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SUMMARY

Since this thesis is concerned mainly with a study of
optical activity of diphenyl derivatives, the various methods
of preparation of diphenyl derivatives are given in the

.General Introduction. The thesis 1s divided into two parts:
Part I is concerned malnly with the reactions of certain
benzidine bases with ketones and Part II, the major portion,
with diphenyl derivatives of interest from the point of view
of optical activity. In this summary, pages to which cross
reference has been given contain the main conclusions of this

theslis.

Part I is subdivided into three sections: the Introduc-
tion, the Theoretical éection and the Experimental Section.
The Introduction glves an account of previous relevant work,
experimental and theoretical, and furnishes a background to
the actual work undertaken. The latter, together with cer-
tain theoretical aspects, 1s discussed in the Theoretical
Section. Part I was undertaken in order to provide further
information on a subject briefly referred to by Reddellen
(page 27 ) namely, the reactions of aromatic ketones with

benzidine bases. At the same time, 1t was intended to gain
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some information on the prospects of optical resolution of
appropriately substituted benzidine derivatives by means of
the formation of diastereoisomeric anlls with optically active

ketones.

Benzidine condensed with acetophenone and benzophenone to
form the corresponding di-anils, o-tolidine reacted similarly
with acetophenone but not with benzophenone, and o-dianisidine
did not react with elther acetophenone or benzophenone. These
observations are discussed (page 39 ) from a theoretical stand-
point with reference to the effects of ortho methyl and meth-
oxyl groups on ana;ggous anil condensations of benzenold
amines. Benzoin ;eacted with benzidine, o-tolidine and
o-dianisidine to form dildesyl-derivatives, which in contrast
to the di-anils, were extremely resistant to hydrolysis. 1In
addition to the action of nitrosyl chloride on benzldine, the
anil condensations of certain other benzidine derivatives were
also studied. Ketone anil formatlion was found to be unsuited
for the optical resolution of benzldine derivatives because of
the high reaction temperatures and the relative insolubility _
of the products while the difficulty of hydrolysis of didesyl
derivatives precluded the use of optically active benzoin for

the same purpose. The following new compounds were prepared

during the course of this investigation:-
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N:N'-bis(l-phenylethylidene)benzidine. m.p.242°
N:N'-bis(l-phenylethylidene)-o-tolidine. m.p.191.5°
N:N'-dibenzohydrylidenebenzidine. m.p.224°
N:N'-didesylbenzidine. m.p.220-221°
N:N'-didesyl-o-tolidine. m.p.192°
N:N'-didesyl-o-dianigidine. m.p.196-202°

Sodium N:N'-dibenzylidenebenzidine 3-sulphonate. -

N:N'-disalicylidene-2-nitrobenzidine. m.p.185°
N-benzylidene-m-anisidine. b.p.gpp, 192-193°
N~benzylidene~m~anisidine picrate. m.p.122°
N:N'-dibenzylidene~o~dianisidine. m.p.155°
N:N'-dibenzylidene-o-dianisidine dipicrate. m.p.202~%§2°}
c.

Part II is concerned with the preparation of diphenyl
derivatives of stereochemical interest; three new dibromodi-
methylbenzldines were the subject of optical resolution experi-
ments. This part is sub-divided into four sectlons; the
Historical éection, the Introductioﬁ, the Theoretical Section
and the Experimental Section.

The Historical Sectlon, which does not contain any
original work performed by the author, consists of a fairly

extenasive historical review of the stereochemistry of diphenyl



4

derivatives. The Introduction, which likewise does not con-
taln any of the author's experimental work completes the
presentation of the facts and theories leading to the original.
research. The Introduction also deals with general methods
of preparation of compounds anal#gous to those dealt with in
the original work which followsiin the Theoretical and
Experimental Sections.

The original work and its theoretical significance are
discussed in the Theoretical Sectlon. In this Sectlon also,
mention is made of certain improvements in existing methods of
preparation of previously known compounds. In the interests
of clarity, since a large number of lsomeric compounds are
dealt with in the Experimental Section, the latter has been

subdivided into five sub-sectlons:-

A. ’éynthesis of 2:2'-dibromo-6:6'~-dimethylbenzidine.
B. Synthesis of 2:2'-dibromo-5:5'~dimethylbenzidine.
C. Synthesis of 2:2'-~dibromo-3:3'-dimethylbenzidine.
b. Miscellaneous Experiments.

E. Resolution Experiments.

2:2'~Dibromo-6:6'-dimethylbenzidine was prepared and
resolved into optical 1somers; the active form was extremely

resistant to racemisation. 2:2'-Dibromo-5:5'-dimethylbenzidine

Y n |"‘E‘ ) rQ‘-

T S
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wag prepared but an optical resolution was not effected
although the amine formed well defined crystalline salts with
d-tartaric acid and also with d-camphor-10-sulphonic acid.
2:2'-Dibromo-}:}'-dimethylbenzidine was prepared and resolved;
in this case only one active form, the l-amine was isolated.
The active amine was racemised under moderate conditlons.
Theoretical considerations are advanced (page 163 ) to account
for the differences in behaviour of these isomers. Proofs
of their constitutions are given and, in addition to deriva-
tives of the benzidines, certain new intermediate azo,hydrazo
and azoxy compounds are described. Other alllied compounds
are also described and theoretical consideration- (page 15| )
1s given to the behaviour of isomeric bromonitrotoluenes on
reduction. The following new compounds, arising out of these

investigations, are described:-

3:3'-Dibromo-5:5'~dimethylazobenzene. m.p.166-166.5°
3:3'-bibromo—S:5'-d1methy1azoxybenzene. m.p.145°
3:3'~Dibromo-5:5"'~dimethylhydrazobenzene. m.p.131-132°
dl-2:2'=dibromo-6:6'~dimethylbenzidine. m.p.157.50

N:N'-diacetyl-aza'-dibromo-é:6'-d1methylbemmﬂhr&m.p.t46-148°

2:2'-Dibromo-6:6'~dimethyldiphenyl~4:4'-bis
[azo-(1)-naphthol-(2)m.p.284-286°

N:N'-dibenzylidene-2:2'~dibromo-6:6'~dimethyl- o
benzidine. m.p.178
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1-2:2'-Dibromo~6:6'-dimethylbenzidine di-d- o
tartarate. m.p.201

[o]y ,+ 4.68°; (c,1.924)

1-2:2'-Dibromo-6:6'~dimethylbenzidine. m.p.177°
7
[«]7, - 0.82% (c,7.672)
d-2:2'-Dibromo-6:6'~dimethylbenzidine. m.p.166-168°
7
(324 resolved) [«]] ,+ 0.26% (c,3.893)
5:5'=-Dibromo-2:2'-dimethylazobenzene. m.p.200-201°
5:5'=Dibromo-2:2"'~-dimethylazoxybenzene. m.p.139-140°
5:5'~Dibromo=2:2'-dimethylhydrazobenzene. m.p.182-182.5°
2:2'=Dibromo-5:5'-dimethylbenzidine. m.p.153°

2:2'~Dibromo-5:5'~dimethylbenzidine dihydro-
chloride. m.p.344° (dec.)

N:N'~diacetyl-2:2'-dibromo-5:5"'=dimethylbenzi- o

2:2'~-Dibromo~5:5'~dimethyldiphenyl-4:4'~bis
(azo-(1)-naphthol-(2)]. m.p.308.5°

N:N'-dibenzylidene-2:2'-dibromo-5:5"'=dimethyl-
benzidine. m.p.193°

2:2'-Dibromo=5:5"'-dimethylbenzidine mono-d-
tartarate. m.p.196°

[(]5 ,+ 6.59%; (e,0.834)

2:2'wDibromo-5:5'=-dimethylbenzidine di-d-
camphor-{0~sgulphonate.

[« ,~+2.6% (c,1.945)
3:3'~-Dibromo-2:2'-dimethylazobenzene. m.p.171°

3:3'~Dibromo-2:2'-dimethylazoxybenzene. m.p.138.5°



3:3'-Dibromo-2:2'-dimethylhydrazobenzene. m.p.132.5°
dl-2:2'-Dibromo-3:3'-dimethylbenzidine. m.p.200°

2:2'-Dibromo-3:3'-dimethylbenzidine dihydro-
chloride. m.p.324-326°

N:N'-diacetyl-2:2'-dibromo-3:3'-dimethylbenzi- o
dine. m.p.308

2:2'-Dibromo-3:3'-dimethyldiphenyl=4:4"'-bis
{azo-(1)-naphthol-(2)]. m.p.322° (dec.)

N:N'-dibenzylidene-2:2'-dibromo~3:3"'=
dimethylbenzidine. m.p.237-238°

1-2:2'-Dibromo-3:3'-dimethylbenzidine mono-

d-tartarate. m.p.187.5°
s
o5 .- 4.98% (c,1.988)
1-2:2'-Dibromo-3:3'~dimethylbenzidine. m.p.201-202°
1§
bxlp,-8.32°; (c,1.923)
2:2'-Dibromo~5:5'~-dimethylazobenzene. m.p.187°
2:2'-Dibromo-5:5'~-dimethylazoxybenzene. m.p.168,5°
3=Bromo-5-methylazobenzene. m.p. 57.5o
2:4-Dibromo-6~nitrotoluene. m.p. 69°

3:5:3':5'-Tetrabromo-2:2"'~dimethylazobenzene. m.p.224-226°
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GENERAL. INTRODUCTION

NOTES ON NOMENCLATURE

(1) Representation of the Diphenyl Molecule.

The full graphic formula of diphenyl is usually given

in one or other of the following ways:-

H H H H
AN AN
H-C c—C C-H

/ \ /
/C:Q /(‘_:C\
H H H H

In general, however, throughout this thesis, where the
benzene nuclel are known to be coplanar, the diphenyl mole~-

cule has been represented by the following contracted form:-

(o<

In certain cases, where the benzene nuclel are known

to be non-coplanar, the dirhenyl molecule has been represented

=W

thus:-



5 o ¢ 5
> .
/ [ 4
*<\__J/
3 2 2 3!

Benzidline 1s regarded

4

1 ag 4:4'-dlaminodivhenyl and is

O]
}}
j)
3
[¢s]
=
jsy)
ct
O
jon
[63
P«o
=
-
—

arly to dionheanyl in accordance with nodern

O-tolidine is thus regarded as 4:4'-diamino-3%:3'-

dinetnyldiphenyl or 3:3'-dinmethylbenzidine:-

H, N NH;

The following systea of benzidine enumeration, wanich was

used in America until the end of the year 1335, has been

avolided: -

6 5 51 él
W N 5 ') NH,
2 3 3! 2!



Py
AN
Nt
5
[
—
411

{(a) Aldehvde Anlils.

Tne

5]

nresent used in the Journal

Ph.CH= NP}

(... > CH=NPh

TTTTOH

—
PM\C:N( \»—@ N=CHPh

- N

(L) Ketone Anils.

(i) Mono-anils.

¢ are ananed as amines

10

according to the systen at

tne Cnemical Society:-
N-benzylideneanlline.

N-salicylideneaniline.

N:N'-dibenzylidenebenzidine.

These are named as anils according to the generally

accepted procedure which

is given orecedence in Beilstein's

Handbook over alternative sysiems of nomenclature:-

Ph\ =
oS C=N.Ph
Ph

br > €= N.Ph

acetophenone anil.

benzophenone anil.

acetophenone p-tolil.
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(11) Di-anils.

Tne preceding metnod is cunbersome 1in the case of di-
aniles and these are named as amines in accordance witn the
oresent system of nomenclature of the Chemical Abstracts (49),
The dl-anils derived from acetophenone are named as

1-phenylethylidene derivativesg:-

N:N'-big(1-phenylethylidene)benzidine.
Pln/ < < XN C\Ph

N:N'-bis(1-phenylethylidene)-o-tolidine.

Me g T ™M
Sc=NY N=C? ¢
Ph \\__‘_J N Ph
Me Me
The di-anil derived from benzophenone is named as a

benzonydrylidene derivative:-

/ Ph
“c=N / N=c’ N:N'-dibenzohydrylidenebenzidine.
Py *4 “Ph

(4) Desyl Derivatives.

Ph.cO

These contain the desgyl radical Ph>cH- and are

named as amineg according to the alternative system of nomen-
clature given in Heilbron's Dictionary of Organic Compounds

(89):-

Ph.CO
Ph>C*L'4HPh N-desgylaniline.

Ph.OC : €oPh
chﬂ*<i:ii>k—ﬁ<i::j>huLCH N:N'-didesylbenzidine.
Ph’ — N Ph



SETHODS OF  PREPARATION OF DIPHENYL DERIVATIVE

n

While diphenyl occurs to some extent in the 'Heavy 011’
fraction of coal tar, the maln commercial source is benzene.
Benzene vapbour, on nassage through an lron tube packed with
sumice or other contact material and at a tempderature of

650-8000, is converted to dinhenyl by vartial dehyvdrogenation.

L O e OO

The number of substituted diphenyls which are derived
directly from the parent hydrocarbon is rather linited,
however, and in most cases 1t is necessary to have recourse
to other methods of synthesis. It 1s proposed to classify
such methods according to whether the resultant diphenylf(A)
symmetrically substituted or (B) unsymmetrically substituted
with respect to each benzene nucleus; 1i.e., class (4A) syn-
theses lead to the formatlon of diphenyl molecules wnicn can
be regarded as belng formed by the uanilon »f two identically
substituted phenyl groups while class (B) syatheses result in
diphenyls which can be regarded as formed by the union of two

differently substituted phenyl groups.



13

A. Symmetrical Dinhenyl Syataeses.

(1) The Ullnann Reaction: A halogenated benzene or
benzene derivative is neatea with excess copper vpowder or
copper bronze; in some cases, the presence of a solvent
(usually nitrobenzene) is advantageous. It is not possible
to forecast the optimum temperature as this 1s determined by
the particular reaction in question; the ylelds are widely
variable and also depend mainly on the reaction in question.
Where X denotes a halogen, the general reaction may be

represented thus:-

O > OO

A typical example of the Ullmann reaction is the formation of
dimethyl 5:5'-dinitrodiphenate in 75% yield (crude product)
from methyl 2-icdo-4-nitrobenzoate by stirring with copper

bronze for nalf an hour at 200° (162):-

He Me
Cod Me c 1 2



14

(2). Removal or introduction of suwstituent zrouns in a
reaally aveilable divnenyl s useful in the bprevaration of
relatively few derivatives, e.z. 2:2'-dinitro-5:5'-dimethyl-
diphenyl (III) is formed by the deamination of 2:2'-dinitro-
4:4'-dizmino-5:5"=dimetnyldiohenyl (II), the latter being
obtained from o-tolidine (I) by nitration in the presence of

a large excess of coacentrated sulschuric acid (47). The

overall yleld is 33%.

