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INTRODUGCTION

Recent developments in the aircraft and missile fields
have produced a need for lubricants and hydraulic fluids cap-
able of performing at extreme temperatures. In fact, the
stringent and ever-expanding requirements have made many of
the existing natural and synthetic compositions inadequmate.

It 1s therefore evident that better base stocks and superior
additives, such as antioxidants, antiwear agents, and viscos-
ity index lmprovers, are required to formulate satisfactory
materials.

Nitrogen-containling aromatic cyclic silicon compounds,
having the 5,10-dihydrophenazasiline nucleus, promise to be of
significant vaelue as high temperature antioxidants for certain
lubricant compositions. These compounds were first obtained
by the extended heating of diphenylsilane with phenothiazine
derivatives,® but this synthesis suffers from the disadvan-
tages of tedioug work-ups, very low yields, and a lack of
flexibility. Accordingly, one of the purposes of this in-
vestigation has been the development of new procedures for
the preparation of 5,10-dihydrophenazasiline compounds. This
.objective was reallized by the reactions of 2,2'-dilithiodi-

arylemine derivatives with appropriately substituted crgano-

14, Gilmen and D. Wittenberg, J. Am. Chem. Soc., 78, 6339
(1957); D. Wittenberg, H. A. McNinch, and H. Gilman, 1bid.,
80, 5418 (1958).



silicon halides and hydrides. The method is synthetically
versatile and has permitted the preparation of a wide variety
of interesting compounds, including silicon~hydrogen func-
tionel types.

Another purpose of this work has been the synthesis of
some monomeric organosilicon compounds for possible use in
high temperature lubricant zpplications. OCne part of this
problem was concerned with the reactions of o-phenylenedi-
lithium with organosilicon compounds. A number of o-phenylene
silicon derivatives were prepared, as well as scme new éyciic
organosilicon compounds. These cyeclic compounds arc 5,10-
dihydrosilanthrene derivatives, silicon analogs of 9,10-
dihydroanthracene, and exhibit remarkable thermal stzbilities.

Paralleling these studies Were related investigations
in which a series of non-cyclic aralkyl compounds was syn-
thesized znd preliminsasrily screened for thermal stability, and
in which attempts were made to prepesre 10H-dibenzosllin deriv-
atives by Friedel-Crafts cyclization reactions.

In sddition to the aforesald purposes, this investigation
has been conducted to add to the knowledge of the fundamental
chemistry of the organic compounds of silicon.

The names and the numbering systems used herein are in

accord with those used and recommended by Chemicai Sbstrzcts.




HISTORICAL

The chemistry of cyclic organosilicon compounds has been
previously summarized through April, 1957.2 The purpose of
this review is to record the preparations and properties of
cyelic organosilicon compounds reported since that time.
Chemical Abstracts and Current Chemicsl Papers have been
thoroughly examined through March, 1960. The older litera-
ture has slso been rechecked in an attemﬁt to achleve com-
pleteness in the reviews, and in addition, 211 cross refer-
ences contained in individual papers were checked.

For ease 1n locating pertinent data, this review has been
arbitrerily divided into three main sections: opreparation of
alicyclic organosilicon compounds, preparation of aromatic
cyclie organosilicon compounds, and properties ¢l cyclice
organosilicon compounds.

It should be noted thet the complete chemlstry of aro-
matic cyclic organosilicon compounds will be reported due to
their importance to these studies. On the other hand, the
numerous studles on the cyclic organosiloxanes and the cyeclic

crganopolysilanes will not be presented in this compilation.

2R. D. Gorsich. Some cyclic organosilicon compounds and
derivatives. Unpublished Ph. D. Thesis. Ames, Iowa, Library,
Iowa State University of Science and Technology. 1857.



Preparation of Alicyeclic Organosilicon Compounds

Since the preparation of the first cyclic orgenosilicon
compound, 1l,l-dichloro-l-silacyclohexane, by Bygden5 in 1215,
2 whole new branch of silicon chemistry has evolved. Gener-
ally speeking, most of the methods of synthesis for non-cyclic
organosilicon compounds zre also appliceble to the cyclic
types. For example, the coupling of Grignard reagents with
halosilanes is one of the most important synthetic proce-
dures. Thus, Bygden5 introduced silicon into z six-membered
ring by allowing equal meclar amounts of 1, 5-pentamethylene-
dimegnesium dlbromlide and silicon tetrachloride to interact.
Many functional, as well as nonfunctional, alicyclic organo-
sllicon compounds have been prepared by this method and by
the aralogous reactions involving organolithium reagents.2

The reaction of alkyl and aryl halides directly with
elementary silicon, in the presence of a2 sultable catalyst,
is widely used industrielly for the production of organo-
silicon halides.4 When certain aliphatic dihslides are sub-
Jected to this reaction, silacycloalkane derivatives are

formed. Thus, 1,1l-dichloro-l-silacyclopentane was obtazined

SA. Bygden, Ber., 48, 1235 (1915).

4E. G. Rochow. An introduction to the chemistry of the
silicones. 2nd ed., p. 36. New York, John Wiley and Sons.
1951.



by the passage of 1l,4-dichlorobutene over silicon-copper alloy
at 300°.%°% an analogous reaction with 3,4-dichloro-l-butene
gave 1,l-dichloro-l—sila.--S-cyclopentene.6

The first derivative in the corresponding silacyclopenta-
diene series has recently been prepsred by Braye and Hﬂbel.v
The novel strongly fluorescent compound, hexaphenylsilacyclo-
pentadiene, was obtained by treating dichlorodiphenylsilane
with Feg(C0)g(CgHCoCH)5. The latter substance was formed
from diphenylacetyiene and iron pentacarbonyl.

As described previously, the most common method for the
formation of silacycloalkanes involves coupling of silicon
halides with orgenometzllic compounds; however, Wittenberg znd
Gilman8 found that certain silicon-~contalning organolithium
compounds would undergo ecyclization by displacing a phenyl
group. The main products from the reaction of chlorotriphenyl—

silene and tetramethylenedilithium were 1,1-diphenyl-l-sila-

SA. D. Petrov, N. P. Smetankiva, and G. I. Niskishin,
Izvest. Akad. Nauk S.S.5.R., Otdel. Khim. Nauk, 1468 (1958)
Original availagble but not translated; abstracted in C. A.,
93, 8117 (195¢9)].

6G. I. Niskishin, A. D. Petrov, end S. I. Sadykh-Zade,
Khim. i Prakt. Primenenie Kremneorg. Soedinenii Trudy Xonf.,
No. 1, 68 (1958) [ Original not svallsble for examination;
abstracted in C. A., 53, 17097 (1959)].

7E. H. Braye snd W. Hibel, Chem. snd Ind. (London),
1250 (1959).

8D. Wittenberg end H. Gilman, J. Am. Chem. Soc., 80,
2677 (1958).




cyclopentane and tetraphenylsilane; whereas, the expected

L)

‘ S,
2 Ph.SiCl + La(CH2)4Li-a>-PH/ o PhyS1 + Phg51(CH,),SiPh,

tetremethylenebis(triphenylsilane) was obtained in a low
yield. Similarly, 4-triphenylsilylbutyllithium, prepared
from 4-bromobutyltriphenylsilane end 1lithium, underwent ring
closure to give the silaeyclopentane derivative and phenyl-
lithium. Extension of this intramolecular cleavage-cycliza-
tion resction to chloroctriphenylsilane and pentamethylene-
dilithium gave a very low yield of 1,l-diphenyl-l-silacyclo-
hexane.?

Benkeser and Bennett9 prepared 2 sllicon analog of
ecyclohexanone, 4,4-dimethyl-4-silaseyclohexanone, in a four-
step synthesis. This involved preparation of 4di(3-hydroxy-
propyl)dimethylsilane and subsequent oxidation to the di-
carboxyliec acid by treatment with alkeline potassium per-
menganate. The di-cerboxylic scid was converted to the
thorium salt whiéh afforded the cyclohexanone derivative
upon pyrolysis at 350°.

A novel bieyelic silicon-containing compound, l-chloro-

°R. A. Benkeser and E. W. Bennett, ibid., 80, 5414
(1988) .



7

l-silabicyclo[z.z-l] heptane (I), has been synthesized by
Sommer and Bennettl© for the purpose of elucidating the
stereochemlical requirements for substitution at a silicon
atom. The elegant multistep syntheslis of the blcyclic system
involved the following steps: the preparation of the Grig-
nard reagent from 4-bromomethyltetrahydropyrsn and resctlion
with silicon tetrschloride to give 4-trichlorosilylmethyl-

tetrahydropyran (II); eleavage of this tetrshydropyran

51015 1. BClg

cH, S0C1, [j;j
5 - G

0 2. ¥g C1

11 I

derivative with boron trichloride and subsequent treatment

with thionyl chloride to give 1, 5-dichloro-3-trichlorosilyl-

methylpentane; and finally, cyclization of this chlorc deriv-

ative with magnesium. The corresponding octane derivative,

l-chloro—l—silabicyclo[:2.2-2]octane, has been prepsred by a

similar procedure starting with 4-(2-bromoethyl)tetrahydro-
11

pyran.

A number of alicyclic systems contalning two or more

101, H. Sommer end 0. F. Bennett, ibid., 79, 1008 (1957).
11lL. H. Sommer =nd O. F. Bennett, ibid., 81, 251 (1959).



silicon atoms have been described. Of these, Xnoth and

Lindseylz

reported the unique prepzration of the smallest
ring system, namely s 1,3-disilacyclobutane derivative.
Chloromethylpentamethyldisiloxane was converted to the Grig-
nard reagent and then coupled with chloromethyldimethyl-
chlorosilane to give l-chloro-2,2,4,4,6,6-hexamethyl-5-oxa-
2,4,6-trisilaheptane (III). Cleavage of the siloxane linkage
by boron trifluoride in ether gave l-chloro-4-fluoro-2,2,4-

trimethyl-2,4-disilapentane which was subsequently cyclized -

CH C CH
] 3 i HS i 3 1. BFS CH3\ /CHE\ / CH3
C108;-$1-CHy-S1-0-S1-CHy  ——=>  Ts1 sy
2. Mg AN / N
CH5 CH5 CH3 CH;_?, CH2 CH3
111 IV

with magnesium to give 1,1,3,3-tetramethyl-1,35-disilacyclo-
butane (IV) in a 25% over-all yield.

Silicon hydrides add to alkenes =nd alkynes to form the
respeciive alkyl and alkenyl silane compounds. This is in
effect the addition of silicon 2nd hydrogen to the unsaturated
grouping, and is facilitated by peroxides, certain metzls or
ultraviolet light. Intermolecular addition was found to occur

when the sllicon contained both hydrogen and an unsaturated

12y, H. Knoth, Jr. and R. V. Lindsey, Jr.; J. Org. Chem.,
23, 1392 (1958).



13 prepared end polymerized dimethyl-,

grouping. Thus, Curry
diethyl-, diphenyl-, and methylphenylvinylsilane, using
platinum suspended on finely divided carbon as the catalyst.
In addition to the polymeric materiels, there were isolated
lesser amounts of low molecular weight products, which were
identified as derivatives of the 1,4-disilacyclohexane ring
system. Allyldimethylsilane was found to undergo s similar
polymerization and cyclization to give a large quantity of
polymeric meterial and a small smount of the cyclic dimer,
1,1, 5, 5-tetramethyl-1, 5-disilacyciooctane. 1% ‘
Fritz and co-workers hsve reported the synthesis of a
number of cyclic derivatives composed of one or more six-
membered rings. These compounds were obtained by the thermal
decomposition of various organosilicon compounds and zre
named as derivatives of cyclocarbosilan.15
The reaction mixture obtained from the decomposition of
chlorotrimethylsilane at 800° affords among other products,
a white crystalline compound, 09H20014814, which was tenta-
tively assigned structure V shown below.l® The thermal decom-

position of tetramethylsilane in static or streaming systems

135. W. Curry, J. Am. Chem. Soc., 78, 1686 (1956).

145, w. Curry and G. W. Harrison, Jr., J. Org. Chem.,
23, 1219 (19s8).

15¢. Fritz, Angew. Chem., 70, 701 (1958).

16g. Fritz, Z. Naturforsch., 12b, 123 (1957).



10
CHy  C1
~
iy o,
€1~ CHp—S1—CHy— 81— CEy—C1
Clo %
rd 51 N
CH, C1
v

leads to & mixture of gzses, liguids and solids.17 Cyclic

compounds with the following empiricsl formulae were reported
to have been lsolated: CgHooSiz, CoHoySiz, Cq1HogSi,,
Cy3834515, C14H5651g, C1gHaeBly, CopHsaSlg, CoglgeSlg, and
027H74519. These compounds 2re viewed as condensed systems
of six-membered rings with alternating silicon and carbon
atoms. The remaining bonds of the carbon ztoms 2re satisfied
by hydrogen, snd those of silicon by methyl groups, except
that there are one or two silicon-hydrogen groups present in
most of the compounds. PFritz and Raabel7 assligned structures
VI and VII to the compounds 018H46517 and 020H5031e’ respec-
tively. Using the nomenclature recommended by Fritzl5, com-

pound VI is Si-dodecamethyltricyclocarbosilan and VII is Si-

dodecamethyltetracyclocarbosilan.

17g. Fritz 2nd B. Ragbe, Z. anorg. u. sgllgem. Chem.,
286, 149 (1956); 299, 232 (1959).
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Decomposition of trichloromethylsilane at '71{}o gave Si-
hexachlorocyclocarbosilan (1,1,3,3,5, 5-hexachloro-1,3, 5-
trisilacyclohexane).18 In eddition, a.compouﬁd with the
empirical formula CgH,3C,35i5 was obtained having the same
ring structure as compound VII, but will all of the methyl
groups as well ss the hydrogen atom attached to silicon
replaced by chlorine atoms.

Various synthetic approaches were utilized to prepare
several interesting cyclic silicon compounds containing such

elements as nitrogen, oxygen, and tin.

18¢, Fritz and a. Teichmann, Angew. Chem., 70, 701
(1958); G. Fritz, D. Habel, X. Kummer, and G. Teichmann, Z.
anorg. u. allgem. Chem., 302, 60 (1959).
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19 studied a number of reactions of the azo-

George et al.
benzene-dilithium adduct with halosilesnes. Dichlorodiphenyl-
silane and dichloromethylphenylsilane gave octaphenyl-l,2,4,5-
tetraaza-3, 6-disilacyclohexane (VIII) and 1,2,3,4,5,6-hexa-

phenyl-3,6-dimethyl-1,2,4, 5-tetraaza-3,6-disilacyclohexane,

Ph~. ~ Ph
Ph_ 51 _Ph
Pay 1. L1 N l
2 _N
N_ > Ph” g3~ Ph
Ph N
2. 2PhySiCl, Ph Ph
VIII

respectively. Similar experiments with the stilbene-dilithium
adduct 41d not afford any cyclic products.19 The reaction of
dichlorodiphenylsilane and hydrazine yielded a polymeric con-
densation product, [-sti(NHNH){]n.zo However, under condi-
tions of high dilution and cooling, the main product was the
cyclic dimer, 3,3,6,6-tetraphenyl-1,2,4,5-tetraaza-3,6-
disilacyclohexane. An analogous substance was obtalined from
the reaction of dichlorodimethylsilane and phenylhydrazine.

21

Knoth and Lindsey™~ synthesized a new class of hetero-

19. V. George, D. Wittenberg, and H. Gilman, J. Am.
Chem. Soc., 81, 361 (1959).

( ?OU. Wannagat and H. Niederpgm, Angew. Chem., 70, 745
1988) .

2ly. H. Knoth, Jr. and R. V. Lindsey, Jr., J. Am. Chem.
Soc., 80, 4106 (1958). -
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cycles containing both silicon and oxygen. These 2,2,-disub-
stituted l-oxa-2-silacycloalksne (IX) derivatives were ob-
tained by ring closure of the corresponding (chloroalkoxy)-
chlorosilanes (X) with lithium or sodium. The dimethyl

Ro—Si—0—(CH,) —C1 Nz Ro-Si—(CHo)
° 2'n > ZNo—Cn

X IX

derivetives, where n equals 2, 35, and 4, have been prepared,
as well 2s the diphenyl derivative where n equals 3. The
(chloroalkoxy)chlorosilanes (X) were made from dichlorosilanes
and o ,w —chlorohydrins orloxacycloalkanes.

A similar oxygen-containing cyelic compound, 1,1,4,4-
tetramethyl-1,4-disila~-3,6-dioxacyclohexane, wae obtained by
heating 1,3-di(hydroxymethyl)tetramethyldisiloxane in the
presznce of calcium oxide.22 In addition, 2 lineesr polymer
was also formed.

Merker and Scottza have reported the preparation of
cyclic systems containing silicon, tin, 2nd oxygen. Hydrol-

ysis of bis(dimethylsilylmethyl)dimethyltin (XI) with ethan-

228, A. Eynon, U. S. Patent 2,898,346 (August 4, 1959)
ggriginal not avalilable for examinatlion; asbstracted in C. A.,
5a, 1576 (1960)] - ‘

23R, L. Merker and M. J. Scott, J. Am. Chem. Soc., 81,
975 (1959).
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olic potassium hydroxide gave 1,1,3,3,5, 5-hexamethyl-1,3-
disila-5-stanna-2-oxacyclohexane (XII). The 5,5-dibutyl
derivative was similarly prepared from bis(dimethylsilyl-
methyl)dibutyltin. Attempts to prepsre the ten-membered
cyclic compound from bis(3-dimethylsilylpropyl)dimethyltin
under identical conditions were unsuccessful and ylelded only
linear polysiloxanes. Thermally cracking the polysiloxanes
under alkaline conditicns, however, afforded a small yield
of the ten-membered cyclic compound.zs
Recently, 2 cyclohexane ring system containing both
silicon and tin has been synthesized.z4 This wes accomplished
by an addition reaction involving diphenyltin dihydride and
diphenyldivinylsilane to give 1,1,4,4-tetrephenyl-l-sila-4-
stannacyclohexane. The similar preparation of cyclic deriv-

atives containing other Group IV-B elements is slso reported.

24y, C. Henry and J. G. Noltes, ibid., 82, 561 (1960).
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Preparation of Aromatic Cyclic Organosilicon Compounds

Aromatic cyclic organosilicon compounds are defined as
a class of silicon heterocycles composed of fused bi- or tri-
cyclic systems in which 2t least one of the rings is an aryl
group. The term should not imply that these compounds con-
tain silicon involved in multiple bonding of the ethylenic
type. Moreover, it should be noted thet there 1s no evidence
for the existence of any organosilicon compound containing
this sort of double bond to silicon. Considerable evidence
exists, however, for dative multiple bonding in which the
silicon d-crbitals are involved in -bonding with filled
p-orbitals of certain covalently linked atoms or groups.gs’g6
This "back coordination' may well be the reason for the en-
hanced stebility of some organosilicon compounds.

Gilman and Gorsich27 reported the preparation of the
first cycllc compound in which sllicon is attached to four
aromatic nuclei. This novel compound was 5,5-diphenyldi-

benzosilole, a silicon analog of 9©,9-diphenylfluorene. The

25F. G. A. Stone and D. Seyferth, J. Inorg. Nuclear
Chem., 1, 112 (1955).

26E. R. Rochow, D. T. Hurd, ond R. N. Lewis. The chem-
istry of organometallic compounds. p. 31. New York, John
Wiley and Sons. 1957; C. Egborn. Organosilicon compounds.
p. 21. London, Butterworth Scientific Publications. 1960.

27H. Gilman and R. D. Gorsich, J. Am. Chem. Soc., 77,
6380 (1955). -
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synthesis of a number of functional dibenzosilole derivatives,
as well as some non-functional types, has subsequently been

2,28,29 These heterocycles were obtained by cycli-

described.
zation reactions involving 2,2'-biphenylenedilithium snd the
gppropriately substituted RSiCly and 3251012 compounds. For
example, the dilithium compound was reacted with dichloro-
diphenylsilane and with silicon tetrachloride to give 5,5-

diphenyldibenzosilole and 5,5'-spirobi-(dibenzosilole) (XIII),

d
W

Si

5

Xiil

28 Methyl-, n-dodecyl-, and phenyltrichloro-
¥ =

respectively.
silane 211 coupled with 2,2'-biphenylenedilithium to give the
corresponding S5-methyl-, 5-n-dodecyl-, aznd S-phenyl- deriv-
atives of S-chlorodibenzosilole in excellent yields.28 5, 5~
Dichlorodibenzosilole was obtazined by treating 2 large excess
of silicon tetrachloride with the dilithium derivative; how-
ever, an appreciable amount of 5,5'-siprobi-{dibenzosilole)

was also obtained.28

28y. Gilman and R. D. Gorsich, ibid., 80, 1883 (1958).
29, Gilman end R. D. Gorsich, ibid., 80, 32435 (1958).
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The scope of this class of compounds has been broadened

8o as to include cyclic systems containing two hetero atoms,
silicon and elther oxygen, sulfur, or nitrogen. The first of
such derivatives was prepared by Olta and Gilman.so Diphenyl
ether was dimetalated and subsequently treated with dichloro-
diphenylsilane, dichlorodimethylsilane, and silicon tetra-

chloride to give 10,10-diphenylphenoxasilin, 10,10-dimethyl-
phenoxasilin, and 10,10'-spirobi(phenoxasilin), respectively.
10,10-Dibenzyl- zand 10,10-di-n-dodecylphenoxasilin were syn-

thesized in an analogous manner.31

Hitchcock et sl.°2 found that the diphenyl, dimethyl, and
spiro phenoxasilin compounds could be obtained in much im-
proved yields when the 2,2'-dilithiodiphenyl ether was pre-
pared by halogen-metal interconversion of 2,2'-dibromodiphenyl
ether with n-butyllithium. The preparation of the 2-methyl-,
S-methyl-, and 2,7-dimethyl derivatives of 10,10-diphenyl-
-phenoxasilin was glso given. The facile synthesls of 2,8~
dimethyl-10,10-diphenylphenoxesilin was recently reported.53

Treatment of di-p-tolyl ether with two molecular ecuivalents

30K. Oita and H. Gilman, ibid., 79, 339 (1957).
51H. Gilmen and D. Miles, J. Org. Chem., 23, 1363 (1958).

52¢. H. s. Hitcheock, F. G. Mann, and A. Vanterpool, J.
Chem. Soc., 4537 (1957).

" 33Tung-Yin Yu, lLin-Yuen Hsu, and Shih-Huei Wu, Hua Hsuch
Hsuch Pao, 24, 170 (1958) [ Original not available for examin-
atlon; ebstracted in C. A.,” 53, 6223 (1959)].
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of bromine gave 2,2'-dibromodi-p-tolyl ether, which afforded
the phenoxasilin derivative, in excellent over-all yield, upon
Wurtz-type coupling with dichlorodiphenylsilane and sodium.

Some cerresponding sulfur-containing analogs were pre-
pared by the dimetalation of diphenyl sulfone and subseguent
coupling with the azppropriate chlorosilanes.34 The 10,10-
dimethyl- and 10,10-diphenylphenothiasilin-5, 5-dioxide deriv-
atives were readily octained; however, an attempt to prepare
10,10' ~spirobi-(phenothiasilin-5,5-dioxide) from s similer re-
action with silicon tetrachloride was unsuccessful.

A novel type of reaction for the formation of cyclic
organosilicon compounds has been reported which involves the
extended heating of diphenylsilane with sulfur-contailning
heterocycles.l From the crude reaction mixtures, compounds
were lsolated in which the sulfur is replaced by the diphenyl-
silylene group. In accordance with this reaction, 10,10-
diphenylphenoxasilin, 10,10-diphenylphenothiasilin, 10,10-

' diphenyl-5,10-dihydrophenazasiline, and 5-ethyl-10,10-di-
phenyl-5,10-dihydrophenozasiline have been prepared from
phenoxathiin, thlanthrene, phenothiazine, and 1l0-ethylpheno-
thiazine, respectively. 5,5-Diphenyl-10H-dibenzosilin hss

reportedly been prepared by a similar procedure from thi-

34K. Oita and H. Gilman, J. Org. Chem., 22, 335 (1957).
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axanthene.55

A unigue tricyeclic éompound containing silicon incor-
porated in a seven-membered ring has recently been prepared.z
This substance, 10,11-dihydro-5,5-diphenyldibenzosilepin (XIV),
was obtained from the coupling of 2,2'-dilithiobibenzyl and
dichlorodiphenylsilane.

The Friedel-Crafts reaction i1s one of the most widely
used methods of making carbon-carbon bonds a2nd is commonly
utilized on an intramolecular basis to synthesize polynuclear
compounds. In organosilicon chemistry, interactions with
Lewis 2cids, employed in Friedel-Crafts reactions, usually
result in the cleavage of silicon-carbon bonds.56 However,
Wittenberg et g;.37 have successfully synthesized some benzo-

silacyclanone compounds by intramolecular cyclization reac-

557. ¥. Diehl. Some organometallic reactions with

heterocyclic compounds. Unpublished Ph. D. Thesis. Ames,
Iowa, Library, Iowa State University of Science and Tech-
nology. 19859.

36H. Gi1lman and G. E. Dunn, Chem. Rev., 52, 77 (1953).

37p. Wittenberg, P. B. Talukdar, and H. Gilmen, J. Am.
Chem. Soc., 82, in press (1960).
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tions. Conversion of 3-triphenylsilylpropionic acid (XV)

to the acid chloride with thionyl chloride and subsequent
treatment with aluminum chloride in nitrobenzene afforded

the cyclic ketone, 2:3-benzo-1,l1-diphenyl-l-silacyclohexen-
2-one-4 (XVI). The corresponding cyclization of 4-triphenyl-

Ph<S1CH,CH,COOH >
3 .
2Te 2. ALl sy
N
PRNO,, Ph Ph
XV XVI

silylbutyric acid yielded 2:3-benzo-1l,l-diphenyl-l-silacyclo-
hepten-2-one-4. An attempt to cyclize triphenylsilylacetic
acid was unsuccessful, as were the attempts to ecyclize 3-

triphenylsilylpropanol-l and 3-triphenylsilylpropyl bromide.
Properties of Cyclic Organosilicon Compounds

For the most part, the oroperties of cyclic organosilicon
compounds are analogous to those of the non-cyclic compounds;
therefore, this complilation of properties is intended tc be
1l1lustrative rather than exhaustive.

