IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1950
Some organometallic compounds containing
reactive functional groups

Burt Frederick Hofferth
Towa State College

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

Recommended Citation

Hofferth, Burt Frederick, "Some organometallic compounds containing reactive functional groups " (1950). Retrospective Theses and
Dissertations. 13966.
https://lib.dr.iastate.edu/rtd/13966

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%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13966?utm_source=lib.dr.iastate.edu%2Frtd%2F13966&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

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 bleedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI 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.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, MI 48106-1346 USA
800-521-0600

®

UMI






NOTE TO USERS

This reproduction is the best copy available.

UMI






e et s e e AT

SOME ORGANOMETALLIC COMPOUNDS

CONTAINING REACTIVE FUNCTIONAL GROUPS

by
Burt Frederick Hofferth

A Digsertation Submitted to the
Graduate Faculty in Partial Fulfillment of
The Requirements for the Degree of
DOCTOR OF PHILOSOPHY

Hajor Subjects Organic Chemistry

Approveds

tttt
nnnnnnnn

Signature was redacted for privacy.

In Charge/ of Major Work

Signature was redacted for privacy.

Head of uéjbf“ﬁépartment

Signature was redacted for privacy.
san or’uraquate Lollege

Yowa State College
1950

4



UMI Number: DP12759

®

UMI

UMI Microform DP12759

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



QD 4

: HGEG78s 4

,é

é
:
4 ACKNOWLEDGMENT
“ The author wishes to express his gratitude to Dr. Henry Gilman
i for his interest, encouragement and many helpful suggestions given
; throughout the course of this study.

%

79679




%?z-»

S L IR AL IR DT

111

TABIE OF CONTENTS

AGKNOWIEDGMEM ® & & @ & & o & O 5 & & B 0 » 0 b e s

INDEX OF TABLES

I [} MRODUOI' Im * & e & » 0 4 & o % & o & ¢ ¢ & o o o

IIC HMORICAL ¢« & & & & & & ¢ & » & > % 2 2 9 2 2 & @ » >

III.EXPERMMALl..‘.lo......oo......

A.

B.

n~Propyllithium and Nitrobromomesitylene

Generalprocedure-.....--;........
Protaection of Reactive Functional Groups . « « « «

p-Nitrobromobenzene and Phenyllithiwm . .
n~Propyllithium and Bromomesitylene . . .
Preparation of Nitrobromomesitylens . . .

Proparation of 4-Rromo-m-xylene « « « « o o
n-Fropyllithium and 4—Bromo-m-xylene e o 0
Preparation of 2-Nitro-4-bromo-1 »O~dimethylbe
n=Propyllithium and 2<Nitro-4~bromo=1,3-
dimetmlmnzem e 4 8 @ 8 ® ® a 8 % & & 6 &
n-Propyllithium and N-(f ~Bromoethyl)-phthalimide .
Etlwlene Acetal of p-Bromoscetophenone .« ¢ « o« « »
Ethylene Acetal of p-Bromoacetophenons and Lithium
n-FPropyllithium and the Ethylene Acetal of
p—BromoacO'bophenone ® o ® 6 9 0 6 0 e e s s »
n-Propyllithium and Methy) p-Bromobenzoate at -78°
n-Propyllithium and Methyl p-Iodobenzoate at =78° .
t"Butyl B'Brcmomnzoate s & & & ¢ o 0 ¢ 6 B & 0 8
n—Propyllithium and t~-Butyl p-Bromobengoate « « « .
Preparation of 4-Bromophenyl 2-Tetrahydropyranyl
Ethﬁr ¢ & 4 8 5 8 ¢ 5 & 8 6 8 & 5 0 & & & 4 @
2,4 ,Mribromophenyl 2-Tetrahydropyranyl Ether
(‘ttmpted) . o L] [ ] L ] L ] [ ] L ] [ 4 . L] [} [ ] s ° * ®
2,4-Dibromo-l-naphthyl 2-Tetrahydropyranyl Ether
(‘ttemptad)oo.ootco.oooooo .
2-Tetrahydropyranyl p-Bromobenzoate (Attempted) . .
2-Bromophenyl 2-Tetrahydropyranyl Ether « « « « « &
2,4~Dibromophenyl 2-Tetrahydropyranyl Ether . . .
n-Propyllithium and 2,4-Dibromophenyl 2-Tetrahydro—
pyranylEther.-...--.........

s ® o ¢ & o
e o ¢ o w @
¢« & o ¢ o o

one

n-Propyllithium and 4,6-Dibromo-0-cresol .« « « . «

. L ] * L] [ ] L J *® * L] e o * L L ] L 4 *



)

; Page
i

: C. Reduction. A Side Reaction in the Phenol Series . . . 75

: n~Propyllithium and 2,6-Dibromophencl « « o ¢ ¢ o ¢ o « 75

Purification of 2,4,Mribrom°ph9n°1 © 8 o 0 0 0 0 v 0 m

Preparation of S‘Brmoallicylio Acdd s ¢ ¢ 0 0 0 e e e ”

n~Propyllithium and 2,4,6-Tribromophenol « « « ¢ o « o 78

I Preparation of ¢~Bromo-2-methylphenol ¢ 2 s 0 v 0 0 s e 8L

2 Methylation of Interconverted 2, ,6-Tr1bromophenol .o 81

p~Propyllithium and 2,4~Dibromophencl + ¢ « « ¢« o ¢ » » 82

£ n~Propyllithium and 2,4,6-Tribromoanisole « « « + + o o 85

2 ~ Preparation of 2,6-DIbromoanisole « s s « o+ + + oo o s 86

3 n-Propyllithium and 1,5,5-‘1'r1br0mobenzene ® o ¢ 0 o o o 86

n~Propyllithium and Pentabromophenol « ¢ « + o o« o o » 87

,’*‘ D. Preparation of Some Alkamine Ethors o ¢« ¢« « ¢ o ¢ ¢ o » 88

Preparation of 2-Disthylamino-l-phenylethanol « « « « & 88

;c‘ Praparation of l-chlorouoqumOImQ ® 6 4 3 8 06 s 0 o s 89

2~(2-Diethylamino~1-phenylethaxy)~benzothiagole . . « « 92

v Preparation of 3-Diethylamino-l,2-epoxypropane . . « « 94

1.D19tm1am1n0.5dphew1-2-wopan°1 ® 5 6 e 8 0 % e 00 95

l~Diethylamino-8-~phenyl=-2-propanol Plerate . « « « « & o7

Preparation of Diethylaminoacetonitrile . « « ¢ « & « & 97

4 Benzylmagnesium Chloride and Diethylaminoacetonitrile . 98

£ Reduction of l-Diethylamino=-S=phenyl-2-propanone . . . 99

' Oxidation of l-Diethylamino~S-phenyl-2-propanol . . . » 100
Oppenauer Oxidation of l-Diethylamino-S-phenyl-

2"'pr°pen°1 (‘ttemptad) e o 6 & 6 &6 6 o6 ¢ o o 0 ¢ o 101

Preparation of l-Chloro-S-phenyl-2-propanol « « « « » » 102

Preparation of 5-Phenyl=l,2-epoxXypropane .«  « » « « o 105

% l-Dietbylamino-S—phenyl-z-pro NOL o o ¢ o s o s o o o 10§

i Preparation of Dibenzylmeihanol (Attempted) . . « « « « 106

Preparation of Dimnzy]methan(’l e ¢ o & o o o e o @ 107

2~(1~-Diethylamino=8-phenyl=2~propoxy) -benzothiazole .« 108

Preparation of mmw.dm Chlor:lde ® & o ¢ & o & @ o o 109

’; Iv. DISCUSS!W L J [ [ ] [ ] » ® [ ] [ ] [ ] [ ] L] [ s L [ ] [ ] * [ L . L ] ] [ ] [ ] 1].1

A. Protection of Reactive Functionsl Groups * s o o ¢ o & 111

i B. Reduction. A Side Reaction in the Phenol Series . .. 116

; G. Preparation of Some Alkaming Ethers « ¢« ¢« ¢« ¢ ¢ ¢ ¢ « o 1285

D. Suggesticns for Further Regearch o o ¢ ¢« ¢ s & ¢ o o o 128
v. SUMMARY ¢ ¢ ¢« ¢ ¢ ¢ ¢« 0o ¢ 0 6 0 8 06 0 0 ¢ 8 ¢ ¢ ¢ 0 0 0 00 135




ey

e

SRR I e e

E BN ey

R ey

R R Ay e ikt St T oL e O S

MR A e T, e AT ol o

Table I

Table II
Table III

Table IV

Table V
Table VI
Table VII
Table VIII

Table IX
Table X
Table XI
Table XII

INDEX OF TABLES

Organometallic Compounds Classified by
Functional GXroups ¢ o o ¢« o ¢« v ¢ o ¢ ¢ o o o &

Stability of n-Propyllithium Solutions at 10% .« « .
Stability of n-Butyllithium Solutions at 10° . « . .

Organolithium Reagents and Some Nitroiodobenzenes

At ~T8B% ¢ ¢« s s s s e v e u s o s e e e
n-Propyllithium and Bromamesitylene at 26° « « « +
n~Propyllithium and 4~-Bromo-m-xyleme at 27% . « . .
n-Propyllithium and 2,6-Dibromophenol « « » « « & »

Intergonversion and Reductive ortho-Debromination
of 2,4,6’Tribrm0phen°1 « ¢ o 6 6 06 5 0 0o & a w

BEthers of 2-Diethylamino=l-phenylethanol « o « « « «
Organometallic Compounds and Epiohlorohydrin « « » »
Bthers of l=-Diethylamino-S-phenyl-2-propanol . « « «

Physical Properties of l-Diethylamino-3-phenyl-
2—p1‘0pan01 ® ¢ 8 ® 6 6 0 6 0 0 8 o e e s o

Page

54
51
52

57
59
62
77

80

104

110

127



W
s
&
:);1:'

o

FATAVIPITTAN

R e o Py s s P
R

A TN TSR

I. INTRODUCTION

Prior to the independent discovery of the halogen-metal inter-

conversion reaction by Gilman, Langham and Jacobﬁ‘ and by Wittig and

co--vworkers2

, relatively few types of reactive organometallic compounds
which contained a functional group were known. These compounds may
be groupsd into the following classes: enolates of esters and ketones,
enamates, acetylenic types, metallic derivatives of pyrrole and indolse,
and aromatic and aliphatic types containing halogen or another carbon-
metal linkage. The mode of preparation was either by the direct action
of an organic halidg upon metal or by the metalation reaction with
obher organometallic compounds or alkall amides.

The procedure , employing the direct reaction of an organic halide
containiné a reactive group upon the metal in a solvent, is subjact to
a number of well~known disadvantages. The reaction may be exceedingly
slow because of the low reactivity of the halogen or bscause the metal _
becomes coated with the reaction product. In gome cases, if the organo-
metallic compound_ is formed, it may be as rapidly consumed in intra-
and/or inter-molecular resctions. On the other hand, this method has

been particularly successful with preparations of Grignard reagents

164Imen, langhem and Jacoby, J. Am. Chem. Soc., 61, 106 (1938).
®yittig, Pockels and Drdge, Ber., 71, 1903 (1938).
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from chloroaromatic bromides to give high ylelds of the chloroaryl-
magnesium bromides. Mixtures of isomeric organomagnesinm halides
usually result when the halogens have the same order of reactivity.

A striking example of the difficultlies encountered with such mixtures

1s the conclusion drawn by Paty and (;melet'.5 that a rearrangement had
taken place subsequent to carbonatlon of the monomegnesium derivative

of 2,4-dibromoaniscle. However it was shown recently by Hussey and
W11k4 that the results of these investigators wers easily interpreted
when the presence of isomeric bromomagnesium derivatives was established.

The metalation reaction, gererally employing n-butyllithium in
ether, can be used with varying degrees of success with compounds
containing groups which do not react beyond giving up an active hydro-
gen. The reaction time at ether reflux temperature is usually long,
and this precludes the metalation of compounds which add the organo-
metallic reagent or which are reduced by it. In general the yields
are lower than would be obtained in a corresponding halogen-metal
interconversion reaction.

The halogen-metal interconversion reaction with organolithium
regsgents, because of the rapidity of the reaction and the good yields
obtained, was employed in the preparation of mew organolithium inter-
mediates containing one or more potentially reactive groups. This work

had as its purpose the development of new organometallic compounds which

Spaty, Compt. rend., 214, 910 (1942); Paty and Quelet, Bull.
goc. ghim. France, 8, 55 (1942); Compt. rend., 217, 229 (1948); Bull.
goc. ghim. France, 11, 505 (1944); Compt. rend., 220, 324 (1945).



would find application in the organic chemistry of silicon, tin and
lead for the introduction of water-solubilizing groups.

Oof special interest, however, are those organometallic compounds
which contain groups that have a high order of reactiviiy toward the
interconverting sgent and toward the newly-formed intermediate. In
carrying out the objective of this work, methods for covering or
protecting such groups were devised.

The halogen-metal interconversion reaction applied to polyhalogeno-
phenols has besn found to be of a complex nature, but the discovery that
interoonversion was followed by rapid reductive ortho-debromination made
the study of such a transformation attractive. A part of this investi-
gation was then directed toward clarification of the mechanism of this
interesting side reaction.

Exploratory work on the reactions of organolithium compounds with
tertiary amino~ and chloro-epoxides has shown that the expected conver-
sions to the corresponding secondary alcohols occurred in high yields.
These secondary alcohols appeared to be suitable intermediates for
gynthesss of‘alkamine ethers of physiological interest, in particular,
histamine antagonisis.

In the last decade, considerable interest in compounds which
possess antihistamine activity has been shown by the large number of
papers published since Bovet and Staub® reported that certain basically-

substituted phenolic ethers exert a protective action in histamine

5povet and Staub, Compt. rend. goc. biol., 124, 547 (1957).
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intoxication. The striking success of Benadryls’7 ( P ~dimethylamino~

ethyl benzohydryl ether)' in giving relisef from urticaria, hayfever and

asthma has added impetus to investigation of what changes (isosteric
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and other) in this basic structure could bs made in order to increase

the effectiveness of this type and minimize untoward effects. Therefore,

to add to the knowledge concerning the relationship of structurs to
physiological action, two new series of alkamine ethers were prepared

for pharmacological testing as possible antihistamine agents.

B
e
;.

€geveschl, U. S. Patent 2,421,714, June 3, 1947 /[ C.A., 41,
5550 (1947) 7.

71cew, Kaiser and Moore, J. Pharmscol. Exptl. Therap., 85, 120
(1945).




II. HISTORICAL

The purpose of the literature survey to be disoussed in the
following pages of this saction was to consider all the organometallic
compouhds of magnesium, lithium, sodium and potassium which contain a
reactive functional group in the molecule. As a practical limitetion
to the scope of this review the following types were omitted from the
discussion and from Table I+ acetylides, metal addltion compounds from
olefins, and brganometallic types containing only methaxy and/or tertiary
amino groups. Table I containing approximately two hundred compounds
is a careful compilation clasgsified by the functional group present.

Barly attempts at the preparation of organomagnesium compounds
containing functional groups were genesrally carried out by the action
of the organic halids upon magnesium in eﬂxer. Sachs and SeztchaB were
unable by the ordinary procedures to effect a reaction between 2-bromo-

quinoline and magnesium. However, Grignard reagents which contained a

halogen or a second -MgX were readily prepﬁred- by the action of the

- dihalide upon magnesium. Grignard and V.'Lgnou9 were able to prepare

pentamethylensdimagnesium bromide, and later v. Braun and Sobeck110
extended the application of the Grignard reaction to the preparation

of tetramethylsns—~ and heptamethylens-dimagnesium bromides as well as ;

85achs and Sachs, Ber., 37, 3088 (1904).
QGrignard and Vignon, Compt. rend., 144, 1358 (1907).
107, Braun and Sobecki, Ber., 44, 1918 (1911).
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decamethylenedimagnesium iodide. Hydrolysis and carbonation were nsed
to form derivatives of the organomagnesium compounds. Later workersn'
employed decamethylensdimagnesium bromide in reaction with methyl
formate to form the polymeric substance / - -(CHz)loCHOH-Js.

Votocek and Kohlerl? investigated the reaction between certain
polyﬁalogenobenzenes and magnesium. These authors found that o-bromo-
iodobenzene, m-diiodobenzene and 2,4-dichloroiodobenzene react with
magnesium and that 2,4~-dichlorobromobenzene and 1,2,4~tribromobenzene
do not react. The products of the reaction between p-diiodobenszens
and magnesium followed by hydrolysis were found to be benzene, biphenyl
and p-iodobiphenyl. Thomas1>® and Bruhat and Thomasi®® found that the
three diiodobenzenes and 2,5-—diiodothiophene, would dissolve 80-85% of
the theoretical amount of magnesium when treated with two gram atoms of
the metal. Carbonation produced a very low yield of the meta acid and
a fair yield of the para acid but with o-phenylensdimagnesium iodide
only benzoic acid was formed. Benzonitrile, howaver, reacted in the
expected fashion with g—phenylenedimagnesi\m iodide.

p~Dibromobenzens and excess magnesium gave a 70%14 yisld of
p-bromophenylmagnesium bramide and a 12.8% yield of p-phenylenedi-
magnesium bromide under ordinary conditions. Grign,zart:l15 by use of an

oarothers and Hi1l, J. An. Chem. Soc., 5¢, 1588 (1952).

12yotocek and Kohler, Ber., 47, 1219 (1914).

15(a) Thomes, Compt. rend., 181, 218 (1925); (b) Bruhat and
Thomas, ibid., 183, 297 (1926). ’

Mquelet, Bull. soc. chim. Franoce, 41, 955 (1927).
15Grignard, Compt. rend., 198, 625 (1934).
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entrainment technique was able to obtain a 40% yield of p-phenylens-
dimagnesium bromide. This procedure was found to bs particularly
successful with difficultly soluble halides which reacted only slightly
with magnesium. However, it was found that for the preparation of
1,4-dideuterobenzen916 the two step process inveolving the hydrolysis of
p~bromophenylmagnesium bromide with deuterium oxide, the preparation

of p-deuterophenylmagnesium bromide and the subsequent hydrolysis with
deuterium oxide gave a much more pure product than was obtained by the
single step procedure.

In the furan series Gilman and Hewlettl’ were able to effect the
smooth conversion of 2,5-diiodofuran to S~iodo-2-furylmagnesium {odide.
In a like manner Bachman and Haiseyle prepared in the thiophene series
5-brano- and 5-chloro-2-thienylmegnssium hromiges and 3,4,5-trichloro~
2-thienylmagnesium chloride. These organic dihalides which contained
like as well as unlike halogens gave good yields of the monomagnesium
derivatives.

The effect of the position of the second halogen (whether in the
same or different ring) is strikingly illustrated by reactions of the
dibromonaphthalenaalg with magnesium. 1,4-Dibromonaphthalene upon
reaction with two gram atoms of magnesium per mole gave a mixture of

35-50¢ naphthalene and 26-51% of l-bramonaphthalene subsequent to

16ge1don and Wilson, J. Chem. Soc., 255 (1946).

17G51man and Hewlett, Rec. trav. chim., 51, 93 (1932).
18pgchman and Heisey, J. Am. Chem. Soc., 70, 2378 (1948).

195,1kind, Ber., 67, 1031 (1934).
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hydrolysis. If one gram atom were used and the mixture carbonated,
a 77% yield of 4-bromo-l-naphthoic acid was obtained. However, when
1,5~d4branonaphthalene was used, reaction with two gram atoms of
magnesium followed by carbonation gave a quantitative yield of 1,5-
naphthalensdicarboxylic acid. With one gram atom of magnesium only
the dimagnesium derivative was obitalned. Introduction of a second
~MgX group into the same ring was shown to be more difficult than
attachment of the group to another ring in the moleculs.

It is also interesting to notice that 1,6—dibranonaphthalem2°
when reacted with one gram atom of msgnesium per mole gave high ylelds
of 1-brcmonapbthalene, S5-bromo~-R2=-naphthol, and S-bramo=2-naphthoic
acid subsequent to hydrolysis, oxidation and carbonation, respectively.

1 also carrying out syntheses in the phenanthrens ssries

Later workers
reacted S5-bromo~2-naphthylmagnesium bromide with acetone to obtain
l-bromo~6~isopropenylnaphthalens.

In the biphenyl series Gibert?® has shown that satisfactory yields
of 4,4'-biphenylensdimagnesium bromide could be obtained by Grignard's
entrainment procedurel® or ty use of the binary system Mg-MgI,. The
latter procedurs was claimed to be more economical and at the same time

to diminish side reactions. Other workersZ found Gibert's applica-
tion of the Mg—MgIz binary system to be satisfactory for the preparation

R0pjeger and Riegel, J. Am. Chem. Soc., 59, 2564 (1937).
lghort end Wang, J. Chem. Sod., 991 (1950).

22%G3bert, Compt. rend., 205, 445 (1957).

2Chanpet ier and Smarzewska, ibid., 220, 891 (1945).



& rervmiaoma:

B A

of p-phenylensdimagnesium bromids as well as for p~biphenylenedimagnesium
bromide., 3 ,5'-Dibromobipheny124 has been converted in good yields to
the mono= and di-magnesium derivatives by use of a catalytioc -amount of
ethylmagnesium bromide. In a recent patent.zs a method was describad
for the preparation of dibasic acids of the benzene, biphenyl, naph-
thalene and polynuclesr hydrocarbon series by carbonation of the
respective Grignard reagents prepared by & special procedure from the
arcn;atic dichlorides.

Reaction betwesn 9,10-'(11b'romoalfrlihraaena26 and lithiwn in a
sealed flask at 30-60° gave only the lO-bromo-9-anthracenecarboxylic
acid subsequent to carbonation. This again illustirates the low
reactivity of the second halogen in the same ring toward attack by
the metal, .

The preparation of organometallic compounds by the direct method
from dihalides in which the halogens have &ifferent degrees of reactivity
has been very suceessful in that the yields are generally high. The

best examples of this type are p-chlorophenylmagnesium brornidea7 R

24Snyder, Veaver and Marshall, J. Am. Chem. Soc., 71, 289 (1949).

”5G1uesenkamp, U. S. Patent 2,508,022, May 16, 1950 /[ C.A., 44
7851 (1950) 7. e ’ e =

26yixhailov, Isvest. Akad. Nauk. S.5.5.R., Otdel. Khim, Nauk.

(Bull. acad. sci. U.R.S.5., Classe sci. chim.) 420 (1948) /[ C.A., 43,
208 (1949)_7. :

27(3) Gilman, Yablunky and Svigoon, J. Am. Chem. Soc., 61, 1170
(1989); (b) Burkhard, ibid., 68, 2103 (1946); (o) Bergkvist, Kgl.
siograf. S#llskap. Iund. Forh., 18, No. 2, 18 (1948) /C.A., 44,
1446 %1950) (d) Pritish Patent 626,515, July 15, 1949 / C.A., 44,
2555 (1950) /; (e) Pepper and Kulka, J. Am. Chem. Soc., 72, 1417
(1950) and fs Bodroux, Gompt. rend., 137, 710 (1903).

we
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p-chlorobenzylmagne sium chloride?8, m-trifluoromethylphenylmagnesium
bromidezg, 6=-chloro~l=naphthylmagnssium branide® gnd 3 »8,8=trifluoro-
proﬁylmagmsium chloride®0. 1In connection with the preparation of
organometallic compounds from brano or iodo polyfluorinated alkanes,

it was found that,if halogen were on the carbon atom adjacent to the

"one forming the C-M linkage,decomposition to the metal salt and

unsaturated molscule took place. This was the experience of Henned1
with 2,2-difluorocethyl iodide and bromide with sodium, potassium or
magresium in ether. Gilman and Jores®2 found that 2,2,2-trifluoroathyl
iodide bshaved in a similar fashion with magnesium to give 1,l-difluoro-
ethylene and magnesium salts. These previously reported difficulties
in the preparation of organometallisc compounds from 1,2-dihalides did
not deter Brice, Pearlson and Simons>S from reporting that they had
prepared a Grignard reagent from l-bromoheptafluoropropans. Others®®
have not been able to duplicate this result. The presence of hepta-
fluoropropane subsequent to hydrolysis may ba due to the existence of

intermediate radicals which react with the solvent rather than due to

28Fyson end Porter, J. Am. Chem. Soo., 70, 895 (1948).

®9(a) Bradsher and Bond, ibid., 71, 2659 (1949); (b) Markarian,
U.S. Patent 2,477,543, July 29, 1949 / C.A., 44, 5026 (1950)_7;
(c) Szmant, Anzenberger and Hartle, J. Am. Chem. Soc., 72, 1419 (1950)
and (d) O'Donnell, Iowa State Coll. J. Sci., 20, 54 (1945) / C.A., 40,
4689 (1946)_7. - T

50ycBes and Truchan, J. Am. Chem. Soc., 70, 2010 (1948).
5lgenne, ibid., 60, 2275 (1938).

52G1Iman and Jones, ibid., 65, 2037 (1943).

33prige, Pearlson and Simons, ibid., 68, 968 (1946).
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hydrolysis of a Grignard reagent. This was the explanation offered
Yty Emeléus and Haszeldine®* s for the presence of pentafluorosthane
subgequent to hydrolysis of the reaction mixture from iodopentafluoro-
ethane and magnesiume. These authors found also that iodotrifluoro-
methane did not react with magnesium, lithium or alloys of sodium.

In connection with organometallic compounds from 1,2-dihalides,
Wittig and Harborth®® have shown that with phenyllithium and certain
1,2-dibromides bromine-~lithium interconversion took place to give a
compound of the type Bré-{Li which prouptly decomposed to form an
ungaturatéd molecule and lithium bromide. These authors pointed out
that halides or ethers of the structures XHM and Xé-éLi wore
ungtable toward decomposition to the salt. These facts preclude the
preparation of similar types by the direct method, metalation, halogen-
metal interconversion or any other procedure used for the production
of organometallic compounds.

Protection of reactive functional groups, for example carbonyl,
in organometallic compounds by the formation of acetalsS® has not been
succegsful according to the available literature sources. Acetals have

the particular merits, howsver, of being stable to basic reagerltasss'7

54Eme1dus and Haszeldine, J. Chem. Soc., 2948 (19489).
55yittig and Harborth, Ber., 77, 306 (1944).

56chemical Abstracts uses this name for 1,1-dialkoxyalkanes
whether acetals or ketals. See C.A., 59, 5924 (1945).

57(a) Chichibabin and Jelgasin, Ber., 47, 1845 (1914); (b) Spith,
Per., 47, 766 (1914); Monstsh., 35, 519, 463 (1914); ibid., 36, 1
.(_1315); (¢) levina, Kulikov and Parghikov, J. Gen. Chem. (U.S.S.R.),
1, 567 (1941) [ C.A., 35, 6951 (1941)_7.
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under the usual conditions in Grignard reactions and easily hydrolyzed
by dilute acids. This would make such a group ideal for the protection
of the carbonyl function during the reaction and for the removal under
mild conditiona subsequent to completion of the preparation. A 50%
acetic acid solution of the acetal heated several hours over a steam
bath was found to effect hydrolysis in certain cases 8. These mild
conditions perhaps would permit the regeneration of an aldehyde or
ketons grouping in organolead compounds which are quite sensitive
toward cleavage by acids.

The reasons for the fallure of these acetals to react satisfacto-

rily with magnesium are manifold. 13?‘:1.11fa1'x‘gs9

prepared a series of
cyclic acetals from aldehydes and ketones by use of epichlorohydrin
and epibromohydrin and an acld catalyst. He stated that benzophenone
S-chloropropylens acetal, chloral 3-bromopropylene acetal and 3-penta- |
none 3-bromopropylene acetal were stable toward magnesium. It is
pogsible that in these cases the acetals contained traces of the
carbonyl compounds and the magnesium became coated., Krause and
Slobodin4° claimed to have treated (~ionone and bromocacetal in ether
with magnesium to obtain the expected Grignard addition. It seems
unlikely that the reaction with magnesium would proceed as indicated,

since other workers?} did not obtain the expected products when

38Fieser, Fields and Lieberman, J. Biol. Chem., 156, 191 (1944).
39w111fang, Ber., 74B, 145 (1941).