Me . Me
el ol S TS
A N )

03 ©2N

(1) (‘U (1m)

(%). Where an amino group is present in a benzene
derivative, two molecules of the latter may be coupled by
diazotisation followed by treatment with cuprous hydroxide.
This process does not take vDlace satisfactorily where the amino
group possesses two, and sometines even one, ortho substituent.
Divhenic acid, however, 18 readily prerared from anthranilic

acid, in 8C% yield, by this procedure (7).

HH#
o (o]
2 20

CO3H ¢
o = (O~
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(4). In a limited nunber of cases in which 1t is
sossible to form a Grigrard reagent fron a nalogenated Len-

zene cerivative, the method of Saxellarios and Xyrinls using
anhydrous cunric cnloride may be used to unite two Tenzene
nuclei, e.z. o-tolylmagnesium bromide reacts with anhyarous

cunric chloride to form di-p-tolyl in 84% yield (172):-

Me < )MgBr  — > Me ¢ < s Me
\\7 ] —/ \ 7

(5). In general, the rearrangement (usually brought
about by mineral acids) of hydrazo connounds,in which para
substituents are lacking,sives rise to beaziiines, 1.~. it
is thus possible to prevare certain substituted 4:4-ciarnino-

-

Givhenyle from the corrcsponding hydrazo compounds.

™

Loe

-

reacsction is discugsed more fully at a Jater stage in tids
theele (page 132). This rearrengenent le 1ilustrsted Ly
the formetion of o-telidine by tihe action of aquezus hydro-

chloric acid on 2:2'-dimetnylhyarazobenzene (181):-

S e o e ~\> .
< NH ——NH H:N < NH,
\ . > M};.— _) ! \‘¥ . ~ 4

Me Me
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e nzyoeetricel LI .

(1) Tie Ull.ann Tescilon: D7 o _rocedure oiiler to £
(1), 1t e frecoeatly focolble to elflect tie corieruntion of
two, cifferently substlituted, zalosenctel venzoneg, The
Porastion of tre tve eyrmetrical clonenyl cerivelives geicr-
#1ly tezes nloee at the saue time zna i1 is necencery to
coverete these from the decired oroduct. Tre yields obtained
in thic reactlon are zenerally less than in 4 (1) and the

necersary conditions for ogtinuam yleld in any varticuler case
cen only be found by experiment. Adans and co=worrers found
tuat this wee the only Teasible method for the prevaration of
certein 2:6:2':16'-tetrasubetituted dipnenyls.  For exculle,
when conper bronze is added (201), over & neriod of three
nours, to a stirred mixture ol 1-fluoro-2-iodo-3-netnoxyler-
zene (IV) and methyl Z-bromo-3-nitrobenzoate (V) at 210-24C7,
nethyl 2'-fluoro-2-nitro-£'-methoxydiphenyl €-carboxylate (VI)
is formed together with the symmetrical uvrocucts, 2:z'-di-
fluoro-6:6€'=dinethoxydiphenyl (VII) and c¢imethyl £:6'-dicnitro-

diphenate (VIII).

7 OoMe 2
F o,N -F oo
ST VA 4 7
N 7 / \
el > s e
N \ ~ A Tote Meo ~
OMe He 0,¢

A

co,Me
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(2). The N-nitroso-N-acetylarylamine Reaction: The
formation of diphenyl, by the action of N-nitrosoacetanilide
on benzene, was described by Bamberger (10). This reaction
was developed by France, Hellbron, Hey and collaborators
(71, 72, 73, 87) as a method of synthesis of unsymmetrical
diphenyl derivatives. It 1s belleved that free radicals
contribute to the mechanism of the reaction and in support of
this theory it has been found that the usual directive influ-
enceg of substituent groups do not apply (91, 90). The
following example constitutes one stage 1n a synthesis of an
isomer of cannabinol effected by Todd and co~-workers (76) and
serves to illustrate the reaction:- 2'~cyano-2:5-dimethoxy-
5'-methyl-4-n~amyldiphenyl is formed by the addition of
3=~N~nitrosoacetamido-4~cyanotoluene over a period of three to

four hours to 2:5-dimethoxy-n-~amylbenzene at 45-50°:

Me Me O

<::> N(NOcOMe + D CoHa™

CN OMe

N

Me Me O

CN OMe
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(3). The Diazo Reaction: Closely related to (2), this
reaction, which was originally discovered by Bamberger (9, 10)
and Kuhling (113), has been developed by Gomberg and Bachmann
(82) as a method of synthesis of unsymmetrical diphenyl deriva-
tives. In this reaction, a diazotised arylamine (ArNg' Cc17)
is converted by the action of alkall to a diazo-hydroxide
(Ar-N=N-OH), an extremely reactive intermediate which is cap-
able of reacting with an aromatic liquld to form a diphenyl
derivative. The mechanism of the reaction 1s considered to
be identical with that of (2) and to involve free radical
formation (91, 90); this view is strongly supported by previ-
ous observations (8, 155, 85) on the tautomerism of N-nitroso-
acetanilide with benzenedlazoacetate, together with the fact
that aryldiazoacetates react in a simllar manner to aryldliazo-
hydroxides (113). In the case of an arylamine with a m.sub-
stituent (X), the overall diazohydroxide reaction may be re-

presented as follows:-

X X
Cod v O mmon o Yy enena

+H,0

One example, which serves to lllustrate the reaction, is

the formation of 4~iodo-2'-methoxydiphenyl by the slow addition
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of aqueous sodium hydroxide to a stirred, ice-cooled mixture

of anisole and anvaqueous golution of p~iodobenzenediazonium

chloride (86):-

tMeO

MeO
(Onise = (OO

Methods B (2) and (3) are severely restricted in their
application because the second coupling component must be
liquid at, or only slightly exceeding, room temperature.

The Ullmann reaction, methods A (1) and B (1), has been
extensively utilised on the laboratory scale for the prepara-
tion of diphenyl derivatives of stereochemical interest.
Bince benzidine and its 3:3'-disubstituted homologues
(o-tolidine, o-dianisidine and o-diphenetidine) are widely
used in the synthesis of direct cotton dyes (e.g. benzopur-
purin (IX)), method A (5) finds extensive use on the large
scale for the manufacture of these bases. This method 1is

also of general application for the preparation of benzidines

503H 505""
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substituted in positions other than the 3:3' ; substantive
cotton dyes, however, are not produced from 2:2'-disubstitut-
ed benzidines and the latter are not therefore produced on a
technical scale although a number have been described. The
other methods A (2), (3) and (4) and B (2) and (3) have been
less widely employed partly because of thelr limited applica-~
tion and partly because of the limited interest and lack of
application of the products.

Further methods of diphenyl formation, which have been
st111 less frequently used, include (a) the formation of
diphenyline (2:4'-diaminodiphenyl) and a few of its deriva-
tives from hydrazobenzene and substituted hydrazobenzenes
respectively (page 133 ) and (b) the formation of diphenic
acld and a few of 1ts derivatives by the oxidation of
phenanthraquinone and substituted phenanthraquinones respec-

tively:

g—g Ho¢  CoH

n O -
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INTRODUCTTION.

(4) ANTL. CONDENSATIONS OF BENZIDINE AND
SOME OF ITS DERIVATIVES.

ANILS.

Anils (azomethines, or Schiff's bases) may be conveni-

. H
ently classified into two types; (a) aldehyde anils,R'N=c{ 2
/RQ
\RB .

(a) Aldehyde anils. Aromatic aldehyde anils constitute the

and (b) ketone anils, R'N=C

Schiff's bases proper and are, as a general rule, easily
formed by the interaction of primary aromatic amines with
aromatic aldehydes accompanled by the splitting off of water.
According to Schiff (175), the simplest anil of this type,
benzylideneaniline, Ph.CH=NPh, is formed from molecular
amounts of aniline and benzaldehyde merely on gentle warming.
The formation of aromatic aldehyde anils is usually effected
by warming a mixture of equimolecular amounts of the aldehyde
and amine in ethanolic solution; 1in a few cases 1t is nec-
egsary to omit the solvent and to heat a mixture of the

aldehyde and amine to 100-120°.

(b) Ketone anils. The simplest ketone anil derived from a

mixed aliphatic-aromatic ketone and a primary aromatic amine

18 acetophenone anil, :f::C=NPh, while the simplest ketone
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anll derived from a purely aromatic ketone and a primary
aromatic amine 1s benzophenone anil g:)C=NPh. The conditions
necessary for the formation of these and homologous ketone
anlls were investigated by Reddelien (165) who found that in
order to effect the formation of benzophenone anil, the addi-
tion of a catalyst (zinc chloride) to a mixture of benzophenone
and aniline heated to 160° was necessary. In contrast,
however, when acetophenone was heated with aniline in the pre-
sence of zinc chloride (164), the main product of the reaction
was 1:3:5-triphenylbenzene while replacement of the zinc
chloride catalyst by anlline~zinc chloride resulted in the

formation of the required acetophenone'anil together with a

Ph 7Ph
Me ™NPh °

viously observed that acetophenone reacted with aniline at high

small amount of dypnone anil, It had been pre-

yC=CH.C
temperatures, 250—2600, in the absence of a catalyst to form
dypnone anil (88) but, on the other hand, a mixture of aceto-
phenone diethyl acetal and aniline on heating ylelded aceto-

phenone anil (55).

These observations tend to show that the formation of
ketone anils by condensation of aromatic or mixed aliphatic-
aromatic ketones with aniline 1is not easily effected; reaction
temperatures are high compared with those required for aromatic .

aldehyde anlil formation and the presence of a catalyst 1s often

necessary.
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Mechanism of Anil Condensation.

In general, aldehydes and ketones condense with primary
aromatic amines, hydroxylamline, hydrazine, phenylhydrazine
and semicarbazide to form anils, oximes, hydrazones, phenyl- |
hydrazones and semlcarbazones, respectively. These condensa-‘
tion products all possess the characteristic > C=N- linkage
and the reactions by which they are formed are considered to
possess essentlally the same mechanism. In the case of
aldehyde anil formation, for instance, the first stage (a),
1s the combination of one molecule of the aldehyde with one
molecule of the amine to form an addition compound (X). In

the second stage, (b), the addition compound decomposes to

form one molecule of the anil (XI) together with one molecule

of water:-
H
] 7/
(a) . R.CHO + HN.R 2 R-c;;a;‘ (X)
H \
(v) R-CZ oH =  H0 + R.CH=NR' (X))

N NHR!

Both stages of the condensation are reversible; the
hydrolysis of the anil 1is represented as proceeding through

¥
reverse stage (b) and reverse stage (a) consecutively with the |




24

formation of the original aldehyde and amine.

The lsolation 1n certain cases of such intermediate add-
ition products constitutes chemical evidence for this mechan-
ism of the condensation: for example, vanillinaniline (XII)
was prepared and isolated (46); it was shown that when this
amine-aldehyde addition product was heated at 115° loss of

water occurred with the formation of vanillylideneaniline

(XIII):

M ()
no<i:::>cno + <:::>>NH4 - HO<::::>VC-OH
. BN

/‘"| ‘
HOQC\\oH (xm)
Sl NS TR T e TR
MeO
A similar aldehyde-amine addition product (XIV) was

1solated by the action of 2:4:6~trinitrobenzaldehyde on

aniline under the appropriate conditions (129):

|
1

NO, oH

(X1V)
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Dimroth and Zoeppritz (63) described the formation of
the hydrochloride of the benzaldehyde-aniline addition pro-
duct by the action of benzaldehyde on an aqueous solution of
aniline hydrochloride. These authors also describe the
1solation of the hydrochloride of the benzophenone-aniline
addition product; benzophenone-aniline hydrochloride was an
unstable substance which was easlly decomposed into the
component amine and ketone on the one hand, and split off
water to form the anil on the other, depending on the condi-
tions. Reddelien (166) found that small amounts of halogen
acids (or of the amine hydrohalide) can often be used as
catalysts instead of zinc salts (page ;2.) in effecting the
condensation of ketones with.amines. This was found to
apply in the case of the benzophenone-aniline condensation
and, consideration of this fact in conjunction with the pre-
vious isolation of benzophenone-aniline hydrochloride (as
mentioned above), led Reddelien to suggest the following
mechanism of halogen acid catalysed, ketone~amine condensa-

tion.

,oom
R;C0  +  RUNHa...HO = Ri.C— NHR
HO)

Stege 1.
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\ /OH 2 \ a
Stage 2. R, C — NHR = H,0 + R,(=NR
He) H¢)

R,C=NR" + RINH,...Hl

f

Stage 3. R;C=NR + RINH
HE

The ketone combines with the amine hydrochloride
(Stage 1) and the addition product hydrochloride formed
loses water (Stage 2) to form the ketone anil hydrochloride.
The latter 1s converted to the ketone anil by further reac-
tion (Stage 3) with the more basic free primary amine which
18 itself converted to its hydrochloride and is available
for reaction with further amounts of the ketone (Stage 1).

In modern terme the following electronic interpretation
would serve, zinc chloride or halogen acid acting as acid

catalyst.

Tof
~ @ ..® ZnC\; S .e
Ri(=0: - RyC- O: - RaC— O — ZnCly
J«H@ J R’}’]Ha
RaC- O RaC- O — ZnCly
|
R.NH,
lR.NHJ \L
® R.‘lc R1C'OH Rac Z C'
no+H+ I «— | j| +H 0+ 4ntia

R.N RNH, R.N
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Anlls of the Benzlidine Series.

(a) Aldehyde anils. A number of anils which are formed by

the condensation of aromatic aldehydes with benzidine,
o-tolidine and o-dianisidine respectively have been described
in the literature; these are almost invariably dianils of the
type, R.CH=N06H4.06H4N=CH.R, in which one molecule of the di-
amine has reacted with two molecules of the aldehyde. Chem-
lcally, these dianils closely resemble the corresponding mono- §
anils derived from anlline and aromatic aldehydes but possess |
the expected higher melting points and are much less soluble
in organic sélvents. N:N'~divanillylidenebenzidine, for
example, 1s described as almost insoluble in all the usual
o;ganic solvents with the exception of nitrobenzene (185).
The formation of these dianils 1s readily effected, generally
by warming together the theoretical proportions of the aldehyde
and amine in ethanolic solution. This procedure results for
example in the formation of the di-N:N'-5-bromosalicylylidene

derivativea of benzldine, o-tollidine and o-dianisidine (33).

