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INTRODUCTION

The excellent thermsl stebilities and oxidaetive stablii-
ties of certain orgznosilicon compounds were two factors
influential in stimulating commercial interest in the develo?—
ment and production of some of these types which, even today,
are considered custom chemicals. Prior to this industriesl
activity very li;tle effort had been made to prepare and
evaluate organosilicon compounds which might possess favorable
thermal stabilities; though organic compounds of silicon have
been the eubject of numercus investigations during the past
yeers. Lven with the rapld rise of this new industry, emphasis
has been concentrated vprimerily on polyorganosiloxanes, com-
moniy referred to as silicones, because of their divers
applications, but malnly because economic and commercizl con-
siderations are more favorable to the large-scale zdaptation
of silicones than to moncmeric organosilicon types. A£4s a
consequence, the potential of monomeric organosilicon compounds
ag thermelly stable materizls to be utilized 2t elevated
temperatures has hardly been scrutinized either industrizlly
or in university laboratories.

Accordingly, one of the purposes of this work was to
syntheslze some monomeric organcsiliccn compounds for possible
usé as high temperature lubricants snd related applications.

One part of this problem was essentlally an extension of some



earlier studiesl

which dealt with an evaluation or qualitative
comparison of the abilitlies of wvarious organic moieties to im-
paert thermal resistance to a molecule. The second part of
this problem was concernad with finding a versatile nucleus

to which some of the more promising organic groupings could
be attached. The dibenzosilele ring system, an aromatic
heterocycle with siliicon 28 the hetero atom, wasg selected for
this purpose since, in additlon to being synthetically versa-
tile, i1t also possessed aromatlc character which was deemed
important in minimizing oxidation and increzsing rediation
resistance of the molecule a2t elevated temperatures.

Another opurpose of the investigation was to compare the
chemical properties and physical properties of dibenzosilole
types with both their open-chained analogs and with their
carbon anzlogs. The chemical studles were limited to hydroly-
s8is reactions, reduction reactions, and Wurtz-type coupling

2

reactions of functionai dibenzosilole compounds, and to

cleavage reactlions of nonfunctional dibenzosilole types by

1s. J. Goodman, Unpublished Ph.D. Thesis, Iowa State
College Library, Ames, Jowa (1950). ‘ _

2In this thesis funetional will be used in a2 restricted
sense to denote compounds containing a2 silicon-halogen bond(s),
a silicon-hydrogen bond(s), and z silicon-szlkoxy or -aryloxy
bond(s). Nonfunctional cyclic types will include compounds
containing only silicon-carbon bonds as well zs derivatives
hzving 2 silicon-hydroxyl bond(s), a silicon-siiicon bond,
and sllicon-oxygen-silicon bonds.



lithiur in tetrehydrofuran and in diethyl ether. Similar
cleavage rezctions of some open-chalned compounds were rein-
vestigated to ascertain the mode of reaction as well as to
conpere them with the cleavages of their cyclic organosilicon
counterparts. |

Perallieling the systematic studies of organlic radicels
to be incorporated in the dibenzosllole nucleus was a related
investigation almed at improving known preparatlve procedures,
especially with regard to finding new methods for introducing
organic grouplings inte the dlibenzosliole framework.

The nomenclature and numbering system for &ll cyclic
organosillcon compounds are in accord with those used and
recommended by Chemliczl Abstrects. The numbering of the

dibenzosilole ring system is shown in the illustration (I).

9 i
8/,
5 3
7 Si
[ H 4
A



HISTORICAL

In this review en ettempt has been made to record 211 of
the cycllic organosilicon compounds zbstracted in Chemicel
Lbstracts through December, 1955. The author index of Chemical
Abstracts has been reviewed through Lpril, 1957, and Current
Chemical Papers have been thoroughly checked through Aprii,
1957. The original and cross references were consulted
whenever possible.

It has beern the intent of this compilation to summarize
the preparatlion and properties of silicon-contzining ring
systems 1in whichk siiicon is bonded only to carbon. According-
ly, numerous polycyclic erganosiloxanés and polycycllic organo-
polysilanes, as well as any other ring system contalning a
silicon atom bonded@ to a hetero atom, will be omitted.

The review has been arbitrarily divided into three mein
parts: <first, preparations of functional cyclic organosilanes;
second, preparations of nonfunctional cyclic organosilanes;

third, properties of cyclic organosilanes.

Preparations of Functional Cyclic Organosilanes

The first mention of a cyclic organosilicon compound

appeared in the literature in 1887 when Eart3 clzimed he had

3w. B. Hart, Rev. Brit. Assoc., 661 (1887).




prepared 1l,l-dichlorosilacy :iobutane by a sodium condensation
from one mole of 1,3-dlbromopropane and one molie of silicon
tetrachloride. There was considerable doubt about the assigned
structure based on margihal elementary analyses and, 1indeed,
the results could not be duplicated by Widdowsona who recom-
mended the compounds be deleted from the literature.

Bart's controversial investigation was actually the
stimulus for the first successful preparation of a functional
cyclic organosilicon compound. Prior to Widdowson's repeti-
tion of Hart's work, Bygden5 was also extremely dublous of the
latter's results and, therefore, employed e different epprozch
to the synthesis of a2 silicon-containing heterocycle. He
introduced siiicon into a six-membered‘ring by allowing one
mole of i, 5-rentamethylenedimagnesium dibromide to interact
wlth one mcle of silicon tetrachkloride. A modification of
this procedure resulted in an improved yieid, 70%, of 1,1-di-
chliorosiiacyclohexane, which has also been prepared in an

unspecified yield by Hershs, and could be applied with almost

43. R. Widdowson, J. Chem. Soc., 958 (1926).

54, Bygden, Ber., 48, 1236 (1915).

S7. M. Hersh, U. S. Patent 2,464,231 (March 15, 1944)
[briginal not gvallable for examination; abstracted in C. A.,
43, 8210 (19%49)] .



equal facllity to five- and seven-membered rings7’8. Thus,

1,l-dichlorosilacyclopentane and 1,l-dichlorosilacycloheptane
were prepared in yilelds of 51% and 11%, respectively, by em-
rloying essentially the modified procedures. The former com-
pound was obtained iﬁ lower ylelds by other investigatorsg’lo.
Treatment of esppropriately substituted trichlorosilanes
with difunctionalll Grignard resgents provided a useful route
to the syntheses of monofunctional cyclic organosilicon com-
pounds. This technique was used for the prevaration of
l-chloro-l-methyl-, l-chloro-, and l-chloro-l-vhenylsilacyclo-
hexane from 1, 5-ventamethylenedimagnesium dibromide and methyl-
trichlorosilane, trichlorosilane, and phenyltrichlorosilane,
respectively, in yields of 62%, 59%, and 64%, respectively.
The same procedure was appllcable to the syntheses of i-chioro-

l-methyl- and l-chloro-l-phenylsiiacyclopentane in yilelds of

( 33. West and E. G. Rochow, Naturwissenscheften, 40, 142
1953).

8R. West, J. Am. Chem. Soc., 76, 6012 (1954).

%M. Kumada, J. Inst. Polytech. Osska City Univ., Ser. C.,
No. 1, 11 (1951) [Originel not availgble for examination;
abstracted in C. 2., 46, 6082 (l952)i.

104, F. Plate, N. A. Momma, and Yu._P. Egorov, Doklady
Aked. Nauk S. S. S. R., 97, 847 (1954) [Original not ayallable
for examination; zbstracted in C. A., 49, 10169 (1955?1.

1lon1y the carbon-metal bond(s) will be considered func-
tional in CGrignard reagente and organolithium compounds
mentioned in this thesis.




47% and 369, resPectivelyS’lz.

1,1'-Oxybis-[i-chlorosilacyclohexane] (IT) and 1,1'-bis-
[l—chlorosilacyclohexanélWere prepared in a similar feshion in

yields of 28% and 68%, respectively..
C1 C1
' I | /
C1451081C13 + 2 BrmgCHZ(CHZ)BGHZHgBr — < | S1-0-81 )
II

Two generalizstions were deduced from some of the afore-
mentioned ylelds of functional cyclic organosilanes. First,
in each series maximum yieldé were obtained with the six-
membered rings, slightly lower ylelds with the five-membered
rings ané very low yields with the seven-membered rings.
Second, the yield of cyclic product increased as the number
of chlorine atoms attached to silicon increzsed, even though
the chance for polymerization increases wheh the functionallty
of siiicon 1s increased. The higher yield was attributed to
an increased electrostatic fleld whick would faclilitate ring
closure.

Some five- and six-membered silicon-containing ring com-

pounds having substituents attached to a carbon atom in the

12z, p. Lichentwalter, Chemistry Devt., Iowa State Col-
lege, Ames, Towa, Information on alicycliic silicon compounds,
Private communication (1957).



ring have been described;B. The substantiation of the struc-
tures of these compounds 1s inconclusive since no physical
constants were glven for them in the abstract of the patent
and, furthermore, most of the compounds cited were merely
synthesized as intermediates for the preparations of polymers.
With these reservation in mind, 1,1,2,3-tetrachlorosilacyclo-
hexane was prepared by allowing the difunctional Grignard
reagent of 1,5-dichloropent-l-ene %o interact with silicon
tetrachloride {to give 1,1-dichHiorosilacyclohex-2-ene, an
intermediate, which was chlorinated between 60;?O° to glve the
desired compoundlB. 1,1,2,3-Tetrachlorosilacycloheptane and
1,1-dichloro-2,3~-bis-{(3,4-dichlorobutyl)-silacycloheptane were
obtained in a‘similar fashiont3.

This patent also reported two other novel cyclic silicon
compounds in which part of the bicyclic ring system was aro-
matic. Thus, the reaction of the difunctional Crignard
reagents of « , c~dlchloro—o-xylene and 2-(4-pentenyl)- e, —
dichloro-p-xylene with silicon tetrachloride, followed by the
usual chlorination, gave 1, 2,2,3-tetrachlorosilaindane (III)
and 3,3-dichloro-6—(4,5-dichloropenty1)-3-silabicyclo[3.2.2}-
nona-5,7,8-triene (IV)IB.

137, M. Hersh, U. S. Patent 2,615,033 (October 21, 1952)
[briginal not g ailable for examination; abstracted in C. 4.,
47, 9345 (1953)].
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Apropos silacycloalkene types, one such compound was
reported and definitely characterized, Petrov et g;;}b pre-
pared 1l,l-dichlorosilacyclopent-3-ene in a low yield by a
direct method, i.e., a high temperature reaction between 3,#—1
dichlorobut-l-ene and a silicon-copper alloy.

Sommer and Bennett15 synthesized a novel bicyclic silicon-
containing compound for the purpose of elucidating the stero-
chemical requirements for substitution at s silicon atom. Their
multistep syntkhesis of l-chloro-l-silabicyclo[2.2.1]-heptane
(VI) involved the following steps: the preparation of 4—tri-
chlorosilylmethyltetrahydropyran (V) from the Grignard reagent
of 4-Promomethyltetrahydropyran and silicon tetrachloride;
cleavage of V with boron trichloride and subsequent treatment
of the cleavage product with thionyl chloride; and finally,

1%, D. Petrov, G. I. Nikishin, N. P. Smetkina, and

Yu. P. Egorov, Izvest. Akad. Nauk S. S. S. R., Otdel. Khim,
Nauk, 947 (1955) [ Original aveilable but not translsted;
tranelated in Bull. Acad. Sci. U. S. S. R., Div. Chem., Sci.,
861 (1955); also abstracted in C. A., 50, 9282 (1956)].

le. H. Sommer and O. ¥. Bennett, J. Am. Chem. Soc., 79,
1008 (1957).
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treatment of 1,5-dichloro-3-trichlorosilylmethylpentane with

magnesium.

L. BCI
(3\\ 3

2. SOCly

3. Mg %i
QHz Ct
SiClg

T

A

Recently, studies revealed that another type of cyclic
organosilicon compound, a ring system containing three or more

silicon atoms in the ring, could be obtained by a non-Grignard

16 17

method. Petrov and Ponomarenko and Nametkin et 21. con-

verted methylene chloride to 1,1,3,3,5,5-hexachloro-1,3, 5-
trisilacyclohexane (VII) at 300° in the presence of =z silicon-

18,19

copper 2lloy. Frigz claimed to have obtained 3,7-4dichloro-

1, 5-bis-{chloromethyl)-3,7-dimethyi-1,3,5,7-tetrasilabicyclo-

16A. D. Petrov and V. A. Ponomzrenko, Doklady Akad. Nauk
S. S. 8. B., 93, 387 (1953) [ Original not available for
exzamination; abstracted in C. A., 48, 5080 (1954)].

17%. S. Nometkin, A. V. Topschiev znd V. I. Zetkin, ibid.,
93, 1045 (1953) | Orizinal not svailable for examination; ab-
stracted in C. A., 49, 842 (1955)].

18a. Fritz, Z. Naturforschung, 12b, 66 (1957).

19c. Fritz, ibia., 12b, 123 (1957).
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[3.3.i]nonane (VIII) from the pyrolysis of trimethylchloro-

silane at 800°. ©Perhaps the assigned structure (VIII) should

cHy C
C{SQ r 5'(\
r/ \W o CICHZ Si— CHy—Si=CH CI
Sgi s
ctr NG .
St
¢l CHs

AV/I

nee its eiucidestion was Ptased cn ans-

[}
-

be held as tentative
lyticel davz, atomic models, and comparison of its physical

properties with those of possible open-chained models.

Preparztion of Nonfunctionsl Cyclic Orgenosilicon Comprounds

o]

Trhis section is intended to include synthetic prccedures
mploying only noncyclic functloneal organocgilanes and any
other rezgents necesgary to effect ring closure. Other reac-
tions leading to nonfunctional cyeclic typves will be mentioned
in the section desling witk the properties of cyclic orgzno-
silicon compounds.

L% the time Eart3 clzimed %o have nrepared 1,l-dichloro-
silecyclobutzane, he zlso purpcrted to have prepared =z non-

functional three-membered ring compound (IX) by the sodium



12

Si

condensation from two moles of o-dichlorobenzene and one mole
of silicon}tetrachloride. This compound, iike the functional
one, was supported by meager and questionable evidence and was
eventually refuted by Widdowsonb. An zttempt to prepare an
alicyclic silicon-containing three-membered ring compound was
also unsuccessfulzo. |

To dete, & four-membered ring containing silicon hés been
the smellest ring system synthesized. The‘two silacyclobutanes

were obtalined by unique methods. Sommer and Baum2l

prepared
the first such compound by using a procedure involving several
stepes. Clezavege of 3-bromopropyitrimethylsilane with sulfuric
acid, folloﬁed by reaction of the resulting symmetrical disll-
oxane with ammonium chloride and sulfuric acid, ylelded 3-
bromopropyldimethylehiorosilane which, when trested with
magnesium in diethyl ether, afforded 1,l-dimetkyisilacycio-

butane.

205, D. BRoberte and S. Dev, J. Am. Chem. Soc., 73, 1879
(1951).

211, H. Sommer and G. A. Baum, ibid., 76, 5002 (1954).
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West22 independently completed the synthesis of 3,3-
dicarbethoxy-1,l1-dimethylsilacyclobutane. Using an entirely
different approach, he prepared this compound by a2 ring closure
reaction from bis-(iodomethyl)-dimethylsilane, diethyl
malonate, and sodium methoxide.

Several nonfunctional cyclic organosilicon compounds were
obtained from a difunctional Grignard reagent and a disubsti-
tuted dichlorosilane. Compounds prepared in this manner were
1,i-dimethylsilacyclopentane?,10, 1,l—diethylsilacyclopéntane9,
l,1-dimethylsilacyclohexane23, and 1,l—dietﬁylsilac&clohexanes,
the latter bpeing slightly impure; however, the compound was
obteined pure by a different method24.

The scope of this rezction can be broadened so as to
include 2z class of cyclic orgznosilicon compounds heretofore
not mentioned. These are aromatic heterocycles containing two
hetero atoms, silicon and either oxygen or sulfur. O0ita and
Gilman25 prepared the first such compounds by dimetalating

diphenyl ether and subsequently treating the dimetalated product

22%. West, ibid., 77, 2339 (1955).

23A. ¥F. Plate, N. A. Belikova and Yu. P. Egorov Izvest.
pkad. Nauk S. S. S. R., Otdel. Khim. Nauk, 1085 (1956)
Original availzble but not translated; absfracted in C. A.,
E 5085 (1957)].

24c. Gruttner znd M. Wiernik, Ber., 48, 1473 (1915).

25%. Oita and H. Gilman, J. Am. Chem. Soec., 79, 339
(1957). '
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with diphenyldichlorosilane, dimethyldichlorosiiane, and sili-

con tetrachloride to give 10,10—diphenyl-, 10,10-dimethylohen-
oxasilin, end 10,10'-spirobiphenoxasilin (X), respectively.

(10
J@

a8

10,10-Dimethyl- and 10,10-diphenylphenothiasilin-5, 5-dioxide
were prepared in a similsr fashion from the dimetalated product
of diphenyl sulfone and the appropriate chlorosilanezs.
Goodwin27 reported the preparation of both 1,1,3,3,5,5-
hexamethyl-1l, 3, 5-trisilacyclohexane and 1,1,3,3,5,5,7,7-octa-
methkyl-1,3,5,7-tetracilacyclooctane by the sodium condensation
from a mixture of bis-(ckloromethyl)-dimethylsilane and bis-
(chlorodimethylsilyl)-methane. The former compound was also

described in a British patent28.

26K Oita and H. Gilman, J. Org. Chem., 22, 336 (1957).

7J. T. Goodwin, Jr., U. S. Patent 2,607,791 (August 19,
1952)[:OriginaL not available for examination' abstracted in
C. A., 48,713732 (195%) ].

28Dow Corning Ltd., British Patent 667, 435 (Fetruary 27,
1952)[:0rig1na1 not avzilable for examination; abstrzcted in
. h., 46, 6425 (1952)]-
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It has been claimed that the thermzl decomposition of
tetramethylsileane yielded a veriety of products among which
were included some cyclic organosilicon compounds. The struc-
tures were not rigorously estavlished but zsnalyticsal Jata,
atomic models, and certaln chemical and physical properties
indicated one fraction to be a mixture of 1,1,3,3, 5, 5~-hexamethyl-
end 1,3,3,5, 5-pentamethyl-1,3, 5-trisilacyclohexane and a second
fraction to be 1,3,3,5,7,7-hexamethyl-1,3,5,7-tetrasilebicyclo-
[3.3.i1nonane29’30. If the first fraction indeed was a mix-
ture, then the pentamethyl derivative should be readily
converted to the hexamethyl derivetive by treatment with

methyllithium.

Properties of Cyclic Organosilicon Compounds

Chemiczsl properties

Generslly speexing, most reactions of functional cyclic
organosilicon compounds were analogous o reactions of func-
tional aliphatic and aromatic silanes. Although reactions

involving cyclic types were more rapid then similar reactions

29z. Fritz and B. Raabe, Z. Naturforschung, 11b, 57 (1956) -

30e. Tritz and B. Baabe, Z. Anorg. Chem., 286, 149 (1956).
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of open-chained compounds, the mechanism Tfor both types ap-
pears to be the same, A

Many nonfunctional zlicyclic organosilicon compounds were
obtained in excellent ylelds by treating 2 chloro-substituted
silicon-containing ring system with either a Grignard reagent
cr an organclithium compound. This method of preparing non-
functional cyclic organosilicon compounds, although essentlally
2 two step process, was superior to one involving a cne 5tep
cyclization reaction via a difunctional Grignard reagent.
Prepared in this manner were 1,1-dimethyl-, 1,l1-diethylsila-
cyclohexane, 1,l1-dimethyl-, 1,l-diethylsilacyclopentane, and
l,l-dimethylsilacyclopent—B—ene5’8’9’10’14.

Whereas Crignard reagents reacted only slowly with a
chlorosilacycloalkane, organolithium compounds alkylated the
same compound much more readilys. 1,1'-Oxybis-[ 1-chlorosila-
cyclohexane] and 1,1'-oxybis-[ 1-chlorcsilacyclopentane |
interacted smoothly with organolithium compoundslz. Two high
boiling compounds, 3,3‘—biphenylenebis—[l—phenyl—l—silacyclo-
hexane] and 4,4'—biphenylenebis—[l—phenyl—l-s11acyclohexane]
were synthesized from l-chloro-l-phenylsilacyclohexane and
3,3'-biphenylenedilithium and 4,4'!'-biphenylenedilithium,
resPectivelylz.

Perhzpe the most interesting and useful application of
an orgenolithium compound for the synthesis of cyclic silicon

compounds was in the preparation of some novel spiranes with
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silicon as the splro atom. These spiranes were generslly pre-
pared by allowing a dichlorosilacycloalkane to react with an
organodilithium coﬁpound, e.g., treatment of 1, 5-pentamethyl-
enedilithium with 1,l1-dichlorosilacyclopentane and 1,1-
dichlorosilacyclchexane gave 5—-silaSpiroDlr.4] nonsne and
5-silaspirol4.5]decane, respectivelyS. 6-Silaspire[s.5]-
undecane could elther be prepared as Just meaticned or from
1,5-pentamethylenedilithium snd silicon tetrachloride, the
former being the method of choices.

Hydrolysis of chloro-substituted Cyclic orzanosilicon
compeunds gave elther silsnole, dlsiloxanes or polysiloxanes,
depending on the temperature and on whether the compounéd was
mono- or difuncticnal. Bygden5 reported that hydrolysis of
1,l1-dichlorosilacyclohexane gave a polymer; however, WestB,
using carefully controlled hydrolysis conditions, obtained
1,l1-silacyclohexanediol which was converted to a polymer oh
warming. l1-Phenyl-l-silecyclohexanol was successfully dis-
tilled in vacuo but at elevated temperatures it formed a
disiloxanelz. 1-Methyl-l-silacyclohexancl was also easily
transformed to the disiloxane. Treatment of l-chioro-l1-
silabicyclo[ﬁ.z.i]heptane with wet ether yilelded the disilox-
anel5. Hersr®s13 reporteld the hydrolysis of a number of
dichlorc-substituted silicon-containing heterccyclic compounds.

By employing sultable condensing agents, e.g., sulfuric acid,
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he was successful in controlling reaction conditions so as to
obtain optimum polymeric structures.

Closely related to the hydrolysis reactions is the forma-
tion of alkoxylated derivatives from chlorosilacycloalkanes
and an alcohol or alkoxide. 1,1-Dimethoxysilacyclopentane
was conveniently obtained from 1,1-dichlcrosilacyclopentane
and sodium meth.oxide8 or from 1,l-dicklorosilacyclopentane,
methanol and pyridine9, Higher yields were obtained with the
sodium methoxide method.

The chloro-substituted silacycloalkanes were subjected to
reduction with either lithium 2luminum hydride or lithium
bhydride. Silacyclopentane, silacyclohexane, anéd silacyclo-
heptane were prepared by treating the respective dichloro-
silacycloalkanes with litkhium aluminum.hydride8. Sommer and
Bennett1? reduced l—chloro—l-silabicyclo[2.2.1]heptane to
l-silabicyclo[2.2.1] heptane in like fashion. 1l-Methylsila-
cyclohexane8 could also be synthesized by a similar procedure
but the method of cholce was one involving methyldichloro-
silzne and 1,5-ventamethylenedimagnesium dibrcmide. 5-Methyl-
silacyclopentane and 5-methylsilacycloheptane were prevared by
the ring closure methoda. The latter compound was not
obtained pures.

Lithium hydride has not beemn as widely utilized for
reduction as has lithium aluminum hkydride. In fact the only

two compounds reduced with lithium hydride were 1,l1-dichloro-
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10 end 1,1,3,3,5,5-hexachloro-1,3, 5-trisila-

silacyclopentane
cyclohexanels.
Two investigations were carried out with the aim of com-
paring the reactivities of silicon-containing alicyclic systems
with their carbon anslogs. In one of the studies WESt31 cor-
related reaction rates with ring size in order to ascertein
the importance of “I-strain®? in such systems. The reaction
studied was a base catalyzed hydrolysis in which the hydrogen
attached to silicon was replacel bty hydroxyl. Thus, the rate
studies of siliacycliopentane, silacyclohexane, silacyclohertane,

and di-n-propylsilane showed that the rezctivity of the com-

pounds decresgsed in the order

SiH, > Si-Hy > (n-CzHp)SiH, > SiHy

Since the first hydrogen atom was removed sc rapidly, the
approximate rates were for the removal of the second hydrogen
atom. The free energies of activation and entropies of acti-
vation for the various cyclic systems were calculated from the

rate data. The order of rezctivity was the same as that in

Ilp. West, J. fm. Chem. Soc., 76, 6015 (1954).

325, ¢. Brown and M. Gerstein, ibid., 72, 2926 (1950).
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the cearbocyclic systems and the results were explained in
terms of "I-strain'.
Sommer and Bennettl5 have studied a bicyclic system con-
taining silicon &s one of the bridgehead atoms in an effort of
clarify the sterochemical requirements for substituticen at a
silicon atom. Thus, since l-,hloro-l-silabicyclo[2.Z.i]heptane
reacted with hydroxide ions and hydride ions under very mild

conditions, in sherp contrast to similer reactions with

ct

ne
carbon analog, the authors made the following postulates re-

garding substitution reactions at a silicon atom: first,

o

‘.‘S

five-membered complex is formed during the rezctiocn; second,
the geometry of the conmpliex approximates & trigonal bipyreamid;
third, the entering group and the group which is displaced need
not occupy the apices of the bipyramid. Only the thrird postu-
late is completely new.

