IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1946
The introduction of functional groups into some
organosilanes

Russell N. Clark
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Clark, Russell N., "The introduction of functional groups into some organosilanes " (1946). Retrospective Theses and Dissertations.
13393.
https://lib.dr.iastate.edu/rtd/13393

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13393?utm_source=lib.dr.iastate.edu%2Frtd%2F13393&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






I

‘THE INTRODUCTION OF FUNCTICHAL GROUPS
INTO SCME ORCGANOSILANES
by

Russell H. (Clark

A Theais Submitted to the Grazduate Faculty
for the Degree of

DOCTOR CF PHILOSCPHY

HajJor SBubjeect: Organic Chemistry

Avproved:

Signature was redacted for privacy.

In Cherde of Hajor Work ~»i ii.

Signature was redacted for privacy. - e- 2kt i

Head of Hajor Department .

Signature was redacted for privacy.

Hean of Greduate Cellegé

Iowa Stete College
1946



UMI Number: DP12644

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12644
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



11

/1 'Zzé"' 7>

ACKNOWLLDGMENT

The author 1s sincerely grateful to Dr,
Henry Gilman, whose valuable suggestions and
encoursgement have been of great assistance

during the course of these studies,

77076/



INTRODUCTION .,

111

TABLE OF CONTENTS

. . * - . . L d - L ] [ ) L * L] L * L] » -

NOMENGCLATURE . . v v o o o o o o o s » o o o « s &«
HISTOMC\AL . [ ) L . * [ . L] . L] * [ ] [ ] L] . [ ] . .

Ao

B.

A Brief RHeview of Organosilicon Chemlsiry
fZ‘OmIBSStOlgE? s & & o 8 8 & e

Organosilicon Chemlstry from 1937 to 1948
Introduction .+ « ¢ o ¢ s o o ¢ o o o o
Alkyl Derivatives of the Type Réﬁi .« o »
Alkyl Derivatives of the Type R'R531 « .
Aryl Derivatives of the Type R, 651 . e

4

Aryl Derivatives of the Type 3'8381 .

Alkyl Derivatives of the Type RSiXS « o s
Aryl Derivatives of the Type R31X3 . o .
Alkyl Derivetives of the Type 3231X2 .o .

Aryl Derivatives of the Type R231X2 .

Alkyl Derivatives of the Type RR'SiX2 .« o

Mixed Aryl-Alkyl Derlvatives of the Type
RE{ ’ SiXE * * . L] * * * L ] L ] - > » - L )

Alkyl Derivetives of the Type R 81X . .
Aryl Derivatives of the Type R351X . s+ e
£lkyl Derivatives of the Type R2R'$1x o o
Alkyl Derivaetives of the Type (Ro)éSi . e

Aryl Derivatives of the Type (RO),S1 . .

(&

o o o

15
18
18
25
27
30
30



iv

Alkyl Derivatives of the Type (Ro)ssxoa'.

Mired Aryl-Alkyl Derivatives of the Type
(RO)agioR' » - L . L 4 » * L ] L . L ] - *

Alkyl Derdvstives of the Type
(m:zsi(QR')g » » . * [ ] [ ] . - ® * [ ]

Mixed Aryl-Alkyl Derivatives of the Type
(ROESj.(OR')z a & & & & ¢ & ¢ b ¢

Alkyl Derivatives of the Type RS1(OR') .
Aryl Derivatives of the Type RSi(OR),

Alkyl Derivatives of the Type R281(OR')2.
Aryl Derivativese of the Type Rggi(OR’)g .
Alkyl Derivatives of the Type RR'Si(OR”)2

Mixed Aﬁyl-Alk 1 Derlvatives of the Type
RA'S1(OR! " s v s e s e v 5 o

Alkyl Derivatlves of the Type RSSiOR' . e
Aryl Derivatives of the Type ngiOR' .
Alkyl Derivatives of the Type R31OR' . .
Alkyl Derivatives cof the Type ROSiX3 . .
Aryl Derivatives of the Type R031X5 .« o o
Alkyl Derivatives of the Type (RO)251X2 .
Aryl Derivatives of the Type (R0),S1X,

Alkyl Derivatives of the Type
(RO)(R’O)\’le ® ¢ & o s e & s » o ®

Alkyl Derivetives of the Type (RO)LS1X .

-

Aryl Derivatives of the Type (120)z91X .
Alkyl Derivativea of the Type (RO){R'0

Six . - * . L L . - » L] - . * L4

2

48 -

48 -
49

53
55
57
59

59
59
61
61
62
63



mmﬁm'ﬁﬂ:..ooconoo'ocoo.-o00‘

A.

Alkyl De;ivatives of the Type

(R"“O)ngiyé_nogoo.o-o-o-

Alkvl Derivatives of the Type HgSiNRz

Alkyl Derivatives of the Type (RS),S1

Alkyl Derivatives of the Type
(RS)gsi(gR')P e & s & ¢ e 9 ¢ o v @

Alkyl Derivatives of the Tyne
(1{3)531(01%‘) o e * s 8 ¢ @ v s & »

Alkyl Derivatives of the Type (RS)-SiX. .
Alkyl Derivatives of the Tyve (RS)ESiXQ .
Alkyl Derivatives of the Type ROS1Xz . .
Alkyl Derivatives of the Type 3351-6~5133
ADPYY Derivetives of the Type R531081H5. .
Alkyl Derivatives of the Type [(RO)zs/5C.

Alkyl Derivatives of the Tvoe
ﬁO(i\.’O)ES_jJBO . . . . L) [} [ ] s @ [ .

Alkyl Degivatives of the Trpe
[szl'asgoo . . - . . [ [ L]

Alkyl Derilvetives of the Tyne / HG)EQQZQO

* [ ]

Higher Lirerr Slloxane Derivatives o+ o o
Aliyl Derivatives of the Type [Rg81/ Un'.
Alkyl Derivatives of the Type H531—8i35 .
Aryl Derivetives of the Type RSSQ—SiRS .

SiliCGnPOlymer‘s‘oooc'ogno . .

Silicon COmpCmdB ¢ o © 8 » 9 8 8 o o ¢ @

arre
D=5 N

70"
72

75

75

75
76
76
76
78
79



vi

[ Tetraethylsilane . + o o o o o »

f;Tetraﬁﬁ-butylsilane I

Tetralsopropylsilsne (Attempted)

Tetra-t-hutylsilane (Attempted).

g/;l'etraphenylsil&ne s & e ® o @

ATriphenyl-p-tolylsilane .
ATri-p-tolylphenylailane .

L 4

»

*

| ]

.

& ~Picolyltrinhenylsilane (Attempted). ,

Diphenyldl-p~tolylsilane « « o o o o

friphenylmethylailane . .
Ippimethylphenylsilane . .
5?riphenyleilanol e e
Spirhenylethoxysileane o .

ifrimethylfgfbromophenylsilane

Trimethyl-p-lithiophenylsilene

;Eenzyltriethozyailane . e

~Ppimethylbenzyleilene . .

Attenpted bromination of frimethyl-

benzylgilane . . . .

Attempted nitretion of trimethylbenzyl-

gllone « o+ ¢ ¢ ¢ o

_Phenyltriethoxyalilane . .

Attenpted nitration of phenyltriethoxy-

5115,!16 . = s s e .

L ]

.

*

[

-

.

.

.

]

L3 L 3 * L 4 [ ]

/- p=Aminophenyltriethoxysllane « « o o « &

/?riethylchlorosilane .« o o

»

.

L d

100
100
102

111

112
1138

114
114
116



vii

Pege
Reformatsky reactlon with triphenyl-
chlorosllane ¢ o o s o o o o s s o o 118

Reformatsky reaction with triethyl-
chloroslilane « ¢« o s ¢ s o ¢ o s o @ 117

Sthyl triethylsilylacetete (Attermnted). o 117
Ethyl triphenylsilylacetate (Attempted) . 118

Reactlion between triethylchlorosilane
and ethyl sodloccetoacetste .+ o o 118

Rezetlon of triphenylchlorosilene and
ethyl sodloccetoecetete ¢« ¢ o o o o 122

-

reactior between triphenylcehlorosilcone
end diethyl nodiomaloncte o o o o o 122

Reaction of triethylchloroasilene with
dlethyl scdiomelonate « ¢ « o o o o 123

B-Loctoms of B-Anilino- ﬂ-—phenyl—
Proniondc AClOB o o o o s o 6 e o ¢ s o @ 123

-lacten of ﬁ-anilino- ﬁ-phenyl—-
p?@?i&ﬂlc SCLA o 4 0 6 e 6 e 0 0 o 123

Beslc hydrolysis of the A—le.ctam of
,9-@.11111!10- pB-phenylproplonie ecld. . 124

Acid hydrolysis of the flactm of
ﬁanilin@- ‘A-p}:eny propionic ecld . 124

Ethyl /S-anilino- ﬂ-—phenylpropionate " . 125
Ethyl lg-anilinc—/} ~phenylpronionate « « o 1285

Reection-of ethyl @-enilino- S-phenyl-
proplonete with methylmapgnesium
lodide . % & & S s & e e & & e s » 12

Reaction of ethyl anilino- [5-pheny -
pronionate with n-butyllithium « « & 127

Reesetlion of ethyl ﬁ-mlilino—/ﬁ-phenyl—
propionete with lithium dlethylanide 127

Rezction of ethyl anilino-/g—phenyl-
nroplonate with dlethylzinc . .+ o & 127



viiy

Reaction of ethyl ﬁ-anillno- (S-phenyl-
propionzte with phenyllithium , . «

Reaction of ethyl (3-anilino-{3~-phenyl-
proplonate with methyllithium . . . .

Reaction of ethyl f3-anilino-{3-phenyl-

propionate with phenylethynylmagnesim

J1oddde ¢« v o v o o s e 4 o @ « s s ®

Reaction of ethyl ﬁ-anillno- ﬁ-phenyl»
propionate with vhenylethynyllithium.

Acotomesitylene . . ¢« ¢ ¢ o o o o s « o o

Reaction of ethyl -anilino- B-phenyl-
pvronionate with acetomesityl-
magnesium bromide ¢« . ¢ s o s 0 o b

Variation of solvent in the preparation

of the f3-lactam of ﬁ-anllino-ﬁ-—phenyl—

propionlic gaeld . . % . . .

Variatlon of the zinc employed in the pre-

paration of the fB-lactam of ,4—a.n111no-

-phenylproplonic 8cld » «"s o ¢ & &
o~Chlorobenzal-p-chloroaniline . . . . + &

f-Lactam of Ap-chloroenilino- f3-o-
chlorophenylpropionic acld . « « o+

E‘Aﬂiﬁ&l“ﬁ‘&nisidine s & & e & & o v & =

P-Lactam of B-p-snistdino- d-p-anteyl-
pmpiOnic BCLA . 4 6 v e s e s e s .

E‘Anisggl“ﬁﬁcmomaniline s & & @ [ » ® & @

fA-Lacten of f-p-chloroanilino- [5-2-
anisylproplionic acld . . e s o o @

E*Anlg&l‘g_*chlomaniline » o o o s o o @

/} -Lactam of R-p-chloroanilino-f3 -p-
anisylp pionic acld . s ¢ o o s s e

p~Anisgl-o-chlorosniline ., . . « + o o+ &

Page
128

128

128

129

130

130

130

131

131

132
132

132
133

133
134

134
134



C.

ix

Attempted preparation of the [>lactam of
p-o-chloroanilino~ 3 -p-znisyl-
propilonic 8¢1d . « ¢ ¢« o s o v e o e

o-Chlorobenzal-g-chloroaniline . + « « &

Attempted preparstion of the f3-lactam of

o~chloroanilino- fS-o~-chloro-
phenylproplionic acld . + . . « ¢ «

Benzal*BfChlorﬂaniline e 5 & . o & &

f-Lactam of ﬁ-g—chloroanilino—F-phenyl-
propionic 8cld . . ¢ 4 ¢ ¢ e e e e 0

Benzal*g-&nlsidine e ® s & & e & e » s

p—Lactam of }-p-anisidino- /S-phenyl-
propion Cacld . ¢ ¢ o760 o 2 o s o »

Q’Chlorabenzal&niline * o & ® & & ® * o s

-Lactam of ﬁ-anilino- -g=chloro-
phenylproplonlc acid . « ¢ s o o o =

N,Nt'-Benzal-bie~ d ~-pyridylanine . « « . .

Benzal-¢l—pyr1dy1&mine ¢ e & & ® s ° > @

Attempted preparation of the ﬂ-laetam of
(3 -4 ~-pyridylamino- ,S-phenylpropionic

BCLA . 4 ¢ 6 st e e v s s v s e s e

Attempted preparation of benzal-o-chloro-
aniline R I T T I LI I T T B B

Benzal-0=-chloroeniline . . ¢« ¢ ¢ ¢ ¢ o &
Attempted reparation of, the -lactam of
g-—p_- cgloroanil ino- A-pheegrlpmp lonic
831& . L ] L] L] L] . » [ ] [ ] L] L] ] [ ] L] [ ] [ ]
Phenylpyridine Derivatives . . « o o o &
2-Phenylpyridine . « o o ¢ ¢ < o o o o o

2-Nitrophenylpyridines . . o« « ¢ o o o &«

Page

1356
136

135
136

138
136

137
137

13%
138
138

138

139
139

140
140
140
140



2=-(4'~-Aminophenyl)pyridine « + « + + « .
S=(4t=Benzalaninc ohenyl)nyridine « « o« o
2-(4'-Salicylsleominonhenyl)pyridire o o

o= fZ1-(2", 5"-Dime thyloyrryl-1Y ) vhenyl/-
anridine . L] L ] . [ ] ] [ L v . . *

P=(2V-TFormylaninophenyl)nyrldine o« o o o
2-({4t=Acetaninophenyl)oyridineg o o o o o
2-(31-N1tro~-4t-2cetaminophenyl!pyridine.,
e (3V=-litro-4Veoninophenyl)pyridine . .
2m(St=-lltro-4'=Tormyleminonhenyl)pyridine
=Anisyllithium o o o o o o 0 o ¢ o o &
= (AVeilothorynhenyl ) uyrldline, o o o o
CeiAVaHydroxyphenyl)nyridine o o o o o
2= (3 V=litro~-4t-hydroryphenyl)pyridine ,
2=Bromothlophenol o ¢ ¢ o o ¢ ¢ s o o o
p=tlercaptophenylllithlum ¢« o ¢« ¢ o o o @
Z=(4at=lercantophenyl)pyrldi e o o o o o
§-{p-Hitrophenyl)propyl chloride (262).
Dlethyl-/y-(p~hitrophenyl)provyl/-enine
Eicthyle[iF(Q-aminbphenyl)propyl7—&mine
2=-Nitrophenylpyrldines « o« o o« o o o o
2-(2'~Aninophenyl)pyridine « « o o o o

S=/PV~ (2", 50-Dimethyl-yrryl-1")phenyl/~-
pyridine..o...’..¢...

F={2t=Aninochenyl)pyridine o o o« o o o
2-(21-821icylelaminonhenyl Joyridine o

Page

141
142

144
145

145

156

157
167



x1

3=/21-(2", 5".Dimethylpyrryl-1*)phenyl/-
PYrIAIne « « o ¢ o s s o s o o 0 .

S=-Nitropyridinegs . ¢« o « o s o » o o o
4-(3'~Aninophenyl)pyridine . « ¢ « o
3-(3'-Aninophenyl)pyridine . . + + «
2-(3'-Aninophenyl)pyridine . ¢ o « o o

2=/3v~(2", 5¥-Dimethylpyrryl-1")phenyl/-
PYTIAINeG o+ ¢ ¢ o ¢ o o ¢ 6 o 4 o

2= (31-8alicylalaminophenyl )pyridine . .
4-Nitrophenylpyridines « « o« ¢ o« o o o
2,6~(4', 4"-Diaminodinhenyl)pyridine . .
3-(4t=Aminophenyl)nyridine . « « o o o

3=/21-(2%, 5%-Dimethylpyrryl-1¥)phenyl/-
PYTIAINe ¢ o o o ¢ ¢ ¢ o o o s o

S=Nitro-4-aminoanlecle . « ¢ o o o o
S-Nitro-4-bromoanisole . « ¢« o o » o
S=-Anino-4-bromoanisole .« . ¢ o ¢ ¢ o o
2-Amino-4-methoxybenzoic acld « « ¢ o o

Attempted preparation of 2-(2'-amino-4*'-
methoxyphenyl)pyridine . « ¢« » &

2-Nitro-4-methoxyphenylpyridines . . .
2-(2'«Anino-4'=-methoxyphenyl)pyridine .

Deamination of 2-(2'~amino-4'-methoxy-
phenyl)pyridine ¢ » o & o ¥ & v o

Attempted reduction of 3(?)-(2%'-Nitro-4'-

methoxyphenyl)pyridine . . . « .

2=(41-Hitrophenyl) thiophene . . « « + o

L 4

Page
157
158
160
181
181

182
162
163
164
164

164
165
165
166
167

167
188
170

171

172
172



xii

Page
2-(4'-Aminonhenyl)thionhene, « « + + 173

Deaminstion of 2-(4'-aminophenyl)-
thiophene e o & 4 ¢ & o o o o & @ 174

DISCUSSIOI‘I L ] * L [ L ] L4 L] * L ] [ ] L ] . L ] * [ ] [ ] . ¥ L] 177
A S11llcon Comnounds o o s o o o o o o @ 177

B, p-Lectens of A—Anilino-/ﬁ-phenyl-
pronionic Acids e+ o o e o o @ 187

C. The Phenylpyridines ¢ o o o o o ¢ o & 189

IR TA A of
SUMIIARY & 4 4 o o o o o 5 o 5 & o s & 3 % s v s 191



INTRODUCTION

During the eighty years since its inception, the
chemistry of organosllicon compounds hes, to a very great
extent, concerned itself with surrounding the silicon atom
with completely saturated hydrocarbon radlcals, Such work
has given molecules that are an end within themselves,

It was the primary purpose of this thesis to prepare,
directly or indirectly, organosilanes which contain functional
. groups and which lend themselves to more extensive and funda-
mental studies., In particular, one of the broader purposes
of thls thesls was to Investigate the general relationships
between the chemistry of simllar silicon and carbon molecules,
In view of this purpose an effort was made to asyntheslze
someé nitrogen-containing silicon compounds to compare their
properties, and incidentally thelr blologlcal actlvity, with

various nltrogen-containing carbon compounds,



NOMENCLATURE

The nomenclature employed for the organosilicon compounds
appearing throughout this work is in accord wlth that suggested
by the Committee on Nomenclature, Spelling, and Pronunciestion
of the American Chemical Socliety (1). For the convenience of
the reader a list of the more common rules of nomenclature will
be reproduced here,

1. The name of the compound SiH, is silane, the
radical derived from 1t, H531 -, 18 silyl.

2. Compounds having the general formula HgSi(Sin)ﬂf
31H5 are called disllane, trisilane, ete,, according to
the number of silicon atoms present. The radicale de-
rived from these compounds are disilyl-, trisilyl-, etec.

J« Hydroxy derivatives in which OH is attached to
éilicon are named by adding the suffixes ol, diol, triol,
ete., to the parent compound. Thus: HzS10H, silanol;
Hy81(0H),, silanediol.

4, Compounds having the formula H381(031H2)n031ﬂs
are called disiloxane, trisiloxane, ete., according to
the number of sllicon atome present.

5. Compounds having the formula HzS1(NHSiH,) -
NH31H5 are called disilazane, trisilazane, etc., accord-

ing to the number of silicon atoms present.

1. Crane, Chem. Ing. News, 24, 1233 (1946).




HISTORICAL

A. A Brief Review of Organosillicon Chemistry
from 1863 to 1927,

In 1863 Friedel and Crafts (2) synthesized tetraethyl-
8ilane by heating dlethylzinc with silicon tetraohloride in a
sealed tube. This was the beginning of organosilicon chemistry.
Two decades later Polis (3) prepsred the first arylellicon com-
pound by the action of sodium and an aryl halide on silicon
tetrachloride. Until the twentleth century, all tetraaryl-
end tetraalkyl-slilanes were prepared by these two methods.
However, in 1904 Xivping (4) indicated that Grignard reagents
could be used in the synthesis of organosilanes., Chemiste
rapildly edopted this method of preparation, both because of
1ts relative ease, and because it allowed the more or lese
stepwise introduction of organic radicals into asilicon tetra-
chloride. It was through this stepwise process that Kipping
(5) prepared his optically active silicon compounds,

These same methods of preparation were applied (5, 6, 7)

to the preparetion of disilanes.

2. Friedel and Crafts, Ann., 127, 28 (1863).
3. Polis, Ber., lsah}54 5 1885%0 15 (1904)

4, Kiﬂping E TOC (=318 Oc. k .

5. Kipping, J. Ghem. Sog. gé,"‘?iv (1907).

6. Bygddn, Ber., 4B, 707 (1012

7. Friedel and La‘&"énburg, km'x., 203, 241 (1880).



The s8ilicon to alkyl-carbon hond 1s relstively stable,
s8ince 1t resists cleavage by the halogens and the mineral
aclds. The silicon to aryl-carbon bond, on the other hand,
is very easlily broken. Thue, this bond 18 cleaved by the
ectlion of phosphorue pentachloride (8), bromine (9), sulfuric
acid (10), nitric acid (11), and even slowly by hydrogen
chloride (12),

It ie interesting to note that as yet no silicon to car-

bon unsaturated linkage hsg been formed,

The halogen-orgenosilanes, as chlorotriethylsilane are
normally formed by the action of the asppropriaste smount of
Grignard resgent upon the silicon tetrachloride (10), or by
the action of the halogen upon the corresponding orgencosilane
(13), as:

E%381H 4+ Br

2
These halogen compounds readily hydrolyze in the presence

— Etssiar 4+ HBr

of water or dilute base. In the case of the mono-halogen com-
poundg, the corresponding silanols are obtained (14). In the
instance of the dthalogen compounds, the corresponding dlols

are formed (15)., These were then known to go very easily to

g. Polis, Ber., 18, 1012 (1386%.9 \

. Ladenburg, 1ibid. ), 2274 (1907%).

10. Kipping, 4. Chem. gc. _gz,,( gog)(lgo*?).

11l. Ladenburg, Ann., 173, 143 (1874).

12. Kipping aﬁdfi?o&d,‘zt Chem. Soc., 79, 449 (1901).
13. P&pﬂ, Ann-, g_g_g, 364 (1884).

14. Ladenburg, 1bid., 164, 300 (1872).

15. Robinson and Kipping, J. Chem. Soc., 93, 439 (1908).



the so-called *"silicones." Now it is recognized that these
*gilicones® are reslly polymers. The trihalogen compounds
also give polymeric materiesls on hydrolysis (18).

Alcohols reect with these halogen compounds to give the
corresponding ethoxy-derivatives (18)., These same ethoxy-
compounds were alsp synthesized by the sction of dlethylzine
and sodium on tetrasethoxysilane (14).

The silanols are readlily converted to the correspcnding
disiloxenes in the presence of common dehydrating agents (14), as:

PEtS1CH + H 80, — (Etasi)zo

This brief review merely highlights the salient points of
organosillicon chemistry. For an extensive study of organosill.eon
chemistry one or more of the excellent general reference works
on this subject (17, 18, 19, 20, 21, 22, 23, 24) may be cori-
gul ted. . '

18, ﬁe}.?‘ér, m., ;%2._, 3390 (1‘908)0

17, Friend, "A Text-Book of Inorganic Chemistry", Volume XI,
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B. Orgsnosilicon Chemistry from 1937 to 1946

Introduction

This review has attempted to record all of the organo-

gllicon compounds abstracted in Chemical Abstracts from Jan-

uary 1, 1837 to September 20, 1946, The methods of prepers-

tion and the oconstants for the ocompounds reported during

these yesrs as well as their significant properties were noted,
‘Organosilicon chemistry from 1927 to 1938 is to be re-

viewed in the Doctoral Dissertation of Mr. Robert A. Benkeser,

Tetramethyleilane, S1(CHz),, 18 prepared by the action of
the methyl Grignard reagent on silicon tetrachloride for 22
hours both in esthyl ether (25), and in p~butyl ether (26).
The pure product boils at 26.64° at 760 mm. (26), at 260 (25).
Its constants are d<. 1.0232, n‘gg 1.3683, and MRy 33.48 ml (27).
The s011d compound exhibits two crystalline forms, the d-form
melting at -102, and the f-form melting at -99° (26). The
heat of vaporization of liquid tetramethylsilane at its normal

boiling point 1s 5785 cal./mole (26). Other physical date are

26, Whitmore and Sommer, J. Am. Chem. Soc., 88, 481 (1948).

26. Asaton, Kennedy, and Messerly, ibid., 63, 2343 (1941).

27. Holzapfel, Z. Elektrochem., 47, 527 (1941) /G. A., 35,
5377 (1.941)7.




(37), 153-153.2° at 759 mm. (34), 153° at 760 mm., and 108°
at 200 mm, (36). Its other constants are: dgz 0.7674 (34),
‘a® 0.7810, a®° 0.7662, a™° 0.7552 (36), ana 420 0.7284 (27);

n? 1.3852 (27), ana ngg 1.4268 (36); and MR_ 52.14 (27), When

D
equimolecular amounts of tetraethylsilane are allowed %o react

with tetra-n-propylsilane at 180° in the presence of aluminum
chloride random redistribution occure and all possible products
are isolated in the theoretical, statistical proportions (38,
39). These results are somewhat in varisnce with those of
Dolgov and Volnov (40) who found that alkyl compounds at 300°
rearranged according to the scheme:

2 RyR'S1 — R,R,'S1 4 R,481
They only isolated the symmetrical compounds, saseribing this
fact to their greater thermal stabllity. The thermal decomposi-
tion of tetraethylsilane hes been studied (41) and found to be
of the first order.

etra-n- /18l » (n-CzHp)481. The thermal decomposi-

tion of this compound has also been studled (41) and found %o be
of the first order. It boils at 212°.

Tetra-n-butylsilene, (n-CsHg)4Si, 1s synthesized by the 24

38. Calingaert and Beatty, ibid., 61, 2748 (1939),
39. Calingeert, Soroos and Hnizda, 1bili., 62, 1107 (1940).
40. Dolgov and Volnov, Zhur. Obshchel. Khim., 1, 91 (1931).
. A., 25, 4535 (1931)/. _
41, ¥arring, . Fsraday Soc., 38, 1142 (1940). /[C. A.,
35, 2400 (1941).



hour action of the n-butyl Grignard reagent upon an ether solu-
tion of silicon tetrachloride (34), or an ether soluticn of
tetraethoxysilene (42). The product bolls 2t 2310 at 760 mn.

~

(42) end ot 150-153° ot 17 mn.  (54); d“; 0.822 (42), =nd

25 22
5”4 0.31092 (54); and n 5

1.4332 (42),

zuer (30) cests s doubt uson the ccmﬁound of Post and
Hofrichter (42) by nointing out thot 1its MR - (obs.) is 81.12
28 ageinst s Mﬁ“g (celed.) of 85,49, If tﬂis were the tri-n-
 butylethoxysilanc, Sruer indlcates, the molecular refracticns

would check wit in 0.2 unit,.

Tetrg-n-arylsilene (n-Cglyq)451, is prepered in 80 per
cent yleld when n-aryl chiloriie snd gilicon tetrachloride are
acted upon by sodiun (37). It 13 also obtained (37) when sodium
wire and p-amyl chlorice are heated with hexachlorodisilane

The »roduct 1s & colorleas, odorless cil thet 1s soluble in the
common organic solvents., It bolls ot 3189; dg 0.3252; and

4
25
n g 1.4510.

Tetre-i-onylsilane, (;—Csﬂll)ASi. These caonstants heve
= = . 20
2 E)
been redetermined for this uroduct (27); & 0 D0.0854; n p

tion is indicated

1.4183; =and HRR 107,23, No method of mre:

o
it

for this compound. ’

r
.

Tetraallylsilane, (CsHg)g®l, is produced in 20 per cent

42, Post and Hofrichter, J. Org. Chem., 5, 572 (1840).
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yield by the Barbler modification of the Grignard resction from
211yl chloride or bromide (43). The solvent is a mixture of

20
benzene and ether. It boils at 102-103° ot 15 mm.; n . 1.4864;

D
and dzi 0.,8353, Tetraallylsilene polymerizes upon heating to
5@-2090 in the presence of an organic peroxide as a catalyst.
It ma& be polymerized slone or in solvents such as toluene,
It mey elso be co-polymerized with such compounds as vinyl

acetate, styrene, etc.

Irimethylsilane, (CHz)3SiH, 1s prepered in "poor* yield
from silicochloroforw and methylmagnesium bromide in ether

(44). The compound boils at 9-11°.

gilane, (CHz)xS1CHoCl, results from
the chlorinstion of tetramethylsilane irradiated with ultra-
violet light (25). It boils at 97.1° at 734 mm.; ngg 1.4160.
This preparation readily cives the Grignard resgent in 90 per

cent yield.

(CHz ) 381CH,HgCL, 18
obtained by the sctlion of mercuric chloride on the Grignard
reagent of trimethylchlorcmethylsilane (25). It melts at
74-76°.

43. Kropa, U, 8. Pat. 2,388,181, October 30, 1945.‘[§.,3., 40,
592 (1946)7
44, Taylor and Yaldon, J. Am. Chem. Soc., 66, 842 (1944).
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Trime th d silans, (GH5)5$1(GH21), is synthesized
by the action of sodium iodide on an acetone solution of tri-

methylchloromethylsilane (25). It bolls at 139.8° at 744 mm. ;

0?0 1,4917,
D
Iripethylethylsilene, (CHz)z81(CoHg), is isolated from the

reaction of methylmagnesium chloride on ethyltrichlorosilane
first in the presence, then in the absence of ether (368). This
product boils at 25° at 200 mm. and 62° at 760 mm.; a9 0.7040,

end a2° 0.6849; and nz; 1.3820.

e, (CH3)3S1CHC1CHz. The

preparation of this compound was effected through the action

of methylmagnesium bromide upon J-chloroethyltrichlorosilane

for 14 hours (45). The compound boils at 117.8° at 735 mm.;
20

n D 1.4242,

ethyl-d - ercurioethylsilane, (CHz)3S1CH(HgCl)CH,,
is prepared by the action of mercuric chloride upon the corre-
sponding Grignard reagent (45). It melts at 97°,
Trimethyl-n-propylsilane, (CHz)zS1(CzHmp-n), is synthesized
from methylmagnesium bromide and n-propyltrichlorosilane in the
abgenéa of ether (36). It bolls at 49° at 200 mm. and 90° at
760 mm.; a® 0.7197, a2° 0.7020, and a®° 0.6653; ana n?C 1.3020.

D
Trimethyl-n-butylsilane, (CHz).81(C Hy-n). This synthesis

is accomplished through the action of n-butyltrichlorosilane upon
pethylmagnesium bromide (36). The product boils at 74% at 200 nm.

45, Sommer and Whitmore, ibid., 88, 485 (1948).
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20 60

and 115° at 760 mm.; a° 0.7352, a2° 0.7181, and d°° 0.6835;

and nzg 1.4030.

Irimethyl-n-amylsilane, (CHz)381(CgHyy-n), 18 prepared by
the actlion of n-amyltrichlorosilane on methylmagnesium bromide
in the absence of ether (36). It distils at 95° at 200 mm. and

139° at 760 mm.; &° 0.7477, a°°a7313, and a°
n<0 1,4030.

D

0.6979; and

Irimethyl-n-hexvlsilene, (CH;)z91(CgH;g-n), 18 made from
n-hexyltrichlorosilane and methylmagnesium bromide in the ab-
gence of ether (35), It boile at 117° at 200 mm. end 163° at
760 mm.; a0 0.7678, a20Q7a22, and 4°°Q7100; and n?0 1.4154.

Irimethyl-n-heptylsilene, (CHz)381(CoHig-n), is synthesized

=

through the action of methylmagneaium 1lodide upon n~heptyltri-

chlorosilane in the sbaence of ether (36)., The compound dlstile

at 137° at 200 mm. and 184° at 760 mm.; a° 0.7659, a-° 0.7508,

20
and QGO 0.719€; and n D 1,4201,

2, (CHz)z81(CgHyn-n) 1s made from

methylmagnesium bromide and n-octyltrichlorosilane in the
absence of ether (35). It bolls at 156° at 200 mm. and 202°
at 760 mm.; a° 0.7729, a%° 0.7581, ana a®° 0.7277; end nzg

1.4242,

gllsne, (CH3)581(010H21~£) is produced

from methylmagnesium bromide and n-decyltrichlorosilane in the
absence of ether (36). It dlstils at 191° at 200 mm. and 240°



13

at 760 mn.; 4° 0.7848, a2° 0.7705, and a°°

1.4310,

20
D

0.74135; end n

Irimethyllaurvlsilane, (CHz)z81(CqoHpg-n), 1s syntheslzed by
the action of trimethylchloresilane upon laurylmsgnesium bromide
in the absence of ether (36). It boils at 222° at 200 mm. and

273° at 760 mm.; 4° 0.7938, 4°0 0.7800, snd a°0 0.7515; and

nsg 1,4358.

gtylsilane, (CHz)z81(Cy4Hpg-n) is produced by
the action of methylmagnesium bromide upon myristyltrichlorosilane
in the sbsence of ether (38). It distile at 260° at 200 mm, and
o 20 80 20
300° at 760 mm,; 4 0.7911 and 4 0.7634; and n D 1l.4410,

Iriethvimethylsilane, (6235)581GH3, is made from triethyl-
chloroailane and methylmagnesium bromide in the absence of
ether (36), end from triethylsilane and methyllithium in ether
solution (46). Hethylmagnesium bromide 1s without action on

triethylsilane (46). The compound distils at 840 at 200 mn.,

) 0
127° at 760 mm. (36), and 127° (48); a° 0.7600, a~° 0.7437,

a® 0.7107 (36), ana a2 0.7420; ana nzg 1.4160 (36).

mmnzﬂzg_mmﬂmms, (CoHg) s81CHACH,CL, 18 pre-
pered along with the Afisomer by the action of chlorine on
cooled tetraethylsilane (35)., It distils at 80-82° 2t 9 mm.;

- al? 0.9158; ana nlg 1.4562. Triethyl- & -chlorcethylsilans,

(CoHg) 5S1CHCICHs, is 1solated together with the 3-isomer when

chlorine is allowed to reset with tetraethylsilane (35). It

boils at 72-73° at O mm.; df‘lz 0.9143; and nl?”

46. Gilman and Massie, 1bid., 68, 1128 (1946).

1.48638,
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Iriethylvinvlisilane, (CoHg)zS1CoHz, is produced from the
reaction of warm alkali on triethyl-f-chloroethylsilane or by

the reaction of alkall on the J-lsomer at 145° in a sealed tube

(35), It boils et 146% 4o, 0.7767; n°) 1,4330; and MR) 63.22.

Thies product does not polymerize even in the presence of benzoyl

peroxide or sulfurlc =zeld.

(CpoHg) 81(CHy ) 50,CCHg, 18
formed from an acetic acid solution of fused potasslum acetate
and triethyl-f-chloroethylsilane (47). The compound distils
at 208-214%.

when triethyl- ﬁ-chlomethylailane is refluxed with alcoholic
potassium hydroxide (47), The product boils at 190 .

=1~ 8 » (CoHp)381CzHn~1, is synthesized
from ethylmagnesium bromide end i-propyltrichlorosilane (38).
It a1stils at 127° at 200 mm. and 173° at 760 mm.; a° 0.7868,

20
a?0 0,7860, &~ 0.7724, and 4°C 0.7423; and nzg 1.4308.

Iriethvi-p-asnylsilane, (Cgﬂs)ssi%ﬂn-»g, is prepared from
the actlon of the p-amyl Grignard resgent upon triethylchloro-
silaene in the ebsence of ether (36). It bolle at 162° at 200
mm. and 211° at 760 mm.; a° 0.7977, &°° 0.7835, and 4°°

0.7545; and nz; 1.4377.
Iriethvl-n-hexylsilane, (CoHg)s91CgH; -0, 18 produced from
47. Niedzielskl, 1ibid., 62, 3519 (1940).
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trieth y lchlorosilane and n-hexylmagnesium bromide in the ab-

gence of ether (36). The product distils at 179° at 200 mm.