Benkeser and Bennett9 measured the dissociation of the
cyanohydrin of 4,4-dimethyl-4-silacyclohexanone 28 well as
that of its carbon snalog. The dissociation constant of the

silicon compound was found to be approximately five times

larger than that for the carbon compound and is explained in
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terms of Brown's I-strain theory.58 Enlargement of a six-
membered ring by the substitution of a silicon atom for a
carbon will decrease the symmetry of the ring and hence in-
crease the hydrogen-hydrogen repulsions to some extent. A
change in coordination number from four to three, which occurs
in the dissociatlion of the cyanohydrin, will be favored since
the preferred angle of a carbonyl group (1200) results in a
decrease in internal strain. In other words, the reactivity
of the six-membered silicon ring approaches the reasctivity of
the corresponding seven-membered carbon ring. Additional
evidence for the increassd ring size of the silicon ketone
was obtained from infrared spectra. The frequency of the

carbonyl band of 4,4-dimethyl-4-silacyclohexanone was found

to be 1702 cm.”! while that for the carbon anzlog was 1709
cm.‘l. The value for cycloheptznone is reported to be 1622
cm.'l.

9

Benkeser and Bennett™ also report the successful reduc-
tion of the ketone with lithium 2luminum hydride to give 4,4-
dimethyl-4-silacyclohexanol.

The bridgehead silicon compound, l-chloro-l-silabicyclo-
[242.1] heptane,lo hydrolyzes rapidly in a stream of moist
air or in wet ether to give bis-(1-silabicyclo [ 2.2.1] heptyl)

oxlide; while, reduction with lithium aluminum hydride gives an

58H. C. Brown and M. Borkowski, ibid., 74, 1894 (1952).
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excellent yield of lpsilabicyclo[:z.z.lj heptane.

10 made the

In light of these facts, Sommer and Bennett
following postulates regarding substitution a2t a silicon
atom: first, many nucleophilic displacements involve forma-
tion of an addition complex with the attacking reagent;
second, the geometry of the complex approximates that of a
trigonal bipyramld and the bonding 1is dsps; third, the enter-
ing group and the group which is ultimately displaced need not
occupy the apices of the trigonal bipyramid. It should be
noted that only the third postulate 1s completely new.

Later work on the stereochemistry of hydride displace-
ments59 from cyclic silicon compounds and on the reactivity
of l-chloro-l-silabieyclo [2.2.2] octanell offered additional
support to the above postulates.

Silicon-containing cyclobutane ring systems are extremely
susceptible to polar reasgents readily undergoing ring cleav-
age. 1,1,4,4-Tetramethyl—1,S-disilacyclobutenelg decolorizes
a carbon tetrachloride solution of bromine slowly, and re-
duces alcohollc silver nitrate rapidly as evidenced.by the
formation of a silver mirror. Similar reactivity has pre-

viously been observed with the related 1,l1-dimethyl-l-sila-

cyclobutane4° and 3,3-dicarbethoxy-1,i~-dimethyl-l-silacyclo-~

3°L. H. Sommer, O. F. Bennett, P. G. Campbell, =nd D. R.
Weyenberg, ibid., 79, 3295 (1957).

401, H. Sommer and G. A. Baum, ibigd., 76, 5002 (1954).
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butane41 compounds.
Apropos the reactivity of the smeller silacycloalkanes,

Smi th*2

caslculated the bond refractions of the cyclotri-
methylene, cyclotetramethylene, and cyclopentamethylene
groups bonded to silicon and also the bond dispersions of the
last mentioned group. The results show that a ring refrac-
tion is present in the four- and five—membefed rings but not
in the six. Smith states that it is in agreement with the
results of an inspection of the molecular models of the three
rings and in accofd with the unusual reactivity of the sila-
cyclobutane derivatives.40’4l In comparison it should be
noted that in the cyclobutanes, c¢yclopentanes, and cyclo-
hexanes the latter two are without ring refractions.*3

A number of reactions have been conducted with functional
cyclic organosilicon compounds. Generally spesking, these
reactions are analogous to those of the functional non-cyclic
types. For example, 1,1,3,3,5,5-hexachloro-1,3,5-trisila~
cyclohexane,18 obtained from the thermal decomposition of
trichloromethylsilane, was readily reduced with lithilum
aluminum hydride to give 1,3,5-trisilacyclohexane. This

‘eyclic silicon hydride evolved six moles of hydrogen upon

41R. West, ibid., 77, 2339 (1955).
42B. Smith, Acta Chem. Scand., 9, 1286 (1955).

43q. H. Jeffery and A. J. Vogel, J. Chem. Soc., 1804
(1948).
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treatment with alcoholic alkali.

Fritz and Grobe44 reported that the silicothydrogen
bonds in Si-dbdecamethyltricyclocarbosilan (VI) and in Si-
dodecamethyltetracyclocarbosilan (VII) were resistant to basic
hydrolysis. The inertness is attributed to steric effects.
However, photochemical chlorination of compound (VI) yields
a hexadecachloro compound, 018H50g116317’ which contains one
hydrolyzsble chlorine. This chlorine is purported to be from
a silicon-chlorine group corresponding to the silicon-hydrogen
group in the starting materigl. Fritz and Grobe45 also re-
ported the messurement of the infrared sbsorption spectra of
some cyclocarbosilanes.

The functional dibenzosilole derlvatives have been
treated with a varlety of organolithium reagents to afford
nonfunctional types.28 For example, treatment of 5-chloro-
5~-n-dodecyldibenzosilole with 3-biphenylyllithium, phenyl-
lithium, and n-hexadecyllithium gave the corresponding
5-(3-biphenylyl), 5-phenyl and 5-n-hexadecyl derivatives in
good yields. Both 5;chloro-5-phenyldibenzosilole and 5, 5~
dichlorodibenzosilole, when reacted with phenyllithium, gave
5,5-diphenyldibenzosilole in excellent yields. 5,5-Di-n-

44a. Fritz and J. Grobe, Z. gnorg. u. allgem. Chem., 229,
302 (1959); Angew. Chem., 70, 701 (1958).

45@. Fritz and J. Grobe, Z. anorg. u. aligem. Chem., 299,
316 (1959). e
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tetradecyldibenzosilole was obtained from the reaction of the
5, 5-diechloro compound with n-tetradecyllithium.

Gilman snd Corsich° found that 2,2'-d1lithiobiphenyl
rescts with 5~chloro-5-methyldibenzosilole to give 5,5'-
spirobi-(dibenzosilole) and 5,5-dimethyldibenzosilole. The
dilithium compound seems first to participate in a reaction
with the silicon-chlorine linkege; then, the second anion
displaces the methyl group forming the spiro compound and
methyllithium. The methyllithium s¢ formed couples with un-
reacted 5-chloro-5-methyldibenzosilole to give the dimethyl
derivative. Unexpectedly, 5,5'-spirobi-(dibenzosilole) was
attacked by phenyllithium to give 5-(2-biphenylyl)-5-phenyl-
dibenzosilole. This 1s essentially the reverse of the
process described above.

5-Benzyl-5-chlorodibenzosilole and S-chloro-5-phenyl-
dibenzosilole were both reduced by lithium z2luminum hydride
to yield 5-benzyldibenzosilole and S-vhenyldibenzosilole,
respectively.zg The latter compound was reacted with phenyl-
lithium to give a hign yield of 5,5-diphenyldibenzosilole.

Two dibenzosilole derivatives containing a silicon-
silicon bond, 5,5'-dimethyl-5,5'-bi-(dibenzosilole) 2nd the
analogous n-dodecyl derivative, were prepared by sodium con-
densations of the respective 5-alkyl-5-chlorodibenzosiloles.
However, 2 similer reaction between sodium and S5-chloro-5-

phenyldibenzosilole gave only 5,5'-oxybis-(5-phenylditenzo-
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silole) subsequent to hydrolysis of the reaction mixture.29

Treatment of 5,5'-dimethyl-5,5'-bi-(dibenzosilole) with
lithium in tetrahydrofuran gave 5-lithio-5-methyldibenzo-
sllole which yielded 5,5-dimethyldibenzosilole upon subsequent
reaction with dimethyl sulfate.Z>

Recently, Tamborski and Rosen‘berg46 have reported the
preperation of eighteen 1,1-disubstituted li-silacyclohexane
derivatives by the reaction of 1,l-dichloro-l-silacyclohexane
with alkyl- or aryllithium compounds. The yields were much
superior to those from preparative methods employing Grignard

4
reagents.‘7

Thus, the advantage of using orgznolithium com-
pounds in preference to Grignard reagents is clearly demon-
strated. It should also be noted that this synthesis in-
volves a two-step process: the preparation of a functional
cyclic derivative, and subsequent reasction with an organo-
metallic reagent to give the nonfunctiornal compound. This
process has previously been shown to give higher yields than
the dlrect one-step syn‘i;hesj.s.2’28’4"7 The advantage of the
two-step process lies in the fact that in preparing cyclic
organosilicon compounds via a cyclization reéction, the

yield of cyclic product increases as the number of chlorine

atoms attached to silicon 1s increased. The higher yield 1is

46¢. Tamborski and H. Rosenberg, J. Org. Chem., 25,
246 (1960). ‘

47R. West, J. Am. Chem. Soc., 76, 6012 (1954).
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attributed to an increased electrostatic field which would
facilitate ring closure.47
Since the silicon-carbon bonds in both cyclic and non-
cycllie organosilicon compounds are extremely sensitive to
heterolytic cleavage by polar reagents, few examples of

direct substitution are known. Wittenberg et g;.l

obtained
5-benzoyl-10, 10-diphenyl-5,10-dihydrophenazasiline by react-
ing 190,10-diphenyl-5,10-dihydrophenazasiline first with
n-butyllithium and then with benzoyl chloride. Reaction of
the 5-1lithio-10,10-diphenyl-5,10-dihydrophenazasiline inter-
mediate with dimethyl sulfate and with diethyl sulfate gave
the S-methyl and 5-ethyl derivatives, respectively. Also,
10,10-diphenylphenothiasilin was successfully oxidized to
10,10-diphenylphenothiagilin-5, 5-dioxide by hydrogen peroxide
in acetic acid.1

Oita and Gilmanso found that the ether linkage in cer-
tain phenoxasilin derivatives could be cleaved without con-
siderable cleavage of the silicon-carbon bonds. Thus, 10,10-
diphenylphenoxasilin and 10,10'-spirobi-(phenoxasilin) upon
reaction with lithium in diozane gave o-hydroxyphenyltri-
phenylsilane and bis(o-hydroxyphenyl)diphenylsilane, re-
spectively.

Hitchcock et 21.°2 point out that if the silicon atom in
10, 10-diphenylphenoxasilin hzas a strong tendency to retain

the tetrshedral configuration (C-Si-C angle of 109° 28'), the
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tricyeclic molecule will be folded and, when unsymmetrically
substituted, should exist in enantiomeric forms. Attempts
were then carried out to verify this experimentally.
2-Methy1-10,1G-d1pheny1phenoxésiline was reacted with N-
tromosuccinimide to give the corresponding 2-bromomethyl
compound, which they proposed to convert into an acidic or
basic derivative for resolution. Unfortunately, the bromo-
methyl compound would not react with ammonis or with potassium
phthalimide and, when reacted with potassium cysnide or di-
ethyl sodlomalonate, gave no definite product.

Somewhat inconclusive evidence for the folded molecule
was obtalned by comparison of the dipole moment of 10,10~
diphenylphenoxasilin with that of the 2,7-dimethyl com-

pound.52

Hitchcock et 1.32

also point out that 10,10'-spirobi-
(phenoxasilin) will be racemic if the two tricyclic systems
are folded. A disubstituted derivative such as the 2,2'-
dimethyl compound shculd therefore exist in two racemlc forms.
Eere agaln, synthetic shortcomings hampered the confirmation
of this proposal. Direct substitution of 10,10'-spirobi-
(phenoxasilin) was unsuccessful for the compound did not react
with fuming nitric acié in acetic anhydrlde, with bromine in
chloroform, or with N-bromosuccinimide in carbon tetrachlor-
ide. Reaction of 2,2'-dilithio-4-methyldiphenyl ether with

silicon tetrachloride in an effort to prepare the 2,2'-
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dimethyl compound unexpectedly gave a2 silanol containing one
phenoxasilin ring. Consequently, proof of the folding in the
phenoxasilin molecule still remains to be obtasined.
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EXPERIMENTAL

A1l reactions involving orgsnometallic reagents or other
materials sensitive to either oxygen or moisture were carried
out in an atmosphere of dry, oxygen-free nitrogen. The
epparatus normally consisted of a three-necked flask equipped
with a Trubore stirrer, a2 droppling funnel and either sz con-
denser or a combination thermometer-nitrogen inlet. The flask
and attachments were dried in an oven at above 110° and
assembled while hot and while flushing the system with nitro-
gen.

Al]l solvents used with orgsnometallic reagents were com-
mercially available "reagent grade" materials which were
stored over sodlum wire. The tetrahydrofuran was dried and
purified by successively distilling from sodium wire and then
from lithium z2luminum hydride immediately before use.

The organic halides and the various other compounds used
during this investigation were generally commercially avallable
materials. The organosilicon halides, unless otherwise stated,
were purchased from Dow Corning Corporation.

The iithium, purchased with a grease coating, was care-
fully wiped and weighed before use. Magnesium turnings
especlally prepared for Grignard resgents were utilized. In
reactions requiring an excess of either lithium of magnesium,
the excess metal was removed by filtering the solution

through a glass-wool plug.
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The n-butyllithium, employed in many of the reactions,
was prepared 1n accordance with the method of Gilman et g;,ég
using, however, a reaction temperature of -40 to -30° during
the addition. The titer of the n-butyllithium was determined
by the double titration method;49 while those of the other
organométallic reagents were determined by the single acid
titration method .0 Throughout the experimental section,
frequent reference is made to Color Tests I zand II. Color
Test I refers to the gualitative color test of Gilman and

Schulze51

for moderately and highly resctive organometalliec
compounds. Color Test II corresponds to Test A reported by
Gilman and Swisssz for highly reactive organometallic re-
agents.

All melting points and boiling points are uncorrected.
The metling points below 200° were taken in an electrically
heated silicone o0il bath; while those zbove 200° were tezken
in an electriceally heated copper block.

The infrared spectra cited in this dissertation were

48y, Gilman, J. A. Beel, C. G. Brannen, M. W. Bullock,
?. E.)Dunn, and L. 5. Miller, J. Am. Chem. Soc., 71, 1429
1949). = ,

49°H. Gilman snd A. H. Hzubein, ibid., 66, 1515 (1944).

50H. G1lman, P. D. Wilkinson, W. P. Fishel, and C. H.
Meyers, ibid., 45, 150 (1923).

Slg. Gilman and F. Schulze, ibid., 47, 2002 (1925).
92H. Gilmen snd J. Swiss, ibid., 62, 1847 (1940).



32

obtained on either a Baird, model B, spectrophotometer, prop-
erty of the Institute for Atomic Research, or on a Perkin-

Elmer, model 21, spectrophotometer.
Tetrasubstituted Organosilanes Containing Aralkyl Groups

Benzyltris(p-terphenyl-4-yl)silane

A suspension of 27.8 g. (0.09 mole) of 4-bromo-p-ter-
pheny155 in 200 ml. of ether was trezted with 0.09 mole of sn
ethereal solution of n-butyllithium over a period of 15 min-
utes. After stirring at room temperature for 45 minutes,
Color Test II was negative, and 6.31 g. (0.028 mole) of
benzyltrichlorosilane54 in 25 ml. of ether was added dropwise.
The reaction mixture was stirred at reflux temperature for
12 hours, znd then hydrolyzed. The organic layer was sep-
erated and dried over anhydrous scdium sulfate. Distillation
of the solvent afforded 20.2 g. of colorless solid, m.p. 125~
1460. After numerous recrystallizations from a mixture of
toluene and petroleum ether (b.p. 60-70°), 3.9 g. (17.4%) of
colorless crystals, m.p. 131-1330, was obtained.

Anal. Caled. for CgyH,gSi: Si, 3.48. Found: 8i, 3.44,
3.39.

554, Gilman and E. A. Welpert, J. Org. Chem., 22, 446
446 (1957).

5%¢. Martin and F. S. Kipping, J. Chem. Soc., 95, 302
(1909). -
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Dibenzylbis(p-terphenyl-4-yl)silane

An ethereal solution of 0.08 mole of p-terphenyl-4-yl-

55 prepared from 24.7 g. (0.08 mole) of 4-bromo-p-

lithium,
terphenyl and 0.08 mole of n-butyllithium as described above,
was treated with 10.4 g. (0.037 mole) of dibenzyldichloro-
silane54 in 756 ml. of ether. Color Test I was now negative
and hydrolysis was effected with water. Work-up of the re-
action mixture in the usual manner gave 21 g. of colorless
solid, m.p- 175-195°. This material was recrystallized sev-
eral times from a mixture of toluene and petroleum ether
(b.p. 60-70°) to give 8.45 g. (34%) of colorless solid, m.p.
197-199°.

Anal. Celed. for CgoHuqS1: S5i, 4.19. Found: ©Si, 4.23,

4.20.

Tribenzyl-p-terphenyl-4-ylsilane

A solution of 3.02 g. (0.0l mole) of tribenzylsilane55 in
50 ml. of ether was added dropwise to an ethereal solution
containing G.02 mole of g_—terphenyl—4-yllithium.53 After
refluxing the reactlon mixture overnight, 100 ml. of toluene
was added and the ether removed by distillation. Color Test

I was negative after refluxing the suspension for 12 hours.

55W. E. Evison and F. S. Kipping, ibid., 2830 (1931).
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The reaction mixture was hydrolyzed and worked up as in the
preceding experiments to give 3.55 g. of crude material, m.p.
88-115°. Several fecrystallizations from & mixture of toluene
and petroleum ether (b.p. 60-70°) gave 1.25 g. (24.6%) of
colorless ecrystals, m.p. 125-127°.

Anagl. Celed. for CzoHz,Si: 81, 5.29. Found: 8i, 5.28,
5.20.

Tris(beta-phenylethyl)-p-terphenyl-4-ylsilane

A solution of 8.61 g. (0.025 mole) of tris(beta-phenyl-
| ethyl)silane in 50 ml. of ether was added to an ethereal solu-
tion containing 0.C2 mole of Qrterphenyl-é-yllithium.55 After
refluxing the reaction mixture overnight, 100 ml. of toluene
was added and the ether removed by distillation. Color Test
I was negative after refluxing the suspension for 22 hours.
Hydrolysis and work-up in the usual manner géve 6.55 g. of
golid, m.p. 70-78°. Several reerystallizations from a mix-
ture of toluene and petroleum ether (b.p. 60-70°) gave 2.1 g.
(18.4%) of eolorless solid, m.p. 77-80°.

Anal. Caled. for CyoHynSi: Si, 4.92. Found: Si, 5.04,
4.98.

Tris(gamma-phenylpropyl)-p-terphenyl-4-ylsilane

An ethereal solution containing 0.02 mole of p-terphenyl-

&3

4-yllithium*® was treated with 9.7 g. (0.025 mole) of tris-



35

(gamma-phenylpropyl)silane in 25 ml. of ether. After reflux-
ing for 1 hour, 100 ml. of dry toluene was added and the ether
removed by distillation. The reaction mixture was refluxed
for 20 hours, before Color Test I was negetive. Hydrolysis
was effected with water and the reaction products were worked
up in the usu2l manner. Efforts te crystallize the resulfing
01l were unsuccessful. The material was then distilled et
reduced pressure to give 3.5 g. (29%) of pale yellow viscous
liquid, b.p. 315-317° (0.001 mm.).

Anal. Cglcd. for 045H4681: Si, 4.57. Found: Si, 4.64,
4.65.

Dibenzylbis(2-biphenylvl)silane

A solution of 8.44 g. (0.03 mole) of dibenzyldichloro-
silane®® in 50 ml. of ether was treated with 0.074 mole of
2-biphenyly111thium.56 After heating a2t reflux for 24 hours,
Color Test I was negative. The reaction mixture was then
hydroiyzed. Work-up gave an oll, which resisted crystalliza-
tion and was subsequently distilled at reduced pressure to
give 4.76 g. (30.5%) of a pale yellow viscous liquid, b.p.
222-227° (0.001 mm.).

Anal. Caled. for CzgHzoSi: Si, 5.44. Found: 81, 5.34,
5.38.

96H. Gilman and K. Oita, J. Org. Chem., 20, 862 (1955).
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Dibenzylbis{3-biphenylvi)silane

A solution of 0.036 mole of 3~-biphenylyllithium, pre-
pared from 10.2 g. (0.046 mole) of 3-bromobiphenyl in 50 ml.
of ether and 0.7 g. (0.1 g. atom) of lithium, was added to
4.22 g. (0.015 mole) of dibenzyldichlorosilane®® in 50 ml. of
ether. The reaction mixture was refluxed for 2 hours, 100
ml. of toluene was added, and the ether removed by distille-
tion. After refluxing for 2 hours, Color Test I was negstive
end hydrolysis was effected with water. The reaction products
were worked up in the usual manner and distilled at reduced
pressure to give 5.01 g. (64.2%) of very viscous liquid, b.p.
265-269° (0.003 mm.).

Anal. Caled. for CzgHzo5i: S1i, 5.44. Found: Si, 5.50,
5.51.

Dibenzylbis(4-bivhenylyl)silane

n-Butyllithium (0.075 mole) was added to a solution of
17.5 g. (0.075 mole) of 4-bromobiphenyl in 100 ml. of ether,
and the reactlon mixture was stirred for 30 minutes, before
Color Test II was negative. The above solution was treated
with 8.44 g. (0.03 mole) of dibenzyldichlorosilsne®® in 50
ml. of ether and refluxed for 24 hours. Color Test I was now
negative and hydrclysis was carried out with water. Ether
was added and the organic layer separated. After drying the

organic solution with anhydrous calcium chloride and dis-
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tilling, the residue was treated with petroleum ether (b.p.
60-70°) depositing 10.2 g. of solid, m.p. 80-104°. This mate-
rial was recrystellized three times from a mixture of benzene
and absolute ethanol to give 4.05 g. (26.1%) of colorless
g01id, m.p. 106-108°.

Angl. Caled. for CzgHzoSi: S5i, 5.44. Found: Si, 5.47,
5.48. '

Tribenzyl-p-(trimethylsilylphenyl)silsane

A solution of 5.26 g. (0.023 mole) of p-bromophenyltri-
methylsilane in 50 ml. of ether was 2dded to 0.7 g. (0.1 g.
atom) of lithium in 10 ml. of ether. After stirring for 30
minutes, the reaction mixture was filtered through a pre-
viously dried glass wool plug. Titration of zn aliquot indi-
cated a yield of 0.0178 mole (77.4%). This solution was then
added to 6.04 g. (0.02 mole) of tribenzylsilane®® in 25 ml. of
ether, and the mixture heated at reflux for 20 hours. Since
Color Test I was positive, toluene was added, and the ether
remcved by distillation in the usual manner. After refluxing
for 3 hours the color test was negative, and the reaction mix-
ture was hydrolyzed. Work-up gave an oil which was distilled
at reduced pressure to give 2.55 g. (31.7%) of colorless
liquid, b.p. 200-202° (0.005 mm.), ng° 1.5952, 429 1.0362.

Anal. Caled. for CzgHz,Siy: C, 79.93; H, 7.60; MRp,
146.85. Found: C, 79.91, 79.90; H, 7.41, 7.30; MRp, 146.09.
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Reactions of Some 2-Triphenylsilylethyl Derivatives

2-Chlorcethyltriphenylsilane

Thionyl chloride (8.4 g., 0.07 mole) was added to 10 g.

o7 and the reaction

(0.034 mole) of 2-triphenylsilylethanol,
mixture heated on a steam bath for 30 minutes. The excess
thionyl chloride was removed with the 21d of a water gspira-
tor. The resulting solid was tasken up in hot petroleum ether
(b.p. 60-70°), concentrated, and cooled to give 11 g. of
colorless solid, m.p. 120-135°. This material was regrystal—
lized twice from petroleum ether to give 7.53 g. (68.5%) of
colorless solid, m.p. 1287130°.58 Another run, using 20 g.
of the alcohol, gave an 86.7% yield.

Reaction of 2-chloroethyltriphenylsilane
and potassium hydroxide

A mixture of 1.23 g. (0.0038 mole) of 2-chloroethyl-
triphenylsilane and 0.6 g. of potassium hydroxide in 50 ml.
of 95% ethanol was heated st reflux for 20 minutes. After
cooling the ethanol was evaporated under an sir-jet and the
resulting materisl was tesken up in an ether-water mixture.

The ethereal solution was separated and worked up in the usual

57H. Gilmen, D. Aokl, and D. Wittenberg, J. Am. Chem.
Soec., 81, 1107 (1959).

58H. Gilmen and J. F. Nobis, ibid., 72, 2629 (1950).
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manner. The residue was recrystallized two times from cyclo-
hexane to give 0.83 g. (79.8%) of triphenylsilanol, m.p. 151-
l55°, which was identified by mixed melting point and by com-

parison of the infrared spectra.

Reaction of 2-chlorpgethyltriphenylsilane =né megnesium

A solution of 10 g. (0.031 mole) of 2-chloroethyltri-
phenylsilane in 200 ml. of tetrazhydrofuren was added to 4.8 g.
(0.2 g. atom) of magnesium in 25 ml. of tetrshydrofuran.
Attempts to initiate the reaction with iodine and with methyl
lodide failled. The reaction mixture was then set at reflux,
and after 1 hour Color Test I was positive. The resction mix-
ture was refluxed an additional 1.5 hours, filtered through
a previously dried glass wool plug, and poured onto a2 Dry
Ice-ether slurry. The carbonation mixture was allowed to
warm to room temperature and scidified with dilute hydro-
chloric acid. - Ether was added and the organic leyer sepa-
rated. After drying with anhydrous sodium sulfate, the or-
ganic lsyer was evaporzted under sn air-jet. The resulting
solid was treated with 250 ml. of ether and filtered. The
850114 wes recerystallized twice from cyclohexane to give
0.84 g. (9.4%) of colorless crystals, m.p. 213-215°, which
was identified as tetramethylenebis(triphenylsilene)® by mixed
melting peint.

The ethereal solution wes extracted with 10% sodium
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hydroxide and the basic squeous extract acidified. The
aqueous solution was then extracted with ether and discarded.
After drying, the ether was evaporzted and the residue re-
crystallized from formic zeid to give 6.8 g. (66%) of color-
less solid, m.p. 139-143°. An additional recrystallization
raised the melting point to 142-143.5°. The msterisl was

identified as 3-triphenylsilylpropionic acid37

by mixed melt-
ing point.

The ethereal solgtion was dried and eveaporated, and the
resulting meterial chromatographed over alumina with petroleum
ether (b.p. 60-70°). From the first eluants, there was ob-
tained a colorless solid which was recrystallized twice from
95%.ethanol to give 1.18 g. (13.2%) of ethyltriphenylsilane,
m.p. 73-75°, identified by mixed melting point and by infrared
spectrum. Using cyclohexane as the eluant, 0.5 g. of color-
less solid, m.p. 209-2150, was obtained. This meterisl wss
recrystallized twice from cyclohexane to give 0.36 g. (4.049%)
of tetramethylenebis(triphenylsilane),8 m.p. 212-215°.