40krause and Slobodin, J. Chim. gén., 10, (72) 907 (1940) /Chem.
Zentr., 111, IT 2898 (1940) 7. —

41Heilbron, Johnson, Jones and Spinks, J. Chem. Soc., 727 (1942).



SRy

Sz esTR TSR RS

e (T At I I

JRUNEEp—

13

lithium was uvsed in place of magnesium. Kuhn®? who prepared a large
number of oyclic acetals of ketones stated that pure phenacyl bromide
ethylene acetal reactsd readily with magnesium to form a CGrignard
derivative. He was more correct in a fooinote in which he suggested
that a cyclic acetal of p-bromoacetophenone would have application

in numerous syntheses. However, acetals of this type should give a
reaction with magnesium, but the normal Grignard reagent would not be
expected on the basis of sarlier work with which these authors were
not familiar.

Freundler and Ledru?® ag early as 1905 studied the reaction
betwesn magnesium and bromoacetal and found that a violent reaction
took place at 110-115° to give ethyl vinyl ether as the organic
product. These authors formulated the reaction as follows:

(o)
ZB'PCHzCH(OCaﬁs)a + g —1-10':&5‘——) 2CH2-03002H5 <+ Hg&'z + Hg(OC2H5)2

Work by Wittig and HarborthS® showed that the typre reaction formulated

below occurred with lithium derivatives of ethers having the general
formula RO¢—¢L1.

RO~¢-4i ——— ROM + ¢=f

If this formulation holds then the éxpacted products from Kuhn's

4%uhn, J. prakt. Chem., 156, 105 (1940).
43proundler and ledru, Compt. rend., 140, 795 (1905).
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bromoacetone ethylene acetal and magnssium would be the followings

VA
BrOHp-C~CHy + Mg ——)Hzc-g-ocazcﬂzougar
s

This bromomagnesium salt of the glycol moncether of acetone enol
would not be expected to give Orignard addition products to ketones.
Arens and van Dorp“ actually found this to be the case and the
ketones wers recovered unchanged. With benszaldehyde on the other
hand, the same features as in normal Grignard condensations can be
observed, and the acetal of benzalacetone and free benzalacetone
can be obtained. These products were formed by condensation of the

aldahydé with enolized acetone.

CgH5CHO HOH
CHg=(~0CHoCHpOMgBr ————) OgHgCHaCH~C-0CHoCHaOMgBr —
Ha Bz
CeHsCHSCH  p-CHp
+ ¥g(OH)Rr
Ol - 0-CHy

The Grignard reaction of the magnesium derivative of bromoacetaldehyde
dimethyl aceta1®? with f ~ionone could not be repeated. The observed
reactions were probably dus to the formation of methyl vinyl ether.
Willimann and Sch1nz45 recently prepared the magnesium derivative
of l-bromo-3~butanone ethylene acetal and reacted this substance in

ether with acetone. The product, however, was a complex mixture which

44prons and van Dorp, Rec. trav. chim., 65, 729 (1946).

4591114nann and Schinz, Helv. Chim. Acta, 52, 2151 (1949).
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decomposed upon distillation. It 1s possible that the Grignard reagent
caused enolization of part of the acetone which promptly condensed with
more acetone to give products which would dehydrate during distillation.
There have been a few instances in which organometallic compounds
have been prepared from organic halides containing in the molecule an
active hydrogen or an azomethylene group. Spencer and Stokes6 Wwere
able to prepare m-aminophenylmagnesium bromide (90%), p-hydroxyphenyl-
magnesium bromide (40-50%) and o-aminophenylmagnesium chloride (as
halogencmagnesium salts) as well as organomagnesium derivatives from
l-bromonaphthalesne, bromoacenaphthens, 1§dobenzene » bromobenzene,
p-iodotoluene and o-bromotoluene by the direct action of magnesium on
the hot aromatic halide. Ths respective Grignard reagenis were
identified through the hydrolysis products. A preparation of phenyl-
magnesium iodide was dissolved in ether and treated with Dry Ice to
obtain a low yield of benzoic acid. It is interesting that halogenated
asromatic acids lost carbon dioxide under the conditions of the reaction
and that halogsn-gsubsgtituted nitro compounds were charred. In one
experiment with the nitro compounds the heat of reaction caused the
glass tube to soften., Tribromophenol also reacted violently with

magnegium to give products which contained less bromine than the

starting material. The authors were not able to moderate this latter

reaction. The direct action of magnesium upon these aryl halides

appeared to be a satisfactory way to remove an aromatic halogen.

The failure of 2-bromoquinoline to form a Grignard resgent has

463penoar and Stokes, J. Chem. Soc., 98, 70 (1908).
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already been mentioned®. In more recent work Harris“

was able to
react S-bromo-, 3,5~-dibrome~, and 2-iodo-pyridines with magnesium to
obtain an intermediate organometallic compound which changed to a
tarry mass. By use of ethyl bromide as an auxiliary reagent in amounts
aqual to 0.25 - 1.00 mole per mols of 2-bromopyridine, it was possible
to obtain yislds of 2-pyridylmagnesium bromide up %o 55%48. It was
suggeeted49 that a halogen-metal exchange reaction may account for
the action of ethyl bromide in promoting the formation of the Grignard
reagent. Actually such an interconversion reaction was found to take
place, but only low yields were obtained. Therefore, the halogen-metal
interconversion reaction can only be responsible to a very small extent
for the good ylelds obtained. Proost and Wibaut®C in a subgequent
paper reported the preparation of 2,6-pyridinedimasgnesium bromide with
the aid of ethyl bromide.

The highly-substituted 3,4,6-triphenyl-2-bromopyridine reacted
very slowly with lithium suspended in ether to give after several days
at room temperature 20-25% of 3,4,6-triphenylpyridins subsequent to

hydrolysis®l. Tt was shown by Gilman and Kelstrom®? that by use of

47garris, Iows State Coll. J. Sci., 6, 425 (1932) / C.A., 27,
279 (1938)_7. :

48gverhoff and Proost, Rec. trav. chim., 57, 179 (1938).

49rion, Compt. rend., 198, 1244 (1934).

50proogt and Wibaut, Rec. trav. chim., 59, 971 (1940).
51211en and Frame, J. Am. Chem. Soc., 62, 1301 (1940).
52G4Iman and Melstrom, ibid., 68, 103 (1946).
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p~butyllithium 'at ~35% for ten minutes this organolithium compound
could be prepared in at least 67% yield as determined by carbonation.
The metalation reaction hag provided a large number of very use-
ful synthetic intermediates containing the azomethylene linkage.
This group is sometimes given the term "enamates® since each contains

the grouping I which bears a formal relationship to the enoclate

-—NSJ}-CHZM O-é—CHZM

[1] [11]

gtructure II in which the oxygen atom 1s replaced by nitrogen.
Metélation of 2-picoline, quinaldine and S-methylacridine has been
carried out with phenyllithium by Ziegler and Zeiser®® who were able
to employ these intermediate lithium derivatives as true organcmetallic
compounds. Picolyllithium has become a very useful reagent as may be
judged by the large numbers of synthetic applications deseribed in
numer ous paper354. It is interesting in connection with syntheses
with picolyllithium and picolylmagnesium bromide and iodide that
uniike their structurally analogous compounds, benzyllithium and
benzylmagnesium chloride, no rearranged products were formed during

reaction with acetyl chloride and ethylene oxidesq'h.

53ziegler and Zeiser, Ann., 485, 174 (1931).

5450me selected references aret (a) Bergmann and Rosenthal, J.
akt. Chem., 135, 267 (1932); (b) Welter, Org. Syntheses, 23, 85
51945); (c) Kloppenburg and Wibaut, Rec. trav. chim., 65, 393 (1946);
(d) Burger and Ullyot, J. Org. Chem., 12, 342 (1947); (e) Edwards and
Teague, J. Am. Chem. Soc., 71, 3548 (1949); (£) Wibaut and de Jong,
Rec. trav. chim., 68, 485 (1949); (g) Schofield, J. Chem. Soc., 2408
(1949) and (h) Gilman and Towle, Rec. trav. chim., 69, 428 (1950).
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Pioolyllithium and a large group of other enamates®® have been
prepered by metalation with alkeli amides. Courtot and Tchelitchef£55¢
prepared 2-benzothiazolylmethyl-scdium and -lithium by the action of
sodamide and phenyllithium, respectively, upon 2-methylbenzothiazole.
These reagents were coupled with certain alkyl halides to give the
expected products. Reaction of 2-benzothiazolylmethylsodium with
p-nitrobenzyl chloride, however, resulted in the formation of 2-(p-

" nitrophenyl)-benzothiazole and 2-(p-aminophenyl)-benzothiazole in

ungpecified yields. This is indeed an unusual reaction bscause (1) a
nitro-containing product was :!.solated';and: (2) two carbon atoms are
missing from the combined molecules. Further studies should be carried
out to confirm these observations and to determine whether the enamates
may be useful synthetic intermediates in reactlons with compounds
containing nitro groups. More recent1y55d 2-benzothiazolylmethyllithium
was used to prepare some hete'rocyclic fatty acids in comnection with
antituberculous studies.

The lithium derivatives of 4-picolins and lepidine are actually
winwloés of the enamates and mroperly belong to the same class.
Interest in compounds affecting the growth of microorganisms led
Prijs, Iutz and i:‘.rlermua;wars6 to prepare some pyridine acetic acids.
Phenyllithium was added to 4-picoline to give, subsequsnt to carbonation,

55(a) Bergstrom, J. Am. Chem. Sog., 58, 3027, 4065 (1981);
(v) Chichibabin, Bull. goc. chim. France, 3, 1607 (1986); (c) Courtot
and Tchelitcheff, Compt. rend., 217, 231 .(1943) and (d) Graef,
Fredericksen and Burger, J. Org. Chem., 11, 257 (1946).

ssPrijs, Intz and Erlemmeyer, Helv. Chim. Acta, 31, 571 (1948).
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2-phenyl-4-pyridylacetic acid. Gilman and Broadbent®? carried out a
gimilar synthesis ﬁsing n~-butyllithium and 4-picoline and obtained in
addition %o 2-n-butyl-4~methylpyridine a few milligrams of an unidenti-
fied acid subsequent to carbonation. It appears likely that this
unknown acid may be 2-n-butyl-4-pyridylacetic acid.

The enolates of esgters and ketones have found considerable use
in organic synthesis since sone types act like true organometallic
compounds. These enolates may be prepared by direct action of
o« =halossters or of-haloketones upon the metal in ether or by metal-
ation at the of~carbon. Eihyl bromoacetate was reacted with magnesium
to form the intermediate enolats which in turn was reacted with methyl
bromoacetate to give a 0% yield of ethyl 4-bromoacetoacetatesea.
The bromomagnesium enolate from ethyl bromoacetate was reacted in a
similar fashion with 2-¢yclohexyl cyclohexanonessb to give the expected
product of addition at the carbonyl group. 2-Chloromagnesium 3-buta-
59 was prepared from 3-chloro-~-2-butanone and magnesium, and the

none
intermediate was reacted with citral to give a 40% yield of the

corresponding carbinol.
The bromomagnesium enolate®® of the highly-hindered ketons,

acetomesitylene, unlike enolates of other ketones, combined with carbon

57Gilman and Broadbent, J. Am. Chem. Soc., 70, 2809 (1948).

58(5) Rottinger and Wenzel, Monatsh., 34, 1867 (1914) and (b)
¥internitz, Wousseron and Trebillon, Bull. soc. chim. France, 16,

718 (1949).
59Beats, Rec. trav. chim., 69, 307 (1950).

60gohler and Baltzly, J. Am. Chem. Soc., 54, 4015 {19%2).
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dioxide to form a carbonate which lost carbon dioxide and regenerated
acetomesitylene when it was acidified. It also reacted with acetyl -

chloride, benzoyl chloride and ethyl chlorocarbonate to give the

- diacyl derivatives. A quantitative astudy of the reaction between

aaetémesitylene and organomagnesium compounds was reported by Kohler,
Fuson and Stona®l. These authors found that acetomesitylens did not
add methylmagnesium lodide bscause of steric hindrance but did cause
the liberation of methane equivalsnt to one active hydrogen. Gilman
and Jones®® found that reaction with methyllithium caused the libera-
tion of 97% of the theoretical amount of methane assuming one active
hydrogen. These authors also reacted acstomesiiylens with phenyl-
magnesium bromide, phenyllithium and phenylsodium to give good
recovery of acetomesitylene subsequent to hydrolysis. Each of the
anolates was found to give a color test with Michler's ketoneS8,

The direct action of A-bromoacetomesitylens has been uged to

61,62 of aceto-

prepare the bromomagnesium enolateS4 s but metalation
megitylene with a Grignard reagent gave higher yields. Fuson and
<><::m>rkers65 have extended the usefulness of the reagent by showing
that 1t would react with acld chlorides, esters, carbon dioxide,

aldehydes and ketones. The product in each case was that predicted

6'-'-i'(ohlez-, Fuson and Stone, J. Am. Chem. Soc., 48, 3181 (1927).
62G51man and Jones, ibid., 63, 1162 (1941).
65011man and Schulse, ibid., 47, 2002 (1925).

64pigher, ibid., 57, 381 (1935).

65(a) Fuson, Fugate and Fisher, ibid., 61, 2362 (1959) and
(b) Fuson and McKeaver, ibid., 62, 999 (1940).
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by the formula, 2,4,6-(CHg)sCgHCOCHMgRr. Other enolatesSS of
hindered ketones have been studied but few were found which would
give exclusively C-acylation.

Pyrrylmagnesiun halides and indolylmagnesium halides are related
to the enolates by virtue of the fact that the reactions of the pyr-
role anion may lead to N~ or C-substitution depending upon the nature
of the raactantss7. In early work by 0ddo®® it was shown that the
bromomagnesium derivative of pyrrole reacted with carbon dioxide in
the rresence of pyridine to give pyrrole-2-carboxylic acid. ILater
work by other authors®® ghowed that acylation in the 2-position could
be carried out by reaction with esters of acetic, proplonic and butyric
acidse. Nenitzecum reported that pyrrylmegnesivm halides react with
Michler's ketons to give a violet color and concluded from this fact
that the -MgX group was on carbon. Gllman and Heck71 suggested that
although pyrrylmagnesium halides gave Color Test I the assigmment of
a position In the molecule to -MgX cannot be made prior to its reaction

with a miscellany of compounds.

66(a) Kohler, Tishler and Potter, J. Am. Chem. Soc., 57, 2517
(1935) and (b) Fuson, Fisher, Ullyot, and Fugate, J. Org. Chem., 4,
111 (1939). -

67Dewar, *The Electronic Theory of Organic Chemistry®, Oxford
University Press, London, 1949, pp. 103, 188.

880ado, Gazz., chim. ital., 59, I 649 (1911) /C.A., 5, 686 (1911) 7.

690helintzev and Terentiev, Ber., 47, 2647 (1914).

7ONenitzescu, Bul. gog. chim. Romania, 11, 130 (1930) /C.A., 24,
2458 (1930)_7. -

71G4Iman and Heck, J. Am. Chem. So¢., 52, 4949 (1930).
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Metalation of compounds containing umusually acidie hydrogens
has been carried out in high yields. Some examples of compounds of
this type ares dibromomagnesium dimethylethinyloarbinol’?, 5-bromo-2=
furylethinylmagnesiun bromide’” R «—cyanobenzyllithimn“ » benzothia~
zolylmagnesium bromide®S®, 4,5-dimethylthiazolyllithimn > and
benzothiazolyllithium . The latter reagent, although it is not
stable above -35°, showed a high degree of reactivity towsrd aldehydes,
ketonas, nitriles and carbon dioxide and it may be a reagent of choice
for the introduction of the benzothiazole nucleus into certain physio~
logically active types.

The metalation reaction has an advantage over other aromatic
substitution reactions with certain aromatic heterocycles because the
hydrogen-metal exchange generally takes place ortho to the hetero atom,
8 position not available through électrophilic reagents. Typlcal

examples of these highly spscific reactions are the metalations of

carbazole’ ! s phenothiazine78 and dibensofuran79’8°. A second

72Newnan, Fones and Booth, J. Am. Chem. Soc., 67, 1055 (1945).
75041man, Hewlett and Wright, ibid., 53, 4192 (1931).
T4yurray, Foreman and langham, Science, 106, 277 (1947).
7SErne and Erlemmeyer, Helv. Chim. Acta, 51, 652 (1948),

77031nan and Kirby, J. Org. Chem., 1, 149 (1936).
7801lman, Shirley and Van Ess, J. Am. Chem. Sog., 66, 625 (1944).

79Gilman and Young, ibid., 57, 1121 (1935) and U.S. Patent
2,146,750, Feb. 14, 1959 7 C.A., 53, 5816 (1933)_/.

80g11man, Moore and Baine, J. Am. Chem. Soc., 63, 2479 (1941).
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characteristic of the metalation reaction is that heteronuclaar79'8°

metalation generally occurs in preference to homonuclear matalational.
Invariably a mucleus having s negative substituent haas been found to be
metalated in preference to a nucleus without a substituent. Langham,
Brewster and Gilmanea employed g—bﬁtyllithimn and phenyllithium to met-
alate p-iodo-, p-bromo- and p-chloro-diphenyl ethers and found that in
each case hydrogen-metal interconveraion had occurred ortho to the ether
linkage in the nucleus holding the halogen. Methyllithium gave the
same result when it was used on p-bramo- and p-chloro-diphenyl ethers.
The metalation of 2—branodibenzof‘uran with n-butyllithium, however,

was shown to be a two-stage process® %4 involving an intermediate
halogen-metal interconversion reaction followed by metalation of the
unreacted 2-~tromodibenzofuran to give 2-bromo-4-dibenzofuryllithium.

When 2,8-ditromodibenzofurant®

was reacted with n-butyllithium only 2,8-
dibenzofurandicarboxylic acid was isolated subsequent to carbonation.

It has been shown that metalation in the ortho position is a .
reaction not only of ethers but also of the corresponding phenols.
In the dibenzofuran series where isomeric metalation products are

possible, the phenols appear to form fewer 1somers86.

8lhowever see Gilman and Stuckwisch, J. _;Ag.bhem. Soc., 65, 1729
(1943) who reported the homonuclear metalation of S-phenylcarbazole.

82Langham, Brewster and Gilman, ibid., 63, 545 (1941).
85G41man, Chensy and Willis, ibid., 61, 951 (1939).

84GiIman, Langham and Willis, ibid., 62, 346 (1940).
85G11men, Willis and Swislowsky, ibid., 61, 1371 (1939).
86G1Iman, Willis, Cook, Webb and dMeals, ibid., 62, 667 (1940).
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The me chanism87

of the metalation reaction may be most satisfac-
torily consgldered & mucleophilic attack on hydrogen. In compounds
having relatively acidic lwdrogén, e.g. triphenylmethane, fluorene,
diphenylmethans, phenylacetylene etc., the reaction may bs described
as a weak acid transferring proton to the more strongly basic anion of
the organometallic lon-pair. The fact that P-chlorostyreneea’sg when
reacted with phenyllithium yielded phenylacetylene may be interpreted
as a metalation followed by elimination of lithium chlorids. The
metalation reaction, however, nsed not be thought entirely due to the
action‘of a oarbanion upon hydrogen. Mortongo chooses to take the
opposite view that the cation is the reactive portion of the ion-pair
and that elsctrophiliec attack on carbon initiated by the metal is
followed by removal of proton with the aid of the basic anion. While
in the case of mercuration this mechanism may be the correct one,
there are many cases wherse metalation does not occur at positions
that would be predicted on the basis of initial electrophilic attack.
Generally, by ugse of n-butyllithium on substances containing hetero
atoms in a ring, or attached to a ring, hydrogen-metal exchange is

effected ortho to the hetero atom. Some exceptions to this observation

are known but steric factors may be responsible for these seemingly

B7Morton, Organic Chemistry Seminar, Iowa State Collsge, 1950.

8%ittig and Witt, Per., 74, 1474 (1941).
%Oyorton, Chem. Revs., 35, 1 (1944).
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anomalous reaultagl’gz. The hydrogen replaced is not mecessarily the
most acidic one, and in these cases it seems probable that there is

an initial coordination of the metal end of the organomstallis dipole
with the unshared electrons on the hetero atom or on the substituent
group followed by removal of an ortho hydrogen by the anion®7, :rho
operation of the coordination et.ep“:’5 of the mechanism would be expected
to aid the reaction by inecreasing the polarization of the carbon-metal
bond of the metalating agent and by augmenting the inductive effect

of the elactron atiracting substitusnt. The initial coordination may
aid the reaction by counteracting the expscted decrease in the acidity
of the ortho and para hydrogens due to resonance of the unshared
aelsctron pairs with the aromatic ring. The relative degrees of acti-

vation of ortho hydrogen by certain substituent groups and hetero

| atoms in aromatic systems may be shown by the following approximate

relationshipss F)Cl; F)-0CHg)-CFg)H; F) '-N(Cﬂs)g and O) S ) N.
It is of interest to observe that groups which direct ortho - para in
nitration, sulfonation, halogenation, mercuration and the Frisdel-

Crafts reaction do the same in the metalation reaction with n-butyl-

11thium and other reagents of this type. Roberts and Curtin® found

91Tr1pheny1—amine s —phosphine and —arsine were found to metalate in
the meta positions. See (a) Gilmen and Brown, J. Am. Chem. Soc., 62,
3208 (1940); (b) Gilman and Stuckwisch, ibid., 68, 3552 (1941) and
(c) Gilman and Brown, ibid., 67, 824 (1945).

929_pydroxy~ and 9-methoxy-phenanthrene upon reaction with n-
butyllithium followed by carbonation gave 9-hydroxy- and 9-methoxy-
x-phenanthrenecarboxylic acids. See Gilman and Cook, ibid., 62, 2818

(1940).
%BRoberts and Curtin, ibid., 68, 1658 (1946).
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that metalation of benzotrifluoride, which conteins the meta-directing
group -CFg, gave, subsequent to carbonation, 48% of acid which was com=
posed of 83% o-, 168 m- and <{1¥ p-trifluoromethylbenzoic acids. This
work was interesting and significant because it did lead to the concept
of initial coordination followed by nuclsophilic attack on hydrogen.
It also was the first metalation reaction to be carried out on a
compound containing a meta-directing group. In general, reaction of
such groups with the usual metalating agents occurred more rapidly
than nuclear metalation.

The direct metalation of simple alcohols ard mnfi.nesg4= and of
certain phema'.la95 by n-butyllithium followed by carbonation gave
yields of acids which on the whole were quite low and unsatisfactory

for synthetic purposes. Parham and 1\11(19:’301196

recognized the limita-
tions of metalation of ocompounds containing active hydrogens, and for
their studies with phenol, catechol, resorcinol and hydroquinone they
converted these substances first to the acetals. The reagent chosen
was dihydropyran which had been used prev:?.ousxll.;yrw"98 to prepare 2=
tetrahydropyranyl ethers of aliphatic alcohols and phenol. The

following equation represents the formation of the acetal.

: ‘ H+
I + ROH ——m
Y _

94G4Iman, Brown, Webb and Spatz, J. Am. Chem. Soc., 62, 977 (1940).
95611men, Arntzen, and Webb, J. Org. Chem., 10, 574 (1945).
96Parham and Anderson, J. Am. Chem. Soc., 70, 4187 (1948).

97pPaul, Bull. soc. chim. France, / 5_/ 1, 971 (1934).

%Byoods and Kramer, J. Am. Chem. Soc., 59, 2246 (1947).
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These tetralwdropyrényl ethers were found to effectively cover the
phenolic groups during reaction with n—butyllithium, and following
carbonation of the intermedlate aryllithium the acetal was readily
hydrolyzed with 2 N hydrochloric acid solution. The yields of the
various hydroxybenzolc acids after cleavage of the acetal were good
and compared favorably with yields obtainable by use of the halogen-
metal interconversion reaction.

The scope and limitations of the halogen-metal interconversion
reaction have been thoroughly reviewsd by Jones and 041nan® s ina
chapter for the forthcoming volume of ®"Organic Reactions". However,
certain aspects of thg reaction which have a direct bearing on the
subject matter of this literature survey will be discussed.

While uée of the metalation reaction has not been a successful
approach to the preparation of organometallic compounds containing a
variety of functional groups, the halogen-metal interconversion reaction
has found wide applioaﬁion for this purpose. The halogen-metal inter-
change, with organolithium compourds in particular, is a relatively
fast reaction even at low temperatures. It has made possible the
preparation of organolithium compounds of pyridine and qui.nol:lne%’loo'los

%rhe author is grateful to Dr. Henmry Gilman for meking an early :
draft of this chapter available. See Jones and Gilman, "Organic

Reactions", John Wiley and Sons, Inc., New York, N.Y., Vol. 6, 1951.
100G31man and Spatz, J. Am. Chem. Soc., 62, 446 (1940).

1013paty and Gilman, Proc. Iowa Acad. Sci., 47, 262 (1940)
/[ C.A., 85, 7405 (1941)_7.

108yyrray, Foremen and Langhem, ibid., 70, 1057 (1948).
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by use of moderately low reactlon temperatures and short reaction
periods. Actually under conditions effective for the halogen-metal
interconversion reaction in a compound like 5=bromoquinoline, the
parent heterocycle itself added n-buiyllithium promptly to give good
yields of 2-n~-buiylquinoline. When the interconversion was carried
out at higher temperatures, secondary reactions at the azomethylene
linkage took place to give tarry products.

Of especilal interest was the interconversion of aromatlic halides
containing groups more reactive than azomethylens. Several bromo-
and lodo~-benzoic ac 1dslo4, N ,lf{.-di.e1;byl--g-iodobenzenesu11'ox'zauu.idem4 »
p—branobenzenesulfonamidems s p—bromobenzonitriloms and N-(p~iodo-
phanwl)—phthal!mideloe have been interconverted with n-butyllithium by
similar modifications of the ordinary reaction conditions that were
used in the pyridine and quinoline series. It will bes observed, however,

that the Entemann and Johmson""o'7 gories of relative reactivities
-CHO ) -COCHS > =NCO ) -COF ) GOGBHS s COCl, CORr D -0020235) -C=N

of functional groups has been but barely touched with regpect to the
introduction of reactive groups into organometallic compounds. The
reasons for this are obvious. These groups because of their high

reactivity toward organolithium reagents consume the interconverting

104G51man and Arntzen, J. Am. Chem. Soc., 69, 1557 (1947).

105G51man and Melstrom, ibid., 70, 4177 (1948).
108G4Iman and Stuckwisch, ibid., 71, 2933 (1949).

107 ntemann and Johnson, ibid., 55, 2900 (1953).



]

rprTTT o ey

2

et g e o

Rt Tios D Lot I

29

reagent more rapidly than the interconversion of a bromine or an
lodine atom in the same molecule can take place. Apparently acme
suitable protection must be provided for the functional group before
a halogen-metal interconversion reaction on such a compound can be
effected.

Protection of groups containing active hydrogen in the halogen-
metal interconversion reaction is unnecessary and actually may lower
the yield of the intermediate organometallic compound. It appears that
the presence of a phenoxide or amide ion may actually aid coordination
of the lithium end At the organometallic dipole and facilitate removal
of halogen .by a mechanism similar to that described for metalation.

It must be stated, however, that halogen-metal interconversion does
not occur only at the ortho position, since by use of n-butyllithium
interconversions of g-bromoanilineloe’mg, E-bromothiophenollog ’
_’Q—bromobenz&l alooho1105 ,110’ g-bromophenolm and g—bromophenolm
have been effected.

With respect to the relative reactivities of the halogen atoms
in positions ortho, meta or para to the hydroxyl group or methoxyl

group in aromatic molecules, the following observations are pertinent.

108(4) Gilman and Stuckwisch, J. Am. Chem. Soc., 65, 2844 (1941);
(b) ibid., 64, 1007 (1942) and (c) Ibid., 71, 2938 (1949).