.,

Ring openin of four-, five, and six-member

( Q
(1’}

d ring
syvstems have been carried out with both acidic snd basic
resgents. In contrast to tetrzalkylsilanes, silacyclobutanes

b/

underwent violent reactions with sulfuric gcidé. 4t O, 1,1-

dimethnylsilacyclobutane gave sym-di-n-propyltetramethyldisil-
.- - 21
oXane on treatment with sulfuric scid .

The five-~ and six-membered systems, including z spirane,

were also susceptible to ring openings with sulfuric acid.

1,1-Dimethylesilzacyclohexane zfforded & mixture of disiloxsnes 2nd

some methane. 5—Silaspiro[#.4]nonane yielded 1,1'—oxybis—[1-



butylsilacyclopentane]. Treatment of 1,1'-oxybis-[1-ethyl-
silacyclopentane]'with sulfuric acid resulted in the formation
of §xgrtetraethyltetrabutylcyclotetrasiloxane.23

3,3-Dicarbethoxy-1,l1-dimethylsilacyclobutane, as well as
1,1-dimethylsilacyclobutane, were cleaved with alcoholic
potassium hydroxide o’Zl. On the other hend, 1,1,3,3,5,5-
hexamethyl-1, 3, 5-trisilacyclohexane was stable to cleavage by
strong aclids and strong alkaliszs. Sommer and Baum?l attrib-
uted the reaétivity of slilacyclobutane compounds to angular
strain in the ring. West18 suggested that the total angular
stralin was no greater in silacyclobutane than in cyclobutanes
and, since the former cleaved more ravidly than the latter,
his view was that a silacyclobutane ring cpening was facili-
tated because it had availasble to it mechanisms not available
to cyclobutane.

Although 1,1-dimethylsilacyclopent-3-ene was hydrogenated
to give the corresponding saturzted compound, the reverse re-
action, dehydrogenation, 4id not appear to occurlb. Attempts
were made to catalytically dehydrogenate silacyclohexane and
l-methylslilacyclohexane over platinum and palladium at tempera-
tures up to sabout 5000; only starting materlals were recovered.
A chromia-a2lumina catalyst resulted in the oxidation of both

compounds 4o siloxaness.

The cleavage of 10,10'-spirobiphenoxasilin with lithium

in dioxane to give bis-(o-hydroxylrphenyl)-diphenylsilane was
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& valueble =id in elucidating the structurs of the cyclic
25

compound .

Physical oproperties

Table 1 and Table 2 include all of the cyclic organo-
silicon compcunds, togetker with thelr physical constants,
mentioned in the Historical part. None of the compounds
described in this dissertation are tabulated in these Tables.

The physical properties of silacycloalkanes zre not
grossly different from their open-chained ccunterparts, but
some of them do exhibit noteworthy differences. The most
unicue class of compounds in this respect are the silicon-
containing spiranes. They are colorless oils possessing faint
camphoraceous odors and, compared with typical organosilicon
compounds, they have unusually high densities, refractive
indices, melting points, and boiling points. These abnormal
properties reach a maximum with 6fsilaspirc[5.5]undecane, the
boilinz voint of which was about 45° higher than would be
predicted cn the basis of the boiling points of linear tetra-
alkylsilanes of comparable moleculzar weight. The abrormal
characteristics have been ascribed to the fact that the
silicon spiranes are considersbly more assoclzted in the

condensed phases than are moset alkyisilanes8.
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Table 1. Alicyclic organosilicon compounds®

< 20

Compound B.p., °C/mm. n Ref.
420
1,1-Dichlorosilacyclo- 169-170/78k4 r 1.4697° (5,8,
hexane 1704 d 1.1550 7,8)
1-Crioro-l-methylsila- 16‘7d n 1.466° (8)
cyclohexane d 1.01
1-Chlorosilacyclohexane 143°- n 1.467¢ (8)
d 1.018
1-Chloro-l-phenylsila- 77-90/0.09° (12)
cyclohexane
1,1'-Oxybis-[1-chloro- 63/0.02° (12)
silescyclohexzane
1,1'-Bis-[1-chlorosila-  70-73%T (12)
cyciohexane
1-Methylsilacyclohexane 118 n 1.4462° (8)
d 0.80¢
1-Silscyclohexane 102% n 1.4533° (8)
d 0.818
da
1,1-Dimethoxysilacyclo- 171 n 1.43090_ (8)
hexane d 0.958

Z2Compounds in this dissertation are not included.

®In this table the highest value for & constant is re-
corded when more than one is glver unless later investigators
indicate the highest wvalue to be in error.

Cn25 and d25.

doressure was not given, but it was presumably atmos-
pheric.

©Compound was not obtained pure.

fMelting roint.
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Table 1. (Continued)
Compound B.p., OG,/lmn.'b n20 Ref.
20

1,1-Silacyclohexanediol 130-132" (8)

1-Phenyl-l-silacyclo- 91/0.02 n 1.5468 (12)
hexanol d 1.056

1,1-Dimethylsiiacyclo- 1324740 n 1.4394 (5,8)
hexane 133 d 0.8039

1,1'-Oxybis~[1-methyl- 2532 n 1.4640°  (8)
silacyclohexane , d 0.927

1,1'-0xybis-[1-phenyl- 131-135/0.02 n 1.5546 (12)
silscycleohnexane d 1.050

1,1'-Bis-[1-phenylsila- 156-164/0.02 n 1.5870 (12)
cyclohexane] d 1.030

1,1'-Bis-[1-n-dodecyl- 200-209/0.02 n 1.4902 (12)
siiacyclohexane] d 0.878

3,3'-Biphenylenebis-~ 249-252/0.005 (12)
l-phenylsilacyclo-

hexane

L L. Biphenylenebis- 165-165.5f

g}-phenylsilacyclo—
exane

1,1-Dichlorosilacyclo- 143/752 n 1.4651 (8,9,
pentane d 1.151 10)

1-Chloro-l-methylsila- 132d n 1.453c (8)
cyclopentane da 0.981

1-Chloro-l-phenylsila— 140-145/20° (12)
cyclopentane

1,1-Dimethoxysilacyclo-  145-151% n 1.4269 (8,9)
vrentane d 0.9623
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Table 1. (Continued)
Compound B.p., °C/mm.P n20 Ref.
320
1,1-Diethoxysilacyclo- 73.5/38 n 1.4300 (2)
pentane d 0.9468
l1-Methylsilacyciopentane 91.5% n 1.4390° (8)
. da 0.798
Silacyclopentane 71/734 n 1.4458 (8,10)
d 0.8085
1,1-Dimethylsilacyclo- 105é7b2 n 1.43487 (8,9,
pentane 107 éd 0.7938 10,14)
1,1-Diethyleilacyclo- 81/63 4 n 1.44731 (9,10)
pentane 159-161 d 0.8256
1,1'-Oxybis-[l-ethylsila- 141/34 n 1.4641 (10,23)
cyclopentane | d& 0.9280
1,1'-Oxybis-{ 1-p-butyl- 294/75 n 1.4670 (23)
silzcyclopentane | d 0.9125
l,l‘-Oxybis-[;—phenyl- 127-129/0.02 n 1.5574 {(12)
" gilacyclohexene d 1.060
1,1'-Bis-[1-phenylsila- 119/0.005 n 1.53892 (12)
cyclopentane | d 1.036
1,1-Dichloro-i-sila— 135° n 1.4782 (1%)
cyclopent-3-ene d 1.2190
1,1-Dimethylsilacycio- 100.5-101/741 n 1.4433 (14)
pent-3-ene é 0.80867
a
1,1-Dicklorosilacyclo- 201 n 1.452° (8)
heptane d 1.065
1-Methylsilacycioheptane  144%:© n 1.423° (8)
Silacycioheptane 135d,e n 1.18!69c (8)
d 0.80 -
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1,3,5-trisilacyclohexane

Teble 1. (Continued)
Compound B.p., °C/mm. n<0 Ref.
d20
1,1-Dimethylsilacyclo- 161¢ n 1.4335 (8)
heptane da 0.780
1,1-Dimethylsilacyclo~ 81/730 n 1.4270 (21)
butane 4 0.7748
3, 3-Dicarbethoxy-1,1- 141-3143/15 n 1.4318°¢ (22)
dimethylsilacyclobutane d 0.997
1-Ckloro-1-silabicyclo- sk/5 n 1.4956 (15)
' [2.2.3] heptane
Silebicyelo[2.2.1] heptene 131/732 (15)
63%
1,1'-Oxybis= [i-eilebi- 76% (15)
cyclolgz. 2.]] heptane
5-Silaspiro|4.4] nonane 178.5d n 1.4860° (8,23)
a 0.899
5-Silaspiro [#.ﬂdecane 2036‘ n 1.4860° (7,8)
dé 0.899
6-Silaspiro[5.5 undecene  203% n 1.4860 (7,8)
i 0.899
i,1,3,3,5, 5~-Eexachloro- 130-140/10 (16,17)
1,3, 5-trisilacyclohexane 85T
1,1,3,3,5, 5-Hexamethyl- 96/26 n 1.4606° (17,27,
1,3, 5-trisilacyclo- 200 /745 a 0.846 28)
hexsne
1,1,3,3,5,5-Hexaethyl- 136/1 (17)
1,3, 5-trisilacyclohexane
1,1,3,3,5, 5-Eexapropyl- 165/1 (17)
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Table 1. (Continued)

b n<0 Ref.

B.p., oC/mm.
=0

Compound

1,1,3,3,5,5-Hexa- 203/3 (17)
butyl-l: 3: 5’
trisilacyclo-
bhexane
1,1,3,3,5,5,7,7- 75/1 n 1.4690°¢ (27)
OCctemethyl-1,3,5,7-
tetraesilacyclo-
octane .
big
106-107 (19)

3,7-Dichioro-1, 5~
bis-(chloromethyl)-
3’ ?-dimethyl-lx 3: 5, 7"
tetragilabicyclo-
[3.3.1] nonane
(30)

2008

1:3:3:5’7, 7"
Eexamethyl-
1131 5, 7—te’cra—

gilabicyclo
[3 3. l] nonane

€Sublimetion temperature.

Detailed Raman spectraio were reported for several of the
silacyclopentane derivatives as well as for 1,1-dimethylsila-

cyclopent-3-ene; the most characteristic maximum for the
1, 1Infrared spectra

silacyclopentane types appeared at 852 cm
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Table 2. Aromatic cyclic organosilicon compounds®

Compound m.p. °C Ref.
10,10-Diphenylphenoxa- 178-179 (25)
siiin
10,10-Dimetkylphenoxa—~ 78.5-79 (25)
silin
10,10 '-Spirobiphenoxa- 284-285 (25)
silin
10,10-Diphenylphenothia— 208.5-209 - (26)

silin-5,5-dioxide

10,10-Dimethylphenothia- 160.5-161.5 (26)
silin-5,5-dioxide

ZCompounds in this dissertation are not included.

date regarding silacycloalkanes is quite meager; hLowever, 1t
was an important a2id in establishing the structures of certain
.aromatic heterocycles containing silicon as the hetero
atom25’26. Some infrzred data is available for dialkylsila-
3’1

cycloalkanes--.

Although the number of aromatic heterocycles containing
silicon 1s small, excellent thermzl stablilities were exhibited

by some, especlally those containing the phenoxaslilin nucleus.

33e. »p. Oshesky snd F. F. Bentley, J. 2Am. Chem., Soc.,
79, 2057 (1957).
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10,10-Diphenylphenoxasilin and 10,10'-spirobiphenoxasilin
appeared to volatilize at about 450o without decomposition.
Compounds possessing the phenothiasilin nucleus were not as
promisingzs’zs.

Very little has been recorded in the literature concerning
applications of cyclic organosilicon compounds. The polymeric
siloxenes obtained by condensetions of difunctional cyclic
types were reportedly useful in lubricants as viscosity and
stabilizing agentss’13. Some of the tri- and tetrasijiacyclo-
alkanes were cited to be useful as lubricants and hydraulic

£1uias<?» 28,
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EXPERIMENTAL

£1]1 rezctions involving organolithium compounds and
Grignard reagents were carried out in an atmosphere of dry,
oxygen-free nitrogen. Also, all glassware used in these
reactlons was dried in an oven at 140° and was assembled while
hot gnd while flushing the system with nitrogen. Unless other-
wise stated most of the reactlons were run in three-necked
flasks which could be fitted with equipment such as a Tru-tore
stirrer, a condenser or a combination thermometer-nitrogen
Inlet, and a2n addition funnel.

The air-oven used in several experiments was a specially
éesigned, electrically heated, lnsulated, cylindriczl oven.
The heating element was built in the bottom of the oven. The
outer diameter was twelve lnches whlle the inner diameter was
five inches, the space between belng filled with insulation.
The top and bottom were constructed of "Alundum" with the top
being removable. Specizl Claisen type flasks with receivers
were designed to f£it the oven.

All solvents used with organometallic reagents were com-
merclally available "reagent grade! types, which were stored
"over sodium wire. The tetrahydrofuran was dried and purified
by successively shaking with sodium hydroxide pellets, re-
fluxing over sodium metal for at least 24 hours, and finally dis-
tilling immediately before use from lithium sluminum hydride.
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¥ost of the common organic halides were obtained from
either Eastman Crganic Chemicgls or Columbia Organic Chemicals
Company. The m-bromofluorobenzene and 2,2'-dibromobiphenyl
were purchased from Custom Chemical Laboratories and Reacticn
Products Inc., respectively. The common organosilicon halides
were purchased from Dow Corning Corporaticn. {Chloromethyl)-

methyldichlorosilane was vrocured from Peninsular ChemResearch.

lane and methyldiphenylchiorosilane were kindly

g2
0]
>
v
(é
o]
H
O
i.l .
mn
[ Rd

donated by Generel Ziectric, while -, p-phenyienebis-
[trichlorosilane], and 1,2-ethylenebis- trichlorosilane] were
doneted by Linde Air Products.

Tne lithium wire, ccated with grease, was carefully wiped

~

and weighed before use. In rezctions regquiring an excess of
lithium, the excess was easily removed oy filtering the organo-
lithium solution through & glass-wool plug.

The infrered spectra cited in this dissertation were
obtained on a8 Bzird, model B, recording infrared spectro-
photometer, property of the Institute for Atomic Research.

£11 melting points were taken on an electrically heasted
copper block and are uncorrected.

In generzal, the silicon analiyses were carried out in
accordance with the procedure of Gilznza.n_e_:c_;;a._‘]___;_BL'r For the

fiuorophenyl derivetives, nitric acid had to be completely

3&5. Gilmsn, B. Eoffertn, =Z. W. ¥elvin, Jr. and G. E.
Dunn, J. £m. Chem. Soec., 72, 5767 (1950).
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avolided or low resuits were obtalned. The use of sulfuric acid
alone or in conjunction with acetic azcid, if it was necessary
to '"wet" the sample, resulted in satisfactory results. The

molar refractions were calculated using the bond refraction
o1 35:36

velues of Vogel et

Tetraarylsilanes Containing a Hzlophenyl Group(s)

A detailed description of only one compound of & series
is recorded because the reactlion conditions and work-up pro-
cedures for the other members were generally the same. In
those instances in which there is a change in the general pro-
cedure, the modification is described in detail.

The infrared spectra of all of the m-fluoro- and m-chloro-
phenyl derivatives in either carbon disulfide solutions or as
NujJol mulls showed maxima at 9-9.2 ¢ and 12.7-12.8 ¥ which were
characteristic of an aryl-silicon bond and meta-disubstitution,
respectively. The absence of maxima at 2.7 # and 9.5 m indi-
cated the compounds to be devold of Si-0H and Si-0-S1 bonds,

respectively.

354, 1. Vb%el, W. T. Cresswell and J. Leicester, J. Phys.
Chem., 58, 174 (1954).

364, 1. Vogel, ¥W. T. Cresswell, CG. H. Jeffery zand J.
Leicester, J. Chem. Soc., 514 (1952).
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Reaction of m-fluorovhenyllithium with carbon dioxide

Run I. To a rapidly stirred solution containing 0.05 mole
of.g—butyllithium37 in 170 ml. of ether was slowly added a
solution of 8.75 g. (0.05 mole) of m-bromofluorobenzene in 95
mli. of ether, while not permitting the reaction temperature to
rise above —450. When the addition was complete, the feaction
mixture was stirred at -40° for 20 minutes subsequent to
pouring it onto & slurry of Dry Ice and ether. The carbonated
mixture was allowed to stand at rocm temperature until the
carbon dioxide sublimed, after which hydrolysis was effected
with 120 ml. of 5% hydrochloric acid. The organic layer was
separated and extracted with three 75-ml. portions of 5%
sodium hydrogen carbonate. The comblined extracts were boiled
to expel dissolved ether and then acidiflied with concentrated
nydrochloric acid. The precipltate was filtered off and crys-
tallized from water to give 4.5 g. (65%) of m-fluorobenzoic
acid, m.p. 123-124°; reported38 m.p. 124°.

Run 2. The same quantity n-butyllithium was used but
only 8.0 g. (0.046 mole) of m-bromofluorobenzene was employed.

The mixture was allowed to warm to room temperature after

37H. Gilman, J. A. Beel, C. G. Brannen, M. W. Bullock,
G. E. Dunn and L. S. Miller, J. Am. Chem. Soc., 71, 1499
(1949).

38A. F. Eolleman, Rec. trav. chim., 25, 330 (1906).
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stirring at -40° for ca. 20 minutes. Upon attaining room
temperature, the reactlon mixture continued to evolve heat and
eventually began to reflux.  When refluxing subsided (25 min-
utes), Cnlor Test 1139 was negative while Color Test Iuo was
positive. F0110"1ng carbonation and work-up of the agueous
layer, the crude product was crystallized from water to yield

2.36 g. (37%) of acid, m.p. 122-123°.

Reaction of m-fluoroohenylmagnesium bromlide with carbon dioxide

To a stirred mixture of 1.07 g. (0.044 g. atom) of mag-
nesium turnings, 10 ml. of dlethyl etker, and a crystal of
iodine was added a solution of 6 g. (0.034 mole) of n-bromo-
fiuorobenzene in 50 ml. of ether at such a rate as to maintain
moderate refiux. When refluxing ceased, the mixture was
stirred at room temperature for 15 minutes before carbonating
in the same manner as described in the preceding experiment.

The yield of m-fluorobenzoic acid, m.p. 122-123°, was 2.52 g.
(53%).

395. Giiman and J. Swiss, J. Am. Chem. Soc., 62, 1848
(1940).

Lo
(1925).

H. Gilmen and F. Schulze, J. Am. Chem. Soc., 47, 2002




35

Tetrakis—(Erfluoronhenyl)~silane

The m-fluorophenyllithium was prepared by allowing 23.6
g. (0.135 mole) of m-bromofluorobenzene in 100 ml. of ether
to interact with an ethereal solution containing 0.140 mole of
gfbutyllithium37.. To this stirred mixture was slowly added
5.11 g. (0.030 mole) of silicon tetrachloride dissolved in 20
ml. of ether, while keeping the temperature of the reaction
- mixture below -35° during the addition. When the addition was
complete, the mixture was allowed to warm to rbdom temperature
and 1t was stirred overnight. OSubsequent to refluxing for 10
hours, hydrolysis was effected with 100 ml. of 5% hydrochloric
acid. A substance, 5.1 g., which was insoluble in both wéter
and ether, was filtered off. This, combined with the 4.9 g.
of material isolated from the etnereal layer, was crystallized
from petroleum ether (b.p. 77-115°) to give 7.2 g. of white
crystals, m.D. 196—1970. Concentration and cooling of the
mother liguor yielded an additional 0.7 g. of product; total
vield, 7.9 g. (62% based on siiicon tetrachloride). The
analytical sample, purified by sublimation, melted at 196-197°.

Anal., Calcd. for CZQHiGEUSi: 51, 6.87. PFound: Si,
6.687, 6.64.
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Tetrakis—{(m-fluorophenyl )-germane

Eight grams (0.037 mole) of germanium tetrachloride in
50 ml., of ether was treated with 248 ml. of an ethereal solu-
tion containing 0.178 mole of m-fluorophenyllithium. The
mixture was hydrolyzed as described previously. Work—u? of
the organic layer yielded 7.4 g. of crude product which was
dissolved in petroleum ether (b.p. 60-70°), decolorized with
Norit-A, filtered, and cooled to deposit 3.6 g. of product,
m.p. 194-195°. Another 0.5 g. of material was obtained from
the mother liquor; total yield, 4.1 g. (25%). A.recrystalliza-
tion from petroleum ether (b.p. 60-70°) did not razise the
melting point.

Anal. Caled. for Cou K oFyCe: CGe, 16.03. Found: Ge,
16.11, 15.91.

Tris—{(m-fluorophenvyl )-vhenvisilane

To m~fluorophenyllithium, prepared from 23.3 g. (0.133
mole} of m-bromofluorobenzene and 0.133 mole of n-butyllithi-
um37, was added 7 g. (0.033 mole) of pkenyltrichlorosilane.
Hydrolysis and work-up of the organic layer as described for
tetrakis-(m-fluorophenyl)-silane left a gummy residue which
was extracted with 80 ml. of benzene and then chromatographed

on a 20 cm. X 4 cm. column of alumina. The first eight -
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fractions ylelded 11.7 g. of brown crystalline meterial which
was dissolved in dioxane, decolorized with Norit-A, and fil-
tered. On cooling, 4.5 g. of pale yellow needles, m.p. 190-
1930, were deposlited. Concentration and cooling of the mother
liquor afforded another 2.2 g. of product; total yield, 6.7 g.
(51%). The analytical sample, purified by sublimation, melted
at 191.5-193°.

Anal. Cealed. for CpuH,F3Si: Si, 7.14. Found: S5i,
7.04, 7.22.

Bis—-(m-fluorophenvl)-diphenvlsilane

Two hundred milliliters of an ethereal solution containing
0.12 mole of m-fluorophenyllithium was slowly added to a
stirred solution of 12.7 g. (0.05 mole) of diphenyldichloro-
sllane in 80 ml. of ether. The mixtﬁre was stirred at room
temperature for 8 hours and then refluxed for 2 hours. The
crude product obtalned after working up the reaction mixture
a8 described previously was dissolved in petroleum ether (b.p.
60-700), decolorized with Norit-A, filtered, and cooled to
deposit 4.0 g. of white solid, m.p. 195-196°. From the mother
liquor was obtained an additional 0.8 g. of bis-(m-fluorophen-
y1l)-diphenyleilane; total yield, 4.8 g. (26%).

Anzl. Caled. for CouHigFoSi: C, 77.39; H, 4.87; si,
7.53. Found: C, 77.44, 77.54; H, 4.79, &.77; 81, 7.67, 7.53.
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m-Fluorophenyltrivhenylsilane

A solution of 25 g. (0.085 mole) of triphenylchlorosilane
in 200 ml. of ether was added, during 5 minutes, to 160 ml. of
an ethereal solution containing 0.10 mole of m—-fluorophenyl-
‘lithium. Following hydrolysis, an insoluble material, 18.74
g., was filtered off and crystallized from glacial acetic acid
to give 13.9 g. of m-fluorophenyltriphenylsilane, m.p. 207-
208°. Concentration and cooling of the filtrate yielded
another 1.3 g. of product; total yield, 15.2 g. (51%).

Anal. Celed. for CpuFoFSi: Si, 7.92. Found: 8i,
7.68, 7.75.

The originel filtrate was drisd over sodium sulfate, f£il-
tered and the solvent distilled on a stesm-bath to leave a
brown so0lid which was soluble in ethaznol, benzene, acetic acigd,
and petroleum ether (b.p. 60-70°); however, attempts to crys-

tallize the materisl were unsuccessful.

'EﬁDodeoyltris—(m—fluorophenyl)—silane

Sixty milliliters of ether containing 10.9 g. (0.036 mole)
of n-dodecyltrichlorosilzne was added dropwise to 95 ml. of an
etheresl solution containing 0.133 mole of m-fluorophenyl-
lithium, while maintaining the temperature below -40°. Work-

up in the usuzl manner leff an oll which was distilled under
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reduced pressure. The first cut, b.p. 210-216° (0.05 mm.),
when redistilled, gave 10.6 g. (62%) of n-dodecyltris-(m-
fluorophenyl)-silane, b.p. 197-198° (0.02 mm.), h§° 1.5358.
LAnal, Calcd. for C3OEj?FESi: Si, 5.81. Found: Si,.
5.88, 5.81.
The compound congealed when cooled in a Dry Ice-acetone
bath. It was observed that the compound crystslliized on long

standing and melted at 35-37°.

Tris-(m-fluorophenyl)-n-hexadecylsileane

An etheresal sclution containing 0.133 mole cf m-fiuoro-
phenyllithium was zllowed to interact with 14.7 g. (0.04 moie)
of n-hexadecyltrlichlorosilane dissclved in 90 ml. of etker.
LTfter the usual work-up, the crude product was distilled in
Yacuo. £ smzll amount of forerun was collected followed by
the main frzction, 17.9 g., b.p. 214-217° (0.05 mm.). Redis-
 tillation of this fraction yielded 15.6 g. (71%) of a pale
yellow liquid which, on cooling to 10°, crystallized to give
s yellow solid, m.p. 36-28°.

