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1
INTRODUCTION
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 inadequate.
It is therefore evident that better base stocks and superior
additives, such as antioxidants, antiwear agents, and viscos
ity index Improvers, are required to formulate satisfactory
materials.
Nitrogen-containing aromatic cyclic silicon compounds,
having the 5,10-dihydrophenazasiline nucleus, promise to be of
significant value 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 tedious 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 realized by the reactions of 2,21-dillthlodiarylamine derivatives with appropriately substituted crgano-

^•H. Oilman and D. Wittenberg, J. Am. Chem. Soc.. 79. 6339
(1957); D. Wittenberg, H. A. McNinch, and H. Oilman, ibid.,
80, 5418 (1958).

2
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
tional types.
Another purpose of this work has been the synthesis of
some monomeric organosilicon compounds for possible use in
high temperature lubricant applications.

One part of this

problem was concerned with the reactions of jo-phenylenedilithium with organosilicon compounds.

A number of o-phenylene

silicon derivatives were prepared, as well as some new cyclic
organosilicon compounds.

These cyclic compounds are 5,10-

dlhydrosllanthrene derivatives, silicon analogs of 9,10dihydroanthracene, and exhibit remarkable thermal stabilities.
Paralleling these studies were related investigations
in which a series of non-cyclic aralkyl compounds was syn
thesized and preliminarily screened for thermal stability, and
in which attempts were made to prepare 10H-dibenzosilin deriv
atives by Friedel-Crafts cyclization reactions.
In addition to the aforesaid 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 Chemical Abstracts.

3
HISTORICAL
The chemistry of cyclic organosilicon compounds has been
previously summarized through April, 1957.^

The purpose of

this review is to record the preparations and properties of
cyclic organosilicon compounds reported since that time.
Chemical Abstracts and Current Chemical Papers have been
thoroughly examined through March, 1960.

The older litera

ture has also been rechecked in an attempt tc achieve com
pleteness in the reviews, and in addition, all cross refer
ences contained in Individual papers were checked.
For ease in locating pertinent data, this review has been
arbitrarily divided into three main sections:

preparation of

alicyclic organosilicon compounds, preparation of aromatic
cyclic organosilicon compounds, and properties of cyclic
organosilicon compounds.
It should be noted that the complete chemistry of aro
matic cyclic organosilicon compounds will be reported due to
their importance to these studies.

On the other hand, the

numerous studies on the cyclic organosiloxanes and the cyclic
organopolysilanes will not be presented in this compilation.

p

R. D. Gorsich. Some cyclic organosilicon compounds and
derivatives. Unpublished Ph. D. Thesis. Ames, Iowa, Library,
Iowa State University of Science and Technology. 1957.

4
Preparation of Alicyclic Organosilicon Compounds
Since the preparation of the first cyclic organosilicon
3
compound, 1,1-dichloro-l-silacyclohexane, by Bygden in 1915,
a whole new branch of silicon chemistry has evolved.

Gener

ally speaking, most of the methods of synthesis for non-cyclic
organosilicon compounds are also applicable to the cyclic
types.

For example, the coupling of Grignard reagents with

halosilanes is one of the most Important synthetic proceg
dures. Thus, Bygden Introduced silicon into a six-membered
ring by allowing equal molar amounts of 1,5-pentamethylenedimagnesium dibromide and silicon tetrachloride to interact.
Many functional, as well as nonfunctional, alicyclic organo
silicon compounds have been prepared by this method and by
the analogous reactions involving organolithium reagents
The reaction of alkyl and aryl halides directly with
elementary silicon, in the presence of a suitable catalyst,
is widely used industrially for the production of organo4
silicon halides.
When certain aliphatic dihalides are sub
jected to this reaction, silacycloalkane derivatives are
formed.

3A.
4E.

Thus, 1,1-dlchloro-l-silacyclopentane was obtained

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

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

5
by the passage of 1,4-dichlorobutane over silicon-copper alloy
at 3 0 0 ° . A n analogous reaction with 3,4-dichloro-l-butene
g
gave 1,l-dichloro-l-sila-3-cyclopentene.
The first derivative in the corresponding silacyclopentaV

*7

diene series has recently been prepared by Braye and Hubel.

The novel strongly fluorescent compound, hexaphenylsilacyclopentadiene, was obtained by treating dichlorodiphenylsilane
with Feg(CO)g(CgHgCgCgH^)g.

The latter substance was formed

from dlphenylacetylene and iron pentacarbonyl.
As described previously, the most common method for the
formation of sllacycloalkanes involves coupling of silicon
halides with organometallic compounds; however, Wittenberg and
3
Oilman found that certain silicon-containing organolithium
compounds would undergo cyclization by displacing a phenyl
group.

The main products from the reaction of chlorotriphenyl-

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

5A. D. Petrov, N. P. Smetankiva, and G-. I. Nisklshin,
Izvest. Akad. Nauk S.S.S.R.. Otdel• Khim. Nauk, 1468 (1958)
[Original available but not translated; abstracted in C. A.,
53, 811? (1959)].
™ ~

®0. I. Nisklshin, A. D. Petrov, and S. I. Sadykh-Zade,
Khim. i Trakt. Primenenle Kremneorg. Soedinenil Trudy Konf..
No. 1, 68 ( 19581 F Original not available for examination;
abstracted in Ç. A., 53, 17097 (1959)].
7E.

H. Braye and W. Hubel, Chem. and Ind. (London),
1250 (1959).
®D. Wittenberg and H. Oilman, J. Am. Chem. Soc.. 80.
2677 (1958).

6
cyelopentane and tetraphenylsilane; whereas, the expected

•

2 PhgSiCl + Ll(CHg)4Li—+

Ph4Sl +

ph

3Sl(CH2)4SiPh3

tetramethylenebis(triphenylsilane) was obtained in a low
yield.

Similarly, 4-triphenylsilylbutyllithium, prepared

from 4-bromobutyltriphenylsilane and lithium, underwent ring
closure to give the silacyclopentane derivative and phenyl
lithium.

Extension of this intramolecular cleavage-cycliza-

tion reaction to chlorotriphenylsilane and pentamethylenedilithium gave a very low yield of 1,1-diphenyl-1-silacyclohexane.®
Benkeser and Bennett® prepared a silicon analog of
cyclohexanone, 4,4-dimethyl-4-silacyclohexanone, in a fourstep synthesis.

This involved preparation of di(3-hydroxy-

propyl)dimethyIsilane and subsequent oxidation to the dicarboxylic acid by treatment with alkaline potassium per
manganate.

The di-carboxylic acid was converted to the

thorium salt which afforded the cyclohexanone derivative
upon pyrolysis at 350°.
A novel bicyclic silicon-containing compound, 1-chloro-

9R.

(1958).

A. Benkeser and E. W. Bennett, ibid.. 80. 5414
~~

7
l-silabicyclo[2.2.l] heptane (I), has been synthesized by
Sommer and Bennett10 for the purpose of elucidating the
stereochemical requirements for substitution at a silicon
atom.

The elegant multistep synthesis of the bicyclic system

Involved the following steps:

the preparation of the G-rig-

nard reagent from 4-bromomethyltetrahydropyran and reaction
with silicon tetrachloride to give 4-trichlorosilylmethyltetrahydropyran (II); cleavage of this tetrahydropyran
SiCl,
%

V
II

1.

BC1,
SOClg

2-

Mg

Q)
CI
I

derivative with boron trichloride and subsequent treatment
with thionyl chloride to give 1,5-dichloro-3-trichlorosilylmethylpentane; and finally, cyclization of this chloro deriv
ative with magnesium.

The corresponding octane derivative,

1-chloro-l-silabicyclo £2.2.2]octane, has been prepared by a
similar procedure starting with 4-(2-bromoethyl)tetrahydro
pyran.11
A number of alicyclic systems containing two or more

-^L. H. Sommer and 0. F. Bennett, ibid.. 79. 1008 (1957).
H. Sommer and 0. F. Bennett, ibid., 81, 251 (1959).

8
silicon atoms have been described.

Of these, Knoth and

12
Lindsey
reported the unique preparation of the smallest
ring system, namely a 1,3-disilacyclobutane derivative.
Chloromethylpentamethyldislloxane was converted to the G-rignard reagent and then coupled with chloromethyldimethylchlorosilane to give l-chloro-2,2,4,4,6,6-hexamethyl-5-oxa2,4,6-trisilaheptane (III).

Cleavage of the siloxane linkage

by boron trifluoride in ether gave l-chloro-4-fluoro-2,2,4trimethyl-2,4-disilapentane which was subsequently cyclized •
CHg

1.

BP,

ClCH2-Si-CHg-Si-0-Si-CH3
C%

C%

CHg

Mg

CH,
3\

CH0
.CH,
/ \ / 3
x Si
Si

/

CH

III

/ \CH-j

CHg
IV

with magnesium to give l,l,3,3-tetramethyl-l,3-disllacyclobutane (IV) in a 25% over-all yield.
Silicon hydrides add to alkenes and alkynes to form the
respective alkyl and alkenyl silane compounds.

This is in

effect the addition of silicon and hydrogen to the unsaturated
grouping, and is facilitated by peroxides, certain metals or
ultraviolet light.

Intermolecular addition was found to occur

when the silicon contained both hydrogen and an unsaturated

12w. H. Knoth, Jr. and R. V. Lindsey, Jr., J. Ore. Chem.
23, 1392 (1958).

9
grouping.

Thus, Curry

13

prepared and polymerized dimethyl-,

diethyl-, diphenyl-, and methyIphenylvinylsilane, using
platinum suspended on finely divided carbon as the catalyst.
In addition to the polymeric materials, 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 a similar

polymerization and cyclization to give a large quantity of
polymeric material and a small amount of the cyclic dimer,
1,1,5,5-tetramethy1-1,5-disilacyclooctane.14
Fritz and co-workers have reported the synthesis of a
number of cyclic derivatives composed of one or more sixmembered rings.

These compounds were obtained by the thermal

decomposition of various organosilicon compounds and are
15
named as derivatives of cyclocarbosilan.
The reaction mixture obtained from the decomposition of
chlorotrimethylsilane at 800° affords among other products,
a white crystalline compound, CgH^Cl^Si^, which was tenta
tively assigned structure V shown below.16

The thermal decom

position of tetramethylsilane in static or streaming systems

13J.

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

14J.

W. Curry and G. W. Harrison, Jr., J. Org. Chem.,
23, 1219 (1958).
15G.

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

16G.

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

10
CHg

Cl

^•Si/
CHp
CH_
I
|2
CI— CHg — Si — CHg—Si—CHg—Cl
=X

/«H,

/Slx
CHg

Cl

17
leads to a mixture of gases, liquids and solids.

Cyclic

compounds with the following empirical formulae were reported
to have been isolated:
C13H34Sl5>

^27H74S'i9*

C14H36Sl6>

CgHggSig, CgHg4Si3, C-^HggSi^,

C18H46Sl7>

C20H50Sl8>

C24H66S18>

9110

%bese compounds are viewed as condensed systems

of six-membered rings with alternating silicon and carbon
atoms.

The remaining bonds of the carbon atoms are satisfied

by hydrogen, and those of silicon by methyl groups, except
that there are one or two silicon-hydrogen groups present in
17
most of the compounds. Fritz and Raabe
assigned structures
VI and VII to the compounds ^8^46^7
tively.

and

^90H5CS18' respec

Using the nomenclature recommended by Fritz1^, com

pound VI is Si-dodecamethyltricyclocarbosilan and VII is Sidodecamethyltetracyclocarbosilan.

17G-.

Fritz and B. Raabe, Z. anorg. u. allgem. Çhem.,
286. 149 (1956); 299, 232 (1959).

11

CH3
Si
CK3 Crîg CH3 CHa
crt3
s;

.CH,

CH
cw

f*Y"Y*

'CH,

*r*y*Y

,S:

CH3'/S''

crt,"/5'-

VCH^
CHa

CH-J

s>;

ctt3

C.H3

VI

CH,

CM 3
VII

Decomposition of trichloromethylsilane at 710° gave Sihexachlorocyclocarbosilan (1,1,3,3,5,5-hexachloro-l,3,518
trisilacyclohexane).

In addition, a compound with the

empirical formula ^8%3^13Si8

was

obtained having the same

ring structure as compound VII, but will all of the methyl
groups as well as 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.

^®G. Fritz and G. Teichmann, Angew. Chem.. 70. 701
(1958); G. Fritz, D. Habel, K. Summer, and G. Teichmann, Z.
anorg. u. allgem. Çhem., 302. 60 (1959).

12
-1 Q
George et al.
studied a number of reactions of the azobenzene-dilithium adduct with halosilanes.

Dichlorodiphenyl

silane and dichloromethylphenylsilane gave octaphenyl-1,2,4,5tetraaza-3,6-disilacyclohexane (VIII) and 1,2,3,4,5,6-hexapheny 1-3,6-dimethy1-1,2,4,5-tetraaza-3,6-dlsi lacyc lohexane,

Ph x
\

1.

Li

2.

2PhgSiClg

Ph \ / Ph
Ph_ /si\ /Ph
N
N
i
I
N
N
Ph ^ s1/ ^Ph

Ph
Ph^ ^ Ph
VIII

respectively.

Similar experiments with the stilbene-dilithlum

adduct did not afford any cyclic products.1®

The reaction of

dichlorodiphenylsilane and hydrazine yielded a polymeric con
densation product, [-RgSi(NHNH)-] n.^°

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-3,6disllacyclohexane.

An analogous substance was obtained from

the reaction of dichlorodimethylsilane and phenylhydrazlne.
21
Knoth and Lindsey
synthesized a new class of hetero-

^M. V. George, D. Wittenberg, and H. Gilman, J. Am.
Chem. Soc., 81, 361 (1959).
2°U. Wannagat and H. Niederpum, Angew. Chem.. 70. 745
(1958).
21W.

H. Knoth, Jr. and R. V. Lindsey, Jr., J. Am. Chem.
Soc.. 80, 4106 (1958).

13
cycles containing both silicon and oxygen.

These 2,2,-disub

stituted l-oxa-2-silacycloalkane (IX) derivatives were ob
tained by ring closure of the corresponding (chloroalkoxy)chlorosilanes (X) with lithium or sodiumRg-Si—0—( CHg ) — Cl
Cl

Na

X

The dimethyl

R2-Si-(CH2)n
x 0 /
IX

derivatives, where n equals 2, 3, and 4, have been prepared,
as well as the diphenyl derivative where n equals 3.

The

(chloroalkoxy)chlorosilanes (X) were made from dlchlorosilanes
and

«< ,-ur -chlorohydrins or oxacycloalkanes.
A similar oxygen-containing cyclic compound, 1,1,4,4-

tetramethyl-1,4-di sila-3,6-dioxacyclohexane, was obtained by
heating l,3-di(hydroxymethyl)tetramethyldisiloxane in the
presence of calcium oxide.

22

In addition, a linear polymer

was also formed.
Merker and Scott

23

have reported the preparation of

cyclic systems containing silicon, tin, and oxygen.

Hydrol

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

22B.

A. Eynon, U. S. Patent 2,898,346 (August 4, 1959)
["Original not available for examination ; abstracted in C. A..
54, 1576 (I960)],
~
L. Merker and M. J. Scott, J. Am. Chem. Soc.. 81.
975 (1959).
" ~
~

14

ÇH3

GH3

CH3

KOH

H-Sl-CHg—Sn-CHg—Si-H
CH3
CH3
GH3

ch3^

XI

^CH3

XII

olic potassium hydroxide gave 1,1,3,3,5, 5-hexamethy 1-1,3disila-5-stanna-2-oxac.yclohexane (XII).

The 5,5-dibutyl

derivative was similarly prepared from his(dimethyls!ly1methyl)dibutyltin.

Attempts to prepare the ten-membered

cyclic compound from bis(3-dimethylsilylpropyl)dimethyltin
under identical conditions were unsuccessful and yielded only
linear polysiloxanes.

Thermally cracking the polysiloxanes

under alkaline conditions, however, afforded a small yield
23
of the ten-membered cyclic compound.
Recently, a cyclohexane ring system containing both
24
silicon and tin has been synthesized.
This was accomplished
by an addition reaction involving diphenyltin dihydride and
diphenyldivinylsilane to give 1,1,4,4-tetraphenyl-l-sila-4stannacyclohexane.

The similar preparation of cyclic deriv

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

24M.

C. Henry and J. G. Noltes, ibid.. 82, 561 (i960).
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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 at 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 that there is 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-orbitals are Involved in ^-bonding with filled
p-orbitals of certain covalently linked atoms or

groups.

26

This "back coordination" may well be the reason for the en
hanced stability of some organosilicon compounds.
97

Oilman and Gorsich"

reported the preparation of the

first cyclic compound In which silicon is attached to four
aromatic nuclei.

This novel compound was 5,5-dlphenyldl-

benzosllole, a silicon analog of 9,9-diphenylfluorene.

The

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

2^2. R. Rochow, D. T. Hurd, and R. N. Lewis. The chem
istry of organometallic compounds, p. 31. New York, John
Wiley and Sons. 1957; C. Eaborn. Organosilicon compounds.
p. 91. London, Butterworth Scientific Publications. 1960.
~7H. G-ilman 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
described. ' '
These heterocycles were obtained by cycllzation reactions involving 2,2'-biphenylenedilithium and the
appropriately substituted RSiClg and RgSlClg compounds.

For

example, the dilithium compound was reacted with dichloro
diphenylsilane and with silicon tetrachloride to give 5,5diphenyldibenzosilole and 5,5'-spirobi-(dibenzosilole) (XIII),

XIII
28
respectively.

Methyl-, n-dodecyl-, and phenyltrichloro-

silane all coupled with 2,2'-biphenylenedllithium to give the
corresponding 5-methyl-, 5-n-dodecyl-, and 5-phenyl- deriv
atives of 5-chlorodibenzosilole in excellent yields

5,5-

Dichlorodlbenzosilole was obtained by treating a large excess
of silicon tetrachloride with the dilithium derivative ; how
ever, an appreciable amount of 5,5'-siprobi-(Sibenzosilole)
28
was also obtained.

2®H.

Oilman and R. D. Gorsich, ibid.. 80. 1883 (1958).

29H.

Oilman and R. D. Gorsich, ibid., 80, 3243 (1958).
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The scope of this class of compounds has been broadened
so as to include cyclic systems containing two hetero atoms,
silicon and either oxygen, sulfur, or nitrogen.

The first of

such derivatives was prepared by Oita and Oilman.30

Dlphenyl

ether was dlmetalated and subsequently treated with dichloro
diphenylsilane, dichlorodimethylsilane, and silicon tetra
chloride to give 10,10-diphenylphenoxasilin, 10,10-dlmethylphenoxasilin, and 10,10'-spirobi(phenoxasilin), respectively.
10,10-Dibenzyl- and 10,10-di-n-dodecylphenoxasilin were syn31
thesized in an analogous manner.
32
Hitchcock _et al.
found that the dlphenyl, dimethyl, and
spiro phenoxasilin compounds could be obtained in much im
proved yields when the 2,21-dilithiodiphenyl ether was pre
pared by halogen-metal Interconversion of 2,2'-dlbromodlphenyl
ether with n-butyllithium.

The preparation of the 2-methyl-,

3-methyl-, and 2,7-dimethyl derivatives of 10,10-diphenylphenoxasllin was also given.

The facile synthesis of 2,8-

*53
dlmethyl-10,10-dlphenylphenoxasilin was recently reported.
Treatment of di-p-tolyl ether with two molecular equivalents

30K.

Oita and H. Oilman, ibid.. 79, 339 (1957).

31H.

Oilman and D. Miles, J. Org. Chem.. 23, 1363 (1958).

3^C.

H. S. Hitchcock, F. 0. Mann, and A. Vanterpool, J.
Chem. Soc., 4537 (1957).
33Tung-Yin

Yu, Lin-Yuen Hsu, and Shih-Huei Wu, Hua Hsuch
Hsuch Pao. 24. 170 (1958) F Original not available for examin
ation; abstracted in Ç. A., 53. 6223 (1959)].
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of bromine gave 2,2' -dibromodi-E-tolyl ether, which afforded
the phenoxasilin derivative, in excellent over-all yield, upon
Wurtz-type coupling with dichlorodiphenylsilane and sodium.
Some corresponding sulfur-containing analogs were pre
pared by the dimetalation of dlphenyl sulfone and subsequent
coupling with the appropriate chlorosilanes.34

The 10,10-

dimethyl- and 10,10-dlphenylphenothiasilln-5,5-dioxide deriv
atives were readily obtained; however, an attempt to prepare
10,10'-spirobl-(phenothiasilln-5,5-dioxide) from a similar 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-containing
heterocycles.1

From the crude reaction mixtures, compounds

were isolated in which the sulfur is replaced by the diphenylsilylene group.

In accordance with this reaction, 10,10-

diphenylphenoxasilin, 10,10-diphenylphenothiasilin, 10,10dipheny 1-5, 10-dihydrophenazasiline, and 5-ethy1-10,10-di
pheny 1-5,10-dihydrophenozasiline have been prepared from
phenoxathiin, thianthrene, phenothiazine, and 10-ethylphenothiazine, respectively.

5,5-Diphenyl-10H-dibenzosllin has

reportedly been prepared by a similar procedure from thi-

34K.

Oita and H. Oilman, J. Org. Chem.. 22, 335 (1957).
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35

axanthene.

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

Ph / ^ Ph
XIV
The Friedel-Crafts reaction is one of the most widely
used methods of making carbon-carbon bonds and is commonly
utilized on an intramolecular basis to synthesize polynuclear
compounds.