20

80
end 230° at 760 wm.; a° 0.8018, d°° 0.7880, and & O.7595;

and nzg 1.4400.

Iriethyl~-n-heptylsilane, (0235)551071‘115"!’:: 1s made from
triethylchlorosilane and n-heptylmegnesium bromlide in the ab-

gence of ether (36)., It distils at 196° at 200 mm. and 247°

&
at 760 mm.; a© 0.8045, a2° 0.7907, and d°° 0.7627; and ngg

1.4422,

=n=0ct; ne, (CoHg)zS81CgH n~n, 1s synthesized
by the aetion of p-octyltrichlorosilane upon ethylmagnesium
bromide in the absence of ether (36)., It boils at 208° at 200
nm, and at 2682° at 760 mm.; a%0408, a2° 0.7971, ana a%°

a78968; and nzg 1.4438,

Iriethyl-n-decyleilene, (CpHg)z51C;oHy -0, 18 prepared
from p-decyltrichlorosilane and ethylmagnesium bromide in the
absence of ether (36). It dlstils at 241° at 200 mu. ana 293°

. 40 20 60 20
at 760 mm.; 4Y 0.8175, 4 0.8036, and d O0.7771; and n D

1.4472.

Tetraphenylasilaneg, (CgHg)4S1, is prepared by the action of

phenylmagnesium bromide upon silicon tetrachloride (48), silicon

48, Manulkin and Yekubova, J. Gen. %}_@ U.8.8.8., 1Q, 1300
(1940). /C. A., 35, 3240 (1941)/.
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tetrabromide (49), or sodium fluorosilicate (48)., The Barbier
modification of the Grignar& reaction may also be used (49) 1if
the resulting mixture is then heated in the absence of ether.
Another mode of preperation is the action of sodium and chloro-
benzene upon silicon tetrafiuoride (50) or upon silicon tetra-
chloride in the éfesence of ethyl acetate as & catalyst (48).
Thls compound is also isolated from, the reaction of sodium and
chlorobenzene on hexachlorodisilane and hexachlorodisiloxane
(37). This product 18 reported to melt at 233° (37) and 232°
(49). Vhen tetraphenylsilane 18 acted upon by silver nitrate

in absolute ethanol no clesvage is8 noted as there 18 in the

case of tetraphenyltin, tetraphenyllead, and tetremethyllead
(51). Nitrogen trioxide (52) and diethylbarium (53) also are
wlthout action on this compound, whereag both of these reagents
cleave tetraphenyltin and tetraphenyllesd. The crystalline and
moleculer structure of this compound hsve been investigated (54).
The refraction of the silicon to phenyl bend and group (81~CgHg)
hes been calculated as 27.43 (30). After irradietion with ultra-
violet 1ight, tetraphenylsilane displays luminescence (55). The

49, Schumb and Saffer, J. Am. Chem. Soc., €1, 363 (1939).

50. Wiley, U. 8., Pat. 2,238,669, April 15, 1940. /C. A., 35,
4782 (1941)7

51. Gilmen and Woode, J. Am. . Soc., 65, 435 (1943).

52. Hskarove and Nesmeyanov, J. Gen. Chem. U.$.S.R., 8, "M
(1939). . A., 34, 391 1940}/ =

53. gélmgn, %aghe%n,zawﬁennell, and Woods, J. Am. Chem. Soc.,
67, 922 (1945), .

54. Tlacomello, Gazz. chim. itel., 68, 422 (1938). /C. 4., 32,
9046 (1938

55. Clepp, J. Am. Chem. Soc., 81, 523 (1939).
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extinctlon coefficient of this molecule in & chloroform solution

has been messured (58).

Teirabenzyleilang, (CgHgCH,),91, mey be synthesized from
benzyluagnesiunm chloride and silicon tetrachloride (48), or
- sodium fluorosilicate (48, 57, 58) by use of the "forced" Grignard
reaction, 1. e, by the removal of the ether and heating the re-
actants at elevated temperatures, The compound 18 also isolated
when gilicon tetrafluoride is introduced into the stirred
Grignard reagent at room tempersture (59); sodium flucrosilioate
will not give this product under these conditions (&67). This
compound melts at 127.5° (59), 127° (57), and 125-6° (48).

Ietra-p-tolylsilene, (p-CHzCgH4)4S1, 1s prepared from p-
tolylmsgnesium bromlde and sillcon tetrachloride in the sbeence
of ether (49). The yield is only 35%. Its melting point is
226°, This compound luminesces after irrsdiation with ultra-

violet light (55).

~n-tolyls » (m~CHzCgHa)451, is syntheslized by the

s

"forced" Grignard reaction between m-tolylmagnesium bromide and

81licon tetrachloride in only 8% yield (49). It melts at 1480.

56, Milazzo, Gezz. chim. ital, 71, 73 (1941). /C.A., 37
1923 (1943)/ === b=
57. Esﬁeatvenskaya, J. Gen. Chem. U.S.8.R., 8, 284 (1938).
. A., 32, 5392 Tze"é"is 7.= -
58, ?eghéfévenskaya, ibid., 10, 1889 (1940). /Q. A., 35, 3240
1941)7
59. Medaks, ibid., 8, 291 (1938). /C. A., 32, 5392 (1938)/,



18

Tetra-o-tolylsilane, (0-CH3CgH,u),81, could not be 1solated

from the "forced" Grignard reaction between g-tolylmegnesium
bromlde and silicon tetrachloride even when it was continued for
three days (49)., Neither could it be obtained when sodium, o-
bromotoluene, and silicon tetrachloride were refluxed in benzene for

three days (49).

Ietra-p-xenyleilang, (p-CgHsCgHy)4S1, 18 produced from the
action of sodlum and p-chlorobiphenyl upon silicon tetrachloride
or hexachlorodisilane (37) in ether. The compound melts at
2740 and 18 soluble in benzene and toluene. It reorystalliczes
from benzene with two molecules of solvent. This product does

not luminegce after irradiation with ultraviolet light (55).

Aryl Derivatives of the Tvpe R'BzS1

Trivhenyleilane, (CgHg)zSiH, reacts with RLL compounds
to give R-substituted triphenylsilanes (46). It has a dipole
moment of 0.1 D (32),

Hethyltrichlorosilang, OHzS1iClz, 1s prepared by the action
of an excess of s methylmagnesium halide solution on an ether
sclution of silicon tetrachloride &t room temperature or below

(45, 60, 61). When p-butyl ether is employed as the solvent (80),

60. Gilllem, Liebhafsky, and Winslow, J. Am. Chem. Sog., 63,
801 (1941).

6l. Rochow, U. S. Pat. 2,286,763, June 16, 1942 /B. A., 36,
7032 (1942)7.
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the yleld falls off markedly, Methyllithium has been most

" recently used to prepare this product in ether solution (62).
However, attempts to prepare this chlorosilane from dimethyl-
zinc or dlmethylmercury have been unsuccessful (60), Commer-
cially, the favored preparation seems to be the one that uses
the passage of methyl chloride over a silicon-catalyst alloy,
The common catalysts are copper (63) and aluminum (64); the
temperatures employed range from 2850 to 4000. This alloy
may contain as little as 50 per cent, (63, 65) and as much as
98 per cent silicon (63), but the most commonly used varieties
contain 80~90 per cent silicon (66, 67)s The alloy may be in
the form of chips (63), porous solids (65, 66, €7, 68), or
powder (58, 62)., Very often the gaseous chloride is diluted
with as much as 50 per cent nitrogen before beginning its pas-
sage through the reaction tube (66),

All of these preparations furnish mixtures of all the
possible methylchlorosilanes which are difficult to separate
both from one another and from starting materlal, This chloro-
8ilane reportedly distlls at 66-6‘7o at 766 mm, (60), 66-6'7o
at 754 mm, (60) and 64.9-65.10 (45). It melts at -90° (60),

62. Fleming, U. S. Pat, 2,386,452, Oct. 9, 1945 /C. A.,
40, 803 (1946)7.

63, Rochow, J. Am. Chem. Soce., 67, 963 (1945).

64, Hurd, ibld., 67, 1545 (1945),

65. Rochow end Gilliam, U, 3. Pat. 2,383,818, August 28, 1945,

« A., 40, 348 (1946)7.

66, atnode and Schiessler, U, S. Pat., 2,381,000, August 7,
1945, /C. A., 39, 4889 (1945)7,

67. Rochow, U. S. Pat, 2,380,995, August 7, 1945, /C. A., 39,
4889 (1945)7.

68, Rochow and tatnode, U. S. Pat. 2,380,996, August 7, 1945,
/C. A., 39, 4889 (1945)/.
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and has this dengity: d26.5 1.23. 'The silicon to chlorine
bond is reported to hove a length of 2,02 * 0,03 2 (69) or
2.01 # 0,02 £ (69), the chlorine to chlorine distance a
length of 3.27 = 0.03 g {32), and the chlorine to silicon to
chlorine angle & value of 109 * 3° (69). The refraction
value for the silicon to chlorine bond is 7.18 mls. (30).
Methyltrichlorosilane will not chlorinste under the conditions
that ethyltrichlorosilane will (46),

18, Cl,HS1CH,51Cls, 18
obtalned along with trich;orosilylmethyltrichlorosilane by

the action of methylene dilchloride upon a sillcon-conper slloy
heated to 300-200° (86). It distils at 51-52,5° at 10 mm.

B, 015816H231015, is
formed together with dichlorosilylmethyltrichiorosilane when
methylene chloride is passsed over a silicon-copper slloy at

300-400° (66). It bolls at 63.7-85° st 10 mm.

gllane, CHssiBrs, is synthesized by the
passage of methyl bromide over a sillcon-covper 2lloy at a-
temperature ranging from 250-400°" (83, 67, €8). The compound

distils at 133.5° (63).

69, Livingston and Brockway, J. Am. Chem. Soc., 68, 719
(1946); 1bid., 66, 94 (1944).
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Methyltrilodosllane, CHzSiIz. This and the other lodo-

silanes have apparently been prepared in low yleld, but have
not been isolated (83, 67, 68).

Hethyltrifiuorosilsne, CHzS1F3, is formed catalyticallyfrom
& corper-silicen slloy and silicon tetrafluoride at 250-400°
(63, 87, 68), and from the action of hydrogen fluoride upon
cooled methyltrichlorosilene (70). This product boils at -28°
and is immediately hydrolyzed by water (70)., It is thermally
stable to 4000, and only decomposes Slowly at 6000.

g, S1C1lzSCN, 1s formed from sillcon

thlocyanste and silicon tetrachloride; a small quantity of
8ilicon thiocyanate is present as an impurity (71). The com-
pound boils at 129.5 , melts at 76 £ 2°, hes a heat of vapori-
zation of 9420 cal./mol., and these constants: nzo 1.5091,

and d24 1.461.

Ethyltrichlorosilane, CpHgSiClz, is synthesized by the
prolonged action of the Grignard resgent upon silicon tetra-
chloride (45), by the immediate action of ethyllithium on
silicon tetrachloride (62), and directly by the action of
ethyl chloride upon a silicon-copper alloy at elevated
temperatures (83, 87, 68). The compound boils at 99—100o
(45), and 100° {62).

70. Pearlson, Brice, and Simons, 3ibid., 87, 1769 (1945).
71. Anderson, ibid., 87, 223 (19457,
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d-Chloroethyltrichlorosilane, CHzCHC181Clz, is produced
along with the f-isomer when ethyltrichlorosilane 18 treated
with thionyl chloride in the presence of benzoyl peroxide (45).
The compound distils at 138° at 7354 mm., Only the silicon

chlorine atomne can be titrated.

ane, ClLCHpCHpSiClz, is formed
together with the &-lsomer when ethyltrichlorosilene is treated
with thionyl chloride (45), It distils at 152° at 754 om, All

of the chlorine may be titrated in this compound.

C1581(CH,) 581C1 5,
is made when ethylene chloride is pessed over a heated copper-
ellicon alloy (66). The product distile at 92,5-93° at 25
mm., and melts at 27-20°,

Ethyltribromosllang, CpHgSiBrj, is apparently prepared
by the passage of ethyl bromide through a heated tube contain-
ing a copper-gilicon alloy (63, 67, 68)., Actually, though, no

gompound has been 1sclated s8 such.

cgﬂﬁsiFs, is formed when ethyltri-
chlorosilene is added to zino fluoride at 55° (72) or when
fethyl siliconic acid® is heated with aulfuric acid and calelum
fluoride (72). It melts at -105° and distils at -4.4° at 760

izt I

Vinyltrichlorosilane, CpHSiClg, is prepared from the

72, Emeléus snd Wilkins, J. Chem. Soc., 454 (1944),
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action of quinoline upon a mixture of 4~ and B-chloroethyl-
trichlorosilanes {(73). It occurs as a by-product of the
action of quinoline on the ohlorination product of diethyldi-
chlorosilane (73). Another mode of preparation 1s through the
action of vinyl chloride on a heated copper-silicon alloy (73).

27

o ,
It bolile a2t 92 ; &2,} 1.264. This compound, end others like 1%,

hydrolyzes without loss of umnsaturation.

.lane, n~-CzH,81Clz, is furnished from
the reactlon between the Grignard resgent and silicon tetra-

chloride (74). It boils at 122-124° at 734 mm.

ong, CHzCHpCHC1LS1Clz, is
formed together with the f- and y-isomers when thionyl chloride
is heated with n-propyltrichlorosilsne (74). It dlstlls at
157° at 739 wm.

=Chlorvo-n-propyltrichlorosilane, CH3CHCLCHpSiClz, 1s
produced along with the 4- and y-isomers when thionyl chloride
and p-propyltrichlorosilane react (74). It boils at 162° at

729 pm,

, , 28ilang, C1(CHp)z81Cly4, results
from the action of thionyl chloride upon h-propyltrichloro-
gilane together with the §- and y-isomers. It distils at
178.5° at 732 mm. (74).

73, Hurd, J. Am. Chem. Soc., 67, 1813 (1945).
74, (Sommei, Dorfman, Geldberg, and Whitmore, ibld., €8, 488
1848).
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Allyltrichloroailane, C3zH5S1Clz, 1s prepared when allyl
chloride is passed over a heated copper-silicon alloy; the

41- and triallylchlorosilanes are isolated also. It bolls

o, .27
et 117.5°; .,

1.211 (73).

sllang, n-C4HgSiFz, is produced from the

reaction of hydrogen fluoride with p-butyltrichlorosilane. It

26.5
4

n-Awmyltrichlorosilane, n-CsHy381Clz, is made from the

Grignard reagent and silicon tetrachloride in an ether solu-

distils at 50-52°; & 1.008, (70).

tion (36). It boils at 107° at 120 mm.

h-Anyltrifluorosllane, n-CgHyqS1iF3z, 1s made from hydrogen
fluoride snd the corresponding trichloro-compound (70). It

distils at 77°; a8+®

-

f-Hexyltrichlorosilane, N-CgHyz9iClz, 1is produced from n-

hexylmagnesium bromide and silicon tetrachloride either in an

0.9923.

ether solution (36), or in & toluene solution (75). It distils
et 127° at 98 mm,

h-Octylirichlorosilsne, n-CgHyn8iCls, 1s synthesized from
the Grignerd reagent and silicon tetresohloride in an ether
solution (36). It boile at 119° at 28 mm.

2 Lag:,,n—GlOH2181015, results from the
resction between n-decylmagnesium bromide and silicon tetra-
chloride in an ether solution. It distils at 183° ot 84 mm.
(3s),

76. Andrisnov and Gribanova, J. Gen._ Chem. U.S.S8.R., 8, 552
(1938), /C. A., 32, 76892 (1938)7.
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Leuryltrichlorosilane, n-CqoHosS1Cls, 18 prepared from
laurylmagnesium bromlde and silicon tetraehlo:ide in an ether

solution. It boils at 120° at 3 mm.

Eyrigtyltrighlorosilang, n-Cj4Hpg®iClz, 1is formed from
myristylmagnesium bromide and silicon tetrachloride in an
ether solution. It distils at 156° at 3 mm. (38).

CgHg81Clz, 1s formed by the action
of phenylmagnesium bromide (45) or phenyllithium (62) upon an
ether solution of &ilicon tetrachloride. It also results

from the action of phenylsodium on silicon tetrachloride in
petroleun ether (76), and from the action of benzene on silico-
chloroform or silicon tetrachloride st 750° in the presence of
quertz (77). Industrially, the compound is synthesized by

the *direct method", employing the action of éhlarnbenzene on
e silicon-metal alloy heated at 250° to 680°. Although a
copper-8ilicon zlloy seems to be most commonly used in this
reaction (63, 65, 67, 68), 1t has been discovered (78) that

a 10 per cent silver~silicon alloy gives the highest ylelds of
phenylirichlorosilane. Moreover, if a trace of hydrogen
chloride is employed in the resction using & silicon-copper

alloy, the yields are found to increase. The reaction

76. Schumb and Sutter, J. Am. Chem. Soc., 63, 93 (1841).

77. Hiller gnd Schreiber, U. 8. Pat. 2,379,821, July 3,
1945, /C. A., 39, 4619 (1945)/.

78. Rochow and Gilliam, J. Am. Chem. Soc., 87, 1772 (1945).
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temperature reported variee from 68CF (78) to 570° (78) to 420°
(63) to 400° (87) to 230° (63). This product distile at 201°
(63), 201.8° (78), 198° at 744 mm. (48), 195-200° (62, 64),
and 71-74° at 11 mm. (77). Phenyltrichlorosilane does not
chlorinate under the conditions that ethyltrichlorosilane

(45) does.

ang, CgHgS1Brz, 1s prepared by the re-
actlon of bromobenzene and & copper-silicon alloy at 250—4000

(63, 67, 88). Its constants are unrevorted.

Phenyltrifluorosilang, CgHgSiFz, results from the action
of hydrogen fluoride (70) or zinc fluoride (72) on phenyltri-
chlorosilane, or from the reaction of calcium fluoride, sul-
furic acid, and Yphenylsiliconlc aecid' (72). It distils at

101-102° (70) and 101.8° at 760 mm.; & ¢ 1.212 (65), and

4
d26. 5

1.201.

2, 2-CHz-56~Br-
CgHz81C1lz, 18 prepared from the corresponding lithlum com-
pound and sllicon tetrachloride (62). It distils at 130-140°
2% 13 mm.

CgHiCHp81C1ls, 1s produced from
the corresponding magnesium (45) or lithium compound (62)
and silicon tetrachloride. It boils at 145-148° at 100 mm,

s ~Chlorobenzyl trichloreosilane, CgHgCHC18iClz, 18 syn-
thesized by heating thionyl chloride with benzyltrichloro-
8ilane in the presence of a cetalyst. It distils at 182° at



75 mm, (45).

(CHz)291Clg, is commonly prepared
by the action of & methylmegnesium hallde on silicon tetra-
chloride in ethyl ether (60, 61, 79) or in n-butyl ether (60).
Hethyllithium and sllicon tetrachloride slso give this pro-
duct (82), as does methyltrichlorosilane and a methylmagneslum
hslide (80). It 1s alsc produced by the action of hydrogen
(64) or;methyl chloride (64) on methyvltrichlorosilane at about
500°. gor the direct production of this methylchlorosilane
catalytlically see methyltrichlorosllane; the methods are
1dentical, Dilution with nitrogen 1s particularly effective
in this case giving ylelds a8 high a8 88 peroent (81). A
speclal modification of the general silicon-dloy procedure

for the preparation of methylchlorosilanes which gives ex-
cellent ylelds of dimethyldichlorosilane is that which in-
volves the mingling of the gaseous halide and powdered alloy
dust before entrance into a heating chamber kept at 10000
(82). Dimethyldichlorosilane boils at 70° (64), 70° at 757
mm. (79), 69.0 - 70.2° at 744 mm. (60), and 70° at 740 mm.
(79), and melts at -86° (60); density: a®® 1.06 (e0). ™ie

79. Hyde and Delong, ibid., 83, 1194 (1941).
80, Gilliam and Sauer, 1ibid., 66, 1793 (1944).
8l. Sprung and Gilllem, U,” 8. Pat._ 2,380,999, August 7,
1945, /C. A., 39, 4889 (1945)/.
82. E%ed and Coe, U. 8. Pat, 2,389,931, Hovember 27, 1945,
. A., 40, 1536 (1946)/.
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compound glves no resction with hydrogen (60) and 18 used to
reclaim silicone elastomers (83)., The silicon %o chlorine
bond measures 1.99 L 0. OS‘R the sillcon to cerbon bond 1.83 L
0.06 A, the chlorine to chlorine distance 3.26 € 0,04 i and
the carbon to chlorine distance 5 12 t 0,06 £ (89).

Lane, (CHz)p91Brg, 1s prepared in the
szme way &8 methyliribromosilane (63, 67, 68). It dlstils
at 112.3°.

(CHz) 281Fg, 18 formed from di-
methyldichlorosilane and hydrogen fluoride (70). It is
gyntheslzed catalytically from methyl fluoride in the same
way a8 methyltrifluorosilane, It boils at 20.
Diethyldichloroeilane, (C,Hg),81Cl,, is produced from
the resctlion of silicon tetrachloride with ethylmagnesium
bromide (79, 84) or with ethyllithlum (62)., It may also be
formed directly from ethyl chloride and a silicon alley (63,
67, 68). It dlstils at 130° (62), and 131° at 740 mm. (79).
Diethyldifluorosilane, (CpHg),91F,, results from the re-
action of diethyldichlorosilane with zinc fluoride (72) or
"dlethyl silicone! with calcium fluoride and sulfurdic acid
(72). It melts at -78.7° and distils at 60.8° at 760 mm.
and 58.7° at 726 mm. The compound is only very slowly
hydrolyzed by water and has the odor of wintergreen.

83. vright and Oliver, U. S, Pat. 2,392,713, Januery 8, 1946,
. A., 40, 4556 (1946)7.
84. Alfrey, Honn, and Mark, J. Polymer Sci., 1, 102 (1948).
. A., 40, 3396 (194



29

silane, (Czﬁa)zSiclz, 18 synthesized from
the chlorination product of dlethyldichlorosilane by the action
of quinoline (73), or by the action of vinyl chloride on a
heeted copper-silicon alloy (73). It distils at 118-119°,

a0, 227 ‘
or 124% &, 1.088.

Risllyldichlorosilane, (CzHp)pS10lp, results from the
actlon of allyl chloride on a copper-silicon alloy (73). It
boils at 165 * 2° at 760 mm. and 82-84° at 50 mm. The compound

ie steble on storage.

Ri-n-butyldifivorosilane, {n-C4qHg)pSiFp, 1s made from
hydrogen fluoride and the corresponding chloro-compound. It

0 .
boils at 154 ; d?i 5 0.0048 (70).

Di-n-amyldifiuvorosilane, (n-CsHyj)sSiFp, 18 formed from
the action of hydrogen fluoride upon the corresponding di-
6.5 5.8972.

chloro-compound (70), It dlstils at 193°; 4 4

Iri{dichlorosilylmethylene), (C1,81CHp)5, 1s produced
when a mixture of methylene chloride and dry nitrogen are
pasged over a silicon-copper alloy (68, 85). It bolls at
120-137° at 10 mm. and melts at 81-82.5°.

n{Dichloresilylmethylene), (Cl,9iCHs),, is isolated in
o
the preparation of the previous compound. It d&istils at 200
at 10 om. (68, 85).

85. Patnode_and Schiessler, U. 8._Pat. 2,381,002, August 7,
1945, /C. A., 39, 4888 (1945)/.
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Diphenyldichlorosilane, (CgHg) 281Clp, is made from
slllcon tetrachloride and either phenylmegnesium bromide

(78) or phenyllithium (62)., For the catalytic preparation
of this compound see phenylirichlorosilane since these com-
pounds are prepared at the same time by the same method.
Diphenyldichlorosilane boils at 305° (63, 78) and 160° at
10-11 mm, (79).

Diphenyldibromosilene, (CgHg),S1Brgy, 18 prepared cataly-
tically from bromobenzene and & copper-silicon slloy (83, 67,
68). It dlatils at 170-180° at 12 mm. (63).

Diphenyldifluoresilang, (CgHg)oS1F5, is synthesized from
the corresponding dichlero-compound and either gzinc fluoride
(72), or hydrogen fluoride (70). It distile at 245-24?6 (70),
252° at 760 wm., and 158° at 50 mn. (72); &% 1.148 (72),

and 532'5 1.155 (70).

173° at 8 mm. and forms & thick o1l when hested with dlphenylol-
propane (86).

Methyldichlorosilang, CHz(H)SiCl,, 1s formed from the

86, Hanford, U. S. Pat. 2,386,793, October 18, 1945.
8. A., 40, 604 (1948)/. |
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action of hydrogen and methyl chloride on & heated copper-
silicon alloy (87), or from the action of hydrogen on methyl-
trichlorosilane in the presence of an aluminum catalyst (64).

It aistile at 41° (84).

(ghloromethyl)methyldichlorosilene, (ClCHp)CHzS1Cl, re-
sults from the chlorination of dimethyldichlorosilane. It
dietils at 121.3° (s8),

» (CloCH)CHZS1C1,,
is formed when chlorine acts upon dimethyldichlorosilane. It
boils at 107-108° at 225 mm. (88).

(CCLx) CHAS1C1p, 18

prepared from chlorine and dimethyldichlorosilane, It distils
e

at 109° et 150 mm. and melte at 99° (88).

4 =Crloroethylmethyldichlorosilana, (CHzCHC1)CHgS1C1,, 1s
produced from thionyl chlorlde and ethylmethyldichlorosilsane
(73). It boils at 135-138°,

(CHyC1CH, ) CHzS1C1 2,
is formed from thionyl chloride end ethylmethyldichlorosilane
(73). It dlstils at 156-157°.

Vinylmethyldiohlorosilane, (CoHs)CHzS1Cly, 18 made
elther from the action of quinoline on a mixture of d- and

I*'-ch}.amethﬂmethyldichlemsilanes {(73), or from the action

87. %rung end 311llam, U. 8. Pat. 2,380,998, Aupgust 7, 1945
. A, 39, 4889 (1%48)7.
88, Xrieble and Elliot, J. Am. Chem. Soc., 87, 1810 (1945).
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of methylmegnesium bromide on vinyltrichlorosilane (73). It

o 27
d1stils at 92-93°; d,, 1.085.

Allyldichloresilane, (CzHg)HS1Clpz, is syntheslzed from

allyl chloride and s covnper-silicon alloy (73). It distils
O o
at 97 M d 1098’0
' Ton &

1ylmethyld orosi » (CaHg)CHz81Clg, 18 formed

from methylmagnesium bromide and allyltrichlorosilane (73).

It boils at 119-120°; 4> 0.922.

27

(CgHg) CHz81Clp, 18 formed
from methylirichlorosilane and a phenylmagnesium halige

2
ether solution (79). It bolls at 82.5° at 83 mm.; dyg 1.1875.

18, (G6H5)CZH581612, results from
the action of phenyllithium (62) or phenylmasgnesium bromide
(739) on ethyltrichlorosilane., It distils at 100° at 13 mm,
(78) and at 225-235° (62),

Monocyanosilane, HzSiCH, 18 prepared by passing mono-
iodosilane over gllver cyanide at room temperature under &

o
pressure of 25 mm. (89), It melts at 34 .

89, Emeldus, Maddock, and Reld, J. Chem. Sog., 353 (1941).
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Irimethylchlorosilane, (CHz)391Cl, ie manufactured com-
merclally from methyl chloride and a sillcon~copper alloy
(see methyltrichlorosilane). It is also produced from the
ection of methylmagnesium chloride on a mixture of dimethyldi-
chlorosilsne and methyltrichlorosilane (80), and from the action
of hydrogen or methyl chloride on dimethyldichlorosilane or
methyltrichlorosilane in the presence of aluminum (64).
Chlorine with trimethylsilane (44), or phosphorus pentachloride
with trimethylethoxysilane (90) also gives this product. It
boils at 57-59° at 747 mm., 59° at 760 mm. (44), 58° at 743
mm, (90) 57.?0 at 760 mm. (80), and 57° (64). It melts at

-20° (44); dgg 0.8536 (80) and 622 0.846.

Irimethyibromosilene, (CHz)zSiBr, is produced from methyl
bromide and dimethyldibromoeilane in the presence of sluminum
(64). It boils at 80-81°.

Iriethylchlorosilane, (CgHg),S1Cl, is made from ethyl
chloride and heated copper-silicon &lloy (63). It has a dipole
moment of 2,07 D (91).

Fri-n-butylfluorosilane, (n-C,Hg)zSiF, is formed from

hydrogen fluoride and the corresponding chlorosilane. It

22'5 0.8465, This compound hydrolyzes

only with difriculty (70).

distils at 212-224°; 4

90. McGregor and Warrick, U. 8. Pat. 2,386,488, October 9,
1945, /C. A., 40, 592 (1948)/.
91. Mglatesta and Pizzoti, Gazz. chim. itsl., 73, 143 (1943).
. A., 38, 3886 (1944)/.
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Tri-n-amylfluorosilane, (n-CgHy;)35iF, 1s obtained from
hydrogen fluorlds and tri-n-amylchlorosilane, It bolls a%t

263-266" ; a22‘4 0.8415 (70).

(CgHg)381C1, 18 obiained in emall
¥ield along with the other phenylchlorosilanes when phenyl-
1ithium reacts with silicon tetrachloride (62) and when
chlorobenzene reacts with a heated copper-silicon alloy (78).

It distile at 378° (73).

(CgHy) 384F, 1= made from the
action of phenylmagneslum bromide upon silicon tetrafluoride
(92), It boils at 200-210° at 10 mm. end melts et 64°. The

product does not react readily with water.

Iribenzylfluorosilane, (CgHgCHp)gS1F, 18 produced from
the Grignard resgent and silicon tetrafluoride (59)., It
melts at 79° and boils at 235.5° at 7.5 mm.

lane, (CHoC1l) (CHz)oS1Cl,
is syntheslzed from chlorine and trimethylchlorosilane. It
boils at 115° (a8),

92. Medoks and Kotelkov, J. Gen. Chem. U.S.8.R., 7, 2007
(1937). /8. A., 32, B31 (1938)/.
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Lane, (CHCL,) (CH,) 28101,
12 obtalined from chlorine snd trimethylchlorosilane besides
the above compound. It distils at 148° (88).

(CHaC1) oCHZS1CL, 148
formed from chlorine and trimethylchlorosilene besides the
above compounds. It bolls at 172° {88),

Vinyldimethylchlorgsilene, (C,H,)(CHg),81Cl, results

from the action of methylmegnesium bromide on vinyltrichloro-

on
silsne. It distils at 111-113"; 8, 0.922 (73).

rellane, (CHz0),.81, 1s formed by the rapid
addition of anhydrous methanol to silicon tetrachloride (93,
94, 95). Silver lsooyanate is without actlon on thie ester
(26) even at 450°, The ester is stablilized by such compounds
as trismylamine (97), and 1t i8 used to apply protective coat-
ings to iron (98), and to make mixed glyceride esters which are

93. Andrisnov, Compt fﬁﬁd . sci. U.B.8.8., 28, 66 (1940).
[C. A., 5§, 2431 (19

94, ?egpafd, Brown, and Johneon,‘g Am. Chem. Soc., 68, 75
1946

5. Kalinin, Gomot. . BgY. UY.R.8.8., 18, 433 (1938).
/L. A., gg, 6227 (1938

96. Forbes and Anderson, J. An. Chem. So ., 86, 1703 (1944).

97. Vaughn, U. S. Pst. 2,114,866, April 19, '§38. /C. A., 32,
4606 (1938)7.

98- Yudiﬁ, Gﬂmg__o I'&!’Xd. aﬁ&d. 801. UOR‘ Joso’ 20, 614 (1959)
/C. A., 54, 4044 (1940)/.
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uged in pharmacy (99). The other lower alkyl-esters of
silicic acid may also be used for this purpose. The vapors
of tetramethoxysilane have s particularly inslduous effect

on the eye. Lxposure to these vapors under ceriain conditions
causes a necroslis of the corneal cells which progresses long
after exposure and which 1s resistant to treatment. In sonme
instances even blindness has resulted (100). This compound
bolls at 42.5-43.0° at 34 mm. (94). The refraction value for
the silicon to oxygen bond is 1,751 mls. (30).

(02H50)§31, results from the action of
absolute ethanol (93, 95), or sodium ethoxide (101) on a solu-
tion of silicon tetrachloride in an inert solvent. It distils

ot 95.5-97.5° at 70 mm. (101). Vhen this ester 18 heated with
acetyl chloride (102), benzoyl chloride (102), or ethylene

glycol (94) a polymeric product results. Acetyl bromide or
benzoyl bromide gives ethyl bromids and the corresponding sacetates
in this reaction (102). The hydrogen halides cleave this ester
furnishing the corresponding ethyl halides (102).

Tetra-{ B-chloroethoxy)silane, (QlCHEGHZQ)ASI, is syn-
thesized from the rsaction of ethylene oxide with refluxing

99, I. G. Farb. -ind.~-A. G., British Pat. 450,875, July 27,
19368. /C. A., 38, 217 (19:57)_7

100. Cogan and Setterstrom, Chem. Eng. News, 24, 2499 (1948).

101, Backer and Klasens, Rec. irev. chim., 61, 500 (1942).

102. Post and Norton, J. Org. Chem., 8, 528 (1942).
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8llicon tetrachloride (103, 104, 105), and from f3-chloro-
ethanol and silicon tetrachloride (105)., It reportedly bolls
et 163-154° at 2 mm. (105), 159-162° at 2 mm. (104), and 1840
at 7 mm, (105); aez 1,444 (105), and n°C 1.4641 (105). This
cowpound indicates a grester reactivity tgwards hydrolysis

than the corresponding unsubstituted ester (103).

Ietre=( G-apinoethoxv)silsne, (NH,CH5CH50),51, has been

recorded in the literature; however, all thst 1s indicated

is that it is used in pharmacy (108).
Zetre-(1,3-dichloronropoxs lene, /J(C1CH,)oCHO/ 481,

results from the action of the corresponding zlcohel on silicon

17
tetrachloride (107). It distils at 213-214° at 0.2 mm.; &

1.4610; and nlg 1.4964.

Tetrsalloxysilane, (05350)481, is made from the reaction
of allyl alcohol with tetrsethoxy- or tetramethoxy-silane (94).

s) 20
It bolls at 134-134,5 at 34 mnp.; n D 1.4329,

Tetra-n-butoxysilene, (n-C4Hg0)48i, 1s prepasred from n-

butanol and silicon tetrachloride (42, 93, 95); the highest
yielde are obteained when the hydrogen chloride produced 1is

103. Patnode and Sauer, U. 8. Pat, 2,381,137, August 7, 1945,
[C. A., 39, 4888 (1945)7.

104, Patnode and Sauver, U, 9. Pat. 2,381,138, August 7, 1945.
[ A., 39, 4890 (1945)7.

106. Sauer and Patnode, J. Am. Chem. Soc., 67, 1548 (1945).

106. I. G. Farbin, -ind. A, G,.,, Ger. Pat. 637,532, October
20, 1936. /C. A., 31, 2752 (1937)7.

107. Volnov, J. Gen. Chem. U.S.8.R., 10, 1717 (1940). /C. A.

' 35, 3962 (18941)7.
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swept away by dry air (42). The compound bolls at 142-144°

20
4

chloride this ester gives an 1ll-defined reaction; wheress,

0
2t 3 mm. (42); 4%, 0.899; and nzb 1.4128. With hydrogen

with hydrogen iocdilde and hydrogen bromide 1t ylelds the
ecorreeponding butyl helides (102).

Te tra-gec. -butoxysilane, (sec.-Cg4Hpop81, 1s made from

silicon tetrachloride and seg.-butanol (93, 95), or the sodium
selt of sec.-butanol (101)., It dlstils at 128-129° at 17 mm.;
n'®% 1,410 (101).