In an analogous run the reaction mixture was hested st
reflux for 20 hours; however, the yield of 3-triphenylsilyl-
propionic acid>! was only 28.9%.

A mixture of 5 g. of 2-chloroethyltriphenylsilane and
0.7 g. of 1ithium in 100 ml. of ether were stirred for 20

hours at room temperature. Attempts to initiste the reszetion

failed and 86% of the 2-chloro derivztive was recovered.
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2-Bromoethvliriphenylsilane

Phosphorus tribromide (12 g., 0.045 mole) was added drop-
wise to 20 g. (0.066 mole) of 2-triphenylsily1ethanol.57
After sllowing the mixture to stand for 20 minutes, 50 ml.
of dry benzene was added and the resulting solutlion hested at
reflux for 15 minutes. Hydrolysis was effected by pouring the
reaction mixture into iced water. Ether wss added, and the
aqueous solution was seperated and discarded. After drying
the organlc solution, the solution was evaporated, and the
residue taken up in petroleum ether (b.p. 60-70°) to give 16.9
g. of colorless solid, m.p. 130-140°. This msterizl was re-
crystallized three times from petroleum ether to give 13.5
g. (51.9%) of colorless solid, m.p. 140-142°. The analytical
sample melted at 141-143°.

Anal. Caled. for ConHyoBrSi: Si, 7.65. Found: Si,
7.91, 7.84.

In enother run using 0.1l mole of 2-triphenylsilylethanol,
there was obtained a 58% yield of the 2-bromo derivative.

Reaction of 2-bromoethyltriphenylsilane gnd magnesium

Twenty ml. of a solution of 5.5 g. (0.015 mole) of
2-bromoethyltriphenylsilane in 100 ml. of tetrahydrofuran was
added to 2.4 g. (0.1 g. atom) of magnesium in 10 ml. of tetra-
hydrofuran. The addition of lodine znd methyl iodide fziled

to initiate the reaction, which was finally started by warm-
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ing. The rest of the solution was sdded snd the reaction mix-
ture stirred 1 hour at room temperature. Titration of an
aliquot indicated the presence of 0.01 mole of bsse. The
reaction mixture was then poured onto a Dry Ice-ether slurry.
After warming to room temperature, dilute hydrochloric 2zcid
wes added. The organic lsyer was worked up in the usual msn-
ner and evaporated to remove the tetrahydrofuran. The residue
was treated with 200 ml. of ether snd the remaining solid
material filtered. The s0lid was recrystallized from cyclo-
hexane to give 0.19 g. (2.7%) of tetramethylenebis(triphenyl-
s1lane),® m.p. 212-215°.

The filtrate was extracted with 5% sodium hydroxide and
the basic sgqueous solution acidified. The resulting solid
was filtered and recrystallized from formic acid to give 1.25
g. (25.1%) of 3-triphenylsilylproplonic acid,’’ m.p. 142-144°

The filtrate was now dried with anhydrous sodium sulfate
and evaporzted under an air-jet. The resulting materisl was
chromatographed on alumina with petroleum ether (b.p. 60-70°)
to give a colorless solid. This material was recrystallized
twice from 95% ethanol to give 0.68 g. (15.8%) of ethyltri-
phenylsilane, m.p. 74-76°. Elution with cyciohexane gave a
s0lid, which was recrystallized from cyclohexane to give 0.46
g- (10.6%) of tetramethylenebis(triphenylsilane),8 m.p. 213-

0o

216" .

In znother run, the reaction mixture wess allowed to stir
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for 20 hours at room temperature and gave a 26.7% yield of

3-triphenylsilylpropionic acid.57

Reaction of 2-bromoethyltriphenylsilane and lithium

A solution of 5.5 g. (0.015 mole) of 2-bromoethyltri-
phenylsilane in 100 ml. of ether wss added to 1 g. of lithium
suspended in 25 ml. of ether. ©Since there was no zpparent
reaction, 4 drops of methyl iodide were sdded. This seemed
to initiste the reaction, but Color Test I remained negative.
The reaction mixture was stirred for 17 hours st room tempera-
ture; the color test remaining negative. The excéss lithium
was removed by filtretion and the reaction mixture was
hydrolyzed with dilute acid. The insoluble materizl was
filtered and, after two recrystallizations from cyclohexane,
geve 1.08 g. (25.1%) of tetramethylenebis(triphenylsilane),®
m.p. 213-216°.

The 6rganic layer was evaporated and the residue chroma-
tographed over alumina. Elution with petroleum ether (b.p.
60-70°) gave a so0lid which was recrystallized twice from sbso-
lute ethanol to give C.71 g. (16.4%) of ethyltriphenylsilsne,
m.p. 75-77°. Subsequent elution with ecyelohexane afforded a
solid which was recrystallized twice for cyclohexsne to give
0.67 g. (15.6%) of tetramethylenebis(triphenylsilane), m.p.

14-216°.
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2-Triphenylsilylethyl p-toluenesulfonate

p-Toluenesulfonyl chloride (11.5 g.-, 0.06 mole) was added
portion-wise over a period of 5 minutes to 15.2 g. (0.05 mole)
of 2-triphenylsilylethan0157 in 50 ml. of dry pyridine, main-
tained at approximately 10°. The reactlon mixture was stirred
for 2 hours, while cooling below 20°, and treated with 200
ml. of iced 10% hydrochloric acid. After cooling in an ice-
bath, the resulting solid was filtered. This material was
recrystallized three times from cyclohexane to give 17.3 g.
(75.4%) of colorless erystals, m.p. 1i0-113". The analytical
semple melted at 112-114°.

Anal. Caled. for 027H2605881: 51, 6.12. Found: §Si,
6.08, 6.13. '

Reaction of 2-chloroethyltriphenylsilane
and triphenylsilyllithium

Triphenylsilyllithium, ® prepared from 4.15 g. (0.008
mole) of hexasphenyldisilane and 1.5 g. of lithium in 50 ml.
of tetrahydrofuran, was added to 5 g. (0.016 mole) of 2~
chloroethyltriphenylsilane in 50 ml. of tetrzhydrofuran.
After stirring 1 hour at room temperature, Color Test I was
negative. The reaction mixture was hydrolyzed with 50 ml.
of 5% hydrochloric acid and the resulting solid was filtered.

S9H. Gilman and G. D. Lichtenwalter, 1bid., 80, 608
(1958).
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The so0l1d was extracted two times with boiling ethyl scetate
leaving 3.07 g. (37%, based on the total silicon) of colorless
solid, m.p. 368-370°, which was identified as hexaphenyldi-
silane by mixed melting point. The combined ethyl scetate
solution was evaporated and the resulting material was re-
crystallized twice from cyclohexane to give 1.01 g. (11.6%)

of ethylenebis(triphenylsilane),ao m.p. 212-2140,-iéehtified
by mixed melting point.

After the above filtration, the organic layer was sep-
arated and worked up in the usual manner. The residue was
then chromatographed on alumina. Elution with petroleum ether
(b.p. 60-70°) gave a small amount of cclorless solid which was
recrystallized twice from petroleum ether to give 0.58 g.
(11.6%) of recovered 2-chloroethyltriphenylsilane, m.p. 128-
130°. Elution with cyclohexsne and then with benzene gave a
colorless solid. This material was recrystallized twice from
cyclohexane to give 1.49 g. (17.6%) of ethylenebis( triphenyl-
silane), m.p. 210-213°. |

Reaction of 2-bromoethyltriphenylsilane
and triphenylsilyllithium

A tetrahydrofuran solution containing 0.014 mole of tri-
phenylsilyllithium® was added slowly to 5.14 g. (0.014 mole)

60p. Wittenberg, D. Aoki, and H. Gilmen, ibid., 80,
5933 (1958). =
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of 2-bromoethyltriphenylsilane in 50 ml. of tetrshydrofuran.
After stirring 3 hours at room temperazture, Color Test I was
negative. The reaction mixture was hydrolyzed with dilute
acid and the resulting solid was filtered. The solid was
extracted twice with boiling ethyl acetate lesving 1.72 g.
(23.7%) of hexaphenyldisilane, m.p. 368-370°. The combined
ethyl acetate solutions were evaporated and the resulfing
material recrystallized from cyclohexane to give 0.28 g.
(3.7%) of ethylenebis(triphenylsilane),®0 m.p. 210-213°.

The organic layer was separated and worked up in the
usual menner. The residue was then chromatographed over
slumina. The customary techniques gave.0.56 g- (10.29) of
recovered 2-bromoethyltriphenylsilene and 2.23 g. of color-
less solid, m.p. 182-190°. This meterial was recrystallized
from various solvents but could not be further purified.

The inffaredlspectrum indicated this msteriazl to be & mix-
ture of ethylenebis~ and tetramethylenebis(triphenylsilane)-

Reaction of 2—triphenylsilyletny1
p-toluenesulfonate and triphenylsilyllithium

Triphenylsilyllithiumsg (0.02 mole) was added to 9.16
g. (0.02 mole) of 2-triphenylsilylethyl p-toluenesulfonate
in 50 ml. of tetrahydrofuren. The addition caused a slight
amount of refluxing and a white precipitate was formed. After
stirring for 30 minutes, Color Test I was negative and the

reaction mixture was hydrolyzed. Filtratioa gave 3.3 g.
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(31.9%) of hexaphenyldisilane, m.p. 367-370°.

The organic layer was worked up in the usual manner and
the residue chromatogrsphed over glumins. Elution with cyclo-
hexane gave a colorless solid, which was recrystallized twice
from cyclohexane to give 2.22 g. (20.2%) of ethylenebis(tri-
phenylsilane),Go m.p. 211-214°. Using benzene and ethyl
acetate as the eluants, there was cbtailned another solid.

This mzterial was recrystallized three times from cyclohexane
to give 1.14 g. (12.4%) of recovered 2-triphenylsilylethyl

p-toluenesulfonate, m.p. 109-112°.
Studies in the 5,10-Dihydrophenazasiline Series

2,2 Dibromodiphenyiamine

The following procedure is that of Jones and ¥ann®l with
minor revisions. ngromdbenzanilide (441 g., 1.6 moles) was
mixed with 364 g. (1.75 moles) of phosphorus pentachloride.
After the spontaneous reaction, the mixture wss hested to
100° for 10 minutes, and then allowed to stand at room temper-
ature overnight. The phosphorus oxychloride was removed with
the zid of a weter asspirator and the rema2ining meterial dis-
tilled at =z lower pressure to give 446.7 g. (94.8%) of N-o-
bromophenylbenzimidoyl chloride as a yellow licuid, b.p.

162-164° (1.5 mm.). In two similsr runs, the yvields were

SlE. R. H. Jones and F. G. Mann, J. Chem. Soec., 786
(1956). —
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90.8% and 96%, respectively.

Sodium ethoxide was prepared by adding 25.3 g. (1.1 g.
atoms) of sodium to 700 ml. of absolute ethanol. This solu-
tion was cooled in an ice-bath and 200 g. (1.16 moles) of
o-bromophenol was sdded dropwise. With continued cooling of
the above rezction mixture, there was then sdded 304 g.
(1.034 moles) of N-g-bromophenylbenzimidoyl chloride in 300
ml. of ether. The resction mixture was warmed to room temper-
ature and stirred for 11 hours. After the grester part of
the ethancl was removed by distillation, the yellow mixture
was a2llowed to cool and poured upon a mixture of 1lce end
water. The resulting pale yellow so0lid was filtered and re-
crystallized from absolute ethenol to give 386.7 g. (86.9%)
of o-bromophenyl N-o-bromophenylbenzimidoate a2s pale yellow
erystals, m.p. 93-95°. Yields of 81.3 and 85% were obtained
in two other runs.

o-Bromophenyl N-o-bromophenylbenzimidoate (200 g., 0.464
mole) was heated from 250-265° for 2.5 hours. The resulting
dark brown liquid was allowed to cool ard digested with 200
mi. of 95% ethanol. The ethsnolic solution wss cooled, de-
positing 130 g. (65%) of impure N-benzoyl-2,2'-dibromodi-
phenylamine, m.p. 173-177°. The yields from this rearrange-
ment have varied from 55 to 72%.

The 130 g. (0.3 mole) of impure N-benzoyl-2,2'-dibromo-

diphenylamine from the above reaction was treated with a
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solution of 200 g. of potassium hydroxide in 200 ml. of water
and 800 ml. of 95% ethanol. The reaction mixture was heated
at reflux for 16 hours and then reduced in volume by dis-
tillation. After cooling, the mixture was hydrolyzed with

1 liter of iced water. The aqueous solution was sepsrated,
extracted with a total of 500 ml. of ether, and discarded.
The ethereal solution was dried with znhydrous sodium sul-
fate and distilled. Reduced pressure distillation of the
residue geve 84.6 g. (85.7%) of 2,2'-dibromodiphenylamine,
b.p. 128-133° (0.008 mm.). A portion was reerystalllzed from
ethanol to give colorless crystals, m.p. 60-62°. The yields
from the hydrolysis have ranged from 60 to 88%.

N-Ethyl-2,2'-dibromodiphenylemine

A solution of 10 g. (0.0306 mole) of 2,2'-dibromodi-
phenylamine cooled in gn ice-tath was trezted with 0.035 mole
of an ethereal solution of methyllithium, 2nd 2llowed to stir
for 30 minutes. Subsequently, 7.7 g. (0.05 mole) of freshly
distiiled diethyl sulfate in 100 ml. of tetrshydrofurzn was
added. The ether was removed by distillation until the
temperature reached 64°. This solution was heated et reflux
for 15 hours, and then hydrolyzed by pouring upon iced water.
The orgznic solution was separated, and the azqueous layer
extracted with ether and discarded. After drying with an-

hydrous sodium sulfate, the solvents were distilled and the
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resulting material distilled at reduced pressure to give 8.99
g. (83%) of eolorless liguid, b.p. 131-133° (0.04 mm.), which
s0lidified upon standing. A portion was recrystallized from
petroleum ether (b.p. 60-70°) giving colorless erystals,
m.p. 72-74°.

Angl. Caled. for cléHlsBr2N: N, 3.97. Found: N,
4.02, 3.87.

The yields from this ethylation reaction have been con-
sistently in the lower eighty percent range. In cne run
using 52 g. of 2,2'-dibromodiphenylamine, there was obtsined
an 81.4% yield of the N-ethyl derivative. Attempts to pre-
pare the compound, by treating 2,2'-dibromodiphenylamine,
with either ethylmagnesium bromide or methyllithium and then
with ethereal solutions of diethyl sulfate, were unsuccessful.
A similar reaction to the zbove using methyllithiwvm and di-
ethyl sulfate in a toluene-ether solution heated at 65°, the
reflux temperature of tetrghydrofuran, gave only partial
N-glkylation.

5~-Ethyl1-10,10-diphenyl-5,10-dihydrophenazasiline

From dichlorodiphenylsilane To 5.05 g. (0.014 mole)

of N-ethyl-2,2'-dibromodiphenylamine in 50 ml. of ether cooled
in an 1lce-bath, there was added 0.028 mole of p-butyllithium.
After stirring under these conditions for 1 hour, Color Test

II wes negative. The solution was treated with 3.60 g.
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(0.014 mole) of dichlorodiphenylsilane in 100 ml. of ether.
The reaction mixture was stirred for 28 hours 2t room temper-
ature, before Color Test I was negative. Hydrolysis was car-
ried out by pouring upon iced water and the organic layer
separated. The aqueous layer was extracted with ether and
discerded. The combined organic solution was dried with en-
hydrous sodium sulfate and the ether removed by evaporetion
under an sir-jet. The resulting solid wes teken up in petro-
leum ether (b.p. 60-70°) to give 3.11 g. of colorless crys-
tals, m.p. 118-1210. Recrystzllization from the same solvent
gave 2.66 g- (42.3%) of 5-ethyl-10,10-diphenyl-5,10-dihydro-
phenazasiline, m.p. 121-1250, identified by mixed melting
point with an authentic sample and by comparison of the infra-
red Spectra.l

From divhenylsilane. A solution of 3.55 g. (0.01 mole)

of N-ethyl-2,2'-dibromodiphenylamine in 50 ml. of diethyl
ether, cooled in an ice—ﬁath, was treated with 0.02 mole of
an ethereal solution of n-tutyllithium. After stirring for

1 hour, 1.84 g. (0.0l mole) of diphenylsilane®® dissolved in
50 ml. of dry toluene was added and the reaction mixture
heated at reflux for 22 hours. Color Test I was negative znd

hydrolysis was carried out by pouring upon z dilute sulfuric

acid solution. The aqueous layer was separated, extracted

62R. A. Benkeser, H. Landesman, end D. J. Foster, J. Am.
Chem. Soc., 74, 648 (1952).
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with ether, and discarded. The comblned organic layers were
dried and evaporated under an air-jet. The remaining material
was taken up in petroleum ether (b.p. 60-70°) to give 1.64 g.
of pale yellow crystals, m.p. 109-120°. The crystals were
then dissolved in hot petroleum ether (b.p. 60-70°), decolor-
ized with charcoal, and cooled to give 1.35 g. (36.1%) of
colorless crystals, m.p. 121—1250, which was 1ldentified zs
5-ethy1-10,10-diphenyl-5,10-dihydrophenazasiline by mixed
melted point znd by comparison of the infrared spectra.

From 5-ethyl-l10=-phenyl-5,10-dlhydrophenszssiline

5-Ethyl-10-phenyl~-5,10-dihydrophenzzasiline (1.77 g., 0.006
mole) (see below) in 50 ml. of ether wss treated with 0.014
mole of an ethereal solution of phenyllithium and the re=ction
mixture refluxed for 17 hours. After the usual work-up, the
resulting material was tzken up in petroleum ether (b.p.
60-70°) to give 1.53 g. (68.9%) of colorless crystsls, m.p.
119-122°. An additional recrystallization raised the melting
point to 121-122°. A mixed melting point with an suthentic
sample of 5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline

was undepressed.

5,5'-Diethy1-10,10" ~spirobi-(5,10-dihydrophenazasiline)

To 2 solution of 10.65 g. (0.03 mole) of N-ethyl-2,2'-
dibromodiphenylamine in 100 ml. of ether cooled in an ice-

bath, there was added 0.06 mole of n-butyllithium over a
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period of 10 minutes. After stirring for 40 minutes, 2.55 g.
(0.015 mole) of freshly distilled silicon tetrachloride in 100
ml. of ether was added, 2nd the reaction mixture stirred for
2.5 hours at room temperature. The ether solution was re-
fluxed for 18 hours, 100 ml. of dry toluene was added, 2and
then the ether distilled. The resulting toluene susvension
was refluxed for 2 hours before Color Test I was negative.
After hydrclysis by pouring upon cold water, the agueous layer
was separated, extracted with ether, and discarded. The com-
bined organic layer was dried with anhydrous sodium sulfate
and evaporated under an air-jet. The resulting meterlsl was
taken up in ethyl acetate giving 3.19 g. of colorless needles,
m.p- 210-2140. After two recrystallizations from the same
solvent, there was obtained 2.78 g. (44.4%) of colorless
needles, m.p. 215.5-217°.

Ansl. Caled. for CogHogN,S1: Si, 6.71. Found: Si,
6.75, 6.63.

5-Ethyl-10-methyl-10-phenvl-5,10-3dihydrophenazasiline

An ethereal solution of 3.82 g. (0.02 mole) of methyl-
phenyldichlorosilane was added to 0.02 mole of N-ethyl-2,2'-
dilithiodiphenylamine, prepared from 7.10 g. (0.02 mole) of
N-ethyl-2,2'-dibromodiphenylamine and 0.04 mole of N-butyl-
lithium. The rezction mixture was stirred at room temperature

for 17 hours and then 2 hours a2t reflux, before Color Test I
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was negative. After hydrolysis, the agueous layer was ex-
tracted with ether and discarded. The combined organic layer
was dried with snhydrous sodium sulfaste and distilled. The
residue was distilled at reduced pressure to give 4.54 g-.
(72%) of pale yellow viscous ligquid, b.p. 160-167° (0.0l mm.).
The meteri=zl solidified upon standing and a portion was re-
crystallized twice from asbsolute ethanol to give colorless
crystals, m.p. 62-64°.

Angl. Calcd. for CoqHpqNS1: S1, 8.20. Found: 3i, 8.92,
8.80.

5-Ethy1l-10,10-dibenzyl-5,10-dihydrophenazasiline

N-Ethyl-2,2'-dilithiodiphenylamine (0.015 mole) in 70 ml.
of ether was treated with 4.22 g. (0.015 mole) of dibenzyl-
dichlorosilane54 in 50 ml. of ether, while cooling in an ice-
bath. The reaction mixture was refluxed for 16 hours, but
Color Test I remained positive. Toluene (50 ml.) was added,
the ether removed by distillation, and the toluene suspension
refluxed for 3 hours at the end of which time Color Test I was
negative. After the hydrolysis and the usual work-up, reduced
pressure distillation of the residue gave 3.52 g. (57.9%) of
viscous 1liquid, b.p. 204-212° (0.005 mm.). Triturstion with
absolute ethanol ylelded a colorless solid, m.p-. 69-720, which
was recrystallized from the same solvent to give long color-

less needles, m.p. 71-73°.
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Anal. Caled. for CogHonrNSi: Si, 6.93. Found: Si, 6.81,

6.83.

5-Ethyl-10-phenyl-5,10-dihydrophenazasiline

A solution of 0.04 mole of N-ethyl-2,2'-dilithiodiphenyl-
amine, prepsred from 14.2 g. (0.04 mole) of N-ethyl-2,2'-
dibromodiphenylamine and 0.08 mole of n-butyllithium, was
added over a period of 1 hour to 5.4 g. (0.05 mole) of phenyl-
silane63 in 100 ml. of ether while cooling in sn lce-bath.
After stirring for 2 hours at room temperature, Color Test I
was negative. The reaction mixture was hydrolyzed by pouring
upon crushed ice acidified with & small amount of sulfuric
acid. The organic layer was separated and drlied with an-
hydrous calcium sulfzate, and the ether was removed by distille-
tion. The resulting material wes distilled at reduced pres-
sure to give 9.6 g. (79.9%) of a pale yellow viscous oil, b.p.
180-184° (0.014 mm.). The meterizl solidified upon standing
to a colorless sticky solid which was extremely difficult to
crystallize to a shaerp melting point. It was recrystallized
finally from petroleum ether (b.p. 80-70°) to give colorless
needles, m.p. 75-78°.

Anal. Calcd. for CogHgNSi: Si, 9.33. Found: Si,

9.08, 2.16.

63A. E. Finholt, A. C. Bond, Jr., K. E. Wilzbach, and
H. L. Schlesinger, ibid., 69, 2692 (1947).
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In another run employing 0.085 mole of N-ethyl-2,2'-
dilithiodiphenylamine and 0.1l mole of phenylsilane, there was
obtained a 77.5% yield of S5-ethyl-10-phenyl-5,10-dihydro-

phenazasiline.

5-Ethyl-10-phenyl-10-p-tolyl-5,10-dihydrophenazasiline

An ethereal solution of p-tolyllithium (0.02 mole) was
added to 3.0 g. (0.01 mole) of 5-ethyl-1lO-phenyl-5,10-dihydro-
phenazasiline in 50 ml. of ether. The reaction mixture was
refluxed for 5 hours and then poured upon crushed ice aeid-
ified with sulfuric acid. The organic lsyer was separated,
dried with anhydrous calcium sulfate, znd evsporated under an
2ir-jet. The residue was recrystallized from a 1:1 mixture
of absolute ethanol and petroleum ether (b.p. 60-70°) afford-
ing 2.75 g. (70.4%) of colorless crystals, m.p. 100-103°. An
additional recrystallization from the same solvent mixture
raised the melting point to 102-103.5°.

Anal. Caled. for ConpHogNSi: Si, 7.17. Found: Si,
7.08, 7.06.

5-Ethyl-10-0-biphenylyl-10-phenyl-5,10-dihydrophenazasiline

To a solution of 2.54 g. (0.0085 mole) of 5-ethyl-10-
phenyl-5,10-dihydrophenazasiline in 50 ml. of ether, there was
added 0.012 mole of g_--bipheny15,'1111'.hium,56 prepared from

o-bromobiphenyl and lithium in ether according to a published
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procedure. After heating a2t reflux for 16 hours, the reaction
mlxture was hydrolyzed by pouring upon crushed ice. Subse-
quently, ether was added and the organic layer separated.
After drying with anhydrous caleium sulfate, the ether was
evaporated and the resulting meterial tazken up in 95% ethanol
to yield 2.81 g. (72.9%) of colorless crystals, m.p. 121.5-
1240. The analytical sample metled =zt 123-124.5°.

Anal. Caled. for CzoHo,NSi: 81, 6.19. Found: 81, 6.28,
6.15.

5-Ethyl-10-p-phenoxyphenyl-10-phenyl-5,10-dihydrophenazasiline

A solution of g—-phenoxyphenyllithium64

was prepared by
treating 4.98 g. (0.02 mole) of p-bromophenyl phenyl ether in
50 ml. of ether at -15° with 0.02 mole of n-butyllithium.
After- stirring for 45 minutes 3.0 g. (0.0l mole) of 5-ethyl-
10-phenyl-5,10-dihydrophenazasiline in 50 ml. of ether was
added and the reaction mixture refluxed for 16 hours. Subse-
quently, hydrolysis was carried out by pouring upon crushed
ice and the organic layer sepegrated. The organic lsyer was
then dried with anhydrous caslcium sulfate and evaporated under
an air-Jjet. The resulting material could not be induced to

sclidify, and therefore, was distilled at reduced pressure to

give 1.91 g. (40.6%) of glass-like solid, b.p. 240-245°

64H. Gilman, W. Langham, and F. W. Moore, ibid., 62,
2327 (1940).
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(0.005 mm.). Treatment of this material with petroleum ether
(b.p. 60-70°) afforded colorless erystals, m.p. 96-98°. The
distillation residue was taken up in petroleum ether (b.p.
60-70°) and seeded with some of the crystaliine materisl giv-
‘ing an additional 0.85 g. (18.1%) of similar meteriel, m.p.
96-98°. Successive recrystallizations from petroleum ether
(b.p. 60-70°) and then from a 5:1 mixture of absolute ethanol
and benzene raised the melting point to 98.5-100°.

Anal. Calecd. for CzoHo,NOS1i: Si, 5.98. Found: Si,
6.17, 5.88.

5-Ethyl-10-p-bromophenyl-10-phenyl-5,10-dihydrophenazasiline

A solution of 4.52 g. (0.02 mole) of p-dibromobenzene®?
in 75 ml. of ether cooled to -20%t3° was treated with 0.02 mole
of n-butyllithium by dropwise sddition. After stirring for
2 hours at -200, 6.0 g. (0.02 mole) of 5-ethyl-1O-phenyl-5,10-
dihydrophenazasiline in 100 ml. of ether was added, and the
reaction mixture allowed to warm to room temperesture and
stirred for 18 hours. Hydrolysis was carried out by pouring
upon crushed ice acidified with sulfuric ascid. The aqueous
layer was separated, extracted with ether, and discarded.

