423é°C, and from the re-
action of nitrobenzene on IV, m.p. 221-22200, were not identi-
cal indicating that the compound existed in at least two
isomorphic forms. No spectral, analytical or chemicai'evidence _
was found to indicate that they were not the_saﬁe,compounq.

The crude product obtalned from‘the cleavage 6f~IXa in a
carbon tetrachloride-petrolewn ether (b.p. 60-7000) mixture
was identified as 1,7—dichloro-1,l,3,3,5,5,7,7-octaphenyl-
tetrasiloiane. The 84% yield was slightly less than that of
the smaller ring homologs. None of the starting material was
recovered. The hydrolysis of the dichloro derivative occﬁrred
readily during recrystallization and ggly small fractions of‘-
the compound were isolatéd pure, It was fouhd, surprisingly,
in contrast to VIIé, that IXa reacted readily with chlorine in
petroleum ether (b.p. 60-70°C) to provide XVIII in good yieid.
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.All of the cyclosilanes investigated reacted readily with
thorihé in petroleum ether (b.p. 60;7000) regardless of ring
size,’with the excebtion of VIIa. No evidence was found for
any silicon-silicon bond cleavage of any‘straight chain poly-
silane under the éonditions specified.

Attempts to prepare X by the treatment of XVIII with hot
propyl alcohol gave only mixtures from which no pure fractions
were obtained. As an additional proof of structure of IXa,
XVIIT was prepared by chlorination of IXa obtained from the
hydrolysis,of XIII and of XIV., This sample was hydrolyzed in
hot propyl alcohol continuouslyisaturated with anhydrous hydro-
.gen cﬁloride. An 82% yield of X was obtainéd. Although at-
tempts to prepare and isolate XVIII and éo hydrolyze ;t to X
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'heve been-made'(lle),'phis is the first reported, unambiguous

synthesis of XVIII and of X.
The Oxldation of Polysilanes with Niltrobenzene

A difference of 11°% ﬁas found in the melting point of
VIII, prepared by the hydrolysis of XII, and the'compound.be-
lieved to have the same structure (26),.preperedvby Kipping
from the reaction of nitrobenzene with Ia (4). The reaction
ﬁas repeated in the manner described by Kipping using a much
larger quantity of.starting material than was availaﬁle to
Kipping. Our studies were extended to include the feactien of
nitrobenzene on IV, VIIa, VIII, IIIa, ITIa and hexéphenyldi—
silane. -

Below 140°C very little reaction occurred between nitro-
benzene and Ia. However, at 165°C the.reaetion became rapidly
"exothermic and was complete in a feﬁ minutee. The products
obtained consisted of unidentified black tars and approximately
50%, based on starting materiai, of erystalline solids. Re-
crystallization to a constant melting point ylielded e product
presumably the same as that reported by Kipping, m.p. 245~
246°C (4).

~ An infrared spectrum of thevcompound'showed an Si-0-Si
bond absorption at 9.77 u and a.ehoulder at 9;43 u. After re-
peated recrystallizations the melting ﬁoint of the major frac-
tiqﬁ remained»conStant, but small fractions melted at. 255-

257°C and gave Si-0-Si absorptions in the infrared region only
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at 9.81 u (see Table 14). Also obtained were fractions melt-
ing at 219-220°C and 231-232°C. These last fractions gave
only strong Si-0-Si absorptions in the infrared region at 9.4l
u identical to that of IXa. It appears that Kipping's com-
pound may well have been an eutectlic mixture of VIII and IXa.

X-ray pdwdér pattern photographs of a fraction having a
constant m.p. o45-246°C and of VIII, m.p. 256-257°C, obtained
from the hydrolysis of XII, were identical. This wéu%d indi-
cate that the two compounds were identical and not different
iéomorpﬁic forms of the same cémpound. The quantity of IXa ih
the eutectic is evidently too small to be observed in the X-
ray pattérn photograph. An infrared spectrum of a mixture of
VIII and IX# gave an identical spectrum to that of the eutec-
tic. |

Infrared ‘studies of lower melting trace fractions from
the reaction of Ia‘and nitfobenzene indicated the presence of
"X and of hexaphenylcyclotrisiloxane.

No evidence for the presence of IV was found from the
reaction of Ia and nitrobenzene. However, it was found that
IV réacted only slowlylwith hot nitrobenzene. The major cfys-
talline product was IXa. With incomplete réaction of IV,
small fractions of VIIT were found to be present.

As observed by Kipping, very litﬁ;e reaction was found to
occur with VIIa and VIII on short contéct with reflﬁxing nitro-

benzene (4). However, treatment with refluxing nitrobenzene

for longer periods caused complete reaction, with unideﬁtified'
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black tars again the ma jor product. Atho;he% yield, based on
starting materiai, of crystalline solid was.obtained from
VIIa and.VIII. From this solld was isolated X; hexapﬁenyl-
' trisilpxane and eutectic mixtures of thesé two compouﬁds.
The‘isomorphic forms and eutectic mixtures of these two
.COmpounds have been well characteriéed (108, 109, 112). Our
investigations indicate that VIII and iXa exhibit similar
properties. No VIIa was isoiated as a product'from any of the
reaotions'witp nitrobenzene. Compound VIia ﬁas the only heter-
ocyclic cpmpound prepared-which showed no isomorphic proper-ﬁ
ﬁies. As a result of its insolubility it was easily separated
from VIII, the only other compound in reaction mixtures con-
taining VIIa.