In organosilicon chemistry, interactions with

Lewis acids, employed in Friedel-Crafts reactions, usually
result in the cleavage of silicon-carbon bonds.3®

However,

37
Wittenberg et al.
have successfully synthesized some benzosilacyclanone compounds by intramolecular cyclization reac-

Diehl. Some organometallic reactions with
heterocyclic compounds. Unpublished Ph. D. Thesis. Ames,
Iowa, Library, Iowa State University of Science and Tech
nology. 1959.
36H. Oilman and G-. E. Dunn, Chem. Rev.. 52. 77 (1953).
37D.

Wittenberg, P. B. Talukdar, and H. Oilman, J. Am.
Chem. Soc.. 82. in press (i960).
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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-l,1-dipheny1-1-silacyclohexen2-one-4 (XVI).

The corresponding cyclization of 4-triphenyl-

1. soci2
PhgSiCHgCHgCOOH
AlgGlg
PhNOg
XV

XVI

silylbutyric acid yielded 2:3-benzo-l,1-diphenyl-l-silacyclohepten-2-one-4.

An attempt to cyclize triphenylsilylacetic

acid was unsuccessful, as were the attempts to cyclize 3triphenylsilylpropano1-1 and 3-triphenylsilylpropyl bromide.
Properties of Cyclic Organosilicon Compounds
For the most part, the properties of cyclic organosilicon
compounds are analogous to those of the non-cyclic compounds;
therefore, this compilation of properties is intended to be
illustrative rather than exhaustive.
Benkeser and Bennett^ measured the dissociation of the
cyanohydrin of 4,4-dimethyl-4-silacyclohexanone as well as
that of its carbon analog.

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

21
terms of Brown's I-strain theory.

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 hydro gen-hydro gen repulsions to some extent.

A

change in coordination number from four to three, which occurs
in the dissociation of the cyanohydrin, will be favored since
the preferred angle of a carbonyl group (120°) results in a
decrease in internal strain. In other words, the reactivity
of the six-membered silicon ring approaches the reactivity of
the corresponding seven-membered carbon ring.

Additional

evidence for the increased 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 analog was 1709
cm

•

The value for cycloheptanone is reported to be 1699

cm.~^".
9
Benkeser and Bennett also report the successful reduc
tion of the ketone with lithium aluminum hydride to give 4,4dimethyl-4-silacyclohexanol.
The bridgehead silicon compound, 1-chloro-l-silabicyclo[2-2.l] heptane,"0 hydrolyzes rapidly in a stream of moist
air or in wet ether to give bis-(l-silabicyclo [2.2.l] heptyl)
oxide; while, reduction with lithium aluminum hydride gives an

38h. C. Brown and M. Borkowski, ibid., 74, 1894 (1952).
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excellent yield of 1-silabicyclo £2.2.l] heptane.
In light of these facts, Sommer and Bennett"*"0 made the
following postulates regarding substitution at 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 bipyramid and the bonding is dsp' ; 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 is completely new.
Later work on the stereochemistry of hydride displace39
ments
from cyclic silicon compounds and on the reactivity
of 1-chloro-1-silabicyclo [2.2.2] octane^- offered additional
support to the above postulates.
Silicon-containing cyclobutane ring systems are extremely
susceptible to polar reagents readily undergoing ring cleav
age.

1,1,4,4-Tetramethyl-l,3-disilacyclobutsne^ decolorizes

a carbon tetrachloride solution of bromine slowly, and re
duces alcoholic silver nitrate rapidly as evidenced by the
formation of a silver mirror.

Similar reactivity has pre

viously been observed with the related 1,1-dimethyl-l-sllacyclobutane40 and 3,3-dicarbethoxy-l,1-dimethyl-l-silacyclo-

3®L. H. Sommer, 0. F. Bennett, P. G. Campbell, and D. R.
Weyenberg, ibid., 79, 3295 (1957).

^®L. H. Sommer and G. A. Baum, ibid.. 76. 5002 (1954).
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41
butane
compounds.
Apropos the reactivity of the smaller silacycloalkanes,
40
Smith
calculated, the bond refractions of the eyelot ri
me thylene, cyclo te tramethy lene, and eye lopentamethy lene
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-membered 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 accord with the unusual reactivity of the silacyclobutane derivatives.40,4"1"

In comparison it should be

noted that in the cyclobutanes, eyclopentanes, and cyclohexanes the latter two are without ring refractions.43
A number of reactions have been conducted with functional
cyclic organosilicon compounds.

Generally speaking, these

reactions are analogous to those of the functional non-cyclic
types.

For example, 1,1,3,3,5,5-hexachloro-l,3,5-trisila-

18

cyclohexane,

obtained from the thermal decomposition of

trichloromethylsilane, was readily reduced with lithium
aluminum hydride to give 1,3,5-trisilacyclohexane.

This

cyclic silicon hydride evolved six moles of hydrogen upon

41R.

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

42B.

Smith, Acta Chem. Scand.. 9, 1286 (1955).

43G. H. Jeffery and A. J. Vogel, J. Chem. Soc., 1804
(1948).
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treatment with alcoholic alkali.
44
Fritz and Grobe
reported that the silicon-hydrogen
bonds in Si-dodecamethyltricyclocarbosilan (VI) and in Sidodecamethyltetracyclocarbosilan (VII) were resistant to basic
hydrolysis.

The inertness is attributed to steric effects.

However, photochemical chlorination of compound (VI) yields
a hexadecachloro compound, CjgH3QCljgSi7, which contains one
hydrolyzable chlorine.

This chlorine is purported to be from

a silicon-chlorine group corresponding to the silicon-hydrogen
group in the starting material.

Fritz and Grobe4^ also re

ported the measurement of the infrared absorption spectra of
some cyclocarbosilanes.
The functional dibenzosilole derivatives have been
treated with a variety of organolithium reagents to afford
no

nonfunctional types.

For example, treatment of 5-chloro-

5-n-dodecyldibenzosilole with 3-bipheny ly Hithium, phenyllithium, and n-hexadecy111thium 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-

^G. Fritz and J. Grobe, Z. anorg. u. allgem. Chem., 299.
302 (1959); Angew. Chem.. 70, 701 (1958).
45&.

Fritz and J. Grobe, Z. anorg. u. allgem. Chem.. 299.
316 (1959).
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tetradecyldibenzosilole was obtained from the reaction of the
5,5-dlchloro compound with n-tetradecyllithium.
Oilman and Gorsich^ found that 2,21 -dilithiobiphenyl
reacts with 5-chloro-5-methyldibenzosilole to give 5,5'spirobi-(dibenzosilole) and 5,5-diaethyldibenzosilole.

The

dillthium compound seems first to participate in a reaction
with the silicon-chlorine linkage; then, the second anion
displaces the methyl group forming the spiro compound and
methyHithium.

The methyllithium so formed couples with un-

reacted 5-chloro-5-methyldibenzosilole to give the dimethyl
derivative.

Unexpectedly, 5,5'-splrobi-(dlbenzosilole) was

attacked by phenyl11thium to give 5-(2-biphenylyl)-5-phenyldlbenzosilole.

This is essentially the reverse of the

process described above.
5-Ôenzyl-5-chlorodibenzosilole and 5-chloro-5-phenyldlbenzosilole were both reduced by lithium aluminum hydride
to yield 5-benzyldibenzosilole and 5-phenyldibenzosilole,
respectively.^

The latter compound was reacted with phenyl-

lithium to give a high yield of 5,5-diphenyldibenzosilole.
Two dibenzosilole derivatives containing a siliconsilicon bond, 5,5'-dimethyl—5,5'-bl-(dlbenzosilole) and the
analogous n-dodecyl derivative, were prepared by sodium con
densations of the respective 5-alkyl-5-chlorodibenzosiloles.
However, a similar reaction between sodium and 5-chloro-5phenyldibenzo silole gave only 5,51-oxybis-(5-phenyldibenzo-

26
pQ
sllole) subsequent to hydrolysis of the reaction mixture.
Treatment of 5,51-dimethy1-5,5'-bi-(dibenzosilole) with
lithium in tetrahydrofuran gave 5-lithio-5-methyldibenzosllole which yielded 5,5-dimethyldibenzosilole upon subsequent

OQ

reaction with dimethyl sulfate.

Recently, Tamborski and Rosenberg4® have reported the
preparation of eighteen 1,1-disubstituted 1-silacyclohexane
derivatives by the reaction of 1,1-dichloro-l-silacyclohexane
with alkyl- or arylllthium compounds.

The yields were much

superior to those from preparative methods employing G-rignard
47
reagents."
Thus, the advantage of using organolithium 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 reaction with an organometallic reagent to give the nonfunctional compound.

This

process has previously been shown to give higher yields than
P PR 4-"7
the direct one-step synthesis. ''
The advantage of the
two-step process lies In the fact that in preparing cyclic
organosilicon compounds via a cyclization reaction, the
yield of cyclic product increases as the number of chlorine
atoms attached to silicon is increased.

The higher yield Is

4®C.

Tamborski and H. Rosenberg, J. Org. Çhem., 25,
246 (1960).
47R.

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

Wittenberg et al.1 obtained

5-benzoyl-10,10-dipheny1-5,10-dihydrophenazasiline by react
ing 10,10-dipheny1-5,10-dihydrophenazasiline first with
n-butyllithium and then with benzoyl chloride.

Reaction of

the 5-11thio-10,10-dipheny1-5,10-dihydrophenazasiline inter
mediate with dimethyl sulfate and with diethyl sulfate gave
the 5-methyl and 5-ethyl derivatives, respectively.

Also,

10,10-dlphenylphenothiasilin was successfully oxidized to
10,10-diphenylphenothiasilin-5,5-dioxide by hydrogen peroxide
in acetic acid.1
Oita and Gilman30 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-

dipheny lphenoxasilin and 10,10'-spirobi-(phenoxasilin) upon
reaction with lithium in dioxane gave o-hydroxyphenyltriphenylsilane and bis(o-hydroxyphenyl)diphenylsilane, re
spectively,
Hitchcock et al.3^ point out that if the silicon atom in
10,10-diphenylphenoxasilin has a strong tendency to retain
the tetrahedral configuration (C-Si-G angle of 109° 28'), the
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tricyclic molecule will be folded and, when unsymmetrlcally
substituted, should exist in enantiomeric forms.

Attempts

were then carried out to verify this experimentally.
2-Methy1-10,10-diphenyIphenoxasiline was reacted with Nbromosuccinimide 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 ammonia or with potassium
phthalimide and, when reacted with potassium cyanide or di
ethyl sodiomalonate, gave no definite product.
Somewhat inconclusive evidence for the folded molecule
was obtained by comparison of the dipole moment of 10,10diphenylphenoxasilin with that of the 2,7-dimethyl com
pound.3^
Hitchcock et al.3^ also point out that 10,101-spirobl(phenoxasilin), will be racemic if the two tricyclic systems"
are folded.

A disubstituted derivative such as the 2,2'-

dimethyl compound should therefore exist in two racemic forms.
Here again, 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 acid in acetic anhydride, with bromine in
chloroform, or with N-bromosuccinimide in carbon tetrachlor
ide.

Reaction of 2,2'-dilithio-4-methyldlphenyl ether with

silicon tetrachloride in an effort to prepare the 2,2'-

29
dimethyl compound unexpectedly gave a silanol containing one
phenoxasilin ring.

Consequently, proof of the folding in the

phenoxasilin molecule still remains to be obtained.
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EXPERIMENTAL
All reactions Involving organometal11c reagents or other
materials sensitive to either oxygen or moisture were carried
out in an atmosphere of dry, oxygen-free nitrogen.

The

apparatus normally consisted of a three-necked flask equipped
with a Trubore stirrer, a dropping funnel and either a 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.
All solvents used with organometallic reagents were com
mercially available "reagent grade" materials which were
stored over sodium wire.

The tetrahydrofuran was dried and

purified by successively distilling from sodium wire and then
from lithium aluminum hydride immediately before use.
The organic halides and the various other compounds used
during this investigation were generally commercially available
materials.

The organosilicon halides, unless otherwise stated,

were purchased from Dow Corning Corporation.
The lithium, purchased with a grease coating, was care
fully wiped and weighed before use.

Magnesium turnings

especially prepared for Grlgnard reagents were utilized.

In

reactions requiring an excess of either lithium or 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,

A.Q
was prepared in accordance with the method of Oilman et al.*
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;4^ while those of the other
organometallic reagents were determined by the single acid
titration method.50

Throughout the experimental section,

frequent reference is made to Color Tests I and II.

Color

Test I refers to the qualitative color test of Oilman and
51
Schulze
for moderately and highly reactive organometallic
compounds.

Color Test II corresponds to Test A reported by

5P
Oilman and Swiss
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 oil bath; while those above 200° were taken
in an electrically heated copper block.
The infrared spectra cited in this dissertation were

Oilman, J. A. Beel, C. 0. Brannen, M. W. Bullock,
0. E. Dunn, and L. S. Miller, J. Am. Chem. Soc.. 71. 1499
(1949).
4®H.

Oilman and A. H. Haubein, ibid., 66, 1515 (1944).

50H.

Oilman, P. D. Wilkinson, W. P. Fishel, and C. H.
Meyers, ibid., 45, 150 (1923).
51H.

Oilman and F. Schulze, ibid.. 47, 2002 (1925).

52H.

Oilman and J. Swiss, ibid., 62, 1847 (1940).
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obtained on either a Baird, model B, spectrophotometer, prop
erty of the Institute for Atomic Research, or on a PerkinSlmer, model 21, spectrophotometer.
Tetrasubstituted Organosilanes Containing Aralkyl Groups
Benzyltris(p-terpheny1-4-y1)silane

A suspension of 27.8 g. (0.09 mole) of 4-bromo-p-terphenyl

in 200 ml. of ether was treated with 0.09 mole of an

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
benzyltrichlorosilane

in 25 ml. of ether was added dropwise.

The reaction mixture was stirred at reflux temperature for
12 hours, and then hydrolyzed.

The organic layer was sep

arated and dried over anhydrous sodium sulfate.

Distillation

of the solvent afforded 20.2 g. of colorless solid, m-p. 125146°.

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. 131-133°, was obtained.
Anal. Calcd. for Cg^H^gSi:

Si, 3.48.

Found:

Si, 3.44,

3.39.

53H.

Oilman and E. A. Weipert, J. Org. Chem., 22, 446
446 (1957).
54G.

(1909).

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

An ethereal solution of 0.08 mole of g-terphenyl-4-yllithium,53 prepared from 24.7 g. (0.08 mole) of 4-bromo-gterphenyl and 0.08 mole of n-butyllithium as described above,
was treated with 10.4 g. (0.037 mole) of dibenzyldichloro54
silane
in 75 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. Calcd. for C^H^Si:

Si, 4.19.

Found:

Si, 4.23,

4.20.
Tribenzyl-£-terphenyl-4-ylsilane

A solution of 3.02 g. (0.01 mole) of tribenzylsilane55 in
50 ml. of ether was added dropwise to an ethereal solution
containing 0.02 mole of p.-terphenyl-4-yllithium.

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 12 hours.

5%.

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 reeryst aliiz ations from a mixture of toluene

and petroleum ether (b.p. 60-70°) gave 1.25 g. (24.6$) of
colorless crystals, m.p. 125-127°.
Anal. Calcd. for CggH^Sl:

Si, 5.29.

Found:

Si, 5.28,

5.20.
Tris( beta-phenylethyl)-&-t erpheny1-4-yIsi lane

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 0.02 mole of ]3-terpheny 1-4-y 111thium.53

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 gave 6.55 g. of
solid, m.p. 70-78°.

Several recrystallizations from a mix

ture of toluene and petroleum ether (b.p. 60-70°) gave 2.1 g.
(18.4$) of colorless solid, m.p. 77-80°.
Anal. Calcd. for C^gH^Si:

Si, 4.92.

Found:

Si, 5.04,

4.98.
Tri s(gamma-pheny Ipropy1)-£-terpheny1-4-ylsi lane

An ethereal solution containing 0.02 mole of n-terpheny1C7
4-yllithium
was treated with 9.7 g. (0.025 mole) of tris-
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(gajnma-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 negative.

Hydrolysis

was effected with water and the reaction products were worked
up in the usual manner.
oil were unsuccessful.

Efforts to crystallize the resulting
The material was then distilled at

reduced pressure to give 3.5 g. (29$) of pale yellow viscous
liquid, b.p. 315-317° (0.001 mm.).
Anal. Calcd. for C^gH^gSi:

Si, 4.57.

Found:

Si, 4.64,

4.65.
Dlbenzvlbls(2-biphenylyl)silane
A solution of 8-44 g. (0.03 mole) of dibenzyldichlorosilane54 in 50 ml* of ether was treated with 0.074 mole of
2-biphenylyllithium.After heating at reflux for 24 hours,
Color Test I was negative.
hydrolyzed.

The reaction mixture was then

Work-up gave an oil, 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. Calcd. for CggH3gSi:

Si, 5.44.

Found:

Si, 5.34,

5.38.

56H.

Oilman and K. Oita, J. Org. Chem.. 20. 862 (1955).
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Dibenzylbis(3-biphenylyl)silane
A solution of 0.036 mole of 3-biphenylyllithium, pre
pared from 10.9 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 dibenzyldichlorosilane54 in 50 ml. of
ether.

The reaction mixture was refluxed for 2 hours, 100

ml. of toluene was added, and the ether removed by distilla
tion.

After refluxing for 2 hours, Color Test I was negative

and 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. Calcd. for CggHggSi:

Si, 5.44.

Found:

Si, 5.50,

5.51.
Dlbenzylbis(4-biphenylyl)silane
n-Buty111thium (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 reaction 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 dibenzyldichlorosilane54 in 50
ml. of ether and refluxed for 24 hours.

Color Test I was now

negative and hydrolysis was carried out with water.
was added and the organic layer separated.

Ether

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 10.9 g. of solid, m.p. 80-104°.

This mate

rial was recrystallized three times from a mixture of benzene
and absolute ethanol to give 4.05 g. (26.1$) of colorless
solid, m.p. 106-108°.
Anal. Calcd. for CggHggSi:

Si, 5.44.

Found:

Si, 5.47,

5.48.
Tribenzyl-]3-( tri methylsilylphenyl)silane

A solution of 5.26 g. (0.023 mole) of o-broraophenyltrimethylsilane in 50 ml. of ether was added 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 an aliquot indi

cated a yield of 0.0178 mole (77.4$).

This solution was then

added to 6.04 g. (0.02 mole) of tribenzylsilane55 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
removed 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.), nf° 1.5952, d|° 1.0362.
Anal. Calcd. for
146.85.

Found:

C3oH34Sig:

C, 79.93; H, 7.60; MRp,

C, 79.91, 79.90; H, 7.41, 7.30; MRD, 146.09.
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Reactions of Some 2-Triphenyls!lylethyl Derivatives
2-Chlo roethylt riph enyIsi1an e
Thionyl chloride (8.4 g., 0.07 mole) was added to 10 g.
(0.034 mole) of 2-triphenylsilylethanol,^ and the reaction
mixture heated on a steam bath for 30 minutes.

The excess

thionyl chloride was removed with the aid of a water aspira
tor.

The resulting solid was taken 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 recrystal

lized twice from petroleum ether to give 7.53 g. (68.6$) of
colorless solid, m.p. 128-130°.Another run, using 20 g.
of the alcohol, gave an 86.7$ 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 at reflux for 20 minutes.

After

cooling the ethanol was evaporated under an air-jet and the
resulting material was taken up in an ether-water mixture.
The ethereal solution was separated and worked up in the usual

57H.

Oilman, D. Aoki, and D. Wittenberg, J. Am. Chem.
Soc.. 81, 1107 (1959).
58H.

Oilman 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. 151153°, which was identified by mixed melting point and by com
parison of the infrared spectra.
Reaction of 2-chloroethyltri phenyls!lane end magnesium
A solution of 10 g. (0.031 mole) of 2-chloroethyltriphenylsilane in 200 ml. of tetrahydrofuran was added to 4.8 g.
(0.2 g. atom) of magnesium In 25 ml. of tetrahydrofuran.
Attempts to initiate the reaction with iodine and with methyl
iodide failed.

The reaction mixture was then set at reflux,

and after 1 hour Color Test I was positive.

The reaction mix

ture was refluxed an additional 1.5 hours, filtered through
a previously dried glass wool plug, and poured onto a Dry
Ice-ether slurry.

The carbonation mixture was allowed to

warm to room temperature and acidified with dilute hydro
chloric acid. • Ether was added and the organic layer sepa
rated.

After drying with anhydrous sodium sulfate, the or

ganic layer was evaporated under an air-jet.

The resulting

solid was treated with 250 ml. of ether and filtered.

The

solid was recrystallized twice from cyclohexane to give
0.84 g. (9.4$) of colorless crystals, m.p. 213-215°, which
was identified as tetramethylenebis(triphenylsilane)8 by mixed
melting point.
The ethereal solution was extracted with 10$ sodium
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hydroxide and the basic aqueous extract acidified.

The

aqueous solution was then extracted with ether and discarded.
After drying, the ether was evaporated and the residue re
crystallized from formic acid 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 material was
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identified as 3-triphenylsilylpropionic acid
by mixed melt
ing point.
The ethereal solution was dried and evaporated, and the
resulting material 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. 209-215°, was obtained.

This material was

recrystallized twice, from cyclohexane to give 0.36 g. (4.04$)
of tetramethylenebis(triphenylsilane),® m.p. 212-215°.
In an analogous run the reaction mixture was heated at
reflux for 20 hours;: however, the yield of 3-triphenylsilyl37
**
propionic acid
was only 28.9$.
A mixture of 5 g. of 2-chloroethyltriphenylsilane and
0.7 g. of lithium in 100 ml. of ether were stirred for 20
hours at room temperature.

Attempts to initiate the reaction

failed and 86$ of the 2-chloro derivative was recovered.
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2-Bromoethyltriphenylsllane
Phosphorus tribromide (12 g., 0.045 mole) was added dropwise to 20 g. (0.066 mole) of 2-triphenylsilylethanol.57
After allowing the mixture to stand for 20 minutes, 50 ml.
of dry benzene was added and the resulting solution heated at
reflux for 15 minutes.