The organic layer was dried and evaporated to yield a tan
g011d which was taken up in hot petroleum ether (b.p. 60-70°)
and cooled to give 6.15 g. of colorless material, m.p. 143~

1550. After two recrystallizations from a 1l:1 mixture of
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benzene and petroleum ether (b.p. 60-70°), there was obtsined
3.55 g. (38.8%) of colorless crystals, m.p. 158-161°- The
analytical saiple.melted at 159-160.5°.

Anal. Caled. for CogHyoBrNSi: 51, 6.15. Found: Si

b

6.32, 6.18.

5,5'-Diethyl1-10,10"'-diphenyl-10,10"'-
p-biphenylenebis(5, 10-dihydrophenazasiline)

A solution of 2.5 g. (0.008 mole) of 4;4‘-dibr0mobi-
pheny1®® in 50 ml. of dry benzene was treated with 0.016 mole
of p-butyllithium. After refluxing for 2 hours, Color Test II
was negative. The insoluble dilithium compound was treated
with 5.0 g. (0.0166 mole) of 5-ethyl-10-phenyl-5,10-dihydro-
phenazasiline in 70 ml. of benzene. Color Test I was negative
after refluxing the benzene-ether suspension for 18 hours.

The reaction was hydrolyzed by pouring upon crushed ice.

Ether was added, and the organic layer separated and dried
with anhydrous calcium sulfate. The solvents were evaporated
and the resulting o0il was induced to crystallize by triturs-
tion with a small amount of ethyl acetate giving 3.75 g. of
pale yellow material, m.p. 210-230°. The soiid was recrystal-
lized twice from a 1:1 mixture of sbsolute ethanol and benzene
to give 2.69 g. (44.8%) of colorless crystals, m.p. 249-245°.
The analytical sample melted at 246-248°.

Angl. Calcd. for CgoHyyNoSis: S1, 7.48. Found: 851,
7.24, 7.20.



60

5-Ethyl-10-n-hexadecyl-5,10-d1hydrophenazasiline

A solution of N-ethyl-z,z'-dilithiodiphenylamine, pre-
pared from 17.8 g. (0.05 mole) of N-ethyl-2,2'-dibromodi-
phenylamine in 200 ml. of ether and 0.1 mole of n-butyllithium,
was added over a period of S0 minutes to 14 g. (0.055 mole) of
grhexadecylsilane65 in 10C ml. of ether; while the reaction
flask was being cooled in an ice-bath. The reaction mixture
was warmed to room temperature and refluxed for 2 hours before
Color Test I was negative. After hydrolyzing by pouring upon
crushed ice, ether was added and the orgasnic layer separated.
The solvent was distilled and the resulting oil distilled at
reduced pressure to give 16.0 g. of turbid liquid, b.p. 193-
233° (0.008 mm.). The 1iquid was then redistilled to give
11.9 gn. (52.9%) of liquid, b.p. 230-235° (0.003 mm.}, which
solidified upon standing. The solid was recrystallized twice
from a2 10:1 mixture of methanol and benzene to give colorless
crystals, m.p. 51-53°.

Angl. Caled. for CzoH,.NSi: S5i, 6.25. Found: Si, 6.41,
6.29.

8-Ethyl-10-n-hexadecyl-1C-phenyl-5,10-dihydrorhenszasiline

An ethereal solution containing 0.014 mole of phenyl-

654. B. Hughes. Some correlations between organosilicon
compounds and organogermasnium compounds. Unpublished Ph. D.
Thesis. Ames, Iowa, Library, Iowa State University of Science
and Technology. 19858.
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lithium was added to 2.88 g. (0.0064 mole) of 5-ethyl-10-n-
hexadecyl-5,10-dihydrophenazasliline in 50 ml. of ether. The
reaction mlxture was refluxed for 18 hours and subtseauently
poured upon crushed ice acidified with sulfuric scid. The
aqueous layer was separated, extracted with ether, and dis-
carded. The combined organic layer wes dried asnd evaporated,
and the residue distilled at reduced pressure to give 1.67 g.
(49.7%) of very viscous liquid, b.p. 227-230° (0.004 mm.).
Various attempts to crystallize the material were unsuccess-
ful.

Angl. Calecd. for CzgHgNSi: Si, 5.34. Found: Si, 5.386,
5.386.

5-Ethyl-10-n-hexadecyl-1C-p~tolyl-5,10-dihydrophenazasiline

An ethereal solution of 3.90 g. (0.0087 mole) of 5-ethyl-
10-n-hexadecyl-&,10-dihydrophenzzasiline was treated with
0.015 mole of p-tolyllithium and heested at reflux for 18
hours. After hydrolysis and the usual work-up, the resction
products were distilled at reduced pressure to give 2.19 g.
(46.6%) of a colorless viscous liquid, b.p. 220-225° (0.004
mm. ) .

Ansl. Caled. for CznHszNSi: C, 82.31; H, 9.89, Si, 5.20.
Found: C, 82.84, 83.02; H, 9.92, 2.72; Si, 5.22, 5.C9.
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N-Methvl-2,2'-dibromodiphenylamine

Methyllithium (0.11 mole) was added to 30 g. (0.0918
mole) of 2,2'-dibromodiphenylamine in 100 ml. of ether cooled
in an ice-bath. After stirring for 1 hour, a solution of
15.1 g. (0.12 mole) of freshly distilled dimethyl sulfzte in
100 ml. of tetrahydrofuran was adéed, and the ether removed
by distillation. The resulting solution was heated at reflux
for 18 hours and, after cooling, hydrolyzed with iced water.
The aqueous lgyer was separated, extracted with ether, and
discarded. The combined organic layer was dried with an-
hydrous sodium sulfate and distilled. The reaction products
were taken up in petroleum ether (b.p. 60-70°) to give 27.8
g. (88.7%) of colorless crystals, m.p. 106-102°. The sna-
lytical sample melted 2t 106-107°.

Angl. Calecd. for ClSHllBrgN: N, 4.11. Found: N, 4.17,
4.10.

5-Methyl-10,10-diphenyl-5,k10-3dihydrovhengzasiline

N-Methyl-2,2'-dibromodiphenylamine (3.41 g., 0.01 mole)
in 50 ml. of ether, cooled in an ice-bath, wes treated with
0.02 mole of an ethereal solution of n-butyllithium. Color
Test II was negetive after stirring for 1 hour. A solution
of 2.53 g. (0.01 mole) of dichlorodiphenylsilane in 30 ml.
of ether was sdded and the resction mixture heazted at reflux

for 17 hours. After hydrolysis end the usuel work-up, the
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residue was taken up in petroleum ether (b.p. 60-70°) to give
2.32 g. (63.9%) of colorless crystals, m.p. 182-184°. Re-
erystallization from the same solvent raised the melting point
to 183-185°. The infrared spectrum of this compound was

identical with that of an suthentic sample.1

5,5'-Dimethyl-1C,10!' —spirobi-(5,10-dihyd rovhenzzasiline)

\

An ethereal solution conteining 0.03 mole of N-methyl-
2,2'-d1lithiodiphenylamine, prepered s sbove, was added to
2.55 g. (0.015 mole) of silicon tetrachloride in 50 ml. of
ether over a period of 30 minutes. Color Test I was positive
after refluxing for 18 hours; therefore, 50 ml. of dry toluene
was added and the ether distilled. The toluene suspension was
heeted at reflux 1.5 hours before the color test was negative.
The rezction mixture wss then h&drolyzed, some ether wsas
edded, and the insoluble materiel filtered giving 3.30 g. of
colorless solid, m.p. 244-247°. The orgsnic layer was worked
up in the usu2l manner to give 0.63 g. of similar material,
m.p- 238-245°. The fractions were combined and recrystallized
from ethyl acetate to give 3.35 g. (57.3%) of colorless
crystals, m.p. 246-250°. A portion was reerystallized twice
from the same solvent to give colorless crystzls, m.p. 247-
249°.

Angl. Calecd. for 026H22N281: Si, 7.19. Found: Si,
7.08, 7.19.
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5-Methyl-10,10-d1benzyl-5,10-dihydrophenazasiline

A solution of 5.62 g. (0.02 mole) of ditenzyldichloro-
s1lane®® in 25 ml. of ether was 2dded to an ethereal solution
of 0.02 mole of N-methyl-2,2'-dilithiodiphenylemine, while
cooling in an ice~bath. The ethereal solution was heated at
reflux for 16 hours, but Color Test I remained positive. The
ether was replaced by 50 ml. of toluene, and after refluxing
for 3 hours, Color Test I was negative. Subsequently, the
resection mixture was hydrolyzed, and the =zgueous layer was
separated and extracted with ether. The combined organic
layer was dried and evaporated. Treatment of the oily residue
with petroleum ether (b.p. 60-70°) gave 3.67 g. of a tan
solid, m.p. 113-125°. This meterisl was recrystellized twice
from this petroleum ether to give 2.78 g. (35.5%) of colorless
needles, m-.p. 126-127.5°. An sdditionsl recrystallizstion
did not change the melting point.

Anal. Caled. for ConH,gNSi: Si, 7.17. Found: Si,

7.23, 7.18.

2,2'-Dibromotriphenylamine

A mixture of 10.24 g. (0.0314 mole) of 2,2'-dibromodi-
phenylamine, 18.3 g. (0.09 mole) of iodobenzene, 8 g. of an-
hydrous potassium carbonate, z2nd 0.5 g. of copper-bronze was
heated from 175 to 200° for 24 hours. After cooling, the

mixture was treated with 200 ml. of ether z2nd filtered. The
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ether was evaporated and the resultiﬁg meterisl dissolved in
absolute ethanol. After stsnding for 5 days, a light brown
s0lid deposited. This was taken up in 95% ethanol, treated
with charcoal, and cooled to give 5.37 g. (42.5%) of color-
less crystals, m.p. 106-109°. Recrystallization from the
same solvent raiced the melting point to 108.5-110°.

Anal. Caled. for CigHy3BroN: N, 3.47. Found: N, 5.47,
3.52.

A similar reaction employing 22.9 g. of 2,2'-dibromo-
diphenylamine gave only a 27.6% yield of 2,2'-dibromotri-

phenylamine.

5,10,10-Triphenyl~5,10-dihyvdrophenazgsiline

To a solution of 4.03 g. (0.0l mole) of 2,2'-dibromotri-
phenylamine in 50 ml. of ether, there was added 0.02 mole of
a n-butyllithium solution, while cooling in an ice-bath. This
solutioﬁ was stirred under these conditions for 1 hour and
then trested with 2.53 g. (C.01l mole) of dichlorodiphenyl-

- silene in 25 ml. of ether. After refluxing the etheresl solu-
tion for 24 hours, Color Test I wes still positive; therefore,
5C ml. of dry toluene was added and the ether distilled. The

toluene suspension wag heated at reflux for 2 hours before

the color test was negative. The resction mixture was hydro-

lyzed with cold water and worked up in the usual menner. The

resulting material was taken up in petroleum ether (b.p. 60-
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70°) to give 1.57 g. of solid, m.p. 198-206°. Reerystellize-
tion from the same solvent gave 1.37 g. (32.2%) of colorless
erystals, m.p. 208-211°. An additionsl recrystallization
raised the melting point to 210-212°.

Angl. Calcd. for CSOstNSi: C, 84.66; H, 5.45; N,
3.29; Si, 56.60. Found: C, 85.13; H, 5.52; N, 3.19; Si, 6.29,
6.42.

5,5'-Diphenyl-10,10'-spirobi-(5,10-dihydrophenazssiline)

A solution conteining 0.0144 mole of 2,2'-dilithiotri-
phenylamine, prepared as sbove, was added to 1.23 g. (0.0072
mole) of silicon tetrachloride in 25 ml. of ether, while cool-
ing in an ice-bath. After heating the ethereel solution at
reflux for 18 hours, Color Test I was negative. Subsequently,
the reaction mixture wass hydrolyzed znd the insoluble masterial
filtered. The organic layer was worked up in the usual manner
and evaporated under an air-jet. The two fractions were com-
bined and recrystallized from ethyl acetate to give 1.05 g.
of a colorless solid, m.p. 309-5150. Recrystallization gave
0.80 g. (24.4%) of colorless needles, m.p. 312-314°. The
analytical sample melted at 313-314°.

Anal. Caled. for CzgHogNoSi: Si, 5.46. Found: Si,
5.40, 5.37.



Y4

2-Bromo~-4-chlorophenyl N-2-bromophenylbenzimidoate

Sodium ethoxide was prepared by reacting 10.3 g. (0.45
g. atom) of sodium with 300 ml. of absolute ethanol. After
coocling the solution in an ice-bath, 95 g. (0.46 mole) of
2-bromo-4-chlorophencl in 100 ml. of ether wes added, followed
by 2 solution of 133 g. (0.45 mole) of 2-tromophenyltenzi-
midoyl chloride61 (see ?,2'~dibromodiphenylemine preperation)
in 100 ml. of ether. The rezction mixture was stirred st
room temperature for 16 hcurs, znd then concentrated by dis-
tillation. Subsequently, hydrolysis was effected by vpouring
upon crushed ice. The aqueous layer was decsnted from the re-
sulting heavy oil. After standing over night, the oil solid-
ified and was recrystallized twice from 95% ethanol to give
148 g. (70.9%) of colorless crystals, m.p. 70-72°. The
analytical sample melted at 71-72°.

Anal. Calecd. for ClnggBrgclNO: C, 49.01; H, 2.60;
N, 3.01. Found: C, 49.32, 49.19; H, 2.69, 2.65; N, 3.21,
3.19.

N-Benzoyl-2,2'-dibromo-4-chlorodiphenylamine

2-Bromo-4-chlorophenyl N-2-bromophenylbenzimidoate
(15 g., 0.032 mcle) was heated from 230 to 240° for 2.5
hours. The resulting black material was dissolved in 50 ml.
of absolute ethanol, treated with charcoal twice, and concen-

trated depositing 5.25 g. (42%) of tan erystals, m.p. 120-
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125°. Two additional recrystallizations from the same solvent
raised the melting point to 127-128.5°.

Anal. Caled. for CygH,0BroCINO: €, 49.01; H, 2.60;
N, 3.01. Found: ©C, 49.09; H, 2.83: N, 2.99.

The yields from two similar runs were 51.8 and 55%,

respectively.

2,2'-Dibromo-4-~chlorodiphenylamine

A mixture of 18.5 g. (0.0397 mcie) of N-benzoyl-2,2'-
dibromo-4-chlorodiphenylamine, 20 g. of potassium hydroxide,
20 ml. of water, snd 150 ml. of 95% ethanol was hested at
reflux for 18 hours. The reaction mixture was concentrated
by distilling approximetely 150 ml. of solvent and then poured
upon crushed ice. After extracting the aqueous solution with
ether, the organic solution was dried with anhydrous calcium
sulfate and distilled. The residue was tzken up in 2zbsoclute
ethanol, treated with charcoal, and reduced in volume to give
11.25 g. (78.5%) of colorless solid, m.p. 81-83°. Recrystal-
lization from the same solvent gave white flakes, m.p. 81-
82.5°.

Anal. Calcd. for CyoHgBroC1N: C, 32.87; H, 2.23; N,
3.88. Found: €, 39.88, H, 2.33; N, 4.00.

In two similar runs, 2,2'-dibromo-4-chlorodiphenylamine

was vrepared in yields of 71.2 and 73.4%, respectively.
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N-Ethyl-2,2'-dibromo-4~-chlorodiphenylamine

A solution of 21 g. (0.0582 mole) of 2,2'-dibromo-4-
chlorodiphenylamine in 100 ml. of ether wes treated with 0.06
mole of methyllithium, while cooling in =n ice-bath. After
stirring for 1 hour, 9.24 g. (0.06 mole) of freshly distilled
diethyl sulfzte in 70 ml. of tetrahydrofuran was added and
the ether was removed by distillation. The tetrahydrofuren
soclution was refluxed for 16 hours and then hydrolyzed with
100 ml. of water. The reaction products were worked up in
the usual manner and distilled 2% reduced pressure to give 17.7
g- (78.3%) of pale yellow viscous oil, b.p. 142-146° (0.005
mm.), n%o 1.6437. Attempts to crystallize the materizl were
unsuccessful.

Anal. Calecd. for 014H12Br201N: N, 3.60. Found: N,
3.68, 3.64.

In an analogous run, the ethylated compound was obtained

in 81.4% yield.

2-Chloro-5-ethyl-10,10-diphenyl-5,10-dihydrophengzasiline

To a solution of 7.78 g. (0.02 mole) of N-ethyl-2,2'-
dibromo-4-chlorodiphenylamine in 100 ml. of ether, cooled in
an ice-bath, there was added 0.04 mole of an ethereal solution
of n-butyllithium. Color Test II was negative after stirring
for 1 hour. The pale yellow solution wss then treated with

5.06 g. (0.02 mole) of dichlorodiphenylsilane in 40 ml. of
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ether, and the reaction mixture was refluxed for 5 hours, but
Color Test I remained positive. Toluene (75 ml.) was added,
the ether distilled, and the toluene suspension heated 2zt
reflux for 18 hours at the end of which Color Test I was nega-
tive. Hydrolysis was effected with water and the organic layer
worked up in the usuel fashion. The reazction products were
treated with petroleum ether (b.p. 60-70°) to give 3.5 g. of
yellow solid, m.p. 110-120°. This was taken up in sbsolute
ethanol and treated with charcoal to give 2.25 g. (27.3%) of
colorless solid, m.p. 119-121°. Recrystzllization from
petroleum ether gave colorless crystals, m.p. 121-122°.

Anal. Caled. for CogHopC1NSi: €, 75.79; H, 5.38; C1,
8.61; Si, 6.82. Found: C, 76.22, 75.04; H, 5.26, 5.41;
C1, 8.47, 8.66; Si, 6.83, 6.70.

2,2'-Dichloro-5,5'-diethyl-10,10'~spirokbi-
{5,10-dihydrophenzzasiline)

A solution of 9.0 g. (0.023 mole) of N-ethyl-2,2'-
dibromo-4-chlorodiphenylamine in 100 ml. of ether maintained
at approximetely -20° was treated with 0.046 mole of san
ethereal solution of n-butyllithium. After stirring the re-
action mixture from -20 to -10° for 30 minutes, Color Test II
was negative. This solution was then sdded over a period of
1 hour to 1.95 g. (0.011 mole) of silicon tetrachloride in
100 ml. of ether, cooled in an lce-bath. The reaction mizx-

ture was allowed to warm to room temperature and stirred for
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24 hours. Since Color Test I was positive, 30 ml. of dry
toluene was added, the ether distilled, and the foluene sus-
pension refluxed for 1 hour. The color test was then nega-
tive and hydrolysis was effected with 150 ml. of weater. After
the usual work-up, the residue was recrystallized twice from
a 1:1 mixture of benzene and petroleum ether (b.p. 60-70°) to
give 1.65 g. (29.5%) of colorless crystels, m.p. 188-191°.
The snalytical sample melted 2t 189-191°.

Anal. Caled. for CpgHpaCloNoSi: C, 68.98; H, 4.96; Si,
5.76. Found: C, 69.04, 69.22; H, 4.79, 4.60; Si, 5.87, 5.80.

3-Bromobivhenyl-4-yl N-2-bromophenylbenzimidoate

A solution of 130 g. (0.56 mole) of 2-bromo-4-phenyl-
phenol was added to 0.55 mole of sodium ethoxide in 700 ml.
of absolute ethanol, while cooling in an ice-beth. This solu-
tion was then treated with 161 g. (0.55 mole) of 2-bromo-
phenylbenzimidoyl chloride61 in 100 mi. of ether. After
stirring for 16 hours the solution was concentrated by dis-
tillation, cooled, and poured upon crushed ice. The =queous
solution was decanted from the resulting sticky solid, which
was recrystallized from ethyl acetate to give 208 g. (74.5%)
of colorless crystals, m.p. 146-149°. Two recrystallizations
of a portion from ethyl acetate raised the melting point to
149-151°.

Anal. Caled. for CogHynBroNO: C, 59.19; H, 3.38; N,
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2.76. Found: G, 59.76, 59.83; H, 3.40, 3.52; N, 2.56, 2.67.

N-Benzoyl-2,2!'-dibromo-4-vhenyldiphenylamine

3-Bromobiphenyl-4-yl N-2-bromophenylbenzimidoate (25 g.,
0.0493 mole) was heated from 240 to 255° for 2.5 hours. The
black rezetion mixture was then digested with 50 ml. of ethyl
acetate. After cooling, the solution was filtered, reduced
in volume (ca. 20 ml.), and filtered again. A total of 12.9
g. (79.6%) of tan solid, m.p. 204-208°, was collected. A por-
tion was recrystallized twice from ethyl acetete and then from
benzene to give colorless crystals, m.p. 209-211°.

Anal. Caled. for CpsHynBroNO: N, 2.76. Found: N, 2.73,
2.71.

In two similer runs, the yields of resrrangement product

were 68 and 69%, respectively.

2.2'-Dibromo-4-phenyldiphenylamine

A mixture of 27 g. (0.0532 mole) of N-benzoyl-2,2'-
dibromo-4-phenyldiphenylamine, 100 g. of pctassium hydroxide,
and 700 ml. of 95% ethanol was refluxed for 19 hours. The
solution was concentrated by distillétion and then poured
upon crushed ice. The aquecus solution was extracted with
ether and discarded. After drying end distilling the orgsznic
layer, the residue was taken up in gbsolute ethanol, treated

with charcozl, and reduced in volume to give 16.7 g. (78%) of
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pele yellow crystals, m.p. 82-83.5°. Recrystellization from
the same solvent gave lustrous crystals, m.p. 82-83°.

Anal. Caled. for CygHysBr,N: C, 53.61; H, 3.25; N, 3.48.
Found: G, 54.01, 53.98; H, 3.39, 3.35; N, 3.40, 3.44.

An attempt to hydrolyze 30 g. of the‘N-benzoyl derivative
in 200 ml. of 95% ethanol resulted in a 90% recovery of
starting material, possibly due to the low solubility of the

compound .

N-Ethyl-2,2'-dibromo-4-phenyldivhenylamine

A solution of 19.9 g. (0.0494 mole) of 2,2'-dibromo-4-
phenyldiphenylamine in 100 ml. of ether, cooled in an ice-
bath, was treated with 0.C5 mole of an etheresal solution‘of
methyllithium. After stirring for 1 hour, 8.5 g. (0.055 mole)
of freshly distilled diethyl sulfate in 70 ml. of tetrahydro-
furan was added. The ether was removed by distillation and
;he tetrahydrofuran solution heated at reflux for 16 hours.
Hydrolysis was effected with water and the reaction mixture
was worked up in tﬁe usual menner. The remaining materisl
was treated with a small amount of absolute ethanol and fil-
tered to give 17.6 g. of brown solid, m.p. 90-95°. ‘This
material was recrystallized from absolute ethanol to give 15.7
gs (73.7%) of colorless erystals, m.p. 92-95°. The analytical
sample melted at 93-95 .

Ansl. Caled. for CooH,nBroN: C, 55.71; H, 3.98; N,
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3.25. Found: C, 55.88, 55.95; H, 4.02, 3.86; N, 3.48, 3.36.
In a repeat run, the N-ethyl derivative was obtezined in

a 72% yield.

5-Ethy1-2,10,10-triphenyl-5,10-dihydrophenazasiline

A solution of 8.62 g. (0.02 mole) of N-ethyl-2,2'-
dibromo-4-phenyldiphenylamine in 100 ml. of ether, cooled in
an ice-bath, was treeted with 0.04 mole of n-butyllithium.
After stirring for 1 hour, 5.08 g. (0.02 mole) of dichloro-
diphenylsilane in 40 ml. of ether was added. The resction
mixture was refluxed for 4 hours, but Color Test I remained
positive. Dry toluene (75 ml.) was added, the ether dis-
tilled, and the resulting mixture heated at reflux for 19
hours before the color test was negative. After the usual
work-up, the residue was recrystallized four times from
petroleum ether (b.p. 60-70°) to give 3.11 g. (34.3%) of
lustrous crystals, m.p. 145.5-147°.

Anzl. Celed. for 052H27N81: N, 3.09; Si, 6.19. Found:
N, 3.20, 2.98; Si, 6.25, 6.22.

5,5‘—Diethv1-2,2'-diphegxlf10,10'-snirobi—
(5,10-dihydrophengzasiline)

A solution containing 0.02 mole of N-ethyl-2,2'-dilithio-
4-phenyldiphenylamine, prepared as gbove, was added over 3
period of 1 hour to 1.70 g. (0.01 mole) of silicon tetra-

chloride in 100 ml. of ether. Since Color Test I was positive
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after refluxing for 24 hours, 30 ml. of toluene was added, the
ether distilled, and the toluene suspension refluxed for 1
hour. Subsequently, the reaction mixture was hydrolyzed and
worked up in the usual manner. The remaining material was
recrystallized five times from a 1l:1 mixture of tenzene and
petroleum ether (b.p. 60-70°) to give 2.33 g. (40.9%) of
colorless erystals, m.p. 234-237°. The analytical sample
melted at 235-238°.

Anal. Caled. for CynHz,N5Si: C, 84.16; H, 6.00; 51,
4.22. PFound: C, 84.42, 84.62; H, 5.75, 5.96; Si, 4.97, 5.04.

Bromination of 5-ethyl-10.10-diphenyl-
5,10-dihydrophenazasgiline

In cerbon disulfide at -20° A solution of 11.3 g.

(0.03 mole) of 5-ethyl-10,10-diphenyl-5,10-dihydrophenaza-
siline in 50 ml. of carbon disulfide, cooled to —20:20, was
treated with 9.6 g. (0.05 mole) of bromine by dropwise addi-
tion over a period of 10 minutes. Stirring was continued for
20 minutes at —20°, and then the reaction mixture was poured
upon a cold solution of sodium bisulfite. Ether was added
and the organic layer separated. After drying and evaporat-
ing the organic layer, the residue was chromatographed over
alumina. Elution with petroleum ether (b.p. 60-70°) gave a
small amount of solid, which was recrystallized three times
from petroleum ether to give 0.13 g. of colorless crystals,

m.p- 135—1570, identified as N-ethyl-2,2',4,4!'-tetrabromo-
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diphenylamine. The infrared spectrum as 2 carbon disulfide
solution showed gbsorption tands indicative of aromatic and
aliphatic C-H and C-N groups. A strong band was present at
12.3;( chezracteristic of 1,2,4-trisubstituted benzene.

Anal. Caled. for Cy,H,:Br,N: C, 32.78; H, 2.16. Found:
C, 32.69, 32.59; H, 2.31, 2.34.