Tetramethalloxysilane, (C4H,0),81, 1s produced when

methallyl slcohol 1s refluxed with tetramethoxy- or tetraethoxy-
0
silene (94), It bolls at 148-148.5 ot 18 mm. and 126-128 &t

0
1.4430.

4 mm.; n D

Tetracyclohexoxysilene, (cyclo-CgHyi051, 18 obtalined

from cyclohexanol and silicon tetrachloride (94). It distila
0
&t 218-267 . With ethanol little or no interaction is ob-

tained even in the presence of & catalyst.

Tetra-n-heptoxysilane, (n-CvH,g0),81, results from re-

fluxing sillicon tetrachloride with n-heptanol. It boils at

o 29
213.5 at 4m.; 4

29
4 0-876, and n 5 1.4300 (108).

108. Post and Hofrichter, J. Org. Chem., 4, 363 (1939).
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ZIetrephenoxysilane, (CgHg0),51, 1s prepared by the actlon
of phenyl scetate on silicon tetrachloride (109). Thie reaction
proceeds much more rapldly than in the case of the alkyl esters.

Thls product melts st 47~48°.

Tetra-p-cresoxysilane, (p-CHzCgH40)491, 18 made from p-

acetoxytoluene snd silicon tetrachloride. It melts at 69°
(109), .
Ph C~ 0O
2
gillica 81,
th -0 o
1s 1solated from the reaction of silicon tetrachloride and

magneslum upon benzophenone for 40-80 hours in the abaence of
o
ether (110). It melts at 240-245 and 18 soluble in the common

organie solvents.

:» (CH30)z810CzHg, 18 synthesized
from allyl alcohol and elther tetramethoxysilane (94) or tri-
methoxychlorosilane (111). Thie latter reagent alone gives a
pure product. The compound beils at 70.5-70.80 at 34 mm.;
nzg 1.3919,

‘D
109, Volnov, J. Gen. . U.S.8.8., 8, 2269 (1940).
A., 34, 5048 94017
110, Kl‘nz)ing and Abroms, . ., o, (1944).
111, Peppard, Brown, and ohnaon,i,. + Chem. Soc., 88,

70 (19486).,



2, (CH30)381004H», results from
the resction of methellyl alcohol with elther tetramethoxy-

) 0
silane (94) or trimethoxychlorosilesne. It distils at 83-83.5

at 34 M., ngg 11,4003,

Iriethoxyalloxysilane, (CoHg0)s810CzHg, is obtained when
allyl alcohol is refluxed with tetraethoxysilane (%) or with
triethoxychlorosilane (111). It slso may be lsolated when
tetraethoxysilane is heated with the corresponding alloxy-
compound (42, 112) for a prolonged period. It boils at 93.5-
20

0 4. 30973,

0

Triethoxy-g-butoxysilane, (Ggﬁso)gsiocéﬂgﬁg, is prepared

from n-butanol and elther tetraethoxysilane or triethoxychloro-
silsne (102). It also may be obtained when tetraethoxysilane
and tetra-p-butoxysilane are heated together (112)., It distile

at 88~900 at 16 mm.,, and at 82.50 at 15 mm. {(42); nzg 1.39456

20
(108), nzg 1.39356; and d . 0.920 (42).

Triethoxymethalloxysilane, (02H50)38106437, 1s syn-
thesized from methallyl elcohol and either tetrasthoxzysilane

(s}
(94) or triethoxychlorosilane (111)., It boils at 92,5-93
20
at 18 mm.; n 5 1.4051,

S, (02350)581066ﬂll~cgclo, is

112. Peppard, Brown, and Johnson, ibid., 68, 77 (1948).
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made from cyclohexancl and tetraethoxysilane (M ); in this re-
action the ethanol must be removed a8 1t is formed. The rro-

duct distils at 124-124.2° at 22 mm.

from hexadecyl slcohol and tetrasethoxysilane (113). It hes a
o
bolling point of 312-18 at 15 nm,

g, CH3zCH(COOC,H;)081-~
(0C,Hg) 2, 18 made from the actlon of tetraethoxysilane upon
ethyl ascetoacetete (113). It has 2 bolling point of 1165-120°
at 14 nm,

is

Tri-n-propoxyhexadecoxysllane, (3*03370)3316516335’

produced from tri-n-propoxychlorosgilsne and hexedeeyl alcohol

(112). It bolls at 235-240°.

Tri-p-propoxymenthoxysilane, (n-CzHp0)3810C10H;g, 18
isolated when tetra-n-propoxysilane 18 refiuxed with menthol
(113). It distils at 160-168° at 4 mm.

(C5Hg0) 5810CH;, 18 formed from
21lyl alcohol and either tetramethoxysilane (94) or methoxy-
trichlorosilane (111). It has a boiling point of 116.0-116.3 ,
at 34 mn.; ngg 1.4252,

113. ByK.-Guldenwerke chem. Fgb. A.-G., Ger. Pat. 862,732,
July 30, 1938. fC. A., 32, 8403 (1938)].

114. ByK.-Guldenwerke chem. Fsb. A.-G., Ger, Pat. 825,077,
ey 24, 1938. /. A., 32, 7678 (1338)/.
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Irislloxyethoxysilane, (CzHg0)zS10CoHg, 18 prepared
from the actlon of tetraethoxysilane upon either allyl al-
cohol (94) or tetraslloxysilane (112), It also results from
the interaction of ethoxytrichlorosilane and 2llyl z2lcohol
(111)., It dietils at 121-121.50 at 34 mnm,.; ngc 1.4230

D
(111).

Ri-(trialloxvailoxy)ethang, (C;Hg0);31-0(CHy)o-081-
(0CzHg) 3, 18 synthesized from ethylene glycol and trislloxy-
chlorosilane (11l). ’Its refractive index is nzg 1,4442,

hex, /[(CH:0).51-
oczﬁ472a, is also vroduced from ethylene glycol and trislloxy-

20
D 1.4391,

chlorosilasne (111)., Its refresctive index is n

Trislloxy-i-propoxysilane, (CzHz0)2810CzHnp-1, results
from the reaction between isdpropyl alcohol and trislloxy-

chlorosilane (111). It hae a boiling point of 74.5-75° gt

2 mm. H ngg 1.4204,

g, (OzHg0)5810C Ho-1, 18 obtained
from trialloxychlorosilane and iscbutanol (111). It boils at
85.5-86.5" at 3 mm.

Irialloxy-g-butoxysilang, (C;Hg0)5910C,Hy-g, 1e synthe-

slzed in the reaction between seg.~butanol and trialloxychloro-
o 20
silane. It distils at 74.5-75.0 ; n 5 1.4242 (111).
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(CngO)sslﬂcéﬂgﬂﬁ, 18 prepared
from %-butanol snd trialloxychlorosilane, It has a boliling
point of ?3.0-73.5° at 2 mm.; nzg 1.4214 (111).

Irislloxy-n-smoxysilane, (CgHg0)z510CgH1~n, 18 obtained
from refluxing sllyl aslcohol with triethoxy-n-smoxysilane
20
(94). It bolls at 153.5° at 32 mm.; n p 1.4383.

Tri-t-butoxysilanol, (t-C,Hg0),S10H, 1s obtained as its
sodium ealt when sodlum t-butoxide is permitted to react with
tri-t-butoxychlorosilane (101). It melts at 65.5° and boils

o
at 20 mm. at 103-106 .

(£-C4Hg0) 5810C,Hy, 18 isolated
after tri-i-butoxychlorosilane 18 heated with an ethanolie

solution of sodium ethoxide for two days (101l). It distils

at 99-100°; ngg 1.396.

synthesized by refluxing an alcoholic solution of tri-t-
butoxychlorosilane and sodlum isopropoxide. It has a boiling

point of 104-108° (101).

silane, (canao)ssiacanll-c clo, is
prepared from cyclohexanol and triallexychlorosilans., It
dlstile at 104.5-105.5  at 3 mm. (111).

(05H50)5310516355, is
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produced in a similar manner from n-hexadecanol and trialloxy-

chlorosilane. It boils at 225-228° &t 2 mm.; nzg 1.4440 (111).

Iri-n-butoxyethoxysilane, (n-C HgO)zS810CoHg, 18 made from
the prolonged action of tetraethoxysilane upon tetra-p-butoxy-

20 1.4076 (112).

silane. It distlls at 150,0-150.5° at 32 mm.; n 5

(1~C,4Hg0) z510C Hy, 18 syn-

theslzed from i-butanol and methslloxytrichlorosilane, It
20

boils at 106,5-107.6° at 3 mm.; n p 1.4136 (111).

lang, (C,H,0)z810CHz, s formed
from the asction of methallyl alcohol on either tetramethoxy-
sllene (94) or methoxytrichlorosilane (111)., It has 2 boil-

ing point of 128.0-128.5° at 18 mm.; n°9 1.4320.

(C4Hn0)z510C-Hg, 18 prepared
from the reasction of methallyl aleohol with either tetrasthoxy-
silane (94) or ethoxytrichlorosilane (111). It 4istils at
135-135.5° at 18 mm.; n'p 1.4275.
Ri-\trimetnslioxysiloxylethens (Céﬁﬁﬁsﬁiﬂﬂgﬁéosi—
'(00483)3, results when ethylene glycol is heated with tri-
methalloxychloroslilane, Its refrzctive index 1is ngg 1.4487

(111).

£IC 4H50) 5~

81602345720, slso results when ethylene glycol 1s warmed
' 20
with trimethalloxychlorosilane. Its refresctive index is n

D
1.4510 (111).
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isolated from the interaction of i-butanol and trimethalloxy-

o
chlorosilane., I% hes g bolling point of 117-118 at 3 mm,.;
20

n”p 1.4308 (111).
Tri-n-smoxyalloxysilane, (n-CzH,;0)3810CzHg, 18 prepared

by refluxing triethoxyalloxysilane with n-amyl alcohol. It
20
distils at 180.5-161° at 23 mm.; n , 1.4421 (94).

n-Di~-{Eximethoxyalloxyibenzens, (0330)391006H4£651—

(Gcﬂs)§7fg, is produced from the corresponding chloro-compound

and methanol (115). It has these constants: &zg 1.21; and

15 .
nTy 1.4731.

n-Di~(trimethoxysiloxy)benzene, (CHZ0);910CgH,/081~

(OCH3z)a7-m, 1s synthesized from the corresponding chloro-

: 20
conpound snd methanol. It has these constants: 620

16 ’
and n D 1,4916, It cannot be distilled because 1t decomposes

1,259;

into polymeric substances upon heating (115),

‘ (G HgO) 5810CHg0, results from
the reaction between furfuryl alcochel and triethoxychloro-

]
silsne (111). It boils at 85.5-86.5 .

115, Volnov and Dolgov, J. Gen. Chem. U.S.$.R., 10, 550
(1940). /€. A., 34, 7874 (1940)7. S
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o81(CRY)o

» (CHz0),81(0C4Hs),, 18 1solated
from the reaction of &llyl alcohol with either tetramethoxy-

sllane (88) or dimethoxydichlorosilane (111), It has & boil~
20

o
ing point of 94.7-85 at 34 mm.; n D

1.4110 (111),

2, (CH30)981(0C4Hp)p, 18 pro-
duced from methallyl alcohol and either tetramethoxysilane
{94) or dimethoxydichlorosilane (111), It distils at 114.5-
115° at 34 mm.; nzg 1. 4156,

(ceﬁso)zsi(ocanﬁ)z, i8 nede from
allyl alcohol and either diethoxydichlorosilane (111) or

~

tetraethoxysilane (94)., It 18 also obtained when tetraethoxy-
end tetraslloxysilene are refluxed for a prolcenged period

20
(102). It boils at 107.5-108° at 34 mm.; n  1.4098 (111),

Diethoxydi-n-butoxysilane, (CoHg0)o81(0C4Hg-n),,18 pre-
pared from p~butanol and tetraethoxysilane (102), or from the
iInteraction of tetraethoxysilane and tetra-n-butoxysilane
(112). It aistile at 105-107° 2t 14 mm. (102), 128-128,5°
et 32 mm. (102), and at 100° at 15 nm. (42); nzg 1.4010

20 20
(102, 112), n p 1+4008; and 4 4 0.909 (a2),

Diethoxydimethalloxysilane, (02350)281(064Hv)2, i8 iso-
lated from the action of methallyl alcochol either upon
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tetraethoxyellene (94) or upon diethoxydichlorosilane
0
(111). It has a boiling point of 115.5-116 at 18 nm.;

ngg 1. 4200,

1ane, (CpoHg0)p81(0C gHzz-1n)2,
results from refluxing n-hexadecyl slcohol with tetraethoxy-

o
8ilane (113). It boils 2t 312+318 at 15 mm.

-/Et O silyla etate/, /CHzCH(COOCsHg)~
07581(0C5HE) 5, 18 formed from ethyl acetoacetate and tetra-
ethoxysilane. It dlstils at 155-160° at 14 mm. {113).

ane, (i-CzHn0)o$1(0CzHg)o, 18
made from i1sdpropyl aslcohol and dislloxydichlorosilane (111).

O
It hae & bolling point of 5’?.5—580 at 2 mm.; n2D 1.40756,

lang, (n-CzHy0)o81(0C,gH;g)p,
1s obtained from tetra-n~propoxysilane and menthol (113).
It boils at 223-230° at 5 mm.

Dislloxydi-i-butoxysilsne, (CzHg0)o81(0C Hy-1)s, 1s

produced by the action of 1-butancl upon dlalloxydichloro-
sllane. It dlstile at 91.0-91.5° at 3 mm. (111).

lalloxydi~t-butoxyailane, (CzHg0)pS1(0C4Hg~t)o, 18
prepered from t-butanol and dislloxydichlorosilane. It has

& bolling polnt of 61.5-62° ot 2 mm.; ngg 1.4121 (111),
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silene, (CzHg0),81(0CgH;1-cyelo)s,
is formed when cyclohexanol and dialloxydichlorosilane sre
added together in the presence of pyridine (111). It boils
at 128-129° 2t 3 mm.

(CzHg0),81(0C-H;-n)p, 18
isolated from the prolonged reaction between disthoxydi-n-
amoxysilane and 81lyl aloochol (S¢). It has the bolling point
of 163-163.5° at 25 mm.; n°y 1.4418,

(C,H,0) 81 (0C Ho-1) o, 18
produced from the action of i-butanol upon dimethalloxydi-
chlorosilane in the presence of pyridine (111). It distils
et 114-115° at 3 mm.; ngg 1.4216.

ane, (CzHg0)051(060Ho~1) o,
is prepared in the reaction between t-butanol and dimethsalloxy-

20
dichlorosilane. It boils at 82-83° at 2 mm.; n' [ 1.4219 (111).

pxysilane, (CoHg0)p91(0CgH 0L, 18 made
from furfuryl slcohol and dlethoxydichlorssilene in the presence
of pyridine which serves to remove the hydrogen chloride formed

(111). It dlstils at 112.5-125.5° at 3 mm.
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Iri-fB-chloroethoxysilene, HS81(OCHoCHCl)z, 1s formed

from the action of ethylene oxide on sillicochloroform at 60°

(104, 105), It distils at 117-118° at 2 mm.; nzg 1,4577;
20

end 4 , (yac.) 1.2886 (105), The bolling point of 70-73°

at 4.5 mm, 18 alseo recorded (104).

Kethyltristhoxysllang, CHzS1(0C,Hg)s, is made from
ethenol and methyltrichloroailane (62), and from methyl
chloride, tetraethoxysilane, and magnesium in the absence of
ether (118). This compound also resulte from the action of
methylmagnesium lodide on tetraethoxysilane for three hours
&t 150° in the absence of ether (42). Another compound
separated in this reaction 18 one that boils at ?30 at 780
oM. dgz 0.891; and nzg 1.3696; It 18 thought to be ethyl
silicoacetate, CHxS100CHg. Mathyltriethoxysilanes bolls at
114° at 740 mm. (116), and 150-151° at 760 mm. (42); 4
0.830 (116), 422 0.938, and ngg 1.3869.

Methyltri- A3 -chloroethoxysilane, CHxS1(OCHoCHRCLl)s, re-

sults when ethylene oxlde 1g reacted with methyltrichloro-

o
silane under pressure (104, 105). It boils at 137 at 6 mn.;

20 20
4, (vac.) 1.257 and n'p 1.4562 (105).

118, McGregor snd Warrick, U. 8. Pat. 2,380,087, July 10,
1945, /C. A., 40, 88(1948)/.



CH581(OCH,CH,Br) 3, 18
formed from methyltribromosilane and ethylene oxide when they
are hested together under pressure (104)., It distils at
1310 at 1 mm,

Ithyltriethoxysilane, C,HgS81(OC,Hg), 1is produced when
tetraethoxysilane 18 acted upon by the Grignard reagent in
the sbsence of ether (108, 117, 118), or by methyl chloride
aend magnesium in the abaence of ether (116). It is also
formed from the Grignard reagent and triethoxychlorosilane
in the presence of ether (119). This product distils at
1568-160° (108, 117, 118), and 159-162 at 760 mm. (115);

20 45,8954 (119) and a°° 0.9281 (118); n 2 13863 (108, 117,

d 4 4 D
118); MR, 49.93; and Y20 22,42 (119).

synthesized by the action of acetic anhydride on ethyltri-
ethoxysilane, It boils at 191.5° &t 760 mm. with decomposi-

tion, and at 94° at 15 mo. ﬁgz 1.020; and nzg 1.4048 (117).

d b i 15E s 02H581(063§£7‘Z!) 32 results

from heating the Grignard reagent with tetre-n-propoxysilane
in the absence of ether (117), or from heating ethyltriethoxy-
s8ilane with p-propenol for 96 hours (108), It has a boiling

24
point of 202-204° at 760 mm. (108, 117); n' 1.4017 (108, 117),

117, Post and Hofrichter, J. _§g Chm., 5, 443 (1940).

11s8. Andrisnov and G‘I‘ib&nﬁva, Cheﬁ. Uv go ﬁogc’g, 558
(1938), /C. A., 32, 7892 (1

119. Ke&linin, Compt. rend. scad. sci. U.B.s $., 26, 365 (1940).
/8. A., 3B, 2470 (1941
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10 ]

2

C,Hg81(0C Hgn)s, 18 produced
elther from the resction of the Grignard reagent with tetra-~
n-butoxysilane in the absence of ether (117), or frmm the
prolonged trectment of p-butanocl upon ethyltriethoxysilane
(108). It boils at 235-238° at 760}mm.; a2§ 1,4128, and
n' 1.4174; ana agi 0.678 (108).

Ethyltrd-i-butoxysilane, C,HgS1(0C,Hg1)s, 18 prepared

from ethylmagnesium bromide and tri-i-butoxychlorosilane in
o
an ether solution (119)., It distile at 101-103 &t 8 mm.;
20 . 20 |
a 4 0.8679; n D
Ethvltri-p-amoxygilane, C,HgS1(0CsH;;-n)3, 18 made from
the prolonged action of n-amyl alcohol on ethyltriethoxysilane
(108). It has a bolling point of 285° at 760 mm.; 4

4
end n"?g 1.4210, and nlg 1.462,

1.4100; MR 78.75; and v20 22,907,

0.891;

Ethyltri-l-sgoxyeilane, 62H531(005H11ﬁi)5, is obtained
when ethylmsgnesium bromide in ether is added to & solution
of tri-l-amoxychlorosilane in ether (119), or when isoamyl
alcohol 18 heated with ethyltriethoxysilane for 96 hours
(108). It boils at 143-146° at 12 mm., 151-154° at 17 mm.
(109), and 266-269° 2t 760 mm. (108); d, 0.891 (108), and
a%0 0.8625 (119); and n”; 1.4170 (108), n°

10

and n 5 1.4222 (108); KRD 92.79; and Ygo 23.49 (119).

1.4196 (119),
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n-Propyltriethoxysilane, n-CsHpS1(0CoHg)s, 18 prepared

when the Gpignard reagent is refluxed with tetraethoxysilane
(42, 108, 118), or when the halide, magnesium, and tetra-

ethoxysilane are digested together for s, hour (118). It

14 ]
distils at 177-178° (118) and at 179-180 ot 760 mm. (42, 108);
26
4

20
4

28

a D

0.9194 (118), and 4, 0.852 (108); and n°> 1.4076 (42, 108).

g, CzHgS1(0CHz)s, 1s formed when
211yl dbromlde, magneeiﬁm, and tetramethoxysilane are hested
together for anhour at 90o in the presence of iodine (120).
It dlstils at 167-178°.

Allyltriethoxysileng, Cs;HgS1(0CoHg)s, 18 obtsined from
refluxing tetraethoxysilane elther with allylmagnesium
bromide or with 2 mixture of ellyl bromide and megnesium (121).
It boils at 172-178°; a?: 0.9229; ngg 1.3952; and MR,
51.67,

n-C4Hg81(0CoHg) 5, 18 synthesized

from the Grignard reagent and tetraethoxysilane lin the

sbhaence of ether {(42). It boils at 190—1930 at 740 mm.;
623 0.8885; and nzi 1.3976. This compound will not resct

with p-butanol to give alcohol interchange (108),

120. Andrisnov, Gribsnove, and Kamenskaya, Byss. Pat. 53,544,
July 31, 1938. /C. A., 34, 5091 (1940)/.

121. Andrianov and Kemenskaya, J. Gen. Chem. U.8.8.R., 8,
969 (1938). /C. 4., 33, 1266 (1932)/.
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A-Butyltriethoxysilane, 1-C4HgS81(0CsHg)z, results from
heating either the Grignard reagent or i~butyl halide and
magnesium with tetrasthoxysilane in the absence of ether
(118). It hae a boiling point of 180-192°; a%0 0.9104;

4
n®0 1.3908; end MR, 56.73.

i-Amyltriethoxysilane, 1-CgHyy81(0CoHg), 18 made in

exactly the same manner as the corresponding 1sobutyl-com-

20 20

pound (118). It distils at 195-200°; 4 4 0+8955; 0"

1.3982; and ﬁﬂp 60.81.

according to the method deseribed for the isobutyl-compound
given above (118). It bolls at 200~2200; dgz 0.8938;

neg 1.4167; and MR 68.4.

Phenvltriethoxveilene, CgHgS1(0CpHz)z, 1e prepared in
the absence of ether from phenylmegnesium bromide znd tetra-
ethoxysilane (108), and in the presence of ether both from
phenyllithium (62) and tetrsethoxysilane, and from the Grignard
reagent and triethoxychlorosilane (108). It distils at 120°
et 16 pm. (62), 235-238° at 760 mm. (108), and 235-237°
(119); a%° o.9961 (112), ana &*

4
MR, 65.90; and v° om.03 (119).

0 1.0085 (108); nzg 1.4718;



Pl}ﬁ!xl trl~ ‘;“’ ghlg;:ggthgx ysilane, 06}'{531 ( GC2H401 )3, is
1solated from the action of ethylene oxlide on phenyltrichloro-
silane under pressure (104, 105). It has the bolling point of
156° 2t 1 mm,; B2O 1.5077; and d°g 1.268

Ehenyltri-n-propoxysilang, CgHsS1(0CzHp~n)s, results

from refluxing the corresponding trichloro-compound with n-

propanocl. It boils at 192° at 7 mm, ; dzz 1,036; and nzg

1.5025 (108),

Phenyltri-i-butoxysilene, CgHpS1(OC,H,-1);, reportedly
d1stile at 154-157° at 10 mm.; dzz 0.9380; nzg 1.4600§ My
93.14; =znd 1? 25.77 {118). The methaﬁ of prﬁparation'or

this compound is not given.

Phenyltri-i-amoxyailane, CgHgS1(0CgHy3-1)s, 18 formed
from phenylmagneslium bromide and tri-i-amoxychlorosilane in

an ether solution. It has a boiling point of 194-197° at

. a20 . o0 .. . 20
18 mo.; @, 0,9095; n") 1.4432; MR, 106.40; and Y

25,20 (119).

g:?olyltriethoxysilane,‘2-03306H4$1(00235)3, is pre-

pared from the corresponding lithium compound and tetra-

ethoxysilane. It boils st 137° at 14 mm. (62).

p-Aminophenyl triethoxysilane, ETN3206H431(082H5)3’ is

formed in an ether solution apparently from lithium, p-bromo-

aniline, and tetraethoxysilane (62). It hes a boiling point
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°
of 145-150 at 14 mm,

in an ether solution from p-xenyllithium and tetraethoxy-
o
silane (62)., It distile at 210-215 ot 13 mm.

2.5-Dimethylphenyltriethoxysileng, 2,5-(CHz)gCgHz31(0CoHs)z,
results from the action of the appropriate lithium compound and

)
tetraethoxysilane (82). It boils at 150 at 23 mm,

e, (CHgz)plNCgHg91(0CoHE) 3,
1s obtained from p-dimethylaminophenyllithium and tetraethoxy-
silane in an ether solution (62). It has a boiling point of 180~
182% at 14 mm,

CgHgC3C81(0CoH5)z, 18 made
in toluene from phenylethynylmagnesium bromide znd tetraethoxy-

10
silane (122), It distile at 141-2°; a2, 0.986, and &

10 21
1.4898, and n ; 1.4939; and MR, 76.5.

21
1.004; n D

e iybe 38§;1Qﬁizg

» (CHz)551(0C5Hg),, 18 formed from

heating a mixture of tetraethox ysilane and, either methylmag-

nesium lodide (42), or magnesium and methyl chloride (118, 123).

122, Volnov and Reutt, 1bid., 10, 1600 (1940). /C. A., 35,
2853 (1941)7. |

125. HcGregor and Warrick, U. 8. Pat. 2,384,384, Septenmber 4,
1945. /C. A., 40, 730 (1948)7.
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It also results after ethanol is refluxed with dimethyldi-
0
chlorosilane (62). It boils at 112 (123), 114° at 740 mm.
o 20
(118), and 110-111 &t 760 nm.; 4 0,830 (116), and 4

4
2g 1.38392 (42).

Dinmethyldi- @ -chlorosthoxysilane, (CHz)p81(OCH,CH,CL),,

resultis from the action of dimethyldichlorosilane upon ethylene

0.890; and n

oxide under pressure (104, 105). It has & holling point of

213° a2t 758 wn. ; nzg 1.4420; end &0 1.135.

4

ane, (CHz)pS1(OCH,CHoBr),, 18

2
prepored in the same manner as the ﬁ-ohloro-—compound (104,

105). It distile at 92° at 2.5 mm.

(CHz) 591 (0C4Hg~n) 5, 18 ob-

tained by refluxing n-butanol with dimethyldichlorosilsne (124).

, 0 o 25
It boils st 186-188 ot 760 mm. and 76 2%t 10 mm.; n D

20 20
1.4035, and n D 1.4058; and d 4 0.8434.

Diethylsilanediol, (CpHg)o91(0H),, vresulte from the care-

ful hydrolysis of dlethyldichlorosilane in an ether solution
with dilute alkall (125). It boils at 140  and melts at 96°.
It cen be stored for long period without condenseoticn, and is
very spluble in hydroxyl-containing orgenic solvents. This
product may be reconverted to the dichloride by use of thionyl

124, dauer, J. Am. Chem. Soc., 68, 138 (1948).
126. DiGlorglo, Sommer, and VWhitmore, 1ibid., 68, 344 (1946).
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chloride, and may be polymerized by usge of phosphorus
pentoxide (84).

Diethyldlethoxysilene, (OgHg),81(0CsHg),, 18 prepared
by refluxing e mixture of magnesium, tetrzethoxysilane, and
ethyl chloride (115). The other possible ethylethoxyeilanes
are also formed in the process. No constants are given for

thig product.

Diethyldiphenoxyvsilens, (CoHg)s81(0CgHg),, has a boil-
ing polint of 150-152° at 4.5 mm, ; nzg 1.5243 (88). It
polymerizes with diphenylolpropane in the presence of sondium

&8 a catalyst. Its method of preparation ls not deseribed.

Diphenvldisilanedlol, (08H5)2$1(0H)2, is obtained from
diphenyldichlorosilane by very careful hydrolysis in a toluene-
X-enyl alcohol mixture malntained at 250. It melts at 1480
with decomposition (126), and at 165  (79), The melting
point varies with the rate of heating (79).

‘ (0635)281(OCH23H201)2,
is made from diphenyldichlorosilane and ethylene oxide under

O
pressure and at a temperature below 60 (106). It distils
20
D
126. Burkhard, ibld., 87, 2173 (1945).

o
at 142-146° at 0.1 mm.; n-o 1.5510; and a”g 1.2027,




(CgHg) 51 (OCH,CH BY) 5,
18 made in the sBsme manner described for the above ﬁ-chloro-

compound. It boils at 142-146° at 0.1 mm. (105).

8, (R-HOCHpCgHy ) 81~
(0CoHg)p, 18 produced from the appropriate lithium compound
and an ether solution of tetraethoxysilane (62). It distils
at 200-210" at 15 om,

Diphenylethynyldiethoxysilane, (CgH;C2C),81(0C Hg),, 18
obtained along with the triethoxy-product when phenylethynylmag-
nesium bromide is heated in toluena with tetraethoxysilane (122).

, 4]
The product has a bolling point of 150-160 =&t 5-6 mm.

Dibenzyldibutoxysilane, (Ceﬂﬁcﬂg)g&(&(}éHg)z, 18 formed
when butanol is refluxed with dibenzyldichlorosilane until
hydrogen chloride evolution cesses (88). It boils at 206~
207° at 10 mm.

Dibenzyldiphenoxyellane, (CgHgCHp)p91(0CgH:),, 18 syn-
thesized in the same manner as the dibutoxy-compound described
above (86). It has a boiling point of 230-231° at 1 mm, ;
ngg 1.5922; end d2: 1.1164., When heated with such compounds
a8 diphenylolpropane, hexamethylene glycol, decamethylene
glycol, 4,4'-dlhydroxybiphenyl, ete. (86) this product forms

polymers,

e exhibits this same property.
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Derlvatives e RR'S "lo

Methylds- /A -chloroethoxysilane, (CHz)HSL(OCH,CH,CLl),, 18
prepered by heating & mixture of ethylene oxide end methyldl-

chlorosilane (104, 105), It has & boiling point of %6-7° at
18 mm. (98) and 93.5-94.8° at 15 mm. (104); nzg 1.4431; and
azz 1.1643. This product geems to decompose 1f distilled at

atmospheric pressure,

Mixed Aryl-Alkyl Derivstives of the Type RR'Si(QR'),

\oxysllane, 06H5(Cﬂs)51(00235)2, is
apparently formed from the corresponding dichloro-compound

and ethanol (62). It distils at 105-110° at 13 mm.

Irimethylsilanol, (CHz)3S1OH, 18 obtained by the re-
action of methylmegnesium lodide with dimethyl silicone in n-
butyl ether (127), by the reaction of hydrochloric acid with
hexamethyldlsilazane, [(CHz)z91/oNH, (127), and by the reaction
of water with trimethylchlorosilane (127). It distils at
3?—1080; nzg 1.3800., It forms an azeotropic mixture with

o
hexamethyldisiloxane that boils at 89.8-90.2 &t 762 mm.;

20

n", 1.3798. Upon two dsys' action with lead oxide, PbO, it

127. Ssuer, 1bid., 68, 1707 (1944).
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gives a white crystalline derivative which 1s thought to be
LTcHz) 55107 ,Pb, di-(trimethylsiloxy)lead (128).

rine ethoxys , (CHz)2S10CHz, 18 produced from the
reaction of methanol and trimethylchlorosilane in the presence
of toluene or ether using pyridine ss a catalyst (127). It has
& boliling point of 56.5-56.7° at 747 mm. and 57.0° at 758-760 mm.;

20
nzD 1.3678, It zlso forms an azeotronic mixture with methanol

dlstilling at 49.6-50° at 760 mn, ; nzg 1.3636,

Irimethylethoxysilane, (Cﬂs)ssioczgs' is made in xylene
from ethanol and trimethylchlorosilane (127), and from bubbling
methyl chloride into an ether mixture of dimethyldimethoxysilane
end magnesium until all of the magnesium has disappeared (129).
It boils at 75-76° (128) and 74.9-75.0  at 745 mm.; n-C 1.3741;

20 P
0.786%73.,

gnd 4 4

| -3~ ethoxys , (Cﬁs)ssiocHZCHECl, is pre-
pared from the reaction of a mixture of ethylene oxide and tri-
methylchlorosilane. This mixture may be placed under pressure
o
or heated (104, 105). The product bolls =t 131-132 at 748 mm.

0 3
end at 134.3° at 760 mm, ; n2D 1.4140; and dzz 0.9443. This

compound forms an azeotropilc mixture with ethylene chlorohydrin

20

o
boiling at 120-122 ; n g, 1.426, With benzoyl chloride at

o ,
130-140 1t regenerates trimethylchlorosilane (105).

128, Patnode and Schmidt, ibid., 67, 2272 (1945).
129. Daudt, U. S. Pat. 2,5@57%18 December *1, 1945 /C. A.,
40, 868 (1948)7.
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(CHz) 5810C,Hg~n, results from

the interaction of n-butanol and trimethylchlarosilane in the
)

absence of solvent (127). It distils at 124.5-124.7 at 761

20

mme; N D 1,3925; and dgz 0.7774. It forms an azeotropic
mixture with n-butanol boiling at 111.0-111.5° at 754 mm.;
n®d 1.392,

Triphenylsilanol, (0535)303, is isolated from the re-
action of octebromotrisiloxane or hexabromodisiloxane with
an excess of phenylmagnesium bromide in the absence of ether.

It melts at 150° (49).

; , N ,1(2-(335)2R Cgl, ) 51~
OH, is reported =8 bolling at 275-280 (62).

Ethyl Silicoascetate, 03581006235, is isoplated as one of
the products from the resction of methylmagnesium iodide with
tetraethoxysilane for three hours at 150O in the absence of
ether (42). It distils at 730 at70 mnm,; 620

4
nzg 1.3686., Poslitive proof for the proposed formula for this

0.891; and

compound is still lacking.
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CHx081Clz, is obtalned along
with the other methoxychlorosilanes when methanol 18 added to
s8ilicon tetrachloride with cooling (111). It has a boiling
point of 79-79.5°,

;e, CHz091(NCO)z, 1s made from

methanol and sillicon isocyanate. It boils at 168.40 at 760

20

m.; 4, 1.313; n?° 1,4207; ana MR, 36.3 (96).

ene, CpHp081Clz, 18 prepared elther

from ethanol and silicon tetrachloride (111) or from the sesaled
tube reaction of acetyl chloride with tetrsethoxysilane at

185° (102). This latter method gives poor ylelds. The pro-
duct dietils at 101.5-102°,

silane, CHoBrCHBrCHp081-
Clz, 1s igolated after a solution of p, Y -dibromo-n-propanocl,
and eilllicon tetrachloride, formed under cooling, 1s heated at

reflux for two hours (107). It boils at 128-129° st 28 mm.;

15 I
.911.
615 1.911

ang, (C1CH,),CHOS1C1z,
is produced from 1,3-dichloropropancl-Z and sillcon tetra-
chloride (107), The resctants are mixed at 0° and then heated
at reflux for an hour. The product distils at 2100 at 760 nmm.

15
end 92-3° at 12 mn.; &y 1.471.
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Alloxytrichlorogsilane, CzHz081Clz, 1s prepared by adding
allyl slcohol to cooled slilicon tetrachloride (111). Another
procedure (130) sugpests then heating this mixture for an hour.
at reflux. The produot has & bolling point of 122-122,5°
(?) at atmospheric pressure (111), and 35.5-380 at 32 mm., (111,
130).