(b) Ketone anils- The condensation of benzidine and its
derivatives with mixed sliphatic - aromatic and purely aromatic
ketones has received little attention. Reddelien (page A5 )

does not appear to have further investigated the slow, zinc-
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chloride-catalysed reactions of benzidine' with benzophenone,

benzil or benzoin. The condensation product of benzidine
with benzil, however, was the subject of several later in-
vestigations which were concerned with the disproof of the
Kaufler hypothesis (page 85 ). These investigations culminat-
ed in the ldentification of the product by Le Fevre and Turner
(124) as the dianil, N:N‘-bis[9(-benzoylbenzylidene]benzidine,
Ph.CO.(Ph)C:N.CsH4.06H4.N=G(Ph).CO.Ph. It was accordingly
decided to investigate the reactions of benzidine with benzo-
phenone and benzoin and, in order to gain further information

regarding the general reaction, acetophenone was included as

a representative mixed aliphatic -~ aromatic ketone. Further

1t wae declded to examine the reactions of these ketones with
o-tolidine and o~dianisidine in order to ascertain the effect
of the introductlion of the ortho substituent groups concerned

into the diamine molecule.

Reaction of Benzoin with Primary Aromatic Amines.

It was established (44) that desylaniline, the condensa-
tion product of one molecule of benzoin with one molecule of
aniline, was not an anil (XV) as was formerly supposed but a

true desyl compound (XVI):-

Ph Ph
|
PhN=2¢ PaNH-CH
XV ) (V1) '
o) CHoOH fo
Ph

'
Ph
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Such desyl derivatives are not easily hydrolysed by

dilute mineral acids and are thus differentiated from ketone
anils most of which hydrolyse readily. It was also found
(45) that ortho substitution inhibited the reactivity of the
amino group to such an extent that many ortho substituted

amines notably o-toluidine and o-anisidine, did not react

with benzoiln. It was therefore of interestto ascertain
whether or not the benzldine bases would react with benzoin,
the nature of any condensation products formed by the reaction
and the effect of the ortho substituents on the resctivity of

the amino groups.

The Ortho Effect.

The introduction of a second substituent group into a
nonosubstituted benzene derivati&e modifies to a greater or
lesser extent the propertles of the original compound. It
has been frequently observed, however, that when a second
substituent group is introduced into the ortho position to
the original group, the properties of the substituted com-
pound differ more markedly from those of the original compound
than when the substituent is introduced into the meta or para
positions. In addition, an abnormally large difference in

the properties of the ortho substituted compound and those
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of the meta and para isomers is frequently observed. This
phenomenon, the ortho effect, has been discussed at greater
length elsewhere (206, 31, 98a) and the following examples
wlll suffice for illustration:-

The formation of quaternary ammonium salts by the addit-
lon of alkyl halide was found to be inhiblted in the case of
certain di-ortho substituted dialkylanilines (95) and hinder-
ed in the case of certain monosubstituted dialkylanilines
(196). Also, the formation and hydrolysis of esters of sub-
stituted benzolc acids was hindered in certain cases where
the acid possessed one ortho substituent (128) and this effect
was ilncreased when two such substituent groups were present
(81).

The ortho effect, first attributed by Victor Meyer to
steric hindrance, was later recognised to be of a more complex
origin and frequently involved additional factors such as
chelation, hydrogen bonding and the electron donating proper-
ties of the atoms concerned. It was also recognised that the
factors, which operated to produce the ortho effect, varied to
some extent with the specific instance concerned.

Reaction of Aromatic Aldehydes with Disodium Benzidine 2:2'-

disulphonate and Related Derivatives.

In view of the optical resolutions of diphenyl-2:2'-
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disulphonic acid and benzidine 2:2'-disulphonic‘acid diphenyl}
ester (page 97 ), it was considered that the properties of
derivatives of benzidine 2:2'-disulphonic acid with respect
to anil formation might be studied in order to determine the
possibility of achleving an optical resolution of a racemic
diphenyl derivative by forming anils with an optically active
aldehyde. Although anils are not formed by free sulphonic
acids, it has been previously shown (38) that sodium naph-
thionate condenses readily with benzaldehyde to form sodium
1-benzylideneaminonaphthalene-4-sulphonate and, at the same
time, 1t was stated that benzlidline disulphonlc acid gives
simllar products although these were not described. In
addition, it has been observed that the sodium salts of
{~-aminonaphthalene-5-sulphonic acid and 2-aminonaphthalene-
S5-gsulphonic acid form simlilar condensation products with
benzaldehyde (65, 66). Disodium benzidine disulphonate was
accordingly chosen as the first aminosulphonic acid deriva-
tive of diphenyl to be studied and the testing aldehyde was

benzaldehyde.
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(B) THE NITROSYL CHLORIDE TETRAZOTISATION OF BENZIDINE.

At the time when this section of the work was under-
taken, January 1939, nitrosyl chloriae nad recentliy become
commercially available in ligquid form 10or research purposes.
It was known tnat, in general, primary aromatic amines yleld-
ed diazonium salts and it was therefore considered that this
reagent might lead to the tetrazotisation of benzidine.

The literature revealed that certain amines, e.g.
m-nitraniline, gave corresponding dlazonium chlorides; other
amines, including aniline, diazoamino compounds (198).
Aniline hydrochloride, on the other hand, yielded a double
salt of the hydrochloride and diazonium chloride (106).

It was declded, 1n view of these observations, to use
benzidine dihydrochloride in order to decrease the risk of

diazoamino compound formation.
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THEORETICAL  SECTION.

(A) ANIL CONDENSATIONS OF SOME BENZIDINE DERIVATIVES.

Anll Formation.

It has been pointed out (page 23 ) that the condensation
of an aldehyde or ketone with a primary amine to form an anil
involves the formation of an unstable, intermediate addition
compound; the formation of oximes, hydrazones, phenylhydra-
zones and semlcarbazones follows a similar course. The
tendency of such carbonyl compounds to react in this manner
with nucleophilic reagents (e.g. primary amines, hydroxylamine,f
hydrazine, phenylhydrazine and semicarbazide) has been ascrib-
ed to the electrophilic nature of the carbon atom of the car-
bonyl group. This electrophlilic tendency of the carbon atom
1s due to resonance between >C=0 and ;6-5 and in such addi-
tion reactions the double bond 1s polarised towards the oxygen:

>6=0, (204).

The lower reactivity of ketones in comparison with alde-
hydes has been explained (167) by a reduction of the electro-
philic nature of the carbonyl carbon atom in ketones due to
the weak hyperconjugative influence of the alkyl (or aryl)
group as opposed to the lack of such an effect by the hydrogen
atom of an aldehyde:

K~ ,)*

O=C —
i

—H

-0
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In view of the investigations of Lapworth (119) on the
mechanism of formation of cyanohydrins, Watson (205) has

suggested a similar mechanism for oxime and hydrazone forma-

tion. It is possible to represent analogously the formatlon
of anils:-

<’ oo \ © S N
3¢=0 + RNH, = |JcgC | = JC +HO

The first stage of the condensation consists of the
addition of the amine to the carbonyl carbon atom and this is
necessarily accompanied by the complete transfer of a palr of
electrons from the carbonyl carbon atom to the carbonyl oxygené
atom since the covalency of the carbon atom cannot exceed fouuu%
The second stage of the condensation 1s the elimination of theé

elements of water with the corresponding adjustment of the

covalencies to form the anil. In some cases (page 24+ ) an

~OH

“NHR
the second stage by migration of a hydrogen atom. It is

intermediate compound of the type)C is formed during
possible that such intermediate addition compounds are formed
during all anll condensations but they are seldom sufficlent-
ly stable to permit of thelr isolation. Any factor which

operates in such a way as to reduce the avallability of the
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lone pair of electrons on the nitrogen atom will reduce the

tendency of the amine to anil formation.

Effect on Anil Formation of Nuclear Substituenté
in the Primary Aromatic Amine.

(a) The Nitro Group.

It was observed (121) that m-nitroaniline reacts easily
with benzaldehyde to form N-benzylideneamino-~3-nitrobenzene;
this condensation takes place rapidly at room temperature in
the absence of catalyst or solvent and is thus comparable with
the aniline-benzaldehyde condensation (page 21). From these
reactions it appears therefore that the presence of a nitro
group in the meta position to the amino group does not
appreciably hinder anil formatlion. In contrast, however,
p-nitroaniline requires to be heated with benzaldehyde for a
period of four to five hours gt 120 to 130° in order to effect
the corresponding condensation to N-benzylideneamino-4-nitro-
benzene (141). It appears, therefore, that the effect of a
substituent nitro group in the para posltion to the amino
group is to exert a falrly strong hindering effect on anil
rérmation. Furthermore, since o-nitroaniline does not react
with benzaldehyde under conditioﬁs which permit anil formapion
in the case of the m~ and p~isomers (28), it can be concluded

that the presence of the nitro substituent ortho to the amino

r - e« er e
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group exerts a very strong hindering effect on anil formation.
It 1e possible to account for these observed facts as

follows:- The nitro group 1s characterised by 1ts powerful

resonance effect (-T) which strongly deactivates the ortho ;
and para positions with respect to an electrophilic attack-~
ing reagent. In the case of o- and p- nitroanilines, this
effect operates to reduce the nucleophilic property of the
amino group 1.e. the donation of the lone pair of electrons
from the nitrogen atom is rendered more difficult and the
tendency of these amines to anll formation 1s consequently
reduced. The fact that the ortho is more affected than the
para isomer must be ascribed to the additional ortho effect
(page 29 ) of the nitro group in the former which also
operates to hinder anil formation. The resonance effect
(-T) of the nitro group is not operative in the meta position
with the result that anil formation is not retarded; this is
fully borne out by the ease of reaction of m-nitroaniline.
Theoretically, the inductive effect (-I) of the nitro group
nmust operate to hinder anil formation almost equally whether
the nitro group is located ortho, mete or para to the amino
group. This effect 1s likewise due to a reduction in the
avallability of the lone pair of electrons on the nitrogen

atom of the amino group. Theoretically, the inductive
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effect of the nitro group 1s slight compared with its resgon-
ance effect and this 1s borne out by the observation that
anil formation is not appreciably hindered in the case of
m-nitroaniline in comparison with aniline.

(b) The Methyl Group.

The methyl group 1s characterised solely by its inductive
effect (+I) which operates to increase the electron density
in the ortho and para positions. The meta position is pro-
bably also activated with respect to electrophllic reagents
but to a much smaller extent as 1s shown by the much smaller
proportion of meta compared with ortho and para lisomers obtain-~
ed, for example, on nitration of toluene. The effect of a
substituent methyl group in the ortho or para position to the
amino group should, therefore, by reason of the increased
avallability of the lone palr of electrons on the nitrogen
atom of the amino group, increase the tendency to condensation.‘
In the meta position, a similar, but much reduced effect should
operate to facilitate condensation.

In practice, the tendency of the three (o-, m~ and p-)
toluldines to condense with benzaldehyde is found to be in
agreement with the above considerations. There is no diffi-

culty in effecting condensation of any one of these isomeric
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toluldines with benzaldehyde to form the corresponding anil;
in each case the reaction takes place, in the absence of a
solvent or catalyst, by warming on the water-bath for thirty
minutes (120).

(c) The Methoxyl Group.

From theoretical considerations, the methoxyl group
which is characterised by its resonance effect (+T) and its
much weaker inductive effect (~I), should influence anil
formation as follows:- When located in the ortho or para
position to the amino group, both effects are operative but,
gince the former preponderates, condensation should be fac-
1litated because of the lncreased avallabllity of the lone
palr of electrons on the nitrogen atom of the amino group.
When located in the meta position to the amino group, only
the latter effect (-I), isoperative and the availability of
the same lone palr of electrons should be slightly reduced.
In consequence, condensation should be somewhat retarded.

In practice, o-anisidine reacts with benzaldehyde at
room temperature to form the N-benzylidene derivative (36)
while the corresponding derivative from p-anisidine is also
easily prepared by warming together the appropriate reactants

in ethanolic solution (157). N-benzylidene-m-anisidine has
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not been previously described but the condensation of m-
anlisidine with benzaldehyde was found to take place resdily
with the formation of the required anil. While the most
convenient method of separating this liquid anil involves
heating the reaction mixture to a temperature exceeding 200°
(page 69 ), the fact that the condensation takes place readily .
at room temperature, merely on mixing the aldehyde and amine,
1s shown by the method of formation of N-benzylidene-m-anisi-

dine picrate (page €9 ).

Discussion of Experimental Results.

A. Reactions of Benzidine, o-Tolidine and o-Dianisidine with
Acetophenone and Benzophenone.

(1) Benzidine.

Benzidine was found to condense falrly easily with aceto-~
phenone and benzophenone, the di-anils being formed in reason-
able yleld. The reactlons took place rather more easily than
was expected in view qf Reddelien's obeservations (page 27 ) and
were not dependent on the presence of a catalyst although the
addition of tetralin improved the yleld of the benzophenone
anil. It is probable that the presence of tetralin assisted
in the removal of the water formed in the condensation. In the
acetophenone condensations, the same effect was achieved by the

uge of an excess of acetophenone.
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(11) o-Tolidine.

o-Tolidine reacted easily wlth acetophenone forming the
di-anil but with benzophenone under various conditions of
reaction no corresponding product was 1solated.

(111) o-Dianisidine.

o-Dianisidine failed to yleld distinctive di-anils with
either acetophenone or benzophenone under a variety of condi-
tions.

In those cases above A (ii) and (11i) , where anil form-
ation did not take place, the presence of the catalysts,
anhydrous zinc chloride and piperidine, was not effective in
promoting the reactions. Where anil formation did take place

A (1) and (11) , the nature of these condensation products
followed from thelr ease of hydrolyslis and the identificatlion
of the products of hydrolysis. The reactions of acetophenone
with benzidine and with o-tolidine resulted in the formation
of the corresponding acetophenone anils; 1in contrast to the
acetophenone aniline condensation (page 12 ), no dypnone anils
were lsolated. In the experiments where no di-anil was
1solated, the unchanged starting materlials were recovered in
varying amounts except where drastic reactlon conditions
resulted in extensive decomposition. It is therefore reason-

able to conclude that in these cases anil formation was
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inhibited and, since benzidine condensed falrly easily with
both acetophenone and benzophenone, the inhibition of these
reactions was caused by the presence of the ortho methyl and

methoxyl groups in o~tolldine and o-dianisidine respectively.