Further elution with petroleum ether and then with cyclo-
hexane gave a colorless solid, m.p. 107-115°. After three
recrystallizations for petroleum ether (b.p. 60-700), there
was obtained 3.03 g. (26.8%) of recovered 5-ethyl-10,10-
diphenyl-5,10-dihydrophenazasiline, m.p. 118-121°, which was
identified by mixed melting point and by ccmparison of the
infrared spectra. Continued elution with eyclohexane, follow-
ed by benzene, gave a colorless solid which was recrystallized
twice from cyclohexane to give 4.15 g. of colorless solid, m.p.
190-128°. This materizl was recrystallized twice from ethyl
acetate to give 3.37 g. (21%) of colorless erystals, m.p.
197-2000, identified as 5-ethyl-2,8-dibromo-10,10-divhenyl-
5,10-dihydrophenazasiline. An additional recrystallization
from ethyl acetate raised the melting point to 198-2000. The
infrared spectrum of the compound in carbon disulfide exhib-
ited 2 strong absorption band at 12.4hA1 indicative of 1,2,4-
trisubstituted benzene. The remainder of the spectrum was
similer to that of the other 5,10-dihydrophenazasiline

derivatives, except that the ortho-disubstitution bznd was
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absent.

Anal. Galed. for CpogHoyBroNSi: C, 58.32; H, 3.95; N,
2.62; Si, 5.25. Found: C, 58.10, 58.32; H, 4.05, 3.87; N,
2.91, 2.97; 5i, 5.34, 5.29.

The column was then eluted further with benzene and the
product recrystallized twice from petroleum ether (b.p. 60-
70°) to give 0.67 g. (3.5%) of colorless flakes, m.p. 138-
141°. The analytical sample melted at 138-140°. The material
has been tentatively identified as 2-(N-ethyl-2,4-dibromo-
anilino)-5-bromophenyldiphenylsilanol. The infrared spectrum
as a carbon disulfide solution had absorption bands =t 2.8,
5.3, 5.4, 9.0, 12.3, and 13.54 which are characteristic of
the hydroxy, C-H aliphatic, C-H zromatic, silicon-phenyl,
1,2,4-trisubstituted benzene, and monosubstituted phenyl
groups, respectively.

Anal. Caled. for CogHooBrzNOSi: C, 49.38; H, 3.51; N,

V)
AV

.22; 81, 4.44. Found: C, 49.74, 42.90; H, 3.42, 3.37; N,
2.67, 2.49; Si, 4.54, 4.45.

Another run employing identliczl rezsction conditions and
work-up afforded S5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-
dihydrophenazasiline in a 21% yield. There was also obtained
a 2.3% yleld of 2-(N-ethyl-2,4-dibromoaniliino)-5-bromophenyl-
diphenylsilanol, in addition to a 41.2% recovery of 5-ethyl-
10,10-diphenyl-5,10-dihydrophenazasiline.

A slightly improved yield (24.7%) of the dibromo compound

was obtained in a third run. The bromine =24dition was carried
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out as in the previous runs, but instezd of stirring at -20°

the reaction mixture was allowed to warm to room temperature,
which recquired 20 minutes, before effecting hydrolysis. ﬁbw-
ever, only 10.6% of the 5-ethyl-10,10-diphenyl-5,10-dihydro-

phenazasiline was recovered from this run.

In glacial acetic acid A suspension of 11.3 g. (0.03

mole) of 5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline in
100 ml. of glacial acetic acid, coocled in an ice-bath, was
treated with 10.5 g. (0.065 mole) of bromine by dropwise addi-
tion over a period of 15 minutes. The ice-bath was removed
and the reaction mixture stirred for 45 minutes. The orange
mixture was then hydrolyzed with a dilute solution of sodium
bisulfite. The aqueons solution was filtered and the yellow
sticky material was tsken up in ether. The ethereal solution
was then worked up in the usuzal manner and the resction
products chromatographed as described in the previous runs.
This gave 0.72 g. (4.7%) of N-ethyl-2,2',4,4'-tetrabromodi-
phenylamine, m.p. 135-137°, which was identified by mixed
melting point and by comparison of the infrared spectrs, and
0.83 g. (5.2%) of 5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-
dihydrophenazasiline. There was also obtained a large amount
of 2 colorless viscous oll which could not be characterized.
The infrared spectrum contained large gbsorption bands indica-
tive of silanols and disiloxanes.

In refluxing glacial scetic szcid A solution of 7.54
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g. (0.02 mole) of 5-ethyl-10,10-diphenyl-5,10-dihydrophenaza-
siline in 100 ml. of glacial acetic acid, cooled in an ice-
bath, was treated with 14.4 g. (0.09 mole) of bromine. After
warming to room temperature, the reaction mixture was heated
at reflux for 1 hour and then hydrolyzed with a dilute solu-
tion of sodium bisulfite. The resulting solid material was
filtered, air-dried, and chromatographed. Elution with
petroleum ether (b.p. 60-70°) and three subsequent recrystal-
lizations from the same solvent afforded 2.27 g. (22.1%) of
N-ethyl-2,2',4,4'-tetrabromodiphenylamine, m.p. 134-137°,
which was identified by mixed melting point znd by comparison
of the infrared spectra. Using cyclohexane 28 the eluant,
there was obtained a colorless solid, m.p. 180-186°. This
moterial was recerystallized twice from ethyl acetate to give
3.03 g. (31.2%) of colorless needles, m.p. 185-186.5°, which
was identified as 2,2',4,4'-tetrgbromodiphenylamine by mixed
66

melting point with an authentic sample.

In glacial acetic seid in the presence of sodium acetate

A mixture of 11.3 g. (0.03 mole) of 5-ethyl-10,10-diphenyl-
5,10-dihydrophenazasiline, 6 g. (0.G73 mole) of sodium ace-
tate, and 100 ml. of glacial acetic acid was cooled in an
jce-bath and treated with 10.5 g. (0.065 mole) of bromine.

The ice-bath was removed and the reaction mixture stirred for

€61. A. Elson, C. S. Gibson, and J. D. A. Johnson, J.
Chem. Soec., 1080 (1922).



80

45 minutes. After hydrolysis and the usuzl work-up, the re-
action products were chromatographed. Elution with the vari-
ous solvents in the customary manner gave 1.53 g. (10%) of
N-ethyl-2,2',4,4'-tetrebromodiphenylamine, m.p. 135-137°,

2.42 g. (21.4%) of recovered 5-ethyl-10,10-diphenyl-5,10-
dihydrophenazasiline, and 0.67 g. (4.2%) of S5-ethyl-2,8-di-
bromo-10,10-diphenyl-5,10-dihydrophenazesiline, m.p. 198-200°.
Elution of the column with ethyl acetate gave 7.28 g. of
colorless solid, m.p. 136-140°. Recrystallization of this
material from a 5:1 mixture of petroleum ether (b.p. 60-70°)
and benzene gave a crystalliﬁe solid, m.p. 156—1600. An 2ddi-
tionzl recrystallization from the ssme solvent mixture raised
the melting point to 158-160°. This material wss found to be
identica2l with 2-(N-ethyl-2,4~dibromoznilino)-5-bromophenyl-
diphenylsilanol, which has bteen previously described &s color-
less flakes, m.p. 138-140°. When the lower melting meterizl
was taken up in petroleum ether and seeded with some of the
higher melting materizl, the higher melting erystzlline solid
was obtained. However, attempts to obtain the lower melting
solid by a2 similar process weré unsuccessful effording only

a recovery of the higher melting materisl. The infrered
spectra of the two solids as carbon disulfide solutions zre

identicel, but have smell absorption differences as potassium
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bromide pellets. 4 total of 6.32 g. (33.4%) of the material

was isolated.

g,2' .4, 4'-Tetrgbromodivhenylemine

A solution of 5.1 g. (0.03 mole) of diphenylamine in 200
ml. of glacial acetic a2cid was trested with 12.2 g. (0.12
mole) of bromine. The rezction mixture was refluxed for 1
hour and subsequently treated with 200 mi. of a2 dilute solu-
tion of sodium bisulfite. The resulting solid was filtered
and air-dried. After two recrystallizations from ethyl =zce-
tate, there was obtained 12.8 g. (87.9%) of colorless needles,
m.p. 184-186° (11t.5 value, m.p. 186°). A mixed melting

pcint with the previously deseribed material wes undepressed.

N-Ethvl-2 2! 4 4'_tetrabromodiphenylamine

A suspension of 8.2 g. (0.0183 mole) of 2,2',4,4'-tetra-
bromodiphenylemine in 200 ml. of ether, cooled in an ice-tath,
was treated with 0.027 mole of methyllithium. After stirring
for 30 minutes, = solution of 4.2 g. (0.028 mole) of diethyl
sulfate in 200 ml. of tetrahydrofurzn wzs a2dded. The ether
was removed by distillation and the resction mixture hested

at reflux for 18 hours. After hydrolysis, ether was zdded

67r. A. Miller. Applicstions of infrered snd ultraviolet
spectrs to orgenic chemistry. In H. Gilmen, ed. Organic
chemistry. Vol. III, p. 139. New York, John Wiley end Sons.
1953.
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end the orgenic layer separated. The ethereal sclution wes
dried with sodium sulfate and evapcrasted, snd the resction
products chromatogrephed. Elution with petroleum ether (b.p.
680-70°) and two subsequent recrystzllizations from the same
solvent gaeve 5.56 g. (52.2%) of colorless crystals, m.p. 133-
136°. Another recrystsllization raised the melting point to
135-137°. This materisl was identified ss N-ethyl-2,2',4,4'-
tetrabromodiphenylamine by mixed melting point and by compar-
ison of the infrared spectrs.

Bromination of 2-(N-ethvl-2.,4-dibromoenilino)-
5-bromophenyldiphenvlsilanol

Bromine (1.8 g., 0.011 mole) was sdded to 4.65 g. (0.00735
mole) of 2-(N-ethyl-2,4-ditromoenilinoc)-5-bremophenyldiphenyl-
silenol in 100 ml. of glacizl zcetic a2cid, =nd the rezction
mixture stirred at room temperature for 1 hour. After hydrol-
ysis with & dilute solution of sodium bisulfite, the aqueous
solution was filtered. The resulting materizl was sir-dried
end chromatographed over alumina. Using petroleum ether
(b.p. 60-70°) as the eluant, there was obtained a2 colorless
s0lid, which was recrystallized three times from petroleum
ether to give 2.69 g. (71.4%) of colorless erystals, m.p. 133-
137°. An additional recrystallization from the same solvent
raised the melting point to 135-137°. The material wes
identified 2s N-ethyl-2,2',4,4'-tetrsbromodiphenylamine by

mixed melting point.
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Bromination of di-p-tolylamine

Bromine (16 g., 0.1 mole) was added dropwise over a
period of 10 minutes to a2 solution of 10 g. (0.051 mole) of
di-p-tolylamine in 100 ml. of glacial acetic acid, while
cooling in an ice-bath. The reaction mixture wee 2llowed to
warm to room temperature, stirred for 1 hour, and then
hydrolyzed with 200 ml. of a dilute solution of sodium bi-
sulfite. The agqueous solution wes cooled in en ice-bath and
the resulting meteriszl wes filtered ylelding 16.2 g. of pale
blue-green solid, m.p. 40—550. After two recrystzllizations
from abtsolute ethanol, there wes otbtsined 11.3 g. (63.5%) of
?,2'-dibromodi-p-tolylamine, m.p. 57-58°. An additional re-
crystallization of 2 portion gave colorless needles, m.p.
57.5-52°. The infrared spectrum of the msterial in carbon
disulfide exhibited 2 strong absorption band at 12-4,0(1nd1ca-
tive of 1,2,4-trisubstituted tenzene. ]

Angl. Caled. for 014H13Br2N: Br, 45.01; N, 3.95. Found:
Br, 44.64, 44.59; N, 3.92, 3.76.

A repeast reaction employing 20 g. (0.102 mole) of di-p-
tolylamine and 32 g. (0.2 mole) cf bromine geve 2 59.9% yield
of the dibromo compound. When equal molsr amounts of bromine
and di-p-tolylemine were reacted, 2,2'-dibromodi-p-tolylamine
was obtained in 35.3% yield, and 48.9% of the di-p-tolylamine
was recovered. None of the mono-tromo compound could be iso-

lated.
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N—ethy1-2,2'-dibromodi-prtolylamine

An ethereal solution containing 0.031 mole of methyl-
lithium was added to 11 g. (0.031 mole) of 2,2'-dibromodi-p-
tolylamine in 100 ml. of ether, while cooling in an ice-bath.
After stirring for 45 minutes, this solution was treated with
6.16 g. (0.04 mole) of diethyl sulfate in 100 ml. of tetra-
hydrofuran. The ether was removed by distillation and the
resulting tetrahydrofuran solution heated at reflux for 16
hours. After the usual work-up, the reaction products were
subsequently taken up in a2bsolute ethanol to give 10.75 g. of
pale yellow needles, m.p. 104-111°. This material was re-
erystallized three times from absolute ethanol to give 9.33
g. (78.6%) of eolorless needles, m.p. 109-111°.

Apngl. Caled. for 016H17Br2N: C, 50.15; H, 4.47. Found:
c, 50.21, 50.09; H, 4.79, 4.61.

S5-Ethyl-2,8-dimethyl-10, 10-diphenyl-5,10-dihydrophenazasiline

From N-ethyl-2,2'-dibromodi-p-tolylamine A solution

of 5.75 g. (0.015 mole) of N—ethy1-2,2'-dibrOmodi-grtolylémine
in 50 ml. of ether, cocoled in an ice-bath, was treated with
0.03 mole of n-butyllithium. After stirring for 30 minutes,
a solution of 3.80 g. (0.015 mole) of dichlorodiphenylsilane
in 50 ml. of ether was added and the reaction mixture heated
at reflux for 17 hours. Subsequently, 30 ml. of toluene was

added and the ether distilled. After refluxing the resulting
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solution for 2 hours, Color Test I was negative. The reaction
mixture was hydrolyzed with 50 ml. of wster and worked up in
the usuzl manner. The resction products were taken up with
petroleum ether (b.p. 60-70°) to give 3.76 g. of yellow solid,
m.D. 147-158°. This material was taken up 8gain in petroleum
ether, treated with charcozl, and concentrated to give 3.27
g. (53.8%) of colorless crystals, m.p. 159-162°. The anslyti-
cal sample melted at 160.5-162°.

Anal. Caled. for CogHonNSi: C, 82.91; H, 8.71; Si, 6.93.
Found: C, 83.23, 83.00; H, 6.89, 6.86; S5i, 7.15, 7.01.

From S5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-dihydro-

phengzasiline An ethereal solution of 0.023 mole of

n-butyllithium was 2dded to 4.0 g. (0.0075 mole) of 5-ethyl-
2,8-dibromo-10, 10~-diphenyl-5, 10-dihydrophenazasiline in 100
ml. of ether, while cooling in 2n ice-bzth. The reaction mix-
ture was allowed to warm to room temperature and stirred for
45 minutes. A solution of 3.15 g. (0.025 mole) of freshly
distilled dimethyl sulfate in 25 ml. of ether was added, and
after refluxing for 2 hours Color Test I was negative. Sub-
sequently, the usual work-up snd crystallizstion from petro-
leum ether (b.p. 60-70°) geve 2.54 g. of colorless solid,

me.p- 150-160°. This materisl wes recrystsllized twice from
petroleum ether to give 1.89 g. (62.2%0>of colorless crystels,
m.p- 158-160°. An sdditional recrystallization raised the

melting point to 159-161°. The meterial was identified as
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5-ethyl-2,8-dimethyl-10,10-diphenyl-5,10-dihydrophenazasiline
by mixed melting point and by comparison of the infrared

spectra.

N-Methyldi-p-tolylamine

In asccordance with the procedure of Weitz and Schwech-
ten,68 di-p-tolylamine was reacted with dimethyl sulfate to
give the N-methyl derivative in 51.9% yield. Another run was
carried out using the modification of Gibson and Vining.%° A
mixture of 40 g. (0.203 mole) of di-p-tolylemine and 37.8 g.
(0.3 mole) of dimethyl sulfate was heated on a steam bath for
10 minutes. After cooling to 50°, the rapidly stirred solun-
tion was treated with 35 g. of sodium carbonate in 200 ml.
of water by dropwlise addition over a period of 3 hours. The
reactlon mixture was allowed to cool and then extracted with
ether. The ethereal solution was dried and evaporazted, and
the resulting material distllled at reduced pressure to give
31.7 g. (74%) of pale yellow liguid, b.p. 118-120° (0.02 mm.),

n%o 1.5997.

68E. Weitz and H. W. Schwechten,

Ber., 80, 550 (1927).
J.

89¢. S. Gibson ana D. C. Vining,

Chem. Soc., 123, 831
(1923).
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N-Methyl-2,2'-dibromodi-p-tolylamine

From N-methyldi-p-tolylamine A solution of 5 g.

(0.0237 mole) of N-methyldi-p-tolylamine in 50 ml. of glaeial
acetic acid, cooled in an ice-bath, was trested with 7.58 g.
(0.047 mole) of bromine by dropwise addition. After stirring
1 hour at room temperature, the reaction mixture was hydro-
lyzed with 30C ml. of a dilute solution of sodium bisulfite.
The resulting solid material was filtered and recrystallized
from absolute ethanol to give 5.8 g. of colorless needles,
m.p. 98-104°. Recrystallization from the same solvent gave
5.28 g. (60.4%) of large colorless needles, m.p. 102-104°.
The analytical sample melted at 102.5-104°.

Anal. Caled. for CygHy5BroN: Br,A43.50; N, 3.80. Found:
Br, 43.26, 43.06; N, 4.04, 3.86.

The reaction of 31 g. (0.147 mole) of N-methyldi-p-
tolylamine and 59 g. (0.37 mole) of bromine under similar
conditions gave a 76.5% yield of the dibromo derivative.

When equal molar amounts of N-methyldi-p-tolylamine and
bromine were reacted in an effort to prepare the mono-bromo
compound, N-methyl-2,2'-dibromodi-p-tolylamine wss obtained
in 31.1% yield. N-Methyldi-p-tolylamine was recovered in
53.4% yield, but none of the mono-bromo compound could be
isolated.

From 2,2'-dibromodi-p-tolylamine An ethereal solution

of 0.1 mole of methyllithium was reacted with 34 g. (0.0958
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mole) of 2,2'-dibromodi-p-tolylamine in 200 ml. of ether,
while ccoling in an ice-bath. After stirring for 1 hour,
13.9 g. (0.11 mole) of dimethyl sulfate in 150 ml. of tetra-
hydrofuran was added. The ether was removed by distillstion
and the resulting solution heated at reflux for 18 hours.
Subsequently, the reaction mixture was allowed to cool,
hydrolyzed, and worked up in the usual maznner. The residue
was taken up in absolute ethanol depositing 32.8 g. of color-
less crystals, m.p. 98-104°. Reerystallization from the same
solvent gave 31.4 g. (88.7%) of colorless needles, m.p. 101-

104°.

A mixed melting point determinztion with an authentic
sample of N-methyl-2,2'-dibromodi-p-tolylamine wzs not de-

pressed.

2,5,8-Trimethyl1-10,10-diphenyl-5. 10-dihydrophenzzzsiline

By halogen-metzl interconversion A solution of 7.38

g. (0.02 mole) of N-methyl-2,2'-dibromodi-p-tolylamine in 100
ml. of ether, cooled in an ice-bath, was treated with 0.04
mole of n-butyllithium. After stirring for 45 minutes, Color
Test II was negative and 5.06 g. (0.02 mole) of dichloro-
diphenylsilane in 50 ml. of ether was added. The rezction
mixture was stirred at room temperature for 18 hours but Color
Test I remained positive. Toluene (50 ml.) was added and the
ether removed by distillation. The toluene suspension was

then refluxed for 4 hours, before the color test was negative.



The reaction mixture was hydrolyzed, ether weas added, and the
organic layer separated. After drying with anhydrous calcium
sulfate, the organie layer was evaporated, and the resulting
solid was taken up in petroleum ether (b.p. 60-70°) to give
5.2 g. of pale yellow solid, m.p. 158-167°. After two re-
crystellizations from petroleum ether, there was obtained
3.87 g. (49.5%) of colorless erystels, m.p. 163-165°. Another
recrystallization did not chznge the melting point.

Anal. Caled. for CorHogNS1: C, 82.81; H, 6.44; N, 3.58;
Si, 7.19. Found: ¢C, 82.93, 83.13; H, 6,13, 6.18; N, 3.4S,
5.43; 81, 7.30, 7.08.

By direct preparation Ten ml. of a2 solution of 5.55

g. (0.015 mole) of N-methyl-2,2'-dibromodi-p-tolylamine in
75 ml. of ether was added to 1.4 g. (0.2 g. atom) of lithium
in 10 ml. of ether. After edding three drops of methyl
iodide, the reazction sterted and the rest of the dibromo com-
pound was added at such a rate as to maintzin a2 gentle reflux.
The reaction mixture was stirred st room temperature for 45
minutes, and filtered through a previously dried glass wool
plug. Acid titration of an aliquot indicsted the presence
of 0.022 mole of organolithium reagent. Assuming this to be
all in the form of the dilithium compound, the yield was 73%.
The above solution was added to 3.03 g. (0.012 mole) of
dichlorodiphenylsilane in 25 ml. of ether znd stirred for 18

hours at room temperature. Color Test I was negetive, and the
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reaction mixture was hydrolyzed. The aqueous solution was
separated, extracted with ether, 2nd discarded. After dryling
and evaporating the combined organic lsyer, the residue was
taken up in petroleum ether (b.p. 60-70°) to give 2 pzle
yellow solid, m.p-. 145-158°. After two recrystallizations
from petroleum ether, there was obtained 2.19 g. (37.3%, based
on the N-methyl compound) of colorless crystals, m.p. 162-

155°.

An additional reerystzllization raised the melting
point to 163-165°. A mixed melting point determination with
an authentie sample of 2,5,8-trimethyl-10,10-diphenyl-5,10-
dihydrophenazasiline was not depressed.

2,2'.5,5',8.8'-Hexamethyi-10,10!'-spirobi-
{5,10-dihydrophenazasiline)

A solution of 11.1 g. (0.03 mole) of N-methyl-2,2'-
dibromodi-p-tolylamine in 150 ml. of ether, cooled in 2n ice-
bath, wes treated with 0.06 mole of n-butyllithium. After
stirring for 45 minutes, the solution was transferred to a
dropping funnel 2nd added to 2.55 g. (0.015 mole) of silicon
tetrachloride in 100 ml. of ether. The reaction mixture was
reflﬁxed for 20 hours, but Color Test I remained positive.
The ether wes then replaced with toluene snd the toluene sus-
pension heated at reflux for 2 hours before the color test
was negative. After hydrolysis and the usual work-up, the
residue was tsken up in ethyl acetate to give 3.85 g. of large

colorless crystals, m.p. 2928-232°. This meterial was recrys-
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tallized twice from ethyl acetzte and then twice from cyclo-
hexane to give 2.32 g. (34.7%) of colorless erystals, m.p.
230-933°.

Anal. Celed. for CzoHsoN.Si: C, 80.67; H, 6.77; Si,
6.20. Found: C, 80.74, 80.70; H, 6.70, 6.55; Si, 6.32, 6.24.

2,5,8,10,10~Pentamethyl-5, 10-dihydrophenazasiline

A solution of 3.9 g. (0.03 mole) of dichlorodimethyl-
silane in 50 ml. of ether was added to an ethereal solution
containing 0.03 mole of N-methyl-2,2'-dilithiodi-p-tolylamine,
prepared from 0.03 mole of N-methyl-2,2'-dibromodi-p-tolyl-
amine and 0.06 mole of n-butyllithium. After stirring 20
hours at room temperature, 50 ml. of toluene was added, the
ether distiiled, and the toluene suspension hested a2t reflux
for 2 hours at the end of which time Color Test I wes nega-
tive. Subsequently, the reaction mixture was hydrolyzed znd
worked up in the usual manner. The combined orgasnic layer
was distilled and the last traces of solvent were removed with
the =21d of a water aspirator. Upon treaztment with ethsanol,
there was obtained 4.7 g. of solid, m.p. 96-115°. The mste-
rial was taken up in sbsolute ethanol, treated with charcoal,
and concentrated to give 3.77 g. (47.1%) of colorless crystals,
m.p. 115-118°. The analytical semple melted at 117.5-119°.

Anal. Calecd. for 017H21N81: C, 76.34; H, 7.86; N, 5.24.
Found: C, 76.60, 76.42; H, 7.69, 7.76; N, 5.30, 5.20.
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2,5,8-Trimethyl-10,10-dibenzvl-5,10-dihydrophenazasiline

An etherezl solution containing 0.015 mole of N-methyl-
2,2'-dilithicdi-p-tolylamine, prepared as described above,
was treated with 4.55 g. (0.015 mole) of dibenzyldichloro-
silane®® in 50 ml. of ether. The reaction mixture was stirred
for 20 hours at room temperature, but Color Test I remzined
positive. The ether was replsced by dry toluene in the usual
manner, and after refluxing for 2 hours the color test was
negative. The reaction mixture was then worked up using the
customary procedure and the residue recrystallized from
petroleum ether (b.p. 60-70°) to give 3.22 g. of pale yellow
crystals, m-p- 120-124°. Recrystallization from the same
solvent gave 2.67 g. (42.5%) of colorless crystsls, m.p. 123-
125°. An additional recrystallization rasised the melting
point to 124-125.5°.

Anal. Caled. for CpgHogNSi: Si, 6.69. Found: Si, 6.87,
6.82.

Reaction of N-methyl-2,2'-dilithiodi-p-tolylamine
and sym-tetraphenyldisilane

N-Methyl-2,2'-dilithiodi-p-tolylamine, prepsred from
5.75 g. (0.015 mole) of N-methyl-2,2'-dibromodi-p-tolylamine
and 0.03 mole of n-butyllithium, was added to 5.55 g. (0.015
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mole) of gxgrtetraphenyldisilane70 in 100 ml. of ether, and
the reaction mixture stirred at room temperature for 24 hours.
Toluene was added, the ether removed by distillation, and the
resulting solution refluxed for 12 hours before Color Test I
was negative. After hydrolysis and the usual work-up, the
reaction products were chromatographed over alumina with
petroleum ether (b.p. 60-700). The first fractions gave only
traces of oils; however, further elution with the same solvent
gave a colorless'solid which was recrystallized from petroleum
ether to give 3.38 g. (57.6%) of colorless crystals, m.p.
160-165°. An additional recrystsllization raised the melting
point to 163-165°. This meterial was identified as 2,5,8-
trimethyl-10,10-dipheny1-5,10~-dihydrophenazasiline by mixed
melting point and by comparison of the infrared spectra.
Elution with other solvents gave oils which could not be fur-
ther purified or identified.