C4Hr081C13, %8 produced upon
the addition of metheallyl slcohol to cooled silicon tetra-
chloride (111). This compound boils at 141-141.5° at atmos-
pheric pressure, and at 55-53.50 at 32 mm,

sllane, 0-HO-CgHs081Cls, 18 made in a

refluxing ether solution from gualacol and sllicon tetrachloride

(181). It bolls at 134-136° at 30 mm.; djg 1.3677.

ene, 27(015310)0634<081613), is
made in 75 per cent yleld from reasction of hydroquinone with

8ilicon tetrachloride in refluxing petroleum ether (115). The
vield is very criticaslly affected by the purlity of the phencl

18
used, The product boils at 278°; a4 g 1.22; and n%s 1,4952,

g, B-(C13810)CgH,(081¢13),

is prepared in petroleum ether from resorcinol and silicon

131, Volnov and Mishelevich, J. Gen. Chem, U.8.8.R., 13
213 (1943). /C. A., 38, 1484 (1944}/.
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)
tetrachloride (115). It boils at 261 ; dig 1.49; and nlg

1.4961,

2-(1-CHp)~5-CHz~CgH,081C1 5, 18
synthesized when a solution of thymol and silicon tetra-
chloride in ether, formed under cooling, 1s refluxed for 30
minutes (131). It has a bolling point of 122-124.5° at 23 mm.;

18
a » .
18 1,3462

Qarvacroxytrichlorosilane, 2~CHg-5-(1-CzHy)CgHz081C15,
is produced in the same manner as the thymol derivative (131).
It distils at 108*1110 at 4 mm,; dgg 1.1798,

gilang, (CHz0)p81Cl,, is obtained when
methanol is added dropwise to cooled silicon tetrachlorids.
It distils at 100-100,5° (111),

s (CH30),81(NCO),, 1s syn-

thesized when sillioon isocysnate and methanol are heated on a
]

steam bath for an hour (96). It boils at 152.10; 624 1.208;

n*® 1,4028; ana MR 35,07,

R, (62H50)281012, is prepared
either from ethanol and silicon tetrachloride (111) or from
equlvalent amounts of tetraethnxysilgne and acetyl chloride
(102). The latter reaction muast be conducted in a sealed
tube at 185°, This compound is also one of the products ob-



658

tained from the prolonged action of ethyl acetate upon silicon
tetrachloride (109). n-Butyl acetate will not give this type
of reactlon. This preparstion dlatils at 135~15?° at 748

mm, (109) and 51.5° et 32 wm. (102).

Diethoxydifluorosilang, (CpHg0)28iFp, 1s eynthesized by
heating antimony trifluoride with tetrazethoxysilane for 15
minutes (132). It hes a boiling point of 83—85.50.

~dibromo-n-propoxyldichlorosilane, (CH,BrCH-

BrCHg0) 281Cla, 18 also obtained in the preparation of the
A O
mono-derivative (107). It distils et 115-120 =2t 1 mm. and

decomposes most easily.

[TCLCH,) 5CHOZ -
51012, is produced from 1,3-dichloropropanocl-2 and silicon
tetrachloride (107)., The reactants are mixed at 0° and then
refluxed for two hours. The product distils at 140—10 at

5
0.28 mn.; d7p 1.498.

(CzHg0)581C1l,, 1s prepared when
& solution of allyl slcohol and sillicon tetrachloride 1s
heated together for an hour (111, 130)., I% has a boiling
point of 80.5-81  at 32 mm.

132. Peppard, Brown, and Johnson, J. Am. Chem. Sog., 88,
7¢- - (1948).



when ispamyl scetate and silicon tetrachloride are heated
for 30 hours at 180-200°. It boile at 108-110° at 8 mm.
(109).,

ane, (C4Hn0)581CL,, 18 1solated
along with all the other possible products from the inter-
action of methallyl alcohol and silicon tetrachloride (11l).
It has a bolling point of 88,5-89° at 20 mm.

g, (CgHg0)o81Clg, 18 one of the
products 1solated from the reaction of phenyl acetate with
silicon tetrachloride (109). It dlstils at 208-213 at &
mm. Benzyl acetete in this type of reaction gives scetyl

chloride, benzyl chloride and silicon dloxide (109).

, (2~(1~CgHy)-5-CH50gH0) 581015,
is obtained upon heating an ether solution of thymol and
silicon tetrachloride (131). It boils at 198-200° at 3 mm.;
aig 1.1250. When gualacol 18 reected with silicon tetra~-
chloride under conditions to glive the dl-ester, there 1is ob~
tained a resinous msses that is considered to be guasla~dlioxydli-

chlorosilane {115) or diguala-dioxysilsne (131).

3, (CpHgO)CxHE091C1g, 18 pre-
pared from allyl alcohol and ethoxytrichlorosilane (111);
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benzene 1s used as the solvent and isoquinoline to remove the

hydrogen chloride formed. It distils at 66-66.5° at 32 mm.

silang, (CzHg0)ayclo~CgHy081CLy, .
18 produced in the same wey a8 the previously prepared compound,
It boils at 127-127.6° at 32 mm. (111). It reacts with water
to give a product thought to be alloxycyclohexoxysilicone,
G, Hg0880CgH, 1 ~cyelo.

ane, (CHz0),91C1, 1s 1solated from the
reaction products of methanol and silicon tetrachloride (111).

It dietils at 112-112.8°.

ate, (CHz0)8iNCO, 1s obtained from
the action of methanol on sllicon lsoccyanate (98). It has a
0 20
boiling point of 137.6 at 7680 mmp.,; 4 4 1.233; nzg 1.3839;

end MR;, 33.95.

9, (Czﬁso)ﬁsicl, is prepared from
ethanol and silicon tetrachloride elther in the absence of a
solvent (111) or employing benzene zs a solvent (95, 119),

It also results when tetreaethoxysilane is heated at 135° and
above with benzoyl chloride or acetyl chloride (102). It has

a bolling point of 156-157° at 744 mm. (102), 68.5-69° at 32

mm., (111), and 51-54° at 12 mm. It reacts with ethyl ricinoleate

or gualacol to give, as yet, nondefined products (114).



eng, (CpHg0)zS4F, results from the 15
minute interaction of tetraethoxysilane and antimony tri-
fluoride in the presence of antimony pentafluoride as a

catalyst. It boils at 133-133.5° (132).

1lane, /TCLCHp)oCHO/ 5~
8iCl, is made from the appropriate alcohol and silicon tetra-
chloride (107). It aistils at 196-197° at 0.36 mm, § d%g
1.482. |

Irialloxychlorosilane, (CzHg0)zS1C1l, 1s synthesized from
allyl slcohol and silicon tetrachloride after heating them
together for an hour (111,130). It boils at 114.2-114.8°,

Irislloxyfluorosilene, (Csﬁso)ssiF, 18 prepared by heat-
ing allyl alcohol with triethoxyfluorosilane for an hour while
distilling off the ethanocl produced (132). It has a boiling
point of 99.0-99,8°,

Iri-n-butoxychlorosilane, (n-CuHg0)381C1, is synthesized
from the reaction of scetyl chloride and tetra-n-butoxysilane

3]
in a sealed tube (102)., It distils at 84-85 at 1 mm.

(n-C4Hg0)381Br, 18 obtained

from acetyl bromide and tetraethoxyslilane in the scme manner
that the chloro-compound is prepared (102). The yield is

very small,

Iri-sec-butoxyehlorosilene, (sec-C,H0)381C1, is prepared
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from the actlion of gec-butanol upon a benzens solution of

silicon tetrachloride; dry air i1s blown through the reaction

mixture to remove the hydrogen chloride formed (119). It

20
has & boiling point of 106-109° at 10 mm.; & 4 0,9392;
20

20
n 5 1.4103; EBD 74.60; and.' 23.5%7.

texp ’ (ﬁgg&.«CQHQO)asicl, is

produced by heating the sodium salt of tert.-butanol with

silicon tetrachloride in petroleum ether (101), It distils
16

at 86-87° at 12 wm.; n 5 1e405.

Iri-p-butoxyfluorosilane, (n-CgHg0)zSiF, is synthesized

from triethoxyfluorosilane end n-butenol (132). The solution
la heated for an hour during which time the ethanol is
distilled away as 1t is formed. It bolls at 134-134.5°.

(C4H,0)581C1, 1& isolated from
the mixture of methslloxysilanes obtained when silicon tetra-

chloride and methallyl alcohol are heated together. I+ hss a

boiling point of 122-123° at 20 mm. (111).

ang, (1-CgHy10)591C1, 1s prepared

from isoamyl alcohol and silicon tetrachloride. It distills
‘ 20 O

at 143-146° at 12 mn. ena 273-275%; 4", 0.9362; n°3 1.4209;

24,73 (119),

MR, 88.35; and Yzo

Irivhenoxychlorosilane, (CgHs0)381CL, is one of the
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products that results from the action of phenyl acetate upon

silicon tetrechloride (109). It boils at 215-218° at 4-5 mm.

[2-(1-CgHn)~6-CHx-CgH07581C1,
is pade from sillicon tetrachlorlide and thymol in an ether

o
solution (131). It has a boiling point of 251-2556 at 8 mm.;

ne, (CoHg0)oCzHg0S1C1, 1s syn-
thesized by heating diethoxydichlorosilane with a2llyl alcohol
(111). It distils et 86.5-86° at 32 mm.

yenioronilane, (G5H50)2C23503101g is made
in the same way as the previous compound from allyl alcohol
5
and ethoxytrichlorosilane (111). It boils at 98-92 at 32 mm.

(C3HgO) peycloC Hy 108401,
results from the interaction of dialloxydlchlorcsilane and
cyclohexyl alcohol, It has a bolling point of 143-144° (111).

(cyclo~CgHy10)5CxH5081C1,
is prepared from alloxysrichlorosilane and oyclohexyl alcohol
(111). It distile at 148-148.5° at 2 mm.




vield when ethyl acetate, n-propyl acetaete, or i-butylacetate
1s heated for four to five days with silicon tetrachloride

0
(109). It melts at 110° shd decomposes at 160 .

Iriethoxyacetoxysilane, CHzCOO0S1(0CoHg)z, 18 produced
from the interaotion of acetic anhydride and tetraethoxysilanse
(117); ‘the reaction time 18 45 days. It boils at 81° at
19 mo.; d°g 1.020; and n°g 1.3910. Benzolc anhydride does
- not display this type of reaction. Triesthoxyacetoxysilane
when heated with acetyl chloride 1in a sealed tube in verying
proportions and st various temperatures, furnishes only

polymeric materials (102).

isolated from the resction described in the previous prepara-
tion (102). It has a boiling point of 10()o gt 19 mm,; 622

1.075; and ngg 1.3960,

CoHgC0081(0C,Hg) 5, 18 pro-
duced from the prolonged treatment of tetraethoxyslilane

with propionic anhydride (117). It boils at 101° et 15 mm.;

20
a?z 0.999; and n'p 1.3946.

lane, (CoHEC00)91(0CHg),, i
also isolated from the preparation deseribed above (117).

20 4.3008.

20
It distils at 125° at 15 mm.; 4 4 1.025; and n°"p
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Irimethylacetoxysilane, (CHz)zS105CCHz, 1s produced by
the action of trimethyl-{é-ehlomethoxyailane upon acetic

anhydride. None of its constsnts 18 revorted (105).

Alkvyl Derivatives of the Type R381NR2

Silyldimethylamine, (CH3)2N91H5, results when dimethyl-

amine and monochlorosilane are merely added together (133,
134). No constants are gilven for this product. With tri-
methylamine, monochlorosilene merely forms an addition sz21t

with a dissoclstion temperasture of 91° at 780 nm.

i g1 » (CHg) s81NHCH,, 1s made by
the action of 1liquid methylamine or an ether solution of
methylamine on trimethylchlorosilane (135). It distils at

o 20 20
71 st 756mm.; n D 1.3905; and 4 4 0.73986.

Trimethylsilylethylamine, (CH;),SINHC,H,, 1s formed
from the addition of trimethylchlorosilane to an ether aolu-
tion of ethylamine (135). It has = boiling polnt of 20.1~
90.8°; nzg 1.3912,

Trimethylesilyldiethylemine, (CHg)-SiN(C,Hg),, results
from the mere 2ddition of trimethylchlorosilane to an ether
o
solution of dlethylamine (135). It boils at 126.1-126.4

at 750 mm.; ngg 1.4112 (135).

133, Emeléus and Miller, Nature, 142, 996 (1938).
134. Emeléus and Miller, J. Chem. Sog., 819 (1939).
135. Yauer and Hesek, J. Am. Chem. Sog., 68, 241 (1946).
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Triethylsilylamine, (Cyilg)xSiNHg, is made from the
addition of triethylsilyl chloride to ligquid ammonia
o 20
{135). It distils at 156.8"13‘7.8 at 753 Mitle 3 n D 1.4259‘

Alkyl Derivatives of the Type (RS).Si

Tetra-t-thiobutoxysilene, (£-C4HgS)4S3, 1s made by heat-
ing sodium t-butyl mercaptids with tri-t-thiobutoxychloro-
silane in petroleum ether at 170-175° in a sealed tubte (101).
It melts at 160-1610‘

iri-i-thiopropoxy-t-thiobutoxysilane, (1-CH,3)3518CHg-t,
results from heating t-thlobutoxytrichlorosilane and sodium
1sopropyl mereaptlide in ether for an hour (101, 13§), It
melts at 23-23,5° and bolls at 160-162° at 3 mm,

Tr1-t-thiobutoxnggphiopropogyailane, (£-64H95)581563H713,
is preducad from heating an ether solution of tri-t-thiobutoxy-
chlorosilene with sodium n~propyl mereaptide (101, 136). It
gives rhombic crystels that melt at 62-62,5°,

fri:ggthiabutogx:%:thiopropoxysilana, (gycéﬁgs)ssi-

5CgHy~1, 18 reported in the literature (137) as having tetra-
gonal crystals isomorphic with tetra~-t~thlobutoxysilane, Its

method of preparation i1s not given,

Trl;ggthiobutcgz;g:phiobutoxya11ane, (Egc4ﬂ98)531304ﬁgﬁg,

13G. Klasens and Backer, Rec., trav, chim., 61, 513 (1942),
137. Klasens and Backer, Ibld., 53, 941 (1930).
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1s synthesized from sodium n-butyl mercaptide and tri-t-
thiobutoxychlorosilane In an ether-benzene solution; the re-
actants are heated together for an hour. It boils at 153-
153.5° at 1 mm, (101, 136).

Tri-t-thiobutoxy-i-thiobutoxysilane, (t-C4HgS)zS1SC4Hg-1,

i1s prepared when sodlum i-butyl mercaptide and tri-t-thiobutoxy-
chlorosilane are heated in a sealed tube at 80° (101, 136).

. °

It dlstils at 146-148° and melts at 77-77.5 .

Tri-t-thiobutoxy-sec.-thiobutoxysilane, (t-C4HgS)z515C4Hg-8ec,,

1s made from tri-t-thlobutoxysilane and sodlum sec.~butyl mer-

captide; these reactants are heated In petroleum ether for 12
o

hours (101, 136). It melts at 79-80 and bolls at 145-147° at

1 mm,.

Tri—t-thiohutoxng:thioamoxys11ane, (§¢C4HQS)581805H1115,

melts at 111,5-114° and glves tetragonal crystals (101, 136),

Conditlons for 1ts preparation are not given.

Tri-t-thiobutoxy-sec.~thiopentoxysilane, (t-C4HgS)z~-

SiSC5H11ssee., results from refluxling sodium sec.~ pentyl
mercaptlide with tri-t-thlobutoxychlorosilane for 12 hours in
' o

petroleum ether (101, 136). It melts at 27-29 and boils

at 169-170° at 2 mm.

Iri-t-thiobutoxycyclopentoxysilane, (£-C,HgS);51SC H-

cyclo, 1s formed when sodium cyclopentyl mercaptide 1s heated
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o
to 110 with tri-t-thiobutoxychlorosilane for 12 hours (101,
136). It melts at 104-105° end gives tetragonsl crystals,

Tri-t-thiobutoxycyclohexoxysilane, (%-C,HgS);818CgH, 1~
cyclo, is made in petroleum ether from sodium cyclohexyl
mercaptide and tri-t-thiobutoxychlorosilane (101, 138). It
melts ot 64-65°,

lane, (1-CzHpS)oS1-
6C4Ho~%)o, results from heating sodium isopropyl mercaptide
with di-t-thlobutoxydichlorosilane for five hours in
petroleum ether. It melts at 61,5-62.5° and bolls at 147-
8° at 2 mm, (101).

(3-C4Hg8) z910CzHy-1,
is prepsred In s sealed tube from sodium lsopropoxide and
tri-g-thiobutoxychlorosilene. It melts at 55-56° and distils
at 183-186° at 5 mm. (101).

Iri-t-thiobubox y chioresilane, (4-C,Hq8)s81C1, 18 pro-
duced from sillicon tetrachloride and sodium t-butyl mercaptide;

the resction is conducted in benzene (10l1), It melts at 71°,
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Di-g-thiobutoxydichlorosilane, (§-C,Hg8),91C1ly, 18 pre-
pared from sllicon tetrachloride and sodium t-butyl mercaptids;
the preparation 1s& carried out in ether (ldi). It boils at
133.5-135 at 15 mm.; n'e 1.522. The compound 1s stable and

does not fume in the air (101),

lane, 1-C,HgU81Clz, 1is also iso-
lated from the previous preperation (101). It boils at 174-

7°; 1%t readlly fumes and decomposes in alr.

; 1 rivatives of the Type R-=31
(The groups, R, may or may not be the same)

3, (CHz)381081(CHz)z, 18 prepared
from the hydrolysis of trimethylchlorosilene (127). Care
must be teken to insure complete converslon of the interme-
dlate silanol to the siloxane since these products fom an
azeotrople solution which 1s difficult to resolve. Dlstilla-
tion of the reaction product from phosphorus pentoxide seems
to0 give this insurance. Hydrolysis of hexamethyldisilazane
also furnishes this compound. It likewlse occurs as an
impurity in the preparztion of trimethylsilyldlethylamine
and trimethylsilylmethylamine (135). Another method of
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preparstion is furnished by the reactlon of trimethyl-
ethoxysilane with sulfuric or hydrochloric scld (138)., If
ascetic anhydrids 1s rescted with dimethylchloromethylchloro~
silane (88) or trimethyl—ﬁ—chloroethoxysilane (105) hexamethyl-
dilslloxane is one of the products isolated. It has a bolling

point of 99° (138) and 100-100.9° (127); n°9 1.3774; and

20
4 4 0.7619. This compound gives a product identified as tri-

(trimethylsiloxy)phosphate when 1t 18 slowly distilled from

phogphorus pentoxide (127). It distils at 85-87°" at 4 nm,;
n'D 1.4090s If hexamethyldisiloxane 18 mixed with fuming
sulfuric acld 41/trimethylsilyl/sulfate is formed (128), This
Jatter product glsoc results from the interaction of trimethyl-
chlorosilane with sulfuric aseild (139). It melts at 56-58°
(138) or reportedly at 45-46° (128).

1,3-Di~(chloromethyl )-tetramethyldisiloxane, /(CLCHp)-
(GHS)E$£720, ie prepared by the hydrolysis of chloromethyl-
chlorosilane (88). It dlastils at 204.50; nzg 1.4390; and

20
a“, 1.045.

Chloromethylpentamethyldisiloxane, CHpCl(CHz)o81081-

(CHz)z, 18 obtained when a mixture of chloromethyldimethyl-

chlorosilane and trimethylchlorosilane are hydrolyzed and then

o
heated together (88). It has a boiling point of 204-204.5 ;
n%) 1.4108; ana &% 0.9105,

138, Daudt, U. 8. Pat. 2,386,441, October 9, 1945. /C. A.,
40, 348 (1948)/.

139, Sommer, Pletrioze, Kerr, and Whitmore, J. Am. Chem. Sogc.,
68, 156 (1948). |
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1,1,1,-Trimethyl-~3,3,3,-triethyldisiloxane,

(CHS)SSIOSi(Czﬁs)s, results from heating & solution of hexa-
methyl- and hexaethyldisiloxane in the presence of sulfurlec

o 20 20
acid (30). It boils at 173.6-173.9 ; n p 1+4098; and a .

0.8110,

Hexaethyldisiloxane, ZKC2H5)533750, mixed with fuming

sulfuric acid gives di-(triethylsilyl)sulfate boiling at 170°

20
at 12 mm,3 n D 1.4442 (139),

Hexaethynyldisiloxane, [TCHiC)SSE7éO, is produced from

the addition of silicon tetrachlorlide to an ether solution of
ethynylmagnesium bromide (122), After addition the solution
is allowed to stand over night. This compound immediately
decolorizes bromine water and forms a silver salt that explodes

on heating,

Aryl Derivatlives of the Type R381081R3

Hexaphenyldisiloxsne, [TC6H5)5S1750, is prepared by the

action of phenylmagnesium bromlde on either hexabromo- or
hexachloro-disiloxane, The Grignard reagent is added in
ether and then the ether 1s removed and heatlng 1s continued
(49). This product also results from the action of phenyl-
sodium on hexabromodisiloxane (76). It melta at 2210.



Hexaethoxydisiloxane, /{CoHg0)381/20, is synthesized
through the action of ethanol upon hexachlerodisiloxane; the
hydrogen chloride nust be removed by sweeping the solution
with dry nitrogen (140). Hexsbromodisiloxane will not give
- this product beczuse the hydrogen bromide formed rescts with
the ethanol to produce water which in turn causes hydrolysis
of this starting material (140), If sodium ethoxide 1is
warmed with hexabromodisilane thls ethoxy derivative will fomm,
Another method of preparstion consists in adding water to a
cooled solution of triethoxychlorosilane in the presence of
pyridine (111). The compound boils et 235  (140) and 95.5-
96,5° ot 3 mm. It 1s a colorless, oily 1iquid that 1s
practically incombustible in air; 1t is miscible with the
common organic solvents asnd only very slowly hydrolyzed by

water,

xvdisiloxane, /UC;zHz0)x81/50, 18 produced from
the addition of water to a solution of trislloxychlorosilane;
pyridine must be present to remove the hydrogen chloride as
1t 18 formed (111). It hes a boiling point of 160-161° at
10 mm, ; nzg 1,435%,

Hexamethalloxydisiloxane, /UC,H,0)431/,0, 18 synthesized
from water and trimethalloxychlerosilane (111) and from the
140. Schumb end Holloway, ibid., 63, 27563 (1941).
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prolonged action of methallyl alcohol on hexaethoxydlsiloxane

(94). It boils at 176-178° at 4 mm.; nzg 1.4414.

Hexs~-t-butoxydisiloxane, /Tt-C4Hg0)381/,0, results when

sodium t-butoxlde and tri-t-butoxychlorosilane are heated

together in & sesled tube for 15 hours at 170° (101), It
0

gives hexagonal plates that melt at 260 .

Hexacyolohexoxydisiloxane, /(gyclo~CgHy10)39L/50, is
produced ITyom cyclohexanol and hexachlorcodisiloxane; these
rezotents are merely hested together for eight hours (141).
It melts at 217.1-217.68° end 1s soluble in the common organic

aclventsa,

is synthesized by the slow additlon of water to & solution of

dlethoxyalloxychlorosilane; the reaction is conducted in the

0 20
nregence of pyridine. It boils at 149-151 at 18 mm.e; n B
1.4080 (11l1).

Y £83H50(gyclo-CgHy Plo-
81/,0, 18 made from water and dicyclohexoxyalloxychlorosilane

in the presence of pyridine. Its constants are Bot reported
(111).

141. Schumb end Holloway, Dbid., 63, 2862 (1941).
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Alxyl Derivatives of the Type /B R'081/,0

sym.-Tetramethyldi-n-butoxydisiloxane,
LTCHz) 90(n-CyHg0)$17,50, 18 prepared by treating a mixture of
dimethyldichlorosilane and methyltrichlorosilane with n-
butanol; the alcohol is added over an elght hour period to
the rezction mixture maintained at 90° (124). This product
also results from the two day action of pn-butanol and water
on dimethyldi-n-butoxysilane (124). It boils at 224.5~225.50
at 741 mm. and 99-100° at 10 mm.; n g 1.4051; eand dgz
0.8733.

2181/ ,0

[T8-C,Hy8) 5817,0, 18 pre-
pered from a solution of sodium hydroxide in dloxane and

0
tri-t~-thiobutoxychlorosilane (101l). It melts at 248-249
with decomposition.

Qetaethoxvirisiloxane, (CoHg0)gS1g05, 18 produced from
ethanol and octachlorotrisiloxane; the temperature is main-
tained at 125° and the hydrogen chloride produced 1s removed
a8 1t is formed (140).

8ywm.-Hexamethyldl-n-butoxytrisiloxane,
[Tn-C Hg0) (CH) 58107 ,81(CH) 5, 18 isolated from the reaction
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mixture obtailned either when n-butanol, water, and dimethyldi-
n~-butoxysilane, or when dimethyldichlorosilane, methyltrichloro-
silane, and n-butanol ere zllowed to react for s prolonged

¥]
pericd of time (124). This compound distils at 125 at 10 mm.;

ﬁzg 1.4083,
Decaethoxvtetrasiloxane, (CyHg0)y451405, 18 prepared from

ethanal and decachlorotetrssiloxane at s temperature of 1503.

It boils at 290-298° (140).

cang, (CoHg0)q 481505, results from
the 1nteraction of ethanol and tetradecachlorohexasiloxane
when they are heated together at 1600; the hydrogen chloride
evolved must be removed. It distils at 300-310° (140).

H-Hethyldlsilazans, (3581)2N0H5, 18 made in quantitative
yield by sdding chlorosilene to an excess of methylamine (133,
134). It melts at 32-3  and 1s stable in air but 18 hydrolyzed

by water.
B-Ethyldigilazane, (Hssi)zﬂczﬁs, is prepsred in quantita-

tive yileld in the ssme way as the previous compound (133, 134),
It melts at 65.9° and 1a also stable to &ir.

azane, [(CHx)sS1/.NH, is synthesized
elthzr by adding trimethylchlorosilane to ligquid ammonis (127)

or by adding ammonla to a refluxing ether aolution of
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trimethylchlorosilane (135)., Thils latter reaction requires six
hours. It boile at 125.2—125.?0; nzg 1.4081., It is decomposed
by methanol, water, and hydrochloric acid; but it glves no
action with sodium (135).

Hentemethyldisilazane, /(CHz)8L/,NCH;, results from heat-
ing s solution of trimethylsilylmethylamine and trimethylchloro-
sllane over night (135). It boilse at 143-147 ..

,8ilane, (633)551-$1(Cﬁs)3, is prepared by the
action of excess dimethylzine upon an ether soclution of hexa-
chlorodisilane; the reaction ia effected in a sealed tube at
85° for several hours (136). It boils at 112.50, melts at
14.0-14.4° and hes a vapor pressure of 141 mm. at 61.20. The
value of the silicon to silicon bond is glven aaz 2.34%0.10 X,

and of the silicon to silicon to carbon angle as 109:40.

Hexaethylalsilane, (CgHg) 591-81(C H, ), 18 obtained from
the actlon of ethylmagnesium bromide upon an ether solutian
of hexachlorodisilane (49). A small amount of tetraethylsilane
is also isolated in this reaction. Diethylzinc glves no re-
actlion with hexachlorodisilane even when the reactants sre

o
hested in a sealed tube at 130 (142). The product boils at

ang, (n-CzHy)z91-91(CaHp-n)s, cannot

142, Brockway and Davidson, ibid., 63, 3287 (1941).
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be prepared from the.Grignard reagent and hexachlorodisilane

in an ether solution (49); however, the action of n-propyl-
magnesium bromlde upon this reagent in the absence of ether
furnishes an excellent yileld of the desired product. It distils
at 114° at 3 m.; n°y 1,4740; and a°? 0.8693. It is insoluble

in water and soluble in the common organic solvents,

Arvyl Derivatives of the Type R

~ Hexaphenyldisilane, (C6H5)381-Si(06H5)3, 1s produced by

the action of phenylmagnesium bromlde upon hexachlorodisilane
in the‘absence of ether after these reactants are heated to-
gether for four hours at 165-185°; only very little tetra-
phenylsilane is found in this reaction mass (49), No product
‘whatsoever 1s isolated from the normal Grignard reaction be-
tween phenylmagneslum bromide snd hexachlorodisilane, Both of
these results are In contrast to the work of Schwarz and Sexaur
(143) who clalm that the silicon to silicon bond in disilanes
is split during the "ordinary" Grignard reaction. This product
is isoleted in small yleld from octachlorotrisilane in the
"forced" Grignard reaction; no octaphenylcompound was isolatad,
however,

Hexabromodisilane gilves this compound under exactly the
same conditions as the hexachlorocompound.‘ When hexachloro-

disilane, sodium, and chlorobenzene are heated together, a

143, Schwarz and Sexaur, Ber., 59B, 333 (1926).
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vigorous reaction ensues, but only tetraphenylsilane 1s
isolated (37, 78). If, however, phenylsodium is first pre-
pared and then added to this hexachloro-compound, the major
reaction product is hexaphenyldisilane (76). This would in-
dicate that the energy generated in the formation of phenyl-
sodium cleaves the silicon to sillicon bond. The product

melts at 5620.

Hexabenzyldisilane, (CgHgCH,)51-81(CHoCgHs)z, 18 made
by the resection of benzylmagnesium chloride or benzylsodium
with hexachlorodisilane (76). 1In the first case ether is
absent, while in the second 1t ig present. The compound melte
at 194°,

Hexa-p-tolyldisilene, (pCHzCgH, ) 551-91(GgH,CHyD )z 18 pro-
duced from the Grighard reagent and hexachlorodlsilane in the
gbsence of ether (49). It melts at 345 and 1s only soluble
in hot benzene or xylene., It 1s very stable melting without
decomposition and 1t 18 not hydrolyzed by water or a dllute
sodium hydroxlde solution.

8ilicones as a novel class of'hlgh polymers had their
beginning ag & result of baslic research conducted in the Corn-

ing Gless Works (144). The investigstions were centered in

l44. Kolderman, (an. Chem. Procees Inds., 29, 147 (1945)
[C. A., 39, 2429 (1945)7,
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the field of polymers situsted between the glasses and silicates,
on the one side, and the truly organic polymers on the other.
Initially the impelling force of these investigations arose

from research in pure glags chenistry; finslly, 1t was de-
rived from the possibility of securing = glass-like plastlc

or other materisls useful with glass (144, 145).

In general, the term "silicones" has been applied %o
8ilicon polymers. The neme has 1te derivation in the organie
term "ketone', Originelly the silicones were belleved to be
monomers of the formule R2812 0, a molecule analogous to the
organic ketone. Although sillicon polymers have the sawe
empiricsl formula R2510, thelr bonding 18 polymeric snd of the
nature R - gi - R, thus msking a nsme such es silicone chemi-
eally quite inappropriate. However, in this case euphony as
well as long usage seenms to have outwelighed chemicsl congidera-
tions and the term so persists,

The first and fundamental silicon polymer wase known to
have the general formula -RpS10 - (79, 146, 147) and was shown

to haeve this structure (148):

P %
~0 — ;%-—o—- if;i—-o-—-§1-—
' R R R

These polymers are prepored with grestest care. A

145, Black, Mech. Eng., 87, 267 (1845) /[{. A., 39, 2688 (1948)/.
146, Rochow, Chem. Eng. News, 23, 612 (1945).
-147. Ysrsley, ., Trade J. 110, 371 (1942). /C. A., 36,
3872 (1942)/.
148. Hunter, Hyde, Varrick, and Fietcher, J. Am. Chem. Sog.,
68, 667 (1948).
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dlalkyl- or diaryldichloroeilane, prepared in the usual mannenr,
is merely hydrolyzed and polymerization occurs without induce-
ment (79, 111, 148, 150, 151). The real difficulty arises from
attempting to direct this polymerization to a desired product.
The organlic groups may be aryl or alkyl or one of each. The
properties of the polymer as well as their rate of polymeriza-
tion vary with the typea of organic groups present. These
groups may also be substituted with such radicsl as OR (1562).
Various modificetions of this basle type are known, For example,
a linear polymer of the type R;S1(OSiHR'), 18 prepared by
hydrolyzing an alkyldichlorosilane in the presence of & hexa-
glkyldisiloxane (153),

These polymere may be readily depolymerized by slowly
heeting them from 350° to 400° in the absence of alr (148,
154). This forms low molecular weight cyclic siloxanes which
may be geparated by distillation. Thie type of cyclic polymer
is also fumished by the careful hydrolysis of the appropriate
methylchlorosilane (148, 154).

One of these oyclic products, that obtained from the cyclle
" condensation of diphenylsilanediol, has been in dispute in the
literature. Kipping, who originally conducted this reactlon

149, Bass, Hyde, Britton, and McGregor, Modern Piastics, 28,

70 (1944),
150. Kroton, J. Applied Chem. U.S.8.R., 12, 1435 (1939).
/G Aes %_g.‘"‘%zzsé 2 (1940)/. e

151. The British Thomson-Houston Co. Ltd., Brit., Pat. 542,655,
January 21, 1942. /C. A., 36, 3877 (1942)7.

152, Rochow, U. S. Pat. 2,268,221, October 7, 1941, /C. A., 38,
858 (1942)7.

153. ?&uerj Schreiber, and Brewer, J. Am. Chem. Sog., 68, 962
1946).

154, Patnode and Wilcock, 1ibid., 68, 358 (1948).
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(1565), indicated thet it wes a cyclotetrasiloxasne., Hyde and
Delong, on the other hand, in reviewing Kipping's work claimed
that the true product of this recction was a trimer and that
Kioping'e materisl must hove been impure trimer (79). Burkhard
recently has repested these experiments and has rather con-
clusively established the product as the tetramer (156),

A second type of ailicone is the so~-called cross-linked
polymer represented by this structursl forpula:

~g1— Gy 0
B
This is prepared simply from the hydrolysis of a mixturse

of dialkyl- or diaryldichlorosilane and similar trichloro-

silanes (149, 157, 158). The same type of product is 1solated

from the interasctlon of a partislly condensed siloxane with a

triaryl~ or trialkylethoxysilane in the presence of water (159).

Such products are more viscous than those prepared by con-

currently hydrolyzing mixtures of various siloxanes (153).

This type of polymer also glves cyclic degradation products

on glowly heating in the absence of ailr from 550O to 6000 (180).
A third type of linesr polymer 18 the one represented by

155. Kipping, J. Chem. Soc., 101, 2138 (1812),

156. Burkhard, Decker, and Harker, J. Am. Chem. Soc.,67,
217;} (1945). (1943)

157. Rochow and Gillism, 1ibid., 63, 798 (1941).

158. Rochow, U. S. Pat. 2,258,220, October 7, 1942. /C. A.,

38, 858 (1942)/.

169. WVarrick, U. S. Pat. 2,397,895, April 2, 1946. /C. A.,
40, 3767 (1948)/.

160. SBeott, J. Am. Chem. Soc., 68, 365 (1946).
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the structural formula:

] ]
9 R 0

| t
-0 — 91— 0 ——8i~—0—81

4] R 0
This is synthesized by hydrolyzing Glalkyl- or disryldichloro-
sllsnes in a solution of silicon tetrachloride (145, 157).

A fourth type of polymer, a tridimensionsl one, results
from hydrolyzing an aryl- or slkyltrichlorosilane (79, 147,
151, 157) or similer triethoxysilanes {42, 161).

All of these polymeric preparations which are essentislly
dehydration reactions are accelerated and productive of more
pliable and less tacky products, if they are conducted in the
presence of such catalyets as ethyl borate (162), hydrsted
ferric chloride (163, 164), boric oxide (165), hydrated stan-
nic chloride, copper sulfate, or ferrous chloride (164).

A fifth type of silicone 1a the silicon co-polymer. This
kind of product 1s produced when the approprlate aglkyl- or
arylchloroslilenes sre hydrolyzed in the presence of some other
substance csapable of polymer formstion as yolyhydroxyaléohals
(86), ketones (185), novalasc resins (166), phenolic compounds
161, Andrianov, Khim. Referst. Zhur., No. 12, 73 (1940),

/8. &., 37,1527 (1943)/.

162, TRochow, U. S. Pat. 2,371,088, March 6, 1945. /G. A.,
39, 4889 (1948)/.
163, rung, U. 3. Pat. 2,383,827, August 28, 1945, /G. A.,

39, 5553 (1945)7.

164. Wright and Marsden, U. S. Pat, 2,389,477, November 20,
1945, /€. A., 40, 2033 (1948)7.

165, McGregor and Warrick, U. 8. Pat. 2,375,998, May 15,
1945, /€. A., 40, 245 (1945)7.