Hydrolysis was effected by pouring the

reaction mixture into iced water.

Ether was added, and the

aqueous solution was separated and discarded.

After drying

the organic 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 material 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. Calcd. for CgQH^gBrSi:

Si, 7.65.

Found:

Si,

7.91, 7.84.
In another run using 0.1 mole of 2-triphenylsilylethanol,
there was obtained a 58$ yield of the 2-bromo derivative.
Reaction of 2-bromoethyltrlphenylsllane and magnesium
Twenty ml. of a solution of 5.5 g. (0.015 mole) of
2-bromoethyltrlphenylsilane 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 Iodine and methyl iodide failed

to initiate the reaction, which was finally started by warm
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ing.

The rest of the solution was added and the reaction mix

ture stirred 1 hour at room temperature.

Titration of an

aliquot indicated the presence of 0.01 mole of base.

The

reaction mixture was then poured onto a Dry Ice-ether slurry.
After warming to room temperature, dilute hydrochloric acid
was added.

The organic layer was worked up in the usual man

ner and evaporated to remove the tetrahydrofuran.

The residue

was treated with 200 ml. of ether and the remaining solid
material filtered.

The solid was recrystallized from cyclo

hexane to give 0.19 g. (2.7$) of tetramethylenebis(triphenylsilane),® m.p. 212-215°.
The filtrate was extracted with 5$ sodium hydroxide and
the basic aqueous solution acidified.

The resulting solid

was filtered and recrystallized from formic acid to give 1.25
g. (25.1$) of 3-triphenylsilylpropionic acidm.p. 142-144°.
The filtrate was now dried with anhydrous sodium sulfate
and evaporated under an air-jet.

The resulting material 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 ethyltriphenylsilane, m.p. 74-76°.

Elution with cyclohexane gave a

solid, which was recrystallized from cyclohexane to give 0.46
g. (10.6$) of tetramethylenebis(triphenylsilane),® m.p. 213-

216°.
In another run, the reaction mixture was allowed to stir
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for 20 hours at room temperature and gave a 26.7$ yield of
37
3-triphenylsilylpropionic acid.
Reaction of 2-bromoethyltriphenylsllane and lithium
A solution of 5.5 g. (0.015 mole) of 2-bromoethyltriphenylsilane in 100 ml. of ether was added to 1 g. of lithium
suspended in 25 ml. of ether.

Since there was no apparent

reaction, 4 drops of methyl iodide were added.

This seemed

to Initiate the reaction, but Color Test I remained negative.
The reaction mixture was stirred for 17 hours at room tempera
ture; the color test remaining negative.

The excess lithium

was removed by filtration and the reaction mixture was
hydrolyzed with dilute acid.

The insoluble material was

filtered and, after two recrystalligations from cyclohexane,
Q

gave 1.08 g. (25.1$) of tetramethylenebis(triphenylsilane),
m.p. 213-216°.
The organic layer was evaporated and the residue chr-omatographed over alumina.

Elution with petroleum ether (b.p.

60-70°) gave a solid which was recrystallized twice from abso
lute ethanol to give 0.71 g. ( 16.4$) of ethyltriphenylsilane,
m.p. 75-77°.

Subsequent elution with cyclohexane afforded a

solid which was recrystallized twice for cyclohexane to give
0.67 g. (15.6$) of tetramethylenebis(triphenylsilane), m.p.
214-216°•

44
2-Triphenylsilylethyl 2.-to luenesulfonate

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)
K17
of 2-triphenylsilylethanol
in 50 ml. of dry pyridine, main
tained at approximately 10°.

The reaction 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

recrystalllzed three times from cyclohexane to give 17.3 g.
(75.4$) of colorless crystals, m.p. 110-113°.

The analytical

sample melted at 112-114°.
Anal. Calcd. for Cg^HggOgSSi:

Si, 6.12.

Pound:

Si,

6.08, 6.13.
Reaction of 2-chloroethyltrlphenylsilane
and trlphenylsilylllthlum
Triphenylsilyllithium,59 prepared from 4.15 g. (0.008
mole) of hexaphenyldisilane and 1.5 g. of lithium in 50 ml.
of tetrahydrofuran, was added to 5 g. (0.016 mole) of 2chloroethyltriphenylsilane in 50 ml. of tetrahydrofuran.
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.

Oilman and G. D. Lichtenwalter. ibid.. 80. 608
(1958).
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The solid was extracted two times with boiling ethyl acetate
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 acetate

solution was evaporated and the resulting material was recrystallized twice from cyclohexane to give 1.01 g. (11.6%)
of ethylenebis(triphenylsilane),60 m.p. 212-214°, identified
by mixed melting point.
After the above filtration, the organic layer was sep
arated and worked up in the usual manner.
then chromatographed on alumina.

The residue was

Elution with petroleum ether

(b.p. 60-70°) gave a small amount of colorless solid which was
recrystalllzed twice from petroleum ether to give 0.58 g.
(11.6$) of recovered 2-chloroethyltrlphenylsilane, m.p. 128130°.

Elution with cyclohexane and then with benzene gave a

colorless solid.

This material was recrystalllzed twice from

cyclohexane to give 1.49 g. (17.6%) of ethylenebis(triphenyl
silane), m.p. 210-213°.
Reaction of 2-broaoethyltriphenylsllane
and triphenyis ilyHithium
A tetrahydrofuran solution containing 0.014 mole of triphenylsilyllithium^ was added slowly to 5.14 g. (0.014 mole)

Wittenberg, D. Aokl, and H. Gilman, ibid., 80,
5933 (1958).
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of 2-bromoethyltriphenylsilane in 50 ml. of tetrahydrofuran.
After stirring 3 hours at room temperature, 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 leaving 1.72 g.
(23.7%) of hexaphenyldisilane, m.p. 368-370°.

The combined

ethyl acetate solutions were evaporated and the resulting
material recrystalllzed from cyclohexane to give 0.28 g.
(3.7%) of ethylenebis(triphenylsilane)m.p. 210-213°.
The organic layer was separated and worked up in the
usual manner.
alumina.

The residue was then chromatographed over

The customary techniques gave 0.56 g. (10.9%) of

recovered 2-bromoethyltriphenylsilane and 2.23 g. of color
less solid, m.p. 182-190°.

This material was recrystalllzed

from various solvents but could not be further purified.
The infrared spectrum indicated this material to be a mix
ture of ethylenebis- and tetramethylenebis(triphenylsilane),
Reaction of 2-trlphenylsllylethyl
£-toluenesulfonate and triphenyIsilyllithium

Triphenylsilylllthlum^" (0.02 mole) was added to 9.16
g. (0.02 mole) of 2-trlphenylsllylethyl p-toluenesulfonate
in 50 ml. of tetrahydrofuran.

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.

Filtration gave 3.3 g.
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(31.9%) of hexaphenyldlsilane, m.p. 367-370°.
The organic layer was worked up In the usual manner and
the residue chromatographed over alumina.

Elution with cyclo

hexane gave a colorless solid, which was recrystalllzed twice
from cyclohexane to give 2.22 g- (20.2%) of ethylenebis(triphenylsilane)m.p. 211-214°.

Using benzene and ethyl

acetate as the eluants, there was obtained another solid.
This material was recrystalllzed three times from cyclohexane
to give 1.14 g. (12.4%) of recovered 2-triphenylsilylethyl
jj-toluenesulfonate, m.p. 109-112°.
Studies in the 5,10-Dihydrophenazasiline Series
2.2'-Dibromodj-phenylamlne
The following procedure is that of Jones and Mann
minor revisions,

fil
with

o-Bromobenzanllide (441 g., 1.6 moles) was

mixed with 364 g. (1.75 moles) of phosphorus pentachloride.
After the spontaneous reaction, the mixture was hested to
100° for 10 minutes, and then allowed to stand at room temper
ature overnight.

The phosphorus oxychloride was removed with

the aid of a water aspirator and the remaining material dis
tilled at a lower pressure to give 446.7 g. (94.8%) of N-obromophenylbenzlmidoyl chloride as a yellow liquid, b.p.
162-164° (1.5 mm.).

In two similar runs, the yields were

®^E. R. H. Jones and F. G. Mann, J. Chem. Soc.. 786
(1956).
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90.8% and 96%, respectively.
Sodium ethoxide was prepared by adding 25.3 g. (l.l 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-bromopheno1 was added dropwise.

With continued cooling of

the above reaction mixture, there was then added 304 g.
(1.034 moles) of N-o-bromophenylbenzimidoyl chloride in 300
ml. of ether.

The reaction mixture was warmed to room temper

ature and stirred for 11 hours.

After the greater part of

the ethanol was removed by distillation, the yellow mixture
was allowed to cool and poured upon a mixture of ice and
water.

The resulting pale yellow solid was filtered and re-

crystallized from absolute ethanol to give 386.7 g. (86.9%)
of o-bro moph eny1 N-o-bro moph enylb enzimi do a te as pale yellow
crystals, m.p. 93-95°•

Yields of 81.3 and 85% were obtained

in two other runs.
o-Bromophenyl N-o-bro moph enylben zimido at e (200 g., 0.464
mole) was heated from 250-265° for 2.5 hours.

The resulting

dark brown liquid was allowed to cool and digested with 200
ml. of 95% ethanol.

The ethanolic solution was cooled, de

positing 130 g. (65%) of impure N-benzoyl-2,2'-dibromodiphenylamine, 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'-dibromodiphenylamine 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 separated,

extracted with a total of 500 ml. of ether, and discarded.
The ethereal solution was dried with anhydrous sodium sul
fate and distilled.

Reduced pressure distillation of the

residue gave 84.6 g. (85.7$) of 2,2'-dibromodiphenylamine,
b.p. 128-133° (0.008 mm.).

A portion was recrystalllzed from

ethanol to give colorless crystals, m.p. 60-62°.

The yields

from the hydrolysis have ranged from 60 to 88$.
N-Ethvl-2.2'-dibromodiphenylamlne
A solution of 10 g. (0.0306 mole) of 2,2'-dibromodiphenylamine cooled in an ice-bath was treated with 0.035 mole
of an ethereal solution of methyllithium, and allowed to stir
for 30 minutes.

Subsequently, 7.7 g. (0.05 mole) of freshly

distilled diethyl sulfate in 100 ml. of tetrahydrofuran was
added.

The ether was removed by distillation until the

temperature reached 64°.

This solution was heated st reflux

for 15 hours, and then hydrolyzed by pouring upon iced water.
The organic solution was separated, and the aqueous 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 colorless liquid, b.p. 131-133° (0.04 mm.), which
solidified upon standing.

A portion was recrystalllzed from

petroleum ether (b.p. 60-70°) giving colorless crystals,
m.p. 72-74°.
Anal. Calcd. for C^H^gBrgN:

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 one run

using 52 g. of 2,2l-dibromodlphenylamine, there was obtained
an 81.4$ yield of the N-ethyl derivative.

Attempts to pre

pare the compound, by treating 2,2'-dibromodlphenylamine,
with either ethyImagnesium bromide or methyllithlum and then
with ethereal solutions of diethyl sulfate, were unsuccessful.
A similar reaction to the above using methyllithlum and di
ethyl sulfate in a toluene-ether solution heated at 65°, the
reflux temperature of tetrahydrofuran, gave only partial
N-alkylatlon.
5-Ethy1-10.10-dlphenyl-5.lO-dihydronhenazasiline
From dichlorodlphenylsllane

To 5.05 g. (0.014 mole)

of N-ethyl-2,2'-dibromodlphenylamine in 50 ml. of ether cooled
in an ice-bath, there was added 0.028 mole of n-buty111thlum.
After stirring under these conditions for 1 hour, Color Test
II was 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 at 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

discarded.

The combined organic solution was dried with an

hydrous sodium sulfate and the ether removed by evaporation
under an air-jet.

The resulting solid was taken up in petro

leum ether (b.p. 60-70°) to give -3.11 g. of colorless crys
tals, m.p• 118-121°.

Recrystallization from the same solvent

gave 2.66 g. (49.3$) of 5-ethy 1-10,10-diphenyl-5,10-dihydrophenazasiline, m.p. 121-123°, identified by mixed melting
point with an authentic sample and by comparison of the infra
red spectra.^
From diphenylsllane.

A solution of 3.55 g. (0.01 mole)

of N-ethy1-2,2'-dibromodlphenylamine in 50 ml. of diethyl
ether, cooled in an ice-bath, was treated with 0.02 mole of
an ethereal solution of n-butyllithium.

After stirring for

1 hour, 1.84 g. (0.01 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 and

hydrolysis was carried out by pouring upon a dilute sulfuric
acid solution.

The aqueous layer was separated, extracted

G2&. a. Benkeser, H. Landesman, and D. J. Foster, J. Am.
Chem. Soc., 74, 648 (1952).
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with ether, and discarded.

The combined 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 1.36 g. (36.1$) of
colorless crystals, m.p. 121-123°, which was Identified as
5-ethyl-lO,lO~diphenyl-5,lO-dihydrophenazasiline by mixed
melted point and by comparison of the infrared spectra.
From 5-ethyl-10-phenyl-5.10-dlhydrophenazaslline
5-Ethyl-lO-phenyl~5,lO~dihydrophenazasiline (1.77 g., 0.006
mole) (see below) in 50 ml. of ether was treated with 0.014
mole of an ethereal solution of phenyllithlum and the reaction
mixture refluxed for 17 hours.

After the usual work-up, the

resulting material was taken up in petroleum ether (b.p.
60-70°) to give 1.53 g. (68.9$) of colorless crystals, m.p.
119-122°•

An additional recrystallization raised the melting

point to 121-122°.

A mixed melting point with an authentic

sample of 5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline
was undepressed.
5.5'-Piethy1-10.10'-spirobi-(5.10-dlhydrophenazaslline)
To a solution of 10.65 g. (0.03 mole) of N-ethyl-2,2'dibromodlphenylamine in 100 ml. of ether cooled in an icebath, 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, and 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, and
then the ether distilled.

The resulting toluene suspension

was refluxed for 2 hours before Color Test I was negative.
After hydrolysis by pouring upon cold water, the aqueous 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 material was

taken up in ethyl acetate giving 3.19 g. of colorless needles,
m.p. 210-214°.

After two recrystallizations from the same

solvent, there was obtained 2.73 g. (44.4$) of colorless
needles, m.p. 215.5-217°.
Anal. Calcd. for C^gHggNgSl:

Si, 6.71.

Found:

Si,

6.75, 6.63.
5-E thy1-10-methy1-10-pheny1-5.10-dlhydrophenaz as i11ne
An ethereal solution of 3.82 g. (0.02 mole) of methylphenyldlchlorosllane was added to 0.02 mole of N-ethyl-2,2'dilithlodiphenylamine, prepared from 7.10 g. (0.02 mole) of
N-ethyl-2,2'-dibromodlphenylamine and 0.04 mole of N-buty1lithium-

The reaction mixture was stirred at room temperature

for 17 hours and then 2 hours at reflux, before Color Test I
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was negative.

After hydrolysis, the aqueous layer was ex

tracted with ether and discarded.

The combined organic layer

was dried with anhydrous sodium sulfate and distilled.

The

residue was distilled at reduced pressure to give 4.54 g.
(72$) of pale yellow viscous liquid, b.p. 160-167° (O-Ol mm.).
The material solidified upon standing and a portion was re
crystalllzed twice from absolute ethanol to give colorless
crystals, m.p. 62-64°.
Anal. Calcd. for Cg^Hg^NSi:

Si, 8.90.

Found:

Si, 8.92,

8.80.
5-Ethyl-10.10-dibenzyl-5.10-dlhydrophenazaslline
N-Ethy1-2,2'-dillthiodiphenylamine (0.015 mole) in 70 ml.
of ether was treated with 4.22 g. (0.015 mole) of dibenzyldichlorosilane
bath.

in 50 ml. of ether, while cooling in an ice-

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 liquid, b.p. 204-212° (0.005 mm.).

Trituration with

absolute ethanol yielded a colorless solid, m.p. 69-72°, which
was recrystalllzed from the same solvent to give long color
less needles, m.p. 71-73°.
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Anal. Calcd. for CggHg^NSi:

Si, 6.9-3.

Found:

Si, 6.81,

6.83.
5-Ethy1-10-phenyl-5.10-dihydrophenazasiline
A solution of 0.04 mole of N-ethyl-2,21-dilithiodiphenylamine, prepared 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 phenylsilane

in 100 ml. of ether while cooling in an ice-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 a small amount of sulfuric
acid.

The organic layer was separated and dried with an

hydrous calcium sulfate, and the ether was removed by distilla
tion.

The resulting material was 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 material solidified upon standing

to a colorless sticky solid which was extremely difficult to
crystallize to a sharp melting point.

It was recrystalllzed

finally from petroleum ether (b.p. 60-70°) to give colorless
needles, m.p. 75-78°•
Anal. Calcd. for CggH^gNSi:

Si, 9.33.

Found:

Si,

9.08, 9.16.

S^A. E. Flnholt, A. C. Bond, Jr., K. E. Wllzbach, and
H. L. Schlesinger, ibid., 69, 2692 (1947).
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In another run employing 0.085 mole of N-ethyl-2,2'dilithlodiphenylamine and 0.11 mole of phenylsilane, there was
obtained a 77.5$ yield of 5-ethy1-10-pheny1-5,10-dihydrophenazasiline.
5-Ethy l-10-phenyl-10-B,-toly 1-5,10-dihydrophenazasiline

An ethereal solution of ja-tolyllithium (0.02 mole) was
added to 3.0 g. (0.01 mole) of 5-ethyl-10-pheny1-5,10-dihydrophenazasiline in 50 ml. of ether.

The reaction mixture was

refluxed for 5 hours and then poured upon crushed ice acid
ified with sulfuric acid.

The organic layer was separated,

dried with anhydrous calcium sulfate, and evaporated under an
air-jet.

The residue was recrystalllzed 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 recrystallizatlon from the same solvent mixture
raised the melting point to 102-103.5°.
Anal. Calcd. for Cg^Hg^NSi:

Si, 7.17.

Pound:

Si,

7.08, 7.06.
5-Ethy1-10-o-biphenylyl-10-pheny1-5,10-dihydrophenazasiline

To a solution of 2.54 g. (0.0085 mole) of 5-ethyl-10phenyl-5,16-dihydrophenazasiline in 50 ml. of ether, there was
added 0.012 mole of o-blphenylyllithium,prepared from
o-bromobiphenyl and lithium in ether according to a published
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procedure.

After heating at reflux for 16 hours, the reaction

mixture was hydrolyzed by pouring upon crushed ice.

Subse

quently, ether was added and the organic layer separated.
After drying with anhydrous calcium sulfate, the ether was
evaporated and the resulting material taken up in 95$ ethanol
to yield 2.81 g. (72.9$) of colorless crystals, m.p. 121.5124°.

The analytical sample metied at 223-124.5°.
Anal. Calcd. for CggHgyNSi:

Si, 6.19.

Found:

Si, 6.28,

6.15.
5-Ethy1-10-o-phenoxyphenyl-10-pheny1-5,10-dihydrophenazasiline

A solution of E-phenoxyphenyllithium^4 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. (0-01 mole) of 5-ethyl10-pheny1-5,10-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 separated.

The organic layer was

then dried with anhydrous calcium sulfate and evaporated under
an air-jet.

The resulting material could not be induced to

solidify, and therefore, was distilled at reduced pressure to
give 1.91 g. (40.6$) of glass-like solid, b.p. 240-245°

6-H. Oilman, 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 crystals, m.p. 96-98°.

The

distillation residue was taken up in petroleum ether (b.p.
60-70°) and seeded with some of the crystalline material giv
ing an additional 0.85 g. ( 18.1$) of similar material, 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. Calcd. for CgpHg^NOSi:

Si, 5.98.

Found:

Si,

6.17, 5.88.
5-Ethyl-10-2-bromophenyl-10-phenyl-5,10-dihydrophenazasiline

A solution of 4.52 g. (0.02 mole) of g.-dibromobenzene^
in 75 ml. of ether cooled to -20-3° was treated with 0.02 mole
of n-butyllithium by dropwise addition.

After stirring for

2 hours at -20°, 6.0 g. (0.02 mole) of 5-ethyl-10-pheny1-5,10dihydrophenazasiline in 100 ml* of ether was added, and the
reaction mixture allowed to warm to room temperature and
stirred for 18 hours.

Hydrolysis was carried out by pouring

upon crushed ice acidified with sulfuric acid.

The aqueous

layer was separated, extracted with ether, and discarded.
The organic layer was dried and evaporated to yield a tan
solid which was taken up in hot petroleum ether (b.p. 60-70°)
and cooled to give 6.15 g. of colorless material, m.p. 143155°.

After two recrystallizations from a 1:1 mixture of
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benzene and petroleum ether (b.p. 60-70°), there was obtained
3.55 g. (38.8$) of colorless crystals, m.p. 158-161°•

The

analytical sample melted at 159-160.5°•
Anal. Calcd. for CggHggBrNSi:

Si, 6.15.

Found:

Si,

6.32, 6.18.
5.5'-Dlethyl-10.10'-diphenyl-10.10'j3-blphenylenebis( 5,10-dihydrophenazasiline)

A solution of 2.5 g. (0.008 mole) of 4,4'-dibromobiphenyl^ in 50 ml. of dry benzene was treated with 0.016 mole
of n-butyllithium.
was negative.

After refluxing for 2 hours, Color Test II

The insoluble dilithium compound was treated

with 5.0 g. (0.0166 mole) of 5-ethyl-10-pheny1-5,10-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 oil was induced to crystallize by tritura
tion with a small amount of ethyl acetate giving 3.75 g. of
pale yellow material, m.p. 210-230°.