10935 1man and Gainer, ibid., 69, 1946 (1947).
10g31man and Melstrom, ibid., 72, 2955 (1950).
Mlgynthankar and Gilman, J. Org. Chem., 15, 0000 (1950).
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Interconversion of 2,2'-dimethoxy-5,5',5,5 '--ta'l;ra}.u-omo't::iphemrll12 with
two equivalents of phenyllithium gave a high yield of 2,2'-dimethoxy-
5,5'-dibromo~3,5 '=biphenyldicarboxylic acid. Gilman, Langham and
Woore®8 reported that one or both ortho bromine atoms in 2,4,6~tri-
bromoanisole may be interconverted with n-butyllithium under spesial
conditiona. In this case as before no evidence for interconversion
of the bromine para to the methoxy group was detected. With the
simpler compound, 2 ,4-dibrom9anisolenl » and n-butyllithium only
2-methoxy=-5-bromobenzoic acid was obtained subgequent to carbonation.
wittig and Pookelans found that phenyllithium would interconvert both
bromine atoms in 4,6~dibromoresorcinol dimethyl ether but it will be
observed that each halogen was ortho %o one methoxy group as well as
para to the other.

Sunthankar and Gilman'll in their extensive investigation on the
halogen-metal interconversion reaction in the naphthalene series showed

that 2,4-dibromonaphthol and 2,4-dibromophencl reacted with three

-equivalents of p~butyllithium each, to give subsequent to carbonation

exclusively 4-bromo-l-hydroxy~2-naphthcio acid and S-bromosalicylic
acid, respactively. These authors conclude that the reactivity of the
halogen depends upon its position in the ring with respect to other
activating groups i.e. 0> p)m. Furthermors, the interconversion
reaction with one ortho halogen in substituted phenols and anisoles is

more rapid than the interconversion reaction with the second atom if

118y;ittig and Pockels, Ber., 72, 89 (1939).
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the latter is not in a second ortho position.

Although m=trifluoromethylphenyl bromide reacts smoothly with
magnesiun to form a Grignard reagentl®, it does not react with
lithium under the conventlonal conditions. Tﬁe desired organolithium
comptmnd115 s however, can be prepared by the halogen-metal intercon-
vergion' reaction with p-butyllithium. The use of m-trifluoromethyl-
phenyllithium would appear to be a way to introduce the m~carboxyphenyl
molety into certain types, but the fluorine atoms can be removed only
under rather drastic conditions. For products which are stable to
refluxing 80% sulfuric acid™? or to other concentrated acids, this
procedure may have some synthetic value.

The metal-metal interconversion reaction may be considered an
exchange of metals betwesn two RM types or between an RM type and a
galt such that an organometallic compound of lesser reactivity is

formed, e.g.116’54h,

(p-BrCgHy)gHg + 2n~GgHgli — 2p~BrCgHyli + (n-CyHg)oHg
7 Z
]csex.i $ Mghr, — I Icnzugm- + LiBr

This interconversion reaction should have wide application to the
preparation of organouietallic compounds bearing functional groups
although it has been used only to a limited extent for this purpose.

114gsimons and Remler, J. Am. Chem. Soc., 65, 389 (1943).
135G53man and Woods, ibid., 66, 1981 (1944).
116043man and Jones, ibid., 65, 1443 (1941).
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Arntzenll? for the gynthesis of certain organotin compounds employed

Grignard reagents prepared from products of a halogen=lithium

exchange reaction and magnesium bromide. This procedure offered a

means of preparation of Grignerd reagents hitherto unavailabls by

other methods.
Nesmeyanov and 1'-‘53cherazakamtl18 were able fo convert o-chloromercuri-

phenol to O-bromomagnesium~o-hydroxyphenylmagnesium bromide by a metal-

metal interconversion reaction with ethylmagneaium bromide. The yield,

however, was only 20-25% as determined by carbonation and by reaction
with benzophenone.
It may be readily seen from the limited amount of literature

available that the metal-metal interconversion reaction has potentially

greater possibilities for the preparation of organometallic compounds
One of the

containing functional groups than have been investigated.
gubsections of the Discussion part of this theslis contains some
suggestions for future resesrch work which are based upon the author's
experience during the course of this investigation.

Table I with accompanying fooinotes lists the organometallie
compounds considered by this e:urva;:,rn9 according to the functional

group present. In ingtances where several reference numbers are

given, the firat includes a suitable preparative procedure if one is

117jrntzen, Iowa State Coll. J. Sci., 18, 6 (1943) /C.A., 38,
61 (1944)_7. - -

118yegmeyanov and Pecherskaya, Bull. acad. scis U.R.S.S.,
Classe sci. chim., 517 (1943) /C.A., 88, 5492 (1944)_7.

ngSee page 8.
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available. In addition to exclusion of acetylides, metal addition
compounds from olefins and organometallic compounds containing methoxy
and/or tertiary amino groups, certain other types have also been
omitted from Table I. Compounds containing the grouwps RCd~-, RHg=,
Rg9i=, RgGe~, RgSn-, RgFb~, RoP~, RgAs—, RgSb-, RpBi- etc. which
undergo ready metal-metal interdonversion reactions or cleavage by
organometallic compounds:or metals have not been included.

It is to be understood that, although same of the formulas in
the table contain active hydrogens, these types are actually salts.
The nature of the sallis in some instances was unknown and it was
thought best to avold inacouracies and incongistencles by not
replacing the reactive hydrogens in the formulas by metallic cations.
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Table I

Organometallic Compounds Classified by Functional Groups

Compound References | Compound References
Amino Group# '! 'l Li
Q-HzNC 6H4Mg01 . 46 I;-I{ 102
m-HoNCgH,MgBr 46 g Li 77
. H
N 108¢,108 : :: 8
3 B"’HZ.ICGH4L1 . . C, a
- | ©109,103,74
_ Azomethylene Group
3
_9_-(_{1_-34}{9'1‘71{)-06}141«#. o e r 48,50
o-(CgHgH)~CeH Lt - 94 Z
| S | i
) - N 121
o~(CgH5CHoNHCH)~CaHgLi 120
- z ’ i
*' ‘ l 68,69 100:101:
. | :N:ngBr | 70,71 NN 105,74
8 *211 reactive hydrogen atoms are replaced by appropriate metallic
( cations. '
b 12045 1nan and Woods, J. Am. Chem. Soc., 65, 33 (1943).
‘ﬁx ' ) '
v 12lppbott, Iowa State Coll. J. Sci., 18, 3 (1%43) /C.A., 38, 61
i (1944) /. - , —
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Compouhd References | Compound References
Azomethylene Group (contd.)
Br@ yLi >;Li
X | / 76
N 101
Qe cr
Br¥g X, “MgBr 50 o 47Li , |
Sy 75
<
Carboxylx i
Br i 120 arboxyl*, Cyano and Imido Groups
S
6Hs 0~H0CCgHy Li 104
7 l CgHg
H Li 52,51
Oets Xy % P-HOoCCgH, LA 104
X\Li
. 100,101 P-NCCgH,Li 105
N 102
CeHe~CHLL | 74
a ‘ % & CN
| : .
- =0
N
Lt 102 ©::\I @Li
)
X ] =0 106
Z s Li Enamates
=
W>M& L\Imvl
X .
2°¢ 54h

*a11 reactive hydrogen atoms are replaced by appropriate metallic

cations.

1%25patz, Iowa State Coll. J. Sci., 9, 215 (1934) [ C.A.

, 37, 3434

(1943)_7.

125G51man and Shirley, J. Am. Chem. Soc., 71, 1870 (1949).
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Compound References| Compound References
Enamates (contd.)
. HoNa
I
NN
X~ CHpMeBr 54h Sy 551,
CH
Z | 53,54a-h, AN
\ H2Li 55a |
\N H2K 55a
74
| 55a,b B
x> N HaNa a, 7 |
Z I CHS\_ N H2Na 55a
N . H?.K 55a 02H5 7 I
- | .‘\N HoLi 544
CHg gy~ CHp L 54c,d CZHS[i%th .
VY | S N HZNa 55b,124
CHS\N CHZNa 55b Va ,
z ™ HLi 544
| ’ 4H9fﬂ
CHS\ CHZK 55a
: CoHe (7 \\CoH
% 255 | 255
L:Ti:ﬂ N JHLE 125
LiCHX N CHzLi S54a 21{5
' H2Na
‘ N
I‘JaCHz\N CH,Na 55b N 55b

124pre1og and Yetzler, Helv. Chim. Acta, 29, 1163 (1946).

125Kaskelberg, Chemistry & Industry, 13, 261 (1935).
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Table I (Continued)

Compound References | Compound References
Enamates (contd.) ' CHzQ f§§
Chsla ZCH, L 554
| CHg
Ny 55b HoNa

H,oLi
2
= ] N/ 3 55a,b
X
N 56 933“
N
‘ 53,54¢, @ 554
yFCHa L4 55d,55a

9@ 2
Z ~/CHNa S55a
Ny ClioNa 55a,b 8H5
0 )
Z . [ ~CHK 55a
Ny CHK 55a N g“s
H
S AN .
AN = l
= Ham 55a NS ~CHLi 55a
N 2fs
AN AN :
Z HzNa . 55a ~CHNa S5a
N HS
H
X X
55
N/ HZK 55a N/ HK a

CHg N
N/ H2Na

55a

ZCGHL1

4Hg-n

55a
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Table I (Continued)

Compound References| Compound . References
Enamates (contd.)'x
| S'\ccH Na
2
QQ 55a ©:,/ 55¢,d
4“9'“
Enolates™
N
5
7 gga_@ b2 BrMgCH,C0CoHs 58a,b
"NCoH CHzCOCH(MgC1)CHy 59
~/CHNa 55a
N 60,62,65,
7S 2,4 ,6—(CHz )3CgHoCOCHoMgBr 64,66
AN
_N 55a 2,4,6-(CHg)5CaHACOCHa L1 62
CHzCHNa

CHoLi

V 53
Q¢
| CH,¥gBr
X 126
I
CCH2L1
n/ 55¢

2,4,6—(-CH5)306H2000H2N3 62

Halogen
m-BrCgH,MgBr 127
m~C1CgH, L1 88,128

*The enolates are ionic compounds giving O~ or C-acylation
depending upon the nature of the reactants.

126courtot and Tchelitcheff, Compt. rend., 217, 201 (1943).

(1932)_7.

127Bgaver, Iowa State Coll. J. Sci., 5, 317 (1931) /C.A., 26, 379

128(2) Gilmen, Christian and Spatz, J. Am. Chem. Soc., 68, 979
(1946) and (b) Gilman and Spatz, ibid., 66, 621 (1944).




ST e e bt e s e e e

39

Table I (Continued)

Compound References| Compound References
Halogen (contd.) m-FzCCgH, L1 115
P-ClCgHyMgBr 27,1292 3-(3'-BrCSH4)-06H4MgBr 24
p-C1CgHMgCl 27d 4-(41-BrCgH,)-CglIi 88
CHz O OCH3

E—C 106H4Li 88, 128 i 13

27b,d,f,14 _
p-BrCgliyMgBr 129a,127,1§ 112

Br Br
. 0
p-BrCeH,Li 88,1 Br@'/ @Li N
P-C1CH, CHoMgCL 28 o M
P-BrCeHaCHoMgEr 15 C ijm 82
0 i
2,4-CHz (Br)CgHzLi 88 [::::I/’ \T::f:]
g2
i

3,4-CHz (Br)CgHzLi .
2,4,6-C13CgHaoMgI 129b ©/O I

82
FzCCHoCHaMgCl 30 VgBr
~FzCCgH, Li 93 C O
2-¥zlleh4 X 19,130
m-FzCCgHy¥g Br 29 ~ 3,5-BroCghzLi 88

129(3) Zoellner, Iowa State Coll. J. Sci., 9, 213 (1934) / C.A., 29,
5413 (1935) /, and (bs Peak and Watkins, J. Chem. Soc., 445 (1950).

130Bodroux, Bull. soc. chim. France, /3_7 31, 33 (1904).
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Table I (Continued)

Compound References Compound References
Halogen (contd.)
MgBr
O Cl[ s ]Na 132
Cl ~ 130
VgBr 1“ ]
5~ e 132a
Br 20,21 c cl
C?LI /l VgCl 18
h l
INg~— Vel 17 cL | c1
cl | ~ Li 18
bl )
Br\.~ C=ClMgBr 73,131 i
— 900
Br\S _~ MgBbr 18 Br 26
Br
| |
Br\s/ Na 132a o
Li 83,84
' l I ¥ghr
Cl N~ MgBr 18 ‘&
Cl\,‘s Li 18

Blyewlett, Iowa State Coll. J. Sci., 8, 439 (1932) /C.A., 27, 979
(1933) 7.

152(2) schick and Hartough, J. Am. Chem. Soc., 70, 286 (1948) and
(b) ibid., 70, 1646 (1948).
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Compound References| Compound References
Halogen and Hydroxyl* Groups
i CHg
OH z | Li
111 A
I : 133
OH
©Mg8r
Br 111
Cl 4
Br
g@e»
Br
1 111
- . gBr 4
Halogen and Methoxyl Groups £
CHzg
i CHg
88,82, Br 134
133
CHgz
QCHg = TLa
Li . 133
88,82,
cl 133
QCHz
CHz Li
Li
111,112,1, Br 88
Br 2,133,82

*All reactive hydrogen atoms are replaced by appropriate metallic

cations.

155%itt4g and Fuhrmann, Ber., 73, 1197 (1540).

\
134Quelet and Paty, Proces verbaux soc. sci. phys. et nat. Bordeux,

19 (1944-1945) / C.A., 44, 6829 (1950) /.

-
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Compound References| Compound References
Halogen and Methoxyl Groups (contd.)| p-HOCH,CgH,Li 105,110
CHy .
Li 3 P-HOCHC gHy¥gBr 117
Br 88 P-CHzCHOHCgH, Li 105
OCH5
Z L p-HOCH,CH,C g, Li 105,110
CHON
Br 113,2 2,6~(HO) ,CqHgLi 86
Hydroxyl or Thiol Group*
Hg EH
CHg~G—C=CMgBr 72 H
H ' 94
0-HOCgH4 Li 95,104 (CGHS) OH
‘ Li
0o-HOCgH Mg Br 117,135,118 94
B—HOCGH4L1 95,104 i
L
p-HOCGH MgBr 117,46 111
0-HOCH,CgHy L1 105,110,94
ge:
©-HOCH,CgH, MgBr 117 Li 95
m-HOCHoCgHy L1 105,110

*A11 reactive hydrogen atoms are replaced by appropriate metallic

cations.

185G5aman and Haubein, J. Am. Chem. Soc., 67, 1033 (1945).



ne T e

Tabls I (Continued)

43

Compound References| Compound References
“Hydroxyl or Thiol Groups®(contd.)
o-HSCgHa L1 95
OH 27H5Cefs
OO 3 111 P-HSCgH, L1 109
Metal (Mg,Li,Na,K
14 (Mg a,X)
OO CHzCH5CHoCHoCHNa g 136,137
111
OH
BngCHa(CHz)zcﬂzugBr 10
N Li
H _ 11 BngCHz(CHz)SCHavgBr 10,9
: 1.4 BngCHz(CHz)SCHZMgBr 10
("
TMgCHy (CHp ) gCHoMgT 10
| — ‘ -
O X O p-(p'-Br¥gCgH, CHoCHy ) ~CgHyMgBr
i OH 86 15
//:=7\ i Li
CHyCHo0
— —/Li 92 35

¥A11 reactive ‘hydrogen atoms are replaced by appropriate metallic

cations.

136(4) yorton and Fallwell, J. Am. Chem. Soc.
(b) Morton and Massengale, ibid., B2, 120 (1940).

137Gi1man and Pacevitz, ibid., 62, 1301 (1940).
138411man, Moore and Jones, ibid., 63, 2482 (1941).

, 59, 2387 (1937) and
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Table I (Continued)

Compound ) References| Compound References
Vetal (Mg LLi,Na N K)AC ontd. ) o-D!gCGH4MgI 13
L@“E‘@“ | n-TVgCgH,MeT 15,127
CHz OCHz 138
22,23 P-Br¥gCgtiyMghr 15,23
Br¥g ‘ gBr
OO e
’ SOu
19
. 9@
¥ghr 19
QCHz QCHz
90
OCHg OCHg VgBr 19
i T3 112 Cliz0 OCH3
Li Li 111
CH50©OCH3
L{ Li 113 $
@
p-LiCgH,Li 88 Z
Li 26
Li

88
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Table I (Continued)

Compound References| Compound Referenceg

Metal (VMg,Li,Na,K) (contd.)
Li Li
g 102,101

Ill ll .

MgI\ g Al 132 2f5
ll IL
Ns

.

Li Li

139

Na Na 79,80 %
Sulfonamido Group

1i Li
E-HZNOZSCSH4 Li 105
0 85
|
AN 40

*A11 reactive hydrogen atoms are replaced by appropriate metallic
cations.

189%ampaigne and Foye, J. Am. Chem. Soc., 70, 3941 (1948).

190(a) Gilman, Swislowsky and Brown, ibid., 62, 348 (1940) and

—d

(b) Gilman, Swiss, Willis and Yeoman, ibid., 66, 798 (1944).
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Certain selective reactions have been carriaed out with organo=~
metallic reagents upon polyfunctional compounds. These in some cases
have been between a Grignard reagent and a compound containing a very
reactive group and one which has low reagtivity. Howitz and Kopkeul
treated B-quinolinealdehyde with several Grignard reagents and in each
instance obtained good ylelds of the expected secondary alcohols. The

following equation represents the reaction involved:

9@ mgL

HO RCHOH °

More striking examples of the selectivity of reaction with certain
groups are instances in which reaction occurs exclusively with one of
a pair 61' functional groups which are both highly reactive toward the
game organometallic compound. Phenylmagnesium bromide was found te
raact readily with i-butyl benzoaf.e to give triphenylmethanol, but
1,4-addition took place with t-butyl cinnamate to give t-butyl
P ,@-diphenylpropionateuz. The three mononitrobenzaldehydes reacted
in the cold with phenyl= and l-naphthyl-magnesium bromides to give the
corresponding nitromethanols which were not isolated but were oxidized

to the nitroketonesi¥S. Later workers™®* found also that a preferential

M4lgowite and Kopke, Ann., 396, 38 (1918).

142p05tick, Baumgarten and Hauser, J. Am. Chem. Soc., 66, 305
(1944).

148por1ingozzi, Atti. accad. Linced, 19, 352 (1934) /C.A., 28,
5055 (1934) 7. R

" M4yownan and Smith, J. Org. Chem., 18, 592 (1348).
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reaction between phenylmagnesium bromide and m-nitrobenzaldehyds could
be carried out to obtain a 77§ yield of phenyl m-nitrophenylmsthanol.

~70°
oy@cao v Cefigghr ———5—— 02©cnoucsns

The fact that the Grignard resgent reacted with the aldehyde group

S ATy, WTIvi

T RS B RS R

mrans

& instead of having besn oxidizedu‘s by the nitro group is astonishing
and rather pointedly illustrates the degree to which selectivity of

reaction may be accomplished with proper choice of organometallic

T A B

S A

compound and with sultable reaction conditions.

It has been pogsible by introduction of methoxy groups ortho to
bromine atoms in the molsculs to carry out a halogen-metal intercon=-

version reaction on an organomercuriallse. The latter ordinarily

ey WA R AT N

undergoes a more rapid metal-metal interconversion (the order of

decresasing rates of interconversion genmerally being M-M > X-M) but

the presence of groups -capabla of cocrdination with the interconverting

1 agent méy reverse the relative rates of the two compstitive reactions.
Carterl#6 nas reviewed the literature to 1989 concerned with the

preferential reactions of organometallic compounds with polyfunctional

types. An extensive dlscussion of reactions of organometallic compounds

with ketonic esters, cyano esters, aldehydic acids and esters, acid

lés(a) Carter, Doctoral Dissertation, Iowa State College, 1939

and (b) Carter, Iowa State Coll. J. Sei., 15, 65 (1940) /C.A., 35,
3225 (1941)_7.
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chloride esters, smidic esters, diesters, diamides and imides, acid
anhydrides, diacid chlorides, diketonss and quinones, dinitriles and
miscellaneous polyfunctional compounds has bsen ineluded. Each group
of compounds has been tabulated for easy reference. It has been
£ound € that the Grignard resgente and methyllithium gave preferential
reacstions with cyano esters, ketonic esters and ketonic nitriles but

phenyllithium reacted predominantly with both groups, e.g.,

06H500©002055 + OgliggBr —S%% 5 (CgHig)p= g@ CO,CHs

CGHSOOQCOzCHS + CgHeld N BN (CgHg)p= g§© 81(10655)2

The work of GoochM? 107

has extended the Entemann and Johnson
sories of relative reactivities of functional groups by his investi-
gations employing benzalacetophenons, azobenzene, benzalaniline and

diethylbenzamide. The extended series that follows includes in

parenthesis the groups placed by Entemann and Johnson.
(-CHO) % ~CH=CHCOCGH; > (~COCBg) ) (-NeO) » (-COF) ) (-COCgHs5,~COCL,

=COBr) » =COI ) (=CO,CoHg) > (~CN) ? ~N=N-) ~CH=NCgHg,~CON(CaHg)pe

147

A gimilar seriss worked out with phenyllithium placed benzo=-

phenone equally reactive if not more reactive than acetophenone. This

‘series differs 8lightly from the Entemann and Johnson series determined

with phenylmagnesium bromide. The order of reactivities with

147Gooch, Haster Thesis, Iowa State College, 1959,
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phenyllithium ls as follows:
~CHO ) ~COCgHg % =COCHz ) =COgCaHg) =CN ) ~NelN~

The same groups when reacted with other organometallic compounds
may give a different order of reactivities. This situation in most
cages may be explained by the assumption of a differsnt mechanism of
resction. However, Carter's work has shown that the Grignard reagent
does react preferentially with one of the groups in the disubstituted
benzene derivatives studied, and that the group which reacts is the

one which would be predicted ou the basis of the geries of relative

reactivities of functional groups.
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III EXPERIMENTAL

A. General Procadurs

n~Propyllithium was used almost exclusively as the resgent for

effecting the halogen-metal interconversion reaction. There were

' geveral reasong for the choice of this organolithium compound. These

weres (1) with l-bromonaphthalene in ether n-propyllithium was found
to be a more effective interconverting agent than ethyllithium which

in turn was more effective than g—butyllithiumue

3 (2) n-butyric acid
ig easjer to remove from the carbonation products because it is miscible
with water whereas n-valeric acid is only partially soluble in water

and contaminates the desired acids; and (3) n-propyllithium, prepared

149

by the same procedure deseribed for n=buiyllithium™*", was formed in

higher yie'.!.ds than has herstofore been obtained for this reagent. The
average yield attained in twenty-six preparations was 70.5% as deter-
mined in each case by the Haubein titration pfocedurelso. The solution
was found to be reasonably stable since at room temperature for ten and

twenty-four hours, the decreases in concentration of a solution of

" p-propyllithium were 2% and €%, respectively. Table II and footnote

give additional information concerning the stability of n-propyllithium

. during storage in a refrigerator.

148G31man and Moore, J. Am. Chem. Soc., 62, 1845 (1940).

.149G11man, Beel, Brannen, Bullock, Dunn and Miller, ibid., 71,
1499 (1949).

150G31man and Haubein, ibid., 66, 1516 (1944).

e



cigass1

e

e 3 mip ey SR ST TR TS NS

51

Table II

Stability of n~Propyllithium Solutions at 10°

“Initial Final Storage time Z
normality® normality® days Decrease
1.087 1.018 5 6.4
1.087 0.877 7 10.1
1.317 1.12 12 15.0
1.517 1.00 28 4.1

8petermined by the Haubein double titration. The solution was
stored in a 300 ml. three-necked flask which was sealed by ground
glass stoppers. Two ml. aliquots were taken.

¥r. Cecil Bramnen has carefully collected information concerning
the stability of n-butyllithium solutions and these unpublished data
are listed in Table III for purposes of comparison.

Actually the data on the stability of n-propyllithium and n-butyl-
lithium are not strictly comparable since the latter may have been
gtored in a tighter container. Any appreciable ether loss would in-
ocrease the titer of the asolution and cause an incorrect evaluation of
the stability. It seems fair to say, however, that n-propyllithium
can be obtained in consistently satisfactory yields and is reasonably
gtable even at room temperature. If the data obtained on each
organometallic compound can be duplicated by a single individual,

n-propyllithium may be the reagent of cholee for the halogen-metal
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Table IIXI

Stability of n-Butyllithium Solutions at 10°

Inftial Final Storage time 7
normality® normality® days Decrease
1.205 1.11 R 7.9
1.205 1.04 5 15.7
1.205 1.02 9 15.4
1.205 0.997 10 17.5
1.205 0.8) 21 32.8
1.205 0.76 51 37.0
1.205 0.55 62 54.5

8Determined by the Haubein double titration. The solution was
stored in a Schlenk tube sealed by a piece of Tygon tubing and screw
clamp. Five ml. aliquots were taken.

interconversion reaction.

It would be interesting in connection with the stability of alkyl-
lithium reagents to set aside in the dark a sampls of methyllithium
solution for a long period of t1m0151. This information would have
particular significance in the application of methyllithium to the

Zerewitinoff determination of active hydrogen. OCareful examinations

151gaubein, Jowa State Coll. J. Sci., 18, 48 (1943) / C.A., 38,
716 (1944)_7 found that the normality of a methyllithium solution
dropped fram 0.54 ¥ %0 0.14 N in one year.
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of the products of reaction batween these reactive organoclithium
reagents and ether have been made. Wittig anci Wittag in an attempt to
metalate cyclohexyl fluoride in ether with phenyllithium found that
the ether was cleaved to form lithium ethoxide and ethylene according

to the following equation.
CHgCHoOCHoCHy + CgHgli ———— CHgCHpOLL + CgHg + CHp®CHy

Some very recant work concerned with ether cleavage by organometalliec
compounds has bqen reported by Ziegler and Gellertlsz. These authors
found that ethyl ether was metalated by n-butyllithium to give butane
and ethylene in a molar ratio of one to one,

In every case the p-propyllithium solution was added to an ether
solution of the organic halide. This has the particular advantage
that the extent of secondary reactions involving functional groups
is minimigzed. The side reactions possible when the halogen éompound

contains a group with active hydrogen have been discussed by Gilman

and jtrn’men104 .

In instances where a rapid transfer of the organolithium compound
at low temperatures was desired, the reagent was filtered into a
dropping funnel and after titration was transferred to a two- or three-
necked flask. The flask was immersed in a Dry Ice-acetone bath and

allowed t0 remain there until the contents were thoroughly cooled.

152750g1er and Gellert, Ann., 567, 165 (1950).
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A gas inlet tube with a relatively large bore (10 mm.) was inserted
into one neck of the flask and by proper manipulation complete transfer
was made within five seconds.

Only orude filtrations of the n-propyllithium solutions were
carrisd out by use of glass wool plugs inserted in gas inlet tubes
unless a note has been made to the contrary. A Hormann pressure
filter has been extremely ussful in instances where the organometallic
golutions must be free of foreign materisl e.g. lithium nitride.

For filtrations of small preparations of n-propyllithium the
following procedure gave results every bit as satisfactory as uss of
the expsnsive pressure filter. A loose plug of glass wool was pushed
into a gas inlet tube of 10 mm. bore. This was followed by a thin
but carefully made mat of asbestos fiber. Following this mat was
placed a longer and tighter section of glass wool. The glass wool
both effects a rough filtration and serves as a support for the asbestos
f£iber which removes the very fine particles. Pressure from a nitrogen
train having a mercury trap is usually sufficient to give a reasonably
fast filtration.

The carbonation reaction was found to be the most convenient way
to form derivatives of the organometallic compounds. The use of a
slurry of ether and powdered Ty Tce?6,187 gave litile or no ketone
formation and/or hydrolysis.

The inert atmosphere employed during the preparation and use of
organometallic compounds was dry nitrogen. The train for the

purification of the nitrogen was changed slightly from the conventional
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series of traps containing alkaline pyrogallol, sulfuric acid and
calcium chloride. The gas wash bottles contalning alkaline pyrogallol
were replaced by two traps, each containing 100 g. of zinc amalgam and
a solution of 4.0 g. of vanadyl sulfate dissolved in 200 ml. of waterlss.
The stem of a dropping funnel containing concentrated sulfuric acid was
inserted through the stopper of sach bottls and the solution was made
slightly acide Thls arrangement should be followed by an alkaline
golution to remove the small amount of hydrogen sulfide given off from
the reduction of sulfuric acid. Regeneration of the solution is
carried out by acidification of the vanadyl sulfate solﬁtiona without
the usual inconvenience of taking the train apart.