Anal. Calcéd. for 0343§5F381: C, 75.80; H, 8.42; s1i,
5.21. Found: C, 75.96, 76.17; H, 8.42, 8.39; Si, 5.21, 5.29.
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Tris—(Eyfluorqphenyl)-n—octadecylsilane

The compound was prepvpared from the reaction of 0.10 mole
of m-fluorophenyllithium with 11.6 g. (0.03 mole) of n-octa-
decyltrichlorosilane. Distillation of the crude product gave,
as the main fractiocn, a pale yellow liquid, b.p. 240-260°
(0.15 mm.). Redistillation of the main fraction gave 12.1 g.
(71%) of tris-{m-fluorophenyl)-n-octadecylsilane, b.p. 234-
235° (0.08 mm.). The yellow liquid crystellized, on cooling
at 0°, to give a solid, m.p. 38-400. No suiltable solvent or
cembination of solvents could be found for crystallization of
the compound.

Anal. Calcd. for C36E£9F381: Si, 4.95. Found: Si,
5.07, 4.99.

m-Chlorovhenvitrivhenvlsiiane

The m-chlorophenyllithium was prepared in accordance with
the method of Gilman and Spatzbl.

L solution of 15 g. (0.078 mole) of m-bromochlorobenzene
in 75 ml. of ether was added to 58 ml. of a2 repidly stirred
etherezl solution containing 0.078 mole of grbutyllithium37,

while keeping the rezctlion tempersture below —350 during the

Giimzn and S. ¥. Spatz, J. Am. Chem. Soc., 66, 621
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addition. When the sddition was complete, the mixture was
stirred at -35° for 10 minutes, after which = solution of 14.9
g. (0.05 mole) of triphenylchlorosilane in 170 ml. of ether
wag added. The mixture was allowed to warm to room temperature
and was stirred for 2 hours prior to refluxing overnight. Hy-
drolysic was effected with 5% hydrochkloric acid. Work-up of
the organic layer was carried out as described for the m-fluoro-
rhenyl derivatives. The crude materisl, 22 g., was dissolved
in ethanol, decolorized with Norit-£, filtered, and cooled to
give 12 g. of product, m.p. 156—1570. Concentration of the
flitrate gave an additional 2.53 g. of materizl; totsl yield,
14.53 g. (78%).

Anel. Celcd. for CyyFigClSi: Si, 7.57. Found: Si,
7.63, 7.46.

Bie—(m-chlorophenyl)-diphenylsilane

An ethereal solution containing 8.86 g. (0.035 mole) of
diphenyldichlorosilane and 0.13 mole of‘g—chlorophenyllithiumﬁl
were aliowed to react as described in the preceding experiment.
Work-up of the organic layer in the ususl manner left =2 brown
s01id which was dissolved in petroleum ether (b.p. 60-70°) and
chromatographed on alumina to give five fractiocns from which

o
there wae obtained 14.4 z. of product melting between 93-111 .
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Crystallization of the combined fractions from ethanol gave
11.3 g. (80%) of material, m.p. 110-111°.

Anal. Caled. for CguHgCl,Si: Si, 6.92. Found: Si,
6.92, 6.75.

Tris-(m-chlorophenyl )-phenylsilane

An ethereal solution containing C.11 mole of m~-chloro-
phenyllithium'® was allowed to interact with 5.5 g. (0.026
mole) of phenyltrichlorosilane. After the usual work-up, the
residual oil was dissolved in 250 ml. of petroleum ether (b.p.
60-700) and chromatographed on alumina to give a white solid
which, when crystallized from ethanol, afforded 4.93 g. (43%)
- of white crystals, m.p. 87.5—890.

£nal. Caled. for CyyHy,ClgSi: 81, 6.38. Found: 51,
.44, 6.43.

Tetrakis—(m-chlorcphenyl)-silane

Following the reazction of 0.13 mole of m-chlorophenyl-
lithium#l with 3.82 g. (0.023 mole) of silicon tetrachloride
and subsequent work-up of the organic layer, there remained
11.5 g. of crude product wkich was dissolved in petroleum ether
(b.p. 60-70°) and chromatographed on alumina to give 4.9 g. of
crystalline material, m.p. 147-149°. Recrystzllization from a
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mixture of ethanol and benzene gave 4.6 g. (43%) of white
crystals, m.p. 148-149°,
Anal. Caled. for CopHgClySi: 8i, 5.92. Found: 8Si,
5.96’ 5'97.

Trialkylsilyl and Triarylsilyl Compounds

1,2-Ethylenebis-[tribenzylsilane]

The benzylmagnesium chloride, prepared from 25.3 g. (0.20
mole) of benzyl chloride and 4.86 g. (0.20 g. atom) of mag-
nesium turnings, was added dropwise to a stirred solution of
5.94 g. (0.02 mole) l,2—ethy1enebis-[}richlorosilané] in 55
ml, of ether. The mixture was refluxed for 12 hours, after
whick most of the ether was distilled and replaced by xylene.
Lgain, the mixture was refluxed for 50 hours at 100° and then
was hydrolyzed with 5% hydrochloric acid. £Ln insoluble materi-
al, 10.9 g., was filtered off. The filtrate was dried and the
solvents distilled to leave 0.7 g. of crude product. The com-
bined crude material was crystalllized thrice from peftroleum
ether (b.p. 60-70°) and once from ethyl acetate to yield 10.2
g. (81%) of colorless crystals, m.p. 136-137°.

£nal. Calcd. for CyyuBygSiz: Si, 8.89. Found: B8i,
8.95, 8.90.



1,2-Ethyienebis-|tri-2-ethyvihexylsilane

The 2-ethylhexyllithium was prepared essentlally in ac-
cordance with the method described for grbutyllithium37 from
92 g. (0.0477 mole) of 2-ethylhexyl bromide in 100 ml. of ether
and 8.5 g. (1.22 g. atoms) of finely cut lithium wire suspended
in 220 ml. of ether. The yield was 68%.

A solution of 7.1 g. (0.024 mole) of 1,2-ethylenebis-—
[trichlorosilane] in 20 ml. of ether was added slowly to 180
ml. of an ethereal solution containing 0.162 mole of 2-ethyl-
kexyllithium at ice-bath temperature. The mixture was stirred
at room temperzture overnight, refluxed for 3 hours, and
finally hydrolyzed with water. Vork-up of the organic layer
left a pale yellow oil which was distilled at 0.04 mm. to give
a small amount of forerun followed by 9.8 g. (54%) of pale
yellow liguid, b.p. 215-220°.

Anal. Oaled. for CeoHjogSip: Si, 7.35. Found: Si,
7.52, 7.58.

The infrared spectrum indicated aromatic C-H, Si-OH and

Si-0-51i bonds to be absent.

l,Z-Etgxlenebis-[tri—n—bexadeczlsilane|

The n-hexsdecyllithium (0.1%4 mole in 270 ml. of ether)

was prepared in 72% yield from 3.08 g. (0.44 gz. zatom) of lithium
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wire and 60 g. (0.197 mole) of n-hexadecyl bromide in sccord-
ance with the procedure for'g-butyllithiumB?.

To 150 ml. of an ethereal solution containing 0.047 mole
of n-hexadecyllithium, cooled to -10°, was added, during 20
minutes, 2.32 g. (0.008 mole) of 1,2-ethylenebis-[trichloro-
silane] in 35 ml. of ether. The mixture was stirred at -7° for
2 hours and at room temperature overnight, after which hydroly-
sls and work-up of the organic layer was achieved in the usual
manner. The crude product, on distillation under reduced opres-
sure, gave 1.05 g. of a waxy solid. The residue was crystal-
lized thrice frem ethyl acetate to give a material melting over
the range 42-49°. Recrystallization from 2 mixture of carbon
tetrachloride a2nd ethanoi at 10° gave 8.4 g. (75%) of product,
m.p. 43-45°,

£nal. Caled. for 098H202812: Si, 3.91. PFound: Si,
3.83, 3.81. |

m-Phenyl enebis-| tribenzyleilane]

£ solution of 6.92 g. (0.02 mole) of m-phenylenebis-
[trichlorosilane] in 55 ml. of ether was added dropwise to a
stirred ethereal solution of benzylmagnesium chloride prepared
from 25.3 g. (0.20 mole) of benzyl chloride and 4.86 g. (0.20
g. atom) of magnesium turnings. The reaction mixture was

refiuzxed for 12 hours with very littie salt forming. Seventy
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milliliters of xylene was added and ether was distiiled until
the temperature rose to 100°. Refluxing was continued at this
temperature for 50 hours. The mixture was hydrolyzed with 5%
hydrochloric acid and the organic layer was separeted and worked
up as described for l,2-ethylenebis—[?ribenzylsilané]. The
crude viscous oil, which crystallized on standing for 2 days,
was refluxed in ethanol and filtered while hot. The insoluble
material, 2.67 g., M.D. 140-1550, was crystallized from ethyl
acetate to yield 2.20 g. (16%) of vrisms, m.p. 155-157°, which
were very soluble in dloxane and carbvon tetrachloride, moder-
ately soluble in ethyl acetate, and slightly sbluble in ethanol.

Anal. Caled. for CugHygSis: Si, 8.27. Found: 8Si, 8.35,
8.26.

The infrered spectrum of the compound in carbon disulfide
showed maxima zt 12.9 ¢4 and 14.4 u characteristic of meta-
disubstitution and a phenyl-silicon bond, respectively. No
maxima indicative of Si-0H or Si-0-Si bonds were observed.

From the ethanol filtrate was obtained 7.3 g. of a light
brown materisl which did not distil below 290° (0.10 mm.) and
which could not be crystallized from any of the common solvents

or solvent mixtures.

EfPhenylenebis-[?ri-n-decylsilanél

L solution of 6.6 g. (0.019 mole) of m-phenylenebis-

[@richlorosilané] in 35 ml. of ether was added, 2t -5°, %o an
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ethereal solution containing 0.148 mole of n-decyllithium, the
ovreparation of which was described under l,z-ethylenebis-[ﬁri—
‘g—decylsilanQ]. The mixture was stirred at 0° for L5 minutes,
2t room temperature for 27 hours, and finally was refluxed for
8 hours. After the usuzal work-up, the crude product was dis-
tilled under reduced pressure. A forerun of &6 g. of decane
distilled, followed by 5.3 g. of a slightly higher boiling
material. The mein fraciion yielded 10.8 g. (58%) of m-.
phenylenebis-[tri-n-decylsilane], b.p. 285-288° (0.03 mm. ),
n20 1.4811, &0 0.863.

Anel. Caled. for CggHy3pSiz: Si, 5.73; MR, 323.6.
Found: Si, 5.59, 5.76; MR, 323.8.

D—Phenzlenebis—[}ri-n—decylsilan§1

& solution of 5 g. (0.015 mole) of p-phenylenebis-
[trichlorosilene] in 30 ml. of ether and 110 ml. of an ethereal
solution containing 0.11 mole of n-decyllithium were reacted
as described in the preceding experiment. The crude product,
which was obtained after a normal work-up of the reasction mix-
ture, was distilled at 0.07 mm. to give 10.2 g. of decane
followed by 2.90 g. (20%) of a pale yellow liquid, b.p. 290~
294°.

£nal. Calcd. for CSGEiBOSIZ: 5i, 5.73. Found: 8Si,
5.94, 5.86.
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4_Pentenvltriphenylsilane

The 4-pentenyllithium was prepared by a method similar o
that used for grbutyllithium37 from 8.0 g. (0.05% mole) of
l-bromo-4-pentene in 70 ml. of ether and 0.9 g. (0.13 g. atom)
of lithium wire conteined in 60 ml. of ether. The yield of
L_pentenyllithium was 0.03 mole (56%).

A solution of 7.38 g. (0.025 mole) of triphenylchloro-
silane in 60 mi. of ether was added to the organolithium com-
pound at -30°. When the addition was complete, the mixture was
stirred at Oo for 15 minutes and at room temperature for 11
hours. The mixture waé hydrolyzéd with weter. The organic
lzyer was separated and dried over sodlium sulfate. The crude
product was distilled at 155-157° (0.15 mm.) and the distillate
was dissolved in etkhanol. On cooling to room temperature, 0.65
g. of crystalline material, m.p. 149-152°%, was filtered off and
the filtrate was cocled by an ice-bath to give a product
melting at 44-45°. Recrystallization from ethanol yielded
5.5 g. (67%) of L-pentenyltriphenylsilane, m.Dp. 45—460.

Anal. Caled. for Cp3HyySi: Si, 8.54. Found: Si, 8.61,
8.55.
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1,S-Pentamethylenebis:EfriDherlsilane|

Method A. The procedure was similar to one described by
Merten and Gilmanbz.

L mixture of 26 g. (0.10 mole} of triphenylsilane, 3.4 g.
(0.01 mole) of L-pentenyltriphenylsilane, 0.32 g. (0.0013 mole)
of tenzoyl peroxide, and 25 ml. of n-hexane was stirred at 80°
for 20 hours, after which the excess triphenylsilene was dis-
tilled at 148-160° (0.7 mm.), leaving a brown, gummy material
which was extremely soluble in the common organic solvents.

The crude product was crystallized from a mixture of ethanol
and methyl ethyl ketone %o yield 4.18 g. of material, m.D.
140-143°. Two recrystallizations from a mixture of ethanol
and ethyl acetate afforded 3.8 g. (65%) of 1,5-pentzmethylene-
bis-[ triphenylsilane], m.p. 146-147°. |

snal. Calecd. for CypHygSi,: 81, 9.53. Found: Si, 9.70,
9.48.

Method B. The 1, 5-pentamethylenedilithium was prepared
in accordance with the method of West and.Rochcwy3.

& solution of 20 g. (0.087 mole) of 1,5-dibromopentane in

80 ml. of ether was added to a rapldly stirred suspension of

%25, Merten and E. Gilmen, J. Am. Chem. Soc., 76, 5798
(1954).

433. ¥est and E. G. Rochow, J. Org. Chem., 18, 1739
(1953).
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5.25 g. (0.757 g. atom) of lithium rivbon (1/4 inch x 1/32
inch), cut into epproximately 1/4 inch squares, in 100 mi. of
ether. The rezction was initiated at room temperature with 3
ml, of the bromide solution, while the remainder was added,
during 2 hours, at -10°. When the addition was complete, the
mixture was stirred at 10o for 30 minutes and then was cooled
to -20%. 4 double titration’ indicated the yield to be 4OZ.
To the organodilithium compound, cooled to —200, was added
17.4 g. (0.059 mole) of triphenylchlorosilane in 160 ml. of
ether. When the addition was complete, the mixture was allowed
to warm to room temperature and was stirred overnight. The
mixture was hydrolyzed and worked up in the ususl manner. The
crude product was crystallized from a mixture of ethznol and
ethyl acetate to give 4.4 g. of white crystals, m.Dp. 145-1460,
which did not depress the melting point of the compound from
the preceding experiment when admixed with it. Conceantrztion
of the filtrate and subsequent addition of ethanol gave another

L g. of product; total yield, 8.4 g. (48%).

3,3'~Biphenylenebis—[trinhenylsilane|

To 75 ml. of a stirred ethereal solution containing 0.038

mole of n-butyllitkium’/ and cooled to -30° was added, during 10

: ?“H. Gilmen and A. H. Haubein, J. Am. Chem. Soc., 66, 1515
194L)
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minutes, a solution of 6 g. {0.019 mole) of 3,3'-dibromobi-

(o]

henyl In 30 ml. of ether. When the addition was complete,
the mixture was stirred at room temperature for 8 hours and
then was refluxed for 15 minutes. To this stirred, insolubie
orgencdilithium compound was added a solution of il.3 g.
(0.038 mole) of 4trivhenylchlorosilane in about 100 ml. of
ether. The mixture was refluxed for 45 minutes, whence 100
ml, ¢f benze ne‘was added and the mixture distilled until an
internal temperature of 530 was reached. Tter refluxing at

this temperature for 15 minutes, the mixture was hydrolyzed

n water and an insoluble maferial was filtered off, dried,

5
ct
]

-4

and crystaliized from a mixture of water and dioxane to give

6.85 g. of product, m.v. 220-223 . Recrystallizzation from the
- o]

same solvent mixture raised the melting point to 223i-223".

tional 2.0 g. of

®
o))
o
()
©
O
o7
|.».

From the filtrate was obbtzin

Organosilylmethyllithium Compounds

{Chlorometryl)-methyvidiphenvisilane (impure)

Seven nundred milliliters of zn etheresal solutiocn con-

Iy

teining 0.765 mole of phenyllithium#5 wes added dropwise %o

u5H. G. Jones and E. Gilman in R. Adams, "Crganic Reac-
tions'", John ¥iley & Sone, Inc., New York, N, Y., 1951, Vol. 8,
p. 354.
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rred solution of €0 gz. (0.368 mole} of (chloro-
methyl)-methyldicklorosilane in about 125 mi. of ether. The
rate of addition was such as to meintain moderete refiux and
required 2.3 hours. Vhen the addition was ccmplete, Color

Test I was negative. Subsequently, the mixture was hydrolyzed
with water. The organic layer was separated, Gried over sodium

sulfate, zand the solvent was distiiled off. Distillation of

¥

the residue through a short-path Vigreux column gave 76.0 g.

(84%) of colorless liquid, b.p. 100-102° (0.012 mm.), a3’

7L.80. TFound: C, 88.96; E, 5.88; MR, 74.40.
Tnough the compound is slightly impure, the impurity 4aid
not intverfere with subsequent resctions.

-

(Chloromethyi)-methvldidbenzvieilane {impure)

-y

To an ethereal solution contazining 0.50 mole of benzyl
magnesium chloride was zdded a solution of 20 g. (0.123 molie)
of ether. The addition wes cerried out at 2 rate sufficient
to maintain moderate refliux and required about 1 hour. s fber
refluxing +the mixture for 2 days, the precipitate became so
dense that stirring became very inefficient. The rezction

mizture was poured into a mixture of ice and 5% hydrochloric
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acid. The organic layer was worked up as described in the pre-
ceding experiment. Distillation of the crude product gave 4.2
g. of forerun, mainly bibenzyl, followed by the main fraction,
24.81 g. (74%), b.p. 115-120° (0.02 mm.), n° 1.5715, &>
1.067.

Anal. Caled. for CygHoC1Si: G, 69.9%4; E, 6.47; MR,
83.9. Found: C, 72.59; H, 6.78, MR, 84.4,

The anslysis indicstes an impurity to be present. This

impurity, however, did not interfere with subseguent resctions.

Ln attempt is going to be made to further purify the materizl.

{Chloromethyl)-di-n-tetradecylmethylsilzane (attempted)

A solution of 39.7 g. (0.243 mole) of (ckloromethyl)-
methyldichlorosilane and 600 mi. of an etherezl solution con-
taining 0.52 mole of n-tetradecyllithium was stirred at room
temperature overnight. Work-up of the organic layer in the
usual manner, followed by distilliation 2t 0.005 mm., yielded .
eight fractions, each boiling over a wide range, and none of
whichk had experimental molar refractions which zgreed with the

calculated value.

(Chioromethyl)-di-n-dodecylmethylsilane (attempted)

An etherezl solution of 30 g. (0.182 mole) of (ckioro-

methyl)-methyldichlorosilane arnd 0.43 mole of grdodecylmagnésium
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bromide was refluxed for 1 hour wilth no sign of resction.
Ether was distllled and the mixture was refluxed &t 70° for 2
hours and at 80° overnight. After the usual work-up of the
crganic layer, the‘crude materisl was édistilled at 0.05 mm.
to give nine fractions, each boiling over a wide range. None
of the fractions had molar refractions which agreed with the

celculated value.

[(Methyldiphenylsiiyl)-methyl] ~diphenyimethanol

A mixture of 3 g. (0.433 g. atom) of lithium ribbon, cut
into small pieces, 6 g. (0.0243 mole) of (chloromethyl)-
methyldiphenyleilane, and 50 ml., of benzene was refluxed for
11.5 hours. The organolithium solution was cooled and fil-
tered into & three-necked flask. To this stirred mixture was
sdded a2 solution of 4.43 g. (0.024 mole) of benzophenone in
50 ml. of benzene. Color Test ILPO was negative after adding
about one-half of the solution. Subseqguently, the reaction
nixture was poured into a2 sszturseted ammenium chloride solution.
The organic layer was worked up in the usual manner. The crude
product was éistilled at 0.005 mm. in an electrically wired
alr-oven. After collecting a small amount of forerun, mainly
unrezcted benzophenone, the main fractlon distilled over the
range 130-186° to give 4.35 z. (45%) of milky materiszl which

sclidified upon being agitated. Two recrystallizations from



petroleum ether (b.p. 60-?00) and one crystallizetion from 95%
ethanol gave 2.96 g. (31%) of white needles, m.p. 89-90°.

Anel. Calecd. for CZ?stosi: 5i, 7.11. TFound: Si, 7.00,
6.92.

_flMethyldibenzylsilyl)-methyll-dighenxlmethanol

A mixture of 2.67 g. (0.385 g. atom) of lithium ribbon,
L g. (0.0145 mole) of (chiorcmetkyl)-methyldibenzylsilane and
55 ml. of n-pentane was refluxed for 18 hours. The slightly
cloudy organolithium compound was filtered through a glass-
wool plug into a three-necked flask and to the resulting
stirred solution was 2dded 2.73 g. (0.015 mole) of benzophenone
dissolved in 40 ml. of n-pentane. A white precipitate formed
during the addition which required 10 minutes. After hydroly-
s8is with water, diethyl ether was added to clear up the orgsznic
layer which was worked up in the usual manner. Distillation
of the solvents from the orgznic layer left a solid which was
crystallized from petroleum ether (b.p. 60-70°) to give 4.03
g.(66%) of product, m.p. 105.5-106.5°.

Anel. Czled. for 629530081: C, 82.42; H, 7.16; Si,
6.64. Found: C, 82.62; H, 7.13; 5i, 6.62, 6.72.
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Metalatlon Reactions

Reaction of E—butyllithium with furan

Eighteen milliliters of a dlethyl ether solution contain-
ing 0.025 mole of grb*tyllithium37 was added, during 6 minutes,
to a2 stirred solution of 23 g. (0.34 mole) of redistilled furan
in 20 ml. of tetrahydrofuran (THF). The reaction temperature
was kept between -25 and -30o during the addition. Subse-
quently, the mixture was poured onto a slurry of Dry Ice and
diethyl ether. Prior to separation of the two layers and sub-
seguent to hydrolysis, 50 ml. of diethyl ether was added to the
mixture. The aqueous layer was boiled until most of the THF
had been expelled and then was acidified with concentrated
hydrochloric zcid. The organic layer was extracted twice with
5% sodium hydroxide. The extrzcts, together with the aqueous
layer, were zcidified and extracted with ether. Distillation
of the ether left a residue which was sublimed at 70° and

0.007 mm. to give 2.21 g. (80% based on n-butyllithium) of

pure 2-furoic acid, m.p. 131-132°.

Reaction of vphenyllithium withk dibenzothlophene

The phenyllithium was prepared by adding 39 g. (0.248

mole) of bromobenzene in 25 ml. of tetrzhydrofuran (TEF),
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during 40 minutes while keeping the temperature below —50°, $o
a stirred suspension of 5.25 g. (0.757 g. atom) of lithium wire
in 70 ml. of THF. After stirring below -50° for 2 hours, the
mixture was filtered and stored in a refrigerator. A single
&cid titration indicated the concentrzstion to be 0.91 molar.

To a stirred soiution of 5.0 g. (0.027 mole) of dibenzo-
thiophene in 6C ml. of TEF was added rapidly 30 ml. of a 0.91 M
Phenyllithium solution, while cooling the mixture with an ice-
bath. The reaction mixture was stirred at room tempersture for
5 hours prior to carbonation. The carbonated mixture was
hydrolyzed with water, more ether was added, and the two layers
were separated. The aqueous layer was acidified wigh hydro-
chloric acid and filtered while hot to give 4,26 g. of crude
2cid, m.p. 245-2480. One crystallization from acetic acid
vielded 3.78 g. (62%) of 4-dibenzothiophenecarboxylic acid,

m.p. 262-264°, identified by mixed melting point.

RBezction of 1ithium wlth cvclopentadiene

Run 1. A solution of 4.03 g. (0.061 mole) of cyclopenta-
diene in 30 ml. of tetrahydrofuran (THEF) was added to a rapidly
stirred susvension of 2 g. (0.288 g. atom) of 1ithivm in 40 ml.
of TEF. Initially, about 5 ml. of the cyclopentadiene solution
was added. 4Lfter 15 minutes the reaction mixture became pale

yellow ané in another 5 minutes bubbles began to evolve around
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the pieces of lithium. The remaining cyclopsntadiene solution
was added, during 45 minutes, while cooling the mixture with
an ice-bath. The mixture was stirred at room temperature for
30 minutes before filtering it through a glass-wool plug into
2 stirred solution of 10.9 g. (0.06 mole) of benzophenone in
35 ml. of TEF. The orange mixture was stirred at room tempera-
ture for 21 hours and then was poured into a mixture of 1iee
and water. The organic layer was separated and most of the
-solvent was evaporated under a stream of dry air. The red
residue was refluxed in vetroleum ether (b.p. 28-38°) and fil-
tered to leave a brown, gummy material. The petroleum ether
was slowly evaporated under reduced pressure to leave orange
erystals which were washed with 95% ethanol, filtered, and
dried to give 4.35 g. of orange needles. An additional 0.53
g. of product,; m.p. 72—750, was obtained from the mother
liguor. The total yleld of diphenylfuivene, m.Dp. ?5—770, was
L,88 g. (35%Z). A mixed melting point with an authentic sample
was undepressed.