The solid was recrystal

llzed twice from a 1:1 mixture of absolute ethanol and benzene
to give 2.69 g. (44.8$) of colorless crystals, m.p. 242-246°.
The analytical sample melted at 246-248°•
Anal. Calcd. for CçgH^NgSig1.
7.24, 7.29.

Si, 7.48.

Found:

Si,
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5-Ethyl-10-n-hexadecyl-5,10-dlhydrophenazaslline

A solution of N-ethyl-2,2'-dilithiodiphenylamine, pre
pared from 17.8 g. (0.05 mole) of N-ethyl-2,21-dibromodl
pheny lamine in 200 ml. of ether and 0.1 mole of n-butyllithium,
was added over a period of 90 minutes to 14 g. (0.055 mole) of
n-hexadecylsilane®^ in 100 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 organic layer separated.
The solvent was distilled and the resulting oil distilled at
reduced pressure to give 16.0 g. of turbid liquid, b.p. 193233° (0.008 mm-).

The liquid was then redistilled to give

11.9 gm. (52.9$) of liquid, b.p. 230-235° (0.003 mm.), which
solidified upon standing.

The solid was recrystalllzed twice

from a 10:1 mixture of methanol and benzene to give colorless
crystals, m.p. 51-53°.
Anal. Calcd. for C3qH47NS1:

Si, 6.25.

Found:

Si, 6.41,

6.29.
5-Ethyl-10-n-hexadecyl-10-pheny1-5,10-dihydrophenazasiline

An ethereal solution containing 0.014 mole of phenyl-

B. Hughes. Some correlations between organosillcon
compounds and organogermanium compounds. Unpublished Ph. D.
Thesis. Ames, Iowa, Library, Iowa State University of Science
and Technology. 1958.
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lithium was added to 2.88 g. (0.0064 mole) of 5-ethy 1-10-nhexadecy1-5,10-dihydrophenazasiline in 50 ml. of ether.

The

reaction mixture was refluxed for 18 hours and subsequently
poured upon crushed ice acidified with sulfuric acid.

The

aqueous layer was separated, extracted with ether, and dis
carded.

The combined organic layer was dried and 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.
Anal. Calcd. for C^gHg^NSi:

Si, 5.34.

Found:

Si, 5.36,

5.36.
5-Ethyl-10-n-hexadecyl-10-£-toly1-5,10-dihydrophenazasiline

An ethereal solution of 3.90 g. (0.0087 mole) of 5-ethy110-n-hexadecy1-5,10-dihydrophenazasiline was treated with
0.015 mole of £-tolyllithlum and heated at reflux for 18
hours.

After hydrolysis and the usual work-up, the reaction

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.)•
Anal. Calcd. for C57H53NSi:
Found:

C, 82.31; H, 9.89, Si, 5.20.

C, 82.84, 83.02; H, 9.92, 9.72; Si, 5.22, 5.09.
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N-Me thy1-2.2* -dibromodlpheny lamine
Methyllithlum (0.11 mole) was added to 30 g. (0.0918
mole) of 2,2'-dibromodlphenylamine 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 sulfate in
100 ml. of tetrahydrofuran was added, 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 layer 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. 106-109°•

The ana

lytical sample melted at 106-107°.
Anal. Calcd. for C-^gH-^BrgN:

N, 4.11.

Found:

N, 4.17,

4.10.
5-Methyl-10.10-diphenyl-5.10-dihydrophenazasiline
N-Methy1-2,2'-dibromodlphenylamine (3.41 g . , 0.01 mole)
in 50 ml. of ether, cooled in an ice-bath, was treated with
0.02 mole of an ethereal solution of n-butyllithium.
Test II was negative after stirring for 1 hour.

Color

A solution

of 2.53 g. (0.01 mole) of dichlorodiphenylsilane in 30 ml.
of ether was added and the reaction mixture heated at reflux
for 17 hours.

After hydrolysis and the usual 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°.

He-

crystallization from the same solvent raised the melting point
to 183-185°.

The infrared spectrum of this compound was

identical with that of an authentic sample.^
5, 5' -Dimethyl-10.10'-siDlrobi-( 5.10-dihydrophenazaslllne)
I
An ethereal solution containing 0.03 mole of N-methyl2,2'-dilithlodiphenylamine, prepared as above, 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

heated at reflux 1.5 hours before the color test was negative.
The reaction mixture was then hydrolyzed, some ether was
added, and the insoluble material filtered giving 3.30 g. of
colorless solid, m.p. 244-247°.

The organic layer was worked

up in the usual manner to give 0.63 g. of similar material,
m.p. 238-245°.

The fractions were combined and recrystalllzed

from ethyl acetate to give 3.35 g. ( 57.3$) of colorless
crystals, m.p. 246-250°.

A portion was recrystalllzed twice

from the same solvent to give colorless crystals, m.p. 247249°.
Anal. Calcd. for CggHggNgSi:
7.08, 7.19.

Si, 7.19.

Found:

Si,
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5-Kethyl-10.10-dlbenzyl-5.lQ-dihydrophenazasiline
A solution of 5.62 g. (0.02 mole) of dibenzyldichlorosllane^ in 25 ml. of ether was added to an ethereal solution
of 0.02 mole of N-methyl-2,2X-dilithiodiphenylamine, 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

reaction mixture was hydrolyzed, and the aqueous layer was
separated and extracted with ether.
layer was dried and evaporated.

The combined organic

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 material was recrystalllzed twice

from this petroleum ether to give 2.78 g. (35.5$) of colorless
needles, m.p. 126-127.5°.

An additional recrystallization

did not change the melting point.
Anal. Calcd. for Cp^HggNSi:

Si, 7.17.

Found:

Si,

7.23, 7.18.
2.2'-Dlbromotrlohenylamlne
A mixture of 10.24 g. (0.0314 mole) of 2,2'-dibromodiphenylamine, 18.3 g. (0*09 mole) of iodobenzene, 8 g. of an
hydrous potassium carbonate, and 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 and filtered.

The
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ether was evaporated and the resulting material dissolved in
absolute ethanol.
solid deposited.

After standing for 5 days, a light brown
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 raised the melting point to 108.5-110°.
Anal. Calcd. for C^gH^BrgN:

N, 3.47.

Found:

N, 3.47,

3.52.
A similar reaction employing 22.9 g. of 2,2'-dibromodiphenylamine gave only a 27.6$ yield of 2,2'-dibromotriphenylamine•
5.10.lQ-Trlohenyl-5.10-dlhydroohenazasiline
To a solution of 4.03 g. (0.01 mole) of 2,2'-dibromotriphenylamine in 50 ml. of ether, there was added 0.02 mole of
a n-butyllithium solution, while cooling in an ice-bath.

This

solution was stirred under these conditions for 1 hour and
then treated with 2.53 g. (0.01 mole) of dichlorodlphenylsilane in 25 ml. of ether-

After refluxing the ethereal solu

tion for 24 hours, Color Test I was still positive; therefore,
50 ml. of dry toluene was added and the ether distilled.

The

toluene suspension was heated at reflux for 2 hours before
the color test was negative.

The reaction mixture was hydro

lyzed with cold water and worked up in the usual manner-

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°.

Recrystalliza-

tion from the same solvent gave 1.37 g. (32.2$) of colorless
crystals, m.p. 208-211°.

An additional recrystallization

raised the melting point to 210-2,12°.
Anal.

Calcd. for CggHggNSi:

3.29; Si, 6-60.

Found:

C, 84.66; H, 5.45; N,

C, 85.13; H, 5.52; N, 3.19; Si, 6.29,

6.42.
5.5*-Diphenyl-10.10'-spirobl-(5.10-dihydrophenazasillne)
A solution containing 0.0144 mole of 2,2'-dilithiotrlphenylamine, prepared as above, 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 ethereal solution at

reflux for 18 hours, Color Test I was negative.

Subsequently,

the reaction mixture was hydrolyzed and the insoluble material
filtered.

The organic layer was worked up in the usual manner

and evaporated under an air-jet.

The two fractions were com

bined and recrystalllzed from ethyl acetate to give 1.05 g.
of a colorless solid, m.p. 309-313°.

Recrystalllzation gave

0.80 g. (24.4$) of colorless needles, m.p. 312-314°.

The

analytical sample melted at 313-314°.
Anal. Calcd. for CjjgHggNgSl:
5.40, 5.37.

Si, 5.46.

Found:

Si,
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2-Bromo-4-chlorophenyl N-2-bromophenyrbenzimldoate
Sodium ethoxlde was prepared by reacting 10.3 g. (0.45
g. atom) of sodium with 300 ml. of absolute ethanol.

After

cooling the solution in an ice-bath, 95 g. (0.46 mole) of
g-bromo-4-chlorophenol in 100 ml. of ether was added, followed
by a solution of 133 g. (0.45 mole) of 2-bromophenylbenzimidoyl chloride61 (see ?,2'-dibromodlphenylamine preparation)
in 100 ml. of ether.

The reaction mixture was stirred at

room temperature for 16 hours, and then concentrated by dis
tillation.

Subsequently, hydrolysis was effected by pouring

upon crushed ice.

The aqueous layer was decanted from the re

sulting heavy oil.

After standing over night, the oil solid

ified and was recrystalllzed twice from 95$ ethanol to give
148 g. (70.9$) of colorless crystals, m.p. 70-7g°.

The

analytical sample melted at 71-7g°.
Anal. Calcd. for C^oH^gBrgClN0:
N, 3.01.

Found:

C, 49.01; H, g.60;

C, 49.32, 49.19; H, g.69, 2.65; N, 3.21,

3.19.
N-Benzoyl-2.2'-dibromo-4—chlorodlphenylamlne
2-Bromo-4-chlorophenyl N-g-bromoph enylbenzimi do at e
(15 g., 0.032 mole) 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 6.25 g. (42$) of tan crystals, m.p. 120-
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125°.

Two additional recrystallizations from the same solvent

raised the melting point to 127-128.5°.
Anal. Calcd. for C19H12Br2ClN0:
N, 3.01.

Found:

C, 49.01; H, 2.60;

C, 49.09; H, 2.83; N, 2.99.

The yields from two similar runs were 51.8 and 55$,
respectively.
2.2'-Dlbromo-4-chlorodi-phenylamine
A mixture of 18.5 g. (0.0397 mole) of N-benzoyl-2,2'dibromo-4-chlorodiphenylamine, 20 g. of potassium hydroxide,
20 ml. of water, and 150 ml. of 95$ ethanol was heated at
reflux for 18 hours.

The reaction mixture was concentrated

by distilling approximately 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 taken up in absolute

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. 8182.5°.
Anal. Calcd. for C^gHgBrgClN:
3.88.

Found:

C, 39.87; H, 2-23; N,

C, 39.88, H, 2.33; N, 4.00.

In two similar runs, 2,2'-dibromo-4-chlorodiphenylamine
was prepared in yields of 71.2 and 73.4$, respectively -
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N-Ethyl-2.2'-dibromo-4-chlorodlt>henylamlne
A solution of 21 g. (0.0582 mole) of 2,2'-dibromo-4chlorodiphenylamine in 100 ml. of ether was treated with 0.06
mole of methyllithium, while cooling in an ice-bath.

After

stirring for 1 hour, 9.24 g. (0.06 mole) of freshly distilled
diethyl sulfate in 70 ml. of tetrahydrofuran was added and
the ether was removed by distillation.

The tetrahydrofuran

solution 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 at 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 material were

unsuccessful.
Anal. Calcd. for C14HlgBrgClN:

N, 3.60.

Found:

N,

3.68, 3.64.
In an analogous run, the ethylated compound was obtained
in 81.45 yield.
2-Chloro-5-ethyl-10.10-dlphenyl-5.10-dlhydro-phenazasiline
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.
for 1 hour.

Color Test II was negative after stirring

The pale yellow solution was 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 at
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 usual fashion.

The reaction 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 absolute

ethanol and treated with charcoal to give 2.25 g. (27.3.%) of
colorless solid, m.p. 119-121°.

Recrystallization from

petroleum ether gave colorless crystals, m.p. 121-122°•
Anal. Calcd. for C26Hg2ClNSi:
8.61; Si, 6.82.

Found:

C, 75.79; H, 5.38; CI,

C, 76.22, 76.04; H, 5.26, 5.41;

CI, 8.47, 8.66; Si, 6.83, 6.70.
2.21 -Dichloro-5. 5' -diethyl-10.10'-spirobl(5,10-dlhydrophenazaslline)
A solution of 9.0 g. (0.023 mole) of N-ethy1-2,2'dibromo-4-chlorodiphenylamine in 100 ml. of ether maintained
at approximately -20° was treated with 0.046 mole of an
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 added over a period of

1 hour to 1.95 g. (0.011 mole) of silicon tetrachloride in
100 ml. of ether, cooled in an ice-bath.

The reaction mix

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 toluene sus
pension refluxed for 1 hour.

The color test was then nega

tive and hydrolysis was effected with 150 ml. of water.

After

the usual work-up, the residue was recrystallized twice from
a 1:1 mixture of benzene end petroleum ether (b.p. 60-70°) to
give 1.65 g. (29.5%) of colorless crystals, m.p. 188-191°.
The analytical sample melted at 189-191°.
Anal. Calcd. for CggHg^ClgNgSi:
5.76.

Found:

C, 68.98; H, 4.96; Si,

C, 69.04, 69.22; H, 4.79, 4.60; Si, 5.87, 5.80.

3-Bromobiohenyl-4-yl N-2-bromor>henylbenzlmldoate
A solution of 130 g. (0.56 mole) of 2-bromo-4-phenylphenol was added to 0.55 mole of sodium ethoxide in 700 ml.
of absolute ethanol, while cooling in an ice-bath.

This solu

tion was then treated with 161 g. (0.55 mole) of 2-bromophenylbenzimidoyl chloride^ in 100 ml. of ether.

After

stirring for 16 hours the solution was concentrated by dis
tillation, cooled, and poured upon crushed ice.

The aqueous

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. Calcd. for CggH-i^B^NO:

C, 59.19; H, 3.38; N,
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2.76.

Found:

C, 59.76, 59.83; H, 3.40, 3.52; N, 2.56, 2.67.

N-Benzoyl-2.2'-dl"bromo-4-r>henyldiphenylamine
3-Bromoblpheny1-4-y1 N-2-bromophenylbenzimidoate (25 g.,
0.0493 mole) was heated from 240 to 255° for 2.5 hours.

The

black reaction mixture was then digested with 50 ml- of ethyl
acetate.

After cooling, the solution was filtered, reduced

in volume (ça. 20 ml.), and filtered again.

A total of 19.9

g. (79.6/8) of tan solid, m.p. 204-208°, was collected.

A por

tion was recrystallized twice from ethyl acetate and then from
benzene to give colorless crystals, m.p. 209-211°.
Anal. Calcd. for CggH^^BrgNO:

N, 2.76.

Found:

N, 2.73,

2.71.
In two similar runs, the yields of rearrangement product
were 68 and 69#, respectively.
2.2'-Dibromo-4-DhenyldiDhenylamlne
A mixture of 27 g. (0.0532 mole) of N-benzoyl-2,21dibromo-4-phenyldiphenylamine, 100 g. of potassium hydroxide,
and 700 ml. of 95% ethanol was refluxed for 19 hours.

The

solution was concentrated by distillation and then poured
upon crushed ice.

The aqueous solution was extracted with

ether and discarded.

After drying and distilling the organic

layer, the residue was taken up in absolute ethanol, treated
with charcoal, and reduced in volume to give 16.7 g. (78.#) of
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pale yellow crystals, m.p. 82-83.5°.

Recrystaliiz at ion from

the same solvent gave lustrous crystals, m.p. 82-83°.
Anal. Calcd. for C^gH^gBrgN:
Found:

C, 53.61; H, 3.25; N, 3.48.

C, 54.01, 53.98; H, 3.39, 3.35; N, 3.40, 3.44.

An attempt to hydrolyz-e 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'-dlbromo-4-phenyldlphenylamlne
A solution of 19.9 g. (0.0494 mole) of 2,2'-dibromo-4phenyldiphenylamlne in 100 ml. of ether, cooled in an icebath, was treated with 0.05 mole of an ethereal 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

the tetrahydrofuran solution heated at reflux for 16 hours.
Hydrolysis was effected with water and the reaction mixture
was worked up in the usual manner.

The remaining material

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
g. (73.7$) of colorless crystals, m.p. 92-95°.

The analytical

sample melted at 93-95°.
Anal. Calcd. for Cg0H^7BrgN:

C, 55.71; H, 3.98; N,
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3.25.

Found:

C, 55.88, 55.95; H, 4.09, 3.96; N, 3.46, 3.36.

In a repeat run, the N-ethyl derivative was obtained in
a 72$ yield.
5-E thy1-2.10.10-1ripheny1-5.10-dihyd rophenaz as1line
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 treated with 0.04 mole of n-butyllithium.
After stirring for 1 hour, 5.06 g. (0.02 mole) of dichlorodiphenylsilane in 40 ml. of ether was added.

The reaction

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°.
Anal. Calcd. for C^gHg^NSi:

N, 3.09; Si, 6.19.

Found:

N, 3.20, 2.98; Si, 6.25, 6.22.
5.5'-Diethyl-2.2'-diphenyl-10.IQ'-spirobi(5.10-dihydrophenazasiline)
A solution containing 0.02 mole of N-ethyl-2,?1-dilithio4-phenyldiphenylamine, prepared as above, was added over a
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 refluxlng 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 1:1 mixture of benzene and
petroleum ether (b.p. 60-70°) to give 2.-33 g. (40.9$) of
colorless crystals, m.p. 234-237°.

The analytical sample

melted at 235-238°.
Anal. Calcd. for ^QHg^NgSi:
4.92.

Found:

C, 84.16; H, 6.00; Si,

C, 84.42, 84.62; H, 5.75, 5.96; Si, 4.97, 5.04.

Brominatlon of 5-ethyl-10.10-diphenyl5.10-dlhydrophenazasiline
In carbon disulfide at -20°

A solution of 11.3 g.

(0.03 mole) of 5-ethyl-10,10-dlpheny1-5,10-dihydrophenazasiline in 50 ml. of carbon disulfide, cooled to -20+2°, 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.
and the organic layer separated.

Ether was added

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. 135-137°, identified as N-ethyl-2,21,4,4'-tetrabromo-
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diphenylamine.

The infrared spectrum as a carbon disulfide

solution showed absorption bands indicative of aromatic and
aliphatic C-H and C-N groups.

A strong band was present at

12.3/^ characteristic of 1,2,4-trisubstituted benzene.
Anal. Calcd. for C^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 cyclohexane gave a colorless solid, m.p. 107-115°•

After three

recrystallizations for petroleum ether (b.p. 60-70°), there
was obtained 3.03 g. (26.8$) of recovered 5-ethyl-10,10dlpheny 1-5,10-dihydrophenazasiline, m.p. 118-121°, which was
Identified by mixed melting point and by comparison of the
infrared spectra.

Continued elution with cyclohexane, follow

ed by benzene, gave a colorless solid which was recrystallized
twice from cyclohexane to give 4.15 g. of colorless solid, m.p.
190-198°•

This material was recrystallized twice from ethyl

acetate to give 3.37 g. (21$) of colorless crystals, m.p.
197-200°, identified as 5-ethy1-2,8-dibromo-10,10-dlpheny15,10-dihydrophenazasiline.

An additional recrystallization

from ethyl acetate raised the melting point to 198-200°.

The

infrared spectrum of the compound in carbon disulfide exhib
ited a strong absorption band at 12.4yt^ indicative of 1,2,4trisubstituted benzene.

The remainder of the spectrum was

similar to that of the other 5,10-dihydrophenazasiline
derivatives, except that the ortho-disubstitution band was
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absent.
Anal. Calcd. for CggHg-jBrgNSi:
2.62; Si, 5.25.

Found:

C, 58.35; H, 3.95; N,

C, 58.10, 58.32; H, 4.05, 3.87; N,

2.91, 2.97; Si, 5.34, 5.29.
•The column was then eluted further with benzene and the
product recrystallized twice from petroleum ether (b.p. 6070°) to give 0.67 g. (3.5$) of colorless flakes, m.p. 138141°.

The analytical sample melted at 138-140°.

The material

has been tentatively identified as 2-(N-ethy1-2,4-dibromoanilino)-5-bromophenyldiphenylsilanol.

The infrared spectrum

as a carbon disulfide solution had absorption bands st 2.8,
3.3, 3.4, 9.0, 12.3, and 13.5which are characteristic of
the hydroxy, C-H aliphatic, C-H aromatic, silicon-phenyl,
1,2,4-trisubstituted benzene, and monosubstituted phenyl
groups, respectively.
Anal. Calcd. for CggHggBrgNOSi:
2.22; Si, 4.44.

Found:

C, 49.38; H, 3.51; N,

C, 49.74, 49.90; H, 3.4?, 3.37; N,

2.67, 2.49; Si, 4.54, 4.45.
Another run employing identical reaction conditions and
work-up afforded 5-ethyl-2,8-dibromo-10,10-diphenyl-5,10dihydrophenazasiline in a 21$ yield.

There was also obtained

a 2.3$ yield of 2-(N-ethyl-2,4-dibromoanilino)-5-bromophenyldiphenyIs Hanoi, in addition to a 41.9$ recovery of 5-ethyl10,10-diphenyl-5,10-dihydrophenazasiline.
A slightly Improved yield (24.7$) of the dibromo compound
was obtained in a third run.

The bromine addition was carried
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out as in the previous runs, but instead of stirring at -20°
the reaction mixture was allowed to warm to room temperature,
which required 20 minutes, before effecting hydrolysis.