All new compounds have been analyzed for a single element. The

melting points and boiling points reported in the following sections

are uncorrected,

B. Protection of Reactive Functional Groups

p-Nitrobromobenzena and Phenyllithium.- A solution of phenyl-

lithium (0.022 mole in 80 ml. of ether) cooled to -78° was added
rapidly ( ¢ 10 seconds) to a stirred suspension of 5 g. of p-nitro-
bromobenzene in 75 ml. of ether at the same temperature. The desp
red reaction mixture was stirred for one-half minute and at the end
of one minute was transferred rapidly into a slurry of Dry Ice and

ether.

158y0ites and Meites, Anal. Chem., 20, 984 (1948).
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The ether layer was washed with water and dried over anhydrous
sodium sulfate. Dilute hydrochloric acid was added to the aquecus
portion but no acid precipitated.

The ether was removed hy distillation and the black residue was
subjected to a steam distillation. A total of 2.45 g. (49%) of p-nitro-
bromobenzene was recovered. From the aqueous portion of the distillate
after addition of bromine water, a 26% yield of crude 2,4,6-tribromo~
phenol was obtained.

In a second attempt 60 ml. (0.019 mole) of phexvllithium solution
cooled to =78° were added quickly to 4.04 g. (0.02 mole) of p-nitro-
bromobenzene in 150 ml. of ether at =78°. The reaction time was 67
secondé and then the mixture was carbonated.

The ether layer was extracted twice with 100 ml. portions of 10%
NaOH and then twice with water. The aqueous solution was acidified
and treated with bromine water. A 47% yield of crude tribromophenol
(m.p. 85-89°) was obtained.

The ether layer was dried over anhydrous sodium sulfate and
subsequently the ether was ramoved by distillation. From the residue .
a 57% recovery of p-nitrobromobenzens (m.p. 125-127°) was obtained.
Table IV lists other attempts to prepare p-nitrophenyllithium.

p-Propyllithium and Bromomesitylene.- n-Froprllithium {0.069

mole in 98 ml. of ether) was added over a period of fifteen minutes
to 18.75 g. (0.069 mole) of bromomesitylene in 100 ml. of ether at
room temperature (26°). Very little heat was liberated but the

golution slowly became cloudy with the precipitated mesityllithium



Organolithium Reagents and Some Nitroiodobenzenes at -78°

Table IV

Mole | Mole ' 0;:::'19101 " Tine, gf'- ::‘lig ' Reﬁ%zred
RLi __RNOp RLi RNOp ml, min, acid,g. 4

p-(CHg) NCH,Li  p-TCgHNO;  0.019  0.02 223 1.17  trace® 65
CeHsL4 pICGHNG,  0.019 0,02 219 1.08  trace® 52
ClsI4 P-ICgH,NO, 0.0195  0.02 227 185" -° 64
CeHgLi p-ICHNG,  0.0156  0.02 202 2.17 o -
n—C4HgLi p-ICgH,NO, 0.069 0.025 300 1.3 0.05° -
-G Hgli pICgHNo,  0.078  0.078 300 10 -1 —
CoHgLi p-ICgH,NO, 0.074 0.074 300 10 0.728 —
-Gl Li pICgH,N0,  0.054  0.056 300 10 5.50" —
n-C5H, L1 o-ICGHNO,  0.062  0.062 294 10 2.0 1 —

34 mixed m.p. with p-nitrobenzoic acid (m.p. 239-240°) was depressed to 215-222°,

bM.p. 233-243°. A 23.5% yield of phenol was obtained as the tribromo derivative.

Cpy sublimation 0.2 g. benzoic acid (mixed m.p.) was obtained. M.p. of crude acid was 227-237°
but chromatography on a column of diatomaceous earth using chloroform and acetone as solvents gave
only oils. A p-nitrobenzyl ester could not be prepared.

dBlack impure acids were obtained as in previous runs.

®Phe m.p. was 200°+. By ether extraction 2.3 g. (32.5%) of valeric acid (m%9 = 1.4090) was

obtained.
f
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An attempt was made to prepare the p-bromophenacyl ester but no pure substance was obtained.

LS






CellsL4 p-ICgH,NO, 0.019°  0.02 219 1.08  trace’ 52

Cqfigd p-ICGH,NO,  0.0195  0.02 227 . 1.35 — 64
CeHsLt p-ICGHKG,  0.0156  0.02 202 2.17 - —
n=C4HgLi p-ICGHNO,  0.089  0.025 500 1.53 0.05° -
B-C,HgLi p-ICgH,NO,  0.078  0.078 500 10 -1 -
CoHgL4 p-ICgHN,  0.07 0.074 500 10 0.78 —
n-CgHoLi pICgHNO,  0.054  0.056 300 10 5.50" —
n-CyH, L o-ICH,NO,  0.062  0.062 294 10 2.0 % -

2 mixed m.p. with p-nitrobenzoic acid (m.p. 259-240°) was depressed to 215-222°.
By.p. 255-245°. A 25.5% yield of phenol was obtained as the tribromo derivative.

Cpy sublimation 0.2 g. benzoic acid (mixed m.p.) was obtained. M.p. of crude acid was 227-237°
but chromatography on a column of diatomaceous earth using chloroform and acetone as solvents gave
only oils. A p-nitrobenzyl ester could not be prepared.

d131:;«31: impure acids were obtained as in previous rutis.

®fhe m.p. was 200%. By ether extraction 2.3 g. (32.5%) of valeric acid (nd® = 1.4090) was
obtained., .

fAn attempt was made to prepare the p-bromophenacyl ester but no pure substance was obtained.

&u.p. > 360°. No pure p-nitrobenzyl ester could be isolated.
Brpe p-nitrobenzyl ester could not be purified.
1'1'he Craig counter-current distribution method of purification was suggested but the insolubility

of the acid precluded using this procedure. Digestion with cyclohexane yielded a light yellow acid
of m<p. ca. 162°. Both procedures were suggested by ¥r. C. G. Brannen.

LS
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which gave the characteristically unpleasant odor agsociated with

154 Gith the

metal or by halogen-metal interconversion. Color Test I]Z-A155 was

preparations of mesityllithium either by direct reaction

negative after two hours and ten minutes and Color Test 1% was very
strong. Since no Dry Ice was available the suspension was stirred for
the remainder of twelve hours and then carbonated.

The ether suspension of the salts was extracted with water, and
the aqueous solution was freed of ether on the steamplate. After
acidification 5.20 g. (45.8%) of crude mesitoic acid m.p. 143-148°
were obtained. A single orystallization from an ethanol-water mixture
gave 4.50 g. (89.7%) of pure acid m.p. 151-152°.

The ether soluﬁla material was distilled at 12 mm. to give 4.5 g.
of material which probably was a mixture of bromomesitylsne and
n-propylmesitylens.

In a gimiler run at ~78° for a reaction time of fifty-one minutes,
the only acid obtained was butyric. From the ether solution an 85%
recovéry of the bromomesitylene (b.p. 96-100°/12 mm., n%o 1.5507) was
obtained.

n~Propyllithium and bromomesitylene were reacted at room
temperature for varying periods of time and subsequently carbonated
in order to find the optimum conditions for the halogsn-metal inter-
conversion reactio.n. Table V and accompanying footnotes give the

results of these experiments.

155G41man and Swies, ibid., 62, 1847 (1940).
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Taeble V

n-Propyllithium and Bromomesitylene at 26°

Hole Wole Vol. ether, Time, Yield of Mesitolc Acid

B4 REr mle _  mine g z
1. 0.02162 0.0216 50.5 1 0.05 1.4
2. 0.02162 0.0216 50.5 3 0.22 6.2
3. 0.0216% 0.0218 50,5 6 0.42 11.8
4, 0.02162 0.0216 50.5 12 0.90 25.8
5. 0.0234° 0.0254 50 20 1.25 2.6
6. 0.0254° 0.0284 50 40 1.70 44.2
7. 0.0254° 0.0254 50 80 0.92 24.0
8, 0.0234° 0.0254 50 120 0.90 25.5

8peactions 1-4 were carried out individually by the addition of
25.5 ml, of p~propyllithium solution to .26 ml. of bromomesitylene

dissolved in 25 ml. of ether. This procedure was facilitated by use
of a three-necked flask having a stopcock sealed at the bottom.

PReactions 5-8 were carried out by removing 50 ml. sliquots from

the mixture resulting from the addition of 99 ml. (0.0955 mole) of
n-propyllithium to 18.6 g. (0.0985 mole) of bromamesitylene in 100 ml.

of ether. The results from reactlions 7 and 8 must be in error since
the yield of crude acid after twelve hours is 45.8%.

Preparation of Nitrobromomesitylene.~ An attempt was made to
nitrate bromomesitylene according to the directions of Fittig and

S’aomrls6 but no reaction could be effected. After six more attempts

to nitrate the compound in which the variables time, temperature,

156pittig and Storer, Ann., 147, 7 (1868).
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concentration and solvent were changed, the following procedure was
developed.

Twenty grams of bromomesitylene in 100 ml. of glacial acetic acid
were mixed at O° with 50 ml. of fuming nitric acid (d. 1.49) in 50 ml.
of glacial acetic acid. The reaction mixture was heated over a steam
bath for thirty minutes and then poured over ice. The product after
being washed with water was subjected to fractional erystallization
from ethanol. The orystals obtained melted at 100-120° and appeared
to be a mixture of the mono- and di~-nitrated bromomesitylenes. After
removal of the ethanol the residue from the filtrate was distilled at
12 mn. The material distilling between 157-145° was orystallized, and
after being pressed on a porous plate 7.57 g. (50%) m.p. 47-53° were
obtained. Crystallization from ethanol raised the m.p. of 4.2 g. to
54-55°, An additional 1.5 g¢s MePo 50-52°, were obtained to give a
total yield of 5.7 g. (25%), The reported m.p. was 54° but the yield

wag not gi:venl56 .

n~-Propyllithium and Nitrobromomesitylene.- Fourteen milliliters

(0.0105 mole) of n-propyllithium solution were added rapidly to 2.44 g.
(0.01 mole) of nitrobromomesitylene in 25 ml. of anhydrous ether. The
reaction was ﬁn vigorous and the solution turned to a dark green.
The total reaction time was three minutes and then the solution was
carbonated. No organic acid was obtained when the carbonation mixture

was washed with water and the aqueous extract acidified.

Preparation g{ 4-Bromo~m-Xylene.~ The bromination of m-xylene

was carried out by a procedure similar to that used by Buu-Hol and



H

cagniantlsv. To a cooled suspension of a small amount of iron powder
in 5% g. (0.5 mole) of m-xylene were added slowly 26 ml. of bromine
with stirring. An ice-salt mixture was used as the cooling medium.
The reaction mixture was then allowed to stand at room temperature for
ten hours.

The reaction product was washed with an aqueous solution of sodium
bisulfite and then with water. The last traces of product were extracted
from the aqueous layer with ethsr. The ether solution was added to the
geparated bromo-m-xylens and the golution was dried over sodium sulfate.

The ether was removed by distillation and the product was dis-

£411d1%8 ot 78-80°/11 mm. The yield was 80 g. (86.5%) having nZO

1.5510.

n-Propyllithium and 4-3:'@0-@19113 o= Forty-eight milliliters

(0,088 mols) of n-propyllithium solution were added rapidly to 0.033
mole of 4-bromo-m-xylene in 60 ml. of ether at room temperature. The
reaction time before carbonation was twenty minutes.

The yield of crude acid was 3.90 g. (78.7%) m.p. 116-118°% After
orystallization fram an ethanol-water mixture the yield was 5.40 g.
(68.7%), m.p. 121~122% The reported'™® m.p. of 2,4-dimethylbensoic

acid was 125-126°.

157Byu-Hoi and Cagniant, Bull. goc. chim. France, 10, 151 (1943).

158grsgnard, Bellet and Courtot, Ann. chim., 4, 45 (1915) reported
bep. 840/15 mme

1594900bsen, Ber., 11, 18 (1878).
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In another run 71 ml. (0.053 mole) of n-propyllithium solution were
added rapidly to 0.055 mole of 4~bromo-m-xylene dissolved in 60 ml. of
anhydrous ether cooled to -78%. After a reaction time of two minutes
followed by carbonation, a halogen-containing acid (0.07 g.) m.p. 164-8°
wag obtained. This agubstance was not investigated.

Table VI gives the results of a series of four experimentis in which
n-propyllithium was used to interconvert 4-bromo-m-xylene in order to

obtain the optimum conditions at room temperature.
Table VI

n-Propyllithium and 4~-Bromo-m-xylene at 27°

Yield 2,4-Dimethyl-

Mole Mole Vol. ether, Time, benzoic acid

RLL REr ml, nins 3 I3
0.027 0.027 49 1 1.07 26.4
0.027 -0.027 49 $ 2.40 59.2
0.027 0.027 49 6 2.88 70.2
0.027 0.027 49 12 2,60 64.0

Proparation of 2-Nitro-4-bromo-1,5-dimethylbenzens.~ The

bromination of 2-nitro-l,5-dimethylbenzene was carried out by a method
gimilar to that of Auwers and Markovitaleo. A pinch of iron powder was
stirred with 0.5 mols of 2-nitro-1,5-dimethylbenzene in a 200 ml.
thres-necked flask fitted with a reflux condenser, mechanical stirrer

160puwers and Markovits, Ber., 41, 2557 (1908).
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and a dropping funnel. The mixture was cooled in an ice bath and about
half the bromine was added slowly. No reaction occurred until the
mixture wés allowed to warm to room temperature. The remainder of
the bromine was added slowly as the flask was cooled in an ice bath,
When the reaction was essentially complete, the solid produect was
melted to a hamogeneous mass over a water bath, and it was then allowed
t0 remaln for 24 hours at room temperature.

The solid was broken up and washed with dilute sodium carbonate

solution. A single corystallization from ethanol gave 87.5 g.,

| M. Pe 69-'70°, and 5.5 g. of additional material m.p. 66-69° were

obtained from the mother liquor. The total yield was 91 g. (79.3%).
The reported melting point was 70-71°,

n-Propyllithium apnd 2-Nitro-4-bromo-l,5-dimethylbenzene.-

Forty-four milliliters (0.03 mole) of n~propyllithium solution were
cooled to ~=78° and added rapidly to 0.05 mole of 2-nitro-4-bromo-
1,3-dimethylbengene in 100 ml. of ether at -78° The color changed
t0 a greenish-brosn and at the end of two minutes the mixture was
carbonated. When the carbonation mixture was worked up, no organiec
acid was obtained.

In a second run the same quantities of reagents were used but
the reaction was carried out at room temperature for three minutes,
The solution turned a dark green and the ether refluxed vigorously.

The mixture was carbonated but no acid was obtalned from the carbona-

tion mixture.



g—?ropyllitbium and N-( $-Bromosthyl)-phthalimide.~ The n-propyl-

lithium solution (0.064 mole in 70 ml. of ether) was cooled to =78° at
which temperature it solidified. The solid was allowed to warm until
melted and the solution was added rapidly to a suspension of 18.5 g.
(0.064 mole) of N-( (-bromoethyl)-phthalimide in 200 ml. of ether cooled
to ~78° The reaction mixture was stirred for ten minutes and then it
was carbonated.

The carbonation mixture was extracted with water and the aqueocus
layer was acidified. No precipitate formed and a strong odor of butyric
acid was detected. From the ether solution 15.8 g. (97%) of N~({ -bromo-
ethyl)-phthalimide m.p. 78-80° were recovered. A mixed m.p. with an

authentic specimen wag 78-80°.

H
Ethylene Acetal of p-Bromoacetophenone (?&0634@%9)" This
compound was prepared by the method described by Salmilsl for formation

of oyclic acetals. Into a 125 ml. pear-shaped flask were placed 0.l
mole of p-bromoacetophenone, 0.1 mole of ethylene glycol, 0.05 g. of
p~toluenesulfonic acid and 70 ml. of anhydrous thiophene-free bensene.
The flask was connected to a Dean-Stark distilling tube, and the
agsotropic distillation was carried out for six hours after which 2.0
nml. of water was measured in the calibrated tip.

The bensene solution was washed with dilute sodium carbonate
solution and then dried over anhydrous sodium sulfate. The benzene

was removed and the product was distilled at 184-155°/12 mm. The

161531n1, per., 71, 1803 (1988).
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yield was 19.1 g. (78.5%) of the ethylene acetalj ngo 1.5560, a?0/20
1.455, mn 53.71 (caled. 53.55). ;
Anal. Calod. for CjoHOpBrs Br, 52.9. Founds Br, 33.5. |

Ethylene Acetal of p-Bromoacetophenone and Lithium.- A solution
of 3.35 ml. (0.02 mole) of the ethylene acetal of p-bromoacstophencne
in 50 ml., of ether was dropped inio a suspension of 0.06 g. atom of
lithium wire suspended in 50 ml. of ether. The reaction did not
staﬂ‘. 3 therefore, a crystal of iodine was added to the reaction mixture.
Since the iodine color persisted, a few drops of methyl iodide were
added to polish the surfaces of the metal and initiate the reaction.
After two hours of refluxing, there seemed to be no change in the amount
of sugpended lithium.

An additional 0.06 g. atom of the wire was added to the reaction
mixture and this was followed by another 5.85 ml. of the acetal added
dropwise. After one hour more of stirring at reflux temperature,

Color Test I was negative.

g;Propyllithium and the Ethylene Acetal of p-Bromoacetophenong.-

To 3.35 ml. (0.02 mole) of the ethylene acetal of p-bromoacetophenone

in 50 ml. of ether were added 54 ml. (0.03 mole) of n-propyllithium

solution. The mixture was stirred for thirty minutes and then

carbonated.
The carbonation mixture was acidified and the ether layer was

extracted with a dilute solution of sodium carbonate. The aqueous

solution was warmed on the steamplate to remove the dissolved ether |

and it wag then cooled and acidified. The crude acid was a yellow,
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sticky solid (2.4 g.) which was taken up in an ethanol-water mixture
and allowed to crystallize. After a week a white solid m.p. 194-200°
precipitated, and after a single orystallization 0.3 g. of yellow
golid melting at 207-208° was obtained®®. Since the acetal of p-ace-
tylbsngzoic acid was already partially cleaved during the workup, no
further attempt was made to isolate it. To the f£iltrate containing
the remainder of the acid was added some glacial acetic acid and
several milliliters of hydriodic acid. The solution was heated on the
gteamplate for approximately ons-half hour and then cooled. The
precipitated acid was recrystallized from boiling water to give 0.70
g. of white acid, m.p. 205-206°. A mixed m.ps with the yellow acid
(m.p. 207-208°%) was 205-208°. The total yield of p-acetylbenzoic acid
was 1.0 g. (50.5%)

.g_ng_]._. Caled. for CgHgOg: neut. equiv., 164. Found: neut.
equiv., 170.

The methyl ester was prepared by the action of diazomethane in

ether solution. After a single crystallization from hot water the

Mm.Ps Wasg 95-96°162.

n-Propyllithium end Methyl p-Bromobenzoate at =78°.~ Ninety-eight

 milliliters (0.0595 mole) of n-propyllithium solution cooled to -78°

were added rapidly to 12.8 g. (0.0595 mole) of methyl p-bromocbenzoate

, 162]!eyer Am., 219, 265 (1888) reported the m.p. of p-acetylben-
golc acid 200" dec. and the m.p. of the methyl ester -92°, each obtained
from hot water. Later workers Rupe and Steinbach, Ber., 43, 3466 (1910)
and Pfeiffer, Kollbach and Haack, Ann., 460, 147 (1928) reported the
m.p. of the acid 205° and 210°, respectively. All m.p.'s were
uncorracted.
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in 200 ml. of ether at -78%. Color Test II-A was negative at the end
of seven minutes and the reaction mixture was carbonated at the end
of twelve minutes.

By extraction of the carbonation mixture with water and subsequent
acidification of the aqueous layer, 0.2 g. (1.9%) of acid, m.p. 190~
220°, was obtained. After a single crystallization from an ethanol-
water mixture the m.p. was raised to 200-215°. Sublimation of the
latter material gave a trace of acid m.p. ca. 252° The m.p. reported -5
for p-carbomethoxybensoic acid was ca. 230°. This acid was converted
to the methyl ester with diazomethane in ether but the amount was too
small for adequate purification.

The ether soluble material was distilled to give fraction I
b.p. 150-160°, a solid, and fraction II b.p. 160-165°, n§° 1.5577,

a?0/20 1 ock,

Fraction I yielded 1.6 g. of methyl p-bromobenzoate m.p. 79-80°.
A mixed m.p. with an authentic specimen was not depressed.

The molar refraction of fraction II w;s 56.7 which is high for
p-bromobutyrophenone (calod. 52.46). A 2,4-dinitrophenylhydrazone
of this material has been prepared (m.p. 200-201°).

n-Propyllithium and Methyl p-Todobengoate at =78%= To a well

agitated sugpension of 10 g. (0.0382 mole) of methyl p-iodobensoate
in 200 ml. of ether cooled to =78° were added 52.5 ml. (0.0382 mole)

of pn-propyllithium solution at ~78°, The reaction was allowed to

163gattwinkel and Wolffenstein, Ber., 57, 5222 (1904).
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proceed for five minutes and then the mixture was carbonated.

The oarbonation mixture yielded only 0.07 g. (1%) of crude acid
m.p. 180-205%. Purification through the preparatiion of the methyl
oster with diazomethane was attempted. The ester was recrystallized
%0 m.p. 122-1268° but the amount was too small to carry this through
more crystallizations. Pure dimethyl terephthalate melts at 141°

t-Butyl p-Bromobenzoate.~ This sterically-hindered ester was

prepared in essential accordance with the directions given by Norris

and Rigbml“ for the preparation of ﬁ-butyl bengzoate, p-Bromobenzoyl
chloride was reacted with i-butyl alcohol in the presence of pyridine
to give the degired product.

p~Bromobenzoyl chloride was prepared by the action of thionyl
chloride upon 20.1 g. (0.1 mols) of p-bramcbensoic acidl®S, The
product distilled at 118°/14 mm. giving long needles, m.p. 37-88°,
after crystallization. The reparted boiling point'® was 117-120%/15
m. and the reparted melting pointi%6 was 42°.

The p-bromobenzoyl chloride was mixed with 0.]14 mole of t-butyl
alcohol and 0.2 mole of pyridine, and the mixture was allowed %o sband
overnight., The product was distilled at 107°/0.1 mm. to give 5.5 g.
(21.4%), which after redistillation at 158-159°/12 mm. had n30 1.5240,
d20/20 3 509, MR;) 60.11 (calod. 58.72).

165xM3er, J. prakt. Chem., 121, 109 (1929).
166g55notten, Ber., 21, 2249 (1888).



69

Anal. Caled. for CyqHy305Brs Br, 51.1. Founds Br, 50.5.

In a second preparation 0.174 mole of p-bromobenzoic acid was
converted to the acid chloride and after two distillations at 12 mm.,
52.4 g. (85%) of p-bromobenzoyl chloride, m.p. 56-57°, were obtained.

Using t-butyl alcohol which had been dried over barium oxide
and pyridine which had been dried by azeotropic distillation with
bengene, 0.146 mole of p-bromobenzoyl chloride was converted in
ether solution to 14.9 g. (59.2%) of the ester, nZ0 1.5240, and
10.8 g. (58.6%) of p-bromobenzoic anhydridel®?, m.p. 214-216°.

From the sodium carbonate extract 3.1 g. (10.6%) of p-bromobenzoic
acid was obtained.

The physioal congtants on the ester from the second preparation

were determined and found to agree well with thoas reported.

_g-Propyllithium and ;:Butyl _E_-Bromobenzoate.- To a solution of

3.92 ml. (0.02 mols) of f-butyl p-bromobenzoate in 50 ml. of ether at
-85 to -40° were added rapidly 35 ml. (0.05 mols) of n-propyllithium
golution. The reaction time before carbonation was ten minutes.

The carbonation mixture was acidified, and the ether layer was
gseparated and extracted with sodium carbonate solution. The aqueous
layer was freed of ether on the steamplats, cooled and acidified. The
oil obtained was taken up in. ether and e milliliter of concentrated
sulfuric acid wag added. After evaporation of the ether, dilution with

167pobertson and Neish, Can. J. Research, 26B, 757 (1948) gave
MmeP. 219-219.5°. The action of wet pyridine on p-chlorobenzoyl chloride
was given as method of preparation of this aromatic acid anhydride. See :
Allen, Kibler, Mclachlin and Wilson, Org. Syntheses, 26, 1 (1946).
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water and partial neutralization, no terephthalic acid was obtained.
The neutral substance from the ether solution was distilled at
168-172°/12 mm. The distillate did not give a test with 2,4~dinitro-
phenylhydrazine reagent but did give a test for active hydrogen with
lithium aluminum hydride. The yield of p-bromophenyl-di-n-propyl=-
methanol was 3.25 g. (60%) having n£0 1.5540, aR0/20 3 o4 MRy, 67.58
(calod. 67.83%).
Anal. Caled. for C,gH,q0Brs Br, 29.5. PFound: Br, 29.5.
It is possible that a small amount of p-bromobutyrophenone may have
been formed, but this is inconsistent with a negative 2,4~dinitro-
phenylhydrazine test and the fact that t-butyl esters react promptly
with Grignard reagents to give tertiary alcoholal42.

Preparation of 4-Bromophenyl 2-Tetrahydropyranyl Ether.~ As an
orienting preparation, the 2-tetrahydropyranyl ether of p-bromophenol

was prepared by the method of Parham and Andersongs. One~-quarter mole
of p-bromophenol was added to 0.5 mole of dihydropyran containing four
drops of concentrated hydrochloric acid. The crude yield was 65.5 g.
and after crystallization from ethanol the yield was 59.5 g. (92.5%)
of product, m.p. 56-57° The reported m.p. was 57-57.5° and the

reported yield was 85%.

2,4 ,6-Tribronophenyl 2-Tetrahydropyranyl Ether {Attempted).=
2,4,6-Tribromopheno) (0.05 mole) was added to 10 ml. of dihydropyran

containing two drops of concentrated hydroshloric acid. The phenol
went into solution with slight warming. After twenty-one hours at

roon temperature, the reaction mixture was taken up in ether and |
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washed with 10% sodium hydroxide solution. The ether solution was
dried over anhydrous sodium sulfate. After removal of the ether the
4.0 g. of residue were shown to be the sodium salt of 2,4,6-tribromo-
phenol). by the following procedure. The solid from the distillation
flask gave a large residue and a characteristic sodium flame upon
ignition. It was also water-—soluble and gave a colored silver salt
upon addition of an aqueous silver nitrate solutlon. A solution of
the sodium salt in water upon treatment with dilute hydrochloric acid
gave 2,4,6-tritromophenol, m.p. 94-95°.

In a second prepsration the reactants were heated over the steam

bath for 2 hours. No acetal was obtained and 74.5% of the 2,4,6-tri-

" bromophenol was recovered.

A third preparation was also unsuccessful. The reactants in this
case were refluxed for 4.25 hours at 150-155°. An 82% recovery of
2,4,6-tribromophencl was obtained.

2,4-Dibromo=1-naphthyl 2-Tetrahydropyranyl Ether (Attempted).-
2,4-Dibromo~1l-naphthol (0.07 mole) was added to 12 ml. of dihydropyran
containing one drop of conc'ent_rated hydrochloric scide The phenol
went intvo solution and the mixture was allowed to stand seventesn
hours at room temperature.

As soon as alkali was added to an ether solution of the reaction
mixture, a heavy, blue, indigo-like precipitate formed immediately t®.
Since this colored precipitate was due to the oxidized salt of 2,4~

divromo-l-naphthol, the mixture was not further investigated.