166, Marsden, U. 5. Pat. 2,390,378, December 4, 1945,
/C. A., 40, 4250 (1946)7.
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(167, 168), methyl methacrylates (169, 170), or vinyl compounds
(171, 172, 173).

Cross-linking may be Iinduced or 1ncreased in 211 of the
above polymers by one of two methods. ‘The first employs the
oxldative trestment of the various polymere at elevated tempera-
tures (79, 174, 175, 178). 1In this process the slkyl radicals
are oxidized smo splitting the silicon to carbon bond and sub-
stituting 2 new silicon to oxygen bond which 18 capable of
further cross-iinking. The second method employs cleavage of
the aryl to silicon bond by aqueous hydrogen chloride under the
influence of heat (79, 175) which again cresates a new ailicon
to oxygen bond with 1ts cross-linking potentialitlies. This
procesg also allows the polymerization of the cyclic siloxanes

already &easribéd thus formming a modified croass-linked polymer.
A sixth type of polymer reported 18 the one of this

167, Ushskov, Rugs. Pst. 53,752, August 31, 1938, /C. A., 35,
1547 (1941)7. | |

168, Holzapfel, Kolloid-Z., 100, 380 (1942). /C. A., 38,
4251 (1944)7.

169. Nason, U. $, Pat. 2,182,208, December 5, 1933 /C. A.,
34, 2100 (1940)7. |

170. Fothrock, U. S. Pat. 2,276,084, Merch 10, 1942. /C. A.,

- 38, 4630 (1943)7.

171, TGarner, U. §. Pat. 2,398,692, March 19, 1946. /C. A., 40,
3766 (1948)7.

172. HMceGregor and Warrick, U. S. Pat. 2,299,552, October 20,
1942, /C. A., 37, 1842 (1942)7/.

173. Staudinger, Ger. Pat. 707,393, Mey 21, 13841, /G. A., 39,
5553 (1945)7. |

174, Hyde, U. ©, Pat. 2,386,467, Oct. 9, 1945. /C. 4., 40,
248 (1946)7.

176, Hyde, U. S, Pat. 2,386,466, October 9, 1945. /C. A., 40
1062 (1948)/.

176. Daudt, U, 9. Pat. 2,397,727, April 2, 1946. /C. A., 40,
3938 (1946)7.



o1

formula (177):

(] ] ’

R Si B

] ] [}
—-R— 81 —R — 91 —

] ' [

R 81 R

The radicel, R, is a bivalent organic radical such as phenylenes,
methylene, ete. (178, 178, 180). The polymer is formed by
allowing various alkyl- or aryldimagnesium helides to resct
with 8ilicon tetrachloride. Varistions in the procedure

21llow the introduction of siloxane linkasges into the molecule
(178, 179, 180).

Various substances such as phenols (181, 182), and assorted
amines (183, 184, 185, 188) have heen used to stabllze these
organosiloxanes,

The number of uses to which silicon polymers is being
put is so great that it defles 1listing. However, certainly
one of the most important and most advantageous uses to whieh‘

177. Hyde, U. S, Pat. 2,371,050, March 6, 1945, /C. A., 39
4888 (1945)7,

178. Rochow, U. S, Pat. 2,383,817, August 28, 1945. /C. A.
39, 5556 (1945)7. | |

179, TRochow, U._S, Pat. 2,352,974, July 4, 1944. /C. 4., 39
225 (1544)7.

180, The British Thomson-Houston Cp. Ltd., Brit. Pat, 552,840,
April 19, 1943, JC. A., 38, 5058 (1944)/.

181, HcGregor and VWarrick, U. 3. Pat. 2,389,806, Kovember 27,
1945. [C. A., 40, 1536 (1946)/.

182, McGregor and Warrick, U, 8. Pat. 2,389,804, Hovember 27,
1945, /C. A., 40, 1536 (1948)7.

183, McGregor and ¥Warrick, U. 8, Pat. 2,389,805, November 27,
1945, /C. A., 40, 1538 (1946)7.

184, MoGregor and Werrick, U. 8, Pat. 2,389,807, November 27,
1945, /T. A., 40, 1537 (1946)/.

185. McGregor snd Varrick, U. 8, Pat. 2,389,803, November 27,
1945, /C. A., 40, 1536 (1948)7.

186, McOregor end Warrick, U. 8., Pat. 2,389,802, November 27,
1946, /C. A., 40, 1536 (1948)/.




these polymers 1s adapted is that of an electriecal insulator
(178, 187, 188, 189, 190). The particular property of these
polymers that makesg them especislly adaptable to thils use is
thet a very thin £ilm of the polymer insulates as well as,
or better than preszt thicknesses of cother insulators. This
greetly diminishes the weight of motors and allowas their much
nore efficlent cooling. Another important use is for epecizl
lubricante (149, 177, 191, 192, 193, 194). Silicones may
be made which give & very small change of viscosilty with
temperature, which are quite thermally stable, and which do
not freeze even at —1090. A1l of these propertles are desir-
able 1n various speolal lubricents,

For a more intenslve study of the silicones some recent
reviews might be consulted (20, 24, 145, 146, 149, 195, 196,

187, Moses, Westinghouse Engr., 4, 138 (1944). /C. A., 38,
6006 (1944}/.

188. Bass and Ksupl, Proc. Inst. Radic Engrs., 53, 441 (1945).
/8. A., 39, 5125 (1948)/.

189. Xauppi, Grant, Mgses, and Horrell, Westinghouse Engr.,
B, 135 (1948). /G. A., 40, 493 (1928)/.

190. HMcGregor and Warrick, Bpilt. Pat. 463,995, September 8,
1944, /C. A., 40, 3127 (1948)7.

191. Kauppl and Pederson, Natl. Petroleum News, 37, RS944

(1245). /7. a., 39, 5128 (1948)7.
192, Aadriano#?zxﬁ§ﬂiééékkaya Prom.;ﬁéc. 2, 1 (1945).

/8. A., 40, 2352 (1948)/.

193. Kauppi, ﬁ%. Snokesman, 10, No. 3, 1 (1948). /C. 4.,

20, 5554 46}/

194. HoGregor and ¥Warrick, U. S. Pat. 2,382,082, August 14,
1945, /€. A., 40, 148 (1948)7.

195, Foster, il Gas J., 44, Wo. 22, 86, 112 (1948) /C. A.,
39, 5561 (1945)/.

196. TDevis, Pagific Prestics Mag., 3, Np. 6, 28, No. 7, 40
(1945) 7C. A+, R R ITIVA
197, Penn, P%aatiga Tiondon), 9, 273 (1945) /C. A., 40,

2683 (1946}/7.
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EXPERIMENTAL

A, Silicon Compounds

Tetrasethylsilene.

To 3.4 g. (0.02 mole) of silicon tetrachloride in 25 ml.
of anhydroua ether wes slowly added 0.082 mole of ethyllithium
(198) in 62 ml. of anhydrous ether. The whole system was
mzinteined in a nitrogen atmosgphere and the resction flazsk was
encesed in an lce-bath. The addition was controlled so as to
maintain & very gentle reflux of ether. Color Test I (199) was
found to be negative immediately after the addition of the
firat, second, third, and fourth equivalent of the ethylllithium
solution. When the excess (0,002 mole) was added the Color
Test became positive and remained so even after 30 minutes!
heating at reflux. This stirred and cooled solutlon was
hydrolyzed and the ether layer was separated. The ether was
removed and the residue wss washed with concentrated sulfuric
acid to remove any &ilenol present (200). The organic layer
wes separated, taken up in ether, and this ether solution was
washed with water and then drled over godium sulfate. The
ether was removed and the residue waes fractionated. There was
198, %iézg?, Hoore, and Baine, J. Am. Chem. S$og., 63, 2479

199, Gilmsn and Schulze, ibid., 47, 2002 (1925).
200, Friedel aend Crafts, Ann. chim. phys., 4, 19 (1895),
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obtained 2.64 g., & yleld of 92%, of tetraethylsilane boiling

0
2t 150-151° ot 739 mm.; azz 0.7664; and nQD 1.4250. The

20
literature reports the boiling point as 152-154° (2); 4 ,

0.7659; and ngg 1.4246 (201).

Tetra~§—butzlsilane

To 17 g. (0.1 mole) of silicon tetrachloride dissolved in
100 ml. of sbsolute ether was slowly added 0.41 mole of p-butyl-
lithium (202, 203, 204) in 350 ml. of anhydrous ether. The
system was arranged as in the previous preparation. Again the
organometallic compound was added at such a rate as to malintain
very gentle refiux, At the end of the addition of the firstg,
second, and third equivalents of the n-butyllithium Color Test
I was negative (199). However, at the end of the addition of
the fourth equivalent this Color Test was positive. It remained
80 even after 30 minutes'! heating at reflux; however, Color
Test II~-A (205) which is specific, in this case, for n-butyl-
1ithium was negative. The solution was then hydrolyzed and
worked up in the same manner as the tetraethylsilane prepara-
tion. The compound, 24.9 g, or a yleld of 974, boiled at
156-157° at 22 mm.; dg 0.8008, and d°> 0.8002; n° 1.4466;
and ngg 1.4460; HBD calcd., 85.49; and MRy found 85.18. This

D

201, Byzdén, Dlssertation, Uppsuls, 1916. .

202. Gilman, Zoellner, and Selby, J. Am. Chem. Soc., 5§,
1252 (1933).

203, Gilman and Stuckwisch, ibid., 85, 1461 (1943).

204, Gilman and Haubein, 1bid., 68, 1515 (1944).

205, Gilmen and Swiss, 1bid., 62, 1847 (1940).
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would seem to substantiate Sauer's doubt (30) of Post's
"tetra-n-butylsilane® {(42).
Anal. Calcd, for 018H5631: 841, 10.83. Found: 81, 1l.12.
The previous preparation wes repeated using 20.8 g. (0.1
mole) of tetraethoxysilane (206) and 0.41 mole of n-butyllithium.
Color Test I (199) was again negative after the addition of the
Tirst three equivalents of n-butyllithium, and again it was
positive after the addition of the fourth equivalent. After
30 minutes' heating st reflux Color Test II-A (205) was negative.
Upon fractionation of the residue there was obtained 24.4 g,

(95%) of tetra-n-butylsilene boiling at 156-157° at 22 mm.;

n®> 1.4463; ana 423 o.s010.

To 5.2 g. (0,025 mole) of tetraethoxysilane in 50 ml., of
anhydrous ether was added an excess of isopropyllithium (198).
The same precautions for this addition were taken a8 for those
previcusly described. The resulting mixture was refluxed for
24 hours. The 1solated product was washed with concentrated
sulfuric acid and then trested in the usual manner. Dlstllla-
tion gave 4.8 g. (78%) of a product boiling at 200° at 738 om.;
n”) 1.4560; a°) 0.8657; and MR, 63.18. The caloulated mole-

cular refraction for tetraisopropylsilane is 67.21, and for

2086. The tetraethoxysilane and silicon tetrachloride used
in these preparstions were redistilled commerclsal
resgents,
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triisopropylethoxysilane, 63.37. Therefore this compound
wed probably trilsopropylethoxysilane,
Anal, Calcd. for CyyHpgO%1: 81, 15.88. Found: 81, 14.05.
Another preparation was conducted in exactly the same
menner sxdept that silicon tetrachloride was used in place of
the tetrsethoxysilane. From 6.8 g. (0.04 mole) of silicon
tetrachloride and 0.2 mole of isopropylliithium in 251 ml, of
anhydrous Skelly A, there was obtained 6.8 g., a 687 yleld,
of product distilling at 1980 at 739 mm., and 590 &t eight mn.;
ngg 1.4518; agg 0.98008; and HHD 57.81. According to the
.molecular refraction this compound cannot be tetralsopropyl-
silane. HﬁﬁeVGr, the calculated molecular refrection of tri-
lsopropylchlorosilane is 58,00; this indicetion was confirmed
by this snalysis.
Anal. Caled. for CgHpyClSi: Cl, 18.42, Found: C1, 18.13.
This ssme compound was preéared from 7.5 g. (0.043 mole)
of sllicon tetrachloride and 0.129 mole of lsopropyllithium
in 99 ml. of anhydrous Skelly A. The isopropyllithium was
added to the cooled silicon tetrachloride over the course of
35 minutes. At this time Color Test I (199) was immediately
negative. There was isolated 8.1 g., a yleld of 974, of tri-

o] .20
isopropylchlorosilane boiling st 58 at elght mm.; n D 1.45811;

20

a7,

0, 9027; &BD caled., 58.00; and ﬁRD found, 57.76.
Angl, Caled. for CgHglclﬁi: Cl, 18.42. Found: C1, 128.18.
A solution of 4.1 g. (0.02 mole) of trilsopropylchloro-

silane, 20 ml. of sbsolute ethanol, and four g. (0.05 mole) of
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pyridine was heated at reflux for eight hours. Most of the
ethanol was dlstilled from the solution and ether was added.
The mixture was flltered and the flltrate wss distilled free
of solvent. The residue wes fractionated to give two g., a
95% yleld, of trilsopropylethoxysilene distilling st 198°

at 738 mn.; By 1.4560; d20 0.8652; MRy calod., 63.26; end
KRy found, 63,37.

Anal., Caled. for CjyHpg0S1: 31, 13,88, Found: 81, 14.01.

Tetra-t-butylsilane (Attempted)

Tnis preparation wes made by a modification of the di-
rections of Bartlett (207) in which he formed tri-t-butyl-
carbinol and various other highly branched carbinols through
the agency of a supposed intermediate f-butylsodium compound.

In & 800 ml. round-bottomed, three-necked f£lask equipped
with a mechanical stirrer, a reflux condenser, and a dropping
funnel were placed 40 g. (1.73 g.-atoms) of sodium, 94 g.
(1.01 mole) of t-butyl chloride, and 100 ml. of anhydrous ether,
The whole system was swept with nitrogen before the reaction
was begun and 1t was maintained in a nitrogen etmosphere dur-
ing the entire course of the reaction. To this well stirred
mixture wes added dropwise 20.3 g. (0.1 mole) of tetraethoxy-
gllane dlssolved in 30 ml, of anhydrous ether. After ten ml,
of this snlution had been added, the flask was warmed. As

207. ?&rﬁlett and Schneider, J. Am. Chem. Sog., 67, 141
1948).,
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soon ag reflux commenced, a vigorous reactlion set in. The
sodiun scon became black in color and spontaneous reflux was
maintained ag more of the tetrzethoxysilane was added. Color
Teat I (199) wes positive a% thie time. After all of the
tetraethoxysilane was added, the soclution was refluxed for
72 hours. This mixture was filtered and the solvent was re-
moved from the filtrate. There was lsolated a thick red oil
which would not corystallize and which d4id not yleld any
distillate when heated to 280° at 0.5 mm. presswre. The
residue in the flask solidified to a glassy so0lid on cooling;
this was insoluble in the common organic solvents indicating
that polymerization may have occurred. C(onceivsbly, this
thick red oil might have been a mixture of t-butyltriethoxy-
gllane and di-fi-butyldiethoxysilane which could polymerize on
heating,

Tetrephenylsilane

To 8.5 g. (0.05 mole) of freshly distilled silicon tetra-
chloride dissclved in 50 ml. of anhydrous ether was slowly
added a solution of 0.21 mole of phenyllithium (202) in 146
ml. of anhydrous ether. The whole system wes meintained under
nitrogen and the reaction flask was encaseéd in an lce-bath.
Color Test I (199) was made after the addition of each equlva-
lent of phenyllithium. In each case 1t was negatlive just as

soon a8 the equivalent was added, The reactlon mixture was
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hydrolyzed and filtered. The ether layer was then separated
and dlstllled free of solvent. The residue was combined
with the precipltste obtained by filtraticn; this combined
80114 was recrystallized fros benzene. There was isolated
16.6 g. (99%) of tetrsphenylsilane melting at 232-233. The
product was 1dentified by the mixed melting point method.

This preparation wag repested using 8.3 g. (0.04 mole)
of tetraethoxyallane in place of the silicon tetrachloride.
Ageln Color Tesat I wa8 negative as soon a8 each one of the
four equivalents was added., There was obtalned 13.1 g. (98%)
of tetraphenylsilsne melting at 232-2530 efter one recrystal-
lization from benzense,

This synthesls wes agaln conducted using in place of the
silicon tetrachloride tetrathloethoxysilane prepsred by the
method of Backer (101). From 8.1 g (0.03 mole) of tetrethio-
ethoxysilane there wae igolated 9.9 g. (98%) of tetraphenyl-
8ilane melting at 2550.

Trivhenyl-p-tolylsasilane

To 5.1 g. (0.03 mole) of silicon tetrachloride in 40 ml.
of anhydrous ether was added 90 ml. of one molar (0.09 mole)
phenyllithivm (202) solution. The addition was, as before,
Just fast enough to cause very gentle reflux., Color Test I
(199) wes taken and found to be immedistely negative. Then
to thls stirred solution was added 0.031 mole of p-tolyl-
1ithium (207) in 28 ml. of anhydrous ether. Color Test I
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(199) was immediately negative after this addition. The
solution was hydrolyzed and the clear ether layer wae separeted.
This solution was dried 2nd distilled free of solvent. The
residue, which crystallized, was recrystallized once from
Skelly B and twlce from a methanol-etiyl acetate solution.
This gave 9.5 g. (91%) of triphenyl-p-tolylsilene melting at
134-135°.

Angl. Caled. for CogHpop81: 81, 8.00. Tound: 81, 7.92.

Trigg}telzlghenxlaigane

To 5.1 g. (0.03 mole) of freshly dlstilled silicon tetra-
chloride in 40 ml. of anhydrous ether was Slowly added 0.09
mole of p-tolyllithlum (202) in 82 ml. of anhydrous ether.

Color Test I (199) was negative as soon as this zddition was

conplete. To this stirred and cooled solution wae slowly
added 0.031 mols of phenyllithium (202) in 31 ml. of enhydrous
ether. The reaction mass wae hydrolyzed and worked up in the
same manner a8 before. The erystalline resldue was recrystal-
1ized once from Skelly B and twice from a methanol-ethyl
acetate solution. There was so lsolated 10.1 g. (89%) of tri-
p-tolylphenylsilane melting at 127-1280.

Anal. Calcd. for CopHosS1: Si, 7.42. Found: S1, 7.35.

d-Plcolyltriphenylailene (Attempted)

To a cooled solution of 16.84 g. (0.08 mole) of tetra-
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ethoxysllane in 80 ml. of anhydrous ether wss slowly added
0.24 mole of phenyllithium (202) in 227 ml. of anhydrous
ether. Color Test I (192) was negative as soon as this addi-
tion was complete. The additlon was regulsted so as to meine
tain a very gentle sther reflux. To thls stirred mixture was
added 0.16 mole of g-picolyllithium (208) in 178 ml. of an-
hydrous ether. During thls addition there wss no evidence of
reaction; the deep brown-red color of the g-picolyllithium
solution wae not dlacharged as 1t normally 1s when it is con-
sumed, nor did the ether reflux even when the solutlon was
added in a rapid stream. The resulting mixture wes heated at
reflux for 38 hours and then hydrolyzed. The ether layer wss
separated and the aqueous layer was extracted with three 100
ml. portions of ether. The ether solutlions were combined and
drled over sodlum sulfate. After the ether was removed, there
was8 isolated by distillation 9.8 g. of @g~picoline. This a8
identified by 1ts picrate which melted at 16?-1690 and which
geve no depression when a mixed melting point was taken with an
authentic semple. The residue from this distillation was taken
up in 95 per cent ethanol and treated with an ethanol solution
of picric acid. There was 1solated 11.8 g. of the plcrate of
A -picoline melting et 168~169°; this was equivalent to 3.3 g.
of d~-picoline indicating an over &1 return of 88 per cent of
the d~picoline used. By concentrating the ethanol filtrate

208. Walter, Org. Syn., 23, 83 (1943).



from the plcrate formation there was obteined 18.1 g. of
triphenylsilanol melting at 149--1500 and 1.6 g. of hexa-
phenyldisiloxane melting at 220-2210. These products were
identifled by the mixed melting point method, and they account
for 20 per cent of the triphenylethoxysllane used.

Diphenyldi-p-tolylseilane

To & golution of 6.8 g. (0.04 mole) of eilicon tetra~
cnloride in 60 ml. of anhydrous ether was adﬁéd dropwise
0.08 mole of phenyllithium (202) in 72 ml. of absolute ether.
At the end of this addition a negative Color Test I (192) was
obtained. Then 0.081 mole of p-tolyllithium (202) in 66 ml.
of anhydrous ether was added dropwise. The solutlion was
hydrolyzed and worked up in the ssme way s8 the previous pre-
paration. The reeidue, which crystallized on cooling, was re-
crystallized once from a dllute ethanol solution and twice
fron a2 methenol-ethyl scetate solution. There was 1golated
11.3 g. (78%) of diphenyldi-p-tolylsilane melting at 176~
177°.

Anasl. Caled. for CggHogSit 81, 7.70. Found: 81, 7.60.

This preparation was repeated using 6.8 g. (0.04 mole)
of sillicon tetrachloride in 60 ml. of ether and adding firsi
0.08 mole of p-tolyllithium (202) in 63 ml. of ether and then
0.081 mole of phenyllithium (202) in 75 ml. of ether. Upon

hydrolyzing the reactlon mixture and working it up in the same
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manner as before, there wes 1solated 11.5 g. (79%) of di-
phenyldiﬁg~toly1811ane melting at 176~177°. The product had
been recrystallized three times from an ethyl acetate-methanol

solution. The two products were shown to be identical by the
nixed melting point method.

Triphenylmethyleilane

To a solution of 5.1 g. (0.03 mole) of silicon tetra-
chloride in 80 ml. of anhydrous ether was added dropwise 0,09
mole of phenyllithium (202) in 77 ml. of anhydrous ether. To
this stirred solution was added 0.031 mole of methyllithium
(209) in 21 ml. of anhydrous ether. Five minutes was required
for Color Test I {199) to become negative. The resulting
mixture was worked up in the usual menner. The residue ob-
tained when the ether was distilled away was recrystallized
from Skelly B to give 7.6 g. (92%) of triphenylmethyleilane
melting at 66-87°, This was positively identified by the
mixed melting point method with a sample prepered by H. Melvin
from methyllithium and triphenylsilane (210).

This preparation ﬁas repeated using 6.8 g. (0.04 mole) of
silicon tetrachloride in 70 ml. of ether. However, thlis time
one equivalent of methyllithium (004 mole in 13.5 ml. of ether)
was added first and this was followed by three equivalents of

phenyllithium (0.12 mole in 100 ml. of ether). The solution

209. Zoellner, Doctoral Dissertation, Iowe State College
210. Melvin, Unpublished studies, Iowe State College (1948),
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wae hydrolyzed and worked up as bhefore. There was 1solated
a thick oll from which there was finally obtained 2.5 g., 2
234 yield, of triphenylmethylsilsne melting at 66~67° after
three recrystsllizations from Skelly B. The residusl oill
could not be crystellized.

Trimethylphenyleilane

To 12.48 g. (0.06 mole) of freshly distllled tetraethoxy-
silane dissolved in 75 ml. of anhydrous ether wss added 0.18
mole of methyllithium (209) in 200 ml. of absolute ether,

This mixture gave & negative Color Test I (199) after 5 minutes!
stirring. Then 0.086 mole of phenyllithium (202) in 108 ml. of
enhydrous ether wes asdded. The solution wezs hydrolyzed and

the ether leyer was separated and dried over sodium sulfate.

On rémoval of ether and fractionation of the residue there was
1solated 8.0 g. (89% yleld) of trimethylphenylsilane boiling

at 163-164 at 737 mn.; n®0 1.4938; and nzg 1.4890, The
1iterature gives these values: boliling point 1700 at 758 pm.;
and n°> 1.4883 (201).

Iriphenylsilanol

To a solution of 8.8 g. (0.04 mole) of silicon tetra-
chloride in 50 ml. of anhydrous ether wss slowly added 0.12
mole of phenyllithium (202) in 88 ml. of anhydrous ether. The
whole systen wae maintained under nitrogen and the resction

flask was encased in ice. As soon a8 the third equivalent was
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added Color Test I (199) was negative. The solution was
hydrolyzed and the ether layer was separated and dried over
sodium sulfate. The ether was removed from this dry solution
and the resldue was recrystallized twice from Skelly D. This
gave 10.8 g., a yleld of 97%, of triphenylsilanol melting at
150-151°. This was identifled positively by the mixed melting
point method,

A larger run was then made. From 82,48 g. (0.485 mole)
of sllicon tetrachloride and 1,455 moles of phenylliithium in
1472 ml. of ether there was obtained 127.2 g. of triphenyl-

silanol melting at 150-151°., This wes a yield of 95%.

Triphenylethoxysilene

To a solution of 8.32 g. (0.04 mole) of tetrmethoxysilane
in 50 ml. of anhydrous ether was slowly edded 0.12 mole of
phenyllithium (202) in 99 ml. of anhydrous ether. The re-
sulting mixture was flltered by suction and the resulting
golution was freed of most of its ether by diatillation under
reduced pressure. his mixture was filtered, and 100 ml. of
anhydrous bengzene was added to the filtrate. Thils mixture was
also filtered and then distilled free of solvent. The residue
was recrystalllzed from ethanol. There was first obtained
3.2 g. of a product that was only slightly scluble in hot
ethanol and melted at 220-221°. This was shown to be hexa-

phenyldisiloxane by the mixed melting point method. This 3.2
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g. thus accounted for 28 percent of the tetrasetioxysilane
used., Beside thie, there was obtalned 8.3 g., a 68% yleld,
of triphenylethoxysilene melting at 64-65". This wee identi-
fied by & mixed melting point with an suthentic sample (£11).

Irimethyl-p-bromophenylsilane

p~Bromophenylmagnesium bromide was prepared according to
the method of Pink (212). Since this investigator gave no
experimental directions, the following ones are given.

To a vigorously stirred mixture of 1.9 g. (0.08 g.-atom)
of magnesium in 20 ml, of anhydrous ether was slowly added a
solution of 9.44 g. (0.04 mole) of p-dibromobenzene in 100 ml.
of enhydrous ether. After complete addition of thie solution
the resultiﬂg mixture was heated at reflux for six hours.
During this time the Grignard reagent precipitated as a thick

01l which immediately sepsrated into & layer when stirring was
stopped. The ether was then removed from this mixture and

replaced by 100 ml. of anhydrous benzene. The Grignard re-
sgent was soluble on the addition of this solvent and was
immedlately filtered from the excess magnesium. Titration
indicated & 99% yield of the reagent.

This prepared CGrignard reagent was slowly added to 6.8
g. (0.04 mole) of silicon tetrachloride in 70 ml. of anhydrous

211, Cason, Unpublished studies, Igwa State College (1946).
212, Pink, J. Chem. Soc., 123, 3418 (1923).
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ether. After 20 minutea' stirring, Color Test I (199) was
negative. Thereupon, 0.121 mole of methyllithiwm (208) in
81 ml. of anhydrous ether was added in a alow stream., Color
Teat I was negative five minutes after this addition. This
mixture was hydrolyzed and the ether layer was separated and
drled over anhydrous sodium sulfate. The ether was dlstilled

awey and the residue was fractlionsted at reduced pressure.

There was isolated 4.1 g. (45% yleld) of trimethyl-p-bromo-

28
D

20
1.5259; 4 4 1.2022; HRD caled., 57.52; and Eﬂb found 57,48,

phenylsilene boiling at 95-96° at 3 mm. ; ngg 1.5271 and n

This same product was obtained from p-bromophenyltrichlorosilane
and methylmagnesium lodide (213) and gave this refrsotive in-
dex: n?g 1.5241.

Ansl., Calcd. for GQH15Br31: Br, 34.84. Found: Br, 34,59.

This preparation was repeated uaing seven g. (0.035 mole)
of triethoxychlorosilane in place of the sllicon tetrachloride.
Upon fractionation there was isolated 5.8 g. (73% yleld) of
trimethyl-p-bromophenylsilane boiling at 94-96° 2t 2.5 mw. and
having these properties: n g 1.5272; and d°0 1.2023.

This compound hes recently been prepared in 53% yleld

from p~bromophenylmagnesium bromide and trimethylchlorosilane

20

0 20
(214). It dlstile at 146-148 at B0 mm.; d 4, 1.2197; n o

1.5302; and Hﬁﬁ found, 58.03.

213. ¥iley, Unpublished studies, Iowa State Cpollege (19486),
214. Burkhard, J. Am. Chem. Soc., 68, 2103 (1948).,
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Irimethyl-p-1ithiophenylailane

To 0.25 g. (0.036 g.~atom) of lithium in five ml. of
anhydrous ether was slowly added a solution of 4.1 g. (0,018
mole) of trimethylgg~brnmopheny1silane in 25 ml. of anhydrous
ether. A s@pontanecus reaction commenced and continued while
the reagent was being added to the lithium. The resulting re-
actlon mixture wes refluxed for 30 minutes sfter addition was
complete and spontznecus reflux had cessed. It was then
poured into a slurry of ether and dry ice. VWhen the dry ice
had spontaneously eveporated, the resulting mixture was
hyérolyzed and made acld with dillute hydrochloric acid. The
ether layer wae separated and drled over anhydrous sodium
sulfate. The ether was removed from this solution and the
residue waa reerystallized twice from ether to give 2.3 g.
{602 yield) of p-carboxyphenyltrimethylsilane melting at
110-1110. This acld gave a2 neutral equivalent, calcd. 194;
found, 195,

Ansl. Csled. for CygH;40,91: S1, 14.43. Found: 81, 14.29.

Benzyl triethoxysilane

The directions used in the first preparation were adapted

from the general procedure given by Andrianov and Gribanovs
(75, 118).

To & stirred mixture of 2.43 g. (0.1 g.-atom) of magne-
gium and 100 ml. of tetraethoxysilane wzs added 12.7 g. (0.1
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mole) of benzyl chloride in 20 ml. of tetrsethoxysilane.

After the additlon of the flrst 10 per cent of thies halide,

2 spontaneocus reagtion set in and continued until 2l)l of the
halide had been added. The resulting mixture wee digested

for three hours at 80-100°, and then filtered. The filtrats
wog distilled free of solvent and the residue was fractionated.
There was obtained 12.1 g., a 47% yleld, of benzylirlethoxy-
Bilane boiling at 246-248° at 739 mm. The llterature velue

18 250-258" at 763 mm. (16).

To 40 g. (0.2 mole) of triethoxychlorosilane in 100 ml.
of anhydrous ether was added 0.2 mole of benzylmegnesium
chloride (215) in 235 ml. of anhydrous ether., The resulting
mixture was heated at reflux for 30 minutes at which time
Color Teat I (199) was negative. This mixture was then
filtered and the solvent waes dlstilled from the filtrate.

The residue was fracticnated and there was ohtalned 18.5 g.,
s 65% yleld, of benzyltriethoxysilane boiling at 245-247° at
740 mm,

The following method of attempted preparstion wag adapted
from the general procedure proposed by Fpeming (8&2).

To a vigorously stirred mixture of 20.8 g. (0.1 mole) of
tetraethoxysilane, 1.4 g. (0.2 g.-atom) of 1lithium, and 100
ml. of ether was added 12.7 g. (0.1 mole) of benzyl chloride
in 850 ml. of anhydrous ether. A vigorous resction commenced

215. Gilman, Zoellner, and Dickey, ibid., 51, 1576 (1929).
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and continued during the addition of the halide and for 30
minutes theresfter. Color Test I (199) was negative as soon
a8 this spontsneous reaction had ceased. This reaction mix-
ture was filtered and the filtrate wes fractionated after
the solvent had been distilled away. There was obtailned a
low boiling fraetion distilling at 163-165° at 745 mm. and
emounting to 18.8 g.; and & high boiling fraction distilling
et 280-282° at 745 mm, and smounting to 7.4 g. The low
boiling material was tetraethoxysilane, a return of S0 per
cent of the starting material; the high boiling fraction wes
dibenzyl which was formed in 81% yleld., This wae shown by
the fact that 1t crystallized to a =2olid from dllute ethanol
melting st 50«520 which gave no depreesion upon a nixed

melting point with an authentic sample of dibenzyl.

Trimethylbenzylsllane

To 25.4 g. (0.1 mole) of benzyltriethoxysilasne in 50O ml.
of anhydrous ether was added 0.3 mole of methyllithium (209)
in 189 ml. of anhydrous ether. Color Test I (192) wee nega-
tive five minutes after this addition wae complete. The re-
action mixture wes hydrolyzed and the ether layer was separated
and dried over sodium sulfate. The ether was removed from
thie solutlon and the residue was fractionated. There was
isolated 15.3 g., a yield of 93%, of trimethylbenzylsilane
boiling at 185-187° at 736 mm.; and nzg 1.4912. The litera-
ture glves these values: bolling point 191o at 759 pm.; and
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n®2 1.4909 (201).

To 12.7 g. (0,05 mole) of benzyltriethoxysilane in 100
wle. of anhydrous ether was added 0.15 mole of methylmagnesium
lodide in 456 ml., of anhydrous ether. The solution wes heated
at reflux for two days; Color Test I (199) wae still positive.
Nevertheless, the mixture was hydrolyzed and the ethér layer
was gseparated and dried over sodium sulfate., The ether was
removed from this dried solutlion and the residue was fraction-
ated at 741 mn. There was obtained 6.2 g., & yleld of 79%, of
product dietilling at 318-320° at 735 mm.; ngg 1.5209; dgz

0.9991; MR, calcd. 97.20; and liRy found, 97.01.

D

This calculated value* for the molecular refraction 1is
for sym.-dlbenzyltetramethyldisiloxane which also satisfies
the following analysisa.

Celed. for CqgH,g0S15: 81, 17.83. Found: S1, 17.97.

Attempted bBrominstion of trimethylbenzylsilsne

To & cooled solution of 8.2 g. (0.05 mole) of trimethyl-
benzylsilane in 100 ml. of carbon tetrachloride was added
elght g. (0.05 mole) of bromine in 50 ml. of carbon tetrachloride,

* These calculztions of the molecular refraction were made
using the values given by Ssusr (30). For the corvenience
of the reader the various references dliscussing molecular
refractions for the several silicon types are repeated here:

Bygden, Ber., 44, 2640 (1911); ibid., 45, 707 (1912); ibid.,
48,1236 (1915); and Z. physik. Chem., 90, 243 (1915)
7C. A., 9, 3014 (1915)/.

Whltmore and co-workers, J. Am. Chem. Soc., 68, 475 (1946).

Sauer, ibid., 68, 954 (1946),
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The dropwise addition was complete in 30 minutes. Only a very
small amount of hydrogen bromide was evolved. The resulting
solution wae distilled free of solvent and the residue was
fractionated. There was 1solated 8.9 g. (81%) of benzyl
bromide boiling at 193-194° at 740 mm.; dgi 1.4280. The
literature gives the boiling point as 198-1990 end the density
a g 1.4380 (216). From this product there was formed benzyl
\5,5~din1trobenzoate according to the dlirections of Kulliken
(217). It melted ot 112—1150 and gave no depression with a
mixed melting point of an authentlc sample prepared from a

knovn sample of benzyl bromide.

Attempted nitration of trimethylbenzylellasne

To a cooled solution of 8.2 g. (0.05 mole) of trimethyl-
benzylsilane in 100 ml. of acetic anhydride was slowly added
a cooled solution of 2.98 g. (0.05 mole) of concentrated nitric
acid in ten ml. of acetic anhydride. The addition was regulated
80 a8 to maintain the resction temperature below 00. The re-
sulting mixture was stirred at -5 -00 for six houre, and then
poured into a liter of a 20 per cent ammonium hydroxide solu-
tion. This mixture was extracted with three 100 ml. portions
of ether. These extracts were combined and dried over sodium

sulfate; The ether was removed from this drled extract and

216. Kekulé, Ann., 137, 190 (1866).

217. Hulliken, ftdentification of Pure Organic Compounds, "
Vol. IV, John Wiley and Sons, Inc., New York (1922).
p. 89,
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the residue was fractionated. There was obtained 5.2 g. of

product boiling at 135-145° at 30 mme This wes refractionated
(e}
to give 3.2 g. (48%) of phenylnitromethane boiling at 135-137

20 20
at 30 mn.; n b 1.5309; and 4 4 1.1877, The litersture gives

the boliling point as 141—1420 at 35 mm.; nzg 1.532; and dzz
1.1588 (218).

his phenylnitromethane was reduced in accordance with
the general directions of Gebriel (219).