Ultraﬁiplet and infréred spectra wére particularly useful
, in the identification'and characterization of the compounds.
Characteristic infrared absorptions due to S1-0-51 groups have
5éen found to shift significantly with increasing ring size.
The five-membered ring IV gives a characteristic band at 10.45
u (26). Characteristic cyclotrisiloxane bands are shiftéd‘to'
9.8 u while cyclic teframers and pentamers have a band at 9.2
i which gradually widens and splits as the ring size increases
(102, 113). The seven-membered ring; IXa, gave absorptions ét
9.5 y. | - |

Table 14 1lists the Si-0-S8i1i bond infrared absorptions

found in several linear and cyclic siloxane compounds. Com-

parison of the six-membered rings, VIIa and VIII, (9.81 u) with
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Table 1l4. Si-phenyl and Si-O- Si bond infrared absorptions in
' the 8 .5-11.0 u region

Characteristic band position (u)(in cs5)

Compound o ... Si—phenyl _ . 8i-0-s5i2 -
(PhySi0)4 8.88, 8.97 9.87
(Ph2810)4_ 8.88, 8.96 (small) . 9.25
PhgS1,0 (IV) 9.08 ‘ 10.45
Phy 8150 (v) - 9.08 ' 9.80'
PhgSiy0p (VIIa) 9.02, 9.07 (small) 9.84
PhgSi,0, (VIII) ~ 8.90, 8.97, 9.07 9.81
. PhgS1,0; (IXa) 8.90, 8.97° | 9.44
Me123160 (vr). _ ' ) ' 9.60
Cl- s1Ph2-o-(SiPh2)3-01 8.92, 9.0, 9.07 9.50
Cl-(SiPhy),-0-(SiPhp)po- 9.06 9.47
. Cl- : . ‘ |
Cl-(S1iPhp),-(0SiPhp)o-  8.92, 9.07 9.50
- cl |
(Cl-Sith-O-SiPhg)z 8.92, 8.97° | 9.47
Cl-SiPhe-(OSith)s-Cl 8.90 9.50

2411 . of the 81i-0-S1 absorptlons were broad except those
for the six-membered rings.

Prhese samples showed poorly resolved shoulders at 9.06
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hexaphenylcyclotrisiloxane (9.88 n) which is planar (11%4) ‘
would Indicate a similar ring strain and one might expect a
planaxr structure for these. compounds. The absorption of IXa
at 9.45 u is identical to that of the straight chain e,u-
dichloro compounds and the bonding would appear to be strain-
free. The Cyclotetraéilokane (X) is a non-plaﬁar structure
(115). :

The'characteristic Si-phenyl absorpﬁion at 8.9 u has been
observed to split when two phenyl groups are present on the
‘same atom but revert to a single absorption fof the triphényl-
silyl group (102). In our studies it was observed that the ab-
sorption fér a dipnenylsilylene group splits to gilve a doublet
at 8.87 and 8.97 -u. A tetraphenyldisilanylene group (27) gave
a-gingle abéorption'at 9.06 u or a poorly résolved doublet at'
9.02 and 9-06.9- A héxaphenyltriéilanylene group gives a
single absorption at 9.07 Q. Consequently a compound having
a mono- and a trisilane molety (VIII, XII) gave a triplet at:
8.92, 9.00 and 9.06 u and a compound with a mono- and a di-
silane molety (IXa, XIIT) gave a doublet at 8.92 and 9.05 u.
Characteristic absorptions found are listed in Table 14 for
the.respéctive cbmpounds. .

Recent studies on ultraviolet absorptions of polysilanes.
(82 ~89) have given ample evidence fér.fhe utility of this
method for characterization and identificétibn of polydiphenyl-

siianes. Table 15 lists the ultraviolet spectra A\ values'

maxe.
for the compounds prepared and ‘max. for similar polysilanes.
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Table 15.. Ultraviolet spectral data of some polysilanes and

o Me12316o (V1) |
C1-S1Ph,-0-(S1Ph,)3-Cl

: Cl+(SiPh2)2—0-(SiPh2)2-Cl
Cl-(SiPh2)2-(OSiPh2)2-Cl
(01-SiPh2-o-SiEh2)2
; C1-81Ph,-(0SiPhy)3~Cl
PrO-(S1Ph,),-(0S1Ph,),-0Pr
(PrO-SiPhp-0-SiPh, ),
PrO-Sith-(OSiPh2)3-OPr
PrO-S1iPh,S1Ph,-OPr
H-S1PhpSiPhy-H
| Me-SiPhéSifha—Me ' 83

siloxanes :
Ref. Band position, (cyclohexane)'
Compound ' Apax.? MHe (e
(PhyS10), 253, 259, 264.5, 270.5
PngS1,0 (IV) - 253 (50,3§0)
Phy 98150 (V) - 250 (sh) (50,300)
| PhgS1,0p (VIIa) - 245 (30,910)
PhgSiy0p (VIIT) 256 (22,035)
PhgSi,03 (IXa) 239 (sh)
' MeqoSig (III&) 86 232, 255 (sh) (5,800, 2,000)

239
245 (sh)
240 (sh)

240.5 (sh)
a

254, 259, 264.5, 271
245 (sh)

243

252, 258, 263, 270
243

243

240 (25,900)'

2p shoulder too weak to estimate was observed.
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Table 15. (continued)

. Ref. Band position, (cyclohexane)
Compound . \pax,? Mde (e
Ph-S1PhySiPhy-Ph 81  246.5 (32,000)
H(S1Phy)oH - - 249.5
Cl-(SiPh2)3-Cl - 245 (w sh) |
Ph-(S1iPh,)5-Ph 86 - 255 (32,200) o