Run 2. In this run, there were used 8.05 g. (0.122 mole)
of cyclopentadiene and 3.4 g. (0.49 g. atom) of lithium. The
addition required 2.5 hours. Treatment of the organolithium
compound with benzophenone yielded 12.78 g. (45%) of diphenyl-

fulvene, m.Dp. 75-77°.
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Rezsction of 1ithium with fluorene

L solution of 5 g. (0.03 mole) of fluorene in 35 mi. of
tetrahyérofuran (TEF) was added, during 1.5 hours, to a stirred
suspension of 1.23 g. (0.178 g. atom) of lithium wire contained

the mixture, which was periodi-

Hh

in 10 ml. of THF. The color o
czlly cooled with a weater-path during the addition, chsnged
from green %o orange. “hen the addition was complete, the mix-
ture wzs stirred at room temperature for 50 minutes and then
was voured onto a slurry of Dry Ice and diethyl ether. Fol-
lowing hydrolysis with water, the aqueous layer wes separzited,
boiled to expel T=F and diethyl ether, filtered, nd acidified
with hydrochloric aclid +to give a pale yellow so0lid which was
filtered and dried to give 4.85 g. of crude product, m.p. 223-
226°. Crystellization from acetic acid afforded 4.L8 g. (71%)
of needles, m.p. 230—2320, whicn showed no depression in
melting point when admixed with an authentic sample of

9-fluorenecarboxylic acid.

Rezaction of Jithium with 9-vhenvlfluorene

A mixture of 4.0 g. (0.0165 mole} of 9-phenylfluorens, 1.7
g. (0.245 z. atom) of lithium wire, and 45 ml. of tetrazhydro-
Pursn was stirred 2t room temperature Tor 4 hours, while

periodically coollng with a cold-water-bath. The reaction
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mixture was poured Jjetwise onto a slurry of Dry Ice and ether.
Following hydrolysis with water, the organic layer was sepa-
rated and extracted twice with 5% sodium hydroxide. The basic
extracts and the aqueous layer were acidified with hydrochloric
acid to give a total of 1.81 g. (38%) of acid, m.p. 180-182°,
which showed no depression in melting point when admixed with

an authentic sample of 9-phenylfluorenecarboxylic acid.

Preparation of 9,9-diphenylfluorene

The procedure was similar to one described by ClarXkson
and GombergﬁG.
An ethereal solution contzining 0.344 mols of 2-biphenyl-

y11lithium*?

was added to a stirred solution of 62.6 g. (0.344
mole) of benzophenone in 170 ml. of diethyl ether. Color Test
Ibo became negative after 90% of the benzophenone solution had
been added. The mixture was hydrolyzed with water and the
organic layer was worked up in the usuél manner, Evaporation
of the solvent under a stream of dry air left a solid which was
crystallized from ethanol to yield 82 g. of needles, m.p. 86-

88°. Another 15 g. of 2-biphenylyldiphenylearbinol, m.p.

46n, ¢. crarkson and M. Comberg, J. Lm. Chem. Soc., 52,
2381 (1930).

%75, Gilman and X. Oita, J. Ore. Chem., 20, 862 (1955).

»



85-87°, was obitained from ths mother liquor; total yield, 97 g.

(824g).

9,9-Diphenylfiucrene, m.D. 226—2280, was obtzined by re-
fluxing the 2-biphenylyldiphenylecarbinol in glaclal acetic
acid.

Reaction of iithium with triphenyimetrene {(attempted)

£ mixture of 5 g. (0.02 mole} of triphenylimethane, 0.8 g.

(0.115 g. atom) of iithium wire, and 40 ml. of fetrahydrofuran
(TEF) was stirred at room %temperature for 5 days. The THF was
distilled off to leave L.71 z. (94%) of unchanged trivhenyl-

methzne, m.P. 90-920, identified by mixed meliting poins.

Cleavage of a Carbton-Carbon Eond by Lithium

Reaction of lithium with 9,9-divhenyifiuorene

L mixture of 6.0 g. (0.019 mole) of 9,9-diphenylfluorene,
2.0 g. (0.29 g. atom) of lithium wire, and 50 ml. of tetra-
hydrofuran was stirred at room temperature for 15 hours. ITur-
ing the course of the reaction the color of the mixture became
vlue, then green, and finslly reddish-vrown. The organic
layer was separsted and dried over sodium sulfate after hydro-

lyzing with water. Distillation of the solvent left z material



which was crystallized from a minimum of ethanol %o give 3.58
- ,0 ~ . .
g. of colorless needles, m.p. 143-1447, identified by mixed

with an authentic sample of 9-phenylfluorene.

-C

melting voint
An addivioneal 0.32 g. of product was obtained from the mother
liguor; total yield, 3.88 g. (85%).

When the reaction +time was limited to 1. 75 ours, only a

25% yield of 9-phenylfluorens was obiained.

Cleavage Reactions of Some Noneyciic Crgenosilicon Compounds

+h
(@]
[
(o]

Prevparation o

<3

Thne procedure us2d was z modificaticn of one described

by Benkeger et zl.

To a suspension of $.75 z. (0.257 mole) of lithium
duminum hydride in 200 ml. of tetrahydrofurzn (THEF) was added,
during 30 minutes, 2 solution of 127 g. {0.50 mole) of di-
phenyldichlorosilene in zbout #0 mi. of TEF. ¥hen the addition
was complete, the mixture was refliuxed for 1 hour, after which
ethyl acetate was added until the excess lithium aluminum hy-
dride wes destroyed. Subsecuently, the mixture was poured into
cold & N hydrochloric scid. £Lbout 100 mi. of diethyl ether was

added znd the corganic layer was separated from the gray agueous

L —
83. L. Benkeser, H. Landesmzn, anéd D. J. Foster, J. Lm,

Chem. Soc., 74, 6848 (1952).
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layer which was washed with two pvortions of diethyl ether. The
combined organic layer was dried over sodium sulfate and the
solvents were distilled to leave an o0il which wes distillied at
17 mm. to give as the main frection 82 g. (89%) of diphenyl-

o 20
silane, b.p. 133-136°, np 1.5797.

Preparation of methvlidivhenvlisilane

This compound was prerarced according to a modified pro-
cedure of Benkeser and Foster.

£ solution of 25 g. {0.107 mole) of methyldirkenylchlcro-
silane in 25 ml. of tetrahvdrofuran (TEF) wes zadded dropwise,
during 30 minutes, to =z stirredé suspension of 2.66 g. (0.07
mole} of lithium a2luminum hydride in 90 ml. of TEF. When the
additvion was complete, the mixture was stirred a2t room tempera-

ture covernight and refluxed for 1 hour. The excess lithium

®

tes

()

a2luminum hyvdride was destroyed with ethyl zc . Hydrolysis

ané work-ur of the mixture was achieved in the manner described

oL

bee

in the preceding experiment. Distilletion of the crude product

under reduced pressure gave 16.42 g. (78%) of methyldiphenyl-

cilzne, b.p. 137-139° (14 mm.), nZ

DO 1.5728; reported néo 1.5747.

493. L. Benkeser and D. J. Foster, ibid., 74, 5314
(1952).
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Rezsction of lithium with dirhenvylsilane

A mixture of 6 g. (0.033 mole) of diphenylsilane, 0.45 g.
(0.065 g. atom) of finely cut lithium wire, and 40 ml. of
tetrahydrofuran was stirred at room temperature for 84 hours,
during which Color Test 140 remained negztive. After 7 hours
the mixture was very milky and the pieces of lithium were
coated black. The reaction mixture was fiitered, hydrolyzed,
and worked up as described zbove. Distillation of the crude
product gave 3.25 g. (77% based on the cleavage of one phenyl
group) of liguid, b.p. 117-119° (0.0l mm.), which crystallized
when seeded with triphenylsilene. Crystallization of the dis-
tillate from methancl gave 2.95 g. (70%) of triphenylsilane,
m.p. 43-44°, identifieé by mixed melting point.

Reection of lithium with tri-2-bivhenylvlicsilane

Two grams (0.0041 mole) of tri-z-biphenylylsilane47, 1.7
g. (0.245 g, atom) of finely cut lithium wire, znd 15 ml. of
tetrahydrofuran (TEF) were stirred between 0-5° for 30 minutes,
after which znother 15 ml. of TEF was added. The mixture was
gtirred for an additional 1.5 hours between 0-5° subsequent to
pouring 1t into a mixture of ice ard water. The organic layer
was separated and worked up in the usual menner. The residue,

after distillation of +the solvent, was sublimed at 85° and
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17 mm. to give 1.07 g. (85% based on the cleavage of two bi-
phenylyl groups) of biphenyl, m.p. 68-69°, identified by mixzed
melting point.

The infrared spectrum of the residual materiasl in carbon
disulfide and in carbon tetrachloride showed 2 sharp pesk at
2.8 « and a broed band between 9-10 /u. indicative of Si-OH and
Si-0-Si bondé, respectively. No peak characteristic of Si-H

wae observed.

Regction of iithium with methyldiphenylsilane

Ron 1. A mixture of 3.5 g. (0.0177 mole) of methyldi-
phenylsilane, 1.9 g. (0.274 g. atom) of lithium wire, and 40
ml. of tetrahydrofuran (THF) was stirred at room temperature
for 1.5 hours, while periodically éooling with a cold water-
batk. The mixture was filtered into another flask after which
was added, during 20 minutes, a solution of 5.66 g. (0.019
mole) of triphenylehlorosilane. The mixture was hydrolyzed
with water and an insoluble product was flltered off to give
3.25 g. (66% based on triphenylchlorosilane) of hexaphenyldi-
eilane, ﬁ.p. 356—360°, which showed no depression in melting
point when admixed with an authentlic specimen.

The organic layer was separsted and worked up in the usual
manner. The residual oil partially crystallized on standing.
The s0lld was warmed in ethanol and filfered. The solid wasl
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again washed with petroleum ether (b.p. 28-28°) and filtered

to give 0.7 g. of meterizl (crop 1) melting over the range 114-
1260. Concentrztion of the combined filtrates left more solid

which was crystallized from ethznol to give 2.14 g. of product

(cropr 2) melting over the range 12@-1300. The infrered spectra
of the two crops were similar except for 2 maximum at 2.8 M

in crop 2.

Crop 1 was dissolved in benzene and chromatographed on
alumina to give a white solid which yielded 0.24 g. of material,
MeDe 138.5-140°, after crystaliization from ethancl. A mixed
melting point with 1,2-dimethyl-1,1,2,2-tetraphenyldisilane wes
1&0-1b2°. A mixed melting point with methylpentaphenyldisilane
was 117-126°.

Crop 2 was dissclved in petroleum ether (b.p. 60-70°) and
chromatographed on alumina. Zlution was effected successively
with petroleum ether, benzene, and methanol. From the petrole-
um ether elustes were obtained two fractions melting over the
ranges 136—1&50 and 110-1250, respectively, after crystaelliza-
tion frdﬁ ethanol. A waxy material was obtained from the ben-
zene eluate and a small amount of oil from the methanol eluzate.
Further attempte to purify the a2bove fractions were unsuccess-—
ful.

Run 2. The same guantities of reactants and the same
reaction conditions were used in this run as in the previous

one. The cleavage product wes added, during 40 minutes, to
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5.63 g. (0.019 mole) of triphenylchlorosilane in 40 ml. of THF.
The mixture was stirred zt room temperature overnighi, then
hydrolyzed with water, and fiitered to give 2.55 g. (52%) based
on triphenjlchlorosilane) of hexaphenyldisilane, m.p. 362—3640.
The organic layer was worked up as described previously.
The residual materizl was distilled at 0.005 mm. to give the
following fractions: (1) 0.24 g., b.p. 54° ngo 1.5720; (2)

o]
0.51 g., b.p. 54-55°, n2° 1.5725; (3) 0.38 g., b.p. up to 85 ,

020 1.5723; (4) 1.21 g., b.p. 120-130°, n2° 1.6092. Fractions

1 and 2 were identical with methyldiphenylsilane with respect

to refrzctive index and infrared spectrum. The yleld, based on
the cleavage of one phenyl group, was 43%. Frazction 3 appeared
to be a2 mixture of fractions Z and 4. Fraction 4 eventuzlly
crystallized and kad an infrared spectrum identicel with that

of triphenylsilane. The yield was 25% based on triphenylchloro-
silane. Trestment of some of this fraction with phenyllithium

gave tetraphenylsilane.

Reaction of 1ithium with triphenvisilane

Run 1. A mixture of 8 g. (0.031 mole) of triphenylsilane,
0.25 g. (0.036 g. atom) of lithium wire, and 60 ml. of tetra-
hydrofuran (TEF) wae etirred at room temperature for 3.75 hours
prior to treatment with 3.0 g. (0.028 mole) of trimethylchloro-
silane in 5 ml. of TEF. The mixture was hydrolyzed with water



and an insoluble material was filtered off to give 0.96 g. of
tetraphenylsilene, m.p. 232—23#0, identified by mixed melting
rolnt. The organic layer was worked up as usual to leave an
0il whick deposited 0.95 g. of solid, m.v. 219-223°, after
shaking in petroleum ether (b.p. 26-38°). Recrystellization
from ethyl acetate gave 0.84 g. of tetraphenylsilare, m.p.
234-235°; total yield, 1.80 g. (30% based on lithium).

The petroleum ether filtrate was evaporated and the resi-
due was crystallized from ethanol to give 1.34 g. of product,
m.p. 95-104°., Two recrystaliizations from ethanol yielded
1.07 g. of 1,1,1-trimethyl-2,2,2-triphenyldisilane, m.p. 107-
1080, whose melting point was not depressed when admixed with
an authentic specimen. fter distillins the ethanol from the
filtrate, the residual oil, on standing for ca. 1 week, de-
posited a crystalline material which was filtered, washed with
methanol, and dried to glive a2 product melting over the range
95-1060. This was washed with petroleun ether (b.p. 28-38°) to
give 0.03 g. of tetraphenylsilane. The petroleum ether was
evaporated and the residue was crystallized from ethznol to
yield 0.3 g. of 1,1,1-trimethyl-2,2,2-triphenyldisilane.

The ethanol wag removed and the residual oil was distilled
under reduced pressure to give the following fractions: (1)
0.50 g., b.p. 175-180 (14 mm.), n2° 1.5763; (2) 0.75 g., b.p.
118-120° (0.005 mm.), n2° 1.5902; (3) 1.31 g., b.p. 125-128°
(0.005 mm.); (&) 0.48 g., b.p. 134-140° (0.005 mm.). Treatment
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of fraction 1 with phenyllithium gave 0.06 g. of tetraphenyl-
silane and 0.13 g. of 1,1,1-trimethyl-2,2,2-triphenyldisilane;
fraction 2 gave 0.45 g. of tetraphenylsilane; and fraction 3
gave 1.22 g. of tetraphenylsilane and 0.08 g. of 1,1,1-tri-
methyl-2,2, 2-triphenyldisilane. Fraction 4 was crystellized
from ethanol to give 0.15 g. of 1,1,1-trimethyl-2, 2, 2-
triphenyldisilane, m.p. 107-108°. The total yield of the
latter was 1.73 g. (58% based on the lithium cleavage of
tetraphenylsilane).

Run 2. Sixteen grams (0.062 mole) of triphenylsilane,
0.25 g. (6.036 g. a2tom) of lithium, and 60 ml. of THF were
stirred a2t room temperature for 7.5 hours, after which 3.0 g.
(0.028 mole) of trimethylchlorosilane was added. Work;up as
degcrived in run 1 yielded an insoluble material which was
o mbined with materisl obtainsd by treating the residue from
the organic layer with pvetroleum ether (b.p. 28-38°) to give a
total of 3.09 g. of white powder melting over {the range 228-
2900. This was warmed in benzene and filtered while hot +o
give 0.8 g. of insoluble product which, after crystallizatlion
from dioxane, yielded 0.5 g. of hexaphenyldisilane, m.p. 363-
3660, A mixed melting point with an authentic sample showed
no depression. The filtrate was evaporated and the residue was
refluxed in ethyl acetate and filtered while hot to'give an
agditional 0.36 g. of hexaphenyldisilane, m.p. 363-366°. The
filtrate deposited 1.48 g. of tetraphenylsilane, m.p. 232-23&0.
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Concentration of the mother liquor afforded en additional
0.15 z. of product.

The ethyl acetate filtrate was evaporated and the residue
was distilled at 13 mm. to give the following fractions: (1)
0.96 g., b.p. up to 1800, ngo 1.5870; (2) 1.91 g., b.p. 180-
205°; (3) 4.71 g., b.p. 205-210°%; (&) 3.89 g., b.p. 210°;

(5) b.p. above 250°. Fraction 1 yielded a2 liquid, ngo 1.5783,
after treatment with methylliithium. Fractions 2-4 crystallized
on standing and were shown to be triphenylsilane by mixed
melting point end infrared spectrum. Frzction 5 was refluxed
in petroleum ether (b.p. 28-38°) and filtered. The insoluble
material was crystallized from ethyl acetate to give 0.1 g. of
tetraphenylsilane. The flltrzate was evaporated and the residue
was crystallized once from petroleum ether (b.p. 60-700), twice
from absolute-ethgnol, and once from petroleum ether (b.p. 60-
70°) to give 0.08 g. of unidentiried material, m.p. 180.5-183°.

The total yield of tetraphenylsilzne was 1.83 g. (30% based
on lithium), while the total yield of hexaphenyldisilane was
0.86 g.

Run 3. A mixture of 10 g. (C.0385 mole) of triphenyl-
silane, 1.5 g. (0.217 g. atom) of lithium wire, and 50 ml. of
THE was stirred between 0-50 for 3.5 houre and at room tempera-
ture for 1.5 hours. The mixture was filtered and to the re-
sulting solution was added 8.4 g. (0.008 mole) of trimethyl-

chlorosilane in 20 ml. of THF. The mixture was stirred et
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room temperature for 2.5 hours, after which work-up of the
organic layer was carried out as described in the previous runs.
The crude materizl was crystallized from 95% ethanol to give
6.18 g. (48%) of 1,1,1-trimethyi-2,2, 2-triphenyldisilane, m.p.
104—1060, which showed no depression in melting point when
edmixed with an authentlic sample.

Bun 4. 4 mixture of 13 g. (0.05 molé} of triphenylsilane,
2.15 g. (0.31 g. atom) of lithium wire, and 60 ml. of TEF was
stirred at room temperature for 4 hours, after which it was
treated with 12.6 g. (0.10 moie) of freshly distilled dimethyl
sulfzate in 20 ml. of TEEF. After the usual work-up of the
organic layer, the crude product was distilled at 13 mm., to
give 2.53 g. of dimethyl sulfate followed by two other frac-
tions; (1) 2.09 g., b.p. 160-205°: (2) 7.23 g., b.p. 206-210°.
Fraction 1, a2 mixture of an oil and crystals, was crystallized
from 95% ethanol to give 1.38 g. of methyltriphenylsilane,
Me.D. 68-690, whose melting point was not depressed when ad-
mixed with an suthentic sample. This, combined with fraction
2 which crystallized on cooling and melted at sl-67°, gave a
total yield of 8.61 g. (63%) of methyltriphenylsilane. Recrys-
tallization of fraction 2 from ethanol gave 6.61 z. of product,
m.p. 69-70°; total yield,7.99 g. (58%).

The residue from the distillation was a very visccus oil

from which no pure product could be isolated.



Resction of lithium with triohenvlizermane

1,

Run 1. Five grams (0.0164 mole) of triphenylgermane,
0.14 g. (0.02 g. atom) of lithium wire, and 25 ml. of tetra-
hydrofuran (THEF) were stirred at room temperature for 17 hours.
A Tew minute pleces of darkliy coated lithium were removed and
to the resulting mixture was added 5.45 g. (0.0184 mols) of
n-octadecyl bromide in 10 mi. of TEF, while periodicelly

The mixture was stirred at
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737. Recrystellization from ethanol yieslded 3.77 g. (£1%) of
- s O . . e
n-cctedecyitriphenylgermane, m.p. 75-77 , identified Ty mixed

The solvents were removed from the combined filgrates and
the residual cil was distilled &t 0.005 mm. %o give the fol-
lowing frections: (1} 0.75 =., b.p. up to 94°; (2) 0.2C g.,
b.p. 180-200°; (3) 1.31 g., b.p. 210-215°, n2' 1.5280, dgg
1.047; (4) 0.47 z., b.o. 230-2400; (5) 0.53 g., b.p. 240~ 2l 5°.
Frazction 2 was crystellized from ethanol to give 0.03 gz. of

. o . .
wnite crystals, m.p. 128-130 . The infrared spectrum of the

[}

compouné in carbon &isulfide showed maxima aft 3.3 and 9.2«
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charscteristic of aromatic C-H and phenyl-germanium bonds,
resgpectively. No maxima characteristic of Ge-OH or Ge-0-Ce
bonds were present.

Fraction 5 was crystallized from ethanol to give 0.2 g.
of n-octadecyltriphenylgermane, m.p.'74—76°.

The infrared spectrum of fractlon 3 showed maxima at
3.3 M, 3.42/* and 3.52 H, 4.95;4 and 9.1 characteristic of
aromatic C-E strétching, methylene C-H stretching, Ge-E
stretching fregquencies, and phenyl-germanium linkage, respec-
tively; This fractlion was treated successively with n-butyl-
lithium37 and n-octadecyl brbmide in THF. Following the usual
work-up, the crude product was distilled at 0.005 mm. to give
seven fractions boliling over wide ranges, none of which could
be further purified.

Run 2. A mixture of 4.0 g. (0.013 mole) of triphenylger-
mane, 1.15 g. (0.165 g. atom) of lithium, and 40 ml. of TEF was
stirred at room tempersture for 2 hours, then filtered into an
addition funnel, and finally was added, during 5 minutes, to
a stirred solution of 4.35 g. (0.013 mole) of n-octadecyl bro-
mide in 15 ml. of THF, while periodically cooling with a cold
water-bath. Vork-up as described in the previous run gave
3.15 g. (44%) or n-octadecyltriphenylgermane, m.D. 72-78°,  TNo
attémpt was made to work-up the other products.

In another run employing similar conditions but a reaction

time of 6 hours, the yield of n-octadecyltriphenylgermane was 41%.
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Rezction of lithium with tetrzvhenyisilane

Eight grams (0.024 mole) of tetraphenylsilane, 0.8 g.
(0.115 g. atom) of lithium wire, and 50 ml. of tetrahydrofuran
(THEF) were stirred at room temperature for 8.5 hours, after
which the excess lithium was filtered off. To the resulting
mixture was added, during 10 minutes, 5.18 g. (0.048 mole) of
: trimethylchlorosilane dissolved in 25 ml. of THF. Subsequently,
hydrolysis was achieved with water and the organic layer was
worked up as described in previous experiments.‘ The crude
product was distilled at 15 mm. to give 1.57 g. (44%) of tri-
methylphenylsilane, b.ov. 550, and 6.25 g. (79%) of crystalline
material, m.p. 102-106°. Crystallization of the latter from
95% ethanol yielded 5.41 g. (69%) of 1,1,l-trimethyl-2,2,2-
trirhenyldisilane, m.p. 10?-1080, identified by mixed melting

roing.

Rezction of phenvilithium with trivhenvisilane

Seventeen milliliters of tetrahydrofuran (THF) containing
C.016 mole of phenyllithium was added to a stlirred solution of
3.0 g. {0.012 mole) of triphenyisilane in 20 ml. of THF. Aftger
stirring at roor temperature for 3.75 hours, the mixture was
hyérolyzed with water and an insoluble sollid was filtered off

to give 3.31 g. of tetraphenylsilane, m.p. 233-235°, wkich
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did not depress the melting volint of an authentic speci-
men.

The organic layer was separated, dried, and the solvents
were distilled to leave a so0lid which was crystallized from

ethyl acetate to give an additional 0.39 g. of tetraphenyl-

silane; total yield, 3.7 g. (95%).

Reaction of vhenvilithium with trinhenylgermane

To a solution of 3.0 g. (0.01 mole) of triphenylgermene
in 25 ml. of %tetrahydrofuren (THF) was azdded, during 5 minutes,
12 ml. of TEF containing 0.01l1 moie of phenyliithium. The mii-
ture was stirred at rocom temperature for 1.75 hours, after
which a solution of 3.33 g. (0.01 mole) of n-octadecyl bromide
in 5 ml. of THF was added. After the usual work-up, the crude
product was refluxed in ethanol and filtered to give a trace
of insoluble material melting at 340-3&40. The filtrate was
concentrzted and cooled to yield &.3 g. (77%) of grocﬁadecyl-
triphenylgermene, m.p. 76-770, which did not show any depres-

sion in melting point when admixed with an suthentic sample.