188patmer, Ann., 333, 567 (1904).
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R-Tetrahydropyranyl p-Bramobenzoate (Attempted)lsg.- One=tenth

mole (20.1 g.) of p~bromobenzoic acid was added to 54 ml. of dihydro-
ryran which had been warmed on the steamplate. The acid did not go
into solution with the addition of one drop of concentrated hydro-

chloric acid and heating at 110° for four hours. The reaction mixture

was worked up in the usual way to give 18.5 g. (92%) of p-bromobenzoic
acid,

2-Bromophenyl 2-Tetrahydropyranyl Etber.- One-tenth mole (17.3 g.)
of o-bromophenol was added in & cc. portions to 20 ml. of dihydropyran

containing one drop of concentrated hydrochloric acid. The reaction was
exothermiec and quite rapid. The flask was allowed to stand at room
temperature for four hours.

- Ether was added to the reaction mixture and the solution was
immediately extracted with two 30 ml. portions of 104 sodium hydroxide
and one 30 ml. portion of water. The ether layer was dried over
anhydrous sodium sulfate. After removal of the ether the product
distilled at 111-114°/o.os mm. yielding 22.7 g. (88.4%) of distillate;
n%0 1.5490, a®/20 1.502, MR 58.77 (caled. 59.48).

8inece the MRD did not agree well with the calculated value, the
alkali extraction was repeated and the purified material was distilled
at 116-117°/0.05 mm. The yield was 19.2 g. (74.7%), n3C 1.5475,
a20/20 § g4 MR 58.95 (calod. 59.48).

1691 procaedure is the same as that used by Woods and Kramer®8
who were able to prepare 2-tetrahydropyanyl 35,5-dinitrobenzoate in
quantitative yield from dihydropyran and 3,5-dinitrobenzoic acid.
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Anal. Calcd far CyyHyz0pBr:t Br, 31.1. Found: Br, 29,7, 29.9.
It is possible that the low bromine analysis masy be due to contamina~
tion of the product by some other condensation reaction of dihydro-

pyran in the presence of moisture, e.g.,

SE e Nole

2,4-Dibromophenyl 2-Tetrahydropyranyl Ether.= 2,4=Dibromophenol

(0.07 mole) was added to 12 ml. of dihydropyran containing one drop
of concentrated hydrochloric acid. A gentle warming of the flask was
obgerved. The mixture was swirled and warmed on the steamplate for
about five minutes and then allowed %o stand at roam temperature for
4,5 hours.

The reaction mixture was worked up in the usual way. The product
distilled at 160-162°/0.2 mm. yielding 18.0 g. (76.5%) of distillate
having nZ0 1.5774, ¢*0/%0 1,662, R 67.08 (celed. 67.25).

Analo Caled. for CllﬂlzozBrzz Br, 47.5. Foundx m’, 4647

p-Fropyllithium and 2,4,-Dibromophenyl 2~Tetrahydropyranyl Ether .-

Seventy-two milliliters (0.0785 mole) of n-propyllithium were added
rapidly to 8.0 ml. (15.2 g., 0.059% mole) of 2,4~dibromophenyl
2-tetrahydropyranyl ether dissolved in 25 ml. of anhydroué ether. A
rather vigorous refluxing of the ether was ﬁaintained throughout the
addition. A white precipitate formed before the addition of the n-
propyllithium was complete. The mixture was allowed to stir for

seventy minutes and then a 50 ml. aliquot was carbonated in the usual

St il il
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fashion. The remainder of the reaction mixturs was refluxed for two
hours and then carbonated. Color Test II-A was negative and Color
Test I was positive before carbonation of this second aliquot.

The carbonation mixtures were worked up in the usual way. The
tetrahydropyranyl ether obtained from each fraction was hydrolyzed by
hot dilute hydriocdic acid solution containing sufficient ethanol to

effect solution of the acid. The yleld from the seventy-minute reaction

was 0.70 g. (16.4%8) of S~bromosalicylic acid. From the three-hour
reaction 1.35 g. (31.7%) of 5-bromosalicylic acid were obtained. A

170

mixed m.p. determination with an authentic specimen of S-bromo-

salicylic acid (m.p. 167-168°) showed no depression.

p-Propyllithium and 4,6-Dibromo-o-creseol.~ After titration, 93

ml. (0.105 mole) of n-propyllithium soluticn were added over a period
of geven minutes to 9.3 g. (0,035 mole) of 4,6-dibromo-o~cresol in
15 ml. of anhydrous ether. The reaction mixture was stirred for one
hour and a 50 ml. aliquot was removed and ocarbonated. The remainder
of the solution was refluxed for two hours and then carbonated.

The oarbonation mixtures were worked up separately by watsr
extraction and acidification. From the one~hour reaction 2.75 g.
(688) of 2-hydroxy=-3-methyl-5-bromobenzoic acid m.p. 226-251° were
obtained. From the three~hour reaction 5.20 g. (79%) of the same
acid m.p. 206-251° were obtained. After a single crystallization from

an ethanol-water mixture the m.p. was 2356-237° with

170g4ndly furnished by Dr. S V. Sunthankar.
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decompositionln. A portion of the reorystallized acid was acetylated
with acetic anhydride to give an acetyl derivative171 of mepe 154-156°.

C. Reduction. A Side Reaction in the Phenol Series

n-Propyllithium and 2,6-Dibromophenol.- Fifty-five milliliters

(0.09 mole) of n-propyllithium solution were added over a ten-minute
period to 7.6 g. (0.05 mole) of 2,6~dibromophenol dissolved in 50 ml.
of anhydrous ether. A% first the lithium salt appeared to be very
insoluble in the ether, but as the addition continued it went into
solution. The reaction mixture was stirred for one hour at roam
temperature and then carbonated.
In a second run 35 ml. (0.058 mole) of m—propyllithium solution
were added over a period of five minutes to 4.9 g. (0.0195 mole) of
2 ,6=-dibromophenol dissolved in 50 ml. of ether. The reaction mixture
was refluxed for three hours and then carbonated in the usual fashion.
The two carbonation mixtures were worked up concurrently by water

extraction and acidification of the aqueous layer with hydrochloric

-acide The acids were filtered and the filtrates were concentrated.

The water-insoluble acids (high m.p.) were dissolved in sodium
bicarbonate solution and the insoluble material was extracted with
ether. The acids were recovered, extrasted with boiling water,
combined, dissolved in 10% sodium hydroxide solution, treated with bons

black, filtered and acidified. The acid obtained had a m.p. ga. 250°

171portner, Monatsh., 22, 950 (1901) reported m.p. 236° for
2-hydroxy-5-me thyl-5-bromobenzoic acid and m.p. 155° for the acetyl
derivative.
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with decomposition and a neutral equivalent of 254. Upon ignition, a
carbonaceous residue formed which was burned only with difficulty. In
spite of the low equivalent weight as determined by titration, this
dark high melting material was thought to be of a polymeric nature: <.

The material which erystallized from the filtrate after extraction
of the high melting acids with boiling water was sublimed by heating
over a steam bath. The sublimate (0.38 g.) consisted of long needle-
like crystals of an acid, m.p. 89-50°. The compound gave no halogen
test upon fusion with sodium. The ferric chloride test was blue %o
blue-violet compared with a similaer test on salicylic acid which was
a wine or red-violst color. The meutral equivalent was found to be
173. Since this substance is a hydroxy carboxylic acid, the value for
the neutral equivalent may not be a relisble measure of the equivalent
welght.

Salicylic acid was obtained from the concentrated filtrates. It
was purified by crystallization from water and then sublimed.

Table VII and accompanying footnotes give the details.

1724unter, Olson and Daniels, J. Am. Chem. Soc., 38, 1761 (1916).

e S——
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Table VII

g(-Proyyllithium and 2,6-Dibramophencl

Water-insoluble Acid ~ dalicylic Acld

Time Crude Bicarbonate soluble hot_water
ll}:g[. MoPe .DG. K ﬁ.p., Ce Eo MePa, C. e %
1 285 8.0 paste -— ca. 1508 0.45 17
8 ca. 219  1.57  ga. 235-245 1.35  148-154° 0.70 17

8sfter sublimation the m.p. was 155~156° and a mixed m.p. with
salieylic acid (m.p. 157-158°) was 156-158°.

Brhe crude acid was dissolved in water, treated with bone char,

filtered and crystallized to give 0.25 g. (9%) m.p. 155~157°, mixed
m.p. with salicylic acid 156-157°.

Purification of 2,4,68-Tribromophenocl.~ Eastman "practical®

grade 2,4,6-tribromophenol (120 g.) was taken up in ethanol, treated
with Norit A, filtered and diluted with water. The recovery of pure
2,4 ,6~tribromophenol, m.p. 95-96°, was 111 g. (92.5%9). The reported

melting pointl”® ig 95-96°.

Preparation of S-Bromosalicylic Acid.~ Saliecylic acid was
brominated in essential accordance with the procedure of Hewitt et

813742, 10 15.8 g. (0.1 mole) of salicylic acid dissolved in 100 ml.
of glacial acetic acid were added 20 g. (11.8 ml.) of concentrated

gulfuric acid. Fifty ml. of a solution of 16 g. of bromine in glacial

1751 2esar-Cohn and Schultze, Bar., 38, 3297 (1905).
174newitt, Kenner and Silk, J. Chem. Soc., 85, 1228 (1904).
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acetic acid were added slowly to the solution of salicylic acid at
30-40°. The mixture was gently warmed on the steamplate and then
allowed to remain overnight at room temperature.

The mixture was refluxed gently for thirty minutes, and then the
acetic acid was removed under vacuum from a water pump. The solid
residue was filtered after dilution with water. The crude acid melted
at 150-160%, and after treatment with Norit A in ethanol solution
followed by crystallization from dilute ethanol the m.p. was 153-165°,

The recrystallized acid was then crystallized from an ethanol-
petroleum ether (b.p. 60=70°) mixture to give 7.5 g. (54.5%) of
S~bromosalioylic acld, m.p. 167-168%. A mixed MePe ‘between this
sample and thé one used earlier showed no depressionl"s, An additional

0
6.2 g+ of acid, m.p. below 160 , were also obtained but this was not
purified.

n-Propyllithium and 2,4,6~Tribromophenol.~ In a typical

experiment, 45.5 ml. (0.072 mols) of n-propyllithium solution were

added to 7.95 g. (0.024 mole) of 2,4,6-tribromophencl in 50 ml. of ether

over a period of six minuteg. The reaction mixture was stirred at

room temperature for one hour and then carbonated in the usuwal fashion,
In a second run 45.5 ml. (0.072 mole) of n-propyllithium were

added over a three-minute period to 0.024 mole of 2 s4 36~-tribromophencl

in 50 ml. of ether. The reaction mixture was refluxed for thrse hours

and then carbonated.

178300 Page 74.

IO CRNEELS
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Each carbonation mixture was worked up by water extraction and
acidification with hydrochloric acid. The oil obtained in this manner
was extracted with ether and the ether extract was washed with a sodium
bicarbonate solution. The sodium bicarbonate solution was warmed on
the steamplate to remove the dissolved ether. The solution was fil-
tered, cooled and acidifisd. The yields of crude acids fram the one~
hour and three-hour runs were 2.72 g. and 2.60 g., respectively.

These rather dark acids were extracted with boiling water contain-
ing a small amount of ethanol. The black insoluble tar was discarded
and the acid from the filtrate was recrystallized from an ethanol—
water mixture. The yield of S-bromosalicylic acid from the one~hour
run was 1.50 g. (29%) m.p. 159-161°, and the yield from the three-
hour run was 1.35 g. (26%) m.p. 163-164°¢ A mixed m.p. with S<bromo-
salioylic acid (m.p. 165-166°) and the acid from the three~hour run
was 163-164°. See Table VIIT and accompanying footnotes for details
of reactions carried out under other oonditions.

Great difficulty was experienced in the purification of S~bramo=-
salicylic acid by ordinary procedures. Recrystallization from hot water
has been found most satisfactory, but in some cases several successive
crystallizations did not effect appreciable purification. Literature
values for the melting point (uncor.) varied between 161° and 168°,

- the latter value apparen"aly being the correct one.



Table VIII

Interconversion and Reductive artho-Debromination of 2,4,6-Tribromophenol

a b From Carbonation Mixture

n~CgHpLi BrgCglasOH” Addition Reaotiog S-Bromosalicylic Acid Bromopl'xenold

in ether in ether Time  Time(27") icrudes ﬁs benzoate)
Me ml. mole . !‘!L’ vE_an min, Ee % g.p.,oc. & :Z E:R:loﬁs
0,142 106  0.0355 50 10 67 2,60° 83.8 ' 160-168 < — -~ -
0.145 109  0.725 100 15 60 0.70f 17.8 1s0-160 £ — -_
0.137 "~ '8l = 0.0685 250 27 60 - - 3.50% 22 ' 165-166 2.10° 11 104.5-105.5
0.145 88  0.0485 200 17 &g ot 4309 41 1s7-182 0 0 X -
0. 00_1 98  0.035 100 20 65 1.80° 25  160-165 0.30" 3.3 105-106
0.0945% 97 0.0478 130 27 60 3.75° 36.5 164~167 0.40° 3,0 104-105
0.0658°0 45  0.0829 15 B 0.5 = 2.559 .35.8 150-160 —F — -
0.053512° 39 0.0535 250 8 go¥ B — -— _— - _—

8Tn each case the n-propyllithium solution was added to an ether solution of 2 34 ,6~tribromophenol.
See Gilman and Arntzen, J. Am. Chem. Soc., 69, 1537 (1947) for a discussion of side reactions possible
in reversed addition. ‘

bI'riJ:)romophemul was not recovered from any of the experiments employing more than an equivalent
amount of n-propyllithium.

Cldentified by mixed m.p. with an authentic spscimen, m.p. 167-168°.

d.Q—Bromophenol apparently is formed as a result of hydrolysis of the intermediate 0-lithio-2-
hydroxy~5-bromophenyllithium during carbonation. Subsequent to removal of the carboxylic acids from
ether solution with sodium bicarbonate, the phenols were removed by extraction with 5-10% sodium
hydroxide solution. Benzoylation of the phenols recovered from the alkaline solution was carried out

in 10% sodium hydroxide solution with an excess of benzayl chloride. Identity was established by
mixed m.p. with authentic p-bromophenyl benzoate m.p. 105~106°. R

®he salts were extracted from the carbonation mixture with water and the solution was filtered
e asma_ ML - scaeln ~nndd wna dwantad with Nardt A in an athanol-water solution. After filtration

08






9The salts were extracted from the carbonation mixture with weter and the solution was filtered
and acidified. The crude acid was treated with Norit A in an ethanol-water solution. After filtration
and dilution, the solution was boiled and f:ll'bered whila hot. The acid crystallized from the filtrate,
mixed m.p. with 5-bromosalicylic acid 163-164°,

fone fourth (50 ml.) of the reaction mixture was carbonated and acidified. The separated ether
layer was extracted with sodium bicarbonate solution and after acidification the crude acids were
extracted with boiling water and filtered. Recrystallization raised the m.p. to 153-160°. A mixed
m.p. with salioylic acid (m.p. 157-158°) was 122-148° and with S-bromosalicylic acid was 159-162°

EBsnzoylation of the phenolic material did not give a pure derivative. The remaining three-
fourths of the reaction mixture was treated with 0.06 mole methyl iodide and after 5.25 hours Color
Test I was negative. The reaction mixture was acidified and the separated ether layer was extracted
with 5% sodium hydroxide solution. The phenol was recovered from tbe alkaline solution and distilled
at 123-124 /12 mm. to give 3.7 g. (89%) of oil which was identified as g—bromoghenol through the
benzoate, m.p. 104-105". A mixed m.p. with p-bromophenyl benzoate was 104-105 It is uncertain
whether the p-bromophenol was formed by reduction or hydrolysis of the intermediate O-lithio-2-
hydroxy=-5-bromophenyllithium.

. hgee note "f" above for. separation of 5-bromosalicylic acid, mixed m.p. with authentic sample
165~167°, The ‘crude acid before extraction with boiling water weighed 847 gy mepe 157-205 nsut.
equiv. 238. Attempted purification of the amorphous water-insoluble acid by decolorigation 1n
ethanol solution followed by filtration and dilution with water gave an amorphous gray-green acid
which 'bv.rned with a smoky flame depositing a large carbonaceous residue.

Irhe phenolic material was recovered from the basic extract by acidification, ether extraction
and distillation at 116-118 /12 mm. to give 2.2 g. of oil. The oil was benzoylated and a mixed m.p.
with p-bromophenyl benzoate was 104 .5~105 5%, By use of a closed system arranged so that the gases
from the reaction were passed through bromine traps, a drop of propylene bromide n% 1.5200,
b.p. 137° was obtained. 'Kharasch and ¥ayo, J. Am. Chem. Soc., 55, 2468 (1933) reported n?0’ 1.5194
and Linnemann, Ann., 161, 42 (1872) gave b.p. 141.6° (cor.). D

JSee note "f" for the separation of S-bromosallioylic acid. A amall sample was recrystallized
from water containing a small amount of ethanol. The m.p. was 164-167° and a mixed m.p. with
5-bromosalicylic acid was 165-167°. The dark, amorphous, water-insoluble acid (2.05 g.) was not
invest igated. .

kPhe phenolic material was not extracted and identified. By use of the ¢losed system and
suitable bromine traps to aysorb unsaturated hydrocarbons, 1.2 ml. (21.6%) of propylene bromide
(nBo 1°51976 .p. 137°, d=0 1.757) were obtained. The reported density of this halide is
1.933 at 20 Dahlbaum, Z. physik. Chem., 26, 626 (1898)

1clérified by filtration under pressure through an asbestos pad.

Msee note nfn for separation of S-bromosalicylic acid. A small sample was recrystallized from
water containing a small amount of ethanol after decolorization with Norit A in the same solvent.
The m.p. was 163-165° and a mixed m.p. with 5-bromosalicylic acid was 165-168°, The amorphous
water-insoluble acid (1.3 g.) was not investigated.






Iphe phenolic material was recovered from the basic extract by acidification, ether extraction
and distillation at 116-118°/12 mme to give 2.2 g. of oil. The oil was benzoylated and a mixed m.p.
with p-bromophenyl benzoate was 104 .5-105 5% By use of a olosed system arranged so that the gases
from the reaction were passed through bromine traps, a drop of propylene bromide n%o 1.5200,
b.p. 157° was obtained. 'Kharasch and Mayo, J. Am. Chem. Soc., 55, 2468 (1933) reported n20 1.5194
and Linmemann, Ann., 161, 42 (1872) gave .b.p. 141.6° (cor.). D

: jSee note "f" for the separation of S-bromosalicylic acid. A small sample was recrystallized
from water containing a small amount of ethanol. The m.p. was 164~167° and a mixed m.p. with
5-bromosalicylic acid was 165-167°, The dark, amorphous, water-insoluble acid (2.05 g.) was not
investigated. ' ‘ : .

kphe phenolic material was not extracted and identified. By .use of the closed system and
suitable bromine traps to_ahsorb unsaturated hydrocarbons, 1.2 ml. (21.6%) of propylene bromide

(nf0 1.5197, b.p. 157°, 4?0/%0 1.757) were obtained. The reported density of this halide is
1.933 at 20° / Dahlbaum, Z. physik. Chem., 26, 626 (1898)_71.)0

101érj.fied by f£iltration under pressure through an asbestos pad.

Osee note "f" for separation of 5-bromosalicylic acid. A small sample was recrystallized from
water containing a small amount of ethanol after decolorization with Norit A in the same solvent.
The m.p. was 165-165° and a mixed m.p. with 5-bromosalicylic acid was 165-168°. The amorphous
water-insoluble acid (1.5 g.) was not investigated.

NSee note "d" for separation and derivatization of the phenolic material. ¥ixed m.p. with
p~bromophenyl benzoate 105~106°, By use of a closed system and passing the gases from the reaction
through bromine, 1.0 ml. of organic halide wag obtained. After drying and neutralization of the acid
only a few drops of a pungent liquid having nﬁo 1.5325 were obtained.

%Ses note "f" for geparation of 5-bromosalicylic acid, mixed m.p. with an authentic specimen,
165-168°. Three grams of amorphous acid were obtained.

I?See note *d®. A mixed m.p. with p~bromophenyl benzoate was 105-106°.

Usae note "£" for separation of S5-bromosalicylic acid. Two recrystallizations from water
containing a trace of ethanol raised the m.p. to 152-158° and & mixed m.p. with an suthentic sample
of 5-bromosalicylic acid was 158-164°. The amorphous acid (3.5 g.) was not investigated.

T3as note "d". The derivative was an oil and was not further investigated.

t'De'lzerminssd by simple acid titration.

- Yrpe mixture was hydrolyzed and the phenol was extracted with 5% sodium hydroxide. No ethanol-
insoluble polymer was obtained from ether solution. See Hunter and Dahlen, J. Am. Chem. Soc., 54,
2456 (1932) and Raiford and le Rosen, ibid., 68, 397 (1946) for information on the catalytic
conversion of metal salts of polyhalogenophenols 4o amorphous polymers.' T
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Preparation of 4—Bromo-2—mett;zlghenoll76 «= An authentic specimen
of 4-bromo-2-methylphenol was prepared by the introduction of 8.0 g.
(0.05 mole) of bromine in chloroform solution into a cooled solution
of 9.35 g. (0.05 mole) of g-cresol in chlorofom containing 0.5 ge
of iron wire. After removal of the chloroform the product was distilled
at 124-127°/12 mm. to give 7.2 g. (77%) of distillate, m.p. 52-56°,
Recrystallization from petroleum ether (b.p. 60=70°) yielded 4.8 g.
(51.3%) of pure 4-bromo-2-msthylphenol, m.p. 64-65°.

A sample of this phenol was treated with benzoyl chloride in
104 sodium hydroxide and the derivative was orystallized from an
ethanol-water mixture. The m.p. was 67-68° compared with the reported
valuel?7 63-64°.

Methylation of Interconverted 2,4,6-Tribromophenol.-~ Since the

observed reduction in the halogen-metal interconversion of 2,4 96=tri-
bromophenol with n-propyllithium may have been due to some peculiarity
of the carbonation reaction, methylation of the intermediate organo-
metallic compound with methyl iodidel?® was carried out. n-Propyllithium
(0.187 mole) was added over a ten-minute period to 14.9 g. (0.045 mole)
of 2,4,6-tribromophencl in 100 ml. of ether. The reaction mixture was
stirred for one hour, and then 5.92 ml. (0.095 mole) of methyl iodide

in 50 ml. of ether were added over a period of five minutes. A% the

end of fifteen minutes Color Test I waa strongly positive.

176c1aus and Jackson, J. prakt. Chem., / 2 7 38, 3524 (1888).

1773adbav and Rangwala, J. Univ. Bombay, 3, 161 (1954) /C.A., 29,
4748 (1985)_7.
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After 2.75 hours of stirring Color Test I was negative. The
reaction mixture was hydrolyzed and acidified. The aqueous layer was
extracted five times with small portions of ether and the combined
ether extracts wers in turn washed with 5% sodium hydroxide solution.
(During the latter extraction a considerable amount of the aqueous
layer was inadvertently spilled.) The aqueous layer was acidified and
the phenol was faken up in ether., The ether was removed by distillation
and the product was distilled at 125-12-'7°/12 mmn, The distillate was a
browmn oil which solidified upon seeding with crystals which formed in
the condenser.

The solid was taken up in petroleum ether (b.p. 60-70°) containing
some ethanol, and the solution was treated with Norit A, filtersd and
oconcentrated under a stream of air. A few small pieces of Dry Ice were
added to initiate the crystallization. The product rapidly solidified
in needle-like crystals which after being pressed on a porous plate
melted at 58-68°. After recrystallization from petroleum ether (b.p.
60=70°), 0.70 g. (8.3%) of 4-bramo-2-methylphenol, m.p. 64-65° was
obtained. A mixed m.p. with an authentic specimen (m.p. 64-65°) showed
no depression.

The ether-soluble material remaining after alkall extraction was
found to consist of only a few drops of oily substance which wag not
investigated. This indicated that a negligible amount of O-methylation

had occurred.

g—Propyllithium and 2,4-Dibromophenocl.~ The apparatus employed

in this experiment was the conventional 500 ml. three-necked flask
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fitted with a dropping fummel, mercury seal stirrer and condenser.

The nitrogen train was comnected to the side arm of the dropping
funnel. The gases from the reaction were taken from the condenser and
passed through a trap arrangement whereby the unsaturated hydrocarbons
were absorbed into bromine. The sequence of traps (22 x 175 mn. test
tubes) wag as follows: empty trap, soda lime tube, twe bromine traps
each containing 5 ml. of bromine covered by several ml. of water, soda
lime tube and oil bottles. The three traps were immersed in ice
during the reaction.

One-half (47.5 ml., 0.0745 mole) of the n-propyllithium solution
was added to 0.0745 mole of 2,4~-dibromophenol in 110 ml. of anhydrous
ether over a period of twenty minutes. The remaining 47.5 ml. of
n-propyllithium solution were then added during three minutes. The
mixture was refluxed for an hour and then 100 ml. of the aolution was
csrbonstaed.

Four ml. (0.064 mole) of methyl iodide were added to methylate
the remaining interconversion product. Color Test I was negative at
the end of 4.5 hours. The reaction mixture was acidified with dilute
hydrochloric acid and then allowed to stand overnight.

The carbonation mixture was acidified and the carboxylic acid was
extracted from the ether with sodium bicarbonate solution. The phenolic
substanceg were extracted with 5% sodium hydroxide solution. The ether
golution of the neutral substances was not investigated.

From the sodium bicarbonate solution by acidification, 7.0 g. (87%)
of 5-bromosalicylic acid, m.p. 167-168°, were obtained. A mixed m.p.

with an authentic specimen (m.p. 167-168°) showed no depression.
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The phenolic substances were recovered from the alkaline extract
by acidification and ether extraction. This oil was benzoylated in
10% sodium hydroxide solution to give 0.95 g. (4.6%) of p-bromophenyl
benzoate, m.p. 105-106°, after a single crystallization fram an
ethanol-water mixture. A mixed m.p. with p-bromophenyl benzoate
(mep. 105-106°) was not depraessed.

The phenol from the methylation reaction was extracted from the
ether solution with 5% sodium hydroxide. The bagic solution was
acidified and extracted with ether. The ether layer was dried over
sodium sulfate and then the ether was removed by distillation over a
water bath. The residue was distilled at 120-125°/12 mm. The liquid
distillate (3.0 g.) was benzoylated and the derivative was recrystal-
lized from an ethanol-water mixture to give 1.70 g. (15.7%) of
d-brano-2-methylphenyl benzoate, m.p. 58-60". A mixed m.p. with
4-bromo-2-methylphenyl benzoate (m.p. 67-68°) was 58-65°, Two more
recrystallizations from the same solvent pair did not raise the
melting point. Crystallization from 95% ethanol raised the m.p. to
61-63° and a mixed m.p. with the authentic speéimen was 63-65°,

The neutral material from the methylation reaction was obtained
ag a small dark oily residue after evaporation of the ether. This
material was not investigated.

The bromine in the traps was destroyed with sodium bisulfite
solution. The droplet of propylene bromide from the first trap was

washed with water and dried over anhydrous calcium sulfate; Two
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physical constantsma were determined; n%o 1.5212, bep. 140°.

n-Propyllithium and 2,4,6-Tribromoaniscle.- n-Propyllithium

solution (0.145 mole in 102 ml, of ether) was added over a period of
fifteen minutes to 0.0488 mole of 2,4,6-tribromoanisole in 140 ml, of
ether. The reaction mixture turned brown and a precipitate formed.
After one hour of ghirring the mixture was carbonated,

The salts were extracted from the ether with water and the
dissolved ether was removed from the aqueous solution by gentle
warming on the steamplate., The solution was cooled in an ice bath and
then acidified with hydrochloric scid. A considerable smount of bu-~
tyric acid seemed to be present as determined by the odor.

The acid was removed by filiration, but as it warmed to room
temperaturs it became very sticky. Several attempis were made %o
crystallize the substance but all failed.

In a second experiment, 46 ml. (0.06 mole) of n-propyllithium
solution were added to 0.0R mole of 2,4,6-tribromoanisole in 50 ml. of
ether cooled to =20°. The time of addition was five minutes and the
time of reaction before carbonation was one hour.