-

The Hydrohalogenation of

Octaphenylcyclotetraéiiane

Octaphenylcyclotetrasilane has been found to react with
hydrogen bromide and hydrogen ilodide to form the correspond-
ing 1H,4-halooctaphenyltetrasilane (9). However, the sta-
bility of the silicon-halogen bond toward hydrolysis ete. de~
creases in the order Cl ) Br » I. This decrease may be noted
from the difficulty in isolatihg 1,u;diiodoocéaphenyltetra-
silane from the reaction of Ia with iodiné (&). Also the
compound lg,4-iodOOctapheﬁyltetrasilane, preparéd from the
reaction of hydrogen iodide.with Ia, was not isolated but was
hydrolyzed directly to 1,1,2,2,3,3,4,4-octaphehy1tetrasilan-
. 1-01 (9). a
With hydrogen iodlide and hydrogen broﬁide, one.hour.and

four hours, respectively, were required to bring about the
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complete disappearance of Ia.(9).' Under similar. conditions
octaphenylcyclotetrasilane was found by this author to react
only slowly with’anhydrous hydrogen chloride. After a reac-’
tion time of twelve hours, 86% of the Ia was recovered. A
2% yield of.lH,4-chlorooctaphenyltetrasilane was obteined.

Therefore, the order of reactivity of the hydrogen halides
w:.th Ta is HI) HBr ) HCl.

Having obtained and characterized 1H,4-chlorooctaphenyl-
tetrasilane, it appeared advisable to study-conditions which
might allow us to prepare the i§,4§chloro compound in higher
yields. Table 3 gives the various conditions used relative
to time, temperature and solvents and the'respective yields
of iﬂ,4-chlorooctaphenyltetrasilane obtained. Treatment of
Ia with hydrogen chloride.for three hours in o-dichloroben-
zene gave a 93% yield of iﬁ,4-chiorooctaphenyltetrasilane.

Also by token of its;reactivit&'octaphenylcyclotetra-
silane was found capable of dehydrohalogenating certain
halogen-containing hydrocarbons. Thus, Ia reacts with g,8'-
dichlorodiethyl ether, 1,2,344,5,6-hexachlorocyclohexane, t-
butyl bromide and 2-chlorobutane to give the corresponding
1-halo-octephenyltetrasilane. Table 16 gives the results ob-
tained from the reaction of various organic halides with Ia.
Ph,S51-S1Ph,

, | + (CH3)3CCI —> H-(Sith‘)u-Cl + CH2=C(CH

thsi-Sith

3)2



Table 16.

"The reaction of octaphenylcyclotetraSilane with organic halides

Solvent Ta Time  Tem Recovered Products (%)

~ Halide (mole) (ml.) (mole) hours (°C I (%)

8,8"-Dichlorodiethyl ¢L(SiPhp)ycl (29)
ether (solvent) (100) 0.02 1.5 Reflux 15 H(S1Ph,)y,Cl :
Hexachlorocyclo- H(SiPh,);C1 (55)
hexane (0.04) Decalin (100) 0.11 5 185 ol c1(s1pfh, )1

t-Butyl chloride

To. 3o¥ Decalin (100) 0.03 72 83 99.1  cmemmmemmeee
t-Butyl chloride , :

T0.092) - Decalin (100) 0.03 23" 148 ———— H(SiPh )401 (78)
t-Butyl chloride | H(S1Phy)yCl (5o 3)
T0.092) : Xylene (200) 0.03 48 133 31 Isobutjlene ’
t-Butyl chloride o-Dichloro- ‘ o

- 0.083) . benzene (150) 0.055 9 158 27.5 H(S1Phy),C1 (70)
2-Chlorobutane o-Dichloro- . :

(0.133) Penzene (100) 0.01 17 147 85 H(S1Ph,)yCl  (6.8)
n-Butyl chloride | _

10.079) Xylene (100) 0.01 70 129 99 e

a n-Butyl chloride o-Dichloro- .

T0.086) benzene (100) 0.01 67 157 93 e

t-Butyl bromlde : , ! H(oiPha) _
T0.062) Decalin (100) 0.01 1.5 162 - Br(SiPngguBr (77)

LET
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The reaction of Ia with t-butyl chloride was very slow at
temperatures below 140°C but good yields (57-78%) were obtained
using xylene, decalin or o-dichlorobenzene as solvent. A
~ secondary feaction occurred in the case of t-butyl bromide,
1,2,3,4,5,6-hexachlorocyclohexane and a,e'-dichlorodieth&l
- ether and the silicon hydride formed was converted to a
silicon halide to'givé the corresponding l,4-dihalooctaphenyl-~
tetrasilane. This conversion has already been noted to 66cuf..
with other silicon hydrides (27). This reaction does nét
necessarily involv¢ a dehydrohalogenation 6f the alkyl halide
and evidently does not follow the same mechanistic route as.
that of the acid halide or t-butyl halide causing Silicon-

silicon cleavage (116). Ia has been halogenated with numerous
RBr + . =28i-H —— RH + =Si-Br

‘alkyl polyhalo compouﬁds (3) and the reaction of Ia with hexa-
chlorocyclohexane is probably a competitive reaction between
halogenation and hydrohalogenation to give a mixture of 1,4-
dichloro and l§,4-chlorooctaphenyltetrasilaﬁe.

Deslilylation of arylsilanes is dependent on inductiVe,
resonance and steric effects (27). Studies in this thesis and
in other recent reports (86) have shown that 1,4-octaphenyl-
tetrasilane derivatives are highly conjpgated and also exhibit
a great deal of steric hindrance to substitution reactions.
These factors and others (117) prbbably account for the lack

of any silicon-phenyl cleavage occurring under the conditions
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used.
The Hydrohalogenation of Decaphenylcyclopentasilane

In contrast to the high reactivity. of octaphenylecyclo-

h tetrasilane, decaphenylcyclopentasilane resists cleavage by
neerly all reagehts which‘reacé rapidly and in high'yield with.
Ta. ‘However, we have found that IIa does react at a slowerl
rate with chlorine, inorganic halides, 1,1,2,2-tetrachloro-
ethane”and nitrobenzene. However, reaction conditions sultable
'forpring-opening of IIa usually cause secoﬁdery,cleavage-of

the resulting linear polysilane at an equal or faster rate

than with the cyclosilane.