Beaction of triphenvlisilyllithium with triphenylsilane

Reflux temperature. The triphenylsilyllithium was pre-

pared by stirring a mixture of 3.0 g. (0.0058 mole) of
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hexaphenyldisilane, 2.0 g. (0.29 g. atom) of lithium wire, and
L0 ml. of tetrahydrofuran (THF) at room temperature for 7
hours. The reactlon was started as & paste and the THF was
added dropwise until the addition was complete. VWhen the
cleavage was complete, as evidenced by a clear brown sclution,
the excess pleces of lithium were filtered off and to the re-
sulting solution was added 3.12 g. (0.012 mole) of triphenyi-
silane. The mixture was refiuxed for 21 hours, after which
Color Test Ib'O wae negative. After hydroiysis with water, an
insoluble product was filtered off arnd the organic layer from
the flltrate was worked up as previously descrlibed. The resi-
due was refluxed in peirolevm ether (b.p. 28-38°) and filtered.
The combined yield of slightly impure tetraphenylsilane, m.p.
227-231°, was 2.64 z. (68% based on triphenylsilyllithium). A
cryetellization from ethyl acetate gave 2.1 g. (54%) of pure
material, m.p. 234—2350, identified by mixed melting point.

Room temperature. The triphenylsilyllithium, prepared

from 3.0 g. {0.0058 mole) of hexaphenyldisilane, 0.80 g.
(0.115 g. atom) of lithkium, and 30 ml. of THF, was zdded to
6.25 g. (0.024 mole) of %triphenylsilane in 15 ml. of TEF. The
mixture was stirred at room temperature for 6.75 hours, after
which 1.00 g. of trimethylcklorosilane wae added, thus re-
sulting in a negztive Color Test 140. fter hydrolysis with
water, there was filtered off 0,1 g. of hexaphenyldisilane,

m.p. 350-358°, identified by mixed melting point.
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The solvent was distilled from the organic layer andéd the
residue was sheken with ca. 15 ml. of petroleum ether (b.p.
28-389). After cooling at 0°, a solid was filtered off, re-
fluxed in 95% ethanbl,”énd again filtered to give 0.086 g. of
tetraphenylsilane, m.p. 230-232°, identified by mixed melting
point. The ethanol filtrate was evaporated and the residue was
erystallized from petroleum ether (b.p. 60-70°) to give 0.32
c. of triphenylsilanol, m.p. 153-155°. A mixed melting point
with an zuthentic specimen was undepressed.

The solvent from the petroleum ether (b.p. 28-38°) ril-
trate was evaporated and the residue was distilled a2t 13 mm.
to give 5.88 g. of triphenylsilane, b.p. 205-210° and 2 higher
boiling frzction which was crystallized from $5% ethanol to
yield 0.07 g. of 1,1,1-trimethyi-2,2,2-trirhenyldisilane, m.p.

106-107°, identified by mixed melting point.

Rezction of trivhenylesilvlliithiuvm with refiuxine tetrahydro-

furan

Triphenylsilyllithium, prepared from 8 g. (0.0155 mole)
of hexaphenyldisilane and 2.0 g. (0.29 g. atom) of finely cut
lithium wire in 75 ml. of tetrahydrofuran (TEF), was refiuxed
for 2.7 days, after whichk Color Tes%t 0 was very faint. Most
of the TEF was distilled; diethyl ether was =2dded; and the

mixture was hydrolyzed with water. After filtering off
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0.12 g. of hexaphenyldisilane, the organic layer was separated,
dried, and the solvents were distilled under reduced pressure.
The residue was refluxed briefly in petroleum ether (b.p. 28-
38°) and filtered to give 2.15 g. of materiel, i.p. 90-1040.
This was recrystallized from petroleum ether (b.p. 60-70°) to
yield 1.88 g. of white needles, m.p. 107-108°. Two recrystal-
lizations rzised the melting point %o 109—1100. The analysis
indicated the compound to be 4-hydroxybutyltriphenylsilane.

Anal. Caled. for Cp K, 08i: C, 79.45; E, 7.28; Si, 8.L6.
Found: C, 79.56, 79.42; H, 7.03, 7.28; Si, 8.65.

The infrared spectrum of the compound in cerbon tetra-
chloride solution showed strong absorption bands at 2.?5/4,
3.3 H, 3.4/4, and 9.0 u, in&icative\ of C-0H, aromatic C-E,
‘aliphatic C-H stretching frequencies, and phenyl-silicon
linkage, respectively. There was broad band at 3.0 H.

The petroleum ether (b.p. 28-38°) filtrzte was evaporated
to leave a2 s0lid suspended in an ¢il. The £0l1id was washed
with petroleum ether (b.p. 60-700) and then cryetallized from
the same solvent to give 1.95 g. of material melting over the
range 80—1150, which could not be narrowed appreciably after
repeated recrystallizations. The oil was distilled under re-
duced pressure to give 0.86 g. of material which melted over
the range 85—120o after crystallization from ethanol. The
residue was crystsllized from petroleum ether (b.p. 60—700)

to give 0.52 g. of product, m.p. 103-105°.
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Aromatic Heterocycles Containing Silicon

as the Hejero Atomso

2,2'-Birkenylenedilithium

To 2 stirred suspension of 2.38 g. (0.344 g. atom) of
Tinely cut lithium wire in 50 ml. of ether was added, during
25 minutes, a solution of 2.22 g. (0.0071 mole) of 2,2'-
dibromobiphenyl in 25 ml. of ether. After stirring at room
temperature for 20 minutes, the rezction mixture was refliuxed
for 6.5 hours. Subseguently, the excess lithium was filtered
off and to %the resulting solution was added 2.6>g. (0.0143
mole) of benzophenone dissolved in 20 mi. of ether. The mix—
ture was refluxed for ca. 30 minutes and then was hydrolyzed
with water. An insoluble material was filtered off and combined
with additional crude product obtained after working up the
organic layer in the usual manner. The combined crude product
was crystaliized from ethanol to give 1.68 g. (46%) of 2,2'-
bis-{diphenylhydroxymethyl)-biphenyl, m.p.‘254—256°; reportedEl

M.De. 2530.

0 ; .
5 One of the compounds in this sectlion contains germanium
a8 the hetero atom.

51j, E. Tschitschibabin and P. G. Sergejeff, Ber., 59,
654 (1925). ' -
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5,5'-Spirobi-[ dibenzosilole]

Seventy-two milliliters of a solution containing 0.024
mole of 2,2'-biphenylenedilithium52 was added, during 1 hour,
to a rapidly stirred solution of 1.87 g. (0.011 mole) of sili-
con tetrachloride in 30 ml. of ether. The rezction mixture
was stirred at room temperature for 1.5 hours and weas refliuxed
for 3 hours. Subsequently, 50 ml. of benzene was added and
the mixture wes refiuxed at 460 Tor 2 hours. The mixture was
hydrolyzed and the organic iayer was worked up in the usual
fashion. Most of the ether distilled and the remaining solu-
tion, on cooling, deposited 1.45 g. of product, m.D. 222—2250.
The filtrate was concentrated to give an additional 0.6 g. of
matsrial; totzl yield, 2.05 g. (56%). Crystallization from
ethanol rzised the melting point of 5,5'—Spirobi-[ﬁibenzosilolé}
to 226-227.5°.

Anal. Calcé. for 024Hi681: C, 86.72; H, 4.85; 81, 8.44;
mol. wt., 332. Found: C, 86.83, 86.90; %, 4.87, 5.09; Si,
8.33; mol. wt., 344, 348,

5,5'-Spirobi—[@ibenzozermole|

To 185 ml. of & stirred ethereal solution containing G.05

mole of 2,2’-biphenylenedilithium52 was added, during 25

( fzﬁ. Gilmsn and K. D. CGorsich, J. Am. Chem. Soc., 77, 6380
1955).
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minutes, 5.35 g. (0.025 mole) of germsnium tetrachloride dis-
solved in 35 ml. of ether. Subsequently, the mixture wes
hydrolyzed with water and an insoluble solid was filtered off
to give 1.7 g. of product melting over the range 230—2380. The
organic layer was worked up as usual to give an additional 2.45
g. of crude product which, when combined with the ether-
insoluble material and crystallized from ethyl acetate, yielded
2.15 g. of 5,5'-spirobi-[dibenzogermole], m.p. 244.5-26°. The
mother liguor afforded an additional 0.62 g. of product; total
yield, 2.77 g. (29%).

Anel. Calecd. for CpuEgGe: Ge, 19.23; mol. wt., 377.
Found: Ge, 18.88; mol. wt., 418, 407.

5-Chl oro-5-n—-dodecyldibenzosilole

Three hundred and forty-eighnt milliliters of an ethereal
solution containing 0.1 mole of 2,2'—biphenylenedilithium52 was
diluted to 425 mi. with additional ether and subsequently was
added, during 2.5 hours, to a rapidly stirred solution of 45
g. (0.148 mole) of n-dodecyltrichlorosilane in 600 ml. of
ether. ¥hen the addition was complete, the mixture was stirred
at room temperature overnight, after which the ether was dis-
tilled until the distillation temperatare rose to 60°. Three
hundred milliliters of petroleum ether (b.p. 60-70°) was added

and the mixture was refluxed for 1 hour before filtering,
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while hot, in an atmosphere of nitrogen. The lithium salt was
washed with severszl portions of petroleum ether. The solvents,
together with butyl bromide, were distilled from the filtrate
and the residual meterial was transferred to a Claisen flask.
The distillation was carried out at 0.012 mm. in an electrical-
ly hested air-oven. The first fraction; 15.57 g., was coli-
lected at 93—960 and was meinly n-dodecyltrichlorosilane. The
main fraction distilled at 180-182° to give 33.16 g. (86%) of
pale yellow ligquid.

Anal. Calecd. for 024533C151: Ci, 9.21; €i, 7.29. Found:
Ci, 8.96, 8.9%; s5i, 7.25, 7.27.

In four other runs the yislds varied between 73 and 85%.
The run yielding 73% of product 2lso deposited 0.5 g. of 5,5'-
spirobi—[&ibenzosilole], m.p. 225-227°, on standing for several
days. The latter was identified by a mixed melting point with

an authentic specimen.

5 5-Dichlorodivenzosilole {impure)

Method A. To a rapidly stirred solution of 252 g. (1.48
moles) of siiicon tetrachloride in 700 ml. of ether was added,
during 3 hours, 300 ml. of an etherezl solutlon containing
0.078 mole of 2,2'-biphenylenedilithium52. After etirring the
mixzture overnight at room temperature, it was worked up as

described in the preceding experiment. Concentration and
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cooling of the filtrate resulted in the depositilon of 3.5 g.
of crude product which, when crystellized from ethyl acetate,
afforded 2.89 g. of 5,5'—spirobi-[ﬂibenzosilolé], m.p. 227-
2290, identirfied by mixed melting point. The remaining
vetroleum ether was removed and the crude product was distilled
at 0.01 mm. to give 2 small amount of biphenyl followed by 7.41
g. (38%) of slightly impure 5,5-dichlorodibenzosilole, b.p.
108—1100, which crystallized on cooling. The materizl was very
soluble in organic solvents which might have served as crystal-
lization media. Sublimation did not result in any further
purification.

ggglL Calecd. for G EgCl,Si: ClL, 28.3; Si, 11.33.
Found: C1, 26.5; Si, 10.75.

Method B (attempted). An ethereal solution containing
0.02 mole of ethylmagnesium bromide was added to a mixture of
6.16 g. (0.02 mole) of 2,2'-dibromobiphenyl and 1 g. (0.04 g.
atom) of magnesium turnings ether. The mixture was refluxed
for 17 hours, after which the insoluble difunctional CGrignard
reagent was filtered into another 3-necked flask. A solution
of 3.58 g. (0.025 mole) of eilicon tetrachloride in 12 ml. of
ether was added and the mixture was refluxed for 4 hours.
Forty milliliters of benzene was added and ether was distilled
until the refiux temperature reached 700. After refluxing at

this temperzture for 12 hours, an ethereal solution containing
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0.18 mole of ethyllithium was added. The mixture was hydro-
lyzed and workxed up as usual. The crude oll, on standing for
a few hours, deposited 0.71 g. of 5,5'-spirobi-[dibenzosilole],
m.p. 223-225°, identified by mixed melting point. No other

product in the mixture wes identified.

5-Benzyvl-5-chlorodibenzosilole (impure)

To a stirred solution of 16 g. (0.071 mole) of benzyltri-
chi!.orosilane53 in ca. 300 mi. of ether was added, during 3.75
hours, 190 ml. of an ethereal solution containing 0.05 mole of
2,2'—biphenylenedilithium52. The work-up wes achieved in the
szme manner as desgcribed for 5-chlioro-5-n-dodecyldivenzosilole.
The crude material was distilled throﬁgh & short-peth Vigreux
column. Twoc main frsactionsz were collected; Db.p. 150—1600
(0.01 mm.) and b.p. 160-171° (0.01 mm.). Redistillation of
the two fractions at 0.01 mm. gave 7.25 g. (47%) of impure
5-benzyl-5-chlorodibenzosilole, b.p. 150-157°.

Anal. GCalcd. for 01931501Si: Ci, 11.6. PFound: C1,
12.3.

53.. Bygden, Ber., 435, 707 (1912).
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5-Chloro-5-vhenyldibenzosilole

To a rapidly stirred solution of 23.45 g. (0.111 mole) of
vhenyltrichlorosiiane in 450 mi. of ether was added, during 80
minutes, 234 ml. of an ethereal solution containing 0.07 mole
of 2,2'—biphenylenedilithium52. Since Color Test I“O was
rosigive after 20 minutes, the remaining organodilithium com-
pound was added while refluxing the resction mixture. Vhen
the a2dditvion was complete, the mixture was worked up as de-
scribed for 5-chloro-5-n-dodecyldibenzosilole. The crude
product was distilled in an air-oven at 0.005 mm. to give un-
reacted phenyltrichlorosilane followed by 1£4.99 g. (73%) of
paie yellow 1iquid which crystallized on standing for 2 days
and melted over the range 69-72°. LAttempts to recrystallize
the product were unsuccessful due to its extreme solubility in
the inert solvents tried.

Anzl. Caled. for C3gH;j3CiSi: C1, 12.11; Si, 9.58. Found:
Cl, 11.78; Si, 9.68, 9.47.

Hefluxing during the addition of the organodiiithium com-
round seemed to be necesssary, since in two runs in which the
addition was achieved at room temperature the yields were 55
and 58%, and the pure compound could not be isolated.

In znother run in which 25.86 g. (0.122 mole) of phenyli-
trichlorosilane wzas aliowed to rezct with 0.08 mole of 2,2'-

biphenylenedilithium52 in 656 ml. of ether, while refluxing,
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there was ottained 1.89 g. of spirobi-[dibenzosilole], m.p.

-~ o] 2 = = =] - - 3 - o=
224-226", identified by mixed melting point. The yieid of

5-chloro-5-vhenylditenzosilole was 12.87 g. (55%).

5-Chloro-3-methvldibenzosiloie (impure)

ion containing 0.065 mole of 2,2'-

biphenylenedilithium was added, during 4C minutes, to a

“

stirred refluxing solution of 15.22 g. (0.128 mole) of methyl-
tricklorosiiane in 175 ml. of ether. When the addition was
comrlete, the mixture wess worked up as descrived for 5-chloro-
5-n-Godecyldibenzosilole. The excess methyltrichlorosilane
wag Gistilled &t atmospheric pressure and the residue was
distilled at 0.007 mm. to give 12.45 g. (83%) of colorless
liguid, bv.p. 98-100° , which crystellized on standing, m.Dp.
63-68°.

Lpnal. Calecd. for C Cici: B8i, 12.16. Found: Si

_— 13'11 ? ’
11.18, 11.30.

The residue was cryst _1ized from & mixture of benzene
and ethanol to give C.4 z. of 5,5'-spirobi-[dibenzosiliole],
m.p. 230-231°, identified by mixed melting point.

When the sddéition of the organodilithkium compound was car-
ried out at room temperature, the vields dropred to about 80%

end the product wes 1ess pure than the material obtained when

refiuxing wae employed.
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Reaction of 2,2'-bivhenvienedilithium with hexachlorodisilane

Three hundred and thirty milliliters of an etheresl solu-
tion containing G.0G7 mole of 2,2'-biphe nylenedilithium52 was
added, during 1.75 hours, to a stirred solution of 11.5 g.
(0.043 mole) of hexachlorodisilane in 150 ml. of ether. The
mixture was worked upy in a2 manner similar %o that described
for 5-chloro-5-n-dodecyldibenzosilole excert for using benzene
instead of petroleum ether (b.p. 60-70°). Concentration and

cooling of the benzene solution yielded 2.86 g. of crystals

=t

shich, when crystellized from ethyl acetate, melted &t 230-231

and skowed no derressicn in melting point when sdémixed with
5,5'-spirobi[ﬁibenzosilolé]. From the mother ligucr was ob-
tained an additionsgl 1.62 g. of spiro product. Digtillation of

he remaining benzene 1lef{ a residue which was sublimed at 130o
and 17 mm. to give 1.75 g. of biphenyl, m.p. 67-69°, identified
by mixed melting point. The residue was refluxed in acetone to
7.25 z. of insoluble material which did not melt below
5307. Concentration of tke eacetone filtrate gave znother 1.22
g. of 5,5’—Spirobi-tﬁibenzosilolé], m.p. 225-227°. The total
vield of the spiro compound was 5.70 g. (20% based on hexa-
chlorodisiliane).

An ethereal solution conta1n1n5 L.89 g. of the residue

obtained zfter removael of the benzene wazs trested with



methyllithium. Work-up of the organic iayer yielded a very

viscous o0ll which could not be further purified.

g:Bromobenzyl bromlide

4 mixture of 16 g. (0.09 mole) of N-bromosuccinimide,
17.1 g. (0.10 mole) of o-bromotoluene, 0.10 g. of benzoyl per-
oxide, and 40 mli. of carbon tetrachloride was refluxed for 2.5
hours, after which the mixture was cooled and the succinimide

res filtered off. The crude product was distilled to give

=

17.4 g. (77% based on N-bromosuccinimide) of product, b.p.
2

0-134° (18 mm.).

=

2,2'-Dibromobibenzyl

4 solution of 16.5 g. (0.066 mole) of o-bromobenzyl bro-
mide was sdded, during 20 minutes, to a stirred suspension of
5.9 g. (0.13 g. atom) of finely cut lithium wire. The mixture
was stirred at room temperazture for 4.5 hours and then was re-
fluxed for 15 minutes subseéuent to hydrolysies with water.

The crude product, after the usual work-up of the organic layer,
was distilled to give & emell amount of forerun, b.p. up to
200° (18 mm.), followed by & clear liguid, b.p. 134-145° (0.06

mm.), which, after crystallization from ethznol, yielded 4.2 g.
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Forrdl - o <4
(38%) of white plates, m.p. 82-83 ; reported’ m.p.

8. 5%,

10,131-Dihvéro-5, 5~-diphenyldibenzosilepin

To 2 stirred solution of 4.5 g. (0.026 mole) of 2,2'-
dibromobibenzyl in 40 ml. of ether was added 38 ml. of an
ethereal solution containing 0.52 mole of.g—butyllithium37,
while cooling with an ilce-bath. The mixture was stirred at
room temperature for 4 hours and then was added, during 45
minutes, to & stirred solution of 6.23 g. (0.0246 mole) of 4i-
vhenyldicklorosilaene in 50 ml. of ether. The mixture was
hydrolyzed and the organic layer was worked up in the usual
manner. The residual materizl was washed with petroleum ether
(v.p. 60-70°) and an insoluble substance was filtered off.
This was diseolved in benzene and chromatographed on & column
of alumina to give 1.36 g. (15%) of product, m.p. 170-1720.
Recrystallization from petroleum ether (b.p. 77-115°) raised
the melting point to 172.5-174°. '

£nal. Caled. for CosEyySi: C, 86.15; H, 6.12; Si, 7.74.
Found: C, 86.49, 86.30; H, 5.32, 6.34; Si, 7.70.

The petroleum ether (b.p. 60-70°) was removed from the

first filtrate and the residue was distilled under reduced

5%5. Kenmer ana J. Wilson, J. Chem. Soc., 1108 (1927).
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pressure to give two unidentified fractions and 4.1 g. of

residue which uld not be Turther purifled.

Spiro-[ dibenzosilols—-5,1!'-silacyciohexane |

One hundred milliligers of an ethereal solution cocntaining

52

'.Io

0.025 mole cof 2,2'-biphenyienedilithium was added, during 40
minutes, tc a stirred solution of 3.28 g. (0.02 mole)} of 1,1-
- s . - 8 . . -
dichlorosilacycilohexane in approximetely 50 mi. of ether. As

there was no evidence of reaction, benzene was zdded and ether

tn)

wes distilled untll the temperature rose %o 509 =zt whic
temperature the mixture was stirred for 1 hour. Hore ether
was distilled until the temperature rcse to 60°. Stirring was
continued at this temperature for 18 hours. The mixiure was
hydreclyzed and the organic layesr was worked@ up as desceribed in
preceding experiments. The residue, which was obtained after
removal of the solvents, was diseolved in petroleum ether

(b.p. 60-70°) and chromatographed on zlumina. Three fractions,
whose melting points ranged from 120 to 1750, were collected
and sublimed at about 110° and 0.02 mm. %o give 1.03 g. of sub-
limate melting over the range 134-140° and 0.66 g. of residue,
m.pe. 180-182°. The sublimete melited at 144-145.5° after two
crystallizations from petroleum ether (b.p. 60-700). The
residue melted at 183—1840 after crystellization from the same

solvent.
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Anal. Caled. for CpgH,gSi (residue); C, 86.08; H, 6.97;
5i, 6.95. PFounda: C, 86.27; H, 6.65; Si, 7.03.

Anal. Galcd. for CypFgSi (sublimate): C, 81.15; E,
7.24, Found: C, 81.03, 81.25; =, 7.37, 7.19.

The analyses indicated the residue to be 1,l-bis-{2-
biphenylyl)-silacyciohexane and the sublimate to be spiro-
[dibenzosilole-S,l'—silacyclohexane].

The infrared spectra of the compounds in carbon disulfide
solutvion were also in agreement witz the assigned structures.
The latter compound showed sharp bands at 8.9 and 9.hp,
indicative of the dibenzosllole nucleus, whereas the former
compound had a sharp band at 9.0 4 characteristic of an aryl-

silicon bend, but no band at 9.4 K.

5,5-Dietnyvldibenzosilole

A& solution of 5.02 z. (0.03Z2 mole) of diethyldichloro-
silzne in ca. 20 ml. of ether was added, dﬁring 15 minutes,
to 100 ml. of a stirred refluxing ethereal solution containing
0.032 mole of 2,2'—biphsnylenedilithiumEZ. Lfter refluxing for
1 bhour, 90 ml. of benzene was a2dded to the mixture and ether
was distilled until the resction temperature rose to 630. The
mixture was refluxed at this tempersasture for 4.5 hours and then
was hydrolyzed with water. The organic lzyer was separzted,

dried, and the solvents were distillied at 15 mm. The residue
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was distilled at 0.02 mm. to give one fraction, b.v. 93-95°,
and a second frzction, b.». 100-105°. The combined frzctions,
wnhich crystallized on cooling, were recrystalliized from a mix-
ture of water and ethanol to give, after drying in vacuo, 1.76
g. (23%) of 5,5-diethyldibenzosilole, m.p. 50-51°.

&nal. Caled. Tfor CigH g8i: C, 80.863; H, 7.61. Found:

C, 80.56, 80.69; H, 70765 ?051.

5,5-Di-n-dode cyldibenzosilole

A solution of 13.1 g. (0.03 mole) of di-n-Godecyldichlioro-
silane and 110 ml. of an etherezl solution containiag 0.034
mole of 2,2'—biphenylenedilithium52 were aliowed %o react in
e manner descrivbed in the preceding expsriment. Following hy-
drolysis with water and work-up of the organic layer, the oily
residue was distilled under reduced pressure. ALfter collecting
a smzll smount of forerun, there was distilled one fraction
between 250-265° (0.02 mm.) and a higher boiling fraction,

b.D. 315——318o (0.03 mm.), which was crystallized from ethyl
acztate to give 1.05 z. of wkite crystals, m.p. 55—5?0. The
infrared spectrum of the compound in carbon disulfide solution
showed =z strong band at 9.5 4 indicative of a S5i-0-Si linkage.

The first two fractions were redistilled to give 4.36 g.

(28%) of 5,5-di-n-dodecyldibenzosilole, b.p. 240-243° (0.01

mn.), nf® 1.52%6, 629 0.923.
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Anel, Caled. for 03635881: C, 83.33; H, 11.26; IR,
171.5. Found: C, 83.17, 83.06; E, 1i.46, 11.43; MR, 171.9.

532—Dodeletj-nhenyldibéhzosilole

Fifty milliliters of an ethereal solution containing 0.02

mole of phenyllithium45 was slowly added to-a stirred solution
of 5 g. (0.013 mole) of 5-chloro-5-n-dodecyldibenzosilole in
30 ml. of ether. The mixture was stirred at room temperature
overnight and then was hydrolyzed with water. The organic
layer was separszted, dried, and the solvent was distilled.
The residue was distilled through a Vigreux column heated in
an electriczlily wired air-oven &t 0.012 mm. to give, after
collecting a small amount of forerun, 4.06 g. (73%) of pale
yellow liguid, b.p. 196-198°, nZ° 1.5718, af° 0.995.

Anal. GCglcd. for C30H3881: Si, 6.58; MR, 140.5. Found:

Si, 6.59, 6.60; MR, 140.8.