Effect of the MNethyl Groups.

Conslderation of the condensatlionsof benzaldehyde with

o-, m=- and p-toluidines (page 37) has demonstrated that the
presence of an ortho methyl group, by reason of the inductive
effect (+I) of the latter, facilitates condensation to the
aldehyde anil. In the case of the acetophenone - o~tolidine
condensation, the yield of di-anll was found to be consider-
ably greater than that obtained in the acetophenone - benzi-
dine condensation. This is accounted for by the facllitating.
éffect of the methyl groups. In the case of the attempted
benzophenone - o-tolidine reaction, however, the failure to
isolate any di-anii appears, at first sight, directly to con-
tradict such considerations. In this case, the results must
be ascribed to the operation of a powerful ortho effect

(page 29) which hinders the reaction. The operation of an
ortho effect which was mainly steric in nature woﬁld explain
the reaction of o~tolidine with acetophenone as opposed to

the fallure to react with benzophenone. In the former case,

the relatively small methyl group of acetophenone would permlt
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reaction but in the latter case, the large, corresponding
phenyl group of benzophenone would interfere with the condensaQ
tion.

Effect of the Methoxyl Groups.

The effect of the methoxyl group on aldehyde anlil forma-
tion has already been discussed (page 38 ); consideration of
the resonance (+T) and inductive (-I) effects has shown that
condensation should be facilltated in the presence of an ortho
methoxyl substituent. The fallure of o-dianisidine to con-
dense with elther acetophenone or benzophenone can only there-
fore be ascribed to the operation of a powerful hindering
ortho effect of the methoxyl groups. This effect appears to
be more powerful than the ortho effect of the methyl groups
which does not inhibit the anil formatlon of o-tolidine and

acetophenone.

It is8 of interest to note that studies of optically
active diphenyls have revealed that the steric effect of the
methoxyl group in preventing coplanarity of the benzene nuclel
1s considerably less than that of the methyl group (page Ul )
( 78 ). Consideration of this observation would lead to the
belief that the hindering ortho effect of the methoxyl groups
on anil formation is not mainly due to steric influences.

Another example of an unexpectedly large ortho effect

due to a methoxyl group. has recently been described; the
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steric effect of the ortho methoxyl can scarcely be respons-

ible for the enhanced basicity of dimethyl o-anisidine (197).

B. Reactions of Benzidine, o-Tolidine and o-Dianlisidine
with Benzoin.

One molecule of each of the three bases: benzidine,
o-tolidine and o-dianisidine was found to condense with two
molecules of benzoin to form the corresponding didesyl-deriva-
tive. The reactions of benzidine and o-dianisidine with
benzoin took place at about 14o°, the condensation products
being formed in good yield. Under simllar conditions, o-toli-
dine did not react with benzoin but, on 1ncreasihg the tempera-
ture to 160° and by prolonging the time of heating, partial
condensation resulted. The most sultable method for the
o-tolidine - benzolin condensatlion was to conduct the reaction
in boiling tetralin whereby a moderate yleld of product was

obtained.

From the above observations, it is evident that it is more
difficult to condense o-tolidine than either benzldine or
o-dlanisidine with benzoin while the condensatlons of benzidine
and o-dianisldine with benzoin take place with comparable ease.
In this case, the ortho effect of the methyl groups which
operates to hinder the reaction must be of greater magnitude

than the ortho effect of the methoxyl groups which does not
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operate perceptibly. The relative ortho effects of the
methyl and methoxyl groups are therefore more in proportion

to their steric effects which, as has already been pointed

out (page &2 ), would predict increased difficulty of reaction

in the case where ortho methyl groups were present.

C. Reactions of some Salts of Benzldine Sulphonlic Acids
with Benzaldehyde.

(1) Disodium Benzidine 2:2'-Disulphonate.

Benzaldehyde was found to readt,'both in aqueous solu-
tion and in the absence of a solvent, with this salt; the
reaction product was found to be unstable and immediately
resinified on removal of the mother liquor. This instablility
resembles that of the addition product of benzylideneaniline

and sodium bisulphite (64).
(i1) Dianiline Benzidine 2:2'-Disulphonate.

Under a variety of reaction conditions, no addition or
condensation product was obtained from this salt and benz-
aldehyde; the starting materials remained unchanged.

The salts of benzidine 2:2'-disulphonic acid thus behave
differently from those of certaln naphthylamine sulphonic
acids (page 31 ); the former do not yield stable, well defin-

ed, condensation products with benzaldehyde. It was
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concluded that the unstable products obtained were of a tyove
unsuited to the original purpose (i.e. the attempted resolu-
tion of benzidine 2:2'-disulphonic acid and its salts). In
view of the unsatisfactory nature of the product obtained in
(11) ebove, it was considered to be of sufficient interest to
investigate one other benzidine sulphonic acid salt of rather
a different type in order to ascertain whether this behaviour
was general in the diphenyl series.

(111) Sodium Benzidine 3-Sulphonate.

This salt condensed easily with benzaldehyde to form the
benzylideneamino-derivative; the reaction took place in aque-
ous solution. The method of formation and characteristic
properties of the product resembled those of the corresponding
products derived from the naphthylamine sulphonic acid salts
to which reference has already been made. The formation of
unstable reaction products with benzaldehyde is not therefore
general iith salts of aminosulphonic acids of the diphenyl

serles.

D. Anil Condensations of 2-Nitrobenzidine.

(1) Acetophenone.

In connection with aldehyde anil formation, it has already

been indicated that the introduction of the nitro group into
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the meta position does not hinder condensation but that a

definite hindering effect is to be expected and is experiencedr
when the nitro group is located in the ortho or para positionsi
Consideration of these facts, in conjJunction with the failure E
to 1solate stable anils from sodium benzidine 2:2'~disulphon- |
ate, indicated that a limited investigation of the anil forma-
tion of a further benzidine derivative containing the nitro
group, also a negative group, in the ortho position to the
pilvot bond, might reveal some interesting peculiarities. The

benzidine derivative chosen was 2-nitrobenzidine, since it

.-appeared likely that mono-anil formation would take place were

the influence of the nltro group sufficlent to inhibit the
reaction of the amino group in the same benzene nucleus.

With acetophenone, however, it was not possible to
isolate either a mono or di-anil using the conditions of
reaction under which benzidine yields the corresponding di-
anil. It is evident that the presence of one nitro group in
the 2 position in the benzldine nucleus exerts a powerful
hindering effect on the ketone anil formation of both amino
groups.

(2) Salicylaldehyde.

With regard to aldehyde anil formation,however, 2-nitro-

benzidine appeared to react normally, both amino groups taking
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part in the formation of the following di-anils which have
been previously described in the literature (202):-
N:N'-dibenzylidene-2-nitrobenzidine, N:N'-bis(4-nitrobenzyli-
dene)-2-nitrobenzidine and N:N'-bis(2-hydroxy-3-methoxybenz-
ylidene)-2-nitrobenzidine. These anils are easlily formed by
condensation of the appropriate aldehyde with 2-nitrobenzi-
dene in ethanolic solution.

Further confirmation of the normal condensations of
2-nltrobenzidine with aromatic aldehydes was forthcoming from
a study of the reaction with salicylaldehyde. 2-nitrobenzidine

was found to condense normally with two molecules of salicyl-

aldehyde to form N:N'-disalicylidene-2-nitrobenzidine in
excellent yield (page 67 ); this reaction took place in
ethanolic solution and also by direct heating of the aldehyde

and amine.

E. Condensations of m-Anisidine, o-Tolidine and o-Diani-
sldine with Benzaldehydse.

The condensation of m-anisidine with benzaldehyde was
investigated in order to complete the information required
concerning the reactions of the three isomeric anisidines with
benzaldehyde (page 39 ).

The condensation of benzidine w1£h benzaldehyde has been

previously described (176). Although the melting point of
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N:N'-dibenzylidenefo-tolidine is listed in a recently publish- |
ed handbook of analysis (150), a search of the available
literature did not, however, reveal the original reference
from which it was desired to ascertain the conditions under
which the condensation took place. The condensation of
o-dlanisidine with benzaldehyde has not been previously
described. In order, therefore, to complete the information
required for a comparison of the behaviour of bénzidine,
o-tolidine and o-~dianisidine, the condensations of o-tolidine
and o-dianisidine with benzaldehyde were investigated.

(1) m-Anisidine. The essential features of this

reaction have already been discussed (page 39 ).
(2) o-Tolidine. The formation of the dibenzylidene

derivative took place easily on the addition of benzaldehyde

to a hot ethanolic solution of the amine.

(3) o-Dianisidine: The formation of the dibenzylidene

derivative of o-dianisidine took place easily on boiling an
ethanolic solution of one molecule of the dlamine with two
molecules of benzaldehyde. The constitution of N:N'-dibenz-
ylidene-o~dlanisidine followed from the analysis and the
identification of the products of hydrolysis. This anll was
much more soluble in organic solvents than the ketone anlls

derived from benzidine and o-tolldine and, for thils reason,
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1t was possible to prepare a picrate by using solutions of
the anil and picric acid in benzene.

It is of interest to note that the anil existed in at
least three distinct physical forms; the crude anll was
first obtained as a brown liquid resin which solidified to an
amorphous solid which, in turn, could be obtained in a cryst-
alline form and which melted on heating to form a clear red
liquiad. Other examples of polymorphism of aldehyde anils
of o-tolidine and o-dlanisidine were previously described by
Vorlander (203); dlanisylidene-o-dianisidine, dicinnamylidene-

-0-tolidine and dlanisylidene-o~tolidine, for example, were

obtained in a resinous or glass-like nature at room tempera-

ture.

The ease of fofmation of N:N'-dibenzylidene-o-dianisidine
and the corresponding derivatives from benzidine and o-toli-
dine (176, 150) 1llustrates the absence of a hindering ortho
_ effect on the aldehyde anil formation as compared with that

found in the ketone anll formation of the three bases.

(B) THE NITROSYL CHLORIDE TETRAZOTISATION OF BENZIDINE.

For the reason already stated (page 31 ), the first
experiment was conducted with benzidine dihydrochloride. 1In

order to moderate the reaction and maintain a close
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temperature control, benzene was used as a solvent and as a
medium for the suspension of the benzidine salt. The reac-
tion was found to be variable and the tetrazotised product
invariably contained some unreacted benzidine dihydrochloride,
in unfavourable cases amounting to more than 55% of the
reaction product. Proof of tetrazotisation was obtalned by
lsolation of the bis[azo-ot—naphthoi] derivative in low yleld,
34%, as compared with the 91% yield obtained by the orthodox
procedure (146). The replacement of benzidine dihydrochlor-
ide by the free amine resulted in a less satisfactory tetra-
zotisation.

More satisfactory tetrazotisation resulted, however,

when the dihydrochloride was replaced by sulphate. Evidence

of tetrazotisation of benzidine sulphate was obtalned by con-
version #08 4:4'-dihydroxydiphenyl, in approximately 68% yield
which compares not too unfavourably with the 79-83% obtained

by the orthodox procedure (94).
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EXPERIMENTAL SECTION

(A) ANIL CONDENSATIONS OF SOME BENZIDINE DERIVATIVES.

BENZIDINE-ACETOPHENONE REACTION. i

M. MM |

4+ Q Ph.CO. Me + 2Hz0

Procedure:

The reaction mixture, benzidine (T.4g., 1! mol.) and
acetophenone (23.4ml., 5 mols) was heated and after seven
minutes, at a vapour temperature of 100°, a small amount of

water distilled. After a further five minutes, when most

of the excess acetophenone had distilled (202°) and the
total volume of distillate amounted to 10ml., heating was
discontinued (Note 1). The reaction mixture, on cooling,
solidified to a brownish solid which, on treatment with
ethanol, ylelded a pale yellow powder, which when filtered,
washed with ethanol, pressed on porous tile and dried in
vacuo over solid potassium hydroxide, yielded crude N:N'-bis

(t-phenylethylidene)benzidine (8.8¢., 57%). Recrystallisation
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from dioxan gave pale yellow, rhombic plates; m.p.242°.

Analysis: Found: N,T7.21%. C,gH,yN, requires N, 7.22%.

N:N'-bis(i~-phenylethylidene)benzidine. Properties.

(1) Moderately soluble in hot decalin; slightly soluble
in hot benzene, dioxan, carbon tetrachloride or ethylene
glycol monomethyl ether and almost insoluble in petroleum
ether or ethanol. '

(2) Readily hydrolysed by dilute mineral acids.

(3) Soluble in concentrated sulphuric acid to form a

yellow golution.

(4) Exposure to the air for a few hours caused super-
ficial decomposition with the formation of characteristic,
blue, benzidine oxidation products. It was consequently

necessary to store the anil in vacuo.

Note 1. Longer periods of heating caused formation of dark
coloured tars of disagreeable odour. Lower yields were also
obtained by shorter periods of heating or when the condensa-

tion was conducted in boiling ethanol.

Hydrolysis.
The anil was warmed with excess of 5N. hydrochloric acid

when hydrolysis took place almost immediately. While the
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solution was still warm, a certain amount of the colourless
hydrochloride of the base was precipitated and, on dilution
with water and cooling, further precipitation of the hydro-
chloride of the base occurred. The latter was filtered off
and washed with water and with ether. The dry hydrochloride
on treatment with warm aqueous ammonia yielded the free base
which was filtered off, washed with water and dried; m.p.
1270, undepressed by the additlon of authentic benzidine;
m.p.127°. The base was dissolved in warm dilute acetic acid
and acetic anhydride was dropped into the solution until pre-
clpitation of the acetyl derivative was complete. This was
filtered off, washed with water and dried; m.p.316~317°,
undepressed by the addition of authentic N:N'-diacetylbenzi-
dine; m.p.316-317°.

The combined filtrate and washings from the base hydro-
chloride was extracted twice with ether and the combined ether
extracts on evaporation yielded a ketone which was proved to
be acetophenone as follows: The ketone was treated with
excess saturated aqueous semicarbazide hydrochloride solution.
On addition of a few drops of pyridine and after stirring for
a short time, the semlcarbazone of the ketone was precipitated

in the form of a colourless solid. This was filtered off,
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washed with water and dried; m.p.198°, undepressed by the

addition of authentic acetophenone semicarbazone, m.p.198°.

O-TOLIDINE -~ ACETOPHENONE REACTION.