How

ever, only 10.6$ of the 5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline was recovered from this run.
In glacial acetic acid

A suspension of 11.3 g. (0.03

mole) of 5-ethy1-10,10-dlpheny1-5,10-dihydrophenazasiline in
100 ml. of glacial acetic acid, cooled 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 aqueous solution was filtered and the yellow

sticky material was taken up in ether.

The ethereal solution

was then worked up in the usual manner and the reaction
products chromatographed as described in the previous runs.
This gave 0.72 g. (4.7$) of N-ethyl-2,2',4,4'-tetrabromodiphenylamine, m.p. 135-137°, which was identified by mixed
melting point and by comparison of the infrared spectra, and
0.83 g. (5.2$) of 5-ethyl-2,8-dibromo-10,10-diphenyl-5,10dihydrophenazasiline.

There was also obtained a large amount

of a colorless viscous oil which could not be characterized.
The infrared spectrum contained large absorption bands indica
tive of silanols and disiloxanes.
In refluxlng glacial acetic acid

A solution of 7.54
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g. (0.02 mole) of 5-ethy1-10,10-dlpheny1-5,10-dihydrophenaza
siline in 100 ml. of glacial acetic acid, cooled in an icebath, 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 recrystallizations from the same solvent afforded 2.27 g. (22.1$) of
N-ethy 1-2,21 ,4,41 -tetrabromodiphenylamine, m.p. 134-1-37°,
which was identified by mixed melting point and by comparison
of the infrared spectra.

Using cyclohexane as the eluant,

there was obtained a colorless solid, m.p. 180-186°•

This

material was recrystallized twice from ethyl acetate to give
3.0-3 g. (31.2$) of colorless needles, m.p. 185-186.5°, which
was identified as 2., 21,4,41 -te trabromodipheny lamine by mixed
6fi

melting point with an authentic sample.

In glacial acetic acid in the presence of sodium acetate
A mixture of 11.3 g. (0.03 mole) of 5-ethy1-10,10-diphenyl5,10-dihydrophenazasiline, 6 g. (0.07-3 mole) of sodium ace
tate, and 100 ml. of glacial acetic acid was cooled in an
ice-bath and treated with 10.5 g. (0.065 mole) of bromine.
The ice-bath was removed and the reaction mixture stirred for

66l. A. Elson, C. S. Gibson, and J. D. A. Johnson, J.
Ghem. Soc.. 1080 (1929).
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45 minutes.

After hydrolysis and the usual work-up, the re

action products were chromatographed.

Elution with the vari

ous solvents in the customary manner gave 1.53 g. (10$) of
N-ethyl-2,21,4,4'-tetrabromodiphenylamine, m.p. 135-137°,
2.42 g. (21.4$) of recovered 5-ethy1-10,10-dipheny1-5,10dihydrophenazasiline, and 0.67 g. (4.2$) of 5-ethy1-2,8-dibromo-10,10-dipheny1-5,10-d ihydrophenaz a s iline, 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 crystalline solid, m.p. 156-160°.

An addi

tional recrystallization from the same solvent mixture raised
the melting point to 158-160°•

This material was found to be

identical with 2-(N-ethyl-2,4-dibromoanilino)-5-bromophenyldiphenyIsilanol, which has been previously described as color
less flakes, m.p. 138-140°•

When the lower melting material

was taken up in petroleum ether and seeded with some of the
higher melting material, the higher melting crystalline solid
was obtained.

However, attempts to obtain the lower melting

solid by a similar process were unsuccessful affording only
a recovery of the higher melting material.

The infrared

spectra of the two solids as carbon disulfide solutions are
Identical, but have small absorption differences as potassium
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bromide pellets.67

A total of 6.32 g. (33.4$) of the material

was isolated.
2.2'.4.4'-Tetrabromodl-ohenylamlne
A solution of 5.1 g. (0.03 mole) of diphenylamine in 200
ml. of glacial acetic acid was treated with 19.2 g. (0.12
mole) of bromine.

The reaction mixture was refluxed for 1

hour and subsequently treated with 200 ml. of a dilute solu
tion of sodium bisulfite.
and air-dried.

The resulting solid was filtered

After two recrystallizations from ethyl sce-

tate, there was obtained 12.8 g. (87.9$) of colorless needles,
m.p. 184-186° (litvalue, m.p. 186°).

A mixed melting

point with the previously described material wss undepressed.
N-Ethyl-2.2',4.4'-tetrabromodlphenylamlne
A suspension of 8.9 g. (0.0183 mole) of 2,2',4,4'-tetrabromodiphenylamine in 200 ml. of ether, cooled in an ice-bath,
was treated with 0.027 mole of methyllithium•

After stirring

for 30 minutes, a solution of 4.2 g. (0.028 mole) of diethyl
sulfate in 200 ml. of tetrahydrofuran was added.

The ether

was removed by distillation and the reaction mixture heated
at reflux for 18 hours.

After hydrolysis, ether was added

A. Miller. Applications of infrared and ultraviolet
spectra to organic chemistry. In H. Gilman, ed. Organic
chemistry. Vol. Ill, r>. 139. New York, John Wiley and Sons.
1953.
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and the organic layer separated.

The ethereal solution was

dried with sodium sulfate and evaporated, and the reaction
products chromatographed.

Elution with petroleum ether (b.p.

60-70°) and two subsequent recrystallizations from the same
solvent gave 5.56 g. (59.2$) of colorless crystals, m.p» 133136°.

Another recrystallization raised the melting point to

135-137°.

This material was identified as N-ethyl-2,2',4,4'-

tetrabromodiphenylamine by mixed melting point and by compar
ison of the infrared spectra.
Sromination of 2-(N-ethvl-2,4-dibromoanilino)5-bromophenyldiphenylsilanol
Bromine (1.8 g., 0.011 mole) was added to 4.65 g. (0.00735
mole) of 2-(N-ethyl-2,4-dibromoanilino)-5-brcmophenyldiphenylsilanol in 100 ml. of glacial acetic acid, and the reaction
mixture stirred at room temperature for 1 hour.

After hydrol

ysis with a dilute solution of sodium bisulfite, the aqueous
solution was filtered.

The resulting material was air-dried

and chromatographed over alumina.

Using petroleum ether

(b.p. 60-70°) as the eluant, there was obtained a colorless
solid, which was recrystallized three times from petroleum
ether to give 2.69 g. (71.4$) of colorless crystals, m-p. 133137°.

An additional recrystallization from the same solvent

raised the melting point to 135-137°.

The material was

identified as N-ethyl-2,2',4,4'-tetrabromodiphenylamine by
mixed melting point.

83
Bromination of di-^-tolylamine

Bromine (16 g., 0.1 mole) was added dropwise over a
period of 10 minutes to a 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 was allowed to

warm to room temperature, stirred for 1 hour, and then
hydrolyzed with 200 ml. of a dilute solution of sodium bi
sulfite.

The aqueous solution was cooled in an ice-bath and

the resulting material was filtered yielding 16.9 g. of pale
blue-green solid, m.p. 40-53°.

After two recrystallizations

from absolute ethanol, there was obtained 11.3 g. (63.5#) of
2,2'-dibromodi-o-tolylamine, m.p. 57-59°.

An additional re

crystallization of a portion gave colorless needles, m.p.
57.5-59°.

The infrared spectrum of the material in carbon

disulfide exhibited a strong absorption band at 12.4

indica

tive of 1,2,4-trisubstituted benzene.
Anal. Calcd. for G^H^gBrgN:

Br, 45.01; N, 3.95.

Found:

Br, 44.64, 44.59; N, 3.92, 3.76.
A repeat reaction employing 20 g. (0.102 mole) of di-ntolylamine and 32 g. (0.2 mole) of bromine gave a 59.9# yield
of the dibromo compound.

When equal molar amounts of bromine

and di-2.-tolyla.mine were reacted, 2,2'-dibromodi-p-tolylamine
was obtained in 35.3# yield, and 48.9# of the di-o-tolylamine
was recovered.
lated.

None of the mono-bromo compound could be iso

4
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N-ethyl-2,21 -dibromodl-B-to ly lamine

An ethereal solution containing 0.031 mole of methyllithium was added to 11 g. (0.031 mole) of 2,2'-dibromodi-^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 absolute ethanol to give 10.73 g. of
pale yellow needles, m.p. 104-111°.

This material was re

crystallized three times from absolute ethanol to give 9.33
g. (78.6$ of colorless needles, m.p. 109-111°.
Anal. Calcd. for C^gH^BrgN:

C, 50.15; H, 4.47.

Pound:

C, 50.21, 50.09; H, 4.79, 4.61.
5-Ethy1-2.8-dimethy1-10.lQ-di-phenyl-5.10-dihydrophenazaslllne
From N-ethyl-2,2'-dlbromodl-|?-tolylamlne

A solution

of 5.75 g. (0.015 mole) of N-ethyl-2,2'-dibromodi-^.-to ly lamine
In 50 ml. of ether, cooled in an ice-bath, was treated with
0.03 mole of n-buty111thlum.

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 reflux!ng the resulting
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solution for 2 hours, Color Test I was negative-

The reaction

mixture was hydrolyzed with 50 ml. of water and worked up in
the usual manner.

The reaction products were taken up with

petroleum ether (b.p. 60-70°) to give 3.76 g. of yellow solid,
m.p. 147-158°.

This material was taken up again in petroleum

ether, treated with charcoal, and concentrated to give 3.27
g. ( 53.8$ of colorless crystals, m.p. 159-162°.

The analyti

cal sample melted at 160.5-162°.
Anal. Calcd. for CggH?7KSi:
Found:

C, 82.91; H, 6.71; Si, 6.93.

C, 83.23, 83.00; H, 6.89, 6.86; Si, 7.15, 7.01.

From 5-ethy1-2.8-dibromo-10.10-dloheny1-5.10-dlhydrophenazasillne

An ethereal solution of 0.023 mole of

n-butyllithium was added to 4.0 g. (0.0075 mole) of 5-ethyl2,8-dibromo-10,10-diphenyl-5,10-dihydrophenazasiline in 100
ml. of ether, while cooling in an ice-bath.

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 and crystallization from petro
leum ether (b.p. 60-70°) gave 2.54 g. of colorless solid,
m.p. 150-160°•

This material was recrystallized twice from

petroleum ether to give 1.89 g. (62.2$ of colorless crystals,
m.p. 158-160°.

An additional recrystallization raised the

melting point to 159-161°.

The material was identified as
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5-ethy1-2,8-dimethy1-10,lO-diphenyl-5,10-dihydrophenazasiline
by mixed melting point and by comparison of the infrared
spectra.
N-Methyldl-p-tolylamine

In accordance with the procedure of Weitz and Schwech68
ten,
di-p.-to ly lamine 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.6^

A

mixture of 40 g. (0.203 mole) of di-^-tolylamine 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 solu

tion was treated with 35 g. of sodium carbonate in 200 ml.
of water by dropvise addition over a period of 3 hours.

The

reaction mixture was allowed to cool and then extracted with
ether.

The ethereal solution was dried and evaporated, and

the resulting material distilled at reduced pressure to give
31.7 g. (74$ of pale yellow liquid, b.p. 118-120° (0.02 mm.),
n§° 1.5997.

Weitz and H. W. Schwechten, Ber.. 60. 550 (1927).
69C.

(1923).

S. Gibson and D. C. Vinine. J. Chem. Soc.. 123. 831
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N-îlethyl-2,2'-dibromodl-]3-tolylamine

From N-methyldi-o-tolylamine

A solution of 5 g.

(0-0237 mole) of N-methyldi-o-tolylamine in 50 ml. of glacial
acetic acid, cooled in an ice-bath, was treated with 7.58 g.
(0.047 mole) of bromine by dropwise addition.

After stirring

1 hour at room temperature, the reaction mixture was hydrolyzed with 300 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. Calcd. for C^H^gBrgN:

Br, 43.30; 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-t>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-o-tolylamine and
bromine were reacted in an effort to prepare the mono-bromo
compound, N-methyl-2,21 -dibromodi-p.-tolylamine wss obtained
in 31.1% yield.

N-Methy ldi-j)-toly lamine was recovered in

53.4% yield, but none of the mono-bromo compound could be
isolated.
From 2,2'-dibromodi-o-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-g-tolylamine in 200 ml. of ether,
while cooling 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 distillation

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 manner.

The residue

was taken up in absolute ethanol depositing 32.8 g. of color
less crystals, m.p. 98-104°.

Recrystallization from the same

solvent gave 31.4 g. (88.7%) of colorless needles,, m.p. 101104°.

A mixed melting point determination with an authentic

sample of N-methyl-2,2'-dibromodi-o-tolylamine was not de
pressed.
2.5.8-Trimethy1-10.10-dlphenyl-5.10-dihydrophenazasiline
By halogen-metal interconversion

A solution of 7.38

g. (0.02 mole) of N-methyl-2,21-dibromodi-^-tolylamine in 100
ml. of ether, cooled in an ice-bath, was treated with 0.04
mole of n-buty11ithium.

After stirring for 45 minutes, Color

Test II was negative and 5.06 g. (0.02 mole) of dichlorodiphenylsilane in 50 ml. of ether was added.

The reaction

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.
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The reaction mixture was hydrolyzed, ether was added, and the
organic layer separated•

After drying with anhydrous calcium

sulfate, the organic 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-

crystallizations from petroleum ether, there was obtained
-3.87 g. (49.5$ of colorless crystals, m.p. 163-165°.

Another

recrystallization did not change the melting point.
Anal. Calcd. for Cg7Hg5NSi:
Si, 7.19.

Found:

C, 82.81; H, 6.44; N, 3.58;

C, 82.93, 83.13; H, 6.13, 6.18; N, 3.49,

3.43; Si, 7.30, 7.08.
By direct preparation

Ten ml. of a 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 adding three drops of methyl

iodide, the reaction started and the rest of the dibromo com
pound was added at such a rate as to maintain a gentle reflux.
The reaction mixture was stirred at room temperature for 45
minutes, and filtered through a previously dried glass wool
plug.

Acid titration of an aliquot indicated 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 and stirred for 18
hours at room temperature.

Color Test I was negative, and the
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reaction mixture was hydrolyzed.

The aqueous solution was

separated, extracted with ether, and discarded.

After drying

and evaporating the combined organic layer, the residue was
taken up in petroleum ether (b.p. 60-70°) to give a psle
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• 162165°.

An additional recrystallization raised the melting

point to 163-165°.

A mixed melting point determination with

an authentic sample of 2,5,8-trimethyl-10,10-diphenyl-5,10dihydrophenazasiline was not depressed.
2.2'.5.5'.8.8'-Hexamethy1-10.10'-soirobi( 5.10-dihydrot?henazaslline)
A solution of 11.1 g. (0.03 mole) of N-methyl-2,dibromodi-o-tolylamine in 150 ml. of ether, cooled in an icebath, was treated with 0.06 mole of n-buty111thium.

After

stirring for 45 minutes, the solution was transferred to a
dropping funnel and added to 2.55 g. (0.015 mole) of silicon
tetrachloride in 100 ml. of ether.

The reaction mixture was

refluxed for 20 hours, but Color Test I remained positive.
The ether was then replaced with toluene and 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 taken up in ethyl acetate to give 3.85 g. of large
colorless crystals, m.p. 228-232°.

This material was recrys-
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tall1zed twice from ethyl acetate and then twice from cyclohexane to give 2.32 g. (34.7$) of colorless crystals, m.p.
230-233°.
Anal. Calcd. for C3QH30NgSl:
6.29.

Found:

C, 80-67; H, 6.77; Si,

C, 80.74, 80.70; H, 6.70, 6.56; Si, 6.32, 6.24.

2.5.8.10.10-Pentamethyl~5.10-dlhydrophenazasiline
A solution of 3.9 g. (0.03 mole) of dichlorodimethylsilane in 50 ml. of ether was added to an ethereal solution
containing 0.03 mole of N-methyl-2,2'-dillthiodi-p-tolylamine,
prepared from 0.03 mole of N-methyl-2,21-dibromodi-D-tolylamine and 0.06 mole of n-buty111thium-

After stirring 20

hours at room temperature, 50 ml. of toluene was added, the
ether distilled, and the toluene suspension heated at reflux
for 2 hours at the end of which time Color Test I was nega
tive.

Subsequently, the reaction mixture was hydrolyzed and

worked up in the usual manner.

The combined organic layer

was distilled and the last traces of solvent were removed with
the aid of a water aspirator.

Upon treatment with ethanol,

there was obtained 4.7 g. of solid, m.p. 96-115°.

The mate

rial was taken up in absolute ethanol, treated with charcoal,
and concentrated to give 3.77 g. (47.1$) of colorless crystals,
m.p. 115-118°.

The analytical sample melted at 117.5-119°.

Anal. Calcd. for Cll?HglNSi:
Found:

C, 76.34; H, 7.86; N, 5.24.

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-dibenzyl-5,10-dihydrophenazasiline
An ethereal solution containing 0.015 mole of N-methyl2,2'-dilithiodi-]>-tolyls.mine, prepared as described above,
was treated with 4.55 g. (0.015 mole) of dibenzyldichlorosilane54 in 50 ml. of ether.

The reaction mixture was stirred

for 20 hours at room temperature, but Color Test I remained
positive.

The ether was replaced 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 crystals, m.p. 123125°.

An additional recrystallization raised the melting

point to 124-125.5°.
Anal. Calcd. for CggHggNSi:

Si, 6.69.

Found:

Si, 6.87,

6.82.
Reaction of N-methyl-2,2'-di11thiodi-o-tolylamine
and sym-tetraphenyldlsilane

N-Methyl-2,21-dilithiodl-2-tolylamine, prepared from
5-75 g. (0.015 mole) of N-methyl-2,21-dibromodi-o-tolylamine
and 0.03 mole of n-butylllthium, was added to 5.55 g. (0.015
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mole) of sym-tetra-phenyldisllane^ 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 snd the usual work-up, the

reaction products were chromatographed over alumina with
petroleum ether (b.p. 60-70°).

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 recrystallization raised the melting

point to 163-165°.

This material was identified as 2,5,8-

trimethy1-10,10-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-tolylsmine
and chlorotrlphenylsilane
An ethereal solution containing 0.03 mole of N-methyl2,21 -dillthiodi-$>-tolylamine, prepared by halogen-metal interconversion as described above, was treated with 17.7 g. (0.06
mole) of chlorotriphenylsilane in 150 ml. of ether.

The

Oilman 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 added, and the resulting
solid material was removed by filtration.

After washing with

ether, the solid was recrystallized from a 1:1 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, ra.p. 237.5-239°,
which was identified as tetraphenylsilane by mixed melting
point and by comparison of the infrared spectra.
The combined organic layer and ether washings were dried
and evaporated.

The residue was chromâtogrsphed over alumina.

Elution with petroleum ether (b.p. 60-70°), followed by three
recrystallizations from absolute ethanol, gave 1.09 g. ( 5.7$
of n-butyltriphenylsilane, m.p. 86-38°, identified by mixed
melting point.

Further elution with petroleum ether gave 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 a colorless solid, which
resisted purification by recrystallization.

This solid mate

rial was subsequently rechromatographed over alumina.

Using

petroleum ether as the eluant, there was obtained a trace 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 4.9-3 g. (42%) of colorless crystals,
m.p. 161-165°.

A portion was recrystallized from the same

solvent raising the melting point to 163-165°•

The material

was identified as 2,5,8-trimethyl-10,10-diphenyl-5,10-dihydrophenazasiline by mixed melting point and by comparison of the
infrared spectra.
o-Phenylene Silicon Derivatives
Reaction of o-phenylenedilithium and diphenylsilane

First experiment
71 79 1

o-phenylene-mercury, '

A mixture of 8.28 g. (0.03 mole) of
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-

^G. Wittig and F. Bickelhaupt, Angew. Chem.. 69. 93
(1957).
Wittig and F. Bickelhaupt, Ber., 91, 883 (1958).
73por convenience the molecular weight of o-phenylenemercury was considered to be 276. The actual value is 1660.
See footnote 72.
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pension.

This material was added over a period of 30 minutes

to 5.5? g. (0.03 mole) of diphenylsilane®^ in 50 ml. of ether,
while cooling in an ice-bath.

After stirring for 24 hours

at room temperature, hydrolysis was carried out with 100 ml.
of 5% hydrochloric acid.
gray solid filtered.

Ether was added and the Insoluble

This solid was then recrystallized from

ethyl acetate three times to give 1.64 g. of o-phenylenebis(diphenyls!lane), m.p. 174-176°.
The layers of the filtrate were separated, and the
aqueous layer extracted with ether.

The combined organic

solution was dried with anhydrous calcium sulfate and evapo
rated under an air-jet.

The resulting material was taken up

in ethyl acetate and seeded with some of the above 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 total yield was 36.4$

(based on the diphenylsilane), and the analytical sample
melted at 174.5-176°.

The infrared spectrum of the compound

in carbon disulfide had characteristic absorption bands at
3.3, 9.0 and 13.3^, indicative of aromatic C-H, the siliconphenyl linkage, and ortho-disubstitution, respectively.

As

a carbon tetrachloride solution, the spectrum showed a large
Si-H absorption at 4.7^.
Anal. Calcd. for ^QÎIggSig:
12.69.

Found:

C, 81.39; H, 5.92; Si,

C, 81.56, 81.38; H, 6.15, 5.98; Si, 12.78,
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12.69.
Second experiment

o-Phenylenedillthium, prepared as

described above from 10 g. (0.0-36 mole) of o-phenylene-mercury
and 7 g. of lithium, was added dropwise to 14.7 g. (0-08 mole)
of diphenylsilane®^ dissolved in 100 ml. of ether.

After

stirring 16 hours 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-phenylenebi s(diphenylsilane), m.p. 173-176° (mixed 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 a 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

all of the organolithium reagent was o-phenylenedilithium.)
This reagent was added over a period of 45 minutes to 11.0 g.
(0.06 mole) of diphenylsilane
cooling in an ice-bath.

in 150 ml. of ether, while

After stirring for 16 hours at room

temperature, the reaction mixture was poured upon crushed ice
containing a small amount of sulfuric acid.