Reaction of N-methyl-2,2'-dilithiodi-p-tolylamine
and chlorotriphenylsilane

An ethereal solution containing 0.03 mole of N-methyl-
2,2'-dilithiodi-p-tolylamine, prepared by helogen-metal inter-
conversion as described above, was trested with 17.7 g. (0.05

mole) of chlorotriphenylsilane in 150 ml. of ether. The

70H. Gilman and W. Steudel, Chem. and Ind. (London),
1094 (1959).
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reaction mixture was stirred 24 hours at room temperature, 50
ml. of toluene was added, and then the ether removed by dis-
tillation. After heating the toluene suspension at reflux for
4 hours, Color Test I was negative. The reaction mixture was
hydrolyzed with water, ether was sdded, and the resulting
s0l1i1d material was removed by filtration. After washing with
ether, the sclld was recrystazllized from a 1l:1 mixture of
benzene and petroleum ether (b.p. 60-70%) to give 5.36 g. of
colorless needles, m.p. 236-240°. A portion was recrystal-
lized from ethyl acetate to give needles, m.p. 237.5-2590,
which was identified as tetrsphenylsilane by mixed melting
point and by comparison of the infrared spectra.

The combined organic layer and ether washings were dried
and evgporated. The residue wzs chromatogravhed over zlumina.
Elution with petroleum ether (b.p. 60-70°), followed by three
recrystallizations from atsolute ethanol, gave 1.02 g. (5.7%)
of n-butyltriphenylsilane, m.p. 86-88°, identified by mixed
melting point. Further elution with petroleum ether geve a
colorless solid, which was recrystallized two times from ethyl
acetate to give 0.28 g. of tetraphenylsilane, m.p. 235-238° .

After continued elution with petroleum ether and then
with cyclohexane, there was obtained a2 colorless solid, which
resisted purification by recrystallization. This solid mate-
rial was subsequently rechromatographed over alumina. Using

petroleum ether zs the eluant, there was obtained a trsce of
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solid which was recrystallized from etheyl acetate to give
0.17 g. of tetraphenylsilane. This is a total yield of 5.81
g. (57.6%, based on one-half of the silicon). Further elution
with petroleum ether and then with cyclohexane gave a color-
less solid. This material was recrystallized three times from
petroleum ether to give 4.83 g. (42%) of colorless crystals,
m.p. 161-165°. A portion was recrystallized from the same
solvent razising the melting point to 163-165°. The msterial
was identified es 2,5,8-trimethyl-10,10-diphenyl-5,10-dihydro-
phenazasiline by mixed melting point and by comperison of the

infrared spectra.
o-Phenylene Silicon Derivatives

Reaction of o-phenylenedilithium and diphenylsilane

First experiment A mixture of 8.28 g. (0.03 mole) of
71,72,

o-phenylene-mercury, 73 6 g. of finely cut lithium wire,
and 100 ml. of dry ether was placed in a Schlenk tube and

agitated on a shaking machine for 4 days. The reaction mix-
ture was filtered through a previously dried glass wool plug

giving a reddish-brown solution containing a light gray sus-

( zlG. Wittig and F. Bickelhaupt, Angew. Chem., 62, 93
18867) .

72G. Wittig and F. Bickelhaupt, Ber., 91, 883 (1958).
73For convenience the molecular weight of o-phenylene-

mercury was considered to be 276. The actuzl value is 1660.
See footnote 72.
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pension. This material was added over a period of 30 minutes
to 5.52 g. (0.03 mole) of diphenylsilane®? in 50 ml. of ether,
while cooling in en ice-bath. After stirring for 24 hours

at room tempersture, hydrolysis was carried out with 100 ml.
of 5% hydrochloric acid. Ether wss added and the insoluble
gray solid filtered. This solid wss then recrystallized from
ethyl acetate three times to give 1.64 g. of o-phenylenebis-
(diphenylsilane), m.p. 174-176°.

The lazyers of the filtrate were separated, and the
aqueous layer extracted with ether. The combined organiec
solution was dried with anhydrous calcium sulfzte and evapo-
rated under zn air-jet. The resulting meterial was taken up
in ethyl acetate and seeded with some of the gbove solid to
afford 0.95 g. of shiny crystals, m.p. 171-174°. This was
recrystallized once more to give 0.77 g. of o-phenylenebis-
(diphenylsilane), m.p- 174-176°. The totzl yvield wes 36.4%
(based on the diphenylsilane), and the analytical semple
melted at 174.5-176°. The infrared spectrum of the compound
in carbon disulfide had characteristic sbsorption bands at
3.3, 2.0 and 13.34%, indicative of aromatic C-H, the silicon-
phenyl linkage, and ortho-disubstitution, respectively. As
a carbon tetrachloride solution, the spectrum showed 2 large
Si-H absorption at 4.71%.

Anal. Caled. for CzgHogSis: C, 81.39; H, 5.92; 51,
12.69. Found: C, 81.56, 81.38; H, 6.15, 5.98; Si, 12.78,
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12.69.

Second experiment. o-Phenylenedilithium, prepared as
described zbove from 10 g. (C.036 mole) of o-phenylene-mercury
and 7 g. of lithium, was added dropwise to 14.7 gz. (0.08 mole)
of diphenylsilane62 dissolved in 100 ml. of ether. After
stirring 16 hcurs at room temperature, the reaction mixture
was poured upon crushed ice containing a small amount of
sulfuric acid. Following the same work-up procedure as given
in the first experiment, there was obtained 3.71 g. (23.3%,
based on the o-phenylene-mercury) of o-phenylenebis(diphenyl-
silsne), m.p. 173-176° (mixzed m.p.).

Third experiment A suspension of 10 g. (0.036 mole)

of o~phenylene-mercury and 7 g. of lithium in 120 ml. of ether
was agitated for 5 days. The reaction mixture was filtered
through 2 sintered glass filter to give a red-brown, suspen-
sion-free, solution. A 2-ml. aliquot of the solution was
titrated with standard acid indicating the presence of 0.024
mole of o-phenylenedilithium. (An assumption was made that
2ll of the organolithium reagent was o-phenylenedilithium.)
This resgent was added over a period of 45 minutes to 11.0 g.

(0.06 mole) of diphenylsilane62

in 150 ml. of ether, while
cooling in an ice-bath. After stirring for 16 hours at room
temperature, the reaction mixture was poured upon crushed ice
containing a small amount of sulfuric egcid. Work-up zs de-

scribed previously gave 4.05 g. (38.2%) of o-phenylenebis-
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(diphenylsilane) as eolorless crystals, m.p. 173-176° (mized

m.p.).

Fourth experiment An ethereal solution containing
0.023 mole of o-phenylenedilithium, filtered and titrated as
described in the preceding experiment, was added to 4.23 g.
(0.023 mole) of diphenylsilane®® in 25 ml. of ether. The
reaction mixture was stirred st room temperazture for 17 hours,
50 ml. of dry toluene was added, and the ether distilled.
After refluxing the resulting suspension for 3 hours, Color
Test I was negative. Hydrolysis was carried out with 100 ml.
of dilute sulfuric acid. The équeous layer was separated,
extracted with ether, and discarded. The combined organic
solution was dried and evaporated under an air-jet. ,The?
brown oily residue was chromatograpﬁed on alumins.

Using petroleum ether (b.p. 60-70°) as an eluant, 0.1 g.
of triphenylsilane (mixed m.p.) was obtained. Further elution
with the same solvent gave a solid which was reerystallized
twice from ethyl acetate to afford 0.21 g. (2.7%) of colorless
needles, m.p. 234-237°, ldentified as tetraphenylsilane by
mixed melting point and by comparison of infrared spectra.
Subsequently, cyclohexzne wes used 28 an eluant and the re-
eulting solid was reerystallized from ethyl acetate to give
1.70 g. of colorless solid, m.p. 170-176°. An additional re-
crystallization gave 1.58 g. (31.1%) of o-phenylenebis(di-
phenylsilane), m.p. 175-177° (mixed m.p.). Further elution
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'“é;ﬁithvcyclohexane, followed by recrystallizstion from ethyl

‘acetate, afforded 0.68 g. of colorless solid, m.p. 210-216°.
After recrystzllization from the same solvent, there was ob-
tained 0.5¢ g. (2.1%) of (o-diphenylsilyphenyl)triphenyl-

siiane, m.p. 214-217°, identified by mixed melting point and

by infrared spectrum (see below).

o-Phenylenebis(methyldiphenylsilane)

From o-phenylenedilithium znd methyldiphenylchlorosilene

An ethereal solution containing 17.4 g. (0.075 mole) of
methyldiphenylchlorosilane was treated with o-rhenylenedi-
lithium, prepared from 10 g. (0.036 mole) of o-phenylene-
mercury and filtered through 2 glass wool plug, and refluxed
for 18 hours. Since Color Test I was positive, 80 ml. of dry’
toluene was added, the ether removed by distillation, znéd the
resulting mixture hested a2t reflux for 24 hours. After cool-
ing, the reaction mixture was hydrolyzed and worked up in the
usual menner. The oily residue was treated with petroleum
ether (t.p. 60-70°) depositing 4.75 g. of colorless crystals,
m.p. 140-142°. Recrystallization from petroleum ether gave
4.34 g. (29.3%) of 1,2-dimethyl-1,1,2,2-tetraphenyldisilane,
m.P- 141.5-1430, identified by mixed melting pcint zsnd by
comparison of the infrared spectra.

The petroleum ether solution was then concentrated

affording 1.6 g. of solid, m.p. 157-165°. After two re-
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crjstallizations from petroleum ether (b-p.'60—70°), there was
obtained 1.3 g. (7.7% of colorless crystals, m.p. 172-174°.
The analytical sample“melted 2t 173-174°. The infrared
spectrum of the material as a carbon disulfide solution showed
absorption bands characteristic of aromatlc and sliphstic C-H,
the silicon-methyl linkege, the silicon-phenyl linkage, end
ortho-disubstituted benzene.

Anal. Caled. for Oz HzSis: C, 81.64; H, 6.42; Si,
11.94. Found: C, 82.10, 81.98; H, 6.31, 6.10; Si, 11.83,
11.55.

Ccncentration of the mother liguors gave only oils which
could not be identified.

From methyllithium and o-phenylenetis(diphenylsilane)

Methyllithium (0.007 mole) was added to 1 g. (0.0023 mole) of
o-phenylenebis(diphenylsilane) in 50 ml. of ether. After re-
fluxing for 18 hours, Color Test I was only faintly positive;
accordingly an additional 0.003 mole of methyllithium was
added. Toluene (40 ml.) was also added, the ether distilled,
and the toluene suspension refluxed for 1 hour. After work-
up, there was obtained 0.82 g. of colorless solid, m.p. 1256~
1520. This meterial waslrecrystallized six times from petro-
leum ether (b.p. 60-70°) to give 0.18 g. (16.9%) of o-phenyl-
enebis(methyldiphenylsilane), m.p. 171-173° (mixed m.p. end
infrared spectrum). The difficulty in purifying the dimethyl

derivetive was due to contamination by Si-H containing com-
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pounds. An admixture of zuthentic g—phenylenebis(methyldi—
phenylsilane) and o-phenylenebls(diphenylsilane) melted over

the range 150-165°.

5,5,10,10-Tetraphenyl-5,10-dihydrosilanthrene

From o-phenylenedilithium and dichlorodiphenylsilane

A solution of 7.1 g. (0.028 mole) of dichlorodiphenylsilane
in 25 ml. of ether was treated with an ether solution contain-
ing 0.028 mole of o-phenylenedilithium, determined by titra-
tion after flltering through a sintered glass filter. Thé
reaction mixture was stirred a2t room temperature for 18 hours,
50 ml. of toluene was added, =nd the ether removed by distil-
lation. After refluxing the toluene suspension for 6 hours,
Color Test I was negative. Subsequently, hydrolysis was caer-
ried out witk dilute sulfuric zcid, znd the aqueous layer
separated, extracted with ether, and discarded. The combined
orgenic solution was dried and evaporsted.

The brown reaction products were chromatographed on
alumina. Elution with petroleum»ether (b.p. 60-70°) gave a
solid which was recrystzllized from ethyl acetate to give
colorless needles, m.p. 221-2280. Recrystallization from the
same solvent gove 0.06 g. (0.6%) of tetraphenylsilane, m.p.
234-237° (mixed m.p.). Using cyclobexane ss the eluant, there
was obtained 2 colorless solid, m.p. 210-225°. This material

was then recrystallized four times from ethyl acetate to
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afford 0.76 g. (10.4%) of large colorless crystals, m.p. 234-
235°. The infrared spectrum of the compound 2s a carbon di-
sulfide solution had characteristic zbsorption bands at 3.3,
2.0, 13.3 zand 13.6,q; indicative of aromatic C-H, the silicon-
phenyl linkage, ortho-disubstituted benzene, and monosubsti-

tuted benzene, respectively.

Anal. Caled. for CzgHogSis: C, 83.67; H, 5.48; Si

2 ?

10.87; mol. wt., 517. Found: C, 84.05, 84.09; H, 5.57, 5.52;
Si, 10.90, 10.88; mol. wt., 508, 487.

The compound volatilized at 540° with slight decomposi-
tion.

From o-phenylenedilithium snd o-phenylenetis({diphenyl-

silane) (attempted) An ethereal solution of o-phenylene-

dilithium, prepesred from 4.15 g. (0.015 mole) of o-phenylene-
mercury and filtered through a glass wool plug, was added to
4.42 g. (0.01 mole) of o-phenylenebis(diphenylsilane) suspend-
ed in 100 ml. of dry toluene. The ether was then removed by
distillation and the toluene-suspension hested at reflux for

5 hours. After cooling, the reaction mixture was poured upon
crushed ice acidified with sulfuric scid. Ether was added and
the organic layer worked up as usual. Subsequently the or-
genic solution was evaporated and'the resulting olly material
treated with ethyl acetate, depositing 1.3 g. of solid, m.p.
iGS—éOOO- After two recrystallizations, there was obtzined

0.76 g. (14.7%) of colorless crystals, m.p. 212-215°. The
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analytical sample melted at 214-2160, and the mazterial was
identified as (o-diphenylsilylphenyl)trivhenylsilene. The
infrared spectrum of the compound showed the characteristie
ebsorption bands for zromatic C-H, Si-H, the silicon-phenyl
linkage and ortho-disubstituted benzene.

Anal. Caled. for CzgHzpSis: C, 83.34; H, 5.83; Si,
10.83. Found: €, 83.15, 82.96; H, 5.83, 5.82; Si, 10.72,
10.79.

Concentration of the mother ligquor gazve a resin-like
material which could not be erystsllized or otherwise puri-
fied.

A repeat reaction employing 0.012 mole of o-phenylenebis-
(diphenylsilane) and an ethereal solution containing 0.012
mole of o-phenylenedilithium afforded z 22.9% yield of
(o~diphenylsilylphenyl)triphenylsilane, plus a 38% recovery
of the o-phenylenebis(diphenylsilane).

5,5,10,10-Tetrabenzyl-5,10~-dihydrosilanthrene

A solution of 7.3 g. (0.026 mole) of dibenzyldichloro-
silane®® in 75 mi. of ether, cooled in an ice-bath, was
treated with an ether solution containing 0.026 mole of o-
rhenylenedilithium. The reaction mixture was allowed to warm
to room temperature and stirred for 16 hours. Since Color
Test I was positive, 30 ml. of toluene was 2dded, the ether

removed by distillation, and the resulting suspension heated
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at reflux for 4 hours. Color Test I was now negetive and the
reaction‘ﬁixture was hydrolyzed. After the usual work-up, the
rezction products were chromatographed on z2lumina.
| Elution with petroleum ether (b.p. 60-70°) =nd then with
cyclohexane gave only traces of olls. Using 2 4:1 mixture
of cyclohexane and benzene as the eluant, there wes obtained
0.51 g. of colorless solid, m.p. 140-170°. This meteriel was
recrystallized three times from z 10:1 mixture of petroleum
ether and benzene to give 0.21 g. (2.8%) of colorless crystals,
meD. 174.5-1760. The infrared spectrum of this substance in
carbon disulfide showed the charscteristic absorption bands
for arometic and aliphatic C-E, 2nd mcnosubstituted and
ortho-disubstituted benzene, respectively.

Anal. Caled. for CypHzgSio: C, 83.86; H, 6.33. Found:
¢, 83.90, 84.07; H, 6.23, 6.30.

The compound volatilized at 510° with decomposition.

o-Phenylenebis( triphenylsilane)

From o-phenylenebis(diphenylsilane) znd phenyllithium

An ethereal solution contsining 0.015 mole of phenyllithium
wes added to 2.21 g. (0.005 mole) of o-phenylenebis(diphenyl-
silane) in 100 ml. of ether and the rezction mixture wass re-
fluxed for 24 hours. After hydrolysis, ether was added and |
the colorless precipitate filtered. The organic layer was

worked up in the usual manner and then evaporzted. This
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material was combined with the solid which had been previocusly
removed by filtration and chromastogrephed cover alumina.

Using cyclohexane azs the eluant, there was obtained =
colorless solid melting over the range 190-230°. This mate-
rial wes recrystallized flve times from ethyl acetate to give
0.62 g. (23.9%) of impure (o-diphenylsilylphenyl)triphenyl-
silane, m.p. 205-2100, identified by infrared spectrum. Fur-
ther elution with cyclohexane gzve the desired compound which
was recrystallized four times from ethyl acetate to afford
0.91 g. (30.6%) of colorless crystals, m.p. 257.5-250°. The
infrared spectrum of the compound contazined characteristic
ebsorption bands 2t 2.1, 13.35 2nd 15-6/1, indicztive of the
silicon-phenyl linkage, ortho-disubstituted benzene snd mono-
substituted benzene, respectively.

Ansl. Caled. for CyoHz,Sis: C, 84.80; H, 5.76; 81, 9.44.
Found: C, 85.15, 85.06; H, 5.69, 5.62; 5i, 2.49, 9.42.

From (o-diphenylsilylphenyl) triphenylsilane and phenyl-

lithium A solution of 1.35 g. (0.0026 mole) of (o-di-
phenylsilylphenyl)triphenylsiizne in 50 ml. of dry toluene

was treated with 0.0l mole of an etherezl soluticn of phenyl-
lithium. The ether was removed by distillation and the
toluene suspension refluxed for 16 hours. Color Test I was
only faintly positive; so, an additional 0.003 mole of phenyl-
lithium was added. After refluxing 8 hours longer, the re-

action mixture was hydrolyzed with dilute sulfuric acid. The
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:ZQQﬁéﬁus{layer was sepsrated, extracted with ether, and dis-
carded."Subsequently the organic layer wes driéd eand evapo-
rated, and the residue treated with ethyl acetate to give 1.38
g. of colorless solid, m.p. 240-2540. This was recrystallized
twice from ethyl acetate to give 1.12 g. (73.2%) of o-phenyl-
enebis(triphenylsilane), m.p. 256-259° (mixed m.p.).

From o-phenylenedilithium and chlorotriphenylsilane

(attempted) An ethereal solution containing 0.014 mole of

o-phenylenedilithium was added to 8.23 g. (0.028 mole) of
chlorotriphenylsilane in 100 ml. of ether. After adding 75
ml. of toluene, the ether was distilled, zrd the toluene solu-
tion heated at reflux for 24 hours. Work-up employing the
usual chromztographic techniques gave an 11.7% yield of tetra-
phenylsilane, a 14.1% yield of hexaphenyldisiloxane, end s
21.4% yield of triphenylsilanol, plus a resinous brown mate-

rial.
Studies in the 10H-Dibenzosilin Series

Dimethylphenyl-o~-tolylsilane

An ethereal solution containing 0.62 mole of o-tolyl-
lithium was added to 95 g. (0.58 mole) of dimethylphenyl-
chlorosilane in 100 ml. of ether, and the rezction mixture
was refluxed for 24 hours. Color Test I remained positive

and hydrolysis was effected with dilute hydrochloric acid.
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The orgsnic layer was separsted and worked up in the usual
manner. The residue was distilled at reduced pressure to
give 108.6 g. (86.5%) of colorless liquid, L.p- 121-124°
(1.5 mm.), ng0 1.5680, 453 0.0938.

Anzl. Calcd. for CygHyg51: Si, 12.41; MRp, 74.55.

Found: Si, 12.29, 12.4¢; MRy, 74.53.

g:Dimethylphenylsilylbenzy1 bromide

A mixture of 25 g. (0.11 mole) of dimethylphenyl-o-
tolylsilene, 19.6 g. (0.11 mole) of N-bromosuccinimide, =znd
0.15 g. of benzoyl peroxide in 100 ml. of czrbon tetrachlor-
ide was heated at slight reflux for 3.5 hours. The reaction
mixture wes cooled in an ice-bath znd the succinimide removed
by filtration. The solution was then extracted with 100 ml.
of 5% sodium hydfoxide and dried with anhydrous calcium sul-
fate. The carbon tetrachloride was removed by distillation
and the residue was distilled twice a2t reduced pressure to
give 23 g. (68.6%) of pale yellow liquid, b.p. 131-135° (0.3
mm-), ng0 1.5087, a59 1.z827.

Anal. Caled. for CysHnBrSi: B5i, 9.20; MRp, 82.23.
Found: Si, 9.15, 9.19; MRp, 81.31.

5, 5~Dimethyl-10H-dibenzosilin (attempted)

A solution of 4.5 g. (0.017 mole) of stannic chloride

and 10 ml. of carbon disulfide was added to 7.92 g. (0.026
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mole) of o-dimethylphenylsilylbenzyl bromide in 40 ml. of car-
bon disulfide. The reaction mixture was stirred at room
temperature for 16 hours and then at reflux for 2 hours.
Hydrolysis was effected by pouring upon crushed ice. The
organic layer was worked up in the usual menner snd the re-
sulting meterial distilled at reduced pressure to give 6.6 g.
(83%) of recovered bromide, b.p. 134-138° (0.5 mm.), n%o
1.5240. None of the desired compound could be isolated.

A solution of 8.12 g. (0.027 mole) of o-dimethylphenyl-
silylbenzyl bromide in 20 ml. of carbon disulfide was added
dropwise to 1.7 g. (0.013 mole) of aluminum chloride in 3G
ml. of carbon disulfide, while cooling in an ice-bath. The
reaction mixture was stirred for 1 hour and then poured upon

crushed ice. The reaction products were worked up in the

usual maenner, but only black tar-like masterials were obtasined.

0-Dimethylphenylsilylbenzal bromide

A mixture of 22.6 g. (0.1 mole) of dimethylphenyl-o-
tolylsilane, 37.4 g. (0.21 mole) of N-bromosuccinimide, and
0.2 g. of benzoyl peroxide in 100 ml. of carbon tetrachloride
was heated 2t reflux for 12 hours. An edditional 0.2 g. of
benzoyl peroxide was added and refluxing was continued for 30
hours. After cooling in an ice-bath, the reaction mixture
was filtered, washed with 5% sodium hydroxide, end dried with

anhydrous calcium sulfate. The carbon tetrachloride was dis-
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tilled and the residue distilled st reduced pressure to give
28.3 g. (73.6%) of pale yellow liquid, b.p. 141-145° (0.0l
mm.), ng® 1.6101. | |

Anal. Caled. for CygHygBroSi: Si, 7.31. Found: S1,
7.34, 7.23.

In a repeat run, the benzzl bromide was prepared in 82.5%

yield.

ngiméthylphenylsi1ylbenzaldehyde

A solution of 25.5 g. (0.15 mole) of silver nitrate in
75 ml. of water was edded over 2 period of 15 minutes to 2
refluxing solution of 24.8 g. (0.065 mole) of o-dimethyl-
phenylsilylbenzal bromide in 300 ml. of ethylene glycol mono-
methyl ether, and the reaction mixture was refluxed for 2
hours. After cooling, the precipitated silver bromide was
filtered and the solvent removed with the 2id of 2 water
aspirator. The resulting material was distilled twice at re-

duced pressure to give 10.7 g. (69%) of pale yellow liquid,

20
20

Anal. Calcd. for Cy5H7g0S81i: Si, 11.69; MRy, 74.55.

b.p. 131-133° (0.8 mm.), n30 1.5865, aZo 1.0713.

Found: Si, 11.40, 11.56; MRp, 75.34.
In another preparation, the benzal bromide was hydrolyzed

without isolation. The crude benzal bromlde, obteined as

described above from 45.2 g. of dime£ﬁ§u-_ényl-gftolylsilane

and 75 g. of Nebromosuccinimide, was dissolved in 400 ml. of
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ethylene glycol monomethyl ether. This solution‘was hested
to reflux and treated with 73 g. (0.43 mole) of silver nitrate
in 150 ml. of water. The resction mixture was refluxed for
2 hours and then poured upon crushed ice. The aqueoué solu-
tion was gxtracted with apprOXimatelyléooqml. of petroleum
‘ether (b.p. 60-70°) and discarded. After drying 2nd evapo-
rating the petroleum ether solution, the residue was distilled
at reduced pressure to give 25.1 g. (52.3%) of o-dimethyl-
phenylsilylbenzaldehyde, b.p. 128-132° (0.8 mm.).

Another run starting with 62 g. of dimethylphenyl-o-
tolylsilane gave 2 64.3% yield of the aldehyde.

o-Dimethylphenylsilylbenzoic acid

From dimethylphenyl-o~tolylsilane A mixture of 400

ml. of glacial acetic acid, 120 ml. of scetic anhydride, 12
ml. of concentrated sulfuric 2e¢id, and 10 g. {(0.044 mole) of
dimethylphenyl-o-tolylsilane was cooled to 17°. This solu-
tion was treated with 44 g. (0.44 mole) of chromium trioxide
in three zpproximately equal portions over a period of 10
minutes. After the addition of the first portion, the temper-
ature of the reaction mixture rose to 220, but was quickly
lowered by cooling in an ice-bath. The reaction mixture was
stirred for 10 minutes 2t 17° and then hydrolyzed by pouring
upon crushed ice. The aqueous sclution was extracted with cs.

500 ml. of petroleum ether (b.p. 60-70°) znd discarded. The



petroleum ether was dried with anhydrous sodium sulfate and
eveporated. The resulting materisl was recrystasllized twice
from petroleum ether to give 1.41 g. (12.5%) of colorless
crystals, m.p- 128-1300. The analyticel sample melted at
129-131°.

Anal. Caled. for CygH50,51: C, 70.27; H, 6.29; Si,
10.96. Found: C, 70.44, 70.81; H, 6.22, 6.23; Si, 10.69,
11.02.

In another run, 20 g. of dimethylphenyl-p-tolylsilane
was oxidized to give the benzoic acid derivative in only 8.7%
yield.

From o-dimethylphenylsilylbenzaldehyde A solution of

4.8 g. (0.02 mole) of o-dimethylphenylsilylbenzaldehyde in 50
ml. of acetone, cooled in an ice-bath, was treated with 3.2
g. (0.02 mole) of potassium permznganate. The resction mix-
ture was stirred for 1 hour at room temperature. Hydrolysis
was effected by pouring upon crushed ice containing sulfuric
acid and sodium oxslete. After warming to room temperature,
the resulting solid was filtered snd recrystzllized twice
from petroleum ether (b.p. 60-70°) to give 3.46 g. (67.7%)
of o-dimethylphenylsilylbenzoic acid, m.p. 128—1300, which
‘was identified by mixed melting point.