5-(3-Biphenylyl)-5-n-dodecyldibenzosilole

Ninety milliliters of an ethereal solution containing
0.017 mole of 3-biphenylyllithium, prepared according to the

L
method used for 2-biphenylyllithium '

, wag added, during 5
minutes, to a2 stirred solution of 6.0 g. (0.0155 mole) of

5-chloro-5-n-dodecyldibenzosilole in about 30 ml. of ether.
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When the addition was complete, the mixture was refluxed for

1 hour, and worked up as described in the preceding run. Dis-
tillzation of the solvent left a2 residue which was distilled at
0.008 mm. %o give a small amount of forerun followed by 8.4 g.
(82%) of pale yellow liquid, b.p. 242-247°, nso 1.5992.

Anal. Cgled. for CBSEﬁZSi: Si, 5.58. PFound: 8i, 5.72.

5-n-Dodecyl-5-n-hexadecvldibenzosilolie

The n-hexadecyllithium was prepared from 12.2 g. (0.04
mole of n-hexedecyl bromide and 1.4 g. (0.20 g. ztom) of
finely cut lithium wire in diethyl ether, essentlally using
the procedure described for grbutyllithium37. The yield of
‘organolithium compound was 0.022 mole. To this stirred solu~
tlon, cooled by an ice-bath, was added, during 5 minutes, a
solution of 6.0 g. (0.0155 mole) of 5-chloro-5-n-dodecyldi-
benzosilole in approximstely 25 mi. of ether. The mixture weas
stirred between 0-5o for 30 minutes and at room temperature
overnight. Eydrolysis was effected with water and the organic
layer was worked up in the usual fashion. The residue, re-
meining after distillation of the soclvent, was distilled at
0.005 mm. to give a forerun followed by 5.9 g. (66%) of product,
b.p. 255-2600. Redistillation of the material yielded a pale

yellow 1liquid, b.p. 232—2350, n§O 1.5170, dﬁo 0.918.
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inel. Celed. Tor CypHgsSi: C, 83.35; E, 11.57; Si,
4.88; MR, 189.9. Found: C, 83.02; H, 11.57; Si, 4.93; MR,

189.4.

5,5-Di-n-tetradecyldibenzosilole

| Fifty milliliters of an ethereal solution containing
0.043 mole of n-tetradecyllithium, prepared in accordance with
the procedure described for.g—butyllitbium37, was added to a
solution of 4.75 g. (0.019 mole) of impure 5,5-dicklorodibenzo-
silole in 50 ml. of ether. The reaction mixture was cooled by
an ice-beth during the addition. When the addition was com-
plete, the mixture was stirred at room temperature overnight
and subsequently was hydrolyzed with water. The organic layer
wes separated, dried, and the solvent was dlstilled. The
crude product was distilled at 0.003 mm. to give several small
fractions followed by 3.95 g. (36%) of oroduct, b.p. 245-250°,
n3° 1.5170, &% 0.91%.

Anal. Qalcd. for C@OEBGSi: Si, 4.88; MR, 189.9. Found:

Si, 4.73, 4.85; MR, 190.2.

5—n—Dodec11<j:[Kmethyldibenzylsilyl)-methyij-dibenzosilole

To 80 ml. of a stirred ventane solution containing 0.02

mole of methyldibenzylsilylmethyllithium, prepared frem 6.43 g.
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(0.0234 mole) of (chloromethyl)-methyldibenzylsilane and 3.15
g. (0.455 g. atom) of lithium ribbon, was added a solution of
6.0 g. (0.0155 mole) of 5-chloro-5-n-dodecyldibenzosilole in
20 ml. of benzene. After refiuxing the mixture for 9 hours,

it was hydrolyzed withk water énd worked up in the usual menner.
The crude product was distilled through a short Vigreux column
heated in an air-oven to give 2.6 g. of forerun boiling up ©o
238° (0.005 mm.) followed by 7.3 g. (80%) of water-clear
product, b.p. 250-251° (0.005 mm.), n3° 1.5750, afo 1.005.

9.53; MR, 192.9. Found: C, 81.60; E, 5.94; Si, 9.69, 9.52;

MR, 193.7.

5,5-Dimethyldibenzosilole

An ethereal solution containing 0.068 mole of methyl-
lithium was added, during 10 minutes, to a stirred solution
of 15.67 g. (0.068 mole) of impure 5-chloro-5-methyldibenzo-
silole in about 25 ml. of ether. The reaction mixture was
stirred at room temperature overnight and was worked up in the
usual fashion. The crude product was crystalllzed from
methanol to give 9.93 gz. (70%) of colorless plates, m.p.
58-59°. The analytical sample melted at 60-61°.

Anal. Caled. for CyuEy4S8i: C, 79.93; E, 6.72. Found:
C, 80.30, 80.45; E, 6.64, 6.66.
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5-Benzyldivenzosilole

A solution of 6.46 g. (0.021 moie) of 5-benzyl-5-chloro-
dibenzosiliole in 20 ml. of ether was added, during 10 minutes,
40 & stirred suspension of 0.76 g. (0.02 mole)} of lithium
aluminum hydride in approximetely 50 ml. of ether. The mix-
ture was refluxed for 12 hours and then was filtered in a
nitrogen atmosphere. lost of the ether was distilled and re-
placed with petroieum ether (b.v. 60-70°). Again, the mixture
wsas filtered in a nitrogen atmosphere and the petroleum ether
distilled from the filtrate. The residue was distilled through
& short-path Vigreux column at £.005 mm. to give 4.07 g. (72%)
of coclorless liquid, b.p. 135-1380, which crystallized on
standing for 2 hours. The distillate wae crystelilized from
ethanol to give white needles, m.p. 68.5-69.5°.

£nal. Calcéd. for 01931651: C, 83.77; H, 5.92; 8i, 10.30.
Founé: C, 83.72, 83.50; H, 6.01, 6.23; Si, 10.12.

5-Phenvldibenzosilole (impure)

To a stirred suspension of 1.6 g. (0.042 mole) of 1lithium
aluminum hydride in 140 ml. of ether was added, during 30
minutee, a solution of 11.1 g. (0.038 mole) of 5-chloro-5-
phenyldibenzosilole in 70 ml. of ether. When the a2ddition wes

complete, the mixture wze refluxed for 23 hours, after which



98

the work-up was carried out as described in the preceding ex-
veriment. The crude product was distilied at 0.005 mm. to
cive 8.63 g. (88%) of colorless liguid, b.p. 130-131°, which
crystallized on standing for several hours. Crystaliization
from methanol gave a product melting at 58-60°.

Angl. Calecd. for C18Hibsi: 5i, 10.85. Found: Si,
10.02, 10.55.

5. 5-Dinhenvidibenzosilole

Method A. A mixture of 1 g. (0.0039 mole) of S5-phenyldi-
benzosilole in 25 ml. of ether and 10 ml. of zn etherssl solu-
tion containing C.005 mole of phenyllithium was stirred at
room temperature for 30 minutes. The mixture was hydrolyzed
with water and the organic layer was worked up as described
previously. Distillation of the solvent left a2 solid melting
over the range 109—1@00. The material was crystallized from
ethanol to yield 0.98 g. of product, m.p. 148-149°, From the
mother ligquor was obtained an additionel 0.05 g. of 5,5-
diphenyldibenzosilole; total yield, 1.05 g. (81%). £ mixed
52

melting point with an authentic sample vrepared from diphenyl-
dickiorosilane and Z,2'-biphenylenedilithium showed no depres-
eion. Also, the infrared spectra were identical.

Method B. A solution of 1.35 g. (0.0046 moie) of

5-chloro-5-phenyldibenzosilole in 25 ml. of =2ther wze allowed
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to react with 0.008 mole of phenyllitkium in the same manner
&s described in the preceding experiment. The crude producst,
after the usual work-up, was crystallized from ethanol to give
1.1 g. (72%) of 5,;-diphenyldibenzosilole, m.p. 147-148°,
igdentified by mixed melting point.

Method C. To 1.23 g. (0.0049 mole) of impure 5, 5-
dichlorodibenzosilole dissclved in 20 ml. of ether was added
18 mi. of 2 0.87 ¥ phenyllithium solution. After refluxing
the mixture for 45 minutes, it was hydrolyzed and worked up as
described in the preceding runs to yield 1.21 g. (74%) of 5,5-

diphenyldibenzosilole, m.p. 148-149°.

5,5'-Dimethyl-5,5'-bi-[&ibenzosiloie]

4 mixture of 9.16 z. (0.0396 mole) of 5-chloro-5-methyl-
dibenzosilole, 0.99 g. (0.043 g. atom) of sodium, and 100 ml.
of xylene was refiuxed for 25 hours, after which ethanol was
added to the purple mixture until the evolution of hydrogen
ceased. The mixture was hydrolyzeé with water. The organic
layer was separated, combined with two ether exftrzcts of the
agueous layer, and dried over sodium sulfate. Distillestion
of the solvents left a2 residue which waes crystzllized from
ethanol to give 3.3 g. (43%) of product, m.p. 180-182°.
Recrystallization from ethznol razised the melting point to

185-186°.
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Anal. Calcd. for CpgHEyxSis: C, 79.97; H, 5.68; 8i,
14.37. Found: C, 80.29; E, 5.73; Si, 1&4.231.

Concentration of the filtrate from the first crystelli-
zation deposited a2 solid which was crystallized from ethanol
to give 1.05 g. of material melting over the range 107-119°.
Two additional crystallizatlions did not improve the melting
range. - The infrzred spectrum of the material in carbon di-
sulfide sclution was very similasr to thet of 5,5'-oxybis-—~

[ 5-methyldibenzesilole].

j,5'—D1—Efdodecyl-545‘—bi—[dibenzosilol§l

4 mixture of 5 g. (0.013 mole) of S5-chioro-5-n-dodecyl-
divenzosilole, 0.30 g. (0.013 g. atem) of sodium, and ca. 80
ml, of xylene was refluxed for 19 bours, after which the mix-
ture was worked up in the same manner describted in the
preceding preparstion. ALfter distilling the solvents, the
resifue was crystallized successively from 2 mixture of
petroleum ether (b.p. 28-38°) and ethznol and from a mixture
of ethanol and ethyl acetate to yield 2.42 g. (53%) of material,
m.p. 59-81°.

£nal. Cgled. for 648H66512: C, 82.41; H, 9.52; 5i, 3.03.
Found: C, 82.75; E, 9.37; 8i, 8.03, 8.09.

The infrared spectrum showed no band at 9ﬁ5/4 charac-

teristic of a Si-0-S1 linkage.
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5,5'-Dibhenxl-SLj'-bif[ﬁibenzosiloléj (attempted)

One hundred miililiters of xylene, 3.98 g. (0.0135 mole)
of 5-chloro-5-vhenyldibenzosilole, and 0.5 g. (0.022 g. atom)
of sodium were refluxed for 21 hours without any color change
being observed. The excess sodium was destroyed with ethanocl.
Work-upr and hyérolysis of the reaction mixture was carried out
as described previously. The residue was washed with petroleum
ether (b.p. 28-38°) and the insoluble product was crystallized
twice from ethyl acetate to give 1.52 g. (21%) of material,
m,P. 203—20#0. The infrared spectrum of the compound in carbon
disulfide solution showed an zbsorption band at 9.5/4, indi-
cating the material o be 5,5‘-oxybis-[}—phenyldibenzosilolé].

dnal., Calcd. for 0365260512: 5i, 10.57. Found: Si,
10.60, 10.57. |

5-Eydroxy-5-methyldibenzosilole {(2ttempted)

Two grams (0.0087 mole) of impure 5-chloro-5-methyldi—
benzosilole dissolved in about 20 ml. of diethyl ether was
neutralized with ca. 0.2 N sodium hydroxide, while cooling the
ethereal solution with an ice-bath. The organic layer was
separated, dried over sodium sulfate, and the ether distilled
at 14 mm., while keevping the distillation temperzture below 20°.

The recidue was washed with petroleun ether (b.p. 28-38°) and



filtered to give 1.16 g. (63%) of product, m.p. 153-157°. One
crystallization from a mixture of zcetone and water raised the
melting point to 157-158°.

A3though the infrared spectrum of the compound in carbon
disulfide solution showed a sherp peek at 2.7, indicative of
2 Si-OE bond, 2nd no broad band at 9.6/‘, characteristic of a
Si-0-8i linkage, the carbon, hydrogen, and silicon analyses

indicated the material to be the disiloxane.

5;4‘-Oxybis—[}-methvldibenzosilolg]

An ethereal solution of 2.69 g. (0.0115 mole) of impure
S5-chloro-5-methylditenzosilole in about 100 ml. of ether was
neutralized with sodium hydroxide. The organic layer was
separzted, dried, and the solvent was evaporated leaving a
crystalline materiel which was alliowed to stand in a mixture
cf methanol and water for 6 weeks. Flltration and drying of
the resulting crystals gave 1.8 z. (77%) of product, m.p. 125
1270. Recrystallization from a2 mixture of chloroform and
methanol raised the melting point to 127-128°.

£Lnal. Czlcd. for 026522051: C, 76.85; E, 5.48. Found:
C, 77.12; E, 5.69.
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5,5'—Oxybis—[}-n—dodegyldibenzosilolél

Run 1. To 3 g. (0.0078 mole) of 5-chloro-5-n-dodecyldi-
benzosilole in ca. 25 ml. of ether was added 0.05 N sodium
hydroxide solution until the mixture was definitely basic. The
organic layer wes separated, dried over sodium sulfate, and the
ether distilled on a steam-bath., The residue was distilled
through 2 short-path Vigreux column at 0.003 mm. to give four
frazctions which boiled between 190-200°. The first 3 fractions,
1.21 g., crystallized on stending for about 1 week. The last
fraction, 0.77 g., contained some crystalline material after
standing for several weeks. The combined crystalline material
was recrystallized from ethanol to give 1.28 g. (46%) of
colorless needles, m.p. 74-75%

Lnel. Czled. for 0483660812: .C, 80.62; H, 9.30. Found:
¢, 80.97, 80.75; E, 9.30, 9.42.

The infrared spectrum of the compound in carbon disulfide
solution showed a broad absorptlon band at 9.6/H charzcteristic
of a 5i-0-8i linkage.

Pun 2. A mixture of water and 2.53 g. (0.0066 mole) of
5-chloro-5-n-dedecyldibenzosilole was zliowed to stand for 3
weeks. The organic material was extracted with ether. The
ethereal solution was worked up in the manner described in
run 1. The crude product was refluxed in ethanol. Aftér de-

canting the solution from a small amount of oll, the ethanolic
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solution was allowed to stand in a refrigerator Tfor about 3
days, after which there was deposited 1.14 g. (48%) of producst,
m.p. 73-75°. The material proved to be identical with that

from run 1 by mixed melting point and infrared spectrum.

Reaction of formic acid with 5, 5-divhenyldibenzosilole

A mixture of 1.0 g. (0.003 mole) of 5,5-diphenyldibenzo-
silole and 50 ml. of 98% formic acid was refluxed for 22 hours.

The formic scid was distilled and the residue was sublimed in

?nl

vacuo %o give 0.16 g. (35%) of biphenyl. The remesining material

could not be further purified.

Resction of 2,2'-bivhenylenedilithiun with 5-chloro-5-methyi-

dipbenzosilole

Two grams (0.0087 mole) of impure 5-chloro-5-methyldi-
benzosilole and 30 ml. of an ethereal solution containing 0.009
mole of 2,2'-biphenylenedilithium52 was stirred at room tempera-
ture for 29 hours, after which the mixture»was poured oniso a
mizture of Dry Ice and diethyl ether. The organic layer was
separated, extrscted once with 5% sodium hydroxide, and dried
over sodium sulfate. The solvent was distilled; the residue
was washed with petroleum ether (b.p. 28-38°); and the gfanular

material was filtered off to give 1.08 g. (38%) of 5,5'-



105

spirobi-[dibenzosilole], m.p. 225-227 , whose melting point
was uncepressed when admixed with an authentlic sample.
Distillation of the solvent from the fiitrate left an oil
which was distilled at 0.005 mm. to give 0.15 g. of forerun
followed by 0.65 g. (38%) of 5,5-dimethyldibenzosilole which
was crystallized from methanol to give 0.32 g. (18%) of white
plates, m.p. 59-610. A mixed melting polint witk an authentic

sample was undepressed.

Reaction of 2,2!'-biphenylenedilithium with triethylchlorosilane

(attempited)

L solution of 4.18 g. (0.028 molz) of triethylchlorosilane
and 0.018 mole of 2,2'-biphenylenedilithium”? was refluxed for
L nours. Benzene was addeé to the mixture and refluxing was
continued at 55° for 12 hours and then at 60° for 6 hours.
Color Test ILPO wes positive. The mixture was hydrolyzed with
water and 0.75 g. of a product, insoluble in the common organic
solvents, was fiitered off. Distillation of the resigue, after
evaporation of the solvent from the organic layer, gave 1.2 g.
of forerun followed by l.5 g. of unidentified 1liquid, b.»p.
130-150° (0.022 mm.).
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5-( 2-Biphenylvl)-5-phenvlidibenzosilole

From 5,5'-spirobi-[dibenzosilclie] and phenyliithium. A
tetrabydrofuran (THF) solution containing 0.015 mole of phenyl-
lithium was sllowed to interact with & solution of 2 g. (0.006
mole) of 5,5’-Spirobi-[ﬁibenzosilolé] in 20 ml. of TEF. After
stirring the mixture at room temperature for 6 hours, Color
Test Iho'was negative. Following hydrolysis and work-up of
the organic layer, there remained an oil which was refluxed in
ethanol. An insoluble material was filtered off to give 1.26
z. (51%) of 5-(2-biphenylyl)-5-phenyldibenzosilole, m.p; 137-
138°. A recrystallization froﬁ petroleum ether (b.p. 60-70°)
did not change the melting point.

Anel, Calcd. for 030522511 C, 87.77; E, 5.50; Si, 6.84.
Found: C, 87.82; H, 5.79; Si, 6.90.

From S5-chloro—-5-phenyldibenzosilole and 2-biphenylivl-

lithium. £ mixture of 2.3 g. (0.0078 mole) of 5-chloro-5-
phenyidibenzosilole and 35 mi. of an ethereal solution con-
taining 0.009 mole of 2—bipheny1yllithium52 was stirred at room
temperature for 15 minutes and refluxed for 45 minutes. The
mixture was hydrolyzed with water. The organic layer was
separzted, dried, and the ether distilled. The residue was
taken up in benzene and chromatographed on alumine. Distilla-
tion of the solvent from the eluztes left a white powder which

was sublimed in vacuo to give 0.3 g. of biphenyl, m.p. 65-67°.
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The residue was crystallized from petroleum ether (b.p. 60-700)
to give 1.17 g. of clear prisms, m.p. 137—1380, which showed
no depression in melting point when admixed with the material
obtained in the preceding experiment. Concentration and
cooling of the filtrate yielded an additional 0.46 g. of prod-

uet, m.p. 134-136°; total yield, 1.63 g. (51%).

. Reaection of Jithium with 5,5-dimethyldibenzosilolie

£ mixture of 3.1 g. (0.0148 mole)} of 5,5-dimethyldi-
benzosilele, 0.54 g. (0.072 g. atom) of finely cut lithium
wire, and 30 ml. of diethyl ether was stirred at room tempera-
ture for 15 minutes without any'sign of reaction. Approximzte-
ly 5 ml. of tetrahydrofuran was added and, after a few minutes,
the mixture became dark green and showed a positive Color Test
140. The mixture was stirred at room temperature for 4.3 hours
and then was hydrolyzed with water. The organic layér was
separated and worked up in the uéual manner. The residue was
crystallized from methanol to give 1.60 g. of 5,5-dimethyldi-
benzosilole, m.p. 55—5?0, identified by mixed melting point
and infrared spectrum. The solvent was eveporated from the
fiitrate and the residue was sublimed in vacuo to give an addi-
tional 0.35 g. of 5,5-dimethyldibenzosilole, m.p. 53-550; total
yield, 1.85 g. (60%). The reduction product, the 1,4-dihydro

derivative, was looked for but not detected.



Reaction of lithium with 5,5'-dimethyl-5,5'-bi-[dibenzosilole]

Two grams (0.0051 mole) of 5,5!'-dimethyl-35,5'-bi-[dibenzo-
silole], 1.15 g. (0.166 g. atom) of lithium wire, and 30 mi.
of tetrahydrofuran were stirred at room temperature for 4
hours, after which the excess lithium was filtered off. To
the resulting green mixture was added 1.5 g. (0.012 mole) of
freshiy distilled dimethyl sulfate in 10 ml. of TEF. The mix-
ture was hydrolyzed with waﬁer, diethyl ether was added, and
the organic layer was worked up in the usual manner. The crude
product was distilled at 0.005 mm. %o giveio.z g. of forerun
followed by 1.15 g. (54%) of 5,5-dimetkyldibenzosilole, D.D.
8?0, which crystellized on cooling znd melted atA55-5?°. ¥:3
mixed melting point with an authentic sample showed no

depression.
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DISCUSSICN
Noncyclic Organosilicon Compounds

Closely related to the search for thermally stable organo-
silicon compounds has been the concomitant problem of having
these compounds pbssess wide liquid renges. The latfer ob-
stacle is best overcome by introducing a maximum of asymmetry
into the molecule. The former provlem is closely related to
the molecular weight as well as to the basic structure of the
molecule. Initial efforts to surmount this ovef—“ 1 problem
have been directed toward the screening of a number of alkyl
and/or aryl substituted organosilicon compounds for the purpose
of gualitatively evaluating the effects of various organic
grouplilngs on the physical properties of the molecules.

Miles55 observed that some long-chained alkyl substituted
organosilicon compounds were promising both with respect to
boiling points and melting points. A4 elevated temperatures
and in the presence of oxygen, however, these types are more
prone to oxidation than aryl substituted organosilicon com-—
pounds. Moreover, the aromatic types are more resistant to

radiation than the compounds containing 21kyl groups.

55D. Milee, Unpublisked Ph.D. Thesis, Iowa State College
_ Library, Ames, Iowa (1957).



Goodmen® found that molecules containing the p-phenyoxy-

phenyl, m-trifiuvoromethylphenyl, and m-tolyl groups possessed
excellent thermal stabilities but unless the molecules had at
least one long-chained alkyl grouv, the compounds inherently
had high melting voints.

In these studies, some m-halophenyl substituted organo-
silicon compounés were screened partly because of some of

56

Coodman's promising results and partly because Gainer noted
that the lubricity of certain silicones was improved by in-
corporating in the molecules substituted phenyl groups in which
the substituents were halogens or halogen-containing groups.

In Table 3, the screening data are recorded for the vari-
ous m-halophenyl substituted organosilicon compounds. These
data were obtained by inserting the compound to be studied in
& czpillary tube which was heated in a copper block by means
of a Bunsen burner. & 500°—tbermometer was used to measure
the temperature. The volatilization point or range was that
temperature at which either 211 of the liquiéd disappeered from
the bottom of the caplllary tube or that temperature at which
rapid refluxing was observed in the top of the tube.

It is evident, &t leaet on the basis of the compounds con-
tzining m-fluorophenyl and phenyl groups, that the m-fluoro-

ohenyl group shows 1little tendency to contribute to 2 melting

56z, ¢. Gainer, Ind. Eng. Chem., 46, 2355 (1954).
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n-octedecylsilane

Table 3. Thermal stabilities of‘g—halophenylsilanesa
Compound M.p., °C Thermal stabiiity, °C

Tetrekis-{(m-fluoro- 196-197 vol. 400
phenyl)silane

Tetrakis—(m-fluoro- 194-3195 vol. 400
phenylgermane

Tris—(gffluorophenyl)‘ 191.5-193 vol. 400
phenylsilane

Bis-(m-fiuvorophkenyl)- 195-196 vol. 400-410
diphenylsilane

m-Filuorophenyltri- . 208-209 vol. 410-415
phenylsilane

Tetrekis-(m-chloro- 148-149 vol. 460
phenyl)-csilane

Tris-(m-chlorophenyl)- 87.5-89 vol. 460
phenylsilane

Bis-(m-cnlorophenyl )- 110-111 vol. 445-450
diphenylsilane '

m-Chlorophenyltri- 157-158 vol. 450; trace of
phenylsiiane dk. residue

n-Doédecyltris—(m~fluoro- 35-37 vol. 410-420 (dec.)
phenyl)-silane

Tris—(m-fluorophenyl )- 36-38 vol. 410-420 (dec.)
n-hexadecylsilane

Tris-(m-fluorophenyl)- 38-40 vol. 410-420 (dec.)

~

“One organogermanium compound is included.



roint lowering. This is in sharp contrast to the anslogous
m-chlorophenyl deriveaetives which have higher volatilization
temperztures and show proncunced fluctuations in melting points.
These differences are probably due to the smeller covalent
redius of fluorine as compared to chlorine.

The o-halophenyl substituted organcsiliicon compounds were

unevelilleble for examinstion because of the instabiiity of the

intermediate o-halophenyllithium compounds necessary for the
fhesic of 57 s1thoush both o-f 58
synthesis of such types Although both o-fluorophenyl-
- 2 mnem *59
and o-chlorophenyimagnesium promide heve been synthesized,

thney were not used for preparative purposes, since a previous
attempt to couple the latiter CGrignerd resgent with trimethyl-
chlorosilane failled, presumebly because of steric hindrance.
In Table 4, compounds having either a R,SiCEH
a E3S iCgnySiFs skeleton, sre listed. The two most promising
compounds are n- and m-phenylenebls- trl—n-decyWSilanc] bot
of which are licuids and volatilize zt about 450°. It is also
evident in those compounds in which R ie alkyl that as the

length of the alkyl group increzses there is a corresponding

increese in melting point. Nevertheless, it is noteworthy thaet

5%, Giimen and R. D, Corsich, J. Am. Chem, Soc., 78,

(1958).