Hydrohalogenatien:of IIa was attempted with varidus hydro-
gen halides and organic halides using a variety of conditions
with reéard te solvent, temperature and time. 1In only'two
instances did eny'eppreCiable'reaction occur and secondary
cleavage of the polysilane occurred to gilve intractable prod-
ucts. No results from hydrohalogenation via organic halides
was observed. Tables.6 and 7 1list the varioﬁe attempts made
to cleave IIa with a variety'of hydrogen halides and organic
halides. | |

A comparison of the decreasing reactlvity with increasing
ring size of 1;1,2-tripheny1-l-silacyclpbutane and 1,1,2-tri-
phenyl-l-silacyclopentane (17) has been made with fespect to -
the ground state energy, the formation of a pentacovalent in-

termediate and the resultant transition or intermediate state
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energy. Similar comparisons have been made of the relative
reactivities of Ia and ITIa (9) (see Historical section). How=-
ever, recent studies of dodecaphenylcydlohexasilane'indicate
théf steric effects of the bulky phenyl groups may well be a
major factor in protecting the silicon-silicon bond of ITa
from cleavage. The facile react1v1ties of certain six- and
seven-membered. ring heterocyclic polysilanes studied iﬁ this

thesis provide eﬁidence for this observation.:

The Hydrohélogenation of

: Dodecamethyicyclohexasilane

Only two cyclohexasilanes have been prepared and studied .
in relation to their_reactivity to various cleavage. reactions.
vDodecaphenylcycldhekasilane (7) is formed in very low yield -
as.é by-product from the general preparation of Ia and_IIa
(see Experimental section). Shielded by bulky phenyl groups,
it is the most stable and unreactive cycloéilaﬁé knqwh; Riﬁg-
'6pen1ng-occurs only under strong forcing conditions which
cause multiple cleavages (7). |

Dodecamethylecyclohexasilane can be obtained in good yield
(72%) and appeared to be a valuable precursor fdr the prepara-
tion of a large ndmber of otherwise unavalilable a,w-substi-
tuted polydimethylsilanes, New polysilane compounds have

been prepared by the halogenation of IITa with 1lodine (118),
chloriner, phosphorus pentachloride (19) and 1,1,2,2-tetra-

1P. K. Sen and R. A. Tomasl, op. cit., p.8.
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ghloroethane (19). However, cleavage reactions of the re-
sulting linear polysilane, after initial ring-opening, become
competitive and.a number of compounds of varying chaln length
are obteined. _ ‘

This ﬁhésis includes the reaction of anhydrous hydrogen
chloride and t-butyl chloride with IITa ‘o give a series of
highly synthetically valuable compounds having the general
formula Cl-(SiMeg)n-Y, where Y is either hydrogén or dhlé;ine

.and n =1 to 6. The general illustrative reaction is: .

(MepSi)g + RC1 —> Cl-(SiMe,),-Y
R=H, Me,C Y =H, Cl
n=1t%o6

IIIa is slowly cleaved by anhydrous hydrogen chloride in
refluxing dichloromethane, xylene or ggdichlorobénzehe, The
rate of cleavage is increased at higher temperatures and fhe
reaction miiture contains all the products where n = 1 to 6
and Y = hydrogen or chlorine. No significant reaction occurred
in refluxing benzene, petroleum ether (b.p. 60-70°C), chloro-
form or carﬁon.tetrachloride. The reaction of anhydréus
hydrogen chloride with ITIa was rapid in a stainless steel
autoclave at pressures of 400 to 600 p.s.i. and temperapures
of 50 to 70°C. Above TO to 100°C the reaction became:exo-
thermle and the temperature rose as high as 175°C. The yield
of dichloro compoundé and low molecular'wéight.homologslin the

'series increased with increasing amounts of hydrogen chloride.
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Table 17 lists the products and'yields obtalned using a 1:2,"
1:3 and 1:4 molar ratio of dodecaméthylcyclohexasilane fo
‘ hydrogén chloride.

No apparent reaction occurred between IIIa and t-butyl
chloride in o-dichlorobenzene at 155- 180°C after 48 hours. A
mnixture of Erbutyl chloride and IIIa reacted smoothly when
placed in a stainless steel autoclave éndlheated at 140-150°C
for several hours. The pressure rose from amblent £Ov140
p.s;i. The silane products obtained using a 4:1 molar ratio
qf halide to eyclosilane are included in Table 17. Table 18
lists the new compounds prepared in this study with some of
thelr physical properties.

It was observed that in all the pressure reactions with
hydrogen chloride the weight gain of the product mixture was
equal to the hydrogen chloride used but that the pressure
drop accounted for only part 6f the gas being used. A qual-
itative méss spectrum analysis of the gases removed from the
autoélave through a trap cooled in dry ice-acetone showed the
presenbe of somé hydrogen énd methane with higher molecular
weight fragmenté up to 121 mass units. An attempt to deriva-
tize the gas mixﬁure by passing it.through a solution of
phenyllithium in ether gave a small amount of a low melting
mlxture of solids from which no definitive products were iso-
lated. 4 o

The inability of t-butyl chloride to react with IIIa in

o-dichlorobenzene and the much slower reaction of hydrogen

“
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Table 17. The reactions of IITa with hydrogen chlorlide and
~ with t-butyl chlorilde