The acid was obtained as a heavy white precipitate and the odor
of butyric acid was observed. The yield of crude acid softening over
a wide range and melting at 184° was 4,70 g. or 85.5% calculated as
2-methoxy-5~bromo~-1,3~dicarboxybengsene. The equivalent weight of this

crude acid was 156 compared with a calculated value of 137.5. After

178356 note 4, Table VIII, page 80.

b
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several crystallizations from petroleum ether (b.p. 60-70°) containing
gome absolute ethanol, the m.p.179 on 2.0 g, (36.4%) was 195-198° but
the neutral equivalent was still high (152).

Preparation of 2,6~D1bromoanigolem°.- Nine grams of anhydrous
potassium carbonate and 3.7 ml. (0.0393 mole) of dimethyl aulfate
were added to 6.60 g. (0.0262 mole) of 2,6-dibromophenocl dissolved in
50 m)l. of acetone. The reaction mixture was refluxed for eight hours
after which the potassium carbonate was 'removed by filtration. The

acetone was removed and the product was distilled at 120-125°/12 mm,

The yield was 5.5 g. (79%), m.p. 12-15"181.

n-Propyllithium and 1,3 ,5-Tribroamobenzens.~ An attempt was made

in this case to interconvert each of the three bromine atoms in the
molecule, although an example of such an interconversion has never bsen
observed. Forty-four milliliters (0.06 mole) of n~propyllithium
golution were added over a period of six minutes to 0.02 mole of
1,3,5-tribromobengzene dissolved in 130 ml. of ether. The solution
turned brown and then a solid precipitated. The reaction mixture was

carbonated after one hour of stirring at room temperature.

The acid was obtained from the carbonation mixture by the usual

179011man Langham and Mooreaa carried out a similar reaction in
petroleum ether (bep. 85-50°) and obtained 75% of 2-methoxy-5=bromo-

1,5-dicarboxybengene, m.p. 192-196°.

180p,34 procedure was obtained from Dr. S. V. Sunthankar.

181Pope and Wood, J. Chem. Soc., 101, 1828 (1912) gave the m.p.
Oa. 15 ] bopo 145-145 4 mme.
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procedure of water extraction and acidification. The yield of crude
acld was 2.40 g. having a neutral equivalent of 164, After reprecipi-
tation of the acid from aqusous sodium bicarbonate the m.p. was
167-177% The neutral equivalemt was not in agreement with any calcu-
lated for the several possible interconversion productsmz. An
investigation of the compdsition of this mixture by means of an ion=-

exchange resin is in progress.

n-Propyllithium and Pentabramophencl.= n-Propyllithium (0.08

mole) was added over a period of ten minutes to 13.05 g. (0.0267 mole)
of pentabromophencl dissolved and suspended in 200 ml. of anhydrous
ether. The reaction mixture turned to a deep brown color, and after
being stirred for an hour at room temperature it was carbonated.

The carbonation mixtur§ was extracted with water and the aqueous
golution was acidified., The dark precipltate was extracted with ether
and the ether solution in turn was extracted with sodium bicarbonate
solution. No acid was cbtained from the sodium bicarbonate extraction.

In a second run 4.9 g. (0.01 mols) of psntabromophenol suspended
in 125 ml. 'of sther cooled to -20° were treated with 27 mi. (0.0358
mole) of n-propyllithium solution. As soon as one~third of the organo-

metallic solution had been added, the reaction mixture turned to a

1820hoge ares 1,3,6-CgHg(COOH)g 70, 5,1,5-BrCgHz(COOH), 122.5,

5,5,1~BroCgHgCOOH 280, 1,3-CgH,(COOH), 85.

Gilman, Langham and Moore88 were able to interconvert one bromine atam
by a special titration technique.
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chocolate~brown coler. The mixture was carbonated after ten mimutes

. at =-20°.

The carbonation mixture was acidified and the ether layer was
extracted with sodium bicarbonate solution. The aecid obtained fram
the aqueous solution was a dark, brown, amorphous solid which gave a
large carbonaceous residue upon ignition. This material was not’

further investigated.

D. Preparation of Some Alkamine Ethers

Preparation of 2-Diethylamino-~l-phenylethanol.-~ This synthetic
intermediate was prepared by the action of diethylamine upon styrens

oxide at reflux temperature.

Styrene oxide (1.0 mole) was added slowly to 1.64 moles of
diethylamine brought to reflux in a 500 ml. three-necked flask equipped
with a reflux condenser, mechanical stirrer, and droppﬁag funnel. No
apparent reaction took place and the mixture was refluxed for thirteen
hours.

A total of 56 ml, of disthylamine was recovered by distillation
over a water bath. The residue was placed in a 500 ml. Claisen flask
and distilled at 1355-140°/13 mm. The yield of produet was 103 g.
(53%) bhaving ngs 1.5058. Emeraonif® reported 1.5101 and Marvel and
da Vigneaudls"' gave 1,507.

185Emers°n, io A__n_lo Chem. _8_9_9_., .61, 516 (1945)0
184yarvel and du Vigneaud, ibid., 46, 2095 (1924).

e Samaih
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In a second experiment 0.1 mole of styrene oxide was added to 0.2
mole of diethylamine in a Carius tube (vol. 160 ml.). The mixture was
cooled in a Dry Ice-acetone bath, and the air was swept out by a stream
of dry nitrogen. The tube was sealed and placed in a Carius oven at
70-80° for eight hours.

The excess diethylamine was removed and the product was distilled
at 150-151°vunder vacuun from a water pump. The yleld was 10.2 g.
(53%) of material having nﬁs 1,5041.

The yield was musch improved in a later preparation by the addition
of a catalytic amount of water. One mole (120 g.) of styrene axide
was added slowly to a well stirred solution of 3 ml. of water in 168
ml. (1.64 moles) of diethylamine. No apparent reaction took place and
the solution was then warmed over a hotplate for two hours. The
reaction mixture was refluxed over a steam bath for 24 hours and then
it was allowed to remain 24 hours at room temperature.

After removal of the excess diethylamine, the product was distilled
at 135-140°/15 mm. to give 178.2 g. (92.2%) of 2-diethylamino~l-phenyl~

ethanol n§° 1.5077.

Preparation of l-Chloroisoquinoline.~ The following procedure
for the preparation of l-hydroxyisoquinoline and its conversion to

l-chloroisoquinoline was developed from the skeichy directions given

in the literatnrems. Isoquinoline (4.0 g.) and 9.4 g. of fused and

185(a) Chichibabin and Kursanova, J. Russ. Phys.~Chem. Soc., 62,
1211 (1930) /C.A., 25, 2727 (1931); Chem. Zemtr., 102, I 86 (1951) 7.
(b) Chichibabin, Ber., 56, 1879 (1928) and (¢) Gabriel and Colman, Ber.,
33, 985 (1900).
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pulverized potassium hydroxide were heated at 210-235° for 4.5 hours
under an atmosphere of dry nitrogen. After the mixture had cooled,
ﬁhe solid was chipped out of the flask into 200 ml. of water and the
suspension was acidified. The yield of crude l-hydroxyisoquinoline
obtained by filtration was 3.85 g. (85.5%), m.p. 204-220°. This dark
material was isken up in 95% éthanol, treated with Norit A, filtered
and orystallized to give 2.70 g. (60%) of colorless needles, m.p.

185a

210-215°, The reported yield and m.p. were 62.2% and 209-2100,

regpectively.

One and one-~helf grams of pure l-hydroxyisoquinoline were heated
with 6 ml. of phosphorus oxyohloride for one-half hour. The reaction
mixture was poured into ice water and the solution was saturated with
sodium carbonate. The suspension of corystals was filtered and washed
with cold water. The yield of air-dried l-chloroisoquinoline was

185¢ wasg 57-58°-

1.58 g. (93.5%), m.ps 34-35°, The reported m.p.

In a subsequent experiment 500 g. of potassium hydroxide in 100
g portions wers fused in a porcelain casserole over a Bunsen flame
for fifteen minutes. When the melt began to turn dark it was poured
into approximately two liters of white mineral oil contained in a
stesl dish. After the mass had cooled, it was pulverized under the
0il with a steel pestle. The oil was decanted and the crushed
potassium hydroxide was transferred to a flask containing a liter of
petroleum ether (b.p. 60-70°).

To 200 g, (1.55 moles) of isoquinoline in one~liter thres-necked
flask were added 470 g. (8.4 moles) of potassium hydroxide which was

st1ill wet with petroleum ether. A nitrogen inlet tube, thermometer
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and oondenser for removal of the petroleum ether were attached to the
flask. A hotplate was placed under the reaction flask (but not
touching it) and the two were surrounded by a sheet of asbestos to
oconserve heal .

A steady evolution of hydrogen took place between 210-230°, The
temperature of the reaction mixture began to rise rapidly and the hot-
plate was removed. An air jet served to cool the flask and bring the
temperature down to 220°. When the hotplate was again put in place,
the temperature was inadvertently allowed to go above 250° but fortu-
nately no great amount of gas was given off rapidly at this high
temperature. An air Jet was again used to cool the flask and the
temperature was kept at 2&0—2550 for the remainder of the 4.5 hour
heating period.

After the mixture had cooledles, the alkaline melt was dissolved
in water contained in an earthenware crock. The solution and solid
were ladled into a four-liter beaker containing cracked ice and
neutralized with hydrochloric acid. This operation was carried out
in the hood since more than just trace amounts of gas having a ecyanide-
like odor were liberated. The solid was filtered to give 173 g. (77%)
of crude l-hydroxyisoquinoline which was purified by recrystallization
from ethanol.

1-Hydroxyisoquinoline (60 g+y 0.415 mole) and 225 ml. (2.46 moles)

of phosphorus oxychloride were heated in a one-liter round bottom

186phe thermometer should be removed from the mixture before it
cools. Ths flask is almost invarisbly broken during the cooling and
a container should be placed below it.



92

flask fitted with an air condenser for one-half hour over a hotplate.
The reaction mixture was cooled under a water tap and then it was
poured into a four-liter beaker half filled with crushed ice. The
hydrolysis was vigorous and all the ice was melted. The solution was
neutralized by the introduction of solid sodium carbonate, but no

solid precipitated. The oil was taken up in ether, dried, and distilled
at 145-148°/14 mm. The yield of pals yellow liquid which later

erystallized was 57.4 g. (85%).

2-(2-Diethylamino~l-phenylethoxy)-benzothiazole.~ This procedure

is a typical one used for the preparation of the series of ethers from

2—diethylamino—1-phenyléthanol. Table IX and accompanying footnotes
give the details for other similar preparations.

One~tenth g. atom of sodium was dissolved in S50 ml. of R2-disethyl-
amino~l-phenylethanol by vigorous stirring with a Hershberg stirrer
and heating over a 4hotp1ate. The reaction was carried out under an
atmosphere of dry nitrogen. One-tenth mole (17.0 g.) of 2-chloro-
benzothiazole was added rapidly to the cooled sodium alcoholate
golution with stirring. The reaction mixture became extremely hot and
salt precipitated from solution. The suspension was then stirred over
a steam bath for 21 hours.

The reaction mixture was extracted with water and ether. The
ether layer was washed with water and the aqueous layers were extracted
with ether. The combined ether exiracts were dried over sodium sul-
fate, and the ether was removed by distillation. After removal of the

excess amino aloohol under vacuum from a water pump, the product was



Table IX

Ethers® of 2-Diethylamino-l-phenylethanol

Vol.
amino Time
alcohol hrs. Yield B.p. ,oc Nitr ogenb . q

A , _ — 20
Starting Compound  Mole ml. (100°) g, ¢  (uncor.) Wum. np fo/ 20  Galed. Foupd

2-Bromopyridine 0.10 35 18  14.4 55.5 190-192 18 1.5405 1.051° 10.36 10.45
2-Chloroquinoline  0.10 46 41.5 28.4 88.7% 190-192 0.05 1.5849 1.065  8.75 9.12
2—cu1orobénzoxazole 0.10° 65 15 2.357 7.6 m.p. 92-95° — -_— — 9.05 —
1-Chloroisoquinoline 0.10% 86 12.5 26.5 85.0 179-182 0.05 1.5820 1.07R  8.75 8.80
Penzyl chloride 0.10 41 18.5 1.4's50.8 158162 0.20 1.5360 0.9 4.4 5.06
p-Nitrobromobenzene 0.105 100 24 4.8' 15.5 m.p. 101-105° —_ — 8.90 9.20

8prepared in each case by the action of an equivalent amount of sodium 2-diethylamino-l-phenyl-
ethoxide in excess amino alcohol upon a reactive organic halide dissolved in the same solvent. The
inart atmosphere was dry nitrogen. Ethanol (95%) was the solvent for preparation and recrystallization
of all picrates.

Yo termined by the micro Dumas method.
GMRD 82.37 (calcd. 81.95). The m.p. of the picrate was 153.5-134.5°.

drpis was the crude yield of product, b.p. 181-186°/0.05 mm., n20 1.5828, a20/20 1 069,
100.14 (caled. 100.62). M.p. of picrate 144-147° after recrystallization. Anal. Calecd. for
CojHpaONpe N, 8.75. Found: N, 9.42, 9.44, 9.28. This impure product was fractionated through a
Vigreaux column. On the purified material the mD was 100.98.

Orhe 2-chlorobenzoxazole should be added slowly since the reaction with the sodium alecoholate is
veary vigorous.

fafter removal of the excess amino alcohol, the product was distilled at 178-185°/0.05 mm. The
yield of viscous liquid which slowly solidified was 15.5 g. (49.3%). The solid was taken up in
petroleum ether (b.p. 60-70°), treated with Norit A and allowed to orystallize. The hydrobromide
(m.p. 217-218° dec.) was analyzed for bromine by the Volhard procedurs. Calcd. for CygHpoxOpNoBr:

g6
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of all picrates. '

Ype termined by the micro Dumas method.
°MR,, 82.37 (caled. 81.98). The m.p. of the picrate was 153.5-154.5°.

drhis was the crude yield of product, b.p. 181-186°/0.05 mm., n2° 1.5628, a20/20 3 g,
100.14 (calcd. 100.62). M.p. of picrate 144-147° after recrystallization. Anal. Calecd. for
CoyHpgONo: N, 8.75. Found: N, 9.42, 9.44, 9.25. This impure product was fractionated through a
Vigreaux column. On the purified material the MRD was 100.98.

'OThe 2-chlorobenzoxazole should be added slowly since the reaction with the sodium alcoholate is
very vigorous. . . -

fafter removal of the excess amino alcohol, the product was distilled at 178-185°/0.05 mm. The
yield of viscous liquid which slowly solidified was 15.3 g. (49.3%). The solid was taken up in .
petroleum ether (b.p. 60-70%), treated with Norit A and allowed to orystallize. The hydrobromide
(m.p. 217-218° dec.) was analyzed for bromine by the Volhard procedure. Calcd. for C19Hog0pNoBr:
Br, 20.4. Found: Br, 20.1. . 4 - ,

8A considerable amount of heat was liberated when the l-chloroisoquinoline was added rapidly to
the solution of sodium alcoholate.

Pup 99.60 (calcd. 98.93). M.p. on picrate was 161-164°.

ipfter the excess amino alcohol had been removed, the product was distilled at 105-145°/0.05 mm.
The latter material was then fractionated in a Vigreaux7nodified Claisen distilling flask to give an
impure product, b.p. 127-150°/0.02 mm., nf0 1.5358, d%0/20 o, 999, MR, 88.47 (calcd. 88.29). No
picrate was obtained by the usual procedure. Anal. Calcd. for CygHocON: N, 4.94. Found: N, 5.60,
5.52. This impure material was refractionated through a Vigreaux column.

JMRD 89.17 (caled. 88.29).

Krhe reaction mixture became very hot after the reactants had stirred for several minutes. The
flask was cooled in an ice bath until the reaction had subsided.

1An insoluble orange solid was isolated from the aqueous layer following exitraction of the

reaction mixture with ether and water. The yield was 2.4 g., m.p. 172-174°. The ether solution was
dried over sodium sulfate, and the ether was removed by distillation over a water bath. The excess
amino aleohol was removed at 0.1 mm., and the residue was taken up in petroleum ether (b.p. 60-70°) to
give upon concentration 5.4 g. of a yellow compound. %ecrystallization from an ethanol-ethyl acetate
mixture yielded 4.8 g. of orange needles, m.p. 173-175 . This 7.2 g. represents a 23% total yield of

sp'-dibramoazoxybenzene. See note "s" Table XI. From the petroleum ether filtrate after treatment
with Norit A, were obtained 5.4 g. of a yellow compound m.p. 99-103°. Recrystallization from ethanol
raised the m.p. of this acid-soluble product.

LY
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distilled at 192-1980/0.05 mm. to give 19.3 g. (59%) of liquid n%o
1.5878 which later solidified. The orude solid when recrystallized
from petroleum ether (b.p. 60-70°) gave 13.0 g. (40%) of pure material,
mePe ‘76-770. The picrate obtained fram 95% ethanol melted at 185-1870
after recrystallization.

Anal, Caled. for CygHpnON,8: N, 8.58; S, 9.82. Founds N, 9.0;

S, 9.86.

Preparation of 3-Disthylamino~l,2-epoxypropane.~ The procedure

employed in this preparation was essentially that reported by Gilman
and Fullhartmv. Two moles (185 g.) of epichlorohydrin were placed in
a one~liter three-nscked flask fitted with a dropping funnel » mechani-
cal stirrer and thermometer. A mixture of 202 ml. (1.97 moles) of
diethylamine and 6 ml. of water wes added rapidly to the epichloro-
hydrin with stirring. The reaction mixture was kept at 50° * 5° for
five hours and then it was allowed to stir overnight at room temperature.
A solution of 98 g. (2.33 moles) of sodium hydroxide in 150 ml.
of water was added slowly to the reaction mixture which had been im-
mersed in an ice bath to keep the temperaturs between 20-25%. The
mixture was stirred for forty mimutes and the oily layer was decanted.
The remainder of the product was extracted with ether and the ether
extract was added to the oily layer. After the solution had dried
over potassium hydroxide pellsts, the ethsr was removed by distillation
over a stean bath and the product was distilled at 57-60°/15 mm. The

187G11men and Fullhert, J. Am. Chem. Soc., 71, 1478 (1949).
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yield was 140 g. (55%) of B-diethylamino-1,2-epoxypropane nC 1.4520.

187 were n%o 1.4562, b.p. 69°/32 mm.

The reported phymical constants
Fractionation of the product through a Vigreaux-modified Claisen
distilling flask rafsed the nfC to 1.4382.

In another experiment, 556 g. of epichlorohydrin, 452 g. of
diethylamine and 18 g. of water were placed in a five-liter three-
necked flask equipped with a dropping funnel, thermometer and mechani-
cal stirrer. The solution was stirred for six hours at 27-50°, and it
was then allowed to0 gtir at room temperature overnight. A solution of
280 g+ of sodium hydroxide in 456 ml. of water was slowly added to the
flask at such a raie that the temperature did not rise above 25°.
Cooling was effected by immersing the flask in a large ice bath. The
addition of base ‘was carried out for 20 minutes and the mixture was
stirred for forty mimtes. From the reaction mixture 363 g. (47.5%)
of $-diethylamino~1,2-epoxypropane, n%o 1.43335, were obtained by

extraotion and digtillation.

1-DiethylaminowS~phenyl-2=propanol.- An equivalent amount of
phenyllithium solution (155 ml.) was added to 0.181 mole of 3-diethyl-

amino-l,2-epoxypropene in approximately 50 ml. of ether. The orgsno-
metallic compound was added at such a rate that a vigorous refluxing
of the ether was maintained. When the refluxing ceased, excess water
was added cautiocunly to the reaction mixture. The layers were sepa-
rated and the aqueous layer was extracted with several portions of
ether. The extraqts were combined and dried over sodium sulfate. The

ether wag removed by distillation over a water bath and the product
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was distilled at 140-145°/14 mm. The yield of product was 21.6 g.
(57.8%) havirxg n§° 1.5040, a?0/28  o59, MR, 64.05 (caled. 64.16).

Anal.3®8 Caled. for G sHxON: W, 6.76. Founds N, 6.4, 6.70.

The methiodide was prepared but it could not be orystallized fram
absolute ethanol or an sthanol-ethyl acetate mixture. Attempis were
also made to prepare the benzyl chloride quaternary salt, the hydro-
chloride, and the Z-nitrophthalic acid half ester but no crystalline
gubstances were cobtained. The piocrate obtained from ethancl melted
at 106-106.5% |

In a larger preparation 1.4 moles (1090 ml.) of phenyllithium
golution were added to a two-liter three-necked flask fitted with a
reflux condenser , mechanical stirrer and a 500 ml. dropping funnel.
The flask was immersed in an ice bath and 174.5 g. (1.35 moles) of
Sédietlwlam:lno-l,z-epoxypropane were added from the dropping Mhel
over a period of l.5 hours. After the addition was complete and the
vigorous reaction had subsided, the reaction mixturs was refluxed over
a steam bath for 1.5 hours. Color Test I was negative and the mixture
was hydrolyzed with excess water.

The ether layer was decanted and the water layer was extracted
geveral times with ether. The extracts were combined and dried over
sodium sulfate. The ether was removed by distlllation and the product
was distilled at 153-160°/14 mm. to give 284 g. (83.5%) of distillate
having nf0 1.5040,

laeDeterminad by the micro Xjeldahl procedure.
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The distillate was fractionated through a Vigreaux-modified
Claisen distilling flask under variable pressure (13 - 19 mm.) using
a water pump. The boiling point of the product at 14 mm. was 151-153°
and the yield was 205.2 g. (75.5%) having ng” 1.5047, a%0/20 ¢ o597,
B, 64.20 (calcd. 64.16), neut. squiv. 208 (caled. 207).

1~-Diethylamino-8~-phenyl-2~propanol Picrate.- The picrate of
1-diethylamino-3~phenyl~2=-propanol was prepared to show whether this
substance was seriously contaminated with the possible iscmer,
3-diethylamino=-2-phenyl=l-propanol. l=-Diethylamino=3-phenyl=2-propanol
(1.45 g+, 0.007 mole) waas treated in 95% ethanol solution with 30 ml.
of a saturated solution of picric acid in 95% ethanol. Four separate
fractions of pure plorate, m.p. 106-1070, were obtained by crystalli-
zation. The yield was 2.71 g. (89%) of a picrate of a singla isomer
shown later to bs the secondary alcohol.

Preparation of Diethylaminocacetonitrile.- This intermediate in
the synthesis of l-diethylamino-S-phenyl-R-propancl was prepared by

the method describad by Iuten'®®, 2 concentrated aquecus solution of
formaldehyde bisulfite was prepared by the addition of a 5% excess of
solid sodium metabisulfite to 24.5 ml. of & 37% solution of formalde=-
hyde in & one-liter beaker. After the reaction appearsd to be complete,
0.5 mole of diethylamine was added with stirring %o the molid bisulfite
addition product at room temperature. The reaction mixture was stirred

until all the lumps of formaldehyde bisulfite had reacted with the

1891uten, J. Org. Chem., 5, 588 (1939).
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amine, The addition of a saturated solution of 19.5 g. of potassium
cyanide in water caused the separation of the product as an oily layer.
The latter was separated, dried over potassium carbonate and distilled
at 60-61°/14 mm. The yield was 26.0 g. (68.2%) of product having

nﬁo 1.4260. The reported b.p. was 60~60.5°/14 mu. and the reported

yield was 81%190.

Benzylmagnesium Chloride and Diethylamincacetonitrile.- This
reaction is the first step in a synthesis involving the preparation

of l-diethylamino=3~phenyl-R-propanone with subsequent reduction to
l-disthylamino-8~phenyl-R2-propanol. Benzylmagnesium chloride was
prepared in 95% yield from 20.2 g. (0.16 mole) of bensyl chloride and
5.89 g. (0.16 g. atom) of magnesium in 90 ml. of ether. The solution
of bengzylmagnesium chloride (0.152 mole) was added to 15 g. (0.134
mole) of diethylaminoacetonitrile dissolved in 100 ml. of anhydrous
ether at such a rate that a gentle reflux was maintained. A solid
precipitated during the addition of the Grignard resgent, and after
one-half hour of reflux over a steam bath the precipitate coagulated
and adhered to the sides of the flask.

An attempt was made to hydrolyze the reaction intermediate, but
the stirrer was stopped by one of the lumps and a hole was punched
in the flesk. All the material that could be recovered was hydrolyzed
and extracted with ether. The ether extract was dried over potassium

carbonate and the ether was removed by distillation over a water bath.

190g)0am, Breslow and Hauser, J. Am. Chem. Soc., 67, 539 (1945).
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The product was fractionated through a Vigreaux column to give 5.2 g.
(18.9%) of distillate having the following physical constantss b.p.
144-151°/14 mm., n2° 1.5051, d20/20 0,968, The molecular refraction
was 62.93 compared with a calculated value of 62.65 for l-diethylamino-
3-phenyl-2~propanone which has not been previously reported. The
‘neutral equivalent obtained by titration to a methyl red endpoint (not
sharp) was 224 (caled. 205). The picrate was prepared and the m.p.
was 148-150° with decomposition. It was not possible to obtain a
carbonyl derivative e.g. 2,4-dinitrophenylhydrazone or senicarbazone.

A conglderable amount of residue remained in the distilling flask
end an attempt was made to distill it under vacwum from an oil pump.
Only 2 small amount of material which solidified in the condenser was
obtained. The residue had the character of a varnish. The solid from
the condenser was washed with petroleun sther (b.p. 60~70°) and the
m.p. wasg 154-155°, This material was not investigated.

Reduction of l-Diethylamino-8-phenyl-2-propanong.~ l-~Disthylamino-
S=-phenyl-R=propanone was reduced to the secondary alcohol with lithium
aluminum hydride according to the general procedure of Nystrom snd
Brown®%, ‘Lithium aluninum hydride (0.55 g.) was added to approximately
100 ml. of anhydrous ether in a 500 ml. three-necked flask fitted with
a reflux gondenser, dropping fumnel and mechanical stirrer. The inert
atmosphere was dry nitrogen. Three grams (0.0146 mole) of l-diathyl-
amino-3-phenyl=-2-propanone were dissolved in approximately 30 ml. of
ether and this solution was added to the stirred solution of lithium

191yystrom and Brown, J. Am. Chem. Soc., 69, 1197 (1947).
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aluminum hydride. A gentle reflux was maintained during addition of
the ketone and the mixture was stirred one-~half hour at room tempsra-
ture.

The intermediate was hyﬂrolyzad with a solution of Rochelle salt
and the ether was separated. The aqueocus layer was extracted twice
with ether, and the combined extracts were dried over sodium sulfate.
After removal of the sther by distillation, the product was distilled
at 145-148°/18 mm. to give 2.10 g. (69.5%) of a clear pale-yellow
liquid having the following physical constantss ngC 1,5045, d?0/20
0.955, MR;, 64.85 (calcd. 64.16). The m.p. of the picrate was 148-150°
with decomposition. A mixed m.p. with the picrate (m.p. 106-106.5°)
of the secondary alcohol obtained from S—disthylamino-1,2-epoxypropane :
and phenyllithium was depressed (100° +). A mixed melting point with |
the picrate (m.p, 148-150°) of the ketone intermediate showed a
depression (138-141°). |

The phyaical constants for the reduction product agree closely
with the same constants for the secondary alcohol obtained from
S=~diethylamino—-l,2~epoxypropans. It is not understood why the picrates

are not identieal.