Me Me Ph\ Me Me ) Ph
+ +
2 Ph . CO.Me Q HaO

Procedure:

0-~Tolidine (8.5g., 1 mol.) and acetophenone (23.5ml., 5
mols.) were heated together in a 100ml. distillation flask.
A certain amount of reflux took place and, at a vapour tempera-
ture of 100%, a small volume of water distilled. When the
excess of ketone had distilled, at a vapour temperature of
202°, heating was discontinued. On cooling, the reaction
mixture solidified to a light brown solid which was extracted
with ethanol and dried, yielding crude N:N'-bis(!-phenylethyli-
dene)=-o-tolidine (12g., 72%). | The pure compound (m.p.19%1.5°)
was obtained as pale yellow, well defined, rhombohedra by re-
crystallisation from dioxan.

Analysis: Found: N,6.82%. C3°H28N2 requires N,6.73%.
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The general properties of this anil were found to resem-
ble closely those of N:N'-bis(1-phenylethylidene)benzidine
(page 52 ); similar solubilities in organic solvents, super-
ficial decomposition on exposure to the ailr for a few hours
and complete and rapld hydrolysis by dilute mineral acids

were observed.

Hydrolysis:
This was effected by the procedure already described for

the hydrolysis of N:N'-bis(1-phenylethylidene)benzidine

(page 52 ); free base, m.p.129°, undepressed by the addition
of authentic o-tolidine, m.p.129°; acetyl derivative of free
base, m.p.314°, undepressed by the addition of N:N'-diaecetyl-
o-tolidine, m.p.314°%; semicarbazone of ketone, m.p.198°,
undepressed by the addition of authentic acetophenone semicar-

bazone, m.p.198°.

0-DIANISIDINE - ACETOPHENONE REACTION.

Procedure:

(a) The procedure described for the preparation of
N:N'-bis(1-phenylethylidene)benzidine was repeated using an
equivalent quantity of o-dianisidine. The reaction product
consisted of the unchanged starting materials together with a

emall amount of dark tar. Using the same procedure, it was
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found that longer periods of heating gave a dark glassy solid

which separated from ethanol as a brown, uncrystallisable gum.

(b) Repetition of the procedures (a) with the addition
of a few drops of plperidine to the reaction mixture yielded
similar results.

(c) Mixtures of o-dianisidine (1 mol.) and acetophenone
(2 mols.) were heated in open vessels at different temperatures
and for varying periods of time. These experiments were re-
peated with the addition of anhydrous zinc chloride to the
reaction mixture. In all cases where the starting materials
were not recovered from the reaction product, the latter was
found to consist of an uncrystallisable gum.

(d) 1In the presence of tetralin or glaclal acetic acid

no condensation was effected.

In (a) (b) and (c) above, in those cases where the reaction
mixture was heated for considerable periods of time at high
temperatures, disagreeable odours similar to those in the
benzidine - acetophenone reaction (page 52 , Note 1) were

observed.

BENZIDINE - BENZOPHENONE REACTION.
Ph _Ph
S =
"’“Q—ONH‘ pn €=M Q__Q“ € ~pu
+ — +

q Ph,CO 4 Ha 0
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Procedure:

Benzidine (9g., 1 mol.), benzophenone (27g., 3 mols.) and
tetralin (10g.) were heated together. At a vapour tempera-
ture of 100°, some water distilled and after most of the tetra-
1in had distilled at a vapour temperature of 21009, the reaction
mixture, on cooling, formed a viscous resin. This, on treat-
ment with ethanol, was almost completely converted to a
yellowish solid which was filtered off, washed with a little

ethanol and dried in vacuo. The crude N:N'-dibenzohydryli-

denebenzidine (14.5g., 58%) was purified by recrystallisation
from dioxan giving yellow needles; m.p.224°.

Analysis: Found: N,5.42%. 638H28N2 requires N,5.47%.

The properties of this anil were also found to resemble
closely those of N:N'-bis(i-phenylethylidene)benzidine (page

52 ) and N:N'-bis(1-phenylethylidene)-o-tolidine (page Sk ).

Hydrolysis:
This was agaln effected by the procedure already described

for the hydrolysis of N:N'-bis(i1-phenylethylidene)benzidine
(page 52 ) gliving; free base, m.p.127°, undepressed by the
addition of authentic benzidine, m.p.127%; acetyl derivative

of free base, m.p.316-317°, undepressed by the addition of
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authentic N:"-diacetylbenzidine, m.p.316-317°: phenylhydra-~
zone of ketone, m.p.137°, undepressed by the addition of

authentic benzophenone phenylhydrazone, m.p.137°.

O-TOLIDINE -~ BENZOPHENONE REACTION.

Procedure:

(a) The procedure described for the preparation of N:N'-
dibenzohydrylidenebenzidine was repeated using an equivalent
amount of o-tolidine. After the tetralin had distilled at
2100, the vapour tempgrature rose to 230°, when heating was dis-
continued. bn cooling, the reaction mixture formed an uncryst-
allisable tar. éimilar results were obtained with increased
and'reduced amounts of tetralin in the original reaction mixture.

(b) A mixture of o-tolidine (! mol.) and benzophenone
(2 mols.), contained in an open vessel, was heated at 220° by
means of a metal bath for thirty minutes during which the
liquid mixture darkened in colour; On cooling, the mixture
solidified to a lisht-coloured hard materisal which consisted
mainly of unchanged starting materials. Similar results were

obtained with the addition of piperidine (12 drops) to the

original reaction mixture.

(c) Procedure (b) was repeated; 1in thls case, however,

a melt temperature of 27o° was maintained for the same period
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of time. The starting materials were recovered unchanged
and similar results were obtained in the presence of piperi-
dine (12 drops).

‘(d) Procedure (c) was repeated using anhydrous zinc
chloride (4g.) in place of piperidine; similar results were

obtained.

O-DIANISIDINE - BENZOPHENONE REAGTION .

Procedure:

Utilising the procedures described under the o-tolidine-
benzophenone reaction, similar negative results were obtained;
in those cases where the starting materials were not recover-
ed from the final reaction mixture, the latter was found to

consist of a dark, uncrystallisable tar.

BENZIDINE - BENZOIN REACTION.

Procedure:

A mixture of benzidine (3.7g., 1! mol.) and benzoin
(8.5g., 2 mols.) in an open, 100ml., conical flask was slowly
heated by means of an oll-bath. The mixture was stirred
from time to time by means of a thermometer and after about
twelve minutes' heating when the temperature of the mixture

was about 140°, frothing took place and steam was evolved.
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The oil-bath was maintained at 150-160° for a further eight
minutes wﬁen the reaction mixture caked to a hard yellow
gsoliad., After cooling, the contents of the flask were powder-
ed and extracted with boiling ethanol (40ml.) for ten minutes.
The cooled mixture was filtered, the residue washed with
ethanol and dried in vacuo; N N'-didesylbenzidine was thus
obtained in the form of an amorphous, yellow powder (9.7g.,
85%). A portion of the product was purified by recrystalli-
sation from ethylene glycol monomethyl ether from which it
separated in the form of four~-sided micro needles; m.p.220-
221°,

Analysis: Found: N,5.08%. C4oH320,N, requires N,4.90%.

N:N'-didesylbenzidine was found to be almost insoluble
in ethanol, acetone, ether or petroleum ether; very sparingly
soluble in benzene, toluene or decalin; slightly soluble in
hitrobenzene, pyridine, tetralin, dioxan or ethylene glycol
monomethyl ether. The compound was particularly resistant
to hydrolysis; prolonged exposure to the alr was without
effect while prolonged boiling with concentrated hydrochloric
acld produced minute amounts of benzoin leaving the main bulk

of the desyl compound unattacked.
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O-TOLIDINE - BENZOIN REACTION.

Procedure:

A mixture of o-tolidine (3.5g., 1 mol.), benzoin (7.5g.,
2.1 mols.) and tetralin (10g.) was heated for forty-five
minutes when a small amount ofl water and most of the tetralin
distilled. A clear, amber-coloured melt was formed and, on
cooling and bolling with ethanol, was converted to a brownish-
yellow solid which was flltered off and dried in vacuo. The
impure N:N'-didesyl-o-tolidine was further purified by a
second ethanol extraction which resulted in the formation of
a deep yellow solid (5.0g., 50%). The product was recryst-
allised from dioxan from which it separated as flat, four-
sided, microneedles; m.p.192°.

Analysis: Found: N,4.71%. CyoH5c0,N, requires N,4.67%.

N:N'-didesyl-o-tolidine closely resembled N:N'-didesyl-
benzidine in its relative insolubility in organic solvents

and in its extreme resistance to hydrolysis by mineral acids.

O-DIANISIDINE - BENZOIN REACTION.

Procedure:

A mixture of o-dianisidine (2.4g., t mol.) and benzoin

(4.2¢., 2 mols.) contained in an open, 100ml., conical flask
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was slowly heated by means of an oil-bath. The mixture was
stirred from time to time with a thermometer and after about
seven minutes' heating when the temperature of the molten
mixture was about 1400, frothing took place and steam was
evolved. The temperature of the reaction mixture was main-
tained at 150-160° for a further ten minutes when frothing
ceased and the mixture set to a hard, orange-yellow solid.
This was powdered and refluxed with ethanol (25ml.) for ten
minutes. The cold mixture was filtered and the residue was
washed with a little ethanol, pressed on porous tile and dried
in vacuo giving N:N'-didesyl-o-dianisidine (5.5g., 88%). A
portion was purified by recrystallisation from ethylene glycol
monomethyl ether from which it separated in the form of micro-
needles; m.p.196-202° (with previous softening).

Analysis: Found: N,4.63%. 042H3604N2 requires N,4,.43%.

This compound also closely resembled N:N'-didesylbenzi-
dine in its low solubility in organic solvents and its resist-
ance to hydrolysis by mineral acids.

OTHER PROCEDURES FOR BENZOIN CONDENSATIONS.

While the three procedures which have just been described
resulted in the formation of the desyl derivatives of benzi-

dine, o-tolidine and o-dianisidine respectively, it was found
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that these derivatives were not formed by bolling together
benzoin (2 mols) with the appropriate diamine (1 mol.) in
ethanolic solution. In addition, benzoin (2 mols) failed to
condense with o-tolidine (1 mol.) at 140°, while prolonged
heating at 160° resulted in partial condensation to the desyl

derivative.

DISODIUM BENZIDINE 2:2'-DISULPHONATE - BENZALDEHYDE REACTION

Procedure 1t.

Disodium benzidine 2:2'-disulphonate (3g., 1| mol.) was
heated in an open vessel with benzaldehyde (5g., 2.5 mols).
After boiling for fifteen ﬁinutes, the yellowish mixture was
set aside to cool when a colourless paste was formed. The
latter was extracted with ethanol in which it was almost com-
pletely soluble except for a small amount of colourless solid
which was filtered off, washed with ethanol and recrystallised
from aqueous ethanol. This was found to conslist of unchanged
sodium salt. On concentration, the ethanolic extract pre-
cipitated a gum which was redissolved by the addition of
ethanol. The slow dropwlise additlon of ether to the ethanolic
solution produced a yellowish precipitate which resinified to

a light brown gum on removal of the mother liquor.
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Procedure 2.

A concentrated aqueous solution of disodium benzidine
2:2'-disulphonate (1 mol.) was shaken with benzaldehyde (2
mols) when formation of & deep yellow colour wag observed.
The solutlion, on remaining three days at room temperature,
produced a small amount of yellowish precipitate which also
resinified to a light brown gum on removal of the mother

liquor.

DIANILINE BENZIDINE 2:2'-DISULPHONATE - BENZALDEHYDE REACTION.

It was found that dianiline benzidine 2:2'-disulphonate
did not condense with benzaldehyde when a mixture of these
substances was heated elther alone or in the presence of a
small amount of piperidine; in both cases the aniline salt was
recovered unchanged from the reaction mixture. In addition,
when an aqueous suspension of the aniline salt was shaken with

benzaldehyde, no reaction occurred.

BENZIDINE 3-SULPHONIC ACID.

This compound was prepared by heating dry powdered

benzidine acid sulphate as described by Griess and Duisberg

(83, 14).

o T mm——
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SODIUM BENZIDINE 3-SULPHONATE.

This compound was prepared by dissolving benzidine
3=-sulphonic acid in excess of aqueous sodium hydroxide solu-
tion and evaporating to dryness. The residue was extracted
with hot ethanol and the undissolved salt was filtered off,

washed twice with ethanol and dried at 80°.

SODIUM BENZIDINE 3-SULPHONATE - BENZALDEHYDE REACTION.

Benzidine 3-sulphonic acid (1 mol.) was dissolved in
aqueous sodium carbonate solution and a small amount of
ethanol and benzaldehyde (2 mols) were added. The mixture
wag vigorously shaken and allowed to remain at room tempera-
ture for several hours when golden-yellow, lustrous, four-
sided leaflets were precipitated. These were filtered off,

washed with ethanol and dried in vacuo. The filtrate on

concentration ylelded a further small amount of the same pro-

duct, sodium N:N'-dibenzylidenebenzidine 3-sulphonate.

Analysis: Found: N,5.97%. CogHyg0 3 N, SNa requires N,6,06%.

This anll was not decomposed by cold water but was slowly

hydrolysed by bolling water with the liberation of benzalde-

hyde. Warm dilute hydrochloric acid also hydrolysed the anil

with the transient formation of an orange-yellow compound
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which almost immedilately decomposed with the formation of
benzaldehyde and benzidine 3-sulphonic acid. The anil was

found to be insoluble in the usual organic solvents.

2-NITROBENZIDINE.

This was obtained from the impure technical product by
recrystallisation of the sulphate according to the directions
of Cain and May (41). This method was found to be more
effective than recrystallisation of the crude base from elther

water or agueous ethanol.

2-NITROBENZIDINE - ACETOPHENONE REACTION.

In a distillation apparatus fitted with a fractionating
column, 2-nitrobenzidine (5g., 1 mol.) and acetophenone (18g.,
7 mols) were heated for one hour when most of the acetophenone
distilled. It was noted that the distillate 4id not contain
water. The reaction mixture, on cooling, formed a dark red
brown viscous liquid which could not be crystallised. This
material was soluble in ethanol from solution in which, how-
ever, no crystalline solld was obtained on concentration.

The starting materials were recovered from this ethanolic
solution of the reaction product as follows: the ethanol was
removed by evaporation, the recovered reaction product was

boiled with phenylhydrazine and the mixture boiled for a short
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time with ethanol. The ethanolic solution, on cooling, pre-
cipitated the solid phenylhydrazone which was filtered off,
washed twice with ethanol and dried; m.p.105°, undepressed
by the addition of authentic acetophenone phenylhydrazone;
m.p.105°. The ethanolic filtrate from the phenylhydrazone
wag warmed and excess acetic anhydride was added when the
acetyl derivative of the amine was precipltated. This was
filtered off, washed several times with ethanol and dried;
m.p.X 310°%, undepressed by the addition of authentic N:N'-

diacetyl~-3-nitrobenzidine; m.p.§1310°.