The preduct was dissolved in 20 ml. of a 50-50 mixture
of 20 per cent hydrochloric acid snd absolute ethsnol, To
this solution wes added four g., (0.037 g.-atom), of tin
granules aznd this mixture wes heated at reflux until the tin
had dissolved. This solution wse dlluted with 20 ml. of
ethanol and to it was sdded & hot solution of five g. of pilcriec
acid in ten ml, of ethanol. The preciplitated picrate of
benzylamine was filtered and recrystellized from benzene. It
melted at 1940 and gave no depression with en authentic sample
of benzylamine picrate (220) clearly identifying the original

product a8 phenylnitromethane,

Phenyltriethoxysilane

To 40 g. (0.2 mole) of triethoxychlorosilane in 100 ml.

of enhydrous ether wss added 0.2 mole of phenylmagnesium

218. Konowalow, Ber., 28, 1861 (1895).
219, Gsbriel, 1bid., 18, 1254 (1885).
220. Jerusalem, J. Chem. Soc., 95, 1283 (1909),
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bromide (215) in 348 ml. of anhydrous ether. The resulting
mixture was refluxed for 30 minutes after this addition at
which time Color Test I (199) was negative. It wsas then
filtered and the filtrate was distilled free of solvent. The
residue was fractionated giving 26.2 g., a 66% yield, of
phenyltriethoxysilane boiling at 228~5OO at 741 om.; and d;g
1.0051. The litersture gives these values: boiling point

0 10
232-234 ; and 4

o 1.0065 (221).

tenpte phe rie 8

To eipght g. (0.033 mole) of phenyltriethoxysilane in
100 ml. of scetic anhydride was sdded 2.1 ml, (0.033 mole)
of concentrated nitric acid in 25 ml. of acetic anhydride.
The addition waes conducted et ~5° and the reaction mixture was
stirred for six hours at -50. The reaction mixture was poured
over 100 g, of ice. To this mixture was added 100 ml. of
concentrated ammonium hydroxide. This acid solution was
extrscted with three 100 ml. portions of ether. The extracts
were combined, washed, and dried over sodium sulfate. The
ether was dlatilled away and distillation of the residue was
attenmpted at 0.1 mm, No distillste was colleoted and the
contents of the flask solidified to a resin on cooling.

p-Aminophenyltriethoxysilane

This compound 1s described in the patent literature (62)
221. KXhotensky and Seregenkoff, Ber., 41, 2948 (1908).
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but no detzils were indicated for ite prepsration. Therefore
these experiments were undertaken.

In 100 ml. of anhydrous ether were placed 20.8 g. (0.1
mole) of tetraethoxysilane and 1.4 g. (0.2 g.-stom) of 1lithium.
To thls vigorously stirred solution wzs sdded dropwise a
solution of 17.2 g. (0.1 mole) of p-bromoaniline in 50 ml. of
anhydrous ether., After the vigorous reaction hasd cecsed, the
resulting mixture wes heated at reflux for 30 minutes. Then
the reaction mass was flltered and the flltrste wes distilled
free of solvent. The residue was fractionated and there wes
obteined 8.1 g., an 88% yield, of aniline boiling st 180-181°
at 738 mm. This compound was identified by 1ts converslon to
p-toluenesulfonanilide (222) melting at 102~3° and glving no
depression upon a mixed melting point with an authentic sample.

S4nce this procedure wag unproductive of the desired com-
pound, the following one was tried. ,

To & solution of 17.2 g. (0.1 mole) of p-bromoaniline
in 100 ml., of eanhydrous ether was added elowly 0.2 mole of
n-butyllithium (202, 203, 204) in 402 ml. of anhydrous ether.
The reaction mixture was cooled during the addition and then
heated for 30 minutes at reflux. This solution was then added
to 20,8 g. (0.1 mole) of tetraethoxysilane in 100 ml, of
ether. The resulting mixture was stirred at reflux for two

hours st which time Color Test I (198) was negative. Ethanol

222. Shriner and Fuson, "The Systematic Identificatlon of
Organic Compounds®, John Wiley and Sons, Inc., New York
(1940). p. 48,
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was now added to the cooled mixture and the resulting mix-
ture was filtered. The filtrate was distlilled free of

solvent and the residue was fractionated., There was oytained
6.8 g., & yleld of 27%, of p-aminophenyltriethoxyeilane boil-
ing at 148-153  at 16 mm. The literature gives a boiling
point of 145-150° at 14 mm. (62). These constants were also
measured for thls compound: nzg 1.4950; dzz 1,0702; MR, calcd.,

69.63; and MRD found 68.99,

Triethylciilorosilane

In accord with the directions of Whitmore and co-workers,
(223) there was prepsared 48.3 g., & 68% yleld, of triethyl-
chlorosilane from 98.0 g. (0¢47 mole) of tetraethoxysilane
and 1.4 mole of ethylmagnesium bromide. The product distilled
at 143-144° st 735 mm. The literature value is 1440 at 735 mm.

To a vigorously stirred refluxing mixture of 100 ml.
toluene, 5.4 g. (0.05 mole) of benzaldehyde, and 3.3 g. (0.05
g.-atom) of sandpapered zinc foll, wae slowly added a solution
of 0.05 mole of triphenylchlorosilane in 50 ml. of anhydrous
toluene. The resulting mixture was heated at reflux for 24
hoursa and then cooled and hydrolyzed. The toluene layer was

separated and dried over sodium sulfate. The solvent was

223. ' DiCGiorglo, Strong, Sommer, and Whitmore, J. Am. Chem.
So¢., 68, 1380 (194s8).
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distilled from this solution and the residue solidified on
coeoling., It was recrystallized from Skelly D to give 11.2
g., an 8l per cent return, of triphenylsilanol melting at
150-161%. This was positively ldentified by the mixed melt-

ing point method.
Heformat reacgtio i et 8

The previous experiment wszs repeated using 5.4 g. (0.05
mole) of benzaldehyde, 3.3 g. (0.05 g.~gtom) of sendpepered
zinc foil, and 7.5 g, (0.05 mole) of triethylchlorosilane.
When the solvent was removed, the residue wes fractionated

to pive 5.2 g. (84%) of hexsethyldisiloxane boiling at 225-

20
4

3

0 o ,
228 at 735 mm,.; ngD 1.4450; 4, 0.8599; MRD calcd. 76,12;

eand MR; found, 75.95. The literature gives do 0.8590 and a
‘bolling point of 231° (221).

ith ) : gfe tem

To a vigorously stlirred, refluxing mixture of 7.5 g.
(0.05 mole) of triethylchlorosilane, 3.3 g. (0.05 g.~atom)
of sandpapered zinc foll, and 100 ml. of toluene was 8slowly
added 8.4 g. (0.05 mole) of ethyl brcmoacetate. The addition
required three hours. The reactlon mixture became tan sgoon af-
ter this addition was begun and finclly after three hours!
reflux a brown tar begsn to seperate. This mixture was

stirred at reflux for alx hours in all and was then filtered.
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The solvent was dlistilled away from this filtrate and the
residue was fractionated. There was obtained 6.2 g., a re-
turn of 83%, of triethylchlorosilane bolling st 142-144°
at 735 mm. and gilving the following analysis:
Anal. Calcd. for CgHy5C181: (1, 23.58. Found: Cl, 23.33.
The litersture bolling point 1is 144° at 735 mm. (224),

Ethyl triphenylsilylacetate (Attempnted).

' The previous experiment was repeated using 13.8 g. (0,05
mole) of triphenylchlorosilane, 3.3 g. (0.05 g.-atom) of sand-
pepered zine foll, and 8.4 g. (0.05 mole) of ethyl bromoacetate.
The addition of this ethyl bromoacetate required three hours
and the reaction mixture was heated for 8ix hours after this
addition. The solvent was distilled awsy and the thlck brown
tar thet resulted was extracted for two days with Skelly D.

This extract was distilled free of solvent. This resildue
nelted at 96-980, the melting point of triphenylchlorosilene,
and wes converted by treatment with water to triphenylsilanol

o
melting at 150-151 . The return of chloride was 8.7 g., or

The ethyl sodiloacetoacetate used in this preparation was

made by a modification of the directions of Breslow and co-

224, Friedel and Ladenburg, Ann., 147, 355 (1868),
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workere (225).

To a vigorously stirred mixture of 1.12 g. (0.05 g.-atom)
of sodium sand and 100 ml. of anhydrous toluene was sdded 6.5
g. (0.05 mole) of ethyl acetoacetste in 30 ml. of anhydrous
toluene. The resulting mixture was stirred until a clesar solu-
tion wes obtalned; then, to this solution was added a solution
of 7.5 g. (0.05 mole) of triethylchlorosilane in 30 ml. of an—
hydrous toluene. The resulting mixture was heated at 80~100
for 12 hours, filtered, and the filtrate was distilled free of
solvent. The residue was fractionated to give 7.4 g., & yleld

of 61%, of product d1stilling st 108-110° 2t 6 mm.; n=9

1.4560; azz
This product could have the triethylsilyl-radical sttached

to the 4-carbon atom and so be ethyl d-triethylallylacetoacetate,

0.9690; and HRD 69,42,

or to the (3-oxygen atom and so be ethyl B-triethylsiloxycrotonate
(II). The calculated molecular refraction for the first conm-
pound is HRD 69.18, and for the second, MRD 69.12.

Anal., Calcd. for C12H140581: 81, 11.48. Found: 81, 11,.54.

$1(CoHs) 3
. ]
# Q@ H Q H 9 u 9§
HC - C - C =~ C - 0CyHg HC - C = C - C - OCoHg
H 1 H
81(02H5)3
I II

225. Breslow, Yost, Walker, and Hauser, J. Am. Chem. Soc.,
68, 1921 (1944).
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When the 2,4-dinitrophenylhydrazone (226) was attempted
to be made, only ethyl acetoacetate 2,4-dinitrophenylhydrazons,
melting at 94-95°, was isolated. The identity of this com-
pound was confirmed by the mixed melting point method.

In 50 ml. of 10 per cent hydrochloric acld was placed
2.44 g. (0.01 mole) of this resction product and the result-
ing mixture was heated at reflux for 30 minutes and then
cooled. The organic layer was sepsrated and dissolved in
ether and the ether solution was dried over sodium sulfate.
After the ether was distilled away, the resldue displayed

these properties: boiling point 226~228° at 73° mm.; dgz

0.8599; n°9 1.4440; MR calcd., 76.12; and MR, found, 75.88.
The product was hexasethyldisiloxasne. The aqueous portion
was made basic and treated with benzaldehyde (227) and heated
at reflux. On cooling there wae obtalned dibenzalacetone
melting at 110-111°, The compound was further identifled by
the mixed melting point methodg |

A solution of 4.9 g. (0.02 mole) of ethyl fi~triethyl-
siloxycrotonate and 1.58 g. (0.02 mole) of freshly diastilled
acetyl chlorilde wzs heated for éix hours st 135-150°. The
resulting solution was fracticnated. There was first isolated
a frection distilling at 139-143° at 736 mm.; triethyl-
chlorosilane bolile et 144° at 735 mm. (223). This product
we8 showvn to be triethylchlorosilane by analysis.

226, Huntress and Mulliken, "Identification of Pure Organic
Compounds,® John Wiley & Sons, Inc., New York (1941).
p. 255.

227. Huntress and Mulliken, ibid., p. 374.
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Anal. Calcd. for CgHy5C1381: 81, 18.68. Found: S1, 18.85.

There wee also 1solsted a second fraction boiling at 206~
209° at 736 mm.; n'p 1.4456; and 4’3 1.0664. This second
product would bhe ethyl diacetoacetate if the acetyl radical
were attached to the d-carbon atom or ethyl fl-acetoxycrotonate
if it were attached to the oxygen atom. The literature con-

stants for these compounds are: ethyl dlacetoacetate: bolling

17.6
point 209-211° (228), n'[)" 1.4460; and d.ig 1.0967 (229); and
ethyl fA~acetoxycrotonate: boiling point 212° (230), nlg

1.4470; and d;z 1.06844 (231). Therefore the compound could be
eilther one of these. Consequently this reaction product was
refluxed for one hour with 10 per cent hydrochloric acid and
the cooled product was split into two parts. The first part
was tested with a ferric chloride solution and gave no test as
acetylacetone should hsve (232). This soclution was made basic
with a sodium hydroxide solution and treated wlth hydrazine
hydrate. No precipitate wes obtained as there should have
been if acetylacetone were present (232).

The other‘haif wee made basic with a sodium hydroxide
solutlon and treated with benzaldehyde. A preclpitate was
obtained which was dibenzalacetone melting at 109-110° and
was identified by the mixed melting point method (227).

The compound that would give acetone on this ketonle

228, Claisen and Zedel, Ann., 277, 164 (1893).
229, Perkin, J. Chem. 8oc., 61, 858 (1895).
230. Nef, Ann,, 266, 104 (18%91).

231, Auwers, ibid,, 415, 228 (1918),

232. Huntress and Mullilken, log. cit., p. 253.
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cleavage would be ethyl ﬂ-acetoxycrotonate. This compound
in turn would be formed from the corresponding,ﬂltriethyl~

siloxycompound. -Consequently, the product from the action

of ethyl sodiocacetoacetate with triethylchlorosilane was
probably ethyl f-triethylsiloxycrotonate.

A solution of 0.05 mole of ethyl sodioacetoacetate in
130 ml, of anhydrous toluene was made according to the
directione given in the previous experiment. To this stirred
solution was added a solution of 0.05 mole of triphenyl-
chlorosilane in 150 ml., of anhydrous ether. The resulting
pixture was heated at reflux for 12 hours and then cooled and
Tiltered. The solvent was removed from this filtrate and
there was obtained a thick brown oll. The only orystalline
product able to be obtained from this materlal was 3.2 g. of
hexaphenyldisiloxane melting at 220-221° and identified by
the mixed melting point method. This accounted for 24% of
the triphenyléhloroailane used,

To a vigorously stirred mixture of 1.12 g. (0.05 g.-atom)

of sodlum sand and 100 ml. of anhydrous toluene was added a
solution of 8.5 g. (0.05 mole) of diethyl malonate in 30 ml,
of anhydrous toluene. The resulting mixture was stirred

until a clesr solution was obtained, then to this was added a
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solution of 14.8 g. (0.05 mole) of triphenylchlorosilane in
130 ml. of anhydrous ether. The resulting mixture was heated
at 80-100° for 12 hours, cooled, filtered, and the filtrate
was distilled free of solvent. The residue was a thick oil
which nelither would crystallize upon standing nor could be

crystallized from any solvent.
Reaction of tri lchlorosilane with 41 sodio

To a vigorously stirred mixture of 1.12 g. (0.05 g.-atom)
of sodlum sand and 100 ml. of anhydrous toluene was added s
solution of 8.5 g. (0.05 mole) of dlethyl malonate in 30 ml.
of anhydrous toluene. The resulting mixture was stirred and
warmed until a clear solution was obtained; then to this was
added & solution of 7.5 g. (0.05 mole) of triethylchlorosilane
In 25 ml. of anhydrous ether. The resulting mixture was

heated at 80-100° for 12 hours, cooled, filtered, and the
flltrate was distilled free of solvent. The resldue was
fractionated at reduced pressure; no silicon-containing
distillate was isolated and the residue in the flask solldi-

fled to a resinous mass on cooling.

B. {8-Lactems of ﬁ—Anilino-ﬁ-phenylpropionic Acids

H
CGH5Q"I¥06H5
HBC*GO

This f}-lactam was prepared in 50% yleld from 36.2 g.
(0.2 mole) of benzalaniline according to the directions of
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s)
Gilman and Speeter (233). The melting point was 153-154 ,
that of the literature.

ag drolysis of the B- am - - 7] -

kproplonic agid

Two g. (0.01 mole) of the ﬁklaotam wae placed in 50 ml.
of & 20 per cent aqueous solution of potassium hydroxide.
This mixture was refluxed until a clear solution was obtained.
The murky yellow solution was decolorized with Norite A. This
cleared solution was cooled and exactly neutrallzed with dilute
acetic acld. The taffy-llke solld thnt sepsrated was filtered
gnd allowed to dry and harden. Thls meterial was twice re-
crystallized from water. There was obtained 0.6 g. of ﬂ-anilino-

)
fS-phenylpropienia acld melting at 134135 . The literature
melting point is 134° {234)., The yleld is 254%.

Two g. (0.01 mole) of the f-lacten wae placed in 50 ml.
of a2 20 per cent hydrochloric scid solutidén., This mixture
was refluxed until & clesr solution was obtslned. This yellow
solution was decolorized with Norite A, The clear solution
was cooled, made basic with dilute ammonium hydroxide, and
then just neutral with dilute acetic zcid., The white

2330 Gilman &.ﬂﬁ Speeter, go ‘é‘ﬁl- Chemo 300., _6‘§; 2256 (19%3)0
234, Fourneau and Billeter, Bull, soc. chim., 7, 593 (1942).
[C. A., 36, 2849 (1942)/.
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precipltete that was obtained was filltered and recrystal-
lized from water. There was obtained 0.9 g. of [3-anilino-

o
f» -phenylproplonic acid melting 134-135 . This represented
a yleld of 45%. A mixed melting point between this and the

product obtained on basic hydrolysis showed no depreasion,
I -gnilin -phen

Two g. (0.008 mole) of ﬁ—anilino- ﬁ-phenylpropionic
s01d was dlssolved in 20 ml,., of absolute ethanol. This
cooled, Btirred solution was satursted with dry hydrogen
chloride gas. This saturated solutlion was refluxed for one
hour, after which time the ethanol wss removed by distillation.

The residue was teken up in ether and the ether solutlon was

wasghed with a sodium bicarbonate solution and then with water.

This washed solution was dried over sgodium sulfate and the
ether was removed. The residue, which solldified on cooling,
wad recrystallized from 95 per cent ethanol. There was 80
obtained 1.2 g. of ethyl ﬁ-anilino-(?}-»phenylpropionate, a
yield of 69%. The melting point was 74-75

Anal. Calcd. for CqnH;g0oN: N, 5.21. Found: N, 5.38.

an no- {3 -phenyl na

Ten g. (0.055 mole) of the f-lactam wes dissolved in 100
ml. of absolute ethenol. Thie solution was saturated with
dry hydrogen chloride gas. The resulting solution was heated

at reflux for one hour and then the ethanol was removed. The
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residue was dissolved in ether and this ether solution was
washed first with a dilute solution of sodium carbonate and
then with waeter. The washed solution was dried over sodium
sulfate and the ether was removed. The residue was recrystal-
lized from 95 per cent ethanol to give 10.1 g. of product
melting 74-75°. This was ethyl @‘anilino-- p-phenylpropionate
in 85¢% yileld as was shown by the mixed melting point method

with the authentlc sample already prepared,

To 5.3 g. (0.02 mole) of ethyl B-anilino- (B-phenyl-
proplonate in 100 ml. of absolute ether was slowly added 0.02
mole of methylmagnesium iodide (235) in 76 ml. of anhydrous
ether. The entire system was maintained in a nitrogen
atmosphere. The reaction mixture was stlrred for one hour
&t which time Color Test I (199) was negative. Then the re-
action mixture was hydrolyzed in the usual manner. The
ether layer was removed, dried over sodium sulfate, and dis-
tilled free of ether. The residue was recrystallized £rom
methenol to give 4.4 g. of the f-lactam melting at 163-154".
A mixed melting point with an authentic sample gave no de-
pression. This was a yleld of 98%.

235. Zoellner, Doctoral Dlissertation, Iowa Stste College
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Reaction of ethyl ﬂ-anilino- I/&phenylpropionate with n-butyl-
1ithium

In the manner described above 0.02 mole of n~butyllithium
(202, 203, 204) was allowed to resct with 5.3 g, (0.02 mole)
of the ethyl ester. On removal of the solvent there was ob-
talned & sticky brown oil which after two recrystallizations
from benzene gave 1.9 g. of the lactam melting at 152-163°,
Thls was a yleld of 43%. A nixed melting point with an

authentic sample gave no depression.

According to the directions given above, 0.02 mole of

lithium diethylamide, prepared from 0.02 mole dlethylamine
end 0,02 mole of n-butyllithium (202, 203, 204), was per-
mitted to recct with 5.3 g. (0.02 mole) of the ethyl ester.
The reactlion mixture was allowed to atir for 12 hours before
it was hydrolyzed. There was obtained from the residue of
the ether distillation a semi-solid mess which, after three
recrystallizations from benzene, gave two g., a yleld of 41%,
of the lactam. Its melting point was 153-154°; a mixed
melting point with an authentic sample of the lactam gave no

depression.

In the previously described manner three ml. (approxi-

mately 0.02 mole) of dlethylzinc was allowed to react with
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5.3 g. (0,02 mole) of the ethyl ester. Again the reasction
mixture was allowed to stir 12 hours before hydrolysis. There
was 1solated a stlcky gum which would not crystallize from any
solvent., Consequently, the sticky mass was placed in a Soxhlet
extractor through which ether was condensed for 24 hours,

From this ether solution there was obtained a product which,
after alr drying and four recrystallizations from benzene,

gave a melting point of 152—1550. This was shown to be the

p-lactam by the mixed melting point method. The yleld was
0.5 g. or 10%.

Beoction of

4ithiun

In the same menner as before 0.02 mole of phenyliithium
(202) was permitted to resct with 5.3 g. (0.02 mole) of the
ethyl ester. There was obteined a thick brown paste fmm which
no crystalline material could b isolated.

Reaectlion of ethyl f
1ithium

In the manner previously described 0.02 mole of methyl-

lithium (209) was allowed to react with 5.3 g. (0.02 mole)

of the ethyl ester. The ether solution furnished a semi-solld
mass which in turn gave 0.9 g. of product melting at 155-1540
after one recrystallization from methanol and two from
benzene. This was the P—laotem in 19% yleld as was shown by
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the mixed melting point method.

Reactio thyl f-snilino- [9-phen onlonste with phenviethyn-
yimagnesium ledide

According to the method described above 0.02 mole of
rhenylethynylmagnesium iodlde, prepared from phenylacetylene
and methylmagnesium lodide (235) was sllowed to resct with
5.3 g. (0.02 mole) of the ethyl ester. In working up the re-
action mixture, the ether solutlon was washed with an ammonlacal
solution of cuprous chloride to remove any phenylacetylene
present. From this ether solution there was obtained a brown
01l which gave 0.3 g., a yleld of 6%, of the lactam after two
recrystallizationa from methanol followed by two from benzene.
The lactam wes verified by a mixed melting point with an

authentic sample.

ethynyllithium

In the above menner 0,02 mole of phenylethynyllithium,
prepared from phenylacetylene and methyllithium (209) wes
s1lowed to resct with 5.3 . (0.02 mole) of the ethyl ester.
Again the ether solution was washed with an ammonliacal solu-
tion of cuprous chloride. A brown oll was obtalned which

resisted all attempts at crystalllzation,
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Acetomesitylene

* - According to the method of Meyer and Molz (236) aceto-

mesltylene was prepared from 0,42 mole of mesltylene and 1,9

mole of acetyl chloride. There was obtained & yleld of 58
o

g. (80%) of product boiling at 234-236 . The literature

recordse a bolling point of 234—2360.

In the same manner as in the resction with methyl-
pmagnesium iodide, 0.02 mole of ascetomesitylmagnesium bromide,
prevared from acetomesitylene and phenylmagnesium bromide
(237), was mixed with 5.3 g. (0.02 mole) of the ester. From
the ether solution there was obtained an oil which was crystal-
lized from Skelly B. Recrystalllzation from 95 per cent
ethanol gave one gram of starting material melting at 750,

a return of 194, The product was identified by the mixed
melting »oint method.

-gnilin hen D

In the manner described before (p. 123) a 0.05 mole run
was made using freshly distilled anisole as the solvent;
the yield was 2.4 g. (22%) of the lactam which melted at 152-
154°,

236. lleyer and Molz, Ber., 30, 1271 (1889).
237. Gilman and Jones, J. Am. Chem. Sogc., 63, 1162 (1941).
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When a 0,05 mole run wes made employing a 50 per cent
solutlon of anisole in anhydrous ether as a solvent, the
yleld was 2.6 g. (23%) of the lactam which melted at 153-154".

‘When a 0,05 mole run was nade using & 50 per cent solu-
tion of anisole in anhydrous benzene as fhe éolvent, the
yleld was 3.8 g. (35%) of the lactam melting at 152-153°.

When a 0.05 mole run was made using anhydrous dioxane
as the solvent, 5.5 g., 50%, of the lactam was obtained.
This melted at 153-154°,

When a 0.05 mole run wss made using anhydrous xylene as

the solvent, four g., 36%, of the lactam was i1solsted. This
melted et 153-154°,

A 0.1 mole run of the lactam was made in the Ssme manner
a8 before (p. 123) except that an alloy containing 92% Zn end
8% Cu was used instezd of the sandpapered zinc foil. There
was obteined 11.2 g. (51%) of the lactam melting at 153-1540‘

o-Chlorobenzal-p-chloroaniline

This compound was prepared according to the rrocedure of
Hantzach and Schwab (238), From 19.2 g. (0.15 mole) of p-
chloroaniline and 21.1 g. (0.15 mole) of grchlorobenzaidehyde

238. Hantzsch and Schweb, Ber., 34, 829 (1901).
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there was obtained 37 g. (98%) of o-chlorobenzal-p-chloro-
anliline after one recrystallizstion from 95 per cent ethanol.

The melting point wes 68° which was identical with the
literature melting point.

©-C1CgHaG-N-CgH,Cl-p
H,, C=CO

In the usual manner (p. 123) this lactam was prepared
from 25 g. (0.1 mole) of o-chlorobenzal-p-chloroaniline.
After two recrystallizations from benzene there was obtained
11 g. (38%) of the P-laetam ofﬁ-p_—chloroanilino—@-—g—
chlorovhenylpropionic acid melting at 129-130°.
Angl. Calcd. for 015H120N012: Cl, 24.91. Found: Cl, 25.02.

This preparation was effected according to the directions
of Senier and Forster (239), From 20.1 g. (0.15 mole) of
eniseldehyde and 18 g. (0.15 mole) of p-anisidine there was
formed 33.1 g. (91%) of p-anisal-p-anisidine. The melting
point was 148° after one récryatallization from absolute

ethanol; the llterature gives s melting point of 146-1470.

p-(CHz0) CgHyG - NGl 4(OCHz)-p
HoC ~ CO

259, Genler and Forster, J. Chem Soc., 107, 1171 (1915).
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In the manner described above this lactam was prepsared
from 24.1 g, (0.1 mole) of p-anisal-p-anisidine. After one
recrystallization from benzene and one from methanol, there
was obtained 7.2 g. (25%) of the P—lactam of f-p-anisidino-
ﬁﬁg-anisylpropionic acld which melted at 154—155.50.

Anal. Caled. for Cy,Hy,0zN: N, 4.95. Found: N, 5,16,

p-Anisal-p-chloroaniline

This compound was formed in accordance with the directions
of Senier and Forster (240). Thils anil was obtalned in 93%
yleld from 19.2 g. (0.15 mole) of p-chloroaniline and 20.1
g. (0.15 mole) of p-anisaldehyde. The melting point, 95-940,

wes in agreement with that of the literature and was obtained

after one recrystallization from 95 per cent ethanol.

H
2~ (CHz0) CgH,C - NCgH,C1-p

HoC ~ €O
In the usual manner this lactam was obtained from 24.5
g. (0.1 mole) of p-anisal-p-chloroaniline in a yield of 10.3
g. (364). The melting point, after one recrystallization
from methanol, was 108-109° .
Anal., Calcd. for C,gH,,ONCl: Cl, 12.35. Found: Cl, 12.41.

240, Senier and Forster, 1bid., 105, 2467 (1913).
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p~Anisal-m-chloroaniline

This compound was prepared according to the method of
Senier and Forster (238) in 88% yleld from 20.1 g. (0.15
mole) of p-anisaldehyde and 19.2 (0.15 mole) of m-chloroaniline.
The melting point, after one recrystsllization from absolute
ethanol, was 53-540, identical with thet of the literature.

401z

H
gf(cﬂso)csﬁ4? - NCgH
H,C-C0

In the manner described above this lactam was formed from
| 24,5 g. (0.1 mole) of p-anisal-m-chloroaniline in a yleld of
five g. (17.5%). The melting point, after three recrystal-
lizations from methanol, was 110.5—1120.

Anal. Calecd. for 016H140N01: Cl, 12.33. Found: Cl, 12.355.

p-Anisal-o-chloroaniline

This preparation was effected through the procedure of
Fischer and Neber (241) in a yleld of 18 g. (72%) from 20.1
g. (0.15 mole) of p-anisaldehyde and 19.2 g. (0.15 mole) of
o-chlorcaniline. The melting point, after two recrystallizatlons
from anhydrous petroleum ether, was 58-60°; the literature

melting point 1is 58~61°.

241, Fischer and Neber, Ber., 45, 1095 (1912).
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Attempted preparation of the ﬁglagggg_og ﬁ~g:gggggganiligo-
ﬁ;g:ggiaxlprog;og;g acid.

In the ususl menner this preparstion was attempted

from 24.5 g. (0.1 mole) of p-anisel-g-chloroaniline. There

wes obtalned a thick o1l which had a very sharp odor and

which would not crystellize upon standing for six monthse or

from a variety of solvents,

This compound wes made 1ln the manner of layer and Levis
(242) in 2 yield of 37.4 g. (96%) from 19.2 g. (0.15 mole)
of o-chlorcaniline and 21.1 g. (0.15 mole) of p-chloro-
benzaldehyde. The melting point, after one recrystallization
from Skelly B, wes 111-112° which was in accord with the

litereture melting noint,

Atte reparation a8 0

-0 orophenylpronionic a

In the manner described above this prepsration was
attempted from 26 g. (0.1 mole) of g-chlorobenzal-g-chloro-
aniline. There was 1solated a thick brown 01l which resisted
all attempts at crystallization and which 414 not crystallize

of itself on standing for six months.

242, Mayer and Levis, 1bid., 52, 1641 (1919).
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Benzal-p-chloroaniline

According to the method of Hantzsch and Schwab (238)
this compound wes made in a yleld of 30 g. (94%) from 19.2 g.
(0.15 mole) of p-chloroaniline and 15.9 g. (0,15 mole) of
benzaldehyde. The melting point, after one recrystalllzation
from absolute ethanol, was 6l. 5-62 the literature melting
point is 62 .

CeHpC - NCgHgCl-

In the same manner as for the preparation of‘the other
lactams, this lactem was made from 21.6 g. (0.1 mole) of
benzal-p-chloroaniline. The yield was 12.8 g. (49.6%); the
melting point, after one recrystallizetion from methanol,
wes 110-111°.

Anagl. GCalecd. for 015H120N01: Cl, 13.78. Found, 13.88.

Be - 8

—

This compound was synthesized according to the method of
Muller, Plochl, and Shetz (243) from 15.9 g. (0.15 mole) of
benzaldehyde and 18.5 g. (0.15 mole) of p-anisidine in a yleld
of 30.5 g. (95%). The melting point of this compound, after

243, Muller, Pl8chl, and Shetz, 1ibid., 31, 2706 (1898).
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>

o)
one recrystallization from 95 per cent ethanol, was 72 ,

identical with that of the literature.

,pL:LﬁQEQE_QI*Jé:g;QﬂlélQLQiL:41:23&3!1222212&19.&&15

H
06H5? - ?Gsﬁé(OCHs)ﬁg

ch - €O

In the usual manner this lactam was prepared from 3l.4
g. (0.1 mole) of benzal-p-anisidine in a yleld of 10,9 g.
(435%) after two recrystallizations from benzene. The melt-

ing point was 96°,

. C .
Anal. Cslcd. for 016H1702H. N, 5.4%2. Found: N, b5.72,

o-Chlorobenzalaniline

According to the directions of Bamberger and Muller (244)
o-chlorobenzalaniline wes prepered from 14 g. (0.15 mole) of
freshly distilled eniline end 21.1 g. (0.15 mole) of g-chloro-

benzaldehyde in a yleld of 29 g. (90%). Ite conestants were

thege? dzi 1.1809; and nzg 1.6455. The constants given by

the literature are 622 1.180; snd nzg 1.645644. (245).

H
p-CL0gH,C - NCglg
H,C - CO

In the usual manner this compound was prepared from 21.6 g,

244, Bemberger and Muller, Ann., 313, 118 (1900).
245. Auwers, Ber., 61, 1041 (1928).
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(0.1 mole) of g-chlorobenzelaniline in a yleld of 8.8 g, (34%).
This compound waes first obtained as a thick 01l which required
two months to crystallize. The melting point, after three re-
crystallizations from methanol, was 93-940.

Anal., Calcd. for 015H120N01: Cl, 13.76. Found: Cl, 14.01l.

H H
GgHEO(NCGH N-o)

This compound wee prepared from 37.8 g. (0.4 mole) ofd -
pyridylamine and 21.2 g. (0.2 mole) of benzaldehyde according
to the method of Steinhauser and Diepolder (246). The yleld was
51 g. (91%) after one reorystallization from Skelly B. The
melting point was 10»8-1090, that of the llterature.

H
Benzal-d -pyridylamine (CgHgC=NC H, N-X)

According to the method of Kirpal and Relter (247) there
was obtained 30 g. (91%2) of benzal-d -pyridylamine from 50 g.
(0.18 mole) of N,Nt'-benzal-bls-d -pyridylamine. The boiling
point at 25 mn. wes 212-2140; the literature gives a bolling

o
point at 18 mm. of 200 .

In the usual manner the preparation of this lactam was

attempted from 18.2 g. (0.1 mole) of benzal-d -pyridylamine.

246, Stelnhauser and Diepolder, J. prakt. Chem. 93, 392 (1916).
247, Kirpal and Reiter, Ber., 60, 664 19277,
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‘There was obtained a thick, brown oil which could not be crys-
tallized from any solvent and which did not crystallize on

standing for five montha.

Attenpted prenaration of benzal:g—ehloroaniline

This preparation was attempted according to the directions
of Fiascher and Neber (241) from 16.4 g. (0.15 m.) of benzalde-
hyde and 19.2 g. (0,15 m.) of g-chloroaniline. There was 1so-
lated 17.6 g. of a solid melting at 45° after one recrystal-
‘1lization from Skelly B. The literature melting point for

0 .
benzal-g-chloroaniline is 34-35 . This compound was found to
be N,Nt-benzal-bis~-o-chloroaniline.

. a, f : N : Cl, 20.89, Found: Cl W6l
Anal Calc or 0191{16 2012 s 2 o) » 20

Benzal-o-chloroaniline

This compound was prepared in the manner Kirpal and Relter
(247) used to prepare benzal-d ~pyridylamine.

Twenty-five g. (0,073 mole) of N,N'-benzal-bis-o-chloro-
aniline was placed in a distilling flask and the compound was
subjected to distlllation af reduced pressure. One fraction
came across at 704?50 at four mm.; another fraction was ob-
talned at 165~1700 at four mm. This second frzction, which
amounted to 15 g. (97%), solidified on cooling, giving benzal-
o-chloroaniline melting 34-36°, The first fraction was treated
with benzenesulfonyl chloride to give a derivative which melted
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o
at 129 . This is the melting point given in the lilterature

(248) for benzenesulfon-o-chloroanilide. This compound was

identified by the mixed melting point method.

In the usual msnner this preparation was attempted from
21.6 g. (0.1 mole) of benzal-p-chloroaniline. There was ob-
tained & thick o0ill which would not crystallize from any

golvent or upon standing.