Oxidation of l-Diethylamino-3-phenyl-R-propasnol.= The method of
Duke and Witmanl®® was used in an attempt to oxidize each of the
secondary alcohols obtalned by the two different syntheses and show 3
their ident ity through the 2,4-dinitrophenylhydrazones of the

192puke and Witman, Anal. Chem., 20, 490 (1948). ":
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corresponding ketones. The compounds were vigorously oxidized by the
potassiun permanganate reagent but the only material isolated after
addition of the 2,4-dinitrophenylhydrazine reagent was an orange
emorphous powder melting between 108-179°, The latter mixture could
not be recrystallized from ethanol. When a larger amount (5 ml.) of
the amino alcohol obtained from 3-diethylamino-1,2-epoxypropane and
phenyllithium was oxidiged and treated with 2,4-dinitrophenylhydrazine
reagent, only 2,4-dinitrophenylhydragine was isolated (mixed m.p.).
2-Diethylaminocethanol was similarly treated in order to determine
whether thls known compound would give a carbonyl derivative. A
material m.p. 167-170° was obtained, but attempted recrystallization
converted this material to a black tar. The solid material obtained
by neutralizing the filtrate was chiefly inorganie in natures.
2-Diethylsmino-l-phenylethanol after treatment by this oxidation
procedure also gave a derivative which was largely inorganic. The
aleohol-goluble substances fused at 200° and above. Apparently under
the drastic conditions of oxidation the molecule is broken down into

smaller fragments.

Oppenauer Oxidation of l-Diethylamino-S-phenyl-2-propanol
(Attempted) e~ Five grams (0.025 mole) of aluminum isopropoxide
dissolved in 50 ml. of anhydrous thiophene-free benzene were added to
a solution of 5.18 g. (0.025 mole) of l-diethylamino-3-phenyl-R-

propanol in 8 ml. of dry acetone. The reaction was carried out at

reflux temperature for 26 hours. The insrt atmosphere was dry nitrogen.
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The benzens solution was then extracted four times with dilute
hydrochloric acid. A solution of Rochelle salt was added to the acid
solution of the product and an excess of potassium hydroxide solution !
was added. The product was taken up in ether and the solution was '
dried over sodium sulfate. After removal of the ether the product was :
distilled at 151-152°/14 mm. to give 5.0 g. (97.5%) of distillate
having nZ0 1.4988, 420/20 0,958, UR} 62.90 (oalod. for ketone 62.65).
Neither 2,4-dinitrophenylhydrazone nor plerate could be prepared. A
vigorous evolution of gas took place when the product was treated}with
sodium. PFrom this it was concluded that impure amino alcohol had been ‘
recovered. :
A similar atiempt was made to oxidize the known 2-diethylamino-
othanol. Ten grams (0.05 mole) of aluminum isopropoxide dissolved in
100 ml. of anhydrous thiophens~free benzene were added to a solution
of 5.86 g. (0.05 mole) of 2-diethylaminoethanol in 16 ml. of dry
acetone. The reaction time at reflux temperature was 18 hours and
the inert gas was dry nitrogen.
The product distilled at 60-70°/12 mm. %o give 2.5 g. (45.5%) of
distillate having nﬁo 1.4598. The distillate neither reduced Tollens
reagent nor formed a 2,4-dinitrophebyllvdrazone. The n%o on the
starting material was 1.4411 and it appeared from this data that

oxidation did not occur. f

Preparation of l-Chloro-S-phsnyl-2-propanol.— This is the first

reaction in a synthesis of l-diethylamino=-3-phenyl=2-propanol, the
initial steps being the preparation of l-chloro~-5-phenyl-2-propanol

R L P S e b e S kg + i
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and S-phenyl-l,2-epoXypropane. The procedure desoribed here has been
found to give the optiimum yield of the desired chlorohydrin. Table X 3
and accompanying footnotes give details of other preparations.
Epichlorohydrin (0.44 mole) in 60 ml. of anhydrous ether was placed

in a 500 ml. three-necked flask fitted with a nitrogen inlet tube,
mechanical stirrer and a dropping funnel of 500 ml. capacity. The
flask and contents ware cooled to =78° in a Iry Ice~trichlorocethylene
bath and 290 ml. (0.44 mole) of phenyllithium solution were added in

a steady stream over a period of one-half hour. The rsaction mixture
wag stirred at =78° for 1.5 hours and then it was allowed to warm
slowly to 0°.

Hydrolysis was carrisd out by pouring the mixture into a dilute
golution of sulfuric acid containing orushed ice. The ether layer
wag decanted and washed with water, dilute sodium carbonate solution
and then water. The aqueous lgyer was extracted twice with ether and
the extracts were washed as indicated above, The combined extracts
wore dried over sodium sulfate, and the ether was removed by distilla-
tion over a water bath. The product was distilled between 152-142°/
13-17 mm. %o yield 50.5 g. (87.4%) of distillate having nf0 1.5426.
The reported!? n25 1s 1.5470, but in other preparations mo product
having a refractive index this high was obtained. See Table X for

molecular refraction data. 3
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Table X

Organometallic Compounds and Epichlorohydrin

Total vol. 1-Chlor o-5-phenyl-
a ether - Temp., Time = )
RM __type Mole mle c hrg. )-8 £
CeHsLi 0.239 540 85 0.5  1.5465° 4.0° 9.8
CgHs L o.221 280 -30% 0.5 1.5420° 16.2° 4s.0
CeHsCacd®  0.30 290 85 1.0
25 12 T —

8an equivalent amount of epichlorohydrin was employed in each case.
bngs 1.5450.

oB.p. 125"1550/15 mn.

d) Dry Ise-trichloroethylens bath was used to control the reaction

temperature. The bath was then allowed to warm slowly to 0° and the
mixture was hydrolygzed.

o d20/20 wag 1,155 and the was 46.48 (calod. 46.46). The
mep. on the 3,5-dinitrobenzoate was 119.5-120.5% Koelsch and McElvain,
Jo Am. Chem. Soc., 52, 1164 (1950) reported 120-121°.

£rhe crude yield was 25.5 g. distilling at 152-140°/15 mm. This

material was fractionated through a Vigreaux column to give pure
material b.p. 133-185 /15 mMe

EPrepared by the addition of 210 ml. (0.505 mole) of phenyl~
megnesium bromide solution to a suspension of 55 g. (0.5 mole) of
fugsed and pulverized cadmium chloride in 50 ml. of anhydrous ether.
Color Test I was negative after one hour of reflux.

Prhe product had a bep. 82-86°/15 mm. and n30 1.5051. This
material was very probably a mixture of glycerol chlorobromohydrin
and glycerol dichlorohydrin. .Nome of the desired product was obtained.

W

i
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Proparation of 8-Phenyl-l,2-epoxypropane.- A solution of 2.5 g.
of sodium hydraoxide in approximately 10 ml. of water was added drop-

wise to 8.55 g. (0.05 mole) of l-chloro-3-phenyl-2-propanol in a 100
ml. flask equipped with a meohanioal stirrer. The reaction mixture
was stirred for forty minutes and then it was diluted and extracted
with ether. The extracts were combined and dried over sodium sulfate.

After the ether had been removed by distillation, the product was
distilled at 95-100°/15 mm. to yield 5.45 g. (51.5%) of distillate
having n20 1.5288, d2%/20 1,028, MR} 59.92 (caled. 59.50). The
reportedi® b.p. was 94-98°/15 mm.

In another experiment 42 g. (0.246 mole) of l-ghloro-3-phenyl~
2-propanol were stirred with a solution of 11.5 g. (0.287 mole) of
godium hydroxide in 20 ml, of water at room temperature for forty
minutes. The product was worked up as described above to give 18.0 g.
(57.5%8) of 3-phenyl-l,2-epoxypropans, b.p. 98-105°/13-15 mm., n%o
1.5289.

1-Diethylamino-5~phenyl-2~propanol.~ A mixture of 1.34 g.
(0401 mole) of 3-phenyl-l,2~epoxypropane, 0.75 g. (0.01 mole) of
diethylamine and one drop of water was placed in a 22 x 175 mu.
test tubs. The tube was stoppered and allowed to stand at room
tempsrature for 48 hours.

The excess diethylamine which was used to transfer the small
amount of reaction mixture to a 10 cc. Vigreaux-modified Clalsen

184pourneau and Tiffeneau, Bull, soc. chim. France, [ 4_7 1,
1230 (1907).
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flask was removed by distillation. The residue was distilled at
147°/15 mm. to yield 1.20 g. (58%) of distillate having n¥0 1.5057,
a%0/20 0,966, MR 65.72 (calod. 64.16). The m.p. of the piorate was
105-107°.

In a second experiment, 9 g. (0.067 mole) of B=phenyl=l,2-6poxy~
propane, 4 drops of water and 15 ml. of disthylamine were placed in a
100 m1l, round bottom flask and were allowed to stand at room tempera-
ture for six days. After removal of the excess diethylamine, the
product was distilled at 147-152°/14 mm. The yield was 11.0 g. (79%)
of product having ngo 1.5058. The m.p. on the picrate was 105-107°
and a mixed m.p. with the picrate of the alecohol obtained from

B-diethylamino-l,2-epoxypropane and phenyllithium showed no depression.

Preparation of Dibenzylmethanol (Attempted).~ In ordsr to
prepare an alaohol derivative of 3-phenyl-l,2-epoxypropane, 10.0 g.
(0.0745 mole) of the latter in 50 ml. of anhydrous ether were cooled
%o -78°, and 75 ml. (0,077 mo‘;e“) of phenyllithium solution wers added
over a period of twénty minute;, The reaction mixture was then
stirred for one hour at -78° and hydrolyzed by pouring the solution
over crushed ice and dilute sulfuric acid.

The ether layer was decanted and the aqueous fraction was
extracted with two small portions of ether. The combined ether
extracts were 'ashed with water, dilute sodium carbonate solution and
water. The ether solution was dried over sodium sulfate, and the
other was removed by distillation. The residue was distilled at
98-97°/15 mm. to give 8.0 g. (80%) of recovered S-phenyl-l,2-epoxy~-
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propane. The n%o was 1.5255 compared with 1.5238 on the starting
material. It is evident that little reaction took place at -78°.

Preparation of Dibenzylmethanol.~ Dibenzylmethanol was prepared |
from S-phenyl-l,2~epoxypropane to show by the preperation of a known
compound the mode of addition of a nucleophilic agent to this unsym~
metrical epoxide. To 7.7 g. (0.0573 mols) of S~=phenyl-l,2-epoxypropane .
in 60 ml. of anhydrous ether coolaed to ~78%, 0.0575 mole (86 ml.) of ,
phenyllithium solution was added over a period of fifteen minutes. At |
the end of ons hour of stirring at -78° Color Test I was strongly
positive. The reasction mixture was allowed to warm to O° over one-half
hour and after one hour at 0° the color test was negative.

The reaction mixture was then poured into dilute sulfuric acid
containing crushed ice. The ether layer was separated and washed with
water, dilute sodium carbonate solution and then water. The ether
solution was dried over sodium sulfate and the ether was removed by
distillation. The product was distilled at 185-189°/13 mn.195 4o give
4.5 g. (37%) of distillate having n0 1.5718. The p-nitrobensoate’®®
melted at 77-78° after three recrystallisations. The d20/20 wag
1.062'%7 and the MRy was 65.75 (calod. 65.60).

Identification of dibengylmethanol from this reaction gave

195psackmann and Kimmerer, Ber., .39, 3050 (1906) reported the
b.p. 187-189°/12 mm.

196papa, Schwenk and ¥hitmen, J. Org. Chem., 7, 587 (1942)
obtained the m.p. 80-81",

19"Bt:tgda:amms«ﬁ':a., Ber., 25, 1272 (1892) reported the al6+5 1 o610. i



108

additional proof that sttack on the epoxide occcurred at the terminal
carbon atom. It is interesting to notice that after three attempts

dibenzylmethanol did not yleld a derivative by the procedure of Duke
and Witmanl9%,

2~(1-Diethylamino-S=phenyl-2~propoxy)=benzothiszole.- In a
typleal experiment, 50 ml., of l=diethylamino-S~phenyl=2-propanol were
added to a 200 ml. three-necked flask equipped with a reflux condenser,
mechanical stirrer and dropping fumnel. Sodium (0.05 g. atam) in the
form of small pleces was added to the amino alcohol and the mixture
was stirred vigorously over a steam bath for 2.5 hours. During this
time the sodium dissolved. 2-Chlorobenzothiazole (0.05 mole) in 25
ml. of the amino alecohol was added to the hot solution of the alcoholw
ate. A precipitate formed Immediately and the reaction mixture was
then heated over a steam bath for twelve hours.

The amino alecohol was removed by distillation under vacuum from
an oil pump. An ebullator was uged to prevent violent bumping in the
diatilling flask. The mixture of galt and product was treated with
ethsr and wzter. The water layer was separated and extracted several
times with ether. The combined extracts were dried over sodium sulfate
ard the ether was removed by diati}lation over a water bath. The
product distilled at 228-251°/0.05 mm. to give 11.7 g. of distillate

" having nfC 1.5840. The distillate then slowly solidified and the

golid was washed with pstroleum ether (b.p. 60~70°) to yield 6.9 g.

(40.7%) of almost pure product. After a single crystallization from
petroleum sther (b.p. 60-70°) the m.p. was 74-75°, The compound was
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goluble in dilute hydrochloric acid, insoluble in water and did not
give the Bellstein test.
Anal, Caled., for CpoH, ON,Ss S, 9.41, Fourd; S, 9.53, 9.52,
Table XI and accompanying foobtnotes give the details of other
similar preparations.

Preparation of Benzhydryl Chloride.- The procedure employed in
this preparation was essentia)ly that of Gilman and Kirby 2%, Benshy-

drol (0.282 mole) and 140 ml. of dry toluene were placed in a 500 ml.
three-naecked flask fitted with a mechanical stirrer, dropping funnel
and reflux ocondenser with attached calocium chlaride tube. To this
well agitated solution was added dropwise 0.202 mole of thionyl
chloride. After the addition was complete, the reaction mixture was
refluxed for three hours.

The toluenes was removed from the product by distillation and the
residue was distilled ab 156-159°/15 mm. %o yleld 48.5 g. (85%) of
distillate having n20 1.5956. The reported b.p. %° was 161-162°/15 mm.
and the reparted nl® was 1.5050'%,

198311men and Kirby, J. Am. Chem. Soc., 48, 1735 (1926).

198y ontegne, Rec. rav. chim., 25, 405 (1907).



Table XI

Ethers® of 1-Diethylamino-8-phenyl-2-propanol

Vol.

amino Time
Starting Compoud Yol alcghol(ggga)v Yie;dA% ?.p.,°c) ngo 20/20 Nitro enP

ng Compo e _ml, Ze uncor., Mm, d Caled. Found

2-Bromopyridine 0.07 75 2 10.5 52.7 165 0.2 1.5344 .1.015° 9.85 13-
2-Chloroquinoline 0.06 75 21 12.7 76 187-100 0.04 1.5746 1.053% 8.38 8.44
2-Chlorobenzoxagole 0.07° 35 17 11.5 50.6  —I —  m.p. 68-89° 8.4 338
1-Chloroisoquinoline 0.05 50 21 12.7%% 76 200-205 0.1  1.5722 1.052% 8.38  8.55 v
Benzyl chloride 0.10 70 15 12.5 42 173 1 1.5  1.5355 0.9959 4.72  4.67 5
Benzyl chloride® 0.10 35 17 13.3 45 150-160  0.1-0.5 0.9921 4.72  4.97
Benzhydryl chloride 0.10 35 115 -0 —- - — - — — —
Cyamuric chloride® 0.10 22° P % - =~ - — — S — _—
p-Nitrobromobenzens 0.10  80% 17  —% - — - - _ -

aPraparedin each case by the action of an equivalent amount of sodium 1—diéthylamino—3-phényl—
2-propoxide in excess of the amino alcohol upon a reactive organic halide dissolved in the same solvent.
The inert gas was dry nitrogen. Ethanol (95%) was used as the solvent for the preparation and
recrystallization of all picrates.

YDe termined by the micro Dumas method.

OThe MR, was 87.12 (calcd. 86.13). The piorate melted at 129-150°.

"mn 104.9 (caled. 105.2). The m.p. of picrate was 144-145°.

€rhe godium alcoholate was cooled in an ice bath during addition of the 2-chlorobenzoxazole.
This wag followed by four hours of stirring at room temperature. .

fAfter,the amino alcohol had been removed, the residue was cooled and crystallized from 95%
athanal . Patralaitm athar (A . n. E20N<70YY waa 1naad £n ranrvetalldvca tha rradied . Tha m.n. af +tha ntaratas






dunD 104.9 (caled. 105.2). The m.p. of picrate was 144-145°.

OThe sodium alcoholate was cooled in an ice bath during addition of the 2-chlorobenzoxazole.
This was followed by four hours of stirring at room temperature.

fAftar the amino alcohol had been removed, the residue was cooled and crystallized from 95%
ethanol. Petrolemn ether (b.p. 60=70 %) was used %o recrystallize the product. The m.p. of the picrate
was 154-155%, This alkamine ether was soluble in dilute acid bgt was insgluble in watgr. The m.p.
of the hydrochloride, hydrobromide and hydroiodide were 229-234°, 221-222° and 210-211°, respectively.
Titration with 0.1 N hydrochloric acid gave neutral equivalents 315, 541 (caled. 324.4). The largs
discrepancy was due %o a poor endpoint with methyl red modified with methylene blue. The compound was
found to be resistant to concentrated hydrochloric acid at 100° for four hours and to hydriodic acid
in acetic acid for 4 hours at reflux temperature. The hydrobromide was analyzed for bromine by the
Volhard procedure. Caled. for CpgHogOpNoBrs Br, 19 »75. Found: Br, 19.8.

Erhe yield of crude product was 13.5 g., b.p. 203-209°/0.2 mm. From this semi-solid distillate
0.25 g. of l-hydroxyisoquinoline was obtained by extraction with petroleum ether (b.p. 60=70°). The

m.p. was 210~215° and a mixed m.p. with an authentic specimen (m.p. 210-215 %) was not depressed. The
petroleum ether-soluble material was then distilled.

MR 104.6 (caled. 108.55). |
"7 dAt 13214 mml the b.p. was 210-216°.
By 95.10 (caled. 92.91).

Kkrhig preparation was repeated because the molecular refraction had been misoalculated in the
previous experiment and the product was thought 4o be impure.

ly.p. on picrate was 107-108° and MRy was 92.67 (caled. 92.91).

Brhe reaction mixture was extracted with water and ether and the insoluble solid was removed by
filtration, The ether solution was dried over sodium sulfate, and the ether was removed by distilla-
tion. After removal of the excess amino alcohol, the dark tarry residus was taken up in acetons and
petroleum ether (b.p. 60-70°). Upon concentration, more of the same insoluble solid was obtained.
The filtrate upon further concentration contained only intractable black tars. The solid weighed 8.0
g. (48%), m.p. 208~211°, and was shown to be sym.~tetraphenylethane by m:lxed m.p. with an authentic
specimen.,

PKindly furnished by the American Cyanamid Co.

°The sodium (0.1 g. atom) was dissolved in a solution of 0.1 mole (22 ml.) of the amino alcohol
in 100 ml. of dry toluene. The sodium alcoholate suspension was transferred to a dropping funnel and
then added to 0.1 mole of cyanuric chloride (2,4,6-trichloro-1,3,5-triazine) dissolved in 100 ml. of
dry toluens. A considerable heat of reactlon was observed.

Prhe mixture was heated over the hotplate for seven hours during which time a copious
precipitate formed.






lu‘D SRV \wGdbie J-lJUOiJ.iJ’O .. :
7736 15274 mm. the b.p. was' 210-216°.
- hRy 95.10 (caled. 92.91).

kppig preparation was repeated because the molecular refraction had been miscalculated in the
previous experiment and the product was thought to be impure. B

lM.p. on picrate was 107-108° and MRy was 92.67 (calcd. 92.91).

~ ®rhe reaction mixture was extracted with water and ether and the insoluble golid was removed by
filtration. The ether solution was dried over sodium sulfate, and the ether was removed by distilla-
tion. After removal of the excess amino alcohol, the dark tarry residus was taken up in acetone and
petroleum ether (b.p. 60-'70°). Upon concentration, more of the same insoluble solid was obtained.
The filtrate upon further concentration contained only intractable black tars. The solid weighed 8.0
g. (48%), m.p. 208-211°, and was shown to be sym.-tetraphenylethane by mixed m.p. with an authentic
spscimen. :

PXindly furnished by the American Cyanamid Co.

OPhe sodium (0.1 g. atom) was dissolved in a solution of 0.1 mole (22 ml.) of the amino alcohol
in 100 ml. of dry toluene. The sodium alcoholate suspension was transferred to a dropping funnel and
then added to 0.1 mole of cyanuric chloride (2,4,6-trichloro-1,3,5-triazine) dissolved in 100 ml. of
dry toluene. A considerable heat of reaction was observed.

Prhe mixture was heated over the hotplate for seven hours during which time a copious
precipitate formed.

9The salts were removed by filtration and the toluene was removed by distillation under vacuum.
The dark polymer-like residue decomposed before the boiling point at 0.2 mm. was reached and the
material was not further investigated.

TOne-tenth mole of p-nitrobromobenzene was added to 0.1 mole of the sodium alcoholate in 50 ml.
of the amino aleohol. A strongly exothermic reaction was initiated by gentle warming of the reaction
mixture. Thirty ml. of the amino alcohol were added to moderate the reaction.

. 8The mixture was taken up in ether and water, and 1.85 g. of yellow solid m.p. 171° were removed
by filtration. This substance was identical by mixed m.p. with the substance m.p. 172-174° obtained
from a reaction of p-nitrobromobenzene with sodium 2-diethylamino-l-phenylethoxide. This compound
was thought to be p,p!'-dibromoazoxybenzene. Reduction with lithium aluminum hydride, according to a
procedure described by Nystrom and Brown, J. Am. Chem. Soc., 70, 8738 (1948), gave a gold—colored
compound, m.p. 201-203°. Werigo, Anmn., 165, 198 (1873) reported the m.p.'s of Pp,p'=-dibromoazoxybenzene
and p,p'-dibromoazobenzens as 175 and 204-205°, respectively. After the ether and the excess amino
alcohol E:ad%t)aeen removed, additional amounts of the azoxy compound were obtained. The yield was
6.95 g. (39%).
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IV, DISCUSSION

As. Protection of Reastive Functional Groups

It has been pointed out in the Historiesl part of this thesis
that not a great amount of progress has been made in the preparation
of organometallic campounds containing some of the very reactive
functional groupa. Attempts to prepare compounds containing a reactive
C-¥ linkage and a reactive group by the direct method or by metalation
are almost surely doomed to failure. The halogen-metal interconversion
reaction and the metal-metal interconversion reaction are the most
promising procedures for the preparation of these types. The remainder
of the discussion will be confined to the applications of the halogen-
metal interconversion reaction, the metal-metal interconversion
reaction being discussed under the heading "Suggestions for Further
Research".

The reactions of bromo~ or lodo-nitrobenzenes with organolithium

reagents have been carried out in an atitempt to effect a halogen~

- 1ithium exchange reaction in the presence of a reactive nitro group.

fuch resctions resulted in rapid oxidation of the organolithium com-
pound with concomitant reduction of the nitro group. Gilman and

HoCrackenMs , after a careful study of the reactions between Grignard ,
reagents and nitro compounds, have formulated the transformations with

aramatic (ArMgX) and aliphatic (RMgX) Grignard reagents and nitrobenzene




112

as followss

4 ATMgX + CgHgNOp _LHod) | CeHSNHAT + ATOH + Ar.Ar

4 RMgX + CgHgNO, _Egﬂl_) (CgHg ) (R)NN(R) (CgHg)

It is assumed that similar products resulted when halogenated nitro-
benzenes were treated with aromatic and aliphatic organolithium
compounds. Actually, when phenyllithium was employed, phenol was
isolated as the iribromo derivative.

The reactions of the p-nitroiodobenzene with p-dimethylamino-
phenyllithium, phenyllithium, ethyllithium, p-propyllithium and
n-butyllithium did not reveal any gradation of propsrties of sufficient
magnitude to prevent the oxidation-reduction reaction and at the same
time interconvert the iodine. If the reactions were carried out at low
temperatures for short reactiocn periods prior to carbonation, only
traces of dark, mixed aclids were obtained. If, on the other hand, the
reaction times were increased, the amounts of dark, highly-impure acids
also increased. In no instance was a pure acid obtained by direct or
indirect procedure for isolation of carboxylic acids.

The attempted interconversion of p-iodonitrobenzene is clearly a
case of a prefersntial reaction with the highly reactive nitro group.
In the Gooch extension of the Entemann and Johnson series of reactivi-
t-iesl", the nitro group is belisved %o be somewhers between -CHO and
-cozczns. For convenience in prediction, t.he nitro group should be
definitely placed in the series of relative reactivities. It is apparent
that the iodine-lithium exchange reaction is slow by comparison, since
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organolithium oompounds because of their greater reactivity, generally
do not show suech selectivity.

An attempt was mads to dscrease the reactivity of the nitro gfoup
by placing bulky groups in both ortho positions. For these experiments
nitrobromomesitylene and 2-nitro-4-bromo-l,5-~dimethylbenzene were
chosen. A series of reactions was carried out with n-propyllithium
and each parent halide (bromomesitylene and 4-bromo-1,5-dimethylbenzene)
to determine the optimum conditions of reaction. The hindered nitro
compounds were then treated with p-propyllithium under the optimum
conditions for interconversion, but no acid was obtained subsequent to
carbonation. This resuli may have been predicted on the basis of the
nitrogen-oxygen bond distances and the supposition that the group was
forced out of the plane of the ring by the ortho methyl groups.

Perhaps the reaction could take no other course because of the strong
coordination of the lithium end of the n-propyllithium dipole at the
oxygen atoms of the nitro group. It 1s conceivable that the reaction
center may be changed by introduction of another group into the mole-
cule which could coordinate more strongly than the nitro group with
n-propyllithium.

An attempt was made to determins whether at low temperature

" N~( @ =bromoethyl)-phthalimide could be interconverted to form

N-( P-lithioethyl)-phthalimidé. Actually no reaction occurred at -78°;
however, the expected reaction if the findings of Wittig and HarborthSS

may be applied to an organolitﬁium compound of the structure )«—(:-—é;-m

would be formulated asg follors:
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=0
HoCHgBr + n-CgHpli — CHoCHpLl + n-CgHoBr
=0 =0
=0
CHaCHpLL — 1 + CH,=CH,
=0

The carbonyl groups in aldehydes and ketones may be protected by
acetalization. The preparation of cyclic acetals was conveniently
carried out in high yield by azeotropic distillation with benzene, a
procedure not readily adapted to the preparation of acetals from low-
boiling alcohols. Cleavage of the acetals at ether reflux temperature
does not appsar to be an important side reaction since the carbonation

product was readily purified after acid hydrolysis. If cleavage of

these ether linkages had occurred, other acidic products would have con—

taminated the p-acetylbenzoic acid obtained by halogen-metal intercon-
version of the ethylene acetal of p-bromoacetophenone followed by
carbonation and acid bydrolysis. This is a typical example of the
utility of the halogen-metal exchange reactlion in cases not amenable -
to preparation by the direct method. No attempt was made to react
this carbonyl-protected p-bromoacetophenone with magnesium. However,
if the usual complementary characteristics of lithium and magnesium
hold in this case, a Grignard reagent should form readily by the

direct procedure.

The carboalkoxy group is above the cyano group105 in the series
of relative reactivities of functional groups, and it was anticipated
that 1ittle or no interconversion of methyl p-bromo- and p-iodo-

benzoates would tske place in preference to reaction at the carbomyl



ot A v+ i e s e

118

group. Actually this was the case and only traces of acid believed to
be p-carbomethoxybenzoic acid were obtained from each reaction at =-78°,

The methyl group in methyl p-bromobenzoate was replaced by the
bulky t-butyl group in order to decrease the activity of the carbonyl
group toward the intercomversion agent. It has been reported that the
order of reasctivity of the butyl benzoates was primary ) secondary )
tertiary (400:40:1) with ethylmagnesium bromidezoo. It was found,
however, in the Experimental part of this thesis that at -85 to-40°
1-butyl p-bromobenzoate reacted with n-propyllithium to give a high
yield of p-bromophenyl di-n-propylmethanol. It seems reasonsble to
believe that this hindered ester may be interconverted bty a hindered
organolithivm compound which could not add to the carbonyl group
because of steric considerations.