Work-up as de

scribed previously gave 4.05 g. (38.2$) of o-phenylenebis-
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(diphenylsilane) as colorless crystals, m.p. 173-176° (mixed
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 diphenylsilane6^ in 25 ml. of ether.

The

reaction mixture was stirred at room temperature 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 aqueous 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 chromatographed on alumina.
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 recrystallized
twice from ethyl acetate to afford 0.21 g. (2.7$) of colorless
needles, m.p. 234-237°, identified as tetraphenylsilane by
mixed melting point and by comparison of infrared spectra.
Subsequently, cyclohexane was used as an eluant and the re
sulting solid was recrystallized 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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With cyclohexane, followed by recrystallization from ethyl

acetate, afforded 0.68 g. of colorless solid, m.p. 510-216°.
After recrystallization from the same solvent, there was ob
tained 0.54 g. (9.1$) of (o-diphenylsilyphenyl)triphenylsilane, m.p. 214-217°, identified by mixed melting point and
by infrared spectrum (see below).
o-Phenylenebis(me thyIdiphenyIsilane)

From o-phenylenedilithium and methyldiphenylchlorosilane
An ethereal solution containing 17.4 g. (0.075 mole) of
methyldiphenylchlorosilane was treated with o-phenylenedi
lithium, prepared from 10 g. (0.036 mole) of o-phenylenemercury and filtered through a 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, and the
resulting mixture hested at reflux for 24 hours.

After cool

ing, the reaction mixture was hydrolyzed and worked up in the
usual manner.

The oily residue was treated with petroleum

ether (b.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 l,2-dimethyl-l,l,2,2-tetraphenyldisilane,
m.p. 141.5-143°, identified by mixed melting point end 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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crystallizations 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 at 173-174°.

The infrared

spectrum of the material as a carbon disulfide solution showed
absorption bands characteristic of aromatic and aliphatic C-H,
the silicon-methyl linkage, the silicon-phenyl linkage, and
ortho-disubstltuted benzene.
Anal. Calcd. for CggHggSig:
11.94.

Found:

C, 81.64; H, 6.42; Si,

C, 82.10, 81.98; H, 6.31, 6.10; Si, 11.83,

11.55.
Concentration of the mother liquors gave only oils which
could not be identified.
From methyllithium and o-phenylenebls(dlphenylsilane)
Methyllithium (0.007 mole) was added to 1 g. (0.0023 mole) of
2-phenylenebis(dlphenylsilane) 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. 125152°.

This material was recrystsllized six times from petro

leum ether (b.p. 60-70°) to give 0.18 g. ( 16.9$) of o-pheny 1enebis(methyldiphenylsilane), m.p. 171-173° (mixed m.p. and
infrared spectrum).

The difficulty in purifying the dimethyl

derivative was due to contamination by Si-H containing com
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pounds.

An admixture of authentic o-phenylenebi s(m ethyldl-

phenylsilane) and o-phenylenebi s(dlph enyIs ilane) melted over
the range 150-165°.
5.5.10.lO-Tetraphenyl-S.lO-dlhydrosilanthrene
From o-phenylenedilithium and dichlorodlphenylsilane
A solution of 7.1 g. (0.028 mole) of dichlorodlphenylsilane
in 25 ml. of ether was treated with an ether solution contain
ing 0.028 mole of o-phenylenedilithium, determined by titra
tion after filtering through a sintered glass filter.

The

reaction mixture was stirred at room temperature for 18 hours,
50 ml. of toluene was added, and the ether removed by distil
lation.

After refluxing the toluene suspension for 6 hours,

Color Test I was negative.

Subsequently, hydrolysis was car

ried out with dilute sulfuric acid, and the aqueous layer
separated, extracted with ether, and discarded.

The combined

organic solution was dried and evaporated.
The brown reaction products were chromatographed on
alumina.

Elution with petroleum ether (b.p. 60-70°) gave a

solid which was recrystallized from ethyl acetate to give
colorless needles, m.p. 221-228°.

Recrystallization from the

same solvent gave 0.06 g. (0.6$) of tetraphenylsilane, m.p.
234-257° (mixed m.p.).

Using cyclohexane as the eluant, there

was obtained a 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. 234236°.

The infrared spectrum of the compound ss a carbon di

sulfide solution had characteristic absorption bands at 3.3,
9.0, 13.3 and 13.6

indicative of aromatic C-H, the silicon-

phenyl linkage, ortho-disubstituted benzene, and monosubstituted benzene, respectively•
Anal. Calcd. for ^gHggSig:
10.87; mol. wt., 517.

Found:

C, 83.67; H, 5.46; Si,

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 and o-phenylenebis(dlphenylsllane) (attempted)

An ethereal solution of o-phenylene-

dilithium, prepared from 4.15 g. (0.015 mole) of o-phenylenemercury 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 heated at reflux for
5 hours.

After cooling, the reaction mixture was poured upon

crushed ice acidified with sulfuric acid.
the organic layer worked up as usual.

Ether was added and

Subsequently the or

ganic solution was evaporated and the resulting oily material
treated with ethyl acetate, depositing 1.3 g. of solid, m.p.
165-200°.

After two recrystallizations, there was obtained

0.76 g. (14.7$) of colorless crystals, m.p. 212-215°•

The
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analytical sample melted at 214-216°, end the material was
identified as (o-diphenylsilylphenyl)triphenylsilane.

The

infrared spectrum of the compound showed the characteristic
absorption bands for aromatic C-H, Si-H, the silicon-phenyl
linkage and ortho-disubstituted benzene.
Anal. Galcd. for OggHggSip:
10.83.

Found:

C, 83.34; H, 5.83; Si,

C, 83.15, 82.96; H, 5.83, 5.82; Si, 10.72,

10.79.
Concentration of the mother liquor gave a resin-like
material which could not be crystallized 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 a 22.9$ yield of
(o-diphenylsilylphenyl)triphenylsilane, plus a 38$ recovery
of the o-phenylenebi s(diphe nylsilane).
5.5.10.lO-Tetrabenzvl-5.10-dihydrosilanthrene
A solution of 7.3 g. (0.026 mole) of dibenzyldichlorosilane^ in 75 ml. of ether, cooled in an ice-bath, was
treated with an ether solution containing 0.026 mole of ophenylenedilithium.

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 added, the ether
removed by distillation, and the resulting suspension heated
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at reflux for 4 hours.

Color Test I was now negative and the

reaction mixture was hydrolyzed.

After the usual work-up, the

reaction products were chromatographed on alumina.
Elution with petroleum ether (b.p. 60-70°) and then with
cyclohexane gave only traces of oils.

Using a 4:1 mixture

of cyclohexane and benzene as the eluant, there was obtained
0.51 g. of colorless solid, m.p. 140-170°.

This material was

recrystallized three times from a 10:1 mixture of petroleum
ether and benzene to give 0.21 g. (2.8$) of colorless crystals,
m.p. 174.5-176°.

The infrared spectrum of this substance in

carbon disulfide showed the characteristic absorption bands
for aromatic and aliphatic C-H, and mcnosubstituted and
ortho-disubstituted benzene, respectively.
Anal. Calcd. for C^QH^gSig:

C, 83.86; H, 6.33.

Found:

C, 83.90, 84.07; H, 6.23, 6.30.
The compound volatilized at 510° with decomposition.
o-Phenylenebis(triphenylsilane)

From o-phenylenebls(dlphenylsilsne) and phenyllithlum
An ethereal solution containing 0.015 mole of phenyllithlum
was added to 2.21 g. (0.005 mole) of o-phenylenebis(diphenylsilane) in 100 ml. of ether and the reaction mixture was refluxed 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 evaporated.

This
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material was combined with the solid which had been previously
removed by filtration and chromatographed over alumina.
Using cyclohexane as the eluant, there was obtained a.
colorless solid melting over the range 190-230°.

This mate

rial was recrystallized five times from ethyl acetate to give
0.62 g. (23.9$) of impure (o-diphenylsilylphenyl)triphenyl
silane, m.p. 205-210°, identified by infrared spectrum.

Fur

ther elution with cyclohexane gave the desired compound which
was recrystallized four times from ethyl acetate to afford
0.91 g. (30.6.^) of colorless crystals, m.p. 257.5-259°.

The

infrared spectrum of the compound contained characteristic
absorption bands at 9.1, 13.35 and 13.6xf, indicative of the
silieon-pheny1 linkage, ortho-disubstituted benzene and monosubstituted benzene, respectively.
Anal. Calcd. for C^gHg^Sig:
Found:

C, 84.80; H, 5.76; Si, 9.44.

C, 85.15, 85.06; H, 5.69, 5.69; Si, 9.49, 9.42.

From (o-diphenylsilylphenyl)triphenylsilane and phenyl
lithlum

A solution of 1.35 g. (0-0026 mole) of (o-di

phenylsilylphenyl)triphenylsilane in 50 ml. of dry toluene
was treated with 0.01 mole of an ethereal solution of phenyl
lithlum.

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
lithlum was added.

After refluxing 8 hours longer, the re

action mixture was hydrolyzed with dilute sulfuric acid.

The
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aqueous layer was separated, extracted with ether, and dis
carded.

Subsequently the organic layer was dried and evapo

rated, and the residue treated with ethyl acetate to give 1.38
g. of colorless solid, m.p. 240-254°.

This was recrystallized

twice from ethyl acetate to give 1.12 g. (73.2,,%) of o-phenylenebis(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 8.93 g. (0-028 mole) of
chlorotriphenylsilane in 100 ml. of ether.

After adding 75

ml. of toluene, the ether was distilled, and the toluene solu
tion heated at reflux for 24 hours.

Work-up employing the

usual chromatographic techniques gave an 11.7% yield of tetra
phenylsilane, a 14.1% yield of hexaphenyldisiloxsne, and a
21.4% yield of triphenylsilanol, plus a resinous brown mate
rial.
Studies in the 10H-Dibenzosilin Series
Dimethylpheny1-o-1 olyls ilan e

An ethereal solution containing 0.62 mole of o-tolyllithium was added to 95 g. (0.58 mole) of dimethylphenylchlorosilane in 100 ml. of ether, and the reaction mixture
was refluxed for 24 hours.

Color Test I remained positive

and hydrolysis was effected with dilute hydrochloric acid.
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The organic layer was separated and worked up in the usual
manner.

The residue was distilled at reduced pressure to

give 108-6 g. (86.5%) of colorless liquid, b.p. 121-124°
(1.5 mm.), n§° 1.5680, d|§ 0.9938.
Anal. Calcd. for C-^H-^gSi:
Found:

Si, 12.41; MRp, 74.55.

Si, 12.29, 12.44; MRD, 74.53.

o-Dlmethylphenylsllylbenzyl bromide

A mixture of 25 g. (0.11 mole) of dimethylphenyl-otolylsilane, 19.6 g. (0.11 mole) of N-bromosuccinimide, and
0.15 g. of benzoyl peroxide in 100 ml. of carbon tetrachlor
ide was heated at slight reflux for 3.5 hours.

The reaction

mixture was cooled in an ice-bath and the succinimide removed
by filtration.

The solution was then extracted with 100 ml.

of b% sodium hydroxide and dried with anhydrous calcium sul
fate.

The carbon tetrachloride was removed by distillation

and the residue was distilled twice at reduced pressure to
give 23 g. (68.6%) of pale yellow liquid, b.p. 131-135° (0.3
mm.), n§° 1.5987, d|§ 1.2827.
Anal. Calcd. for C^gH^^BrSi:
Found:

Si, 9.20; MRp, 82.23.

Si, 9.15, 9.19; MRQ, 81.31.

5,5-Dimethyl-10H-dibenzosllin (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 manner and the re
sulting material distilled at reduced pressure to give 6.6 g.
(83$) of recovered bromide, b.p. 134-136° (0.5 mm.), n^
1.5940.

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 30
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 manner, but only black tar-like materials were obtained.
o-DimethylphenyIsilylbenzal bromide

A mixture of 22.6 g. (0.1 mole) of dimethylphenyl-otolylsilane, 37.4 g. (0.21 mole) of N-bromosuccinimide, and
0.2 g. of benzoyl peroxide in 100 ml. of carbon tetrachloride
was heated at reflux for 12 hours.

An additional 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, and dried with
anhydrous calcium sulfate.

The carbon tetrachloride was dis-
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tilled and the residue distilled at reduced pressure to give
28.3 g. (73.6$) of pale yellow liquid, b.p. 141-145° (0.01
mm.), nj)® 1.6101.
Anal. Calcd. for C-^H^gBrgSl:

Si, 7.31.

Found:

Si,

7.34, 7.23.
In a repeat run, the benzal bromide was prepared in 82.5%
yield.
o-D imethyIphenyIsilylbenzaidehyde

A solution of 25.5 g. (0.15 mole) of silver nitrate in
75 ml. of water was added over a period of 15 minutes to a
refluxing solution of 24.8 g. (0.065 mole) of o-dimethylphenylsilylbenzal bromide in 300 ml. of ethylene glycol monomethyl ether, and the reaction mixture was refluxed for 2
hours.

After cooling, the precipitated silver bromide was

filtered and the solvent removed with the aid of a water
aspirator.

The resulting material was distilled twice at re

duced pressure to give 10.7 g. (69$) of pale yellow liquid,
b.p. 131-133° (0.8 mm.), n§° 1.5865, dg° 1.0713.
Anal. Calcd. for C15Hj_50Si:
Found:

Si, 11.69; MRD, 74.55.

Si, 11.40, 11.56; MRD, 75.34.

In another preparation, the benzal bromide was hydrolyzed
without isolation.

The crude benzal bromide, obtained as

described above from 45.2 g. of dime thyIpheny1-o-tolyIsilane
and 75 g. of N-bromosuccinimide, was dissolved in 400 ml. of
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ethylene glycol monomethyl ether.

This solution was heated

to reflux and treated with 73 g. (0.43 mole) of silver nitrate
in 150 ml. of water.

The reaction mixture was refluxed for

2 hours and then poured upon crushed ice.

The aqueous solu

tion was extracted with approximately 400 ml. of petroleum
ether (b.p. 60-70°) and discarded.

After drying and evapo

rating the petroleum ether solution, the residue was distilled
at reduced pressure to give 25.1 g. (52.3$) of o-dimethylphenylsilylbenzaldehyde, b.p. 128-132° (0.8 mm.).
Another run starting with 62 g. of dimethylphenyl-otolylsilane gave a 64.3$ yield of the aldehyde.
o-Dimethylphenylsilylbenzoic acid

From dimethylphenyl-o-tolylsilane

A mixture of 400

ml. of glacial acetic acid, 120 ml. of acetic anhydride, 12
ml. of concentrated sulfuric acid, 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 approximately equal portions over a period of 10
minutes.

After the addition of the first portion, the temper

ature of the reaction mixture rose to 22°, but was quickly
lowered by cooling in an ice-bath.

The reaction mixture was

stirred for 10 minutes at 17° and then hydrolyzed by pouring
upon crushed ice.

The aqueous solution was extracted with ça.

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

The
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petroleum ether was dried with anhydrous sodium sulfate and
evaporated.

The resulting material was recrystallized twice

from petroleum ether to give 1.41 g. (12.5$) of colorless
crystals, m.p. 128-130°.

The analytical sample melted at

129-131°.
Anal- Calcd. for C15H1602Si:
10.96.

Found:

C, 70.27; H, 6.29; Si,

C, 70.44, 70.61; H, 6.22, 6.23; Si, 10.69,

11.02.
In another run, 20 g. of dimethylphenyl-o-tolylsilane
was oxidized to give the benzoic acid derivative in only 8.7$
yield.
From o-dimethyIphenyIsilylbenzaldehyde

A solution of

4.8 g. (0.02 mole) of o-dimethyIpheny Isilylbenzaldehyde in 50
ml. of acetone, cooled in an ice-bath, was treated with 3.2
g. (0.02 mole) of potassium permanganate.

The reaction mix

ture was stirred for 1 hour at room temperature.

Hydrolysis

was effected by pouring upon crushed ice containing sulfuric
acid and sodium oxalate.

After warming to room temperature,

the resulting solid was filtered and recrystallized twice
from petroleum ether (b.p. 60-70°) to give 3.46 g. (67.7$)
of o-dimethyIphenylsilylbenzoic acid, m.p. 128-130°, which
was identified by mixed melting point.
An analogous run employing 22 g. of o-dime thylphenylsilylbenzaldehyde gave the acid in 77.8$ yield.
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5, 5-Dimethyl-10H-dibenzosilin-10-one ( attempted)

Four attempts to cyclize o-di me thyIpheny1sily lb enzo ic
acid were made using a variety of reagents.

Treatment with

cold concentrated sulfuric acid for 10 minutes gave only
traces of unidentifiable acidic materials.

Reaction 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 acid chloride was then

reacted with stannic chloride in carbon disulfide.

Work-up

gave a resin-like material which contained a large siloxsne
absorption 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.
of the desired compound could be isolated.

but again none
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DISCUSSION
Tetrasubstltuted 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 unsuitable for these applica
tions.

Studies from This Laboratory have dealt with the

evaluation or qualitative comparison of organic groups to
impart both thermal resistance and a low melting point to
p 74 7 S

various organosilicon derivatives.^' '

From the standpoint of thermal stability, the most
promising groups to incorporate into organosilicon compounds
appear to be the aryl and benzyl types.?-;^^

Miles7^ observed

that the Introduction of long-chained n-alkyl or aralkyl
groups seems to be very effective in lowering the melting
points.

The n-alkyl-containing compounds, however, are more

*^J. J. Goodman. Some correlations between structure
and thermal stability of organosilicon compounds. Unpublished
Ph. D. Thesis. Ames, Iowa, Library, Iowa State University of
Science and Technology. 1955.
75D.

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. 1957. •
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prone to undergo decomposition at elevsted temperatures than
aryl or certain aralkyl substituted organosilicon compounds.
Polypheny1 groups, such as the n-terphenyl-4-yl group,76
attached to silicon show excellent thermal properties, but,
in general, the compounds inherently possess a high melting
point.

In this study, several new organosilicon compounds

were synthesized containing aralkyl groups in combinations
with the B.-terphenyl-4-yl group and with biphenylyl groups.
These were prepared in order to obtain high molecular weight,
low melting, materials suitable for lubricant applications.
The route to the p.-terphenyl compounds involved coupling
of £-terphenyl-4-yllithium with the appropriate aralkyl sili
con derivatives.

Of these, the benzyl and dibenzyl compounds

were obtained from the corresponding chlorosilanes; while, the
tri aralkyl compounds were obtained from tribenzylsilane, tris(beta-phenylethyl)silane and tri s(gamma-phenylpropy1)silane,
respectively.

The biphenylyl compounds were similarly pre

pared by coupling dibenzyldichlorosilane with the various
biphenylyliithium reagents.
The effect of the aralkyl groups on lowering the melting
points can readily be noted.

For example, £-terphenyl-4-

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

. J. G-aj
State University
formation on the
pounds. Private

and H. Oilman, Department of Chemistry, Iowa
of Science and Technology, âmes, Iowa. In
preparation of n-terphenyl-4-yl silicon com
communication. I960.
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.

trib enzy1-]D-t erpheny1-4-y1s11ane melts at 125-197°, and the
corresponding tri s( gamma-phenyIpropy1) derivative is a viscous
liquid.
The thermal stabilities for the various compounds pre
pared in this investigation are recorded in Table 1.
data were obtained in the following manner.

These

A small amount

of the compound was inserted into a. melting point capillary
and subsequently heated in a copper block by means of a Bunsen

Table 1.

Thermal stabilities
M.p. , °C

Thermal stability,%

Benzvltris(]>-terphenyl-4yl)silane

131-133

vol. 525 (light
brown distillate)

Dibenzvlbis(g-terphenyl4-yl)silane

197-199

vol. 530-535 (dec.)

Tribenzyl-g-terphenyl-4ylsilane

125-127

vol. 510-520 (yellow
distillate)

T ri s(beta-phenylethy1)-rterphenyl-4-ylsilane

77-30

vol. 440-450 (dec.)

Compound

Tr i s(gamma-phenylpropyl)2,-terpheny 1-4-y lsilane

315-317 „
(0.001)*

vol. 435-440 (dec.)

Dibenzylbis(2-biphenylyl)silane

222-227 a
(0.001)

vol. 500-505

Dibenzylbi s(3-biphenylyl)silane

265-269
(0.003)a

vol. 510-515 (light
brown distillate)

Dibenzylbis(4-biphenylyl)silane

106-108

vol. 510 (pale
yellow distillate)

Tribenzyl-£-(trimethylsilylphenyl)silane
aB.p.,

°C (mm.).

200-202

(0.005)a

vol. 436-440
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burner.
used.

A thermometer capable of temperatures to 640° was

The volatilization point or range was that temperature

at which either the compound refluxed freely at the top of the
tube or completely disappeared from the bottom.
Recent evidence^ suggests that the volatilization points
of certain organosilicon compounds may actually be decomposi
tion points where the compounds undergo thermal elimination
reactions such as that depicted.

Therefore, compounds con

taining
RCH CHSiRi
2 2
o

RCH=CH

c,

+ R'SiH
o

beta-phenylethyl and gamma-phenylpropy1 groups might exhibit
such an elimination, in contrast to benzyl and aryl types.
The volatilization points of tri s(be ta-phenyle thy1)-p-terpheny1-4-yIsilane (440-450° dec.) and of tri s(gamma-pheny1propyl)-]D-terphenyl-4-ylsilane (4-35-440° dec.) as compared to
that of tribenzyl-jD-terphenyl-4-ylsilane (510-520°) seem to
bear this out.