Molar ratio of reactants

014(31Me2)n-y . HC1/IIIa HCLl/IIIa HC1/TIIa £~BuCl2/IIIa
n Y 2:1 3:1 41 Le1
1 H 15 %P 16 A 14 4P 1 4P
1 c1 2 4 4 - 8
2¢ H 1 5 3.5 1
2 @ 2 8 9 | 16
3¢ H 3 4 8 10
3 cl 3 8 8-' 17
4° H 4 2.5 5 6
4y ocl 2 5 .11 12
5¢ H 6 L 2.5 5
5¢ . o1 -4 5.50 2.5 3
6¢ " g 54 3.0 6
6 a - 34 3.0 7

?EfButyl chloride.
Pyields based on available dimethylsilylene.
CThis 1s the first reported synthesis.

deombined yield of 2 and 3:1 molar ratio reacétions.
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Table 18. Prbperties of Cl-(SiMeg)n-Y compoundsv

'200 . 2o°~

n Y b. p. °C/m. b.p. °C/ 760 mm. n2 d

1 H meemeee , 35 . -1.3838 |

2 H cememes 119 1.3421  0.8664
3 = TT/4 183 1.4735  0.8886
4 H  59/0.08-1.0 226-232% 1.4986  0.9018
5 H 79/0.1; 75/0.06 298-301% 1.5145 0.8983
6 m 105/0.1; 100/0.06 337-340" 1.5302  0.9042
5 ¢1 87-89/0.1 ~ 310-3122 1.5220  0.9581

: Extrapolated from a chart similar to those originated in
the laboratories of Standard 0il Company . (104)

chloride with IITa in this solvent 1s very different from the
reactivity 6f Ia with these reagents under the same conditions.
Again it may be noted that Ia, due to its molecular geometry
and following the principle of "least motion" of non-reacting
groups, (79) may be able to form a pentacoordinate intermediate
or transition state of lower energy than the corresponding ’
cyclohexasllane, IIIa. However, less ring strailn and the re-
sultant lower ground state energy for IIIa also contribute'to
its lower reactivity.

Vapor phase chrpmatographic analysis of the reaction mix-

ture indicated that only traces of compounds in the serles H-
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(SiMe, ),-H were present. Relative to mechanisms involved,
this observation indicates that addition of the hydrogen
chloride at any point in the chain is markedly oriented in the

manner shown.

Qe—un
. ! P : »
H-S1Nep-S1Mep-Silep-Sile, -SiMep-Sille,-Sitey-Cl

H ' | A
Cl—H ¢cl-—H

Also concluded 1s that ali:of:the dichloro compounds formed
are due to'reaction of the hydrogen chloride or t-butyl chlo-
ride with a silicon-hydrogen bond'réther than by "symmetrical" .

cleavage of a linear polysilane.

Ci-(SiMep) -H + HC1 ———> Cl-(SiMe,),-Cl + H,

no

H-(SiMe, )g=-Cl + HC1
( 2)6 reaction

H-(SiMey) -H + C1-(SiMey)s_, -Cl

C

-The specific orientation resulting in the products ob-
tained 1s an indication that the mechanism involves a multi--
centered reaction, l.e., four-center with hydrogen chloride

as shown ‘above and six-center with Efbutyl chloride.
MFQ ~
- Si Me2 ¢l

/ \l o \

Me, Si S1” C-Mey . .
| | | ——— H-(SiMe,)g-Cl + CHp=CMey
Me,S1 81 _ CHa v -
\ ’ / T -~ ‘
gy” Mey, TH

i
Me2
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Other evidence for a multicenter reaction‘is'the lack of
any reactipn with hydrogeh chloride in solvents such as chlo-
roform, carbon tetrachloride or petféleuﬁ ether (b.p. 60-7000)
which are used in the chlorination of Ia, IIa or IIIa. These
reactions show'evidence of following a frée radiéai mechanisn.,
. It will be noted here that 1f the rate determining step
“involved the nucleophilic attack of cﬁloriné, cleavage would
be on the silicon atom adjacent to the strongly electronegative
chlorine atom. Dichlorodimethylﬁilane would be the expected
product. This has been demonstrated by nucleophilic cleavage
of'a-chlbrinated methylsilanes with bases in which the rate
decreases in the order CCl3> CHClz) CH2CI. I’Ra‘cher than
this, the observed products reqﬁire attack of the chlorine at
a silicon‘atom édjacent to'hydrogen or g to the chlorine atom,
. Again 1t appears that a multicentered mechanism is preferred.

The loss in reactivity éf-the.silicon adjacent to a
‘terminal chlorine'wasiobséTQed in fhe reaction of Cl-(SiMeQ)MQ
Cl with t-butyl chloride. At 100°C and 120 p.s.i. no apparent
reaction occurred. At 170°C and 200 p.s.i. the reaction was
slow ahd cleavage at the center of the chain was favored
(3.5:1). The results are given in Table 19. Under comparable
conditions IITareacted rapidl& with_gébutyl chloride.

From the'féaction of'hydrogen chloyide wilth silicon
hydrides it is evident that the reactlion is not an (SNi-SEi)-
Si type three-center reactiop,,as proposedvb& Sommer fo; the

 halogenation of silicon hydrides (79).
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Table 19. The reaction of t-butyl chloride and 1,4-dichloro-
) octamethyltetrasilane?

Product Cl-(SiMez)n-X

o

x | Yield (%)

H 1
c1l 3
H 4
c1 21.
H 3
c1 | 3
Cl 59

FLWWMP PO H

20.1 mole, 6 hours at 170°C and 200 p.ssi. pressure.

bRecovered starting material.

RyS1H + Brol —S10W 5 [Ros1z :{@;:II] c1m f28t R S1Br + HO1

Fbrmation of a pentacovalent transitlion state by électro-
philic attack of a proton would result in internal return and
no net reaction. Again a probable mechanism involves a L4~
center transition state.