2-NITROBENZIDINE - SALICYLALDEHYDE REACTION.

Procedure 1.

2-Nitrobenzidine (5g., 1 mol.) and salicylaldehyde (10g.,

4 mols) were heated together. At a vapour temperature of
100°, some water distllled and heating was continued for a
further fifteen minutes. At this stage, most of the excess
salicylaldehyde had dlstilled and the vapour temperature had
risen to 160°. - The reaction mixture, on cooling, formed a
pale brown solld whiéh was powdered and extracted twice with
separate portions of boiling ethanol. The crude anil thus
obtained was filtered, washed with ethanol and dried (9.1g.,

95%); m.p.178-183°. A portion of the product was purified



68

byrecrystallisation from dioxan from which it separated in
the form of pale yellow, glistening, rhombic plates; m.p.
185°,

Analysig: Found: N,9.36%. 025H1904N3 requires N,9.61%.

N:N'-disalicylidene-2-nitrobenzidine thus preparéd was
almost insoluble in ether or ethanol and moderately soluble
in benzene or dioxan; bolling with dilute hydrochloriec acid
rapidly hydrolysed the anil with the formation of salicyl-~
aldehyde and 2-nitrobenzidine.

Procedure 2.

Ethanolic solutions of 2-nitrobenzidine (2g., 1 mol.)
and salicylaldehyde (2.1g., 2 mols) were mixed and, after a
few minutes, a dense yellow precipitate was formed. The
mixture was then refluxed for a short time and allowed to
cool. The solld was filtered off, washed and dried giving
the crude anil (3.6g., 94%); m.p.175-180°. A portion was
recrystallised from dloxan; m.p.185°, undepressed by the
addition of agfggntic N:N'-disalicylidene~2-nitrobenzidine;
m.p.185°, prepared by procedure 1.
M-ANISIDINE.

This compound was prepared according to the directions

of Reverdin and de Luc (168) by the following route:-
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m—aminophenyi-» N-acetyl-m-aminophenyl - N-acetyl-m-anisidine

- m—anisidine.o

M-ANISIDINE - BENZALDEHYDE CONDENSATION.

m~-Anisidine (10.1g.) was added to benzaldehyde (8.7g.)
when the liquid mixture warmed spontaneously and became
turbid. After remaining at room temperature for four hours,
the mixture was distilled under reduced pressure. Water
distilled first followed by a pale yellow oil (12.5g., 72%),
b.p.9_10mm.196—200°. A portion of the product was redis-
tilled under reduced pressure gilving pure N-benzylidene-mn-
anididine, b.p. gy, 192-193°.
Analysis: Found: N,6.55%. Cy,H,;ON requires N,6.63%.

This compound, which did not crystallise on remaining
at room temperature for several weeks, was easlily hydrolysed

by hot dilute hydrochloric acid with the regeneration of

m-anisidine and benzaldehyde.

N-BENZYLIDENE-m-ANISIDINE PICRATE.

A slight excess of ethanolic plcric acid (1.2mols) was
added to a mixture of benzaldehyde (1 mol.) and m-anisidine
(f mol.). The clear yellow solution was shaken and, in the
course of a few minutes, spherical clusters of yellow needles

commenced to separate. When precipltation was complete, the
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product was filtered off and dried. The N-benzylidene-m-
anisidine picrate, which was thus obtalined in almost theoreti-
cal yleld, was essentlally pure; m.p.122°. A small amount
was recrystallised from ethanol. |

Analysis: Found: N,12.8%. 020H1608N4 requires N, 12,8%.

This compound was unstable, decomposing slowly in

contact with air.

The same compound was also formed on mixing ethanolic"

solution of N-benzylidene-m-anisidihe and picric acid.

O0-TOLIDINE - BENZALDEHYDE REACTION.

This reaction yielded N:N'-dibenzylidene-o-tolidine

which has been previously described in the literature (page

#8 ).
To a hot solution of o-tolidine (4g., 1 mol.) in ethanol

(30 m1.) was added benzaldehyde (4g., 2 mols). Tne solution,
on cooling, deposited N:N'—dibeﬁzylidene-o~tolidine as a pale
yellow, finely-divided solid (5.5g., 76%); m.p.149-150°.

A portion of the product was recrystallised from benzene-
petroleum ether glving the pure compound ae small, yellow
needles; m.p.154° (Note 1).

Analysis: Found: N,T7.12%. Calculated for CogHpyNy: N, 7.22%.

Hydrolysis of this compound to benzaldehyde and o-tolidine
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was easglly effected by means of warm dilute hydrochloric acid.i

Note 1. The previously recorded melting point 1is 1520

(page &7 ).

Q-DIANISIDINE - BENZALDEHYDE REACTION.

Procedure:

To a boiling solution of o-dianisidine (4.9g., 1 mol.)
in ethanol (40ml.), benzaldehyde (4.2g., 2 mols) was added.
After boiling for a few minutes, the solution was allowed to
cool to room temperature when a brown, resinous liquid was
precipitated on the walls of the containihg vessel. This
liquid was converted to a pale coloured, amorphous solid by
scratching and agitation with a glass rod. After remaining
at room temperature for twenty-four hours, the suspenéion wasg
filtered and the dull yellow solid thiis obtained was washed
twice on the filter with successive small volumes of chilled
ethanol. The crude powdered anll was further purified by
extraction with boiling ethanol (30ml.) after which it was
dried in vacuo (7.4g., 88%); m.p.149-151° to a clear red

liquid. A specimen of the pure anil, N:N'-dibenzylidene-o-

dlanisidine, was obtained for analysis by two recrystallisations
of the crude product from methanolic benzene and was thus
obtained in the form of small, pale yellow plates; m.p.1550,

almost insoluble in ether, petroleum ether or methanol,
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slightly soluble in hot ethanol and soluble in warm benzene

or toluene.

Analysis: Found: N,6.65%. CpogHypOoN, requires N,6.67%.

Hydrolysis:
Dilute hydrochloric acid was added to a small amount of

the pure anil; the latter was immedlately coated with an
orange coloured solid which quickly decomposed and dissolved
on warming the mixture. The latter was heated to boiling,
cooled and extracted with ether. The aqueous layer was
basified with sodium hydroxide solution and the crude amine
thus precipitated was filtered off, dried on filter paper and
recrystallised from aqueous methanol. The freshly prepared
amine was almost colourless but, on exposure to the air for
several hours, discolouration occurred; m.p.137—138°, und e~
pressed by the addition of authentic o-dlanisidine, m.p.137-
138°. The amine was converted to the dlacetyl derivative
by the additlion of excess acetic anhydride to the solution
of the amine in glacial acetic acid, bolling for a few
minutes, cooling the solution after dilution with water, and
setting aslde to crystallise. The dlacetyl derlvative was

filtered off, washed several times with water then with methan-

0ol and dried; m.p.242°, undepressed by the addition of authentic
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N:N'-diacetyl-o-dianisidine, m.p.242°.

The ethereal layer was flltered, the ether evaporated
and a concentrated aqueous solution of sodium acetate and
semicarbazide hydrochloride-added to the oilly residue. The
semicarbazone was quickly formed on stirring; this was
filtered, washed with water and dried; m.p.222°, undepressed
by the addition of authentic benzaldehyde semicarbazone, m.p.

2229,

N:N'-DIBENZYLIDENE-O-DIANISINDE DIPICRATE.

A hot solution of N:N'-dibenzylidene-o-dianisidine (1
mol.) in benzene was added to a hot solution of picfic acld
(2.5 mols) in benzene. The dipicrate was precipitated immed-
lately in the form of a finely divided, orange solid; m.p.(qu
202-203°%; (yleld, almost theoretical). This compound was
almost insoluble in benzene and was decomposed into its con-
stituents by warm ethanol.

Analysis: Found: N,12.9%. 028H2402N2+2(06H307N3) requires
N,12.8%.
ANALYSIS.

Estimation of the nitrogen content of the ketone anils
was effected by the slightly modified Kj)eldahl method describ-
ed by H.E. Crossley (60). This method afforded satisfactory
results with the anils used, the disadvantage being this relat-
ively large quantity of the substance (0.8 - 1.0g.) necessary

for duplicate estimationa.
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(B) THE NITROSYL CHLORIDE TETRAZOTISATION OF BENZIDINE.

CONVERSION OF BENZIDINE TO THE BIS(AZO-o{ -NAPHTHOQOL) DERIVATIVE

BY MEANS OF NITROSYL CHLORIDE.

To a mechanically stirred suspension of finely powdered
benzidine dihydrochloride (5.8g., 1 mol.) (Note 1) in dry
benzene (50ml.) at 0°, was gradually added a solution of
nitrosyl chloride (3g., 2 mols) in dry benzene (50ml.) cooled
to 0°. After the addition of the nitrosyl chloride solution,
stirring was continued for fifty minutes, the temperature of
the mixture being maintained at -5 to 0°. The suspension was
filtered and the residue washed with a small amount of chilled
benzene. The light grey solid thus obtained was dried in
warm air (Note 2), dissolved in ice-cold water (25ml.) and the
solution filtered to free it from a slight amount of suspended
matter. This solution (Note 3) was added gradually to a
stirred, ice-cold solution of o -naphthol (6.6g.) in ethanol
(220m1.). The mixture was allowed to remain at room tempera-
ture for twenty-four hours.‘ The so0lid product was filtered
off and warmed with excess of aqueous sodium acetate solution.
This solution was filtered and the residue was washed well
with water and dried (3.8g., 34%). This solid, on recryst-
allisation from pyridine, formed a dark green solid; m.p.

2129, undepressed by the addition of authentic diphenyl-4:4"'~
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bis[(azo-#)-naphthol-(1)], m.p.212°. The characteristic
properties of the product weré also found to be identical with .
those of the authentic compound: 1insoluble in bolling water
or dilute hydrochloric acid, sparingly soluble in ether or
benzene to give yellow-red solutions and soluble in acetone
to give an orange-red solutlion which was coloured violet on
the addition of ethanolic potassium hydroxide.

Note 1. Replacement of the benzidine dihydrochloride by
the equivalent quantity of benzidine resulted in the formation

of a mixture of benzidine dihydrochloride and benzidine tetra-

zonium chloride together with a brown, water-insoluble sub-
stance - probably a dlazoamino compound. The action of
nitrosyl chloride on the free base did not result in a satis-

factory tetrazotisation.

Note 2. In a separate experiment, the alr-dried reaction
product was examined as follows. On touching a small piece

with a hot metal rod, decomposition occurred with a slight
noise and with the coplous evolutlion of fumes. Another por-

tion was dissolved in water and the deeply coloured solution

(a) gave a red-blue preclpitate on addition to excess alkaline
/3 -naphthol solution and (b) effervesced violently on warming.
Note 3. From this point the procedure is essentlially that

described by Mohlau and Kegel (146).
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DIPHENYL~4:4'-BIS [(AZ0-4)-NAPHTHOL-(1)]) .

This compound was prepared according to the instructions

of Mohlau and Kegel (146).

CONVERSION OF BENZIDINE TO 44'-DIHYDROXYDIPHENYL BY MEANS OF

NITROSYL CHLORIDE.

To a mechanically stirred suspension of finely powdered

benzidine sulphate (7.6g., 1 mol.) in dry benzene (80ml.)
cooled to 0°, was gradually added a solution of nitrosyl
chloride (3.6g., 2 mols) in dry benzene (30ml.) cooled to

0°. After the addition of the nitrosyl chloride solution,

the mixture was stirred at 0° for a further fifteen minutes
when a bright yellow solid remalned in suspension. Thls was
filtered off, washed with a small amount of chilled dry benzene
and gently dried in warm air. The dry solid was added to 5%
aqueous sulphuric acid(SOOml.) and steam was passed through

the mixture until the tetrazonium salt was completely decom-
posed. During the passage of the steam, effervescence took
place and a light cream coloured solid was deposited. A small
amount of tarry material which adhered to the steam inlet tube
wag removed and the crude solld product was filtered off and
dried (5.3g.). This was recrystallised from boiling water

(4 1litres) giving the pure product (2.7g.). The aqueous

mother liquors on concentration deposited a further 0.7g. of
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‘the product. The product thus amounted to 3.4g. (68%);
m.p.271-272°, undepressed on the addition of authentic 44t
dihydroxydiphenyl, m.p.271-272°. In addition, the charact-
eristic properties of the product were found to be identical
with those of the authentic compound: an almost colourless
crystalline solid which was sparingly soluble in water and
separated therefrom in small needles, easily soluble in
ethanol or ether and which gave a brilliant violet colour
with bleaching powder solution.

Note 1. The replacement of benzidine sulphate by the
equivalent quantity of benzidine dihydrochloride in this
preparation did not give satisfactory results; a lower yield
of impure 4:4'~dihydroxydiphenyl was obtained.

Note 2. From thls point the procedure is essentially that
of Hirsch (94).

4:4'-DIHYDROXYDIPHENYL.

This compound was prepared according to the directions

of Hirsch (94).

ESTIMATION OF THE TETRAZOTISATION OF BENZIDINE DIHYDROCHLORIDE

BY NITROSYL CHLORIDE.

The first part of the procedure for the preparation of
diphenyl-#:A'-bis[(azo-4)-naphthol-(1)], (page Th ), was re-

peated and the dry benzene-washed reaction product (Note 1)
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was treated as follows:- The product (2g.) was dissolved 1n E
lce-cold water and this solution was slowly added with stirr-
ing to a cold, alkaline solution of B -naphthol (2g.); an
excess of alkali was used 1n order to maintain the alkalinity
of the mixture after this addition. After remaining over-
night, the red-blue preciplitate was filtered, washed with a
small amount of cold water and dried. The finely powdered
so0lld was extracted with warm dilute acetic acid, filtered and
acetic anhydride was added to the filtrate until no further
precipitation of solild occurred. The product was filtered,
purified by bolling with ethanol and dried (1.2g.); m.p.
316-3170, undepressed by the addition of authentic N:N'-
diacetylbenzidine; m.p.316-317°.