C. Phenylpyridine Derivatives

2-Phenylpyridine

This compound was prepared according to the method of
Edwsrd (249). From 15.8 g. (0.2 mole) of nyridine and 0.2
mole of phenyllithium (202) there was obtained 18 g. (57%)
of 2-phenylpyridine boiling at 142-144° ot five mm. and ab
85«-8'?0 2% 0.1 mm, These were the literature bolling polnts.

2-Nitrophenylpyridines

When 62 g. (0.4 mole) of 2-phenylpyridine wes nitrated
with & mixture of potessium nitrate and sulfuric aclid accord-

ing to the meéthod of Edwerd (249), there was obitained a2 mixture

248. Rapler, ThompSon, and Cohen, J. Chem. Soc., 85, 372 (1204).
249, Ldward, Unpublished studies, lowe State College (1943).
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of the three 2-(nitrophenyl)pyridines. These were separated
a8 the literature described. There was obtained 30 g. (37%)
of 2-(4'-nitrophenyl)pyridine melting st 130-131°; 25 g. (31%)
of 2-(3'-nitrophenyl)pyridi~e mslting at 72»730; and 3.2 g
(4%) 2-(2'«nitrophenyl)pyridine melting at 60*610. The
literature (250) melting points are 15@~151°; 75-740; and 60—

o
81 , respectively.
2={4'-Aninophen

2-(4'-Aminophenyl)pyridine has been prepared in 86% yleld
(250) by thie use of tin end hydrochioric scid and by the use
of sodium sulride (249) 1in 327 yleld. It wes found thaet this
conpound could be made most easily and in the highest yleld
by the following procedure.

Twenty-four g. (0.12 mole) of 2-(4'-nitrophenyl)pyridine
was placed in 200 ml. of absolute ethanol along with five g.
of activated Raney nickel. This was placed in & low~-pressure
Parr hydrogenation appnaratus which wee then charged with a
pressure of 45 1lbse. of hydrogen. At room temperature, the
hydrogen was teken up very slowly; however, upon heating the
reac¢tion mixture to 65—700, hydrogen wag consumed rather
rapldly. In the course of an hour, the theoretlcal amount of
hydrogen was used. The reaction mass was removed from the

bomb, filtered free of the Raney nickel, and the clear filtrate

260. Forsyth and Pymen, J. Chem. Soc., 2912 (1926).
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was distilled free of solvent. The residue was recrystsllized

from dllute ethaenol giving 19 g. (95%4) of 2-(4'-aminophenyl)-

o
pyridine melting at 97-58 .

To ten g. (0.1 mole) of benzaldehyde wzs added a solutlon
of 17 g. (0.1 mole) of 2-(4'-aminophenyl)oyridine in 50 ml. of
ethanol. The solution warmed of iteelf upon this addition,
end was heated at reflux for two houra. Upon cooling, a pre-
cipitate formed which wzs filtered. This wae 24 g. (95%) of
2-(4'~benzalaminophenyl)vyridine melting at 102~1050, after

one crystalllization from absolute ethanol,

Anal, Cglcd. for 018H14N

ot N, 10.86. Found: N, 11,01,

In the seme manner o8 above 2-(4'-salicylelaminophenyl)
pyridine was prepared fmn one g. (0.006 mole) of 2-(4'-amino-
phenyl)pyridine and 0.7 g. (0.006 mole) of salicylaldehyde.
There wae obtained 1.0 g. (934) of product melting at 137-
1.'580 after one recrystallization from absolute ethanol.

Anal. Calcd. for CigH;4ONg: N, 10,22. Found: N, 10,35.

There weos dissolved in ten ml. absolute ethanol 3.4 g.
(0.02 mole) of 2~(4'~aminophenyl)pyridine, 2.28 g. (0,02 mole)
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of acetonylacetone, and one ml. of glaclial acetic acld. This
s8tirred solutlon was heated for four hours at reflux. On
cooling there wee obtained 5.1 g, (907) of 2-/Z'-(2%, 5%-d1~
methylpyrryl-1*)phenyl/pyridine melting at 98.5—990, after
recrystaliization from dilute ethanol. Since this compound
was roported in the litersture (251) as heving a meltiing
point of 93-940 1t was analyzed.

Angl. Calcd. for CIVHIGNZ: N, 11.29. Pound: N, 11,50,

2={4'-F nophen 4

In 20 ml. of Qa‘per cent formic acid there was diséolved
one g. (0,006 mole) of 2-{(4'-~aminophenyl)pyridine; thls solu-
tion was refluxed for three hours. The resulting solution was
trensferred to a‘distilling fla8k conteining 20 ml., of anhydrous
toluena, Thls wes distilled free of solvent, the very laet
traces being removed wnder diminished nressure. The residue
was recrystallized from benzene and so gave 0.9 g. (88%) of
2~(4t'~Pormylaminophenyl)pyridine melting at 127-128°,

Anel. Celed. for Oy,Hy4ONs: N, 14.14. Found: N, 14.02.

2-{4'-Acetaminophenyl)pyridine

Twenty ml., of acetic anhydride, 20 ml., of anhydrous
benzene,‘and five g. (0.03 mole) of 2-(4'~aminophenyl )pyridine
were nleced in a 25 ml. flask and hested at reflux for one-

half an hour. The resulting solution was treated with 20 ml.

251, Gilman, Stuckwisch, and Nobis, J. Am. Chem. Soc., 68,
326 (1946).
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of a nine molar alcohollic hydrogen chloride solution, The
preclipitated hydrochloride was filtered, drled, dlssolved in
water, and treated with a sodium bilcarbonate solution., The
precipltated acetamino-compound was recrystallized from 95
per cent ethanol. There wae obtained 5.9 g. (94%) of
2-(4'-acetsminophenyl)pyridine melting et 134-135°, The 11t~
erature (252) melting polnt 18 134-135°. The yleld of the

literature preparation is not given.
2-(3'-N —dleg k n

This compound was reportedly (252) prepared in 84% yleld
by the action of fuming nitric acid on 2-(4‘'~acetaminophenyl)-
pyrldine. The following procedure was found to be more con-
sistent and to furnish higher ylelds.

There wes dissolved five g. (0.024 mole) of 2-(4'-acetamino-
phenyl)pyridine in 20 ml, of cold, concentrated sulfuric acid.
The sulfuric acid was cooled and stirred during this addition.
To this ice-cooled solution was added a cooled solution of 2.4
o, (0,024 mole) of potassium nitrate in 20 ml., of concentrated
sulfuric acid. Addition wes regulated 8o as to maintain the
temperature of the resction below 100. After addition the re-
action mixture was stirred at 15--20o for three hours; then 1t
wes poured into 300 ml. of ice and water. This mixture was
made baslic with dilute ammonium hydroxide. The precipltate

was filtered and yilelded 6.4 g. (94%) of 2-(3'-nitro-4'-acetamino-

252, (oates, Cook, Hellbron, Hey, Lambert, and Lewls, J. Chem.
80g., 401 (1943).
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phenyl)pyridine after one recrystallization from absolute
o
ethanol, The melting polnt was 142-143 , the same as that of

the lliterature.,

2~(3'-Nitro-4'-aminophenyl)pyridine

This compound was obtained in & yleld of 5.1 g. (91%)
upon the basic hydrolysis of six g. (0,023 mole) of 2-(3knitro-
4'-acetaminophenyl)pyridine according to the directions of
Heilbron and co-workers (252). The melting point, after re-
crystallization from absolute ethanol, was 148-1490, ldentical
with that of the literature.

2-(3'~-Nitro=-4'-formylaminophenyl)pyridine

Employing the procedure used to prepare 2-(4'~-formylamino-
phenyl)pyridine, 2-(3'-nitro-4'-formylaminophenyl)pyridine was
prepared from one g. (0.0046 mole) of 2-(3!'-nitro-4'-aminophenyl)
pyridine and 20 ml, of 98 per cent formic acid. There was ob-
tained‘O.Q g. (82%) of product melting at 102-104° arter one
recrystallization from benzene, Thls melting point had to be
taken rapldly, otherwlse the compound slowly decomposed and
ultimately gave the melting point of the free amine, The com-
pound was very slowly decomposed in hot water,

Anal. Calcd. for 012H903 3} N, 17.28. Found: N, 17.16,

p~Anisyllithium

These directions are a variation of those of Edward (249).
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A solutlon of 49.5 g. (0.4 mole) of p-bromoanisole in 75
ml, éf anhydrous ether was added in 12 minutes with vigorous
stirring to 5.6 ge. (0.8 ge-atom) of lithium in eight ml. of
anhydrous ether. In order to realize this short time of re-
action, the lithium had been hammered to a thickness of about
O¢5 mm., and cut into very small pleces, and the reaction flask
was cooled with an ice-bath ss soon as refluxing had set in,
The reaction mass was stirred for five minutes longer and then

used. The totsal time of reaction was 15 minutes,

2-(4!'-Methoxyphenyl)pyridine

This compound was synthesized by a varistion of the method
of Edward (249).

The p-anisyllithium, prepared from 49,5 g. (0.4 mole) of
p-bromosnlsole, was added slowly with stirring to 31,6 ge.
(0.04 mole) of anhydrous pyridine (253) in 30 ml., of anhydrous
ether, During this preparation the whole system was malntal ned
under a nitrogen atmosphere. Ten minutes after the addition of
the pyridine, its reaction with Branisyllithiﬁm was complete as
indicated by a red color with Color Test I (199), Subsequently,
dry and carbon dioxide~free air was passed over the stirred
mixture, heated to meinteln a gentle reflux of the ether, for
18 hours; at the end of this time, the reaction mixture gave
no Color Test I, Consequently, 1t was hydrolyzed with 20 g, of

ammonium chloride end approximately 300 g. of ice, The ether

253, Karl kischer Reagent pyridine (Eastman Kodak 214-H) was
found satisfactory for use in this reaction,
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layer was separated from the aqueous layer and from a heavy
brown gum; this gum was triturated twice with ether. The
combined ether fractions were drled over sodium sulfate for
three hours. After removal of the ether, the residue was dis-
tilled at one mm, pressure. A yellow oil boiling at 120-135°
was collected; this solidifled upon cooling to an olly solild.
It weighed 31,5 g. (42.5% yleld). It was recrystallized from
petroleum ether to give 26 g. (35% yield) of 2-(4!'-methoxy-
phenyl)pyridine melting at 48-50°, Haworth, Heilbron, e d Hey

(254) give & melting point of 49-50° far this compound.

2-(4'-Hydroxyphenyl)pyridine

A solution of 50 ml, of 48 per cent hydrobromic acid and
20.4 g. (0.11 mole) of 2-(4'-methoxyphenyl)pyridine was refluxed
for 14 hours and then poured into a liter of an ice~water mix-
ture. The preclpitated hydrobromide was redissolved and the
solution was decolorized with charcoal., The reprecipitated
hydrobromide was filtered. There was 1solated 25 g. (90% yield)
of 2-(4'=hydroxyphenyl)pyridine hydrobromide giving a melting
point of 195-—198° with decomposition,

Anal, Calcd. for CIIHIOONBr: Br, 31467. Found: Br, 31,51,

The free base, obtalned by treating a solution of the
hydrobromide with dllute ammonium hydroxide, save a meltlng

o
point of 164-165 after one recrystallization from dllute
254, Haworth, Heilbron, and Hey, J. Chem. Soc., 359 (1940),
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ethancl, Chichibabin (255) synthesized a compound that was
"probably" 2«~(4'«~hydroxyphenyl)pyridine, melting at 159-1600,

by treating phenol with a solution of sodium 2«~pyridineisc-
dlazoxlde. Desides this product he also isolated 2-phenoxy-
pyridine and another compound that was "probably" 2-(2!'-hydroxy-
phenyl)pyridine. Because of the uncertainty of the identity

of thls product, and because of the difference in melting point
between it and ours, our compound was analyzed,

Anal, Caled. for ClllbON: N,B'—lgo Foundz N, 8.54Q

2-(3'=-Nitro-4'~-hydroxyphenyl)pyridine

This compound has been prepared (256) by the prolonged
action of an aqueous solution of potassium hydroxide on_2-(5'-
nitro~-4t'-aminophenyl)pyridine., We obtained this compound di-
rectly from 2«(4'-hydroxyphenyl)pyridine by this procedure,

In 30 ml, of glaclal acetic acid was dissdlved 6e5 Zo
(0,038 mole) of 2-(4'~hydroxyphenyl)pyridine, The flask was
sncased in & water bath and with vigorous stirring 12 ml, of
fuming (d., 1l.5) nitric acid was slowly added. The resulting
solution was then heated at reflux for one=half hour and then
poured 1nto a concentrated solution of sodlum bicarbonate, The
255, Chichibabin, J. Russ. Phys.-Chem. Soc., 50, 502 (1920);

ég. Ae., 18, 1495 (1924)/. See also Chichlbabin and
hnemyaikina, J. Russ. Phys.-Chem., 53, 217 (1921); /C. A.,
18, 2342 (1924)/.

256, Coates, Cook, Hellbron, Hey, Lambert, and Lewls, J. Chem,
Soc., 406 (1943),
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precipitate was filtered and drled. There was ocbtained 7.2 g.
{38:) of 2«({3'=nitro-4'«hydroxyphenyl)pyridine melting at
125-1273 after one reecrystallization from 95 per cent ethanol,
The melting polrt indicated in the llterature (256) is 1250.

p=dromothiophenol

This compound was prepared very much in the manner that
Schwarzenbach and -gli used to prepare the o-lsomer (257),

In s ore~]liter three-cecked flask a solution of 69 g
{Oe4 mole) of p=bromoaniline in 67 ml, (0.8 mole) of concen~-
trated hydrochloric scid dlluted by 180 ml, of water was pre-
pared by heating the mixture, Prior to dlazotization the hot
solutior was cooled to =5° while belinz stirred very rapildly.
The stirrin, was continued and a solution of 28,3 g. (0.41
mole) of 95 per cent sodium nitrite in 50 ml, of water was
sdded dropwise to the mixture. The tewmperature was maintained
at -5° during the whole addition, When an excess of nitrous
acid waes observed in the diszonium mixture, the soluticn of the
diazonium chloride was irsnsferred portionwise Iin & thin stream
to a astirred solution £ 172 g. (1 mole) of peotssslum ethylxanthate
(258) in 800 ml. of water malinteined at 800. The mixture was
allowed to stand overnizht. The red oll that formed was ex-

tracted with & minioum amount of benzene and the extract was

£57. Schwarzenbach and Egli, Helv, ihim. Acte., 17, 1176
{(1934)3 See also Martin, Loctoral Dissertation, lowa
State College (1945}, pe 34

258, Sace, Ann., 51, 346 (1884); see also lartin, Uoctoral
Dissertation, lIowa State College (1945), pe 33
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slowly added to a refluxing stirred solution of 112 g. (2
moles) of potassium hydroxide in 200 ml. of ethanol and 100
ml. of water., The mixture was refluxed and stirred for three
hours, At this tlme the solution was concentrated until the
banzene had been eliminated from the solutlon, The remaining
solution was then poured Into a liter of water. A small
amount of red oll that separated was then removed by extraction
with ether. The basic sclutlon was then cocled and acidified
with concentrated sulfuric acid. The oil that separated on
aclidification was extracted with ether and the extract was
dried for a short time over sodium sulfate. Upon distillation
of the ether and sﬁbsequent fractionation of the residue under
reduced pressure there was obtained 30 g. (37.5%) of p-bromo-
thiophenol melting at 74-75° and boiling at 99~100° under six
mm. pressure, This compound has besen prepared by Hibner and
Alsberg (259) by the actim of zinc and hydrochloric acid on
p-bromobenzenesulfonyl chloride; they record a melting point

of 750, but give no yleld.

p-Mercaptophenyllithium

A solution of 0,05 mole of n-butyllithium (202, 203, 204)
in 90 ml., of anhydrous ether was added slowly to a stirred
solution of 4.7 ge. (0,025 mole) of p-bromothiophenol im 50 ml,

of anhydrous ether., The first half was added with cooling, the
259, Hubner and Alsberg, Amn., 156, 327 (1870).
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second, in a rapld stream. The solution was then heated at
reflux. After 15 minutes a white precipitste formed; and in
30 minutes Color Test I[I-A (205) was negative showing the ab-
gsence of n-butyllithium. This mixture was poured into a slurry
of ether and dry-ice. After the dry-ice disappeared, the mix-
ture wee hydrolyzed with dilute hydrochloric acid. The ether
layer was extracted with a sodium carbonate solution. The
carbonate solution wes neutralized and the precipltated acid
was filtered and dried. There was obtained 2.9 g. (74%) of
p-mercaptobenzoic acid melting 213-215° efter one recrystal~
lization from Skelly B.

Hr. CGainer, working independently ir these lsboratorles,
has obtained this acid by this general procedure in 85-70%
yields.

This acld was previously prepared by 8miles and Harrison
(260) by the reduction of p-carboxybenzenesulfonyl chloride.
These investigators indlcated g melting point of 2500. Bromley
and Chanberlain (261) upon refining thils nrocess reported a
compound melting at 216—2170. "le discovered thet, whereas
this acid initially melted at 213-215°, 1t resolidified on
further heating to 2200, remelting sharply at 254-2550. This
higher melting compound on recrystallization frow ether gave

once more the lower melting compound.

260. Smiles and Harrison, J. Chem. Soc., 121, 2024 (1922).
261. Bromley and Chamberlain, 1ibid., 376 (1942).
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2~(4'-Mercaptophenyl)pyfidine

A 0,125 mole run of p-mercaptophenyllithium was prepared
in the manner described above. To this stirred solution was
added 10 ge (04125 mole) of pyridine, After one=half hour of
stirring at reflux a pasty precipitaté separated and Color Test
I (199) was negative demonstrating the absence of any RL1 com-
pound., This stirred mixture was treated with dry-carbon dioxide-
free alr for 48 hours, and the resulting mass was hydrolyzed
with dilute hydrochloric acid. The agueous layer was separated
and made basic with a sodlum carbonate solution, After extraction
of the resulting mixture with ether, the aqueous layer was made
acld with dllute acetic acld., The merceaptan that separated was
extracted with ether and this extract was dried over sodium sul-
fate, The dried ether solution was treated with ethanolic
hydrogen chlorlide; the preclipitated hydrochloride was filtered
and recrystallized from ethanol, There was ocbtained 5.8 g. (21%)
of 2-(4'-mercaptophenyl)pyridine melting at 172-1740.

Anal, Calecd. for 011H10N01S: Cl, 15.89, Found: Cl, 16.33.

The bolling point of the free base was 190-193° at one mm.
pressure., Distillation, even at this low pressure, was accom-

panied by a moderate amount of decomposition,

!a(p-Hitrophenyl)propyl chloride (262)

262. Brown and Deutsch, Ber., 45, 2504 (1912),
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To 45 g. of ice-cooled fuming nitric acid (d., 1.5) 15
g. (0.1 mole) of {-phenylpropyl chloride was slowly added at
such a rate as to maintain the reaction temperature hetween
~10 and -200. At the end of the addition the reaction mass
was poured into a liter of water. This mixture was extracted
with three 100 ml. portions of ether. These extracts were com-
bined and dried over sodium sulfate., The ether was distilled
away and the residue was distllled at reduced pressure, There
was obtained 17 g. (87%) of Y-(p~-nitrophenyl)propyl chloride
boiling at 177-180° at six mm,

Diethyl-/y-(p-nitrophenyl)propyl/e amine
‘ -

A solution of 50 ml, of diethylamine and 50 ml. ethanol
was refluxed with 25 g. (0.125 mole) of ‘i(grnitrophenyl)propyl
chloride for»so hours., This mixture was cooled and to 1t was
added 100 ml, of anhydrous ether, The diethylamino-hydrochloride
that precipitated was flltered; there was 1solated 10,8 g, of
the hydrochloride, the theoretical amount., The solvent was re-
moved from the filtrate and the residue was fractionated. There
was obtained 21 g. (70%) of diethyl-['(-(E-nitrophenyl)propy_l}
amine bolling at 145-1460 at one mm, pressure,

Anal. Caled. for ¢ H, ON,: N, 11,89, Found: W, 12,16.

Diethyl-/ vy -(p-aminophenyl )propyl/- amine

There was placed in 100 ml. of absolute ethanol 9.44 g.
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(0,04 mol) of diethyl-[jy-(B-nitrophenyl)propyl7amine and five
g+ of activated Raney nickel, This mixture was placed in a
Parr low-pressure hydrogenation apparatus and subjected to 60
l1bs., pressure of hydrogen: In the course of one hour the
theoretical amount of hydrogen was consumed. The reaction mixe-
ture was removed from the apparatus and filtered free of Raney
nickel, The clear filtrate was distilled free of solvent and
the residue was fractionated. There was obtained 7.6 g. (92%)
of dihthylﬁ[—v-(g-aminophenyl)propy;7am1ne boiling at 152-153o
at two mm, pressure,

Anal, Caled. for CyzHgoNo: N, 13.60. Found: N, 13.72,

2-Nitrophenylpyridines

These nitrophenylpyridines were prepared by a modification
of the procedure of Haworth, Heilbron, and Hey (263). The |
essential variation employed was in the preparation of the
diezonium chlorlde solution} no exact detalls were recorded
for this preparation by these Investigators., We discovered that
the amount of acld used, as well as the fineness of division of
the o-nitroaniline hydrochloride before diazotization, had a
marked effect on the yleld. The subsequent preparation of the
2-nitrophenylpyridineswas accémplished In the manner descrlbed

by these workers,

263, Haworth, Heilbron, and Hey, J. Chem. Soc., 349 (1940).
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a. Preparstion of the 2-nltrobenzenedlazonium chloride

solution. Seventy grams (0.5 mole) of 2-nitroaniline was

mixed with 160 ml, of 32 per cent hydrochloric acid. This
mixture was leated until all the amine was in solutlion as the
hydrochloride; then the solution was placed in an ice-bath and
stirred vigorously while the mixture was cooling to 0°. Such a
procedure furnished very small needles of the hydrochloride
which were very sultable for dlazotizatlon. To this cooled,
stirred mixture was slowly added a saturated solutlon of 37 g.
(0.55 mole) of 95 per cent sodium nitrite in cold water, The
addition was controlled so as to keep the reaction temperature
between 5 and 100.

b. Preparation and separation of the 2-nitrophenylpyridine

isomers. This preparation and separatlion was effected through

the method of Haworth, Helilbron and Hey (263). There was isolated
88 g, of the mixed picrates from which there was obtalned 45 g.

of the picrate of 2-(2'-nitrophenyl)pyridine melting at 151-

152°; 33 g. of the pilecrate of 3-(2'-nitrophenyl)pyridine melt-
ing at 182-1850; and 0,5 g. of the picrate of 4~(2'-nitrophenyl)-
pyridine melting at 205-207°, From these picrates there were
1solated 21,5 g. of 2~(2'-nitrophenyl)pyridine melting at 60-61°,
and 15.8 g. of 3=-(2'-nitrophenyl)pyridine, an o0il boiling at
190-192o under one mm, pressure. These represented ylelds of

21,5 and 15.8 per cent, respectively.
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2-(2'-Aminophenyl)pyridine

In 50 ml, of absolute ethanol there was placed four g.
(0,02 mole) of 2-(2'-nitrophenyl)pyridine m 4 three g. of Raney
nickel, Thils mixture was placed in a low-pressure Parr hydro-
genation apparatus and subjected to 45 1lbs, hydrogen pressure,
In an hour the theoretical amount of hydrogen was consumed. The
reaction mlxture was removed and flltered frse of Raney nickel,
The clear flltrate was distilled free of solvent and the residue
was fractionated, There was cttained three grams (89%) of 2-(2'-
aminophenyl)pyridine boiling at 192-194o under one mm, pressure,
This was identified by the formation of 1its picrate which melted
at 185-186o which was the melting point recorded in the literature
(264).

Thias compound was prepared in lower yleld by these Investi-

gators (252) througch wet reduction,

2-/21-(2" 5"-Dimethylpyrryl-1")phenvyl/pyridine

There was dissolved in five ml, of absolute ethanol one
ge (0,006 mole) of 2«(2'~aminophenyl)pyridine, 0.75 g. (0,006
mole) of acetonylacetone, and one ml. of glacial acetic acid,
This solution was heated at reflux for four hours. On cooling
there was obtained 1.5 g. (93%) of product melting st 101-102°,
after one recrystallization from ethanol.

Anal., Calcd, for 017H16 o¢ N, 11.29. Found: N, 11,36,

¥64. Petrow, Stock, and Wragg, ibid., 316 (1943).
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3-(2'-Aminophenyl)pyridine

Using the same method as was employed for the preparation
of 2-(2'-aminophenyl)pyridine, there was isolated nine g. (90%)
of 3-(2'«aminophenyl)pyricine from 12 g. (0,06 mole ) of 3-(2'-
nitrorhenyl)pyridine. This compound boiled et 210-212° at three
mm, pressure., The Incldental preparatlon of thla compound was
recorded (259) by Heilbron and his co-workers., No constants or
analysis were reported, though.

Ansl, Caled., for CllH9N2: N, 16.47. Found: N, 16.62,

2-(2'~Salicylalaminophenyl)pyridine

Five-tenths g. (0,003 mole) of 2-(2'-aminophenyl)pyridine
was heated with 0.35 g. (0,003 mole) of salicylaldehyde for
three hours in the absence of solvent. This mass was cooled and
recrystallized from methanol, There was obtained 0.4 g. (48%)
of 2=-(2'-salicylaleniophenyl)pyridine.

Ansl, Calcd, for 018H140N2: N, 10,22, Found: N, 10.46,

5</§'-(2";5”-Dimethylpyrryl~1")phényl7pyr1d1ns

According to the method used to prepare the 2-isomer, 3-
Zﬁ'~(2",5"-dimethy1pyrry1-1“)pheny;7pyr1d1ne was synthesized
from one g. (0.006 mole) of 3-(2'-aminophenyl)pyridine and 0.75
g. (0,006 mole) of acetonylacetone in a yield of 1.4 g. (89%).
This compound melted at 66-70, after one recrystallization from
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ethanol,

Anal, Calcd. for Cy,HygNp: N, 11,29, Found: N, 11,53,

3=Nltrophenylpyridines

These compounds were synthesized and separated by a modi-
fication of the method of Haworth, Heilbron, and Hey (263), The
essential variations made were in the preparation of the diazonium
chloride solution and in the separation of the prepared 3-nitro-
phenylpyridines, As in the synthesis of the 2-nitrophenylpyridines
it was dlscovered that the amount of acid used as well as the
state of division of the m-nltroaniline hydrochloride had a pro-
nounced effect on the yleld. The separation of these 1lsomers was
accomplished very easily through the formatlon and fractional
crystallization of thelr picrates. These investigators employed
the fractional crystallization of thelr various acld salts for
this separation, a process that was more tedious and longer than
ours, |

a. Preparation of the 3-nitrobenzenediazonium chlorids

solutione This solution was prepared from 70 g. (0.5 mole) of
3=nitroaniline in exactly the same manner as the Z2-nitrobenzene-

diazonium solution was formed (p. 155).

b. FPreparation of the 3~-nitrophenvlpyridines. This pre-
pared dlazonlium solution was added slowly to 500 ml. of pyridine
contained in a liter three-necked, round-bottomed flask equipped

with a condenser, dropping funnel, thermometer, and mechanical
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stirrer. Only small portions of the diezonium solution were
placed in the dropping funnel; the major portlion was kept cold
in an ice~bath during the addition. This addition was regulated
so a8 to malntaln the reactlion temperature between 38° and 43°,
After complete addltion, the stirred mixture was heated at 100°
fér one hour, then cooled, and then made strongly basic with
amnonium hydéoxide. The pyridine was steam distilled from the
solution and the resulting mixture wes extracted with four 100
ml, portions of benzene, The benzene extracts were dried and -
then distllled free of benzens. Fractionatlon of the residue
under diminished pressurse furnished 39 g. of a yellow oil that
distilled at 160-190° under one mm, pressure,

¢. Separation of the three 3-nitrophenylpyridines. This

39 ge of 011 was dissolved in 100 ml. of 95 per cent ethanol.
This warmed solutlon was added to a refluxing solution of 50

g« ©of plcric acid in 450 ml, of 95 per cent ethanol. The re-
sulting mixture was immediately filtereh. The preclpitate was
a mixture of the plcrates of the 3- and 4-(3'-nitrophenyl)-
pyridines, When the ethanol filtrate cooled there separated the
plcrate of the 2-isomer. Thls precipltate, together with that
obtalned by concentrating the ethanolic solution to 130 ml,,.
gave 61 g, of the picrate of 2~(3'-nitrophenyl)pyridine melting
at 152-1550. One recrystallization from acetone gave 59 g. of
the pure pilcrate melting at the literature melting point of
156-1570. On treatment with a hot, dilute ammonium hydroxide
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solution this picrate furnished 26 g. (26%) of 2-(3'-nitro-
phenyl )pyridine melting at 75-740. This yleld and nurity wes
obtained after two recrystallizations of the crude product from
dilute ethanol. The picrastes that were inscluble in hot ethenol
were repeatedly trested with 100 ul. of acetone. The refluxing
acetone mlxtures were filtered while hot. The portion soluble
in the hot acetcne solutlon wss8 the nicrate of the 34somer;

the portion inscluble in hot scetorne wze the plerate of the 4-
lsomer, ¥Frow six g. of the plcrete of the 3-isomer, melting at
250-251° there was isolated 2.1 g (2.1%) of 3~(3'-nitrophenyl)-
pyridine melting &t 109-1100 by the amioniuvm hydroxide method.
By this same method there was lsolsted from seven g. of the
plcrate of the 4-lsomer, melting at 200-2010, a2 ge (3.27)

of 4-(3'~nitrophenyl)pyridine melting at 101—1020.

'zc_

In 50 nl. of absolute ethanol there wns vlaced 3 g. of
ectivated Haney nickel and 1.2 g. (0,008 mole) of 4-(3'-nitro-
phenyl)pyridine. T-ig mixzture was ploced 1n a low-pressure
Parr hydrogenstion apparatus and subjected to 45 1be. prensure
of hydrogen. In the course of a half-hour the theoretical
emount of nydrogen wes consumed. From the filtered reaction
mixture there was 1solated 0.9 g. (89%) of 4-(3'-aminophenyl)-
pyridine melting at 164-163 . This yield and purlty was ob-

talned after two recrystalllizations from gkelly B. This compound
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was prepared by wet reduction of the corresponding nitro-
compound by Heilbron, Hey, and Lambert (265) with a melting
point of 165-166°,

3-(3'-Aminophenyl ) pyridine

Employing the above procedure there was obtalned 0.9 g.
(89%4) of 3=-(3'-aminophenyl)pyridine from 1.2 g. (0,006 mole)
of the corresponding nitro-compound. The compound wes initially
an o1l but 1t crystallized from Skelly B to give a melting
point of 77-780. This was the melting point obtained whén the
compound was made by wet reduction (265).

This amine can be converted quantitatively tb the monohydro-
chloride by treating its ether solution with an ethanolic solu-
tion of hydrogen chloride., This hydrochloride melts at 286~
288o with decomposition,

Anal. Calcd. for C,.H..N_Cl: Cl1, 17.19, Found: 17.38.

118118

2-(3'~Aminophenyl)pyridine

Using the above procedure there was obtained 5.6 ge. (93%)
of 2-(3'~aminophenyl)pyridine from seven g. (0,035 mole) of
2-(3'=nitrophenyl)pyridine. The melting point was 72-13° in
accord with that Edward (249) obtained when he isclated the
anine in 50 per cent yield from sodlium sulflde reduction of the
corresponding nitrocompound, Heilbron and co-workers (265) also

265, Heilbron, Hey, and Lambert, ibid., 1279 (1940),.
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prepared the compound by the action of stannous chloride and
hydrochloric aclid on the corresponding nitro-compound. They
merely obtained & "thick, viscous o1l" that distilled at 2130
at 20 mm, The yield of the oil was 82%,

2w./31-(2%, 5" =Dimethylpyrryl-1")phenyl/pyridine

There was dissolved in five ml. of absolute ethanol one g.
(0006 mole) of 2-(3'-aminophenyl)pyridine, 0.75 g. (0.006 mole)
of acetonylacetone, and one ml, of glacial acetic acid. This
solution was heated at reflux for two hours, On cooling this
reaction mixture there was obtained 1,4 g. (89%) of product melt-
ing at 85.5-840, after ons recrystallization from ethanol,

Anal, Caled. for C,,H,oNp: N, 11,20, Found: N, 11.33.

2-(3'=Salicylalaminophenyl)pyridine

In ten ml, of 95 per cent ethanol there were dlissolved one
g. (0,006 mole) of 2«(3'-aminophenyl)pyridine and 0.7 g. (0.006
mole) of salicylaldehyde., After this solutlion was refluxed for
one hour, thére separated upon cooling l.2 g. (72%) of product
melting at 7’7--'78° after one recrystallization from dllute
ethanol.

Anal, Calcd. for 0183140N23 N, 10.22, Found: N, 10,24,
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4-Nitrophenylpyridines

These compounds were aynthesized and separated by a modi-
fication of the method of Haworth, Hellbron, and Hey (259).
Essentially, the variation applied here was in the preparation
of the diazonium chloride solution, Heilbron mad hié co-workers
(259) gave no specific directions for the formation of this
solution; we found that the concentration of the acid used
as well as the fineness of the precipltated p-nitroaniline
hydrochloride critically affected the yield,

a, PFPreparation of the 4-nitrobenzenediazonium chloride

solution. This solution was prepared from 70 g. (0.5 mole) of
4-nitroaniline in exactly the same manner as the 2-nitrobenzene-
diazonium chloride solution was formed (p. 155),

be Preparation of the 4~nitrophenylgxgidinea. Thia

preparation was carried out in the :same manner as that for the
3-nitrophenylpyridinea (p. 155), There was isolated 75 g. of
a yellow oil boiling at 165-190° under ome mm, Pressure,

c.. Separation of the 4-nitrophenylpyridinea. When these

pyridine derivatives were separated according to the method of
Forsyth and Pyman (250), there were isolated 37 g. (37%) of
2-(4'-nitrophenyl)pyridine melting at 151-1320; 8.1 go (8.1%)
of 3~-(4'=nitrophenyl)pyridine melting at 146-1470; 0.2 o
(0+2%) of 4-(4'-nitrophenyl)pyridine melting at 122-123°; and
0.6 g« (0e5%) of 2,6=(4',4"-dinitrodiphenyl)pyridine melting
at 296-208°,
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2,6~(4' 4" -Diaminodiphenyl)pyridine

In 25 ml. of absolute ethanol there were placed one g.
of activated Raney nickel and 0.4 g. (0.,0012 mole) of 2,6-(4',4"~
dinitrodiphenyl)pyridine. The reaction mixture was placed in a
low-pressure Parr hydrogenation apparatus and subjected to 60
1bs. pressure of hydrogen. In one hour the theoretical amount
of hydrogen was consumed. After filtration of the resctlon mix-
ture and removal of the ethanol by distillation, there was ob-
tained 0.28 g. (86%) of 2,6-(4',4"-diaminodiphenyl)pyridine
melting at 216-218°,

Anal., Calecd. for Cy,H;gNs: X, 16.09. Found: N, 16,21,

3=(4!'-Amincphenyl)pyridine

Using the general procedure described above three g.
(0,015 mole) of 3-(4'-nitrophenyl)pyridine was reduced to 2.3
ge (90%) of the amine melting at 116--118° after one recrystal-
lization from dilute ethanol, This melting point was in agree-
ment with that for the product obtained by wet reduction (265),

3-/4'-(2", 5"~Dimethylpyrryl-1")phenyl/pyridine

In five ml. of absolute sthanol there was dissolved one
ge (0,006 moke) of 3-(4'-aminophenyl)pyridine, one ml, of
acetic acid, and 0.7 g.'(0.006 mole) of acetonylacetone, This

solution was heated at reflux for four hours. The reaction
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mixture was then cooled and there separated 1.4 g. (89%) of
product meltling at 116-1170. A mlixed melting point between
this compound and starting material gave a marked depression,
melting from 45° to 70°.