The observed formation of isooctane, 2,5-dimethylhexaﬁe
and other hydrocarbons‘from the reaction of IIIa with f-butyl
chloride”provides a good argument against a possible multi-
center reaction. However, comparison Sf the product distri-
bution of the 4:1 molar ratio reactions of hydrogen chloride
and t-butyl chloride with IITa indicates that a much'higher
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Qegree of reactivity exists between silicon hydrides and t-
butyl chloride than With hydrogen chloride, i.e., the ratio
of the dichloro products is much higher w1th t- butyl chloride.
' The high yield of chlorodimethylsilane from the reaction of
IITa with hydrogen chloride indicates that this monomer is
unreactive toﬁards hydrogen chloride. However, the high
yield of dichlorodihethylsilahe, as compared to chlorodi-
methylsilane, from the reaction of IITa with t-butylchloride
is evidence that a different reaction following a mechanism
unlike that of fheireaction of hydrogen chloride occurs with
t-butyl chloride (see Table 17).

Westermark reported the halogenation of triethylsilane
with allyl bromide, g-bromomethylpropionate and prropyl
bromide giving yields of 97, 50 and 10%, respectively (116).
The formation of the corresponding hydrocarbon with no olefinic
products was observed

Apparently this reaction, with possible free radical or

-4carbonium jon formation, occurs also with t-butyl chloride.
=Si-H + RC1 ——————> RH + RR + =S1i-C1

The chromophoric,end particularly the ultraviolet, prop-
erties of polysilanes provide.a useful means of identification
and characterization in the field of orgahosiiicon chemlstry.
Table 20 1ists the ultraviolet spectrai data for the o,H,w-
chloro polydimethylsilanes prepared in this study. Table 21
lists the ultraviolet spectral data for the.corresponding
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Table 20. UV spectral data of the H-(SiMee)n-Cl seriesa

Compound Band position Molar absorptivity Concentration

n A, ? T c M x 10°
2 194P 2,770 © 12.00
3 217.5 . T,50 7.55
I 235.0 13,340 446
5 249.5, 215.0 16,380, 8,770 3.26
6 258.0, 225.0 21,807; 11,900 3.21

aObta.ined with a Beckman DK-2A spectrophotometer using
cyclohexane as solvent.

bV’alues are somewhat lmprecise because of solvent cutoff.

Table 21. UV spectral data of the 01-(SiMe2)n-c1'ser1esa

”

Compound Band position Molar absbrptivity Concentration
n- Apax, > M e S Mx 107
2 204.0P 3,208 28.0
3 219.0 . 8,610 4.31
il 235.0 17,426 3.68
5 250.0; 214 19,532, 9,906 4.27
6 259.0, 225 23,250, 11,091 3.20

20btained with a Beckman DK-2A spectrophotometer using
cyclohexane as solvent. '

bV'alues are somewhat imprecise because of solvent cubtoff,
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q,w-dichloropolysiianes.

As reported earlier-in a study of fully permethyiated
straightfchain polysilanes, the position of maximum absorp=-
tion and the molar absorptivity increase regularly witﬁ in-
creasing chain length (82). The conjugated system is also
lengthened'by replacement of a methyl group with substituents

, max.,
molar absorptivity. This apparently occurs through overlap.

such as a phenyl or vinyl group which increase the 3\ and

with thelr m-electron systems and the d-orbitals of the poly-
silane (87). However;.it was previously reportedtthat replac-
ing a methyl group with chlorine atoms had little effect on
the ultraviolet spectra (87)

Comparison of our studies, shown in Tables 20 and 21,
with the ultraviolet spectral data of the Me-(SiMej),-Me series
(82) indicates that little or no change 1is observed in the
Ao+ OF Polydimethylsilanes substituted with a terminal methyl
group, chlorine or hydrogen atom. However, differences of an
apparently regular nature are observed in the molar absorp-
tivity. The observed effects might weil be expected, because
differences in'polarity of each of these homologous series,
due to the inductive effects of the terminal atom or group,
could effect electron transitions throughout the chain.

Several of the compounds in the series H-(SiMeQ) -H were
avallable in These Laboratories. Using the available o,w-

dichloro- or aH,w-chloro- polydimethylsilanes all of the.com-

pounds in the series He(SiMeE)n-H, where n = 3 to 6, were
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pprified or prepared. This includes the first reported syn-
thesis of 1,1,2,2,3,3,4,4,5,5-decamethylpentasilane.  [The
properties of this series are given in Table 22. The ultra-
violet speétral properties are given in Table 23, Again

comparison with Tables 20 and 21 demonstrates the utility of

ultraviolet spectra in the characterization of polysilanes and

in the measure of the relative inductive effect of the terminal
substituent.
- Further confirmation of the aH,w-chloro polydimethyléilane

series prepared was made with an NMR spectrum of'each compound.

Table 24 gives the NMR spectral data for the H-(SiMe,), -Cl

series. No obvious conclusions for the observed multiplicity

of peaks for the lg,6-chlorododecamethylhekasilane compound:

were apparent.