If it is assumed that the conversion of benzidine
dihydrochloride to N:N'-diacetylbenzidine takes place in
theoretical yield, the amount of the former 1ln 2g. of the
reaction product was therefore 1,15g., 1.e. the reaction pro-
duct contained 55% of benzidine dihydrochloride. Since benzi-
dine dihydrochloride 1s almost but not quite wholly converted
under these conditions to N:N'-diacetylbenzidine, it is evident

that the reaction product consisted of slightly more than 55%

of benzidine dihydrochloride. -
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Note 1. The product was found to be variable in composi-

tion; in one experiment reproducible explosion points 99-
101° were reéorded while in the present experiment, no
analagous explosion point was recorded; decomposition took

place gradually from 100-200°.
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SOME DIBROMODIMETHYLBENZIDINES OF STEREOCHEMICAL INTEREST
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HISTORICAL SECTION

THE STEREOCHEMISTRY OF DIPHENYL, DERIVATIVES

Prior to the year 1907, it had been shown (140,27,177,112)
that benzidine reacted respectively with phosgene, thio-
phosgene, oxalyl chloride and phthalyl chloride and in each
caee; the product was assumed to have been formed by the
simultaneous reaction of both benzidine amino groups with the
reagent; the products were considered to be carbonylbenzidine
(I), thiocarbonylbenzidine (IX), oxalylbenzidine (III) and
phthalylbenzidine (IV):

(1) oo Neo (!) I Ses
_ C Hy .NH. CO _ CoHy - NH. OC
(iﬂ) ' ] (1!) I
CoHiu- NH. CO _ Co Hu-NH . OC

From stereochemical considerations, it was unlikely that
the benzene nuclei of benzidine were coaxially united (V)'
since the relative remoteness of the amino groups would pree

clude the formation of such condensation products.
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In order to explain the formation of these and other
similar (supposedly cyclic) products, Kaufler (107,108), in
the year 1907, advanced a hypothesis of the structure of
diphenyl derivatives; the two rings in the diphenyl molecule
being considered to be spatially situated so that the para
positions were adjacent. While Kaufler's diasgrams(VI)
indicated that the rings were situated in parallel planes, he
stated that the planes of the rings were inclined at an angle
to each other. If, in structure (VI), the benzene ringes are
considered to be perpendicular to the plane of the paper, the
bold type indicates the sides of the rings nearest to the eye.

(V1)

The Kaufler hypothesis was greatly strengthened by the explanaw
tion which it offered of the apparent existence of two distinct
and, supposedly, geometrically, isomeric, 3:3'~dinitrobenzidines
(194,11,35,29,39,40); a rigid folded molecule permitted the
existence of these forms:~ 333'wdinitrobenzidine (VII) and
3:5'«dinitrobenzidine (VIII).

NOZ Noy
NHR NH,
(v11) N3 (i)
NH,y NHy

Nog
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The apparent existence of two, geometrically, isomeric forms
of 2:2'~dinitro-~6:6"'-dicarboxydiphenyl was similarly explalned
(180,179,109) and Kaufler suggested that the para coupling in
the rearrangement of hydrazobenzene to benzidine could be more

simply explained on the basis of the folded structure (IX).

NH —OH W,N

| — (1)

o~
v i

Verification of the Kaufler hypotheslis by further exper-
imental work was undertaken by various workers. Additional
derivatives were prepared in which it was assumed that both
amino groups of the benzidine molecule had reacted with one
molecule of the attacking reagent to form cyclic condensation
products; the structures of the latter were not established.
One such product (X) was prepared by the condensation of
benzidine with benzil (42).

()

One of the strongest pieces of evidence in favour of the
Kaufler hypothesis was the successful resolution (52) in the
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year 1922, by Christie and Kenner, of 6:6'-d1n;.trod1phenic |
aéid into optically active forms. -The acld (XII) was regarded
on the Kaufler hypothesis as the trans form (XIV) of the two
possible, geometrically, isomeric acids (XIII and XIV), the
existence of these two modifications(cis and trans) having
already been postulated to account for observed geometrical
1som9rism (page 82 ). From stereochemical considerations,

the K#ufler, trans modification (XIV) should be opticﬁlly
résolvable and the_factual demonstration pf this prediction
served greatly to strengthen the Kaufler Hypothesis. It was,
howgver, pqinted out by éhristie and Kenner that, from similar
c?nsideratiqna, although nelther the cils (XV) nor the trans
(XVI) form of an acld in which the benzene nuclel were coaxial
and coplanar, should be optically resolvable, the reéuired
asymmetry for opyicgl 1sogeriam existed in both geometrically
lsomeric forme (XVII and XVIII) of the acid in which the
benzene nuclel were coaxial and non~coplanar. bue té the
apparent existence of geometrical lsomers, which was ﬁot pere
mitted by a diphenyl molecule in which the benzene nuclei were
coaxial and lay in perpendicular planes, the latter poselbility

was not considered.
o . <o;H
COH HOC
xn) Com) | e o) | et
No,  O)N
: No, X
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coH 0N
Cco,H Ho,C ( )
. XVl
(xV)
Nog HoC
(] OIN
coH co o N

NO ¢

Further investigations (52,53,51,50,20) showed that certain
other substituted diphenic acids (XIX,XX,XXI,XXII,XXIII) were
capable of resolution into optically active forms:-

(X1X) (xx) (%X

wop oM NO; ¢l Q

CoH HosC CozH Hoe Co:H Hoe
(ouxai) (Recu)

¢o;H HoC, NO,
0, CcoHHOC
During the period in which research on the optical resolu-
tion of these substituted diphenic aclds was proceeding, other
investigations of the original evidence upon which the Kaufler
hypothesis was founded, were carried out. The condensation
products of benzidine with phosgene, thiophosgene and phthalyl

chloride were found to be correctly represented by (XXIV), (XXV)
and (XXVI) respectively, while the condensation product of
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benzidine with oxalyl chloride was shown to possess a free
amino group (124); the constitutions (I), (II), (IV) and (III)
respectively (page 80) formerly assigned to these products
were thus shown to be erroneous. Similarly the benzidine -
benzil condensation product (X) was shown to be N:N'-Bis

(A -benzoylbenzylidene)-benzidene (Xa) (68, 124).

- (XX1V) CXXV)
{HQNO—ON\"I}CO HaN D_Oucs
(xxvn Ph (Xa)
co co co

The existence of geometrically isomeric diphenyl derivatives
was questioned and reinvestigation revealed that these were
positional isomers; thus 3:3'~dinitrobenzidine (VII) and 3:5'-
dinitrobenzidine (VIII) were proved (123, 122) to be correctly
represented as 2:2'-dinitrobenzidine (XkVII) and 3:3'~-dinitro-
benzidine (XXVIII) respectively while the cis and trans forms
of 6:6'~dinitrodiphenic acid were identified (54, 50) as the
positionally isomeric 2:4'-dinitrodiphenic acid (XXIX) and

authentic 2:2'~-dinitrodiphenic acid (XXX):

Nol O‘N OI.N Noz
(XXVO) g, Q—QNHZ (xxva) wyn Q—QNH,
No, NO, QN

CoM Ho,C coH WHoc
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It was pointed out that the benzidine rearrangement was
net more satisfactorily explained on the Kaufler hypothesls
since molecular rearrangements are not dependent on the
proximity of positions and, furthermore, the explanation of
the similar and frequently accompanying senmidine rearrangement
is in no way facllitated on the Kaufler hypothesls. With the
exception of the occurrence of optical activity, the various
lines of evidence on which the Kaufler hypothesis was foundeq,
were shown to be unsound and further investigations provided
fresh evidence agalnst the validity of the hypothesis. It
was shown (12) that oxidation of 2:2'-dithidiiphenyl (XXXI)
yielded diphenylene disulphide (XXXII) while neither 3:3'w
dithieldiphenyl nor 4:4'-dithioldiphenyl ylelded a disulphide
on oxidation. This was contrary te the Kaufler folded
structure which indicated the possibility of disulphide format-
ionfrem each of the three isomeric dithieldisulphides

concerned,

dH HS :S S::

(XXX1) (XXXI1)

The disseciatien constant of benzldine was determined and com-
parison (117) with the corresponding values for the three
phenylenediamines indicated that the dlstance between the
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amino groups in the benzidine molecule was greater than the
Kaufler structure suggested. ﬁeasurement of the dipole
moments (209) of diphenyl derivatives also discredited the
Kaufler hypothesis: 1in the case of 4:4'=dichlorediphenyl and
4:4'-dinitrodiphenyl, the dipole moments were feund to be zero
proving that the rings were coaxial. The remaining line of
evidence féor the Kaufler hypothesis, i.e. the occurrence of
optical activity in the diphenyl series, was removed when it
was found impessible to resolve certain diphenyl derivatives
which should, according te the Kaufler siructure, exist in
optically active forms. The Kaufler hypothesis was thus conm-
pletely discredited as all the svidence en which it was founded
had been shown to be erroeneous. The occurrence of eptical
activity in certain substituted diphenyls required a separate
explanation.

Reference has already been made to the successful resolu-
;16ns of various substituted diphenic acids (pages 33, %% )
and also to the failure to resoclve certain other substituted
diphenyls. biphenie acid (XXXIII), the subject of two separate
investigations (19), resisted resolutien inte optical isomers.
Similarly, with diphenyl 2«carboxylic acid (XXXIV), S-nitro-
diphenic acid (kxxv), 2:2'~dinitrediphenyl 4:4'~dicarbexylic
agid (XXXVI) and 5:5'~dichlerodiphenyl 3:3'-dicarbexylic acid
(XXXVII), ne reseolutiens were effected (18,21,135),

CoH Ho,C CoH

(xxim) O_O (XXXIV) Q—Q
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The first diphenyl derivatives which were resolved inte
optical isomers (page 84 ) contalned substituent nitre and
carbexyl groups. The successful resolutiens (51,137) of
6:6'-dichlorediphenic acid (XXI) and 2:2'-diamine-6:6'~ditolyl
(iXXVIII) demonstrated, however, that thé occurrence of eptical
1Qomeriam was not dependent upen any specific property of either

the nitre or carbexyl group.

CO:H “olc NoO, OZN

(XXXV) Q——O (XXXVI) po,c Q—O coH

NOy

ct U Me Me
o S (0D
HOC CozH NH, H;N

Furthermere, in view of the complete fallure of many attempts
to resolve simple benzene derivatives into optical isomers, it
was apparent that the asymmetry of a single benzene nucleus was
not the cause ef the optical isemerism. The experimental
results were mest completely accounted for by the theery
advanced by Christie and Kenner (52) (page 89 ); this theory
is universally accepted at the present time; in an optically
active diphenyl derivative, the benzene nuclel possess a cemmen
axis but do net lie in the same plane. The possibility ef the
planes ef the nuclel being perpendicular was at first excluded
by dhristie and Kenner since this coenfiguratien weuld not allew

of the existence of geometric (cis~trans) isomers. The
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existence of such isomers was subsequently disproved (page 35 )
and the case in which the benzene rings lay in perpendicular
planes was ne longer excluded. The molecular asymmetry ef
such substituted diphenyls 1s thus due, net to the presence of
an asymmetric carbon atem, but to the asymmetry of the molecule
a8 a whole. Simllar optical lisomerism in the absence of an
asymmetric carbon atom has been found in other types of organic
compounds including the allenes and spiranes; theallene deriva-
tive (XXXIX) and the spirecycloheptane derivative (iL) have been
obtalned (145,i04) in optically active forms.

(XXX 1X) 5‘ =C= C
HaN CH, CHy NH,
w2 el 2
H CHz CH, \H

In the case of the optically active diphenyls, the benzene
nuclel are united by & single bond (pivet bend) and, if the
fundamental cencept of free retation about such a bend is
allowed, the benzene nucleil become coeplanar and the asymmetry

of the molecule disappears with consequent loss of eptical
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activity. In order, therefore, to complete the explanation,

it was necessary to postulate the theory of restricted rotation
about the pivet bond. This did not apply to the allene and
spirane derivatives where the pivot bond ia replaced respective~
ly by double bond and ring systems, nelther of which permit of
free rotation. Inspection of the positions of the substituent
groups in the resolvable (page &, ) and the non-resolvable

(page 87 ) diphenyls served to throw some light on the preblem.
It was evident that the resolvable diphenyls possess three or
four substituents in the 2,2',6,6' positions, i.e. orthe to the
pivet bond, while the noen~resolvable diphenyls were otherwise
substituted. These observations led to the theery of restrict-
ed rotation (199,17,142) which stated that, in a diphenyl mole-
cule, the free rotatien of the benzene nuclei about thelr commen
axls is prevented by the presence of certain substituents in the
orthe positiens to the pivet bond and due te the noen-coplanarity
of the rings the molecule becomes asymmetric. It was recognised
that the asymmetry of the molecule was alse dependent on the
nature and positien of the substituents in the benzene nuclei and
if the latter were not beth unsymmetrically substituted with
respect to thelr cemmen axis, the resultant diphenyl (although
substituted in three or four of the pesitiens ortho to the

pivet bend and possessing & ceaxial, non-coplanar structure) was

not asymmetric and hence was incapable of resolutien (page 94 )
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inte optical isomers. It was pointed eut (132) that, in a
coaxial, non-coplanar,.diphenyl molecule, a certain amount of
oscillation of the benzene nuclei about their common axis might
take place. The theory of restricted rotation accounted for
the occurrence of optical activity in diphenyls with ortho
substituents to the pivot bond; 1in such cases the groups are
in sufficiently close proximity for mutual interference. The
lack of optical activity in those cases where the substituents
are located in positions remote from the plvot bond and hence
too dlstant from each other for interference and restriction of
rotation is similarly explalned. The theory was subsequently
developed in the light of later experimehtal evidence to explain
cases of ortho substituted diphenyls which were not resolvable
(page 96 ).