Anal. O©Calcd, for 017H16N2z R, 11.29, Found: N, 11,40,

3«-Nitro-4-aminoanisole

According to the method of Reverdin, (266) 3-nitro-4-
aminoanisole was synthesized in 82% yleld. The compound melted
at 123-124°, the melting point of the literature.

3-Nitro-4-bromoanisole

The procedure used for this preparation was a veriation of
that of Hodgson and Dyson (267). The final product was astemm
distilled by these Iinvestigators; we found that 3-nitro-4-bromo-
anisole could be 1solated more rapidly and in high yleld and
pnrity by 1its distillation under diminished pressure. These
workers recorded nelther dlrectlons for the formation of the
dlazonium solution nor yleld,

Seventy g. (0,42 mole) of 8-nitro-4-aminocanisole was
dissolved in & solution of 80 ml, of econc, sulfuric acid and
300 ml, of water, and the solution was cooled to 0°. To this
stirred mixture there was slowly added a solution of 30 g. (0.4

mole) of 95 per cent sodium nitrite in 100 ml, of water. This

266, Reverdin, Ber., 20, 2595 (1896).
267. Hodgson and Dyson, Je. Chem. Soc,, 946 (1935).
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dlazotized solution was added dropwise to & hot solution (90~
95°) of 50 ge of sodlum bromide and 140 g. of copper sulfate

in 800 ml. of water. The resulting mixture was cooled, and ex~
tracted with three 100 ml, portions of ether, The ether ex-
tracts were washed with dilute base and water, and dried. After
removal of the ether, the residue was fractionated to give 74,8
g. (70%) of 3-nitro-i-bromoanisole dlstilling at 158-160° under
5 mm, pressure. The compound solidified on cooling and melted
at 31-32° after one recrystallization from ethanol. The melting
point recorded in the literature is 32° (267),

S3-Amino-4~-bromosanisole

In 100 ml. of abéolute ethanol there was placed 13.5 g
(0,058 mole) of 3-nitro-4-bromoaniscle and five g, of activated
Raney nickel, This mixture was placed in a low-pressure Parr
hydrogenation apparatus and subjected to 45 1lbs, pressure of
hydrogen., Aa soon as shaking was bégun, an exothermie reaction
set in and the theoretical amount &f hydrogen was consumed in
12 minutes. The reaction mixture was filtered and then distilled
free of solvent, The reslidue was fractionated to give 11 g,
(94%) of product distilling at 101-103° under 0.5 mm. pressure.
The hydrochloride of this compound was prepared, It melted at
186°, the melting polnt recorded in the literature for thls
compound (267)., The highest yleld reported by the wet reduction
method for preparing this compound is 71% (267). This compound
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80lidified on cooling and melted at 23-240.

2~-Amino-4-methoxybenzolc acld

One hundred ml. of an ether solutlion of 0,06 mole of n-
butyllithium (202, 203, 204) was added to a solution of four
g. (0,02 mole) of 3~amino-4-bromoanisole in 50 ml. of anhydrous
ether, The whole system was under a nitrogen atmosphere. After
addition, the reaction mixture was stirred for 30 minutes at
room temperature and for one hour at 00. Then it was poured
into a slurry of anhydrous ether and dry ice. After apontaneous
disappearance of the dry lce, the reaction mixture was hydrolyzed
with water and hydrochlorlc acid. The aquecus layer was separated
and made just baslec with dilute ammonium hydroxlde and then just
neutral with dllute acetic acid., This mixture was extracted with
ether and the ether extract was drled and distilled free of
solvent, The residue was recrystallized from water to glve 1,7
g (51%) 2-amino-4-metho xybenzolc acid melting at 1’70-—1‘710.
The literature (268) melting point is 172°,

Attempted preparation of 2-(2'-amino-4t'-methoxyphenyl)pyridine

A solution of 0.1 mole of Z2-amino-4-methoxyphenyllithium
in 400 ml., of anhydrous ether was made &8s described above, To
this mixture was slowly added 15.8 g. (0.2 mole) of pyridine,

The resulting mixture was leated at reflux for two hours at which

268, Ullmann and Dootson, Ber., 51, 20 (1918),
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‘time the mixture ﬁas deep brown in color. The reactlion mass
was cooled and hydrolyzed. The ether layer was separated and
treated wlth 50 ml, of nitrobenzene and allowed to stand over
nights The ether from this solution was distilled away and the
reslidue was steam distllled until 47 ml, of nltrobenzene was re-
covereds. The residue was taken up in ether and this ether
solution was dried. The ether was removed from this dried
solution and.the resldue was fractionated. There was obtained
five g, of a yellow oll boiling at 175-181o ynder 0.5 mm,
pressure. 7Thils o0ll would not erystalllze, nor would it gilve
a plerate or hydrochloride although it did contain nltrogen,
This experlment was repeated three times but each time
there was just obtained this yellow oll in ylelds of 3.5, 6,

and 2,2 grams,respectively.

2=-Nitro~-4-methoxyphenylpyridines

a, 2=Nitro-4-methoxybenzenediazonium chloride. Sixty-

seven g. (Os4 mole ) of 3-nitro-4-aminoanisole was dlssolved in
125 mle. of 32 per cent hydrochloric acid, This hot solution
was cooled rapldly with stirring to Oo. The resulting mixture
was diagotized with a saturated solution of 28 g. (0.4l mole)

of 95 per cent sodlium nitrlte in cold water,

b. Preparatlon cf the 2-nitro-4-methoxyphenylpyridines,
Thls diszonium solution was added portionwise to 500 ml, of

pyridine at such a rate as to maintaln the reaction temperature
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st 38-40°, This additlon required two hours, After this,

the reaction mixture was heated at 95o for an hour and then
cooled and made strongly basic with an ammonlium hydroxide solu-
tion, The pyridine was then removed by steam distillation., The
residue in the flask was cocled and extracted with three 100 ml,
padrtions of benzene. These combined benzene extracts were dried
and distilled free of solvent. The residue was fractionated to

give 12 g. of an oil bolling at 190-220° at 0.1 mm,

c., Separatlion of the 2-nltro-4-methoxyphenvlipyrlidines,

This 12 g. of oll was dissolved in 100 ml, of 95 per cent
ethanol., Thils hot solution was added to a refluxing solution
of 15 g, of picric acid in 150 ml, of 95 per cent ethanol, The
fraction that was 1nsoluble in the hot ethanol solution was
collected and recrystallized from acetone three times, This
gave five grams of the picrate of 3(?)-(2'-nitro-4'-methoxy-
phenyl)pyridine melting at 200-2020.

Ansl, Caled. for CygH,s0,oNgt N, 15,23, Found: ¥, 15.51.

This plcrate wes decomposed by warming it with dllute
axmonium hydroxide. An oll separated which solidifled on cooling
and gave 2.1 geo (2,3%) of 3(?7)=-(2'-nltro-4'-methoxyphenyl)pyridine
melting at 66-670.

Anal., Calcd. for C12H1003N : N, 12,17, Found: N, 12,15.

This product was supposed to be the 3-1lsomer since the

other product 1solated was the 2-1somer and since in these
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coupling. reactions with pyridine the 2« and 3~-isomers are
formed to a very much greater extent than the 4-1somer. The
compound could not be proven in the same fashion as the 2-
isomer was because this nitro-compound would not reduce to the
anine,

The ethanolic solution containing the picrate soluble in
ethanol was distllled free of solvent and the residue was re-
erystallized three times from methanol, There was so 1solated
three g. of the pilcrate of 2-(2'-nitro-4“methoxyphenyl)pyridine
melting at 153-155°,

Anal. Calcd, for 018313010 5° N, 15,23, Found: N, 15,52,

This product was decomposed with dilute ammonium hydroxide .
to the free amlne which first appeared as an o1l but which soli-
dified readily on cooling, Recrystalllzation of this solid from
methanol gave 1.2 g. (1.3%) of 2-(2'«nitro-4'-methoxyphenyl)-
pyridine melting at 89-90°, '

Anal, Calcd. for C12H1005N2= N, 12,17, Found: N, 12,23,

2-(2'~Amino-4'-methoxyphenyl Jpyridine

One g. (0.005 mole) of 2-(2'-nitro-4'-methoxyphenyl)-
pyridine was placed in ten ml. of hot ethanol along with one-
half g. of activated Raney nickel, This hot mixture was sub-
jected to 60 lbs, pressure of hydrogen in a low-pressure Farr
hydrogenation apparatus. The theoretical amount of hydrogen was

consumed in fdive minutea, The reaction mixture was removed,
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filtered free of Raney nickél, and diluted with ten ml., of
anhydrous ether. To this solution was added three ml, of a
nlne molar solutlon of hydrogen chlorlde in ethanol. The pre-
elpitated hydrochlorlide was recrystallized from an ether-
ethanol solution to give’l.2 ge (80%) of the dihydrochloride
of 2-(2t-amino-4~methoxyphenyl)pyridine melting a% 199-2000
with decouposition.

Anal. calCd. for 612H14ON2012: Cl, 26.00. Found: Cl, 25.99.

Deaminstion of 2-(2'-amino-4'-methoxyphenyl)pyridine

This procedure was {ashloned after the genersl directions
proposed by Msai (269). |

One g. (0,004 mole ) of the dihydrochlorids of 2-(2'-amino-
4’-methoxyphenyl)pyridine was placed in 0.5 ml. of water and
one ml, of concentrated hydrochloric acid. To thls cooled mix-
ture thsare was added six ml, of 50 per cent hypophosphorus acild,
The cold solution was stirred for two hours and then placed for
24 hours in a refrigerator at 12°, The acid solutionbwas |
neutralized and the olly preclipitate was filtered and rscrystal-
lized from ether giving 0.3 g. (40%) of 2-(4'~-methoxyphenyl)-
pyridine melting at 49-50, Thls was ldentified by the mixed
melting point method. .This procedure definitely established
the 2-(2'-nitro~4'-methoxyphenyl)pyridine and 2-(2'-amino~-4'-
methoxyphenyl)pyridine,

269, Mai, Ber., 35, 163 (1902).
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Attempted Reduction of 3(%?)-(2'~Nitro-4!-methoxyphenyl)pyridine

In the same manner as for the 2~isomer 1,15 g. (0,005 mole)
of 3(?)-(27-nitro-4'-methoxyphenyl)pyridine was subjected to
catalytic reduction, Prossures verying from 30 to 60 lbs. of
hydrogen were used as well as temperatures varying from room
temperature to 1000. In every case, the starting material was
recovered in a 96 per cent yleld or better,

‘ The wet reduction procedure using tin and hydrochloric
acld was also employed in the followlng manner.

In ten ml, of absolute ethanol was dissclved 1,15 g
(04005 mole) of 3(?)-(2'-nitro-4'-methoxyphenyl)pyridine., To
this solution was added 20 ml, of 20 per cent hydrochloric acid
and 11,8 ge. (Col ge-atom) of tin. This stirred mixture was
heated at reflux untlil all of the tin was consumed. Vhen the
recction mixture was worked up there was obtained one g. of pure

starting material, a return of 90%.

2~-{41'-Nitrophenyl)thiophens

A nitrophenylthiophene was first aynthesized by Gomberg and
Bachman (270) by the addition of a sodium hydiroxide solutloa to
a mlxture of a p-nitrobenzenediazonlium chloride solution and
thilophene., We found that this general procedure developed by

Elks, Haworth, and Hey (271) which involves the substitution of

270, Gomberg aud Bachman, J. Am. Chem. Soc., 48, 2339 (1924),
271, Elks, Haworth, end Hey, J. Chem. Soc,, 1285 (1940),
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the sodlum hydroxide solution by a sodium acetate solution,
gave a superior yileld,

A hot solution of 13.8 g. (0.l mole) of p-nitroaniline
was prepared and cooled, with vigorous stirring, to 0o and
diazotized with a solution of seven g. (0.1l mole) of 95 per
cent of sodium nitrite in 14 ml, of water. The diazd-solution
was Intimately mixed with 200 ml. of thiophene., Then, to this
stirred mixture was slowly added a solution o 16 g. of sodium
acetate trihydrate in 32 ml, of water, The resulting emulsion
was stirred for three hours. The reaction mixture was then
acidifled and filtered, The dark thiophene layer of the fil-
trate was separated and the thlophene was removed by steam
distillation, The black tarry mass that remained in the water
of the distilling flask was flltered and dried. It was then
ground and placed in a distilling flask, Distillation bf this
mass under diminished pressure gave ten g. of a distillate boil-
ing at 130-150° under 0.1 mm. pressure and melting 120-125°,
Recrystallization from acetone gave 7.3 g. (367) of 2-(4'~-nitro-
phenyl)thiophene melting at 136-137°, Gomberg and Bachmen (266)
report & 23% yleld of product melting at 137-1380, but they do
not state the position in the ring.

2-{4t=Aminophenyl)thiophene

To a hot mixture of 3.1 g. (0.015 mole) of 2-(4'-nitro-
phenyl)thiophene and 25 ml, of absolute ethanol was added three
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g. of a suspension of commercisal Raney nickel in absolute
ethanol, This mixture was placed in a Parr low-pressure hydro-
genation apparatus and subjected to 60 lbs. pressure of hydrogen.,
When the theoretical amount  hydrogen was consumed, the mix-
ture was filtered free of Raney nickel and the solution was
distilled free of solvent. The residue was crystallized from
ethanol, This gave two g. of product melting at 69-71°, a
yleld of 67%.

Anal, Calcd. for CygHgNpS: S, 18.29, Found: S, 18,52

Deamination of 2=(4'-aminophenyl)thiophene

Along with thelr report of a p-nltrophenylthiophene, Gom-
berg and Bachman (270) noted the productin ¢f a phenylthiophene
whose melting point was 42-43°, Kues and Pool (272) prepared
2-phenylthiophene from benzoylpropionic acid and phosphorus
pentasulfide with a melting point of 40-410. Mohlau and Berger F
(273), by the action of benzenediazonium chloride on thiophene
isolated a phenylthlophene melting at 570. Bamberger (274)
later conslidered this to be a mixture of 2- and 3=-phenylthiophenes
mach as the product of benzenedliazonlum chloride and naphthalene
gave a mixture of l- and 2-phenylnaphthalene (273), Thus the
phenylthiophene of Gomberg and Bachman melting at 42-45° might

t

be a mixture of 2~ and 3~phenylthiophenes as their "phenylpyridins'
272, Kues and Pool, Ber., 19, 3142 (1886).

273, MNMohlau and Berger, ibld., 26, 1994 (1893).
274, Bamberger, 1bid., 30, 367 (1897).




175

(270) melting at 570, was evidently & mixture of at least two
of the possible phenylpyridines. The 2~ (275) and 3-phenyl-
pyridines (276) are liquids whereas 4-phenylpyridine 1s a solid
melting at 97? (277). Moreover, Bamberger (274) prepared 3-
phenylthiophene melting at 90-90.50, by the action of nitroso-
acetanlilide on thiophene indicating that arylation may also
occur mainly in the 3-position of thiophene as well, Since

the sodium dlazotate, sodium acetate and nitrosocacetylamine
method of dlazo-arylation are thought to proceed through the
same free radical mechanism (278, 279, 280), the position of
any one arylation ls obviously uncertain, The determination of
the E-nitrophanyl—position in thiophene was thus undertaken,
The proof was the hypophosphorus acid deamination (269) of the
corresponding amine to the known phenylthiophene.

A mixture of 0,5 g. (0,002 mole) of 2=-(4'-aminophenyl)thio-
phene hydrochloride and one ml, of cohcontrated hydrochloric
acld was heated to boiling and rapidly cooled to -50. This
mixture was dlazotized with a solution of 0.2 g. of sodium
nitrite in one ml, of water, To this dlazotized solution was
‘added 4.7 ml, of 50 per cent hypophosphorus acid that had pre-

viously been cooled to 0°, The resulting mixture was atirred

275. Skraup and Cobenzl, Monatsh., 4, 472 (1871).

276, Plctet, Ber., 38, 1948 (1305).

277. Hantzsh, ibid., 17, 1518 (1886).

278, Hey and VWaters, Chem. Revs., 21, 109 (1937).

279, Adems, "Organic Reactions", Vol. II, John Wiley and
Sons, inc., New fork (19445. Pe 228-9,

280, Hey, f#in, Repts., 37, 278 (1940),
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at 0  for an hour and kept at 12° for 24 hours. This mixture
was dlluted with water and filtered., The preclpltate was
sublimed and the sublimate was recrystallized from dilute
ethanol. There was obtalned 0.2 g. of product melting at 40~
410, a yleld of 63%, Kues and Pool (268) give a melting point
of 40-41° for 2-phenylthiophsne. Therefore these compounds

must be derivatives of the 2-lsomer.
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DISCUSSION

A, Silicon Compounds

Before endeavoring to prepare any substituted organo-
silanes, it was thought desirable to ascertain the best possible
way of synthesizing the typlecal organosilanes that would be em-
ployed throughout the course of these studles,

The existing methods of preparation of tetraalkle or
tetraaryl-substituted silanes are encumbered with one or more
dlstinct dlsadvantagea, Elther the ylelds are very low, or the
method 1s quite Involved and employs troublesome reagents, or
the reaction time 1ls long, or the conditions are severe leading
to many by-products and subaeqﬁent difficulty in isolating a
pure product. Often a particular preparation 1s saddled with
all of these disadvantages, For example, tetraethylsilane 1=
prepared either from silicon tetrachloride and diethylzine by
heating these reactants in a sealed tube for three hours at
160° ( 2), or by heating the Grignard reagent with silicon
tetrachloride in ether for 18 hours (34). In the former in-
stance no yleld is given, in tine latter, the yleld is only 45
per cent. Moreower, as the alkyl chain grows 1In length the
conditions of these reactions must grow in severity and the re-

actlion time must become longer.
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The formation of tetraalkyl- or tetraaryl-substituted
silanes of the general types RzR'S1 or R2R'281 heretofore has
always involved twe distinct stages., First the R'SiX, or

3
R'_SiX_, compound 1s prepared by the conventional methods and

2772
then isolated. In general, this type of compound is difficult
to handle, decomposing in the presence of moist air. Then this
R'SiX3 or R'281X2 compound is reacted with the appropriate
R-reagent to furnish the fully substituted silane, Evidently,
thls procedure involves two low yleld reactions and so is most
troublesome,

Fleming has demonstrated the possibility of using organo-
lithium reagents 1n place of the Grignard reagents to introduce
alkyl or aryl radicals into the silane molecule (62), He was
primarily concerned with the production of monoalkyl~ or mono-
aryl-silanes and has recorded the synthesls of several of these.

By the use of organollthlum compounds we have found that
these reagents beautifully gave most of the organosilanes in
which we were 1nterested.‘

In preparing the simple tetraslkyl- or tetraaryl-silanes,
the use of these reagents has no parallel. In all cases, the
reaction condltions were extremely mild, involving temperatures
no higher than the reflux temperature of ether; and the reaction
time was extremely short, requiring only the length of time for
- slow and careful additlon of the reagents. A case 1ln point was

the synthesis of the already mentioned tetraethylsllane., A 92
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per cent yleld ias obtalned merely by adding an ether solution
of silicon tetrachlorlde., The reaction was complete almost as
aoon as the reagents were together. - Even when the length of the
alkyl chain was increased, the fully substituted sllane was
still formed with ease and in high yleld. Tetra-n~butylsilane,
for example, was isolated in ylelds of 97 per cent. Tetraaryl-
sllanes, such as tetraphenylsilane, were produced in equally
high ylelds under equally mild conditions,

Unfortunately, not even these more reactive organolithium
reagents seem to facilitate the tetrasubstitution of sterically
hindered radicals such as the 1sopropyl radical., The prolonged
action of more than four equlvalenta of isopropyllithium on
elther sillcon tetrachloride or tetraethoxysilane merely fur-
nished triisopropylchlorosllane or triisopropylethoxysilane., The
effect that the three isopropyl groups attached to the sllicon
atom had upon the fourth substituent was really remarkable, If
this fourth group was chlorine, it was so atable to hydrolysis
that water, when shaken with 1t for a prolonged time, still
produced no hydrolysis, Normally, such a trialkylchlorosilane
hydrolyszés rapidly in molst air and immedlately in the presence
of water, Similarly, if this fourth substituent was ethoxy, it
was 80 shlelded that concentrated sulfuric acld had no effect
upon it or the molecule. Ordinarily, such trialkylethoxysilanes
react with cold concentrated sulfuric to yield a disiloxane

which dissolves immediately in the acld,
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Recent investigations in these laboratories (281) hove
attained similar conclusione in the case of tri-o-tolylchloro-
silsne. This compound was also very stable to hydrolysis,
Koreover, a fourth o-tolyl sroup could not be introduced by
normal mesns and asé yet has not been introduced even under
forced conditions. It will be recalled tnet Schumb and hia
co-workers were unable to syntheslze tetra-g-tolylsillane
either by the "lforced! Grignard or by the Wurtz procedure (493).

During the synthesis of tetra-n-butylsllane a negative
Color Test I (199) wmes not obteined immedistely after the fourth
equivalent of n-butyllithium had been added te the silicon
tetrachloride or the tetraethoxysilesne. However, hydrolysis
end subsecuent working up of the resction 1ln the ususl manner
8t111 furnished this product in very righ yield. It was
=180 noted that at the end of the addition Color Test II-A
(208), which 1a leas sensitive than Color Test I, was negative.
Lvidently then, the concentration of p-butyllithium present
at the end of the resction wsa high enough to react with
the Michlerts ketone of (plor Test I, but not high enough
to rezet with the slight concentration of tri-n-butylchloro-
or tri-p~butylethoxysilane still present. 1In other words,
in this recetion there seems to be a concentration level
below which the resgents will nct interect.

A8 hse elready been noted (p. 9), the tetre-n-butylsilane

231,  Smart, Unpublished atudies, Jows Siate Colleme (1948).
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of the literature 1s in doubt. Sauer (30) has pointed out that
the moleculer refrsction for the reported tetra-n~butylsilane
does not agree with the calculated molecular refraction (MRb
found 81.12 as against MRD calculated, 85,49), He also indi-
cated that this compound might well be tri-n-butylethoxysilane
in which case the calculated and found molecular refractions
w uld agree within 0.2 of a unit, Tsen and Chu have also re-
corded the preparation of this compound (34) but they give no
refractive index and so the molecular refraction of this com-
pound cannot be calculated, Our preparation of a compound
whose molecular refraction and whose analysis agrees with that
for tetra-n-butylsilane substantiates Sauer's doubt of the

tetra-n-butylsilane in the literature (92),

It was noted that seither silicon tetrachloride, or tetra-
ethoxysilane, or tetrathloethoxysilane could be used to pre-
pare these tetraalkyl- or tetraaryl-silanes, As far as yleld,
or time of reactlon, of mildness of conditions 1s concerned,
there 1s little to choose smong these reagenta. It can be sald
that silicon tetrachloride evolves the most heat in these re-
actions and tetraethoxysilane the least. Consequently, silicon
tetrachloride is probably the most reactive reagent of the
three. Nevertheless, all of these reagents reacted with such
ease that thils factor scarcely makes silicon tetrachloride more
adventageous for these general simple reactions., However, it

can be argued that tetraethoxyslilane 1s the best reagent to use
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in these reactioﬁs. In the first place, of these reagents only
ailicon tetrachloride and tetraethoxysllane are available com-
mercially; consequently, all factors being equal, as they are,
these latter fwo have & distlinct advantage over the other, Of
these two, tetraethoxysilane 1ls by far the simpler to handle.
It does not hydrolyze readily, as sillcon tetrachloride does,
and so can be welghed in the alr without any fear of lnaccuracy,
Moreover, slllcon tetrachloride has s partlcularly high vapor
pressure and 80 must be weighed in a closed vessel and Intro-
duced into the reaction mixture with special precautions,
Tetraethoxysilane has a low vapor pressﬁre at room tempersture
and so does not evidence thla difflculty. Finally, it was ob-
served that silicon tetrachlorlide was slowly lost from a re-
fluxing ether solution; even a very efficlent condenser did not
return all of the silicon tetrachloride.

It was also ascertalned that organosilanes of the general
type RzR'S1 can be efflcaclously synthesized by the use of
organolithium reagenta, The general procedure that gave ex-
cellent ylelds of these compounds involved the careful and slow
addition ¢ three equivalents of the RLY compound to the silicon
tetrachlorlde or the tetraethoxysllane in an ether solution
followed by the addltilon of one equivalent of the R'L1 compound,
HMenifestly this procedure does not involve the troublesome
1solat§on of the intermediate R381X or R'SiX3 compound. The

whole addltion may be made in one reactlon mixture, These
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experiments indicated that three alkyl or three aryl groups
enter the slllcon molecule before a fourth one enters. 1In
other words there 1s a definite step between the introduction
of the third and fourth radical into the sllane molecule,

This property allowed the synthesls of triphenylsilanocl
in hish yield and with great ease; the three equivalents of
phenyllithium were slowly added to an ether solution of silicon
tetrachloride and then the triphenylchlorosilane formed was
hydrolyzed by water., Previously, the preparation of this
compound involved the heating of an excess of phenylmagnesium
bromide with an ether solutlom 6f silicon tetrachloride for
three days (282),

The production of trimethylphenylsilane by this same
general marmer showed that alkyl radicals enter the silane
molecule in this same stepwlse fashion,

A=-FPicolyllithium was particularly noteworthy in these
reactions since 1t alone of the many organollithium reagents
tested d41d not react with triphenylethoxysilane, No fully
satisfylng reason can be proposed for this non-reactivity;
perhaps this non-reactivity is related to the failure of
A ~picolyllithium to gilve Color Test I as the majority of the
other organolithium reagents do. It might also be noted that,
as yet, no sllane containing e heteronitrogen atom has been

recorded,

282, Dilthey and Eduardoff, Ber., 37, 1140 (1904).
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Great care must be taken during the addition of the first
three equivalents of the organolithium compound if this astep-
wise addition 1s to be obtalned. Ths best results are achieved
1f the ether soclution of the organometsallic compound is approxi-
mately one molar and if thils solution is added to the ether
solution of silicon tetrachloride or tetraethoxysilane at such
a rate a8 to produce llittle or no refiux, When silicon tetra-
chloride 1s used the reactién flask should be encased in an ice-
bath to prevent any loss of this reagent,

The formation of silanes of the type RyR',S1 by the addi-
tion of two equivalents of an RL1 compound followed by two of
and R'L1 compound to sillicon tetrachloride or tetraethoxysilane
was accomplished in only 78-80 per cent ylelds demonstrating
that the step between the substitution of two alkyl or two
aryl groups and three is not as definite as that between the .
substitution of three and four, However, thias type of silsne
was stlll synthesized in relatively high yleld without the
necessity of isolating the Intermediate R251X2 compound,

The introduction of one alkyl or one aryl group into
sillicon tetrachlorlde or tetrasethoxysilane by thls general
method was only accomplished In small yleld. The RL1 compound
seemeé Just as ready to react with the monoalkyl~ or the monoaryl-
trichloresilane, or the simlilar trlethoxysilanes, as with the
unsubstituted silicon tetrachloride or tetraethoxysilane, Thus,

methyltriphenylsllane was prepared only in 23 per cent yileld
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from the addition of one equivalent of methyllithium to silicon
tetrachloride followed by the addition of three equivalents of
phenyllithium. This type of molecule, RzR'Si, in which the R!'
must be introduced first was best synthesized by adding the
Grignard reagent of this radical to triethoxychlorosilane, then
following this addition with three equivalents of the lithium
derivative of the second radical. The Grignard reagent reacts
preferentially with the chlorine atom and so allows the aynthesis
of this type of compound iIn ylelds averaging 70 per cent, Here
aggin ths 1solatlion of the troublesome trichloro-derivative
could be avoided.

The production of triphenylethoxysilane from the careful
addition of three equlvalents of phenyllithium to tetraethoxy-
silane offered speclal technical difficulties, The lithium
ethoxlide formed In the reactlion was most difficult to free from
the resction mixture. Bases of thils type catalyze the conversion
of such ethoxyslilanes to the corresponding hexasubstituted
disiloxanes, Consequently, in thils case, quite a quantity of
hexaphenyldisiloxane was always isolated as a by-product,

The lntroduction of halogen atoms into alkylphenylsilanes
was most easily accomplished by the addition of & halophenyl-
magnesium halide solution to triethoxychlorosilane followed by
the addition of three eguivalents of the alkylllithium compound,
Thus, p-bromophenyltrimethylsilane was prepared in 73 per cent
yleld. This bromo-derivative was readlly converted to the
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corresponding lithlo-compound 1n 63 per cent yield by the
direct action of an ether solution of this compound upon
lithium,

Since 1t was evident that the alkyl to silicon linkage
was relatively stable to the common cleavage reagents, it was
hoped that trimethylbenzylsilane could be brominated or
nitrated without concurrently cleaving the molecule at the
benzyl to silicon bond., However, it was discovered that the
phenyl ring apparently so weakened this bond that it was split
very easlly with either reagent. Tims, the use of this method
of direct substitution of a halogen into this type of aryl
substituted sllane was precluded. The possibility still exists,
though, that such substitutlon may occur if the phenyl ring 1is
further removed from the silicon atom, as on the F— or
v ~carbon atom; for example, Y-phenylpropyltrimethyls1lane.

The reaction of trilethylchlorosilane with ethyl sodio-
acetoacetate furnished a compound in which the triethylsilyl
radlical was attached to the Froxygen atom rather than to the
d -carbon atom as was desired, This denied the possibility of
the formation of such a compound as ethyl §q-trisesthylsilylaceto-
acetate which by ketonic cleavage would have given triethyl-
silylacetone, a molecule capable of furnishing others contaln-
ing a variety of funstional groups,

The l1lsolation of a triphenyl-derivative corresponding to
the trlethylsilyl-compound just described could not be ac-

complished, Here again was encountered the same difficulty as
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was met in the 1solation of the corresponding ethoxy=-deriva-
tive. 1In all llkellhood the ether linkeage was formed, but

the molecule that was so obtained decomposed most readily into
hexaphenyldisiloxane, the only solid that could be obtained
from these reaction mixtures,

Primarily, the synthesis and attempted synthesis of the
variously substituted silanes was undertaken to ascertain if
they could be accomplished, and 1f so, the best way to
accomplish them, Secondarily, though, these preparations were
made to investigate the general relationshlips between the
chemistry of similer sillicon and carbon molecules, In view
of this purpose an effort was made to syntheslize some nitrogen-
containing silanes to compare their properties, and incidentally
their blologlcal actlvity, with various nitrogen-containing
carbon compounds, The nltrogen containing molecules that were
chosen for these studles were those of blological interest

that are discussed iIn the following sections:

Be p—Lactams of ﬁ-Anilino- ﬁ-phenylpropionic Acids

Recently the apparent structure of penicillin (I) has been
demonstrated (283, 284) and shown to have the ﬂ-lactam grouping

(II)e At the time these studles were undertasken the presence of

283. Medical Research Conmittee, Washington, and Medical Re-
search Council, London, Science, 102, 627 (1945),

284, dauWigneawd, Carpenter, Holley,‘igvermore, end Rachele,
ibid., 104, 431 (1946).
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the Fklactam structure in penicillin was known, It was thought

RC omc\n-cin-s-c (CHg), ~CH=-CH=
{ \
0,,c-n ~— CHCOyNa o Roid
(1) (11)

desirsble to aynthesize varilously substituted ﬂ-lactama of
ﬁ-anilino- (i-phenylpropionic aclids which, i1t will be noted,
contained this ﬁ-lactam structure. The substituents were
chosen a8 those that were particularly effeective in the benzo-
phenones prepared by Freedlander as anti~-tuberculous compounds
(285, 286),

Incidental to these preparations several facts of theoreti-
cal interest were noted. First of all it was found possible
elther to open these lactams in an aqueous medium and so obtaln
the correspondlng acld, or to open them in an alcoholic medium
and so form the corresponding easters. Thils general procedure
offers a way to the formation of the otherwise difficultly
obtainable ﬁ-anilino- ﬁ-phenylpropionic acids and esters,

It was also determined that dioxane and tolnene are the
most favorable solvents to use In the Reformatsky resction in
which these lsctams are prepared,

Finally it was demonstrated that methylmagnesium lodide

285, Freedlander, Proc. Soc. Exptl. Blol. Med., 51, 153 (1942)
. A., 37, 405 (1943)/.
286, eedlander, Am, Rev. Tubere., 49, 543 (1944) /[C. A.,
38, 5246 (1944)/.
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was the mlildest organometalllic reagent that would close
ethyl ﬁ-anilino—b-phenylprOpionate to the corresponding
lactam in high yleld. Reagents of greater reactivity gave
lower ylelds probably because of the secondary reactions

into which they were able to enter,

Cs The Phenylpyridines

It wes known that 2-(4'~aminophenyl)pyridine was & power-
ful anti-tuberculous reagent; however, indications were that
this compound concurrently displayed undesirable toxie effects,
Consequentiy, this molecule was modifled in several ways in an
endeavor to obtaln another compound that was still as effective
but elther less toxlic or not toxic at sall,

In the first place, most of the other isomeric amino-~
phenylpyridines were prepared to determine what effect such a
change had upon effectivity and toxilcity.

Secondly, the moiecule was fundamentally altered in two
ways. The grouping in the 4'-position was changed to hydroxy,
and mercapto; and the nucleus was changed from pyridine to
thiophene,

Thirdly, the 4'-amino radical was blocked with various
hydrolyzable groups such as formyl, acetyl, and benzal with
the hope that this would reduce the toxlclty., This was the
‘method found effective in the case of p,p'-diaminocdiphenyl -
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which was an active, but toxic, reagent (287). It was as-
certained that the blocking of these amino groups by such
radicals as formyl gave a derivative that was no longer toxic
but still quite as active, It was thought that these deriva-
tilves were hydrolyzed to the free base at the point in the
animal body where they could exert their effect.

Finelly, the basicity of this molecule was diminished
with the thought that there might be some relationship between
that and the toxicity. The Introduction of a nitro-group 1into
the 3'-position of the phenyl ring gave a compound that was
far less basiec than the parent molecule as was clearly indil-
cated by the fact that its hydrochloride decomposed upon
contact with water,

Incidental to these studles it was noted that these nitro-
phenylpyridines, in general, could be readily reduced with
hydrogen using active Raney nlckel as a catalyst., This method
had the dlstinct advantage over the tin-hydrochloric acid or
sodlum sulfide methods in that 1t furnished the amines in much
higher yleld, much more rapidly, and much more easily, This
was quite important in the preparation of the various isomerilc
aminophenylpyridines since the nitrophenylpyridines were so
difflicult to obtain and often were obtained in very small

-amounts,

287, Heymann and Fileser, J. Am. Chem. Soc., 67, 1979 (1945),




191

SUMMARY

A brlef survey was made of organosilicon chemistry from
its Inception to 1927; whereas a thorough review of this
chemistry from 1936 to date was presented,

Methods of preparing alkyl or aryl substituted silanes of
the general types R,S1, R,R'Sl, R2R‘

51, R,S10H, and RS1(0CoH.),

3 2 3
from silicon tetrachloride, or tetraethoxysilane, or tetra-
thlosthoxysilane and organolithium reagents were described.,

Studles were conducted into the possibllity of introduecing
functional groups into various organosilanes, A general method
for preparing halo-substituted phenylsilanes was given, It
was shown that the direct substitution of the nitro of bromo
group into benzyleorganosilanes could not be accomplished,

The reaction of triethylchlorosilane and ethyl sodio-
acetoacetate gave ethyl ﬁbtriethyls1loxycrotonate rather then
the hoped for ethyi.};triethylsilylacetoacetate.

In connection with a study of some nitrogen-containing
silicon compounds, several ﬁ-—lact&ms of {S-anilino-B-phenyl-
proplionic acids have been synthesized, The bilologically
active 2-(4'-aminophenyl)pyridine has been modified in various
ways in an attempt to diminlish its toxicity and so make it a

more effective anti-tuberculous agent.

Most of the isomeric aminophenylpyridines were produced
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from the corresponding nltro~compounds through the use o

hydrogen and Lhaney nickel as a catalyst,
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