Some Observations on a,w--

Polydiphenylslilane Derivatives

In four instances unusual effects were noted in the re-
action of some a,w-disubstituted polydiphenylsilanes. iﬁ,h-
Chlorooctaphenyltetrasilane was found to be unusually'stable
toward hydrolysis in anbaqueous solution. A near quantitative
recovery of the éhlorosilane was made after stirring in a
water-ether mixture for 8 hours at roometémperature. |

Condensation of'hydroxysilanes to form siloxanes has been

. effectively carried out by heating the silanol in formic acid

(47). Continuous heating of 1,1,2,2,3,3,4,4-octaphenyltetra-~-
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‘Table 22. Properties of»H-(SiMez)n-H compounds

.Comiouéd '  IProifgfies 25. D20 _ : Ref. .
3 59°C/24 mm. » | 58%
4 98°C/24 mm. 1.4930 | . 58
5 142°C/19 mm. 1.50T74 0.8256 -
6 82°¢/0.07 mm.1.5256 - _2

23. M. Holmes, Department of Chemistry, Iowa State Univer-
sity of Sclence and Technology, Ames, Iowa. Kindly provided
sample. 1965.

Table 23. UV spectral data of the H-(SiMe,),-H series®

Compound Band posiﬁioﬂ'tiMolar ébsorptivity Concentration
n Apag.s ™ e M x 10°
3 218.0 . 6,841 9.94
4 235.5 | 12,250 6.00
5 249, 214 13,596, 9,440 L.29
6 257.5, 225 19,456, 11,150 2.92

20ptained with a Beckman DK-2A spectrophotometer using
cyclohexane as solvent.
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Table 24. NMR spectral data of the H-(SiMe,).-Cl series™

O U oF oW P

'n HPC— - - - - -SiMe,°- - - (SiMe,) = 5~ — - = SiMe,Cl .
L T - T T
6.2 9.77, 9.86 B 9.55
6.13 -9.78,.9.86 9.82 ‘ 9.53
6.13 9.79,9 9.87 9.79¢ 9.52
' 6.15 9.82,% 9.88 9.77, 9.82% " 9.53
6.15  9.81, 9.88 9.76, 977, 9.79, 9.53

1 9.82

aObtained.wi‘ch a Varian A-60 spectrometer.

DPgenter of a septet.

¢y = 4,5 c.p.s.

dRelative‘intensities indicate two overlapping peaks.

silan—l-ol in a 98% formic acid solution for a prolonged.pe-
riod gaVe only a trace of nonisolable compounds pdssessing an
Si-0-S1 bond. |

The reaction of lg,4;chlorooctapheny1tetrasilane and 1,5-
dibromodecaphenylpentasiiéne with phenylmagnesium bromide or
with phenylmagnesium iodide gavé no evidence of a reaction
ﬁaving occurred with the chlorosilane. At highef tempera;
tures,_unidenﬁified tars and a trace of tetraphenjlsilane
were the only products obtained¢ "However, silicon-silicon

cleavage evidently occurred to giﬁe the tetraphenylsilane.
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G;ignard reagents have not been noted to be sufficiently
strong nucleophiles to causeucleaQege of a polysilane (27).

Thevreaction of phenyllithium with 1H,4-chlorooctaphenyl-
tetrasilane and with l,5-dibromodeeéphenylpentasilane<re-
sulted in multiple eleavage of the polysilanes. Only a trace
ef the desired‘dodecaphenylpentasilane occurred in the 1atter'
reaction. At low temperatures a small amoUnf of a heptasilane.
was isolated in the reaction of the tetrasilane with pheﬂyl-
lithium.,

All of these reactions.may be influenced by the elec-
tronic effects of the silane chain or the'multiple of phenyl
substituents on fhe chain. It would appear, in view of the
~other derivatives prepared'by the'formatidn of terminal
alkoxy or alkyl substituents, that probably the greatest
factors involved are due to the steric effects of the bulky
:phenyl groups. | '

_ While_chafacterizing lg,4-chlorooctaphenyltetrasilane,
m.p. 161-162°C, it was observed that mixture melting points

of thievcompound with lﬁ,Qggoctaphenyltetrasilane, m.p. 160-
162°C or with lg,4-bromooctapheny1tetrasilaﬁe, m.p. 162-164°¢
were not depressed. Mixture melting points of the latter two
compounds also gave no depression of the melting points. Care
wasltakeﬁ.with ail of the compqunds isolated to confirm the -
identity of the compound by other meane as well as by a mix-

ture m.p. This anomaly was not observed with any other com-

pounds. The preparation of 1;5-dia11yloxydecaphenylpenta-

Y
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silane; m.p. 172-174°C, also gave a small yield of 1,5-di-
hydroxydecaphenylpentasilane, m.p. 174—17600. A mixture m.p.
of these two compounds was depressed 6 to 8°C. All of the
heterocyclic polysilanes studied exhibited polymorphism with
the exdeption of VIIé. Some (VIII and IXa) appéared fo form
eutectic mixturgs. This phenomena has béén generally ob-

sérved with cyclic siloxanes (108).
Suggestions for Further Research

In the preseﬁt study a variety of heretofore ﬁnavailable
linear, cyclic gpd“heterocyclic polysilanes have been pré-'
pared. Many of these compounds contain functional terminal
groups which may be useful in further synthetic work. The
unsymmetrically‘disubstituted polysilanes are-pérhaps most
useful in providihg cémpounds which do not contain terminal
'substituents.of equal reactivity. Kinetic studies or the
use of erythro or threo iéomers of organic halides in the
hydrohalogenation of cyclosilanes would provide more valid
interpretations of the mechanism and nature of this reaction.
Heterocyclic polysilanes containing a varlety of heteroatoms
would undoﬁbtedly provide useful studies. Cyclosilanes con-
taining methylene groups would offer interesting comparisons
to the present study. Using the ring qlosure methods demon-
strated herein different.hetero atoms may be introduced-into’
g alpolysilane chain. |

The recently observed ultraviolet absorption properties
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of polysilanes offer a variety of useful studies. The use
of photochemistry 1n polysilane synthesesvand.:eactions has
been given Very'little attention. The preparation of aryl-.
substitﬁted polysilanes énd a study of their ultréviolet ab-.
sorption(properties Willtundpubtedly provide a‘ﬁeané of
measﬁring substituent effects on fhe aryl group. It was noted_
in this thesis that the introduction of an-oxygen_atom into a
polysiiane chaiﬁ gave a )max. value characteristic of the
longest silicon chain present,Ai;g., no transitions were
observed through the heteroatom. Introduction 6f an element
such as sulfuf which has available gfofbitals similar to
silicoh may give‘transitions through the chain much like
extending the polysilane chain. The introduction of a n-
electron system, such as é phenyl group, into the silicon
lchain may also extend'the conjugation effects.