The procedurs of Parham and Amierecm96 for protection of phenolic
hydroxyl groups during metalation with n-butyllithium has been employed
for a similar purpose in the halogen-metal interconversion reaction.
Dihydropyran was reacted with 2-bromo-, 4-bromo- and 2,4-dibromo=-
phenols to give the corresponding 2-tetrahydropyranyl ethers in good
yield. It was observed that with compounds having both ortho positions
£illed no acetal formation took place. This was found to be trus with
2,4 ,6-tribromophenol and 2,4~dibromo-l-naphthol.

Bromine-lithium interconversion of 2,4-dibromophenyl 2=-tetrahydro- N
pyranyl ether with n~propyllithium gave a 16.4% yield of S-bromo-

salicylic acid subsequent to carbonation and hydrolya‘ia. A similar

200ygvon, Barbier and Thisbaut, Pull. so¢. chim. France, /5.7 1,
806 (1934).
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interoconversion employing the free phanollu yielded 55.5% of S-bromo=-
salicylic acidaol. It mey be concluded, from this data and from the
facts that _tg--bromopmanol95 and 4,6-dibromo—-o-cresol gave high ylelds of
acids subsequent to interconversion and carbonation, that protection
of the hydroxyl group is unnecessary. Actually indications are that
the yield of the intergonversion product may be lower because of
possible steric effects decreasing the tendency toward inifial coordi-
nation by the organometallic compound.

The work described in the Experimental part concerning the
halogen-metal interconversion of 2,4-dibromophenol, 2,4-dibromophenyl
2-tetrahydropyranyl ether, 4,6-dibromo-o-cresol and 2,4,6-tribromophencl
showed that the bromine atom ortho to the oxygen was exclusively inter-
converted. No evidence was found for interconversion of the bromine
aton para to the oxygen. This confirms the statement of Sunthankar
and Gilman®'t that

tIn polyhalogen-compounds, the interconversion reaction

with one ortho halogen atom is much more rapid than the

interconversion with the second atom if the latter is
not in the second ortho position.®

B. Raeduction. A Side Reaction in the Phenol Seriles

In connection with the investigation of the effects of changes

in placemsnt of the halogen atoms in polyhalogenophenols, it was
discovered that interconversion of 2,6-dibramophenocl with three

201gowever s 880 page 82 of this thesis concerning the intercon~
version of 2,4-dibromophenol under slightly different conditlons.
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equivalents of n-propyllithium gave salicylic acid (17%) as the only

identifiable product subsequent to carbonation. This transformation

was of extreme interest because a reductive ortho debromination had
occurred at some stage in this complex reaction. Since there was |
only a limited quantity of this expensive 2,6~-dibromophenocl, the

investigation of the nature of the reaction was carried out with

2,4 ,6~-tribromophenol which was available in considerable amounts as a

ntpractical® grade chemical.

Reaction of 2,4,6-tribromophenol with two or mors equivalents of
p~propyllithium in ether gave, subsequent to carbonation, the expected
product, S~bromosalicylic acid. The yield of 5-bromosalicylic acid
was approximately the same whether itwo, three, or four equivalents of
n-propyllithium were used for every mole of 2,4,6~tribromophenocl. The
reaction was also a fast one since the yield was nearly the same
whether the reaction time was one~half minute or sixty minutes.

These results were unusual and required further investigation to
throw some light upon the possible mechanism of reaction. By analogy
with the work of Gilman, Langham and Moore38 on 2,4 ,6-tribromoanisole,
the acid formed would be 2-hydroxy-5-bromo-l,5-dicarboxybengens,

Since it was conceivable that this substituted isophthalic acid may
have dscarboxylated during the workup, the interconversion product
was methylated to give not 4-bromo-2,6~dimethylphenol but 4-bromo-2-
methylphenol. Evidently, no decarboxylation of a dicarbexylic acid
was involved in the formation of S~bromosalicylic acid, and the
intermediate organometallic compound wag O-lithio-5-bromo~2-hydroxy-
phenyllithivm, In order to show that this intermediate coupled in the
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normal fashion with methyl iodide, 2,4~dibromophenol was intercorwverted
with n-propyllithium and the resultant product was methylated to form
4-bromo~-2-methylphenol in low yield.

In order to eliminate the possibility that either sufficient
finely-divided lithium metal or lithium nitride may be responsible for
the reductiog s 8Ome of the n-propyllithium solutions were filtered
through an asbestos pad under pressure. The n-propyllithium which was
clarified in this fashion gave results like thoss obtained with similar
preparations filtered only through glass wool.

There were several conceivable sources for the hydrogen which
replaced a bromine ortho to the oxygen. (1) Both ortho bromine atoms
may have been replaced by lithium, and the resultant O-lithio-S~bromo-
2«hydroxy-l,5~dilithiobenzene may have caused elimination of HBr from
the unreacted n-propyl bromide to form propylene. (2) The diinter-
conversion product may have mstalated the ether to form ethylene and
lithium ethoxide. (&) One bromine atom may have been interconverted,
and another molscule of n~propyllithium may have coordinated with the
second ortho bromine atom. Then, by means of a possible cyclic inter-
mediate, lithium bromide was removed, hydrogen was transferred as
hydride to the same ortho carbon atom which held the bromine, and
propylene was formed. Each of these pogsibilities together with other
data will be discussed in the following paragraphs.

Au' mentioned in the footnotes to Table VIII several attempts were
made %o collect unsaturated hydrocarbon gases evolved fram the reactions
by use of traps containing bromine. The physical constants for the

organie halide obtained agree well with literature values for propylene
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bromide, and although the data are not as complete as desired the
identification of propylene as a product of the reastion is undoubtedly
oorrect, Propylene was not only obtained from resction of a=propyl-
lithium with 2,4,6-tribramophencl but also with 2,4~dibromophenol,
Perhaps it is possible that a small percentage of sach of these com~
pounds may have all the ortho bromine removed by reduction. This
would give rise to p-bramophenol which has been isolated from carbona=~
tion mixtures and purified as the bensoats ester. Another explanation
for the presence of p-bromophencl in the carbonation mixtures would be
that a small amount of hydrolysis had taken place due to moisture
present in the Dry Ice. Actually, meither explanation alone will
account for all the data.

Even though diinterconversion of 2,4,6-tribramophenol occurred,
an elimination reaction involving n-propyl bromide would probably not
take place. It is well known that primary aliphatic halides undergo
coupling with organcmetallic compounds to give high yields of alkylated
productst¥6s2®R | Phenyl)ithium and 2,4,6~tribromophencl in a molar
ration of 2:1 meither yielded S—-bromosalicylic acid subsequent to
carbonation nor formed the reduction product (5-bromosalicylic acid)
when the intersconversion reaction was carried out in the presence of
n-propyl bromide. It is evident that this proposed mechanism is not
in accord with the data.

202y, bl ished studies of Mr. C. G. Brannen and r. C. C. Wanser
showed that l-paphthyllithium coupled with n-butyl bromide to give a
90% yield of l=(n-butyl)-naphthalens. Kharasch, Lewis and Reynolds,
J. Am. Chem. Soc., 65, 498 (1945) obtained a 55% yield of n~butyl-
benzene from the reaction of phenyllithium and n-butyl bromide.
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The second mechanism which was proposed mey also be discarded
since propylene bromide and not ethylene bromide was obtained from
the bromine traps. It is also believed unlikely that both ortho

‘bromine atoms could be interconverted and the ether cleaved to give a

36% yield of S-bromosalicylic acid within a period of one~half minute.
The third mechanism that has been proposed is the one which most
closely fite the data obtained and incorporates known properties of

the reactants. The following sequence of reactions represents this

maohanismzos.
0 OLi 3
Br Br Br Br Br Ii
~Ce Hy L1 HeL H
n-Cglp 5 n-CzHy 1} © n-CgH7li
0Li
L1

+ CHy = CHCHg + LiBr

This formulation agrees with the experimental data in the following

. ways.

1. The asctive hydrogen is removed preferentlally before other
reactions occur. When 2,4,6-tribromophenol was treated with
one equivalent of n~propyllithium and the reaction mixture

worked up, only 2,4,6-tribromophencl was recovered and no

polymer formation was observed.

208116 author wishes to thank Dr. G. S. Hammond and Mr. W. J,
Veikle for their valuable suggestions conocerning the possible mechanism

of reaction.
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A rapid halogen-metal interconversion resction takes place
followsd immediately by reduction. It is believed that only
one atom of bromine is exchanged for lithium since the inter—
conversion of a second atiom should be considerably slower.

In the reactions with phenyllithium discussed above no
reduced product was obtained. There is some evidence to

show that phenyllithium may have interconverted both atoms

of bromine ortho to oxygen without metalsting the ether and/or
n-propyl bramide. |

Reduction is a common side reaction of organometallic compounds.
Work carried out with Grignard reagents showed that with
benzophenone and certaln other ketones n-propylmsgnesium
bromide gave high yields of the reduction pwoduotszo"‘.

Noller, Grebe and Km:rx""'o5

state that the type of reduction
most frequently encountered with Grignard reagents occurs
only when a hydrogen-bearing carbon atom is adjacent to the
carbon atom that is combined with magnesium. This conclusion
was borne out by the work of Gilman and Abbottzcs. The
analogous organolithium reagents may be expected to act
gimilarly to give reduced products.

The presence of relatively large percentages of polymer—like

acids in the carbonation product msy perhaps be dus to the

205yo11er, Grebe and Knox, ibid., 54, 4690 (1952).
206Giiman and Abbott, J. Org. Chem.,8, 224 (1943).
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multiplicity of other side reactions characteristic of salis
of polyhalogenated phenols.

The formulation of the reduction step in the reaction as an
initial coordination of the organometallic dipole with the ortho bro-
mine and formation of a transient gix-membered ring avoids the
difficulties involved with free hydride lons and Nef carbon atoms as
intermediates.

In connection with the isolation of dark, impure polymer-like
acids from the carbonations of interconverted 2,6-dibromophenol and
R y4 ,6~tribromophenol, the obgervations of Hunter and coworke;'s]‘?z’zo'?
and Raiford and IaRosenZOB concerning the decomposition of salts of
halogenated phenols may be pertinent. During investigation of the red
and white chromolisomeric silver salts of 2,4,6-tribromophenol, it was
£0und®7® that methyl and ethyl iodides would catalytically convert
these substances to polymers. Later workzmb showed that the polymers
contained neither silver, iodine nor an alkyl group. The molecular
formula was shown to be (06320&2)112070’172’ the value for ™n" being
variable but the percentage of bromine remaining almost constant.

The reaction was assumed to be intramoleculsr and general for tri-
172

halogenated phenols. Tribromoresorcinol moncmethyl ether™ ,

207(a) Torrey and Hunter, Ber., 40, 4335 (1907); (b) J. Am. Chem.
Sog., 33, 196 (1911); (c) Hunter, Daniells, Olsen and Karatz, Orig.

Comm. 8th Intern. Congr. Appl. Chem. (Appendix), 25, 398 (1918) / C.A., 7,

2189 (1918)_/; (d) Wollett, J. Am. Chem. Sog., 38, 2474 (1918); (e)

Hunter and Joyece, ibid., 39, 2640 (1917); (£) Hunter and Woollett, ibid.,

43, 151,135 (1921); (g) Hunter and Seyfried, ibid., 43, 151 (1921);
Th) Hunter and Morse, ibid., 48, 1618 (1926); (1) Hunter and Waitney,

ibid., 54, 1167 (1952) and (J) Hunter and Dahlen, ibid., 54, 2456 (1952).

R08paiford and LeRosen, ibid., 68, 597 (1946).
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trichlorophencll’®, triiodophenol?0’d

4-bromo~2,6-d 1ohlorophen012°7’ s 4=-chlaro-2 ,e-diiodophenolzo"' » 4=(4~=

» 4~chloro~2,6-dihr <:uc>phenc>].‘°‘°"e ’

ohloro-2,6-d4iodophencxy)-2,6-dibranophencl?07d and 2,4,6-trfbromo-8-
!'ll.uox'aphenofl.zo8 under suitable conditions as metallic salts could be
oconverted to similar polymeric substances. It seems possible that
under the conditions of the halogen-metal interconversion reaction
lithium 2,4 ,6-tribromophencxide may undergo similar transformations %o
polymers which in turn are interconverted by n-propyllithium.

C. Preparation of Some Alkamine Ethers

In connection with investigations concerning the reactions of
organolithium reagents with dialkylamino- and chloro-spoxides, it was
found that good yields of the secondary alcohols could be obtained.
This is in contrast to the generally unsatisfactory results obtained
with Grignard resgents >, ILithium and magnesium halides are good
resgents themselves for opening the epoxide linkage, and if the
organometallic compound is of a low order of reactivity this latter
reaction may rpredominate. The following equatlons represent the two

competing reactionss

RVHZ + R'¥ —— RCE-CHpR!

nvng + W — nﬁ-cuzx

where M = metal and X = halogen. Actually, an attempted reaction
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between epichlorohydrin and phenylcadmium chloride yielded only glycerol
dichlorohydrin and glycerol bromochlorchydrin. ILithium bromide at ether
reflux temperature offered very serious competiiion to phenyllithium in
reaction with epichlorohydrin. It was found, however, that at lower
temperatures higher yields of the desired chlorohydrin wers obtained.
Since the organolithium reagents made l-diethylamino-S-phenyl=R-
propanol readily accessible from epichlorohydrin, a series of hetero-
oyclic ethers was prepared for physiological testing as possible
antihistamine agents. A similar series was also prepared from
2-diethylamino~l-phenylethanol which was easily obtained from sityrens
oxide and diethylamine. The general formulas for the two series of

ethers are:
(CoHg ) NCH,CH(CR )CHg (CoHg )a NGHa CH(OR ) CHa CHg
[17 [117

Prior to the initiation of this work the most active known
alkamine sther as an antihistamine agent was [3-dimethylaminosthyl
benzhydryl ether (Benadryl). Consequently, the gtructures of the
compounds prepared show varying degrees of resemblance to this
established agent. More racent workzo9 has included the preparation
of 2-(2~dimethylaminoethoxy)=pyridine and 2-(2-dimethylaminoethoxy)-
benzothiasole in addition- to certain other heterocyclic alkamine

ethers. None of the latter compounds was found to be more active than

R09gutherland, Eberlin, Forsythe, Halverstadt, Vaughan and Clapp,
J. Org. Chem., 14, 235 (1949).
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Banadryl.

Type I was prepared by reactions represented by the following

equations:
Ceﬂs‘fj"e + HN(CoHg)2 L ozt CeHCHOHCH N(CoHg )2 —e

0H5CH(ONa) OB, (G Hs)p ——— CgHeCH(OR)CHGN(C, ),

The reaction was carried out in excess 2-diethylamine-l=phernyl-
ethanol to give in moat cases very satisfactory ylelds of ptroducté.
Compounds of Type II were also prepared by the action of a reactive
halide upon the corresponding sodium alcoholate in excess amino
alcohol. It was found, however, that with p-nitrobromobengens
P,p'~dibromoazoxybenzene was formed in appreciable amounts. The
reduction of nitro compounds to agoxy compounds sppears to be a
general reaction for primary and secondary sodium alcoholates.

The synthesis of l-dlethylamino-S-phenyl-R-propanocl was carried
out by two different procedwres which are outlined by the following

equationss

(I) cl(ma H Hz + HN(czﬂs)z (1) HOH oat.ﬁ‘ 2 HCHaN(Czﬂs)z
g -

(1) CeHsli
(2) B

(11) cmnzp\ufnz + cefgla —I 5 C10HCHOHCE,CqH, — N,

HN(CoHs )o
CHoCeH > NCHoCH i
"{‘273 28685 oo oat.  (Celis)2NCHRCHOHCHZCEHS
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The products from reaction sequences I and II were identical as
determined by a mixed melting point of the two picrates. Although a
mixture of primary and secondary alcohols is possible, the yield of
the piorate from the product of I showed that at least 89% of a single
isomer was present. Additional evidence for the opening of the epoxide
linkage from the least hindered side is the formation and identification
of dibaengylmethanol fram reaction of phenyllithium and S-phenyl-l,2-
epoxypropane.

An attempt was made to prepare l-diethylamino-3-~phenyl-2-propanol
from diethylaminoacetonitrile by the following series of reactionss

(1) CgH5CHpMgCL
(IIX) (CoHg)aNCHACN @ Hin il * (CpHz)aNCHyCOCHaCgHg

LiAlH4
—_— (czﬁs)zﬂcachOHCBecaﬂs (?)
The physicel constants of the Intermediate ketone were those which
would be predicted for the compournd. However, the reactions of Grig-
nard reagents with basically-substituted nitriles may give predomin-

ately side products®®, On the basis of the work of Thomson and

210b

Stevens the principal product should be the ketone regardleas of

the nature of the Grignard resgent. These authors found that benzyl=-
magnesium chloride gave greater than a 50f yield of the expected ketone
from dimethylaminoacetonitrile.

The reduction of the intermediate amino ketone should have

R10(4) stevens » Cowan and MacKinnon, J. Chem. Sog., 2568 (1831)
and (b) Thomson and Stevens, ibid., 2607 (1952).
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proceeded smoothly without side reactiona, but the melting point of

the mixed piorates of the products from reaction series I and III was
depressed. However, when the physical constants of the products from
reagtion series I and III are compsred the agresment is good. See
Table XII. No explanation involving the unreliability of the reactions

sesms tenable.

Table XII

Physical Properties of 1-Diethylamino~S-phenyl-2-propanol

i:;;:;;; ,%O I():Bx;::;n 420/ <0 caled. 0 found
I 1,5040 50.0 0.959 64.16 64.03
1.5047 29.7 0.957 64.16 64 .20
II 1.50587 29.7 0.966 84.16 63.72
1.5068 29.7 -~ 64.16 -—
II1 1.5045 29.8 0.955 64.16 64 .55

Attempts to oxidize the amino alcohols from sequences I and III
with a saturated solution of potassium permanganate in 2 ¥ sulfuric
acid followed by treatment with oxalic acid and 2,4-dinitrophenyl-
hydrazine reagarrl'.)‘92 fajled to yleld a derivative of the corresponding
ketone. The known compounds, 2-diethylaminoethanol and 2-diethylamino~
l-phenylethanol under similar conditions gave no derivative. The

material obtained upon neutralization of tlie acid solution was
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inorganic in nature. The use of aluminum isopropoxide and acetons in
benzens solution did not effect the oxidation of l-diethylamino-3-
phenyl-2-propanol and z-diethylaﬁino-l-phenylethanol. In a very recent
paper by Lutz, Jordan and Truettzu, the interference with the Oppenauer
oxidation of aliphatic 1,2-amino alcohols was explained in terms of the
formation of five-membered chelate complexes involving aluminum,

alcoholic hydroxyl and amine nitrogen, e.g.,

Bz—H(CoH5)p
Cgis@ A1/ 0cH(CHg)g /2

which would form from the action of aluminum isopropoxide upon 2-diethyl-
amino-l-phenylethanol.
I% is interesting in comnection with the failure to derivatize
the alcohols containing diethylamino groups by the procedurs of Duke
and Witman 2%, that dibenzylmethanol after three attempts did not form
a derivative. Perhaps in this case the conditions of oxidation were
not vigorous enough to convert a sufficient .amount of the alcohol to

the corresponding ketone.

D. Suggestions for Further Research

The metal-metal interconversion reaction has not been widely

applied to the preparation of gynthetically-useful intermediate

1lrutz, Jordan and Truett, J. Am. Chem. Soc., 72, 4085 (1850).
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organometallic compounds containing reactive funoctional groups.
Broadening the scope of this reaction would appear to be a fruitful
field for the investigator, since it is generally true that the rates
of the interconversion reactions decrease in the order M-¥ ) X-¥ )
H-¥. The halogen-metal interconversion reaction is quite rapid, this
fact accounting for its unusually great utility for interconversion
of compounds contalning reactive groups. By use of a faster preparative
procedure, it should be possible to go further up the series of relative
reactivities of functional groups without resorting to protection of
these groups.

In order to carry out the preparation of organoclithium compounds
containing such groups as nitro, carboalkoxy, isothiocyanato, acid
halide, epoxy, etc., it would be necessary %o prepare symmetrical or

unsymmetrical orgammertrn.n'1&11&12]'“2

containing these groups. It may be
readily understood that for the preparation of an organolithium com-
pound containing, for example, a carbomethoxy group, the interconver-
sion reaction mus# be carried out for a very brief period of time and
must be quenched almoat Mmediately by another compound containing a
group more reactive than the carbomethoxy group. The quenching agent
for purposes of idenmtification in this case may be phenyl 1socyanate

or benzaldehyde. The reactants in the interconversion reaction may be

methyl p-chloromercuribenzoate and n~propyllithium, and the saquence

R1%For a discussion of the preparation and reactions of organo-
mercurials see Gilman "Organic Chemistry"®, John Wiley and Sons, Inc.,
New York, 1943, p. 548ff. and Whitmore, "Organic Compounds of
Mercury", Chemical Catalog Co., New York, 1921.



of reactions would be as follows;

-50°

P-CHs02CCgHHECL + n~CgHyLd ———— p-CHg0aCOH4LL + n=CxHyHgCL

;g

In connection with the extension of the uses of the halogesn-metal

interconversion reaction, the following experiments should be tried.

1. Interconvert p-bromostyrene oxide (g—Brcsn4incHg?) with

2.

n-propyllithium at -78° for approximately ten minutes. It
was found that the epoxy linkage was resistant to attack by
phenyllithium for an hour at this low temperature. See

page 106 for a desoription of the experiment upon which this
suggestion is based.

Interconvert p-bromobenzalaniline (p-BrCgH,CH = NCgHz) with
p-propyllithium at ~50°, This reaction should proceed
satisfactorily since the azomethylene linkage is low in the
Gooch extension of the Entemann and Johnson series of relative
reactivities of functional groupau?. See pege 48 of this
thesis. Cleavage of the anil subsequent to reaction may
provide an sasy method for introduction of ths aldehydophenyl
group into organo-silicon, tin and lead compounds.

It is possible that p—bromobenzaléniline may react with
magnesium by employing Grignard's entrainment procedurels.
The procedure used for the preparation of 2-pyridylmagnesium
bromide and 2,6-pyridinedimagnesium bromide may alsoc be

effective 0?°0, It should be pointed out, however, that open
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ochain azomethylene groups are more reactive than those
present in heterocycles such as pyridine or quinolins,
$~Butyl p-bromobenzoate should be treated with t-butyllithium
in petroleum ether to effect a halogen-metal interconversion
reastion. It is assumed here that an organolithium resgent
with a bulky alkyl group will not add readily to the carbonyl
group as n-propyllithium did in ether solution. See pages 69
and 115 of this thesis.

Halogen-metal interconversion reactions may be carried out
upon organo-tin, lead or mercury compounds if a bromine or
iodine atom is ortho to a hydroxyl or methoxyl group. The
purpose of the oxygen~containing group is to aid initial
ocoordination of the organolithium reagent whioh in turn will
increase the rate of the halogen-metal interconversion
reéction. See pages 29 and 47.

p-Bromoacetophenone ethylens acetal may react with magnesium
under the influence of a catalyst like ethyl bromide. It has
been reported (page 65) that this halide does not react with
metallic lithium; however, it has been found that in a large
mmber of cases halogen compounds which do not react with
lithium will react with magnesium and yice versa.

8 ,4-Dibromophenol and 3 ,4~dibromoanisole should be inter-
converted to confirm preferénce of reaction at the para
halogen. Reactions with the three monobromophenols and with
2,4~dibromophenol show that the rates of reaction and ylelds

of carbonation products decrease in the order o ) p ) 3111.

/
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See pages 29, 30 and 116, .

2~Bromo-4-iodophenol should be reacted with at least three
equivalents of n-propyllithium to determine whether a more
positive halogen in the para position may be replaced with
lithium. In the case of the halogen-metal interconversion
of 2,4-dibromophenol there is no evidence for reaction at
the para bromine. With lodine in the para position perhaps
both halogens would be replaced by lithium or perhaps one
may react preferentially. -

A two-stage metalation in the naphthalene series should take
place with 4-bromo-l-methoxynaphthalene and p=-propyllithium,
Such a reaction has been shown to take place with p-bromo-
anisole®*2 and 2—bromodibenzofuran85 ’84.
2,4,6~Tribromo-N-methylaniline, by analogy with the reactions
of 2,4,6-tribromophenol, should give S~bromo=-R-methylamino-~
benzoic acid subsequent to reaction with excess n-propyllithium
and carbonation. 2,4,6-Tribromophenol under these conditions
is interconverted in one ortho position and bromine is replaced
by hydrogen in the second position ortho to the hydroxyl group.
S-Bramosalicylic acid was obtained subsequent to carbonation of
the intermediate O-lithlo-S~bromo-2-hydroxyphenyllithium,

It would be interesting in connection with syntheses in the
naphthalene series to show whether there is a positional
gelectivity in the reaction of 1,6-dibromonsphthalene with

n~propyllithium. If one atom may be preferentially
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interconverted, determine whether appropriate placement of
8 hydrmql group may not change the reaction center. Though
the reaction mechanismg are different, it was found that
formation of the Grignard reagent by the direct procedure
gave exclusively S=bromo-R-naphthylmagnesium bromidezo.

in extension of the work of Gilman and Wansarc’zl5 who successfully

prepared the cyoclic analog of Bsnadryl,

R yR=diphenyl~4-methylmorpholine

the cyclic form of Fyribenszamine should also be prepared.

CHoCHaN(CHg )o
s

Pyribenzamine 4-me thyl-2~phenyl-1-(2-pyridyl)~piperazine

It will be observed that hydrogenolysis of both cyclic structures at
the bonds crossed by the dotted lines would produce Benadryl and

Pyribenzamine, respasctively. The following sequence of reactions

PRETEEEY

21534Iman and Wanser, J. Am. Chem. Soc., 75, 000 (1951).
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represents the proposed synthesis.

: 50
OgigACtz + HYCHZORRON HOH oat. csnsggcnagcagcazw —Elﬁc%i_’
5
L csnsgncﬂz cnzcnzclj HOl ————
Dioxane
Reflux

The {’-chlorcethylamines are powerful vesicants; therefore, no attempt
should be mads to isolate the free base from the intermediate salt.

Although the use of a morpholine derivative as an antihistamine
agent has not been reported, the l,4-disubstituted piperazine
cler!.matiwaazM were shown to be very effective in protection against
histamine intoxication.

214(a) Hamlin, Weston, Fischer and Michaels, J. Am. Chem. Sog.,
71, 2751, 2754 (1949). (b) Altro, Baltzly and Phillips, d. Org. Chem

14, 771 (1949). (c) Baltely, DuBreuil, Ide and Lors, ibid., 14, 775

(1%49).
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V. SUMMARY

A survey of the literature concerned with the preparation of
organo-magnegium, lithium, sodium, and potassiuvm compounds which

contain a reactive functional group in the molscule has been

presented. A table of almost two hundred compounds has been prepared.

Brono~ and lodo- nitrobenzerss could not be interconverted with

a variety of organolithium compounds. The nitro group was not pro-

tected from the reducing action of the organometallic compourds by

the steric effects of two ortho methyl groups.
The conversion of a ketone to the ethylene acetal proved to be

an effective procedure for protection of the carbonyl group during

-the halogen-metal interconversion reaction.

1-Butyl esters were not ‘sterically protected at the carbonyl

group toward n-propyllithium.
Protection of phenolic hydroxyl by acetalization with dihydro-

pyran appeared to have an adverse effect upon the halogen-metal

interconversion reaction. Interconversion of di~ and tri-brominated

phenols gave bromine~lithium exchange exclusively in the ortho

positions.
Reaction of phenols having two braomine atoms ortho to the

hydroxyl group with n-propyllithium gave intercomversion at one ortho

position and reductive debromination at the other. A mechanism of

reaction has been proposed.

i TEd et AT R R e s s T
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Seven new ethers of 2-diethylamino=l-phenylethanol and six ethers
of heretofors unreported l=dlethylamino-3-phenyl-R-propanol were
prepared for pharmacological testing. Two syntheses of l-diethylamino-
3-phenyl=-2-propanol were presented.

Reaction of phenyllithium with epichlorohydrin was found to be a

suitable procedurs for the preparation of l-shloro-3-phenyl-R-propanol.

i e et R a2 G = S
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