An analogous run employing 22 g. of o-dimethylphenyl-
silylbenzaldehyde gsve the acid in 77.8% vield.
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5, 5-Dimethyl-10H-dibenzosilin-10-one (attempted)

Four attempts to cyclize grdimethy1phenylsily1bénzoic
acid were made using a variety of resgents. Trestment with
cold concentrated sulfuric acid for 10 minutes gave only
traces of unidentifisble acidic materlials. Rezaction with
polyphosphoric acid at 120° was similarly unsuccessful.

The third and fourth attempts to prepare the cyclic
ketone involved prior formation of the acid chloride by
treatment with thionyl chloride. The acld chloride was then
reacted with stannic chloride in carbon disulfide. Work-up
gave a resin-like meterizl which contained a2 large siloxane
gbsorption band in the infrared spectrum. The acid chloride
was also treated with aluminum chloride in nitrobenzene accord-
ing to the procedure of Wittenberg et al.,57 but agzin none

of the desired compound could be isolated.
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DISCUSSION
Tetrasubstituted Organosilanes Containing Aralkyl Groups

The need for high temperature lubricants and related
fluids has provided the impetus for many of the studies in
organosilicon chemistry. ©Some of the early work has shown
that thermally stable organosilicon monomers can be prepared;
but for the most part, the compounds possess relatively high
melting points and are therefore unsuitatle for these zpplice-
tions. Studies from This Laboratory have dealt with the
evaluation or qualitative compsrison of organic groups to
impart both thermzl resistance and a2 low melting point to
various organosiiicon derivatives.2’74’75

From the standpoint of thermsl stebility, the most
promising groups to incorporzte into organosilicon compounds
appear to be the aryl and benzyl types.74:75 Miles75 observed
that the introduction of long-chained n-zlkyl or aralkyl

groups seems to be very effective in lowering the melting

points. The n~alkyl-containing compounds, however, are more

743. J. Goodman. Some correlztions between structure
and thermsl stability of orgsnosilicon compounds. Unpublished
Ph. D. Thesis. Ames, Iowa, Library, Iowa State Universitv of
Science end Technology. 12586.

78D. H. Miles. Low-melting organosilicon monomers of
high molecular weight. Unpublished Ph. D. Thesis. Ames,
Iowa, Library, Iowa State University of Science and Tech-
nology. 1857. .-
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proﬁe to undergo decomposition 2t eleveted temﬁeratuféé than
éryl or certain aralkyl substituted organosilicon coﬁpounas.
| Polyphehyl groups, such as the gfterpheny1-4-yi group,76
attached to silidon show excellent thermal properties, but,
in general, the compounds ilnherently possess a high melting
point. 1In this study, several new organosilicon compounds
were synthesized containing 2ralkyl groups in combinations
with the p~terphenyl-4-yl group snd with biphenylyl groups.
These were prepared in order to obtain high molecular weight,
low melting, materials suitable for lubricant epplications.
The route to the p-terphenyl compounds involved coupling
of p-terphenyl-4-yllithium with the appropriste sralkyl gili-
con derivatives. Of these, the benzyl and dibenzyl compounds
were obtained from the correSponaing chlorosilanes; while, the

triaralkyl compounds were obtained from tribenzylsilsne, tris-

(beta-phenylethyl)silane and tris(gamma~-phenylpropyl)silane,

respectively. The biphenylyl compounds were similarly pre-
pared by coupling ditenzyldichlorosilane with the various
biphenylyliithium reagents.

The effect of the aralkyl groués on lowering the melting
points can readily be noted. For example, p-terphenyl-4- -

yltriphenylsilane is reported to melt at 216~217°;76 whereas,

5: J. Gaj and H. Gilmzn, Department of Chemistry, Iowa
State University of Science and Technology, Ames, Iowa. In-
formation on the preparation of p-terphenyl-4-yl silicon com-
pounds. Private communication. 1260.
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tribenzyl-p-terphenyl-4-ylsilane melts at 125—1?70, and the

correSponding tris(gamma-phenylpropyl) derivative is a viscous

liguid.

The thermal stabilities for the various compounds pre-

pared in this investigatlon sre recorded in Table 1.

data were obtzined in the following manner.

These

A smgll smount

of the compound was inserted into 2 melting point caplllary

and subsequently heated in 2 copper block by mesns of 2z Bunsen

Table 1. Thermal stabilities
Compound M.p., °C Thermel stability, %C

Benzyltris(p-terphenyl-4- vol. 525 (light

yl)silane 131-133 brown distillate)
Dibenzylbis(p-terphenyl-

4-yl)silane 197-199 vol. 530-535 (dec.)
Tribenzyl-p-terphenyl-4- vol. 510-520 (yellow

ylsilane 125-127 distillate)
Tris(beta-phenylethyl)-p-

terphenyl-4-ylsilane 77-80 vol. 440-450 (dec.)
Tris(gamma-phenylpropyl)- 315-317

p-terphenyl-4-ylsilane (0.001) vol. 435-440 (dec.)
Dibenzylbis(2-biphenylyl)-  222-227

silane (0.001)Y vol. 500-505
Dibenzylbis(3~biphenylyl)-  265-269 , Vol. 510-515 (1ight

silane (0.003) brown distillate)
Dibenzylbis(4-biphenylyl)- vol. 510 (pale

silane 106-108 yellow distillate)
Tribenzyl-p-{ trimethyl- 200-202

silylphenyl)silane (0.008) vol. 436-440

2B.p., °C (mm.).
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burner. A thermometer capable of temperstures to 640° was
used. The volatilization point or renge wezs that temperature
at which either the compound refluxed freely st the top of the
tube or completely disappeared from the bottom.

Recent evidence75

suggests that the volatilizstion points
of certain orgenosilicon compounds may actually be decomposi-
tion points where the compounds undergo thermsl elimination
rezctions such as that deplcted. Therefore, compounds con-
taining

»S1H

RCH_CH_SiR!, —> RCH=CH, + R3

2 273
beta-phenylethyl and gamma-phenylpropyl groups might exhibit
such an elimination, in contrast to benzyl and sryl types.

The volatilization points of tris(beta-phenylethyl)-p-ter-
phenyl-4-ylsilane (440-250° dec.) 2nd of tris(gamma-phenyl-
propyl)-p-terphenyl-4-ylsilene (435-440° dec.) as compared to
that of tribenzyl-p-terphenyl-4-ylsilane (510-520°) seem to
bear this out. The remainder of the compounds showed good
thermal properties volatilizing zbove 500°, with the exception
of tribenzyl-p-(trimethylsilylphenyl)silane which voletilized
without decomposition at 436-440°. The two most vromising
compounds are dibenzylbis(2-biphenylyl)silane and dibenzyl-
tis(3-biphenylyl)silane, both of which zre liquids and
volatilize at 500-505° and 510-515°, respectively.
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Reactions of Some 2-Triphenylsilylethyl Derivatives

Silicon-containing Grignard and organolithium reagents
are ag synthetlcally versatile as their organic coﬁnterparts,
and they are frequently employed to prepare polysilicon-con-
taining compounds and carbon-functionzl silicon derivatives.’’
Generally, these organometallic reagents sre obtained
straightforwardly from the reactions of silicon-containing
organic halides with magnesium or lithium. Only in the re-
actions of the 2-haloalkyl silicon compounds is anything un-
usual encountered.

2-Haloglkyl silicon compounds zre unique in that silicon-
carbon cleavage occurs in many resctions with the formetion of
olefinic products. For example, ethylene is evolved in high
yield from 2-chloroethyltrichlorosilsne upon treatment with
dilute alka11.78 Similarly, methylmagnesium bromide rescts
with 2-chloroethyltrichlorosilene78 and with 2-chloroethyl-
triethylsilane79 to give large amounts of ethylene together
with tetramethylsilazne and methyltriethylsilane, respectively.

Organometallic derivatives derived from 2-haloslkyl

77p. D. George, M. Prober, and J. R. Elliott, Chem. Rev.,
56, 1065 (1956). *

78L. H. Sommer, G. M. Goldberg, E. Dorfmen, and F. C.
Whitmore, J. Am. Chem. Soc., 68, 1083 (1946).

73L. H. Sommer, D. L. Bailey, and F. C. Whitmore, ibid.,
70, 2869 (1948).
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silicon compounds are unknown. Petrov 2nd Mironovao.fepbrted
the resction of 2-bromopropyltrimethylsilane with magnesium
in ether at 10-158°. Acid hydrolysis gave & small amount of
n-propyltrimethylsilene, indicating the possible formation
of a limited quantity of the Grignard reagent, together with
the coupling product and much hexeamethyldisiloxsne. On the
other hand, several reagents are known containing alkalil
metals. However, these were not formed directly from the
2-haloelkyl silicon compounds, but from the addition of silyl-
metallic compounds to aryl-containing olefins.81
Recently, Gilman ggqg;.ae reported the reaction of tri-
phenylsilyllithium with ethylene oxide to give 2-triphenyl-
silylethanol. Trestment of this alcohol with thionyl chlor-
ide, phosphorus tribromide and p-toluenesulfonyl chloride in
pyridine has given the respective 2-triphenylsilylethyl deriv-
ative in good yields. In light of the reactions of 2-halo-
elkyl silicon compounds considered previously, 1t wzs there-

fore of interest to investigate certain reactions of these

ethyl derivatives.

80A. D. Petrov and V. F. Mironov, Izvest. Akad. Nauk
$.5.5.R., Otdel. Khim. Nauk, 635 (1952) [Originsl evailsble
but not translated; abstracted in C. A., 47, 106271 (1953)].

8lp. Wittenberg and H. Gilman, Quart. Rev., 13, 116
(1959) .

82H. Gilman, D. Aoki, ond D. Wittenberg, J. Am. Chenm.
Soc., 81, 1107 (195¢). :
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The reaction of 2-chloroethylfriphenylsilane with ethan-
olic potassium hydroxide gave a good yleld of the carbon- |
siiicon‘cleavage product, triphenylsilanol. Similar cleevages
bj caustic have been previously demonstrated.’’» 8

Treatment of 2-chloroethyltriphenylsilane with magnesium
in tetrzhydrofuran géve 2-triphenylsilylethylmagnesium chlor-
lde, which appsrently is the first preparation of such 2 Grig-
nard reagent. The structure and presence of the Grignard
reagent were confirmed by czrbonation which sfforded the known
2-triphenylsilylipropionic acid.57 When the reaction wss
allowed to proceed for 2.5 hours, a 66% yield of =cid was ob-
tained. Work-up of the organic layer gave a 13.4% yield of
the coupling product, tetramethylenebis(triphenylsilane), and
a 13.2% yield of ethyltriphenylsilene.

In znother run, the reaction mixture wes refluxed for 20
hours before carbonetion; however, the yield of 3-triphenyl-
silylpropionic acid was only 28.9%. |

2-Bromoethyltriphenylsilane was similarly found to resct
with magnesium in tetrshydrofuraen to efford the Grignard re-
sgent. In two runs, the-yiéldsAof acid subsequent to carbona-
tion were 25.1% and 26.7%,-respect1vely.

Whereas 2-chloroethyltriphenylsilene could not be induced
‘to react with lithium in diethyl ether, the 2-bromcethyl com-
pound reacted upon treatment with a small amount of methyl

iodide. However, the organolithium compound was not obtained,
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and only tetrsmethylenebis(trinhenylsllane) (40. 7%) and ethyl-’
triphenylsilane (16 4%) were isoleted.

As previously described, extensive silicon—cerbon cleav-
ege of 2-chloroalkyl silicon compounds occurs upon trestment

with Grignard’ '» 7% 77

or organolithium’® reagents. A similar
cleavage was anticipsted in these reactions. For example, in
the formation of 2-triphenylsilylethylmsgnesium chloride from
the 2-chloroethyl compound, the Grignard reagent was expected
to cleave the unreacted starting meterial to give ethylenebis-
(triphenylsilene). However, none of this compound was ob-
tained in these reactions. In connection with possible
cleavage, 1t was therefore of interest to investigate the
intersctions of the compounds with triphenylsilyllithium.

In these reactions with trirhenylsilyllithium, three
different modes of interection hsve been observed: direct
coupling; cleavage of the silicon-carbon bond; and halogen-
metal interconversion. 2-Triphenylsilylethyl p-toluenesul-
fonate gave hexsphenyldisilsne and ethylenebis(triphenyl-
silane) indicating both coupling 2nd cleavsge. 2-Chlorcethyl-
triphenylsilane was found to reacf similarly. The isoletion
of tetramethylenebis(triphenylSilane) from the reaction -of
the 2-bromoethyl compound with theveilylmetallic appeefs £¢
suggest that some intersction 1nvolv1ng’hélogen;metal inter-

conversion had occurred. The 2-1ithio’cohpound is formed es

en intermediste which could then couple with unrescted bromide
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to give the tefiamethyiénevderivative. The poss§biiif§ of
this intermediste cleaving the bromide to give ethylenebis-
(triphenylsilane)}elso can not be excluded.

The difference in the behavior of primsry slkyl chlorides
and bromides toward triphenylsilyllithium was previously noted
by Gilman and 80k1.8% The chlorides were found to give the
silicon-alkyl coupling products; whereas, hexsphenyldisilane
was obtained as the main product from 2l1kyl bromides. The
formation of the disilane 1s due, at leezst in part, to a

halogen-metal interconversion reaetion.gz3

Studies in the 5,10-Dihydrophenazzssiline Series

5,10-Dihydrophenazasiline derivatives were first prepsred
by the exteﬁded hesting of diphenylsilane with phenothizzine
compounds. This preparstive procedure suffers from the dis-
advantages of tedious work-ups, very low ylelds, and a lack
.of flexibility. Inzsmuch as S5-ethyl-10,10-diphenyl-5, 10~
dihydrophenczesliline promises tc be of significant value es
en antioxidant in certsin lubricant formulations, it was
therefore desirous to develop better methods of synthesis
for this and other 5,10-dihydropheneszesiline derivatives.
Aromatic cyclic organosilicon compounds have been pre-

pared, for the most part,. by cyclization resctions involving

i

85H. Gilmen and D. Aoki, J. Org. Chem., 24, 426 (1959).
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aryl-dilithiuﬁﬁéérivatives aﬁaﬁépppqpriately substifuted'
silicon halideé;~ 5,5~Diphenyldibenioéii§ié} for example, was
obtained by treating dichlorodiphenylsilsne with 2,2'-di-
lithiobiphenyl.27>28 Compounds in the phenoxasilin series
were similarly prepared by procedures employing 2,2'-dilithlo-
diaryl ether intermediates.50’31:32 Accordingly, prepzrsiive
methods have been developed to synthesize 5,10-dihydrophengze-
siline types through the utilization of N-substituted 2,2'-
dilithicdlarylamine intermedistes.

A search of the literature for suitsbtle starting mete-
rials revealed thst only one compound, 2,2'-dibromodiphenyl-
emine, had been prepared. The difficulties encountered by

Jones and Mannel

in the synthesis of this compound may, at
least in part, explaln why more of these amine derivatives
are not known. Attempts to prepsre the 2,2'-dibromo compound
or a precursor by (2) heating o-bromoaniline znd its hydro-
chloride at 235-240°, (b) heating o-bromovhenol with o-bromo-
aniline and zine chloride st 250°, (c¢) hezting o-chloronitro-
tenzene and o-bromoaniline with potassium carbonate 2nd
copper-bronze at 1709, snd (d) boiling a mixture of o-chloro-
nitrobenzene and g§bfdﬁo;ﬂ-sodioacetanilide in xylene 211
resulted in failure. 2,2'-Dibromodiphenylamine wes ultimste-
ly prepared, ﬂbﬁever, by using the Chapﬁan rearrahgement.84

In the synthesis of this amine.,.el grbromobenzanilide

845, W. Chepmen, J. Chem. Soc., 1743 (1927); 569 (1999).
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was converted by phosphofus;peﬁtachlofide.iﬁfo N-o-bromo-
phenylbenzimidoyl chloride, which gave o-bromophenyl N-o-
bromophenylbenzimidoste upon treatment with sodium o-bromo-
phenoxide. The ester, when suitably heated, rearranged to
N-benzoy1—2,2‘-dibrompdiphenylamine, which on alkeline
hydrolysis geve 2,2'-dibromodiphenylemine.

In repeating the above series of resctions, two differ-
ences were noted. From the reesction of N-o-bromophenyl-
benzimidoyl chloride with scdium o-bromophenoxide, Jones sznd

61 sbtained s 48% yield of o-bromophenyl N-o-bromophenyl-

Mann
benzimidoate. The preparation of this compound was conducted
three times affording significently improved yields of 86.9,
81.3, 2nd 85%, respectively. On the other hand, when the
ester was resrranged in sccordance with the published pro-
cedure,61 that is heasting from 155° to 260° for 2.5 hours,
very low yields of N-benzoyl-2,2'-dibromodiphenylamine were
obtained. However, heating from 250° to 265° for 2.5 hours
geve satisfactory ylelds of this materizl.

Attémpts by Jones and Mann®l to prepare N-slkyl derivae-
tives of 2,2'—dibrom6d1pheny1am1ne were unsuccessful. To
facilitate N-alkylafion, the amine was converted to the
N-lithio derivative by treatment with methyllithium and sub-
sequently reacted with an'ethereal solution of dietﬁyl sul-
fate. However, the amine ‘was recovered unaffected, es it

also was from a similar reaction employing prior metalation
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with,ethylmagnééiﬁm-bromide. lWhen the N-lithio defivétive
was reaéted with dietﬁyi.sulfate iﬁ refluxing tetrshydrofuran
(THF), the N-ethyl derivative was obtained in an excellent
yield. An analogous reaction employing a2 toluene-ether solu-
tion heated to 650, the reflux temperzture of tetrahydrofuran,
afforded only partial ethylation, thus indicating the im-
portance of the tetrahydrofuran.

Jones and Menn61 had previously shown that treatment of
2,2'-dibromodiphenylamine with n-butyllithium at 0° 2nd sub-
sequent carbonation gave an 85% yield of 2,2'-3dicerboxydi-
phenylamine. N-Ethyl-2,2'-dibromcdivhenylamine was trested
with two equivalents of g—butyliithium in 2 similar wmanner,
and then with an egqual molsr qusntity of dichlorodiphenyl-
silane to give a 49.3% yield of 5~-ethyl-10,10-diphenyl-5,10-
dihydrophenazasiline (XVII). This compound was shown to be
identical with the material obtained from heating 10-ethyl-
phenothiagzine and diphenylsilane.1 It is interesting to com-

pere the work-up simplicity of this cyelization reaection which

CaoH
Csz . ensg
d [. 2 n-Bul; , 2 &5 ¥ 3
A e
2. iC RS T
B Br PhZSl IZ . _ \‘
Ph Ph
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involved only recrystallizations, with that'for the sulfur
replacement féadtion which redquired distillation, chromato-
grephy, and réérystallizations.l Another significant zdven-
tage of this ﬁethod can be readily seen from the yields, 492.3%
versus a maximum of’?.z%il‘

Thus, with a good method avallsble for obtaining S5-ethyl-
10,lo-diphenyl-s,lO;dihydrophenazasiline (XVII), procedures
for the synthesis of dther 5,10-d1lhydrophenazasiline deriva-
tives were investlgated and broadened to include both func-
tional and many nonfunctional'types. When dibenzyldichloro-
silane and dichloromethylphenylsilane were treated with N-
ethyl-2,2'-dilithiodiphenylemine, good yields of 5-ethyl-
10,10-dibenzyl- and S5-ethyl-10-methyl-10-phenyl-5,10-dihydro-
phenazasiline were obtained. Likewise, treatment of silicon
tetrachloride with two moler equivalents of the dilithium com-
pound gave a fair yield of 5,5'-diethyl-10,10'-spirobi-
(5,10-dihydrophenazasiline) (XVIII).

C
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The synthesis of unsymmetrical 5.10-dihydrophengzasiliine
_.compounds containing different orgesnic groups asttached to
silicon is complicated by the insccessibility of unsymmetriceal
&diorganosillconvha;;des. Therefore, it was of interest to
prepare phenazasiiine‘types having a2 functiongl group which
could te subseqﬁently'reected with various.organolithiom.re-'“
egents. This ezpproach hae previously~beeh:exploited qﬁite
successfully in the synthesis of ﬁnsjmmetrical dibenzosilole
derivatives.® | e
The difficultiee eecountered in the handling end storing
of silicon halldes orompted the investlgation of organosilicon}
hydrides85 in this cyclization reaction with the aim of pre-
paring silleon-hydride functional-compounds. In en orienting
experiment to determine the course of fhe feeotion, N—ethyl—'
2,2’—dilithiodiphenylemine:wes-reaotea with'diphenyisilane.
5—Ethy1-1o,lo-aiphepyi;5 iO-dihydroohenazesiline-(XVII) wes
produced in a 36% yield; According;y, phenylsilane wes o
treated with the d@ilithium compound to give a: 7v um yield of

the sil;con—hydride functional compound, 5—ethy1710—phenyl—

'4’5,lO-diherophenazas111ne;” This compound, upon trestment

- with an ethereal solution of phenyllithium, gave the known

derivative XVII, thereby substantlating the proposed struc-

85For reactions of organosilicon hydrides with organo-
metallic compounds, see H. Gilman z2nd E. A. Zuech, J. Am.
Chem. Soc., 81, 5925 (1959). ,
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ture. In similar fashion, the compound was reacted with
various organolithium reagents to give the unsymmetrically
substituted materials in good to excellent yields.

Another functional phenazasiline type, 5-ethyl-10-n-
hexadecyl-5,10—d1hydrophenazasiline, was prepzsred by reacting
N-ethyl—2,2'-dilithiodiphenylamine with n-hexadecylsilzane.
Treatment of this substance with orgesnolithium reagents
afforded the unsymmetriczl derivaetives, as described ebove.

The synthesis of S5-methyl- a2nd 5-vhenyl- substituted
derivetives of 5,10-dihydrophenazasiline has been accomplished
by starting with the corresponding N-methyl and N-phenyl com-
pounds of 2,2'-dibromodiphenylamine.

N-Methyl-2,2'-dibromodivhenylamine was prepared by re-
acting 2,2'-dibromocdiphenylamine with methyllithium and then
with a refluxing tetrshydrofurzsn solution of dimethyl sulfate.
Reaction of this compounid with n-butyllithium and subsequent
treatment with dichlorodiphenylsilane gave the known compound,
. 5—methy1-10,lO-diphenylf-S,lo—dihydrophenazasiline.l In like
’manner, the 5-methyl-10,10~ditenzyl-~5,10-dihydrophenazasiline
and 5,5'-dimethyl~10,10'-spirobi-(5,10-dihydrophenazasiline)
derivatives were prepared.

The N-phenyl compound, 2,2'-dibromotriphenylamine, was
ottained by hesting a mixture of 2,2';dibromodiphenylamine,
iodobenzene, anhydrous potassium cerbonzte, and copper-bronze.

The dilithium compound was then formed by hslogen-metel inter-
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"conversion and reacted with silicon tetrachloride and with
dichlorodiphenylsilene to give the respectlve 5 10—dihydro—.‘
.:pbenazasiline compounds.

In continuetion of this 1nvest1gation into the synthesis
of suostituted 5,10-dihydérophenazssiline derivatives, com-
pounds were then prepared containing nuclear substituents in
the 2-position. In order to obtain these materials, 1t was
first necessary to synthesize the zppropristely substituted
diphenylamine intermediztes. Here again, the very versatile
Chapmanvrearrangements4 wes utilized. 2-Bromophenylbenzimid-
oyl chloride was prepared according to the procedure of Jones

61 and reacted with the sodium szlts of 2-bromo-4-

and Mann,
chlorophenol and of 2-bromo-4-phenylphenol. The resulting
benzlmidoate esters were subsequently thermally rearranged
and hydrolyzed to give 2,2'-dibromo-4-chlorodiphenylamine and
2,2'-dibromo-4-phenyldiphenylamine, réSpectively. The method,
previously used to prepazre N-ethyl-2,2'-dibromodiphenylemine,
was then employed to convert these amines to the corresponding
| N-ethyl derivatives. | |
By the usual cyclization-techniques, these amines afford—
ed the 2-substituted 5,10-dihydrophenzzszsiline compounds. |
2-Chloro-5-ethyl-10,10-diphenyl-5,10~-dihydrophenazasiline,
for example, was prebared by treating N—ethyl—z,g'—dibromo;é-
chlorodiphenylamine with n-butyllithium znd then with di-

chlorodiphenylsilane.
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Direct bromination of some erometic silicon comoounds can,,-"

be accomplished but in many cases ranld cleevege of cnrbon—
silicon bonds occurs. Treatment of tetrenhenylsilene with
bromine gives bromobenzene bromotriphenylsilane and dibromo-
'diphenylsilane. Similafly,35 trimethylphenylsilane undergoes
cleavage to a;ford good yields of bromobenzene end bromotri-
methylsilene.87 On the other heand, trichloroobenylsilene may
be brominated in the presence of iron to give good yields of
the 4-bromo and 2,4-dibromo compounds.»88
5-Ethyl-10,10~-diphenyl-5,10-dihydrophenazasiline (XVII)
has been allowed to reect with bromine uvnder severzl different
conditions. The addition of bromine to & carbon disulfide
solution of the phenazasiline compound, cooled to -20°, gave
a 21% yield of 5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-
dihydrophenszasiline (XIX). There were 2lso isolated small
amounts of cleavage products, N-ethyl-2,2',4,4'-tetrabromo-
diphenylamine (XX) and a silznol-containing compound tenta-

- tively identified as 2-(N-ethyl-2,4-dibromoanilino)-5-bromo-

phenyldiphenylsilanol (XXI); in addition to a 26.8% recovery

86A. Landenburg, Ber., 40, 2274 (1907).

873, o. Pray,:L.-H;,Sommer,vG. M. Goldberg, G. T Xerr,
?. D. )Georg and F. C. Whitmore, J. Am. Chem. Soc., 70, 433
948 _ '

88A Y. Yakubovich and.G. V Motsarev -Zhur. Obshchel
‘Khim., 23, 412 (1953) [0r1g1ne1 availeble but not trenslated:
abstracted in C. A., 48, 3536 (1954)].
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“'6f7éfgrfihg‘éOﬁndund?XVII. A sllghtly improved yield (? 7%)
of the 2,8- dibromo Dhenazasiline comoound XIX wes obtalned -
when the reazction mixture was sllowed to warm to room temper;l'
ature, but only 10.6% of thé'phenazasiline compound XViIlwaé

recovered.