The preparatiéﬁ of fOur;‘of'five-membered rings contain-
ing substituentsﬁpéher thanﬂphenyl‘groups would provide a
more sultable comparison»of the feactivityvof"cyclésilanes.

Physiéal studies of the conformation of cyclosilanes would

be useful in interpreting ring strain effects.
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SUMMARY -

A réview of the'reported ¢chemistry of lmown cyclosilane
| compounds is presented. All of fhe’known cyclic or hetero-
NCyclic cémpounds conta;ning at least one silicon-silicon bond
are included. )

A study of the pfeparation of a,w-dichlord'polydiphenyl-
silanes from octaphenchyclofetrasilane and'deéaphenylcyclo-
pentasilane with chloriﬁéting reagents such as 1,1,2,2-tetra-
'chloroethane, phosphorué pentachloride and ehiorine is dis-
cussed. The study has led to the pfeparation of compounds of
the'general formula Cl-(SiPha)n-Cl,-where n equals 2 to 5. .
‘The conditions for chlorination of the cyclosilanes with or
without silicon-silicon cleavage of the linear polysilane
after ihitial ring-opening arehdéscribed.

Conditions were found for the successful cieavage of
obtaphenylcyclotetrasilane with énhydrous hydrogen‘chloride.
‘Organic halides such as B,p!'-diéhlorodiethyl ether, 1,2,3,4-
5,6-hexachlorocyclohexane, t-butyl chloride, 2-chlorobutane-
and t-butyl bromide.were found.to be capable of hydrohalo;
genating octaphenylecyclotetrasilane to glve the corresponding
lﬂ,4-ha;ooctaphényltetrasilane. A variety of unsuccessful at-
tempts to hydrohalogenate decaphenylcyclopentasilane was made.

‘Starting with octaphénjlcyclotetrasilane, a number of |

heterocyclic polysilanes can be made by the iInsertion of one

oxygen atom at a £ime into the ring,'using a procedure in-
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volving hydrolysis-subseduent to chlofination of the ap-
propriate smaller ring compound. The propyl alcohol hydrol-
ysis of 1l,4-dlchlorooctaphenyltetrasilane gives_octaphenyl-
oxatetrasilacyclopentane which.can be cleaved with chlorine
and the products hydrolyzed to give the corresponding.octa;
phenyl -1 3- and 1 4-dioxatetrasilacyclohexanes. The ﬁydrol-
y31s, subsequent to chlorination, of these two compounds
gives-a seven-membered ring cyclosilane, octapheny1-2,3,5-
trioxa-l,4,6,T-tetrasilacycléheptane. Chiorine added to
this compound followéd by cyclization gives the first un-
ambiguous préparation of'octaphenylcyclotetrasiloxané.. The
addition of chlorine to the above five-, six- and seven--
membered ring compounds was rapid and quantitative. This is
in contrast to the rate of addition of chlorine to perphenyl-
ated cyeclosilanes which decréasés rapidly with increasing
ring size.

A study was made of the reaction of nitrobenzene on octa-
a;phenylcyclotetrasilane, decaphenylcyclopentasilane, dodeca=-
phenylcyclohexasilane, hexaphenyldisilane and the above oxé-
cyclosilanes. Octaphenylcyclotetrasilane and octaphenyloxa-
'tetrasilacﬁélopentane gave mixtures of the 1,3-dioxa and 2,3,5-

trioxa cyelic compounds. These, the 1,4-dioxa compound and
decaphenylcyclopentasilane reaéted slowly to give hexaphenyl~
cyclotrisiloxane and octaphenylCyclotetrasiloxane. Dodeca-

phenylcyclbhexasilane and hexaphenyldisilane did not react

under the conditions used.
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Anhydrous hydrogen chloride and Erbutyl chloride wére
used to. hydrohalogenate dodecamethylcydlohexasiléne to pro-
vide a series of very useful compounds of the general for-
mula Cl-(SiMe,),-Y, where n = 1 to 6 and Y = hydrogen or
chlorine. '

Derivatives were made of the various polysilanes with
reagents such as alcohols, Grignard reagents and phenyl-
lithium, or by hydrolysis with acids etc. Studies of the
variety of polysilanes prepared included assignment of silicon-
chlorine absorptions of ¢,w-dichloro phenylpolysilénes with |

increasing chain length in the LOO to 70O cm."1

range. In-
frared studies ofiﬂuaSiQO-Si absorption shifts in cyclic
compounds of different ring-size and of the Si-phenyl ab-
SOrptions observed in polydiphenylsilanes of varying chain
length was ﬁséful,in the characterization of the oxacyclo-
silane compounds prepared.

Ultraviolet absofption maxima were determined for all
the compounds prepéred. A study of the series'Y>(SiMeé)n—Y,
vhere n = 2 to 6 and Y = hydrogen or chlorine, showed the
same lmax. for any given chain length. However, differences
of a’'regular nature are observed in the mo;ar absorptivity.
Ample demohstration,is given of the utility of ultraviolet
absorption spectra in characterizing polysilanes and in

measuriﬁg the relative electronic effects of varying terminal

groups.
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