58G. E. Ez1l, B. Piccolini and J. D. Roberts, ibid., 77,
LsLko (1955)

L. Clerk, L. F. Gordon, C. ¥, Young, and M. J. Hunter,

73, ibid., 3798 (1951).



Teble 4. Thermel stebilities of organosiiicon compounds of
the type R381CH20n28i33 and 335106548133

o ) . o)
Compound ¥.p., C Thermal stability, O
1,2-Ethylenebis-[+tri- 136-137 vol. 470-480 (yeliow);
benzylsilane] dk. orange residue
1,2-Ethyle no01<—[bm1- 215-220/0.04% vol. 425-435
2-ethylhexylsilane] \
1,2-Zthylenebis-[tri- 45-48 vol. 480-190 (yellow)
n-hexszdecylsilane]
m-Prenylenebis-[tr 155-157 vol. 505-515 (yellow);
bercyls ilane] trace of orange residue

m-Phenylensbis-[tri-  285-288/0.03% wvol. L40-450
n-decylsilane]

D Phenylenebis-[tri- 490 294 /0. O? vol. 44L0-450
n-decylsilane] ,

~

<

B.v., oC/mm.

1,2-ethylenebis-[tri-n-hexadecylsilane], a compound with &

th

molecular weight of zpproximetely 1500, melts &% L8°% ané vola-
tilizes &t 2bout M90°. This is the highest molecular weight
compound prepared by this writer.

A route to compounds of the type RBSi(cHZ)nSiRB wag by the
eddition of an RBSiH compoundé. to an olefinic 1inkagehz. lMore
specificelly, triphenylsilsne was zddéed to 4-pentenyltriphenyl-

gilane using o¥l peroxide es the initiaztor to give 1,5-

pentemethylenebis-[ triphenylsilane]. This compound was also
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prepared from 1, 5-pentamethylenedilithium and triphenylchloro-

silane.
Organosilylmethyllithium Compounds

The introduction of a high molecular weight, unsymmetrical
orgaenosilicon grouping into & molecule can be accomplished via
an organosilicon compound containing a chloromethyl radical by
converting the carbon-chlorine bond into a carbon-lithium bond

with 1ithium metal. Trimethylsilylmet yllithiumso and tri-

61 were prepered in good

methylsilylmethylmagnesium chloride
vields from the rezction of (chioromethyl)-trimethylsilane with
litkhium a2nd megnesium, respectively, and have proven to be very
versetile intermediates for the preparation of other carbon-
functional compounds. Kowever, no RBSiCHZLi compounds have
been reported in which two of the B groups are phenyl or
benzyl.

(Chloromethyl)-methyldibenzyleilane and (chloromethyl)-
methyldiphenylsilane were synthesized by allowing (chloro-
methyl)-methyldichlorosilane to interact with venzylmagnesium

chloride and phenylliithium, respectively. This same type of

601, #. Sommer, R. M. Murch, and F. A. Mitch, ibid., 76,

1619 (1954).
6lp. C. Whitmore znd L. E. Sommer, ibid., 68, 481 (1948).
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reaction could not be applied to the synthesis of (chloro-
methyl)-di-n-dodecylmethylsilane or {chloromethyl)-di-n-tetra-
decylmethylsiliane. Apparently en 2lkyllithium compound, in this
case n-dodecyliithium, being a strong base, reacts with the
chioromethyl-silicon linkage, most likely via scission of the
silicon~carbon bvond. n-Tetradecylmagnesiux bromide also gave

negative results when attempts were made to vprepere the tetra-

1]

decyl cerivative. In this case, stringent conlitions were used
to force the rezction, the consecuence of wnich could well have
led to cleavage of the chlorcmsthyl-silicon linkage, even
though the Grighard reagent 1ls & weszker base than n-dodecyl-
lithium. This cleavage of the carbon-silicon bond in such
types is not unexPectéd, since (chloromethyl)-trimethylsilsane
hes been clesved by such strong bases as potassium hydroxide
in moist butan0162 and sodium amide in liqguid ammonia.63
(Chloromethkyl)-methyldibenzylisilane reacted smoothly with
lithium rivbon in refluxing n-ventane to give, after trestment
of the rezction mixture with benzophenone, [(methyldibenzyl-
silyl)—methyi]-diphenylmethanol in a good yield. On the other
hand, (chlorometiyl)-methyldiphenylsilane did not react with

l1ithium in n-pentane, but the reaction 4did proceed in reflux-

ing benzene. It appears, on the bzsis of these two reactions,

52¢. F. Roedel, ibig., 71, 269 (1949).

535. E. Noll, B. F. Daubert, and J. L. Speier, ibid., 73,
3781 (1951). =
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that the ease of formation of = R3SiCHzLi compound decreases
2s the number of R groups which are aryl increeses. If this
trend is continuous, then it might be expected that (chloro-
methyl)-triphenylsilane would react only with difficulity, if

a2t 2ll, with lithium in refluxing benzene.
Metalation Heactlons

An extremely useful method for preparing organclithium
compounds 1is by a metalation reactlion wherein a hydrogen ortihko
to a substlituent having a2n unshered electron pair is replaced
by an aikall metal atom of =z metelating agent such as n-butyi-
lithium., There is a difference of opinion cn the mechanism of
the metalation resction which has been reviewed recently by
Gilmen and Mbrtonsa. Morton65 hes stressed the importance of
the metallic cation aznd has visuallzed the mechanism as in-
volving an electrophilic attack of the caticn on the carbon
aton, the removal of the proton being of secondary importance.
Recent evidence seems to support the view of Robsrts and Cur-
66

tin who proposed that the metallic atom first coordinztes

: H. Gilman and dJ. A.‘Mbrton, Jr. in R. Adams, "Organic
Reactions, " John Wiley and Sons, FKew York, N. Y., 1954, Vol. 8,
p. 258.

854. 4. Morton, J. fm. Chem. Soc., 69, 969 (1947).
D.

567, D. Roverts and D. Y. Curtin, ibid., 68, 1653 (1948).



with the unshared electron pair of the substituent, or in the
case of heterocyclic aromatic compounds with the unshared

electrons of the hetero atom. They alse stated that following
the initial coordination, the most acidic hydrogen is removed
by a nucleophilic attack of the carbanion from the metalating

agent. Furthermore, the initial coordinatlion should facilitate
attack on the ortho position.

Strongly supporting the latter mechanism is the fact that

ct

metzlation occurs preferentially at the position ortho to the

hetero atom. Moreover, Cronowitz and ﬂalVG”SORO7 have demon-

<t

strated that there is a pronounced isotope effect for the
metalation of thiophene containing tracer amounts of thiophene-
2-% with n-putyllithium, implying that abstraction of hydrogen
is the rzte determining step.

In view of the latter mechanism and assuming that the.
catalytic effect of ethers on the metzlation reaction depends
on their abvility to coordinate the metalating agent and thus
fzcilitate poliarization of the cerbon-metal bond, it was
thouzht that tetranydrofuran should be abie to solvate the .
cation more effectively than diethyl ether, and, conseguently,
enhance the polzrization of the carbon-metal bond. This sup-

vosition was based, in pars, on some studies of Brown and

67s, Gronowitz ané K. Hzlvarson, Arkiv For ZXemi, 8, 343

(1955).
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Adam368 who have shown that tetrahydrofuran is more basic
toward boron trifliuoride than is diethyl ether. This 4dif-
ference has been ascribed to steric strains resulting from
spatial limitations within the respective molecules.

The metalation of dibenzofuran by n-butyllithium was found
to be markedly enhanced when carriesd out in a mixture of tetra-
hydrofursn and diethyl ether. In fact, the metalation pro-
cecded in higher yields under conditions milder than ever
described previously69. This method of metalation was ex-
tended to furan and dibenzothiophene in these stuvdies. Furan

-was metalated in a mixture of tetrzhydrofuran and diethyl ether
at —300 by n-vbutyilithium to give, after cérbonation, 75% of
2-furoic acid, while the metalation of dibenzothiophene in
only tetrahydrofuran at room tempersature afforded 62% of
L-dibenzothiophenecarboxylic acid after carbonation of the
metalated product. The ability of tetrahydrofuran to facili-~
tate metalation is emphasized in the latter reaction, for it
nas bpeen observed recently that the metaliation of dibenzothio-
phene in a mixture of tetrahydrofuran and diethyl ether gives

a considerably lower yield of 4-dibenzothiophenecarboxylic

acid whenr employing similar rezction conditions7o.

68H. C. Brown and R. M. Ldams, J. Am. Chem. Soc., 84, 2557
(1957).

( 957?9H. Gilman and R. D. Gorsich, J. Orz. Chem., 22, In press
1 .

70Syzanne Gray, Chemistry Dept., Iowa State College, ALmes,
Towe, Informztion on metaletion rezctions, Private communicztion

(1957).
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Cleavege of a Carbon-Carbon Bond by Lithium

9,9-Diphenylfluorene underwent almost a quantitative
cleavage in 15 hours by lithium in tetrahydrofuran to give,
after hydrolysis of the resction mixture, 9-phenylfluorene.
This rezction is not novel since Koelsch?@ found that stirring
9-benzyl-9-phenyifluorene with sodium amelgam in diethyl ether
for 5 days afforded, after hydrolysis, 40% of S-vhenylfiuorene,

but it does emphasize that tetrahydrofuran has a2 pronounced

effect on facilitating the cleavage.

Cleavage Reactions of Some Noncyclic

Organosilicon Compounds

Incidentzl to the cleavage studles of some dibenzosilcle
compounds by lithium in tetrahydrofuran, which reactions will
be described in the next section, it wes declilded to reinvesti-
gate the alkesll metal cleavages of some related noncycllic com-
pounds, namely, triphenylsilzne and diphenylsilane, in an
attempt to learn more of the mechanism of the reaction.

Benkeser gg,g;;75 observed that triphenylsilane wes

cleaved by sodium-potassium 2iloy in diethyl ether to yield

74

C. . Koelsch, Am. Chem. Soc., 56, 1605 (1934).

J.
" ZERE A. ?enkeser, E. Landesman, and D. J. Foster, ibid.,
74, 648 (1952).



1,1,1-trimethyl-2,2, 2-triphenyldisilane after treatment of the
reaction mixture with trimethylchlorosilane. When diphenyl-
silane was cleaved by the alloy under similar conditions, only
tetraphenylsilane was isolated. In the first study, no reac-
tion route was proposed for either resction, but in a later
publication Benkeser and Foster76 examined the reaction more
closely and conciuded that the mechanism of the cleavage of
triphenylsilane proceeded by a2 resction path different from
that of diphenylsilane, since the latter formed tetraphenyl-
silane when trezted with sodium-potassium alloy without the
subsequent addition of bromobenzene, while the former did not
form tetraphenylsilane from triphenylsilane and zlloy unless
bromobenzene was added to the reaction mixture. It was further
shown that after triphenyleilylpotassium formed, there was
1ittle tendency, if any, for ons or more of %he phenyl groups
to be lost By cleavage. When only one or %two phenyl groups
were attached to silicon, however, the cleavage of one or both
of the groups occurred rezdily.

On the basis of the aforementioned evidence, the mechanism
of the diphenylsilane cleavage was rationalized by invoking
phenylpotassium or phenylsodium as an intermediate. The rezc-

tion scheme is illustrated below.

762, L. Benkeser and D. J. Foster, ibid., 7%, 1200
(1952).
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=

|
(CgHg) 281H; + Na/K — CgEcK 4 (6655)§1K
’ H

(CgHs) 2SiHy + CgHzK — (CgHg)3SiE 4+ KE

X 5.0t

(CGHS)BSiK L} (0655)33103

C5HzK + (CgEg)451H

X
N CzHs)yS1

No explanation was advanced to account for the formation
of triphenylsilylpotassium from +triphenylsilasne and sodium-
potessium alloy, although, in some related work, Benkeser and
Foster77 postulated phenylsodium as being an intermedizte in
the cleavage of triphenylsilane by sodlum metal at elevated
temperztures in hydrccarbvon solvents. In this reaction, the
Dhenylsodium was assumed to originste from the cleavage of tri-
vhenylsilane by sodium and that tetraphenylsilane was then
formed by the reaction of phenylsodium with triphenyleilane.

If the silicon-hydrogen bond of triphenylsilzne were not
being cleaved by sodium-potassium alloy, 1t seems reasonable

in

A 1]

to assume that tetraphenylsilane could be an intermediat

thiz cleavage reacticn and, as has been demonstrated by CGllman

777
i

R. A. Benkeser and D. J. Foster, ibid., 74, 5314 (1952).
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and Wu78, it would be cleaved by excess alloy to give triphenyl-
silylpotassium and phenylpotassium which is unstable in diethyl
ether. Tetraphenylsilane mey not have been observed in the
reaction of triphenylsilane with sodium-potassium alloy, be-
cause the amcunt of 2lloy employed was sufficient to cleave any
tetraephenylsilane wrich may have been produced.

In order to substantiate or refute this view, it was de-
cided to reinvestigate the cleavage of triphenylsilane as well
as that of diphenyisilzne by employing the less reactive alkelil
metal, lithium, and tetrahydrofuran as the solvent.

The cieavege of diphenylsilane by lithium in tetrahydro-
furan yielded triphenylsilane in such an amount as to imply

that only one phenyl group was cieaved.
(CgHg) 281K, + Li —— (CgHz)35iE + "other products'

This may be due to the lesser reactivity of lithium as a
cleaving azent or it is equally vpossible, if not more likely,
that the darkly coated pleces of lithium were incapable of
further reaction with & compound having 2 silicon-hydrogen bond.
The cleavage cf triphenylsilane proved to be much more
complex and an attempt will be mzde to interpret the results

of these reactlions afier enumerating the following facts:

78m, @iimen and T. C. Wu, J. Ore. Chem., 18, 753 (1953).
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When triphenylsilane was treated with an excess of
lithivm metal in tetrahydrofuran and then derivatized
with dimethyl sulfate, 63% of methyltriphenylsilane
was obtained. No other pure product was isolated and
in no run was there any evidence for the presence of
vhenyllithium.

Arproximately the same smounts of tetraphenylsilane

and triphenylsilyllithium, iscleted as 1,1,l-trimethyl-
2,2,2-triphenyldisilane, were obtained when one molie

of triphenylsiliene was a2lliowed to rezet with siightly

=]

[(}]

ore thzn one gram atom of lithium metal. Vhen the
anount of triphenylsilane was doubled, the yield of

tetreaphenylsilane was spproximstely. the same as trat

'.b

cund in the rezction utilizing about a 1:1 molar

+b

atio o

H

reactants, but no 1,l1,l-trimetkyl-2,2,2-
triphenyldiéilane was feound after treating the rezc-
tion mixture with trimethylchlorosilane. Instead, &
smell amount‘of hexaprnenyldisilane wes isolated.

The clesvage of tri-2-biphenylylsilane by lithium
yielded, after hydrolysis of the rezction mixture, an
amount of biphenyvl which indicated the scissicn of
two bipkenylyl groups.

Tetraphenylsilane was cleaved by lithium in tetra-
hydrofuran to yield botk trimethylphenylisilane and

1,1,1-trimethyl-2,2,2-triphenyliisilane, subsecuent
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t0 treatment of the reaction mixture with trimethyl-
chlorosilane.

5. No evidence was found in any of the reactions to
indicate the presence of a species like (C6HS)ZSiLiH
or any other similar silicon-containing cleavage
fragment.

On the basis of these findings, it can be concluded that
tetraphenylsilane is an intermediste, though poésibly not the
only one 1eéding to the formetion of triphenylsilyliithium.

It is 21sc evident from these dzta that a reaction in-
volving the cleavage of only one phenyl group from z triphenyl-
cilane molecule is untensble since, if this were true, only 50%
of triphenylsilyllithiuﬁ would be formed. To account for a
yield of triphenyleilyllithium greater than 50%, perhaps, one
might assume thaet in addition to obteining the silyilitkhium
compound from tetraphenylcslilane, some possibly arises from a
direct cleavage of the siliccn-hydrogen bond. The marked dif-
ferences in behavior and specificity of the two types of bonds
toward other chemical reagents should enable one to rationalize
that the clesvage of triphenylsilane by lithium would involve
one but not both types of bonds. The cleavage of diphenylsilzane
by sodium-potassium alloy in diethyl ether and by lithium in
tetrahydrofuran tends to support a rationalization based on the
scission of & silicon-phenyl linkage rather than a silicon-

hydrogen bond. The cleavage of two biphenylyl groups from
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tri-2-bivhenylylsilane should not be misconstrued to imply that
a silicon-hydrogen bond cannot be cleaved since, in this case,
the bond is shielded by the bulky 2-biphenylyl groups. It does
indicate, however, that it is possible for more than ones aryl
group in a triarylsilane to be cleaved by litkium in tetrae-
hydrofuran.

If the silicen-hydrogen bond is‘not attacked by lithium,
one might envisage triphenyleilyllithium as being formed by
elther of two reaction paths. Firstly, the trivhenylsilyl-
lithium might be assumed to originate exclusively via tetra-
rhenylsilane. Secondly, in addition to cbtaining triphenyl-
£1iiyllithium by way of tetraphenylsilane, one might consider

——

e reaction in which ophenyllithium reacts with a species,

(Csﬁg)ZSiLiH, which could be derived from the cleavage of

]
(CgHs) 28111 + CgHsLi ——> (CgEz)3Sili + LiE

triphenyisilene by lithium. The second route involves a reac-
tion which is definitely unattractive since it reguires a
nucleophile to approach a silicon ztom with 2 high electron

density. It is no% entirely improbable, howe#er,'in view of

a2 reaction in which triphenylsilanol was treated with

n~-butyliithium to give grbutyldiphenylsilanol79. The evidence

79%. Gilmen, R. A. Benkeser, and G. E. Dunn, J. Am. Chem.
Soec., 72, 1689 (1950).



126

on hand 1s ambiguous and does not permit one to distinguish
between the two paths. This ambiguity is due, in part, to an
inablility to detect or isolate any silicon-containing species
other than triphenylsilylliithium.

Lpropos the Tirst rezction path, the expsesrimentel dats do
not rigorousiy establisk the mode of formation of tetraphenyl-
silane. From the rezction in which the molar ratio of tri-
phenylsilene to lithium wes zpproximstely 1:1 and in Which both
tetraphenylesilene and triphenylsilyliithium were detected,

(CH5)581C1
(CgEg)4SiE + Li = > (CgHg)y81 + (CHg),Si81(CgHg)4

+ "other products”

one might infer that tetraphenylsilane is not only Tformed from
uncleaved triphenylsilane and phenyllitkium derived from tri-
phenyleilane, but some may also originate from uncleaved
triphenylsilane and phenylliithium derived from tetraphenyl-
silane. In partizl support of the latter view, tetraphenyl-
silane was clezved smoothkly by lithium in tetrahydrofurzan to
give 1,1,l1-trimethyl-Z2,2,2-triphenyidisilane and trimethyl-
phenylsilane, subsecuent to treztment of the reaction mixture
with trimethylchlorosilane.

The rezction in which the molar ratio of triphenylsilane
to lithium wss approximately 2:1 1s of particular interest.

.t a first glance this reaction seemed to be



2 (C.E.) .81 + Li (033)581C1 L o e
8t 5 Six Li ra (C6I15)hbl +- (b6n5)38i81(06_-5)3

+ "other products®

reminiscent of z reported one in which triphenylsilylilithium

was &gllowed to react with triphenyisilane in ethylene glycol
dimethyl ether for 4 days at room temperature. The products
consisted of a small amocunt of tetraphenylsilane, considerable
hexephenylidisilane, and some recovered stariting material. No
explanation was offered for this reszction. In the same pubii-

enylsilylpotas-

’-h

slum reacted with tripkenyisilene in diethyl ether to give
orimerily tetravhenylsilane™ .

The reaction of triphenylsilyllithium with triphenylisilane
(2:1 moler ratio of triphenylsilane to triphenylsilylliithium)
was run in tetrzhydrofuran under conditions similar» to those
used for the clesvage rezction, Under these conditions and
subseguent to treatment of the rezction mixture with trimethyl-
chlorosilane, most of the triphenylsilane was recovered
unchanged, but smell amounts of 1,1,l-trimethyl-2,2,2-triphen-
yldisilane, hexaphenyldisilane, tetraphenylsilane, and tri-
phenylsilanol were also isolzted. Most of the trivhenylsilyl-

lithium was unaccounted for. Although hexazphenyldisilane was

found, the zamount was so small that one cannot really attribute

804, ¢. Brook and E. Gilmen, ibid., 76, 2333 (1954).
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or rerfute the formation of hexaphenyldisiiane in the cleavage

reaction as being due to the resction of triphenylsilyllithium

Y

with triphenylsilane. This problem needs to be more carefully
scrutinized.

then triphenylsilyllithium and {riphenylsilane were re-
fluxsd in tetranydrofuran, sz good yield of tetraphenylsilane
wag obtained. Thus, this reaction is very similar to the one
wherein tetraphenylsilane was formed from triphenylsiliylpotas-
sium and triphenylsilane in diethyl ether.

In an effort to throw more light on the cleavage of tri-

J

henylsilane by lithium, an indirect apoproach was taken

. . . o . 81 -
involving triphenylgermane. GCilmzn anéd Gerow found thet
triphenylgermane was metalated by n-butyllithium to give tri-

phenylgermyllithium in & very good yield. Repetition of this

diethyl ether yielded, subsequent to treatment of the reaction
mixture with n-octadecyl bromide, 80% of n-octadecyltriphenyl-
germane; thus, indicating thet the reaction proceeds in the
same manner and with at least equsl fzeility in tetrehydro-
furean. In view of this finding, it was thought that the
cleavage of triphenylgermene by lithium should yield a maximum
of 50% of triphenyigermyllithium unless more than one phenyl

group was belng cleaved from one molecule of triphenylgermane.

8lE. Gilman and G. W. Gerow, ibid., 78, 5435 (1956).
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In the two runs made, the yield of triphenylgermyllithium,
isolated as'g-octadecyltriphenylgermané, did not excead 30%.
Eowever, the fate of the cleaved germanium-containing segment
was never conclusively determined. In one run, distillation
of the residue, after remgval of n-octadecyltriphenylgermane,
yieided a frzction boliling =t 215O gt 0.005 mm. Infrared ansly-
sis of this fraction showed bands characteristic of an aromatic
carbon-hydrogen bond (3.3/4), a methylene carbon-hydrogen bond
(3.4/4, 3.5H), & germanium-hydrogen bond (4.954), and a
phenyl-germanium linkage (9.1 4 ). An unsuccessful attempt was
made to convert this material to &di-n-octadecyldivhenylgermane
oy successively trezating it with n-butyllithium azné n-octadecyl
bromide. |

These cleavage studies were also extended to include
methyldiphenylsilane, In this case, the cleavage mixture,
when treated with {ripnenylchlorosilane, ylelded a variety of
products, depending on the order of addition of the reactants.
When triphenylchlorocilane was added to the cleavage mixture,
the ma jor product was hexaphenyldisilane, while a small zazmount
of 1,2-dimethyl-1,1,2,2-tetraphenyldisilane was also found.
The yield of the latter compound was uncertain because of the
aifficulty in workingz up the reaction mixture.

These products can best be accounted for by assuming the

kb

irst step in the reaction involves a hzlogen-metal Iintercon-

verslon between methyldivhenylsilylliithium, which is one of the
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products from the cleavage of methyldiphenylsilane by lithium,
and triphenylchlorosilane. Then, coupling reactions between

the various BBSiLi and the RBSiCl compounds could occur to give
the observed products. The seguence of reactions is illustrated

below.

i

H

——

I
(CSHE)ZSi(GHB) + LI —— (CsH5)28i(CH3) + LiH
+ "other products®

Li v c1
| |
(CgHz) 251(CH3) + (CgHg) 38101 —> (CgHg) p81(CH5) + (CgHg)381iLi

(CgHg)38iLi + (CgHg)3S81C1 —> (CgHg) 38181(CgHs) 3

Li C1 CHy CHy
| N\
(061—:5)241(3:-13) + (CgHg) 281(CH3) ——> (CgHs) pS18i(CgEz) 5

The yields of products indicate that, at least in +this
reaction, triphenylsilyllitrium shows a definite preference to
couple with triphenylchlorosilane and very 1ittle, if eny,
tendency to couple with methyldiphenylchlorosilane. On the
other hand, methyldiphenylsilyllithium shows a marked tendency
to participate in a hzlogen-metzl interconversion reaction.

It 1s conceivzble that the unsymmetricsl coupling product,

methylpentaphenyldisilane, was present in the reaction mixture,
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but difficulties in working up the mixture &id not permit 1its
isolation.