The remainder of the compounds showed good

thermal properties volatilizing above 500°, with the exception
of t rib enzyl-£>-( t ri methy Isi ly Iph eny1)si1ane which volatilized
without decomposition at 436-440°.

The two most promising

compounds are dibenzylbis(2-biphenylyl)silane and dibenzylbis(3-biphenylyl)silane, both of which are 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 as synthetically versatile as their organic counterparts,
and they are frequently employed to prepare polysilicon-con77

taining compounds and carbon-functional silicon derivatives.
Generally, these organometallic reagents are obtained
straightforwardly from the reactions of silicon-containing
organic halides with magnesium or lithium.

Only in the re

actions of the 2-haloalky1 silicon compounds is anything un
usual encountered•
2-Haloalkyl silicon compounds are unique in that siliconcarbon cleavage occurs in many reactions with the formation of
olefin!c products.

For example, ethylene is evolved in high

yield from 2-chloroethyltrichlorosilane upon treatment with
dilute alkali.7®

Similarly, methylmagnesium bromide reacts
rpp

with 2-chloroethyltrichlorosilane
and with 2-chloroethy17Q
triethylsilane
to give large amounts of ethylene together
with tetramethyIsilane and methyltriethylsilane, respectively.
Organometallic derivatives derived from 2-haloalkyl

. D. George, M. Prober, and J. R. Elliott, Chem. Rev.,
56, 1065 (1956).
H. Sommer, G. M. Goldberg, E. Dorfman, and F. C.
Whitmore, J. Am. Chem. Soc., 68, 1083 (1946).
H. Sommer, D. L. Bailey, and F. C. Whitmore, ibid..
70, 2869 (1948).
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silicon compounds are unknown.

Petrov and Mironov®^ reported

the reaction of 2-bromopropyltrimethylsilane with magnesium
o
in ether at 10-15 . Acid hydrolysis gave a small amount of
n-propyltrimethylsilsne, indicating the possible formation
of a limited quantity of the Grignard reagent, together with
the coupling product and much hexamethyldisiloxane-

On the

other hand, several reagents are known containing alkali
metals.

However, these were not formed directly from the

2-haloalky1 silicon compounds, but from the addition of silyl

81

metallic compounds to aryl-con taining olefins.

Recently, Gilman et al.®** reported the reaction of triphenylsilyllithium with ethylene oxide to give 2-triphenylsilylethanol.

Treatment of this alcohol with thionyl chlor

ide, phosphorus tricromide and o-toluenesulfonyl chloride in
pyridine has given the respective 2-triphenylsilylethyl deriv
ative in good yields.

In light of the reactions of 2-halo-

alkyl silicon compounds considered previously, it was there
fore of interest to investigate certain reactions of these
ethyl derivatives.

80A. D. Petrov and V. F. Mironov, Izvest. Akad. Mauk
S.S.3.R.. Otdel. Khim. Nauk, 635 (1952.) ("Original available
but not translated; abstracted in Ç. A., 47, 10471 ( 1953)].
®^D. Wittenberg and H. Gilman, Quart. Rev., 13, 116
(1959) •
®^H. Gilman, D. Aoki, and D. Wittenberg, J. Am. Chem.
Soc.. 81, 1107 (1959).
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The reaction of 2-chloroethyltriphenylsilane with ethanolic potassium hydroxide gave a good yield of the carbonsilicon cleavage product, triphenylsilanol.

Similar cleavages
nrp r?Q
by caustic have been previously demonstrated. >ro
Treatment of 2-chloroethyltriphenylsilane with magnesium
in tetrahydrofuran gave 2-triphenylsilylethylmagnesium chlor
ide, which apparently is the first preparation of such a Grig-

nard reagent.

The structure and presence of the Grignard

reagent were confirmed by carbonation which afforded the known
2-triphenylsilylpropionic acid

When the reaction was

allowed to proceed for 2.5 hours, a 66% yield of acid was ob
tained.

Work-up of the organic layer gave a 1-3.4# yield of

the coupling product, tetramethylenebis(triphenylsilane), and
a 13.2$ yield of ethyltriphenylsilane.
In another run, the reaction mixture was refluxed for 20
hours before carbonation; however, the yield of 3-triphenylsilylpropionic acid was only 28.9#.
2-Eromoethyltriphenylsilane was similarly found to react
with magnesium in tetrahydrofuran to afford the Grignard re
agent.

In two runs, the yields of acid subsequent to carbona

tion were 25.1% and 26.7^, respectively.
Whereas 2-chloroethyltriphenylsilane could not be induced
to react with lithium in diethyl ether, the 2-bromoethyl com
pound reacted upon treatment with a small amount of methyl
iodide.

However, the organoilthium compound was not obtained,
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and only tetramethylenebis(triphenylsilane) (40.7^) and ethyl
triphenylsilane ( 16.4.#) were Isolated.
As previously described, extensive.silicon-carbon cleav
age of P-chloroalkyl silicon compounds occurs upon treatment
with Grignard77,78'79 or orga.nolithium77 reagents.
cleavage was anticipated in these reactions.

A similar

For example, in

the formation of 2-triphenylsilylethylmagnesium chloride from
the 2~chloroethyl compound, the Grignard reagent was expected
to cleave the unreacted starting material to give ethylenebls(triphenylsilane).

However, none of this compound was ob

tained in these reactions.

In connection with possible

cleavage, it was therefore of interest to investigate the
interactions of the compounds with triphenylsilyllithium.
In these reactions with triphenylsilyllithium, three
different modes of interaction have been observed:

direct

coupling; cleavage of the silicon-carbon bond; and halogenmetal interconversion.

2-Triphenylsilylethyl D-toluenesul

fonate gave hexaphenyldisilane and ethylenebis(triphenyl
silane) indicating both coupling and cleavage.
triphenylsilane was found to react similarly.

2-Ohioroethy1The isolation

of tetramethylenebis(triphenylsilane) from the reaction

of

the 2-bromoethyl compound with the silylmetallic appears to
suggest that some Interaction involving halogen-metal interconversion had occurred.

The 2-lithlo compound is formed as

an intermediate which could then couple with unreacted bromide
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to give the tetramethylene derivative.

The possibility, of

this intermediate cleaving the bromide to give ethylenebis(triphenylsilane) also can not be excluded.
The difference in the behavior of primary alkyl chlorides
and bromides toward triphenylsilyllithium was previously noted
by Gilman and Aoki.

The chlorides were found to give the

silicon-alky1 coupling products; whereas, hexaphenyldisilane
was obtained as the main product from alkyl bromides.

The

formation of the disilane is due, at least in part, to a
A3
halogen-metal interconversion reaction.
Studies in the 5,10-Dihydrophenazasiline Series
5,10-Dihydrophenazasiline derivatives were first prepared
by the extended heating of diphenylsilane with phenothiazine
compounds.

This preparative procedure suffers from the dis

advantages of tedious work-ups, very low yields, and a lack
of flexibility.

Inasmuch as 5-ethyl-10,10-diphenvl-5,10-

dihydrophenazasiline promises to be of significant value as
an antioxidant in certain lubricant formulations, it was
therefore desirous to develop better methods of synthesis
for this and other 5,10-dihydrophenazasiline derivatives.
Aromatic cyclic organosilicon compounds have been pre
pared, for the most part, by cyclization reactions involving

Gilman and D. Aoki, J. Org. Chem.. 24. 426 (1959).
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aryl-dilithium derivatives and appropriately substituted
silicon halides.

5,5-Biphenyldibenzosilole, for example, was

obtained by treating dlchlorodiphenylsilsne with 2,2'-dilithiobiphenyl.^7'^8

Compounds in the phenoxasilin series

were similarly prepared by procedures employing 2,2'-dilithiodiaryl ether intermediates.30,31,3^

Accordingly, preparative

methods have been developed to synthesize 5,10-dlhydrophenazasiline types through the utilization of ^-substituted 2,2'dilithiodiarylamine intermediates.
A search of the literature for suitable starting mate
rials revealed that only one compound, 2,2'-dibromodiphenylamine, had been prepared. The difficulties encountered by
FT
Jones and Mann
in the synthesis of this compound may, at
least in part, explain why more of these amine derivatives
are not known.

Attempts to prepare the 2,2'~dibromo compound

or a precursor by (a) heating o-bromoaniline and its hydro
chloride at 235-240°, (b) heating o-bromopheno1 with o-bromoaniline and zinc chloride at 250°, (c) heating o-chloronitrobenzene and o-bromoaniline with potassium carbonate and
copper-bronze at 170°, and (d) boiling a mixture of o-chloronitrobenzene and o-bromo-N-sodioacetanllide in xylene all
resulted in failure.

2,2'-Dibromodiphenylamine was ultimate

ly prepared, however,, by using the Chapman rearrangement.84
In the synthesis of this amine,61 o-bromobenzanillde

84A.

W. Chapman, J. Chem. Soc.. 1743 (1927); 569 (1929).
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was converted by phosphorus pentachloride Into N-o-bromophenylbenzimidoyl chloride, which gave o-bromophenyl N-obromophenylbenzimidoate upon treatment with sodium o-bromophenoxide.

The ester, when suitably heated, rearranged to

N-benzoyl-2,2l-dibromodiphenylamine, which on alkaline
hydrolysis gave 2,2l-dibromodiphenylamine.
In repeating the above series of reactions, two differ
ences were noted.

From the reaction of N-o-bromophenyl-

benzimidoyl chloride with sodium o-bromophenoxide, Jones and
Mann61 obtained a 48$ yield of o-bromophenyl N-o-bromophenylbenzimidoate.

The preparation of this compound was conducted

three times affording significantly improved yields of 86.9,
81.3, and 85$, respectively.

On the other hand, when the

ester was re arranged in accordance with the published pro
cedure,61 that is heating 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

gave satisfactory yields of this material.
Attempts by Jones and Mann61 to prepare N-alkyl deriva
tives of 2,2'-dibromodiphenylamine were unsuccessful.

To

facilitate N-alkylation, the amine was converted to the
N-lithio derivative by treatment with methyllithium and sub
sequently reacted with an ethereal solution of diethyl sul
fate.

However, the amine was recovered unaffected, as it

also was from a similar reaction employing prior metalation

124
with, ethylmagnesium bromide.

"When the N-lithio derivative

was reacted with diethyl.sulfate in refluxing tetrahydrofuran
(THF), the N-ethyl derivative was obtained in an excellent
yield.

An analogous reaction employing a toluene-ether solu

tion heated to 65°, the reflux temperature of tetrahydrofuran,
afforded only partial ethylation, thus indicating the im
portance of the tetrahydrofuran.
Jones and Mann61 had previously shown that treatment of
2,2'-dibromodiphenylamine with n-butyllithium at 0° and sub
sequent carbonation gave an 85% yield of 2,2'-die arboxydlN-Ethyl-2,21 -dibromodiphenylamine was treated

phenylamine.

with two equivalents of n-butyllithium in a similar manner,
and then with an equal molar quantity of dichlorodlphenylsilane to give a 49.3^ yield of 5-ethy1-10,10-diphenyl-5,10dihydrophenazasiline (XVII).

This compound was shown to be

identical with the material obtained from heating 10-ethylphenothiazine and diphenylsilane.1

It is interesting to com

pare the work-up simplicity of this cyclization reaction which
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Involved only recrystallizations, with that for the sulfur
replacement reaction which required distillation, chromato1
graphy, and r-ecrystallizations.- Another significant advantage of this method can fee readily seen from the yields, 49.3^
versus a maximum of 7.2%.
Thus, with a good method available for obtaining 5-ethyl10,10-diphenyl-5,10-dihydrophenazasiline (XVII), procedures
for the synthesis of other 5,10-dlhydrophenazasiline deriva
tives were investigated and broadened to include both func
tional and many nonfunctional types.

When dibenzyldichloro-

silane and dichloromethylphenylsilane were treated with Nethy1-2,2'-dilithiodiphenylamlne, good yields of 5~ethyl10,10-dibenzyl- and 5-ethyl-10-methyl-10-phenyl-5,10-dihydro
phenazasiline were obtained.

Likewise, treatment of silicon

tetrachloride with two molar equivalents of the dilithium com
pound gave a fair yield of 5,5'-diethyl-10,10'-spirobi(5,10-dihydrophenazasiline) (XVIII).

C2H5

XVM
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The synthesis of unsymmetrical 5.10-dihydrophenazasiline
compounds containing different organic groups attached to
silicon is complicated by the Inaccessibility of unsymmetrical
diorganosilicon halides.

Therefore, it was of interest to

prepare phenazasiline types having a functional group which
could be subsequently reacted with various.organolithium re
agents.

This approach has previously been exploited quite

successfully in the synthesis of unsymmetrical dibenzosilole
derivatives
The difficulties encountered in the handling end storing
of silicon halides prompted the investigation of organosilicon
85
hydrides
in this cyclization reaction with the aim of pre
paring silicon-hydride functional compounds-

In an orienting

experiment to determine the course of the reaction, N-ethyl2,2' -dilithiodiphenylamine. was reacted with d'iphenylsilane.
5-Ethy1-10,10-dipheny1-5,10-dihydrophenazasiline (XVII) was
produced in a 36# yield.

Accordingly, phenylsIlane was

treated with the dilithium compound to give , a: 79.9^ yield of .
the silicon-hydride functional compound, 5-ethyl-10-phenyl5,10-dihydrophenazasiline. ' This compound, upon treatment
with an ethereal solution of phenyllithium, gave the known
derivative XVII, thereby substantiating the proposed strue-

85por reactions of or ga.no si lie on hydrides with organometallic compounds, see H. Oilman and 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-nhexadecyl-5,10-dihydrophenazasiline, was prepared by reacting
N-ethyl-2,2'-dilithiodiphenylamine with n-hexadecylsilane.
Treatment of this substance with organolithium reagents
afforded the unsymmetrical derivatives, as described above.
The synthesis of 5-methyl- and 5-phenyl- substituted
derivatives of 5,10-dihydrophenazasiline has been accomplished
by starting with the corresponding N-methyl and N-phenyl com
pounds of 2,2'-dibromodiphenylamine.
N-Methy1-2,2'-dibromodiphenylamine was prepared by re
acting 2,2'-dibromodiphenylamine with methyllithium and then
with a refluxing tetrahydrofuran solution of dimethyl sulfate.
Reaction of this compound with n-butyllithium and subsequent
treatment with dichlorodiphenylsilane gave the known compound,
5-methy1-10,10-diphenyl-5,10-dihydrophenazasiline.1

In like

manner, the 5-methy1-10,10-dlbenzy1-5,10-dihydrophenazasiline
and 5,5'-dimethyl-10,10'-spirobi-(5,10-dihydrophenazasiline)
derivatives were prepared.
The N-phenyl compound, 2,2'-dlbromotriphenylamine, was
obtained by heating a mixture of 2,2'-dibromodiphenylamine,
iodobenzene, anhydrous potassium carbonate, and copper-bronze.
The dilithium compound was then formed by halogen-metal inter-
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conversion and reacted with silicon tetrachloride and with
dichlorodiphenylsilane'to give the respective 5,10-dihydro- .
phenazasiline compounds.
In continuation of this investigation into the synthesis
of substituted 5,10-dihydrophenazasiline derivatives, com
pounds were then prepared containing nuclear substituents in
the 2-position.

In order to obtain these materials, it was

first necessary to synthesize the appropriately substituted
diphenylamine intermediates.

Here again, the very versatile

Chapman rearrangement84 was utilized.

2-Bromophenylbenzimid-

oyl chloride was prepared according to the procedure of Jones
and Mann,61 and reacted with the sodium salts of 2-bromo-4chlorophenol and of 2-bromo-4-phenylphenol.

The resulting

benzimidoate esters were subsequently thermally rearranged
and hydrolyzed to give 2,2'-dibromo-4-chlorodiphenylamine and
2,2'-dIbromo-4-phenyldiphenylamine, respectively.

The method,

previously used to prepare N-ethy1-2,2'-dibromodiphenylamine,
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-dihydrophenazasiline compounds.
2-Chloro-5-ethyl-10,10-diphenyl-5,10-dihydrophenazasiline,
for example, was prepared by treating N-ethyl-2,2'-dibromo-4chlorodiphenylamine with n-butyllithium and then with di
chlorodiphenylsilane.
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Direct' bro.rnination "of- go-me aromatic. silicon compound's can .
be accomplished, but in'many-oas.es-rapid cleavage bf carbonsilicon bonds' occurs. 'Treatment: of':'t.etriphenylsilane with
bromine gives bromobenzene, bromotriphenylsilane, and dibromodiphenylsilane.

Similarly,®5 trimethylphenylsllane undergoes

cleavage to afford good yields of bromobenzene and bromotrimethylsilane.87

On the other hand, trichlorophenylsilane may

be brominated in the presence of iron to give good yields of
88
the 4-bromo and 2,4-dibromo compounds.

5-Ethyl-10,10-dipheny1-5,10-dihydrophenazasiline (XVII)
has been allowed to react with bromine under several different
conditions.

The addition of bromine to a carbon disulfide

solution of the phenazasiline compound, cooled to -20°, gave
a 21^ yield of 5-ethyl-2,8-dibromo-10,10-dipheny1-5,10dihydrophenazasiline (XIX).

There were also Isolated small

amounts of cleavage products, N-ethyl-2,2',4,4'-tetrabromodiphenylamine (XX) and a silanol-containing compound tenta
tively identified as 2-(N-ethyl-2,4-dibromoanilino)-5-bromophenyldipheny Is Hanoi (XXI), in addition to a 26.8$ recovery

Landenburg, Ber., 40, 2274 (1907).
0. Pray, L. H. Sommer, G. M. Goldberg, G. T. Kerr,
P. D. George, and F. CL Whitmore. J. Am. Chem. Soc.. 70. 433
(1948).
®8A.'Y. Yakubovich and-G. V. Motsarev. Zhur. Obshchel
Khim.. 23. 412 (1953) [Original available but not translated;
abstracted in Ç. A., 48, 3286 ( 1954)].

- .
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of starting compound XVII.

A .slightly, improved' yield {.'24:.7%)

of the 2,8-dibromo phenazasiline compound tfIX was obtained,
when the reaction mixture was allowed to warm to room temper
ature, but only 10.6# of the phenazasiline compound XVII was
recovered.
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When bromine was added to a cold glacial acetic acid
solution of the phenazasiline compound, only small amounts of
N-ethy1-2,2',4,4'-tetrabromodiphenylamine (XX) and 5-ethyl2,8-dibromo-10,10-diphenyl-5,10-dihydrophe nez asilin e (XIX)
were isolated.

There was also obtained a large amount of s

colorless viscous oil which could not be characterized.

The

infrared spectrum contained large absorption bands indicative
of silanols and disiloxanes.
A reaction with excess bromine in refluxing glacial
acetic acid gave only silicon-free cleavage products, N-ethyl2,2',4,4'-tetrabromodiphenylamine (XX) (22.1#) and 2,2',4,4'tetrabromodiphenylamine (31.2#).
Since acids, such as hydrobromlc acid, are known to
QO
effect cleavage of silicon-aryl bonds,
a reaction between
5-ethyl-10,10-dipheny1-5,10-dihydrophenazasiline (XVII) and
bromine in glacial acetic acid was conducted in the presence
of sodium acetate, in an effort to neutralize the hydrogen
bromide as it was formed.

Work-up gave a 10# yield of the

tetrabromo compound XX, a 4.2# yield of the 2,8-dibromo com
pound XIX, and a 33.4# yield of the silsnol XXI.

It should be

noted that a 21.4# recovery of starting phenazasiline compound
XVII was also isolated.

None of this material had been re

covered in the previous reactions in glacial acetic acid.

8^0. Eaborn, J. Chem. Soc.. 4859 (1956); F. B. Deans and
C. Eaborn, ibid.. 2299~TÏ95S77
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Thus, It appears that the hydrogen bromide is responsible, in
part, for the cleavage of the silicon heterocycle.
The structure of N-ethyl-2,2',4,4'-tetrabromodiphenylamine (XX) was verified by independent synthesis from
2,2*,4>4t-tetrabromodiphenylamine using the N-alkylation pro
cedure utilized so successfully on 2,2'-dibromodiphenylamine.
The tentative structure assigned to the cleavage product,
2-(N-ethyl-2,4-dibromoanilino)-5-bromophenyldiphenylsilanol
(XXI), was based on analytical data, on infrared spectra, and
on the fact that treatment with bromine afforded a good yield
of N-ethyl-2,2',4,4'-tetrabromodiphenylamine (XX).
To overcome the limited accessibility of 2,21-dibromo
diphenylamine, an investigation of the direct bromination of
certain diarylamines was undertaken. . Fortunately, one of
these dibromlnsted compounds, namely, 2,21-dibromodi-^-tolylamine and 5-ethy1-2,8-dlbromo-10,10-diphenyl-5,10-dihydro
phenazasiline (XIX) could be interrelated by a series of re
actions, thus serving to substantiate the structures for the
various compounds.
Treatment of di-o-tolylamine in glacial acetic acid with
two molar equivalents of bromine gave a 53.5^ yield of 2,2'dibromodi-]D-tolylamine (XXII).

Compound XXII was then con

verted to the N-lithio intermediate upon interaction with
methyllithium and subsequently reacted with a refluxing tetra
hydrofuran solution of diethyl sulfate to give a 78.6# yield
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of N-ethyl-2,2'-dibromodi-n-tolylamine (XXIII).
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The N-ethyl compound XXIII was transformed into the
dilithium derivative by hslogen-metai Interconversion with
n-butyllithium and then reacted with dichlorodiphenylsilane
to give a good yield of 5-ethyl-2,8-dimethyl-10,10-diphenyl5,10-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 applicability and versatility of the cycliza
tion reaction involving N-alky1-2,2'-dillthiodiarylamine
derivatives for the synthesis of 5,10-dihydrophenazasiline
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compounds have been .demonstrated throughout this investiga
tion.