3
L o
lOS\
XNH
CZH’S c HS
@@ =
Sx
Br BY
XDQ
Czﬂs
+ @ ’sr
Ph

XX



131

"Wheh bromine'was added fo 2 cold glacial acetic zcid
f_solution of the phenazessiline compound, only‘small emounfsvof
v‘Neethyl-z,z',4,4'—tetrabromodiphenylamine (XX’ and 5-ethyl-
B,B-dibromo-lé,lO-diphenyl-S,10-dihydr0pheneiasiline (XTX)
were 1solated. There was also ottained a 1arge amount of =
colorless viscous oil which could not be chazracterized. The
infrared spectrum contained large absorption btends indicative
of silanols and disiloxanes.

A rezction with excess bromine in refluxing glacizal
acetic acid gzve only silicon-free cleavage products, N-ethyl-
2,2',4,4'-tetrabromodiphenylamine (XX) (22.1%) 2nd 2,2',4,4'~
tetrebromodiphenylamine (31.2%).

Since =zcids, such as hydrobromle scid, are known to

o) .
89 a reaction between

effect cleavage of silicon-aryl bonds,
5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline (XVII) and
bromine in glacial acetic acid wes conducted in the presence
of sodium acetate, in an effort to neutralize the hydrogen
bromide as it was forméd. Work-up gave 2 10% yield of the
tetrabromo compound XX, e 4.2% yield of the 2,8-dibromo com-

pound XIX, and a 33.4% yield of the silznol XXI. It should be

~ noted that 2z 21.4% recovery of starting phenazzasiline compound

XVII was also isolated. None of this material had been re-

covered in the previous.reactions‘1hfgiébiél-acetic acid.

89¢. Eaborn, J. Chem. Soc., 4859 (1858); F. B. Desns 2nd
C. Eaborn, ibid., 2298 (1959).
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Thus, 1t sppears that the hydrogen bromide 1s responsitle, in
part, for the cleavege of the silicon heterocycle.

The structure of N-ethyl-2,2',4,4'-tetrabromodiphenyl-
amine (XX)»was verified by independent synthesis from
2,2‘,4,4‘—tetrebromodiphenylamine using the N-alkylation pro-
cedure utilized so successfully on 2,2'-dibromodiphenylamine.
The tentative structure sssigned to the cleavage éroduct,
2—(N-ethyl—é,é—éibromoanilino)-5—brom0phenyldiphenylsilanol
(XXI), was baséd on snalyticzl data, on infrared spectrs, and
on the fact that treatment with bromine afforded = good yield
of N-ethyl-2,2',4,4‘-tetrabrbmodiphenjlamine (XX).

To overcome the limited accessibiiity of 2,2'-dibromo-
diphenylaminé,.an‘investigetién of'ﬁhé direct bromination of
certain diaryiamines was undertaken. Fortunstely, one of
these dibfomipated compounds, nemely, 2,2'-dibromodl-p-tolyl-
amine and S5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-dihydro-
phenazasiline (XIX) could te interrelsted by a series of re-
actions, thus serving'to substantiste the structures for the
”vérious compounds.

Trestment of di-p-tolylamine in glacial acetic acid with
two molar equivealents of bromine gave a 83.5% yizld of 2,2'~
dibromodi-p-tolylamine (XXII). Compound XXII was then con-
verted to the N-lithio intermediste upon interaction with
methyllithium and subsequently reacted with a refiuxing tetra-

hydrofuran solution of diethyl sulfate to give a 78.6% yield
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of N-ethyl-2,2!'-dibromodi-p-tolylamine (XXIII).

?ZHS CaHs
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The N-ethyl compound XXIII wazs transformed into the
dilithium derivetive by hezlogen-metal interconversion with
n-butyllithium and then reacted with dichlorodiphenylsilane
to give a good yield of S5-ethyl-2,8-dimethyl-10,10-diphenyl-
5,10-dihydrophenazasiline (XXIV). This phenazasiline com-
pound XXIV was also obtained from the 2,8-dibromo compound
XIX by treatment first with n-butyllithium and then with
dimethyl sulfate.

The general applicebility and versatility of the cycliza-
tion reszction involving N-alkyl-2,2'-dilithiodiarylamine

derivetives for the synthesis of 5,10-dihydrophenszesiline
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compounds have been demonstreted throughout this investiga-
tion. However this Droceaure suffers in thet the 2, ?

dibromOdiarylamines ere dlfficult to prepare and thpt N- o

alkyla*ion has only ‘been ac¢omn11shed by reacting th_EN;lithiof" 
intermediete witq a refluxing tetrahydrofuvan solution of
:ifa;kyi sulfate. The previously mentioned prepsration of
1{7é;é‘-dibromodi—g—tolylamine is a.etep in the direction of
 qevelop1ng simplified@ procedures for their preparation, which
vwas culminated in the brominastion of N-methyldi-p-tolylemine.

A glacial acetic acid solution of N-methyldi-p~tolylamine
was treated with two molar equivalents of bromine to give =
60.8% yield of dibromo compound. Resction of 2,2'-dibromodi-
p~tolylamine with methyllithium and then with dimethyl sul-
fate in tetrahydrofuran afforded the sbove dibromo compound,
proving that the bromines were in the ortho positions. Subse-
quently, N-methyl-2;2'-dibromodi-p-tolylemine was converted
to the dilithium derivative by halogen-metal interconversion
with n-butyllithium and then to 2,5, B-trimethyl—lo lo-dinhenyl—_

'fa};5 lo-dlhydrOphenazas1line by treatment with dichlorodiphenyl-

‘i_silane.

Thus,

a ohenazasiline derivative has been synthegizedﬁleihp

use of n—butyllithium an ethereal solution of N-methyl—w,?'

dlbromodi-g—tolylamine was allowed to react with lithium

metal. Treatment of this dilithium compound with dichloro-
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diphenylsilane .gave the 2,5,8-trimethyl phenazasiline compound
but in & lower yield. Therefore,- the method invalving halo— L
rren—metal 1nterconversion is preferrcu.J;mf"“*'ifﬁ" '

When two molar ecuivalents of N-methyl-y,z'-dilithiodi—

g—tolvlamine was reected with sillcon tetrechloride 2, 9' - ;1:5 L

5,5',8 ,8' ~hexamethyl-10, 10'-Sp1wob1-(5 lo-dihydrennenaaa-
giline) was obtained in goed yield. Likewise, treatment of'
the dilithium compound WiﬁhAdiéhlorodimethylsiléne end with
dibenzyldichlorosilane geve the corresponding 5,iO-dihydro— .
phenazaslline compounds.

In an ettempt to érepéré g seven-membered heteroeyelic
system, N-methy1~2,2'-dilithio&i-gftolylamine was rescted
with sym-tetraphenyldisilane. waever scission of the
silicon-silicon tond oeccurred nnd the only 1solsble product
was 2,5,8-trimethyl-10,10-4diphenyl-5, 10-dihydrophenazasiline.
Similer clezvages of silicon~silicon bonds by organometaliic
reagents have been demopstféted breviously.go

The reaction of N-methyl- ,2'-d11ithiodl-p-tolylamine

with chlorotriphenylsilf"' edly. g
amounts of 2,5, 8-tr1methyl—10 10 diphenyl—S'10-d1hydronhenazs— :
'siline and tetraphenylsilane. Thus, 1t appeers that one anion
-'of the dillthium compound first displaces the chlorine; then

the second anion cleaves 2 sllicon-phenyl linkage to give the

90For g discussion of the scission of silicon-silicon
bonds, see H. Gilmarn and G. D. Lichtenwalter, J. Org. Chenm.,
24, 1588 (1959).
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silicon heterocycle and phenyllithium which, 1n turn _couples
with chlorotriphenylsilane to give tetraphenylsilane. Similar

gcleavage—cyclization reactions have been observed in the

29 8

‘and silacyclonentane systems. It should be

.. ’h"fﬁi*}noted from ‘the latter study8 that this abnormal cyclization

. ffseems to occur preferably when a2 five—membered cyclic silane

:.1s formed. However, in this“case; the six-membered phensza-
'.siline compound was fermed,in a yield comparable to those from
the other investigatioﬁs. |

A1l of the infrared spéctrefof the 5,10-dihydrophensze-
siline compounds showed aﬁsél;tiabsorption band of weak to
r'médlum intenéity in the-Q.é\;é”Q;S)% region{ Dérivatives
_eonfaining substituents 1n"the $; ana lO-positiohs exhibited
a band at 15.1-13.24 (Mﬁdi.éufbstitution). -Th:ev derivatives
| with additional substituents at the 2-position hed bands at
$13.1-15.2 ond 12.3-12. 4»(..'(1'?"é;trisubstitation)° while,
those with additional 2, 8—disuostitution hed only the band

at 12.5~12.411. 811 of 5—ethyl 5 lo-dihydronhenezasiline

o dérivatives §howed-bands an' 5 7.6, 7. 85 and 8 241 Sim— tv_

11ar1y, the o—methyl derivaﬁives showed bands at 7 5 7ﬂﬁ?ﬁ.i‘.uJ4 .

Also the ébsorption bands chpr,ct'ritﬁic of the‘

'fgérespectiye substituent groups appeared in- thc snectre of the

5,lo-dihydrOphenazasiline compounds containing these groups.
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ﬁfﬁé}Pﬁén&léﬁé-Sil;con Derivatives

. The synthesis?03 Or.anometallic and o“ganometalloidol

_:derivatives containing th}

" ardtous”in some instances;a,ef,bﬁthé'iﬁacqessiﬂhf""

ablé'Grignard and organclitﬁiﬁmfféegéntss Grignard reagents

01,22

such as o—bromophenylmagn331um bromlde and o bromo—.

95 have been prepared but do not- afford

'phenylmagnesium iodide,
a practicable route for the synthesis of o-phenylene deriva—;
- tives. Similsrly, o-bromophenyllithium° has been prepsred in
low yleids by the interaction ofvgédibrqmobenzene and n-butyl-
lithium, but is of limited utiiity es are the other o-halo-
phenyllithium compounds. . )

Wittig and Bickelﬁaupt?lfvgbhave recently prepéred _
o-phenylenedilithium (XXV) providing 2 new synthetic route
to o-phenylene derivstives. The dilithium compound XXV was
obtained by the lithium metal cleavage of g—phenyléneQmefcuﬁgg~

with the identity being confirmed.b& carbonation‘furnisﬁing

’: 9;H£:Heaney, F._Gu.mgg""““'“*
1986 S

AP

+, Ber., 89, 1334 .(1956).

JSH Héaney, PG Menn, and I. T. Miller, J. Chem. Soc.,
3930 (1957)a o o Zoo it
94H. Gilman and R. D. Gorsich, J. Am. Chem. Soc., 78,

2217 (1956).

5 henylene unit h&s been extremely?1jf_ﬁ;J
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- . In the course of our studies o-phenlenedilithium (XXV)
,,}&;fﬂ?ﬁéézﬁeén-allowed to resct with various orgenosilicon com-
Ai;i{;pounds. Prelimihary work in This Laboratory95 on the reaction
ﬁ:“i{?of the ailithium compound XXV with chlorosilanes showed the
;?7¥f;iptgractionsuto be complex. Contamination of the ethereal

| © solution of the diTithium compound with finely divided 1lithium

metal produced~dﬁring=tﬁé .cleavage was thought to be the cause

‘of this. Afte cleavage of the o-vhenylene-mercury, the

" ethereal solution waélfil‘érea through a previously dried

glass wool plug to give a red—brown solution containing 2

gray suSDen31on. Acidjf“ tinn of an aliquot of this solu-

tion slways: indicated baw =oresent ;n excess of 100%. Conse-
.quently,‘in an attempt.tblv ”ﬁbé:ﬁﬂe’side'reactions, the
dilithium comoeun ';n. was“.yéptéé with an'organosilicon

nydride, dlnhenylsiLane

When o—phenylenedilithium (XXV) was allowed to react
r with diphenylsilane.lp,anAeffort to synthesize 5,5,10, 10-
."‘tetraphenyl-s Io-dih&dfosilanthrene (XXVI), only o-phenylene-
: bls(diphenylsilane) (XXVII) was isolated. A resction with
ﬁexéess diphenylsilane gave an improved yield of the di-silicon
hydride XXVII.

Subsequently, a suspension-free ethereal solution of

954, Gilman, D. Wittenberg, and M. V. George, Depsrtment
of Chemlstry, Iowa State University of Science and Technology,
Ames, Iowa. Information on the reactions of o-phenylenedi-
lithium. Private communicetion. 1959.
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o-phenylenedilithium (XXV) was obtained by filtering the
cleavage solution through a sintered glass filter. This solu-
tion gave acceptable values of tase present, upon zcid titra-
tion of an aliquot, in line with conventional organolithium
reagents. When this solution of the dilithiﬁm compound XXV
was allowed to react with excess diphenylsilane, a2 good yield
of o-phenylenebis(diphenylsilane) (XXVII) was obtained. The
reagction of equal molar amounts of the dilithium compourd XXV
and diphenyisilane, in an attempt to prepare the cyeclie
derivetive XXVI, gave tetravhenylsilane, the di-silicon
hydride XXVII, and (g—diphenylsilylphenyl)triphenylsilane
(XXVIII).

Treatment of methyldiphenylchlorosilene with a2 solution
of o-phenylenedilithium (XXV) conteining a gray suspension
afforded o-phenylenebis({methyldiphenylsilene) (XXIX) in low
yield along with 1,2-dimethyl-1,1,2,2-tetraphenyldisilane.
The formation of the disilane was thought to be due to 2
coupling reaction effected by the suspended lithium and}not
to the dilithium compound XXV. The dimethyl derivative XXIX
was also obtazined from o-phenylenebis(diphenylsilane) (XXVII)
and methyllithium. However, the reaction products were con-
taminated with Si-H containing material znd were extremely
difficult to purify, indicsting incomplete reaction.

Two attempts to prepsre the cyclic derivstive, 5,5,10,10-
tetraphenyl-5,10-dihydrosilanthrene (XXVI), by the reaction
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of o-phenylenebis(diphenylsilane) (XXVII) end the dilithium
compound XXV resulted only in the formation of (o-diphenyl-
silylphenyl) triphenylsilane (XXVIII). The cyclic derivative
XXVII, however, was finzlly obtained by reacting equal molar
amounts of o-phenylenedilithium (XXV) and diphenyldichloro-
'»:silane In a similar fashion, 5,5,10,10-tetrabenzyl-5,10-

sn;dihyarosilantnrene was prepared from o-phenylenedilithium

4444

fdibenzyldicnloros*lane
henylenebis(dibhenylsilane) was treated with sn

of_phenyl;ithium, nearly ecuivelent amounts

oS tz*iphenylsilane) (XXX) were obteined. The

Fori & EGQMDOund XXVIII on the other hend, was con~:

ldvto the{fully phenylated derivstive by
when forced conditions were used. An attempt
3 riy V‘rf‘gﬁfivhenylsilsne) (XXX) by repctingﬁ
‘ : fmenyleneaillthium with chlorotriphenvlsilane was unsuccess-—
IR | |
Aﬁtébpfé'to meke the ﬁolecular models of the dimethyi
.N' défi§at1ve'XkIX and of the fully phenylsted derivative XXX
using Stuert and Briegleb atomic models were unsuccessful,
indicating a considersble amount of strain in the molecules

due to the bulky substituents. This undoubtedly accounts for

enebis(diphenylsilane) (XXVII). However, by comparison of the

xlphen l)trinhenylsilene (XXVIII) and o—yﬂjfi e
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models, the dimethyl derivative XXIX azppears to be less
strained than the corresponding ohenyleted derivative XXX,
which is in accord with the formstion of XXIX, but not of
XXX, from the respective reactions of methyldiphenylchloro-
silane and of triphenylchlorosilane with the dilithium com-
pound XXV. The molecular models of the other derivatives,
including the cyclic silanthrene compounds, czn be formed
readily.
It is interesting to compare the melting points of the

- three phenylenebis(triphenylsilene) isomers. The pars-

" derivative’® melts 2t 360° 2nd the gggg-derivativegs at
- 349°; whereas thevsterically hindered ortho-derivative melts

at 257.5-250°.
Studies in the 10H-Dibenzosilin Series

Friedel-Crafts reactions on orgznosilicon compounds are
said to be of little synthetic value due to the susceptibility
of the silicon~carbon bond toward cleavage. Tetraphenylsilane
upon treatment with aluminum chloride, for example, is cleaved
to form silicon tetrachloride irn zn 80% yield.®’ Similarly,

attempts to acylate triethylphenylsiiane in the presence of

€6p. Wittenberg, T. C. Wu, =2nd H., Gilmazn, J. Org. Chem.,
23, 1898 (1958).

S7W. E. Evison and F. S. Kipping, J. Chem. Soc.
(1931). T

2774

)
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a2luminum chloride gave hexzethyldisiloxsne snd the cofre-
sponding silicon-free phenyl ketone.98
Nevertheless a2 number of syntheses involving acylations
are known. Benkeser and Curie99 found thst 2-thienyltri-
methylsilane and 2-furyltrimethylsilane could be acetylated,
using the mild catalyst iodine. Similarly, successful scyla-
tions have been accomplished with the m- 2nd p-trimethyl-
silylibenzoyl chlorides empié?ing 2luminum chloride and stannic

100

chloride. ngrimethyléiiﬁibenzoyl chloride, however, gave -

only resinous meterials. Also, Szment and Skendroviehl®l =
found thet acetylifluéf*de and:benZOyl fluoride would-écy%ate
'silicon—substitutééf?henylucompounds-in the presencé:bf boron
flucride. ZZEQ;' | - | | o
Recently, Witténﬁé;éééiiéi;37have succéésfﬁliy ;ynt@p-'f;
sized some benzosilacyclang;é derivetives by Friedélfoaifé -
reactions involving intramolecﬁlar acylations. 3-Triphenyl-
si;ylpropionic acid was converted to the azecid chloride 2and
subsequently treated with zluminum chloride in nitrobenzene

to give a 47.9% yield of the heterocycle, 2:3-benzo-1,1-

°8g. x. Dolgov znd O. K. Panine, Zhur. Cbschei Xhim., 18,
1293 (1948) [Originsl available but not translated; abstracted
in C. A., 48, 3286 (1954)].

99R. A. Benkeser and R. B. Currie, J. Am. Chem. Soc., 70,
1780 (1948).

100R. A. Benkeser and H. R. Krysiak, ibid., 76, 599 (1954).
101g, 4. Szment snd S. Skendrovich, ibid., 78, 2282 (1954).

%

El
L©
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diphenyl-l-silacyclohexen-2-one-4. The corresponding cycliza-
tion of 4-triphenylsilylbutyric acid yielded 2:3-benzo-1,1-
diphenyl-l-silecyclohepten~-2-one-4.

The success of the latter study prompted this investiga-
tion into the possible utilization of Friedel-Crafts type
reactions for the prepzration of 10H-ditenzosilin deriva-
tives. The first approach involved bromination of dimethyl~
phenyl-o-tolylsilane with N;Eremosuccinimide to give o-di-
me thylphenylsilylbenzyl bromide. This bromide was then
allowed to 1nteract with stanic chloride 1in carbon disulfide

5and with alnminum chlovide in carbon disulfide in an effort
'~to obtaln 5 5-d1methyl-10 -dibenzosilln. However, failure

. attended both reactions. aLtemots by Wittenberg et al. 57 %o

'»iejcyclize S-trinhenylsilylnropanol end 3-triphenylsilylpropyl

'”lbromide were similarly unsuccessful.

Attention was s&bsequently turned to the possible
cyclization of o-dimethylvhenylsilylbenzoic acid or its acid
chloride. The synthesis of this acid presented 2 problem in
1tself. Benkeser and Krysiakloo had previously shown that
m- and p-tolyltrimethylsilanes could be oxidized to the corre-
sponding acids in good yields, but that only negligitle
amounts of acid are obtained from the oxidation of o-tolyl-
trimethylsilane. Oxidations of dimethylphenyl-o-tolylsilene

with chromium trioxide according to the procedure of Gilmen
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et _;.102 likewise, gave only smeall zmounts of o-dimethyl-
phenylsilylbenzoic acid. However, suitable cuantities of
the acid were finally prepared by a three-step process.
o-Dimethylphenyisilylbenzal bromide was prepsred by tresting
dimethylphenyl-o-tolylsilane with two molar ecuivalents of
N-bromosuccinimide, and theﬁ hydrolyzed by dissolving in hot
ethylene glycol monomethyl ether and subsequently treating
with an agueous solution of silver nitrate102 to give o-
dimethylphenylsilylbenzaldehyde in good over-21l yield.
Oxidstion of the aldehyde with potassium permanganate in ace-
tone afforded o-dimethylphenylsilylbenzoic acid in good yield.
In zn effort to obtsin 5,5-dimethyl-10H-dibenzosilin-10-
one, attempts were made to cyclize o-dimethylphenylsilyl-
benzoie 2cid and its zcid chloride. Treatment of the zcid
with cold concentrated sulfuric z2cid and with polyphosphoric
acid at 120° resulted in cleavage, for none of the desired
compound or the starting meterizl could be isolated. Next,
the acid was copverted to the szc¢id chloride snd subsequently
allowed to interact with stannic chloride in carbon disulfide
and with aluminum chloride in nitrobenzene according to the

method of Wittenberg et §;.,57 but 2gain none of the desirsd

cyclic ketone could be isolzted.

102y, Gilman, C. G. Brannen, and R. K. Inghem, ibigd.,
78, 1689 (1956). -
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Suggestions for Further Research

For the purpose of obtaining dibromo derivatives suitable
for the preparztion of 5,10-dihydrophenazasiline compounds, 1t
might be profitable to investigate the direct bromination of
certain diarylamines, such zs 4,4'-dichlorodivhenylamine and
N-p-tolyl-2-nazphthylamine.

It would be of interest to synthesize some 5,10-dihydro-
phengzasiline compounds containing 2 silicon-silicon bond.
5,5'-Diethyl-10,10!'-dipheny1-10,10'-bi-(5,10-dihydrophenaza-
siline), for example, might be obtzined by the sodium coupling
of 5-ethyl-10-chloro-10-phenyl-5,10-dihydrophenszasiline. It
would be necessary, of course, to first prepare this silicon-
chlorine functional compound, which could te made by trestment
of trichlorophenylsilane with N-ethyl-2,2'-dilithiodiphenyl-
amine. The cleavage of these disllanes with lithium in tetrs-
hydrofurasn should then te examined a2nd the synthetic utility
of the resulting silyllithium intermediates explored.

Studies concerned with the cyclization of o-dimethyl-
phenylsilylbenzoic 2c¢id 2nd its zcid chloride should be con-
tinued. Also, treatment of the a2cid chloride with phenyl-
lithium would give c-dimethylphenylsilylphenyldiphenylcarbinol
which then should undergo faclile cyclization. In addition,
this stﬁdy should be extended to the prepsration znd possible
cyclization of o-triphenylsilylbenzoic scid and its scid
chloride.
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The resctions of dichlorosilanes with the stilbene-
dilithium adduct have not given any materials containing the
disilacyclohexane ring system but only siliccn-containing
polymeric substances together with varying smounts of trans-
stilbene.l9 It would therefore be worthwhile to investigscte
the reactions of silicon hydrides such as diphenylsilane 2znd
dibenzylsilane with the dilithium intermediste. These should

afford the disilacyclohexeane types.
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SUMMARY

The chemistry of cyclic organosilicon compounds hzs been
reviewed for the period April, 1957 to March, 1960.

Several new non-cyclic orgeznosilicon compounds were syn-
thesized which incorporzted aralkyl groups in combinestions
with polyphenyl groups. These were prepsred in order to
obtain low-melting organosilicon compounds suitzble for
applications as high temperature lubricants.

Reactions of some 2-triphenylsilylethyl derivetives were
investigested. Of particulzr noteworthiness was the reaction
of 2-chloroethyltriphenylsilane with meagnesium in tetrzhydro-
furan to give 2 good yield of 2-triphenylsilylethylmagnesium
chloride, which apperently is the filrst preparation of such
a Grignard reagent.

New procedures have been developed for the prepsration
of 5,10-dihydrophenazasiline compounds. These procedures in-
volve reactions of 2,2'-dilithiodiarylamine derivatives with
gppropriately substituted silicon hslides znd hydrides. Thus,
by varying either one or both of the reasctants a wide variety
of interesting compounds has been prepared. For example,
5-ethyl-10,10-diphenyl-5,10-dihydrophenazesiline and 5,5'-
diethy1-10,10'~-spirobi~(5,10~-dithydrophenazasiline) were ob-
tained by treating one and two molar equivalents, respective-
ly, of N-ethyl-2,2'-dilithiodirhenylamine with dichlorodi-

phenylsilane and with silicon tetrachloride.
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Two silicon-hydride functional derivatives, 5-ethyl-10-
phenyl- and S5-ethyl-10-n-hexadecyl-5,10-dihydrovhenazasiline,
were prepared by reacting N-ethyl-2,2'-dilithiodiphenylemine
with phenylsilane and n-hexadecylsilane, respectively. Treat-
ment of these functlonal derivatives with various organolithium
reagents afforded good yields of the unsymmetrically substi-
tuted compounds,

5-Ethyl-10,10-diphenyl-5,10-dihydrophenazasiline has been
allowed to react with bromine under severzl different condi-
tions to give 5-ethyl-2,8-dibromo-10,10-3divhenyl-5,10-dihydro-
phenazasiline, 2~-(N-ethyl-2,4-dibromoznilino)-5-bromophenyl-
diphenylsilanol, N-ethyl-2,2',4,4'-tetrzbromodiphenylamine,
and 2,2',4,4'-tetrabromodiphenylamine.

Brominegtion of di-p-tolylamine and N-methyldi-p-tolyl-
amine has given good ylelds of the respective 2,2'-dibromo
compounds. N-Methyl-2,2'-dibtromecdi-p-tolylamine was converted
to the dilithium derivative by halogen-metal interconversion
with n-butyllithium, and sutsecquently to 2,8-dimethyl-5,10-
dihydrophenazasiline compounds by treatment with the appro-
priate silicon hzlides.

From the reaction of o-phenylenedilithium with dichloro-
diphenylsilane and with dibenzyldichlorosilazne, 5,5,10,10-
tetravhenyl-&,10-dihydrosilanthrene 2nd 5,5,10,10-tetrabenzyl-~
5,10-dihydrosilanthrene were obtained. The resction of the

dilithium compound with diphenylsilane afforded o-phenylene-
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bis(diphenylsilzne), together with other compounds. o-Phenyl-
enebis(diphenylsilane) has been treated with several organo-
lithium reagents to afford some interesting o-phenylene
silicon derivetlves.

The possibility of synthesizing 10H-dibenzosilin deriva-
tives viz Friedel-Crafts reactions was investigated. Attempts
were made to cyclize o-dimethylphenylsilylbenzyl tromide,
o-dimethylphenylsilylbenzoic acid, and its acid chloride, but
these reactions resulted in failure. A three-step process
was developed for the preparastion of o-dimethylphenylsilyl-

benzoic scid.
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