Thet a halogen-metal interconversion occurred and, more-
over, that lithium hydride was present in the reaction mixturs
was shown in & rezction which differed from the one just de-
scribed only by the fact that the cleavege mixture was added
to triphenylchlorosilane. A4Lgain, in this case, hexaphenyldi-
silane was the main product, but this was the only isoleble
compound common %o both runs. The other products were methyl-
diprenylsilane and triphenylsilane. The formation of these
products can be explained by once again visualizing a rezction
in wkich triphenylsilyllithium, which is formed via a halogen-
metal interconversion reaction, couvnles preferentizlly with

iphenylchlorosilane. Since the concentration of methyldi-
phenylchlorosliiane formed during the hzlogen-metal intercon-
version rezsction 1s very small in comparison to the concentra-
tion of triphenylchlorosilane, and since methyldiphenylsilyl-
l1ithium preferentizlly undergoes an interconversion reaction
with triphenylchlorosilane, it is not surprising that héxa—
ohenyldisilane was the only coupling product which was
isolated. Thus, since the only coupling product is hexaphenyl-
disilane, the triphenylchlorosilane not utilized in the halogen-
metal interconversion or in the coupling reaction, together

with methyldiphenylchlorosilane formel via the halogen-metal



132

interconversion, are suscentible to reduction by lithium
hydride.

Incidental to the cleavage studies, the s?ability of
triphenylsilyllithium in tetrahydrofuran was briefly studied.
Although triphenylsilyllithium is stable in tetrzhydrofuran
at room temperature, it apparently reacts with the solvent
during refluxing to give a compound which has been tentatively
idehtified as 4-hydroxyoutyltriphenylsilane on the basis of
elemental analysis and infrered anelysis. No other pure com-

pound was isolated from the reactlion mixture.
Cyelic Organosilicon Compounds

After surveying numerous organosilicon compounds for the
ourpose of determining the effects of various organic groupings
on the physical properties of organosilicon compounds, it was
decided to begin searching for z funectional nucleus in which
some of the more promising organic radicals could be incor-
porated. The nucleus selected for this investigation was 2z
gillcon anslog of fluorene. This nucleus will e referred to
ag dibenzosilole throughout the remaining discussion.

The first dibenzosilole compound was synthesized by
treating 2,2'-Dbiphenylenedilithium with diphenyldichlorosilane
to give 2 low yield of 5,5-diphenyldibenzosilole and an un-

identified material which was thoughtoriginally, on the basis



133

of the anaiytical data, to be bis-{(2-biphenylyl)-diphenylsi-
lane. FKEowever, comparison of its melting point and infrared
spectrum with an authentic sample prepared by a less ambiguous
method showed the two to be differentSZ.

Before syntheslzing any more dibenzoslilole compounds, 1t
was deemed necessary to find the best method to prepare the
intermediate 2,2'-biphenylenedilithium from 2,2'-dibromobi-
phenyl., Previously, preparation via a halogen-metzl intercon-
version reaction, l.e., reaction of 2,2'-dibromobiphenyl with
n-butyllithium, gave 81% of the benzophenone adduct52. In
view of the excellent yield of the organodilithium compound

82 from 2,2'-diiodobiphenyl and

obtained by Wittig and Herwig
lithium metal in diethyl ether, the same method was tried with
2,2'-dibromobiphenyl. As the yield of the benzophenone adduct
was only 48%, it appears that the method of choice, when using
2,2'-divromoviprenyl, is one invelving the halogen-metal
interconversion reaction.

Witk a good method available for obtzining 2,2'-biphenyli-
enedilithiﬁm, procedures for the synthesis of dibenzosilole
compounds were thoroughly investigested and broadened to include
both functional and nonfunctional typee. VWhen di-n-dodecyldi-

chlorosilane end diethyldichlorosilane were treated with Z2,2!'-

biphenylenediiithium, pcor yields of 5,5-di-n-dodecyl- and

82¢. Wittig and V. Ferwig, Ber., 87, 1511 (1554).
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5,5-diethyldibenzosilole were obtained. Likewise, a very poor

o

[

¢

eld of spiro—[@ibenzosilole-S,l'—silacyclohexané] (XI) weas

*
O

obteined when 1l,l1-dichklorosilacyclohexane was allowed to react
with 2,2'-biphenylenedilithium. 4Llso, a smell amcunt of 1,1-
bis-(2-biphenylyl)-silacyclohexane was icolated from the same
rezction mixture.

These low yields were not too surprising inasmuck as Wests
observed that in preparing zlicyclic organosilicon compounds
by a2 cyclization reaction the yield of cyelic procuct increased
zs thke number of chlorine stoms attached to silicon was -
increzsed. He atitributed this to the féct that the sdditional
cklorine atomé set up a stronger electrostatic field which
facilitated the ring closure rezction. In other words, the
higher polarity of a gilicon-chlorine bond as compared to &
.carbon-silicon bond renders the silicon stom more suscertible

to attack by nucleopkiliic resgents. One might suspect, there-

fore, that functional divbenzosiloie compounds, i.e., compounds
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coentaining a carbon-chlorine bond, should be obtained in higher
yields than nonfunctional types. Indeed, this was found to be
true but for one exception which can be resdily explained.
¥Methyl-, n-dodecyl-, and phenyltrichlorosilane 211 coupled
with 2,2'-biphenylenedllithium to give exceilent yielés of
5-chloro-5-methyl-, 5-chioro-5-n-dodecyl-, anéd 5-ckloroc-5-
rhenyldibenzosiloie, respectively, in addition to small but

varying amounts of 5,5'-spirobi—Eiibenzosilol%]. Only the

+ RSiClz —> + 2 LiCl
, i
& c

Li Li

n-aoaecyl and phenyl derivatives were analyticelly pure. The
latter wazs obtained in a2 pure state and in a good yield only
when refluxing was applied during the addition of the organo-
dilithium compound to vhenyltrichlorosilene. The main impurity
inl5—chloro-5—methyldibenzosilole appeared t0 be biphenyl. |

In order to minimize the formstion of the spiro organo-
silicon compound, 1t was essentisl to use a large excess of
2lkyl- or aryltrichlorosilane. Another factor infiuencing the
yield was the concentrations of reactants, i.e., the yield of
spiro compound increzsed with increased concentrations of

recctants.



136

A mediocre yleld of 5,5-dichlorodibenzosilole, which was
not aneiytically pure, was obtained by the ring closure method.
The low yield is not d&ifficult to explain since an apprecisble
amount of 5,5'-spirobi—[ﬁibenzosilolé] was lisoclated even when
e large excess of siilcon tetrachloride was employed. The
spiro organosiiicon compound was prepzred in a good yield from
two moles of 2,2'-biphenylenediiithium and one mole of silicon
tetrachloride. The germanium analocg, 5,5'—spirobi-[§ibenzo—
germolé], was prepsred in essentially the same menner but in a
lower yield.

The formation of small quantities of 5,5!'-spirobi-
[divenzosilole], in addition to the desired chloro substituted
divenzosilole, is indeed surrrising, since this implies that
ean £l1kyl or aryl group attached to the 5-position is being
displaced by an organolithium compound. In the case of non-
cyelic orgzanosilicon compounds, it has been found that
tetraaryl- and arylalkylsilanes are uneffected by n-outyl-
lithium in diethyl ethersB. Benzyltriphenylcsilane is an
excertion, but even in this case 1t has been demonstrzted that
the cleavage occurs during work-up of the rezction mixturesh.

In order to elucidate the reaction path, 5-chloro-s5-

methyldibenzosilele was treated with an equimolar quantity of

83z, Gilmen, R. A. Benkeser, and G. E. Dunn, J. Am. Chem.
Soc., 72, 1689 (195C).

8%%. @ilman and E. Hertzfeld, ibid., 73, 5878 (1951).
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2,2'-biphenylenedilithium in diethyl ether to yield almost
equimolar amounts of 5,5'—spirobi—[ﬁibenzosilol{] anéd 5, 5-
dimethyldibenzosilole. The latter was synthesized unambigu-

cusly from 5-chloro-5-methyldibenzosiliole and methyllithium.

-

Thus, it appears 2,2'-o’phenylenedilithium first disvlaces the
chlorine atom; then, the methyl-silicon linkage 1s cleaved
simultaneously or in & very rapild step-wise fashion by the
second anion to yield the spiro organcsilicon compound and
methyllithium which, in turn, can couple with unreacted 5-
chloro-5-methyldibenzosilole to give the dimethyl derivative.
The fzet that approximately eguimolar amwounts of products were
obtained strongly supports a concerted or very rapid coupling-

cleavage type of reaction. The only other conceivable way by
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which one cean visualize the origin of these products is to
assume that the 5-chloro-5-methyldibenzosilole contained con-
siderable amounts of 5,5-dichloro- and 5, 5-dimethyldibenzo-
silole. There was no evidence for either of these being
pPresent in the starting materiai. That the reaction seems to
be intimately related to the formation of the sriro compound
1s 1llustraeted by the failure of 2,2'-biphenylenedilithium to
react in a similer fashion with triethylchlorosilane to give
5,5-diethyldibenzosilole.

Several symmetricallj and unsymmetrically substituted
dibenzosiiole derivatives were synthesized in excellent yields
from a 5-alkyl-5-chlorodibenzosilole and an organolithium com-
pound. 5-n-Dodecyl-5-phenyldibenzosilole, 5—(3-biphenylyl)—
5-n-dcdecyldibenzosilole, [}methyldibenzylsilyl)-methyi]—5<§-
dodecyldibenzosilole, znd 5-n-docdecyl-5-n-hexadecyldibenzo-
silole were prevared in good yields from 5-chloro-5-n-
dodecyldibenzosilole and the reswvective organolithium
compounés., An isomer of the last compound, 5,5-4i-n-
tetradecyldibenzosilole, was obtained from the rezction of
5,5—dichlorodibenzosilole_With.g—tetradecyllithium. This
procedure is not only an excellent method for obtaining un-
symmetrical, high molecular weight molecules, but it is also
the method of choice for preparing symmetrically substituted

types.
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It may be recalled that, originally, 5,5-diphenyldibenzo-
silole was prepared in a low yield from diphenyldichlorosilane
and 2,2'-biphenylenedilithium52. To more clearly establish the
structure of this compound, as well as to find a better method
of preparation, it was synthesized from three different dibenzo-
silole compounds. Thus, 5-vhenyldibvenzosilole, 5-chloro-5-
phenyldibenzosilole, and 5,5-dichlorodirenzosilole, when
treated with phenyllithium, all gave the diphenyl derivative
in yields exceeding 70%. This not only gives firmer suppors
to the structure of the compound, but it again reflects the
superiority of the two-step method over a one-step method Tfor
preparing symnstrlically substituted dibenzosilole types.

Hydrolysis reactions of compounds of the type 5-alkyl-5-
chlorodibenzosiicle proceeded in an expected menner. Neutrszsli-
zatlon of 5-chloro-5-methyldibenzosilole with sodium hydroxide
afforded either S5-hydroxy-5-methyldibenzosilole or 5,5'-oxybis-~

[f—methyldibenzosilole] (XII), dependéing on conditions used in

QLI

_Si
: 0
D

XIT
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working up the reaction mixture. Hydrolysis of 5-chloro--5-n-
dodecyldibenzosilole with either sodium hydroxide or water gave
only 5,5'-oxybis—[}-gfdodecyldibenzosilolé]. The structure of
S5-hydroxy-5-methyldibenzosileole is uncertain a2t the present

the compound to be the disilox-

[e]]

time as the analysis indicate
ane; however, its meiting point was different from that of the -
disiioxane compound and, also, the infrared spectrum showed a
strong absorption band indicztive of a Si-OH bond (2.?/4) but
no band charscteristic of a Si-0-8i linkage (9.5 m).

siiicon-silicon

[0}

Two dibenzocsilole compounds centaining
bond were vrepared for use in some subsequent cleavege studies.
Both 5,5'-dimethyl-5,5'-bi-[dibenzosilole] (XIII) and 5,5'-di-
n-dodecyl-5, 5'-bi-[divenzosilole] were prepared by sodium
condensations from the respective 5-alkyl-5-chlorodibenzo-

siloles. In surprising contrast, a similar coupling reaction
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between sodium and 5-chioro-5-phenyldibenzosilole gave only
what tentatively appears to be 5,5'-oxybis-[5-phenyldibenzo-
silolé], subsequent to hydrolysis of the reaction mixture.

Another approach to the synthesis of dibenzosilole com-
pounds containing & silicon-silicon bond was one in which one
mole of hexzchlorodisilane was treated with two moles of 2,2'-
biphenylenedilithium. 3,5'~Spirobi-[dibenzosilole] was the
only organosilicon compound isolated from the reaction mixture.
A considerable amount of what appezred to be mainliy a2 silicon-
containing inorganic material was also found. Thris was insol-
uble in all of the common organic solvents.

In all likelihood, the exvected coupling product, 5,5'-
dichloro-j,5'-bi-[§ibenzosilolé], was formed to some extent as
an intermediate, but this compound, or even posgsibly 5-chloro-
5-trichlorosilylidibenzosilole, can be attacked further by 2,2!'-
biphenylenedilithium by displacing a chlorine atom to form &
carbon-silicon ©tond, subsequent to a rapid or simultaneous
cleavage of fthe silicon-silicon bond by the second anion of
the organodilithium compound. This reaction recembles that of
5-chloro-5-methyldibenzosiloles with 2,2'-biphenylenedilithium
except for one notable difference. In one case, a carbon-
silicon bond 1is cleaved, while in the other a2 silicon-silicon
bond is ruptured. It has veen well-established that 2 silicon-
silicon bond can be cleaved when treated with certein zrylating
ané alkylating resgents, e.g., when octachlorotrisilane was
treated with phenylmagnesivm bromide, a mixture of tetraphenyl-

gsiiane and hexaphenyldisilane was obtzined. LZven the +treatment
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of halogenated disilane compounds with zinc aikyls, Grignard re-

gents, and metallic sodium resulted in some scission of the sin-

o

ie silicon-silicon bond85. One might expect, therefore, that

110}

after one of the carbon-lithium bonds of 2,2'-biphenylenedilith-
un interszcts with the silicon-chlorine bond of the dibenzosilole
compound, the scission of ths silicon-silicon bond by the second
enion would be more facile than cleavage of a carbon-silicon bond.

Some compounds containing the dibenzosilole nuclesus were
reactive toward both acidic and basic reagents. 5,5-Diphenyl-
dibenzosliiole was cleaved by formic acid %o give biphenyl and
egn impure silicon-containing frazgment. This reaction is
reminiscent of similar cleavages of 2-biphenylyl substituted
orgegnosilicon compounds by formic 2c1a88,

L noteworthy and somewhat unexpected reaction was one
wherein 5,5'-spirobi-[dibenzosilole] was attacked by phenyl-
lithium in tetrzhydrofuran to give 5-(2-binhenylyl)-5-phenyldi-
benzosilole, a compound which was synthesized unambiguously
from 2-birzhenylyllithium and 5-chloro-5-phenyldibenzosiliole.

The rezction was unexpected in that it is essentially & re-
versal of the one in which the spiro compound was formed from
2,2'-viphenylenedilitkhium and 5-chloro-5-methyldibenzosiiole
A more careful examinztion of both reactions reveals that in

the reaction in which the spiro compound was formed, the

858. ¢. Rochow, "An Introduction to the Chemistry of the
Silicones, " John Wiley and Soms, Inc., New York, N. ¥., 1951,
p. 61.

865, Gilmen and K. Oita, J. Lm. Crem. Soc., 77, 3386
(1955).
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methyllithium arising from the scission of the methyl-silicon
linkage can intersect with more 5-chloro-5-methyldibenzosilole.
On the other hand, in the reaction of 5,5'—Spirobi—[ﬁibenzo—
silolé] with phenylliithium, no silicon-chlorine bond is
available for the possible intermediate 5-(2'-1ithio-2-biphen-
ylyl)-5-phenyidibenzosilole %to react with after one of the
rings in the spiro compound has been opened. Since Color Test

ative before hydrolysis of the reaction mixture,

i
m
0
o
®
i8]

this might imply that the carbon-lithium bond 1s destroyed in
some fashion, vossibly by interactlion with solvent. It is &iso
conceliveble that the organolithium compound formed after ring
ovening does not react with Michler's ketone because of steric
hindrance. In any event, the reaction reculres a closer
exemination before any conclusion can be reached in regsrd
to 2 possible mechanism.

The goodld ylzld of triphenylsilyllithium obtained from
hexephenyldisilane and lithium in tetrahydrofuran was the
impetus for a similar study with 2 dibenzosilole compound con-

ng a silicon-silicon bond. Treatment of 5,5'-dimethyl-

'.-h

tain
5,5'-bi-[dibenzosilole] with an excess of lithium in

tetrahydrofursn gave 5-1lithio-5-methyldibenzosilole which,
when allowed to rezct with dimethyl sulfate, afforded-5,5-
dimethyldibenzosilole. This type of cleavage reaction has

potential of being an excellent method for obtaining inter-

0q

mediates of synthetic utility.
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0 SOt O
B o + Li — @\_‘/g (CH5)»S50,
Si. ~Si7

Interestingly enough, 5,5-dimethyldibenzosilole was not
cleaved by lithium, but rather seemzd to absorb the lithium
in some fashion.

Another type of cyciic organosilicon compound briefly
examined'was one Tormed from 2,2'-dilithiobibenzyl andé diphenyl-
dichlorosilane. The product, whickh was obtained in a very low
yield, wes 10,11-dihydro-5,5-diphenyldibenzosilepin (XIV).

Further studies on this nucleus were not pursued because the

synthesis of functional types did not apvear promising.



In Table 5, the thermal stability data for the dibenzo-
silole compounds which have been screened are given. Three of

the compounds, which are liguids &t rocm temperature, appear

to be of particulsr promise, especislly since they volatiiize

ne

M

at approximetely 450° with 1little decomposition. These

—grdodecvl-S-“ khexadecyldibenzosilolie, 5,5-&i-n-tetradecyldi-
benzosilolie, and S-Qfdodecyl-S-E(methyldibenzylsilyl)-methyl -
dibenzosilole.

A1l of the infrared spectrza of divenzosilole compounds in
cervon disulfide or in carbon tetrschloride or as liguids
showed an absorption band at 8.9 . The 5,5—diary1dibenzoé

ciloles exhibited a eplit band at 9.L M as did 35,5'-diaikyl-

,5'—bi—[§ibenzosilol§] types. The 5-2lkyl-5-aryldibenzo-

\n

i

n

[

oles had sharp bande at 9.3 4 and 9.4 M, while the

s 5-dlelkyldibenzosiloies had only the band at 9.4 M. It

\n

appears, therefcre, that the dibenzosilole nucleus can be
identified by the bsands at 8.9 g and 9.4 M, providing at leas%t
one aryl or alkyl group is attached to the 5-position. The
zbsorption bands charaéferistic of a Si-CH bond, & Si-E

bond, and a Si-0-8i linksge appezred at 2.7 M, 4.85 M, and

9.5/x, respectively, in the spectrz of dibenzosilolie compounds

containing these bonds.
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Teble 5. Thermal stabilities of aromatic cyclic organosilicen
compounds®
Compound M.p., °C Thermal stability, ©C

Spiro-3, 5'-bi-[divenzo- - 226-228 vol. 460-470
51lo7éj

Spiro-5,5'-bi-[dibenzo- 24 5- 246 vol. 470-480
germole

5,5-Diphenylditenzosilole  148-149 vol. 4Z0-450
5,5-Dimethyldibenzosiiole 59-60 vol. 290-295

5,5-Diethyidibenzosiliole 6C-61 vol. 315-320

5,5-Di-n-dodecyl- 246 /0.008° vol. 420-430
divenzosilole (1t. ©Trn.)

5, 5-Di-n-tetradecyl- 21:8/0.005P vol. 440-L50
dibenzosilole

Spiro-{dibenzosilolie- 1hs5-14s5 vol. 290-395
5,1'-szlacyclohexan§]

5-n-Dodecyl-S5-n-hexe- 235/o_oo5b vol. 460
decyldibenzcsilole

5-n-Dodecyl-5-phenyl- 198/0_012b vol. 410-L20C
dibenzosilole

5-(3-Biphenylyl)-5-n- 247/0_008b vol. 430-L440
doéecyldibenzosilole

E-QTDodecyl—S—[Kmethyl— 250/0.005b vol. 480-470
dibenzylsilylj-methyl] -

dibenzosilole

5-Benzyldibenzosilole 69-70 vol. L00-430

a . - . -
One organogermanium compound is included.

bB'p' ’

°C/mn.
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Table 5. {Continued)

Compound M.p., °C  Thermal stability, °C
5,5'-Dimethyl~-5,5'-bi- 185-186 vol. 480
dibenzosilole
5,5'-Di-n-dodecyl-3,5'- 59-61 . vol. 470-480
bi-[&ibenzosilole (15. brn.)
5,51-0xybis-| 5—methyi- 127-128 vol. 450-480
dibenzosiloie
5,5'—Oxybis—£}fg¢dodecyl— 7h4-75 vol. 470-480
dibenzosilole] (1t. orn.)
10,131-Dikydro-5, 5~ 173-174 vol. 420; orange
diphenyldivenzesilepin residue 450

Suggestions for Further Research

The reaction of fluorene, 9-rhenylfluorene, and triphenyl-
methene with 1ithium in l1iguid ammonia should be investigated
in order to determine the importance of solvent on this type
cf reaction.

It would be worthwhile {to extend the cleavage rezctions
of compounds conteining a silicon-hydrogen bond to phenyi-
silane. ALlso, attention might be directed toward a possible
method or methods %o differentiate tetween the possible rezc-

tion paths. In this respvect, the triphenylgermeane clezvage
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could be examined more cezrefully. In connection with these

1~
ct

cleavages, the reaction o ripvhenyleilyllithium with tri-

O

rhenylsilane at room temperszture and at refiux temperature

m

needs to be examined more thoroughly in order to slucidate the
recction paths. The rezactlion &t room tempereature might yield

more fruitiuwl results if allowed %to proceed for & week or

more rigorously esta

be zccomplisked would be tc convert the alcohol to the

-

d give n-butylitriphenylsilane subsecuent:

)
(8]
+3
ct
iy
[{)]
d
i
Y3
(o]
)]
®
(]
Hh
g
N
oY
o]
|._u
3
i
ct
Hay
4]
3
2]
m
=
]
e
)]
ct
i)
o)
]
o
QO
Q
5!
3
o)
o
3
[o])

it might e profitatle to vrepsre more uneymmeftrically substi-

dibenzosilole might be established by treating the lithium
adduct, or more likely the ¢éilithium adduct, with dimethyl

su1¢~: .
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SUMMARY

L 1iterature survey of 2ll cyclic organosilicon compounds

vreparsd prior to April, 1957 has been made.

In searching for compounds with good thermal stabilities,

as well es wide licuid renges, several orgsnosilicon compounds

Tfor the purpose of compering the effective-
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nesg of varlious organic radicals in contributing to either or

Fa510gmySiRs skeletons.

3

evrehydrofuren has been found to e & solvent of cheoice
for the metelation of heterocyclic compounds by an organo-
lithium compound. It a2lso hzs been found to be an excellent

solvent for the rezction of certain hydrccervons like cyclo-
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pentediene and Tluorene w al. The cleavege of
& phenyl-carbvon linkage in 9,9-diphenylfliuorene is facilitated
in tetrahydrofuran.

Orzenocilicon compounds containing a silicon-hydrogen bond
have been clesved by lithkium metal in tetrzhydrofuren. Thus,
diphenylcilane gave triphenylsilene; tris-2-biphenylylsilane
vielded Z-viphenylyllithium; triphenylceilsne afforded triphenyl-

silyllithium; methyldiphenylsilane yielded methyldirhenylsilyl-
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lithium. Tetraphenylsilene has been shown to be an intermedi-
ate in the cleavage reaction of triphenylsilane by lithium.

In order to have a nucleus which could lead to thermally
stable orgenosilicon compounds, as well as provide functional
intermediates tc be utilized for the synthesis of unsymmetri-
cal nonfunctional compounds, several 5-E-5-chiorodibenzosilolies
have been prepared where R is methyl, n-dodecyl, benzyl, and
vhenyl. These intermediates, when trested with appropriste
orgznolithium compounds, have resulteld in some promising
licuids of high thermal stzbility.

Compounds of the type 5-B-5-chlorocdibenzosilole have been
found to kydrolyze to give either & silanol or a disiloxane,
depending on the work-up conditicons and on the kind of‘R group.
They have been.reduced by 1ithiuvm aluminum hydride and gener—
2lly can be condensed by sodium %o give a disilane compound.
£n excevption was 5-chloro-5-phenyldibvenzosilole. In this case,
the disilozane compound was isolated subseguent to hydrolysis
of the reaction mixture.

The following reactions were those in which carvon-silicon
bonds and in one case a siliicen-silicon bond were attacked by
an organoclithium compound: reaction of 2,2'-biphenyvlenedilitni-
un with 5-chloro-5-methyldibenzosilole gave 5,5'-spirobi-
[@ibenzosilole]; reaction of 2,2'-biphenylenedilithium with
hexachlorodiceilane yilelded the spiro compound; reaction of

prhenyllithium with the spiro orgzanosilicon compound afforded
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~-{2-biphenylyl)-5-phenyldibenzosilole. The last compound was
synthesized unsmbiguously from 5-chloro-5-phenyldibenzosilole
and 2-piphenylyllithium.

5,5'-Dimethyl—5,5‘—bi—[§ibenzosilolé] has been cleaved by

lithium in tetrahydrofuran to give 5-l1lithio-5-methyldibenzo-

silole which has potential as a synthetic intermediste. 5,5

O
[y

imethyldibenzosilole, by contrast, was not cleaved by lithium,

but rzther appesred to absorb the metal in some fashion.
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