However,, this", procedure -suffers in that the 2,2'-

dibromodiarylamihes ere.'difficultto prepare-' and:th at Nalkylation has only been accomplished by re acting thé N-lithio
intermediate with a. refluxing tetrahydrofuran solution of
. alkyl sulfate.

The previously mentioned preparation of

2', 21-dibromodi-jD-tolylamine is a step in the direction of
developing simplified procedures for their preparation, which
was culminated in the bromination of N-methyldi-jD-tolylamine.
A glacial acetic acid solution of N-methyldi-r>-tolylamine
was treated with two molar equivalents of bromine to give a.
60.8$ yield of dibromo compound.

Reaction of 2,2'-dibromodi-

2-tolylamine with methyllithium and then with dimethyl sul
fate in tetrahydrofuran afforded the above dibromo compound,
proving that the bromines were in the ortho positions.

Subse

quently, N-methyl-2,2'-dibromodi-n-tolylamine was converted
to the dilithium derivative by halogen-metal interconversion
with n-butyllithium and then to 2,5,8-trimethy1-10,10-diphenyl
..5;, 10-dihydrophenazasiline by treatment with dichlorodiphenyl
silane.

Thus, a phenazasiline derivative has been synthesized;

qui te.;s:trai ghtfo rwardly by:

:^p^^lon, and^^ll^l^v

In an-.effort: to- obtain -the dilithium, compound .without, the"
use of n-butyllithium, an ethereal solution of; N-methy1-2,2'dibromodi-jD-toiylamine 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 a lower yield.

Therefore," the method involving halo-

g e n - m e t a l i n t e r c o m z e r s i o n ' - -i s - p r e f e r r e d ' . - . • •:
When two molar equivalents of N-methyl-2,2'-dilithiodig.-tolylamine was reacted with silicon tetrachloride, 2,2',- ;
5,5' ,8,8'-hexamethy1-10,10'-splrobi-( 5,IQ-dihydroiahenasasiline) was obtained in good yield.

Likewise, treatment of

the dilithium compound with dichlorodiraethyIsi1 ane and with
dibensyldichlorosilane gave the corresponding 5,10-dihydro
phenazasiline compounds.
In an attempt to prepare a seven-meinhered heterocyclic
system, N-methyl-2,2'-dillthiodi-g-tolylamine was reacted
with sgm-tetraphenyldisilane.

However, scission of the

silicon-silicon bond occurred and the only isolable product
was 2,5,8-trimethyl-10,lO-dlphenyl-5,10-dihydrophenazasiline.
Similar cleavages of silicon-silicon bonds by organomets111c
90
reagents have been demonstrated previously."
The reaction of K-methyl-2,2'-dilithiodi-D-tolylamine
with chloro triphenyIsil^e. un^xpec#dly, ga^e nearly equlmolar
amounts of 2,5,8-t ri methyl-10,10-dlpheny1-5/lO-dlhydrophenazasiline and tetraphenyIsilane.

Thus, it appears that one anion

of the dilithium compound first displaces the chlorine; then,
the second anion cleaves a silicon-phenyl linkage to give the

GOpor a discussion of the scission of silicon-silicon
bonds, see H. Oilman and G. D. Lichtenwalter, J. Org. Chem..
24, 1588 (1959).
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silicon heterocycle and phenyllithium which, in turn, couples
with chlorotriphenylsilane to give tetraphenylsilane.

Similar

c1e av agef:çy p1iz a11 b n'.re ac tï on s have, been observed in the
•dibènzosilole^ and si1acyclopentane® systems.
•noted from the latter study

It should be

that this abnormal cyclization

seems to occur preferably when a five-membered cyclic silane
is formed.

However, in this case, the six-merobered phenaza

siline compound was formed in a yield comparable to those from
the other investigations.
All of the infrared spectra of the 5,10-dihydrophenaza
siline compounds showed a split absorption band of weak to
medium intensity in the 9.-3 to 9.6 ^ region.

Derivatives

containing substituants in the 5- and IC-positions exhibited
a band at 13.1-13.2>v( (ortho-d 1substitution).

The derivatives

with additional substituents at the 2-position had bands at
13.1-13.2 and 12.3-12.4

(1,2,4-trisubstitution); while,

those with additional 2,8-disubs11tution had only the band
at 12.3-12.4^ .

All of 5^-ethyl 5,10-dihydr ophena-za-slline

derivatives showed bands at 7.4, 7.6, 7.85, and 8.2x^.

Sim

ilarly, thé '5-methyl derivatives showed bands : at 7.5., 7.85; ; •
and 8.1m. Also, the ; absorption bands••characteristic .of the
respective s^sti.tuent groups appeared in the spectra of the
5,10-dihydrophenazasiline compounds containing these groups.
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• 'o-Phen-yle'iie .Silicon Derivatives
The synthesis o-î organqmetsllic snd orgsnometalloidsl
derivatives, containing the.o-phenylene uni t , has been extremely
arduous in some instances due t.o the inaccess ibilit-y. -qf...suitable Grignard and organolithium reagents. Grignard reagents,
Ol GO
such as o-bromophenylmagnesiurc bromide, '
and o-bromophenylmagaesium iodide,

have been prepared but do not afford

a practicable route for the synthesis of o-phenylene deriva
tives.

Similarly, o-bromophenyHithiurn94 has been prepared in

low yields by the interaction of o-dibromobenzene and n-butyl
lithium, but is of limited utility as are the other o-halophenyllithium compounds.
Wittig and Bickelhaupt

71 72
'
have recently prepared

o-phenylenedilithium (XXV) providing a new synthetic route
to o-phenylene derivatives.

The dilithium compound XXV was

obtained by the lithium metal cleavage of o-phenylene-mercury,
with the identity being confirmed by carbonation furnishing
phthalic acid in 69$ yield-

##########%
%.!:W#er," Ber •. 89, 1334 (1956).
93 H:

Heàhey«G-i" SEaàfi; and I. T. Miller. J. Chem. Soc..
3930 (1957).^;.
^
Gilman and R. D. Gorsich. J. Am. Chem. Soc.. 78.
2217 (1956).
" ~~
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In the course of our studies o-phenlenedilithium (XXV)
"has' been allowed to react with various organosilicon com
pounds.

Preliminary work in This Laboratory9^ on the reaction

of the dilithium compound XXV with chlorosilanes showed the
interactions to be complex.

Contamination of the ethereal

solution of the. dilithium compound with finely divided lithium
metal produced during;.the .cleavage was thought to be the cause
of this.

After.;clëây^ge°,ô^f the o-phenylene-mercury, the

ethereal, solution wars.'fïite^ea. through a previously dried
glass wool plug to. glvè-.-ar-'red-fbrown solution containing a
gray suspension.

Acid;titraitibrï1 of an aliquot of this solu

tion always indies-ted ;bg:s,ë,V;present in excess of 100$.

Conse

quently, in an atternpt tb:jpjed:uce-the side reactions, the
dilithium compound X2£V was ;r'eacted with an organosilicon
hydride, diphenylsilaiie •
When o-phenylenedilithium (XXV) was allowed to react
with diphenyIsilane in"an effort to synthesize 5,5,10,10tetraphenyl-5,10-dihydrosilanthrene (XXVI), only o-phenylenebis(diphënylsïlane) (XXVII) was isolated.

A reaction with

•excess diphenylsilane gave an improved yield of the di-silicon
hydride XXVII.
Subsequently, a suspension-free ethereal solution of

95H. Oilman, D. Wittenberg, and M. V. George, Department
of Chemistry, Iowa State University of Science and Technology,
Ames, Iowa. Information on the reactions of o-phenylenedilithium. Private communication. 1959.
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o-phenylenedilithlum (XXV) was obtained by filtering the
cleavage solution through a sintered glass filter.

This solu

tion gave acceptable values of base present, upon acid titra
tion of an aliquot, in line with conventional organolithium
reagents.

When this solution of the dilithium compound XXV

was allowed to react with excess diphenylsilane, a good yield
of o-phenylenebis(diphenylsilane) (XXVII) was obtained.

The

reaction of equal molar amounts of the dilithium compound XXV
and diphenylsilane, in an attempt to prepare the cyclic
derivative XXVI, gave tetraphenylsilane, the di-silicon
hydride XXVII, and (o-diphenylsilylphenyl)triphenylsilane
(XXVIII).
Treatment of me thy ldi ph eny lehlo ro si1ane with a solution
of o-phenylenedilithium (XXV) containing a gray suspension
afforded o-phen y1en ebi s(methyldipheny1s11an e) (XXIX) in low
yield along with l,2-dimethyl-l,l,2,2-tetraphenyldlsilane.
The formation of the disilane was thought to be due to a
coupling reaction effected by the suspended lithium and not
to the dilithium compound XXV.

The dimethyl derivative XXIX

was also obtained from o-phenylenebis(diphenylsilane) (XXVII)
and methyllithlum•

However, the reaction products were con

taminated with Si-H containing material and were extremely
difficult to purify, indicating incomplete reaction.
Two attempts to prepare the cyclic derivative, 5,5,10,10tetraphenyl-5,10-dihydrosilanthrene (XXVI), by the reaction
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of £-phenylenebis(diphenylsilane) (XXVII) and the dilithium
compound XXV resulted only in the formation of (o-diphenylsilylphenyl)triphenylsilane (XXVIII).

The cyclic derivative

XXVTI, however, was finally obtained by reacting equal molar
amounts of o-phenylenedilithium (XXV) and diphenyldichloro,silane.: In a similar fashion, ô,ô,lO,lO-tetrabenzyl-ô,lOdihydrosilânthrene was prepared from o-phenylenedilithium
'(XXV) and dibenzjldichlorosilane.
When o-phenylenebis(diphenylsilane) was treated with' an
ethere-al solution of' phenyllithium, nearly equivalent amounts;
of ( o-dlphenyasllylphenyl)triphenylsilane (XXVIII) and ophënylfeneliLs-t triphenylsllane) (XXX) were obtained.

The

sili-cph-hy5rj.de compound XXVIII, on the other hand, was conir-e-rt-ed in good yl-e ld'.:ta 'the - fully phenylated derivative by
•phenyllithiuin when forced:: conditions were used.

An attempt

to prepare o-phenylehebis( triphenylsilane) (XXX) by reacting
Ao-ohenylenedilithium with chlorotriphenylsilane was unsuccess-

Attempts to make the molecular models of the dimethyl
derivative XXIX and of the fully phenylated derivative XXX
using Stuart and Briegleb atomic models were unsuccessful,
indicating a. considerable amount of strain in the molecules
due to the bulky substituents.

This undoubtedly accounts for

the slow reactions of methyl- and phenyllithlum with o-phenylenebis(diphenylsilane) (XXVII).

However, by comparison of the
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models, the dimethyl derivative XXIX appears to be less
strained than the corresponding phenylated derivative XXX,
which is in accord with the formation of XXIX, but not of
XXX, from the respective reactions of methyldiphenylchlorosilane and of triphenylchlorosilane with the dilithium com
pound XXV.

The molecular models of the other derivatives,

including the cyclic silanthrene compounds, can be formed
readily.
It is interesting to compare the melting points of the
three phenylenebis(triphenylsilane) isomers.

The para.- ^

derivative79 melts at 360° and the meta-derlvative9^ at
349°; whereas the sterically hindered ortho-derivative melts
at 257.5-259°.
Studies in the 10H-Dibenzosilin Series
Friedel-Craf ts: reactions on organosilicon compounds are
said to be of little synthetic value due to the susceptibility
of the silicon-carbon bond toward cleavage.

Tetraphenylsilane

upon treatment Tgith aluminum chloride, for example, is cleaved
to form silicon tetrachloride in an 80X yield.97

Similarly,

attempts to acylate triethylphenylsiiane in the presence of

96 D. Wittenberg, T. C. Wu, and H. Gilman, J. Ore. Chem..
23, 1898 (1958).
~

27VJ. E. Evison and F. S. Kipping, J. Chem. Soc.
( 1931).

2774
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aluminum chloride gave hexaethyIdisiloxane end the corre
sponding silicon-free phenyl ketone.9®
Nevertheless a number of syntheses involving acylations
are known.

Benkeser and Curie" found thst 2-thienyltri-

methylsilane and 2-furyltrimethylsilane could be acetylsted,
using the mild catalyst iodine.

Similarly, successful acyla-

tions have been accomplished with the m- and T>-trimethylsilyibenzoyl chlorides employing aluminum chloride and stannic

100
chloride.

o-Tri methyIsllyIben zo y 1 chloride, however, gave

only resinous materials.

Also, Szmant and Skendrovich^^

found that acetyl fluoride and benzoyl fluoride would scylate
silicon-substituted.phenyl compounds in the presence of boron
fluoride.
Recently, Wittenberg" et al.

have successfully synthe

sized some benzosilacyclanone derivatives by Friedel-Cra.fts
reactions involving intramolecular acylations.

3-Triphenyl-

silylpropionic acid was converted to the acid chloride and
subsequently treated with aluminum chloride in nitrobenzene
to give a 47.9$ yield of the heterocycle, 2:3-benzo-l,l-

9 ®B.

N. Dolgov and 0. K. Panina, Zhur. Obschel Khim., 18.
1293 (1948) [Original available but not translated; abstracted
in Ç. A., 48, 3286 (1954)].
99r. A. Benkeser and R. B. Currie, J. Am. Chem. Soc.., 70.
1780 (1948).

IOOr. a . Benkeser and H. R. Krysiak, ibid.. 76. 599 (1954)
H. Szmant and S. Skendrovlch, ibid.. 76. 2282 ( 1954)
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diphenyl-l-silacyclohexen~2-one-4.

The corresponding eyellza

tion of 4-triphenylsilylbutyric acid yielded 2:3-benzo-l51diphenyl-l-silacyclohepten-2-one-4.
The success of the latter study prompted this investiga
tion into the possible utilization of Friedel-Crafts type
reactions for the preparation of 10H-dibenzosilin deriva
tives.

The first approach involved bromination of dimethyl-

phenyl-o-tolylsilane with N-bromosuccinimide to give o-dimethylphenylsilylbenzyl bromide.

This bromide was then

allowed to interact with stanr.ic chloride in carbon disulfide
°

/

-

and >i,th aluminum chloride in carbon disulfide in an effort
.

°

'

to obtain 5y5-dimethyl-10H~dibenzosilin. However, failure
:
°r "
37
attended -both reactions. Attempts -by Wittenberg et al.
to
° cyclize "3-triphenylsily lprop.anol and 3-1riphenyIsilylpropyl
bromide were similarly unsuccessful.
Attention was subsequently turned to the possible
cyclization of o-dimethylphenylsilylbenzoic acid or its acid
chloride.
itself.

The synthesis of this acid presented a problem in

Benkeser and Krysiak100 had previously shown that

m- and n-tolyltrimethylsilanes could be oxidized to the corre
spending acids in good yields, but that only negligible
amounts of acid are obtained from the oxidation of o-tolyltrimethylsilane.

Oxidations of dimethylphenyl-o-tolylsilane

with chromium trioxide according to the procedure of Oilman
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et al.

1 OP

likewise, gave only small amounts of o-dimethyl

phenylsilylbenzoic acid.

However, suitable quantities of

the acid were finally prepared by a three-step process.
o-Dimethylphenylsilylbenzal bromide was prepared by treating
dimethylphenyl-o-tolylsilane with two molar equivalents of
N-bromosuccinimide, and then hydrolyzed by dissolving in hot
ethylene glycol monomethyl ether and subsequently treating

102

with an aqueous solution of silver nitrate

to give o-

dimethylphenylsilylbenzaldehyde in good over-all yield.
Oxidation of the aldehyde with potassium permanganate in ace
tone afforded o-dimethylphenylsilylbenzoic acid in good yield.
In an effort to obtain 5,5-dimethyl-10H-dibenzo silin-10one, attempts were made to cyclize o-dimethylphenylsilyl
benzoic acid and its acid chloride.

Treatment of the acid

with cold concentrated sulfuric acid and with polyphosphoric
acid at 120° resulted in cleavage, for none of the desired
compound or the starting material could be isolated.

Next,

the acid was converted to the acid chloride and subsequently
allowed to interact with stannic chloride in carbon disulfide
and with aluminum chloride in nitrobenzene according to the
'ziy

method of Wittenberg et al.,

but again none of the desired

cyclic ketone could be isolated.

-*-02H. Grilman, G. G . Brannen, and R. K. Ingham, ibid..
78, 1689 (1956).
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Suggestions for Further Research
For the purpose of obtaining dibromo derivatives suitable
for the preparation of 5,10-dihydrophenazasiline compounds, it
might be profitable to investigate the direct bromination of
certain diarylamines, such as 4,4'-dlchlorodiphenylamine and
N-T3-to ly 1-2-n aphthy1 amine.
It would be of interest to synthesize some 5,10-dihydro
phenazasiline compounds containing a silicon-silicon bond.
5,5'-Diethyl-10,10"-diphenyl-10,101-bi-(5,10-dihydrophenazasiline), for example, might be obtained by the sodium coupling
of 5-ethyl-10-chloro-10-phenyl-5,10-dihydrophenazasiline.

It

would be necessary, of course, to first prepare this siliconchlorine functional compound, which could be made by treatment
of trichlorophenylsilane with N-ethyl-2,2'-dilithiodiphenylamine.

The cleavage of these disilanes with lithium in tetra-

hydrofuran should then be examined and the synthetic utility
of the resulting silyllithium intermediates explored.
Studies concerned with the cyclization of o-dimethyl
phenylsilylbenzoic acid and its acid chloride should be con
tinued.

Also, treatment of the acid chloride with phenyl-

lithium would give c-dimethylphenylsilylphenyldiphenylcarbinol
which then should undergo facile cyclization.

In addition,

this study should be extended to the preparation and possible
cyclization of o-triphenylsilylbenzoic acid and its acid
chloride.
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The reactions of dichlorosilanes with the stilbenedilithium adduct have not given any materials containing the
disilacyclohexane ring system but only silicon-containing
polymeric substances together with varying amounts of transstilbene.^

It would therefore be worthwhile to investigate

the reactions of silicon hydrides such as diphenylsilane snd
dibenzylsilane with the dilithium intermediate.
afford the disilacyclohexane types.

These should
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SUMMARY
The chemistry of cyclic organosilicon compounds has been
reviewed for the period April, 1957 to March, 1960.
Several new non-cyclic organosilicon compounds were syn
thesized which incorporated aralkyl groups in combinations
with polypheny1 groups.

These were prepared in order to

obtain low-melting organosilicon compounds suitable for
applications as high temperature lubricants.
Reactions of some 2-trlphenylsilylethy1 derivatives were
investigated.

Of particular noteworthiness was the reaction

of 2-chloroethyltriphenylsilane with magnesium in tetrahydrofuran to give a good yield of 2-triphenylsilylethylmagnesium
chloride, which apparently is the first preparation of such
a Grignard reagent.
New procedures have been developed for the preparation
of 5,10-dihydrophenazasiline compounds.

These procedures in

volve reactions of 2,2'-dilithiodiarylamine derivatives with
appropriately substituted silicon halides and hydrides.

Thus,

by varying either one or both of the reactants a wide variety
of interesting compounds has been prepared.

For example,

5-ethy1-10,10-diphenyl-5,10-dihydrophenazasiline and 5,5'dlethyl-10,10'-spirobi-(5,10-dihydrophenazasiline) were ob
tained by treating one and two molar equivalents, respective
ly, of N-ethy1-2,21-dilithiodiphenylamine with dichlorodiphenylsilane and with silicon tetrachloride.
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Two silicon-hydride functional derivatives, 5-e thy 1-10phenyl- and 5-ethy1-10-n-hexadecy1-5,10-dihydrophenazasiline,
were prepared by reacting N-ethyl-2,2'-dilithiodiphenylamine
with phenylsilane and n-hexadecylsilane, respectively.

Treat

ment of these functional derivatives with various organolithium
reagents afforded good yields of the unsymmetrieally substi
tuted compounds.
5-Ethyl-10,10-dipheny1-5,10-dihydrophenazasiline has been
allowed to react with bromine under several different condi
tions to give 5-ethyl-2,8-dibromo-10,10-diphenyl-5,10-dihydro
phenazasiline, 2-(N-ethyl-2,4-di bromo anilino)-5-bromoph enyldiphenylsilanol, N-ethyl-2.,2',4,4'-tetrabromodiphenylamine,
and 2,2',4,4'-tetrabromodiphenylamine.
Bromination of di-iD-toly lamine and N-methyldi-p-tolylamine has given good yields of the respective 2,2'-dibromo
compounds.

N-Methyl-2,2'-dibromodi-D-tolylamine was converted

to the dilithium derivative by halogen-metal interconversion
with n-butyllithium, and subsequently to 2,8-dimethy1-5,10dihydrophenazasiline compounds by treatment with the appro
priate silicon halides.
From the reaction of o-phenylenedilithium with dichlorodiphenylsilane and with dibenzyldichlorosilane, 5,5,10,10tetraphenyl-5,10-dihydrosilanthrene and 5,5,10,10-tetrabenzyl5,10-dihydrosilanthrene were obtained.

The reaction of the

dilithium compound with diphenylsilane afforded o-phenylene-
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bis(diphenylsilane), together with other compounds.

o-Phenyl-

enebis(diphenylsilane) has been treated with several organolithium reagents to afford some interesting o-phenylene
silicon derivatives.
The possibility of synthesizing 10H-dibenzosilin deriva
tives via Friedel-Crafts reactions was investigated.

Attempts

were made to cyclize o-dimethylphenylsilylbenzyl bromide,
o-dimethylphenylsilylbenzoic acid, and its acid chloride, but
these reactions resulted in failure.

A three-step process

was developed for the preparation of o-dimethylphenylsilyl
benzoic acid.
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