Various ideas were advanced regarding the nature of the
influence which prevents free rotation of the benzene nuclei.
According to the views of Turner and ie Fevre (199,200), the
electrical nature of the substituent ortho groups and the reside-
ual affinity of the.orthe carbon atoms constituted the controll-
ing factors. In cases where two, mutually repelling, ortho
groups were present, provided that the repulsion between these
groups exceeded the attractive force due to residual affinity en
the ortheo carbon atoms, the resultant would cause a coaxial,non-

coplanar,diphenyl conflguratien; where the repulsion was leas
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than the attractive force, & coaxial ,coplanar cenfiguration
resulted. According to Bell and Kenyon (17), the electrical
nature or the size (or both these characteristics) of the sub-
stituents in the 2,6 and 2' positione constituted the controll-
ing factor; the 2- and 6- substituents of the one benzene
nucleus blocked the free rotation of the other benzene nucleus
by reason of theilr interference with the 2'-substituent of the
latter. The obstacle theory of Mills (142), however, received
subsequent general support. éonaideration of the size of the
ortho substituents, from scale models and diagrams,led to the
belief that steric hindrance due to the bulk of these substitue
ents was the primary consideratien. In cases where bulky ortho
substituents of one ring interfered mechanically with an orthe
substituent of the other ring, free rotation of the rings about
their common axis was prevented and at no time was a coplanar
configuration possible. In the case of 2«chlorodiphenic acid
(XLI),for instance, it was observed that the 6' carboxyl group
was mechanically prevented from passing either the 2-chloro or
the 6-carboxyl group due to overlapping at, or near, the coplan-

ar configuration.

co,H Hoc

(XLI)

N
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In the case of diphenic acid (XXXIII), on the other hand, the
hydrogen atoms in the 6 and 6' positions were not large enough
to overlap the 2' and 2 carboxyl groups and prevent free rota-
tion. The coaxial, coplanar confliguration was thus permitted
in cases where the ortho groups were relatively small and this
agreed with the structure of diphenic acld indicated by the
experimental failure (19) to resolve this acid into optical
isomere. Atomic size values, obtained from Xeray measurements
were used by Meisenheimer (437) to forecast the probability of
non-coplanar configuration for 2:2'diamino-6:6'~dimethyldi-
phenyl (XXXVIII) and this was in agreement with its subsequent
reselution (page 88 ). Use of inter-atomic distances obtalned
from X-ray data on aliphatic compounds and the radii of atoms
and groups was made by étanley and Adams (189) in calculating
®"Interference Values" which demonstrated the probability of the
resolutieon of & given diphenyl. "Interference Values" calcul-
ated on this basis were in agreement with the failure to
resolve 2:2'~dinitrodiphenyl 4:4'dicarboxylic acid (XXXVI) and
the successful resolution of 6:6'~dinitrodiphenic acid (XII).
The resolution and easy racemisation (page 46 ) of 2:2'-di-
fluorodiphenic acid was also in agreement with the small posi-
tive "Interference Value" calculated by this method.

It was mentloned previously that asymmetry in a diphenyl

molecule was dependent not only upon a coaxial, non-coplanar
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configuration but also upen the unsymmetrical substitution eof
each benzene ring (with reference to the common axis). The
optically active compounds already mentioned, possessed
different groups in the 2 and 6 (or 2' and 6') positions and
hence fulfilled the latter conditien. It was pointed out
(133,99), however, that the necessary unsymmetrical substitu-
tion would be obtained where a further substituent group was
present in beth the 3 and 3' (or 5 and 5') pesitiens, 1.e. one
substituent in each ring meta to the pivot bond. This was
demonstrated experimentally by the optical resolutions (134,208)
of 3:3'-diaminodimesityl (XLII) and 2:4:6:2':4':6'~hexachloro~
diphenyl 3:3'=dicarboxylic acid (XLIII). These resolutions
alse shew that the non-coplanarity of the benzene rings is not
due to the electrical nature of the orthe substituents since

each of the diphenyls possesses identical orthe substituents.

(XLL) (x1m)
H:N Me  Me wu, Hoy e ¢ a CoH
Me Me a °

In the absence of the required unsymmetrical substitution in
each ring, & coaxlal non~ceplanar diphenyl would not possess

the required asymmetry for optical isomerism; this was
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demonstrated experimentally by the failure (201) to resolve
2-nitre-2':6'-dimethoxydiphenyl 6-~carboxylic acid (XLIV) inte

optical isemers.

NO2 MeO

(XLN)
o Me

It was observed that racemlisation took place en bolling
solutions of most optlically active diphenyls which possessed
three substituents orthe to the plvot bond while optically
active diphenyls with four substituents ortho to the pivot
bond were stable to racemlsing influences. These facts were
explicable on the obstacle theory by which it was considered
that, under racemising conditions (elevation of temperature in
solution, action of acld or alkaline media, etc.), & certain
anount of slippage occurs between the ortho substituents and
the benzene nuclel are free to rotate about the common axis
with a consequent conversion of one active form to the other.
In the case of the ertho~trisubstituted diphenyls in questien,
since the fourth orthe pesitien 1s occupled by hydrogen, the
smallest pessible substituent, the chances of slippage are
much greater than in the case of an ortho~tetrasubstituted
diphenyl. It was later demonatrated, however, that the
difference in stability of trisubstituted and tetrasubstituted
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diphenyls was one of degree and by choosing substituents of
appropriate size, it was possible to synthesise a ﬁtable,
ortho~trisubstituted diphenyl and an easily racemised, ortho-
tetrasubstituted diphenyl; 2:4:6:2':4'-~pentanitroediphenyl
3=-carboxylic acid (XLV) was found to be unaffected (192) by
the usual racemising conditions while 2:2'-difluorodiphenic
acid (XLVI) racemlsed easily (191) in a warm neutral solvent.
(XLV) (3aNT)

N2 0N F F

0N Co;H Ho L

CoM

The next legical step in the investigation of the nature of the
restricting influence was to explore the possibilities of ob-
taining ertho-tetrasubstituted diphenyls which were not resolv-
able due to lack of interference between their small ortho
groups. It was found that certain diphenyls including
2:6:2':6'«tetrafluoro-3:3'~dichlerodiphenyl 5:5'«~dicarboxylic
acid (XLVII) (111) and 3:3'-diamine~-2:6:2':16'~tetramethoxy~
diphenyl (XLVIII) (201) could not be resclved into optical

isomers.
(xuvir) (xuvnr)
Ho [~ | cozH OMe HMeo

Similarly, from the theory ef restricted rotation, it followed
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that where the substituents were of sufficient size to inter-
fere with the 6:6' hydrogens, a 2:2'-disubstituted diphenyl
would be resolvable. Such substlituents were found and the
resolution of certain 2:2'-disubstituted dinaphthyls (page 101 )
was followed by the resolution of certain 2:2'-disubstituted
diphenyl derivatives: - (XLIX), (L) and (LI). The optically
active forms of diphenyl-2:2'=disulphonic acid (XLIX) (126),
benzidine-2:2'~disulphonic acid diphenyl ester (L) (125) and
o-(2-dimethylaminephenyl)phenyltrimethylammonium iodide (LI)

(186) were found to racemise easily.

(XLIX) (L) (L1)
S03H $0;Ph NMe,
HOsS 505 Ph NMet -

The resolution (154) of 2:6-dibrome-3:3'diamino=4:4'~ditolyl
(LII) provided a novel case of restricted retation as the ortho
substituents were in the 2:6 positions 1.e. in the same benzene

ring.
(LI1)

Br
HlN B NHQ

4



98

It was reported by Leslie and Turner (127) that 3'-bromo-
diphenyl-2-trimethylarsonium iodide (LIII), an ortho~monesub-
stituted diphenyl,forms a d-camphorsulphonate which exhiblts

mutaretation; thls is ascribed to the optical isomerism of the .

diphenyl in question.

(L)

AS rles I B!"

The effect of ring closure between the 2:6' and 2':6
positions of an optically active diphenyl was atud;ed by
Melsenheimer and Horing (137). It was found th:::g-azz'-
diamino-6:6'«ditolyl (iiXVIII) on acetylation yields an optic-
ally active diacetyl derivative (LIV) which, en oxidatien,
furnishes an optically active dicarboxylic acid (ﬁv). When
the latter is treated with cold acid, however, the resultant
" dllactam (LVI) is optically inactive. Since six membered rings
of the type between the 2:6' and 2':6 pesitiens in the lactam
are planar, it follows that the entire lactam molecule is
Planar, Furthermore, since the condlitions of ring closure are
not capable of causing racemisation eof the dicarbexylic acid, it
follows that the loss of eptical activity 1s due to the formation|

of a planar, non-asymmetric structure. This, together with
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other similar ebservations (115,21) on the loss of optical
activity on the formation of planar rings between the 2:2°'
positions, constitutes excellent evidence in favour of the non-

coplanar structure of optically active diphenyls.

(XXXVII) (L)
COMe
[}
He 4N Me NH
o< — (=2
N, Me in Me
i
CoMe
(L) (vi)
coMe
co,H rl'm co—n
—
'l*" Howe NH—C O
coMe

The extension of this research to seven and eight membered rings
linking the 2:2' positions of an optically active diphenyl
demonstrated that no less in activity occurred on the formation
of such rings. The diphenyl molecule thus formed is not planar
and this fact is in agreement with the conception that rings

centainindPore than six members are themselves non-planar.
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Active 2:2'~dlamino-636'~ditolyl (XXXVIII) ylelded (174) an
active compound (LVII) centaining & seven membered ring while
the active compound (LIX) derived from active 2:2'=diamine-1:1'w

dinaphthyl (LVIII) contained an eight membered ring (116,195).

(Lvin) (L) (Lx)
NH
.7
o - { )

\
P"‘I‘C Pt C"Ph

Recently, Adams and Kormblum (1) have described novel cases of
restricted rotation in 2:2' substituted diphenyls possessing
bridges uniting the 5:5' positions. These authors have pre-
pared and resolved diphenic acids (LX) in which the 5:5' posi-
tions were linked by & polymethylene bridge -(éﬂé)n-. Since
diphenic acid cannot be resolved (19), it is evident that the
function of the polymethylene bridge ig to restrict rotation of
the benzene rings. From the measurement of the racemisation
rates of the compounds in which n = 8, and n = 10, it was found
that the former was more stable than the latter and it was con-
cluded that the shorter the bridge uniting the 5:5' positions,
the less vigorous are the oscillations of the benzene rings

about the pivot bond.
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(LX)

cos “olc

o ' _-°
™~ (C HQ) n

Optical activity induced by restricted rotation of pro-
perly substituted groups about a pivot bond is not restricted
to the diphenyl series and optical resolutions have been effectw
ed in other series of compounds. In the dinaphthyl series,
(LVIII) has been resolved. In this series also, 1:1'-dinaph-
thyl 2:2'-dicarboxylic acid (ILXI) (115), 1:1'~dinaphthyl 8:8'=
dicarboxylic acid (LXII) (188,59,136) and 1:1'=dinaphthyl
8-carboxylic acid (LXIII) (136) were resolved; (iXI) was
stable to racemisation but (ﬁXII) and especially (iiIID were

easlly racemised.

(LX1) (LX) (Lxn)
oK HOo, ¢
Ho,C
o4 CoH

Interesting optical resolutiens were obtalned by Adams and

cowworkers en compounds containing ring nitrogen atoms.
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N~ (2-carboxyphenyl)-2:5-dimethylpyrrole 3-carboxylic acid

(LXIV) and 2:5:2':5'-tetramethyl=N:N'~dipyrryl 3:3'-dicarboxylic
acid (LXV) yilelded optlcal isomers which were extremely resist-
snt to racemisation (25,48). These workers proved experiment-
ally that the optical isomerism was not due to a tetrahedral
nitrogen with restricted non-coaxial rotation of the rings. Ex-
perimental evidence (26,153) indicated that restricted rotation
about the pivot bond C-N in (LXIV) and N-N in (LXV), was the

cause of molecular asymmetry.

(LXIV) @xV)
HO3C  Me HoC Ho,c  Me Me
N ) Dl e
:=/Fle T Me Me CozH

In examples éf restricted rotation about a common coaxial pivot
bond, already cited, the functien of the pivot bond has been

to unite two cyclic structures. It was predicted, however, by
ﬁills (144) that sterically hindered rotation might exist in the
case of a bond uniting one cyclic structure with a properly sub-
stituted group, for example, the C-N bond in peri-substituted
naphtﬁalenes. This prediction was justified by the subsequent
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resolutions by Mills and co=workers of N-benzenesulphonyl-8-
nitro-t-naphthylglycine (LXVI) (144), and 8-benzenesulphonyl-
ethylamino-i«-ethylquinolinium iodide (LXVII) (143).

(va ]) (LXVII)
. Cq Hg
Pm%\‘/CMC%H \
N PhSO;—N . us
Oy N |
N LT

It was previously shown when considering the Kaufler hypo-
thesis, that support was given to the coaxial diphenyl structure
by certain physical data (page §6 ). dertain further informa-
tlion of this type was subsequently avallable as strong evidence
for the non-coplanarity of the benzene nuclei in certain
2:6:2':6' tetra-substituted diphenyls. X-ray investigations
(56,158, 159) indicated that while the benzene nuclei in diphenyl
were coplanar, in certain 2:6:2':6' tetra-substituted diphenyls
they were inclined to each other at an angle not greater than 4589,
In the case of 2:2'~diamine-6:6'-ditolyl (XXXVIII), dipole moment
determinations (22) suggested that the planes of the benzene
nuclel were inclined at an angle of 67°. Non-coplanarity of the
benzene nuclel of certaln substituted diphenyls was also indicat-
ed by a study of reeonance energies (34). Measurements of

absorption spectra revealed & marked difference in the
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characteristics of the absorption between diphenyls with free
and with restricted rotation. A fuller account of such
differences in diphenyl absorption spectrs is given later in
this thesis (page 120).

All the known compounds which exhibit optical activity due
to restricted rotation have until recently been of synthetic
origin. In 1947, however, Robinson described the first record-
ed case of optical activity of this type encountered in a study
ef:natural product (170). Phenyldihydrothebaine was proved to
possess the constitution (IXVIII); in addition to the asymmet-
ric carbon atomf*) the molecule possesses the further element of
asymnmetry which 18 characteristic of the optically active

diphenyls already described.

NMe
%
CHPh ey

(Lxvii) \

CH; cHy

MeO OH OoMe

It was shown by means of models that the nine-membered hetero-~
cyclic ring allowed the strainless rotation of the benzene nuclei
about their common axls to any angle up to and including 90°.

The ultra-vielet absorption of (LXVIII) did not indicate the
existence of any conjugation between the aromatic rings and thus

afforded additional evidence for the non-coplanar structure.



INTRODUCTION
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OPTICALLY ACTIVE DIPHENYLS.

Although the majority of optically active diphenyls con-

tain one or more salt-forming groups in the molecule, a few

optically active diphenyls which do not contain such groups

have been described. The latter type, however, is invari-

v T e

ably derived from the former by replacement of the salt-
forming groups by non-salt-forming groups, the optical
activity being preserved in the conversion. Optically active

forms of 2:2'-diiodo-6:6'-ditolyl and 2:2'~dibromo~6:6"'=

ditolyl were obtained in this manner from the active form of
2:2'-diamino-6:6'-ditolyl (XXXVIII) by replacement of the
amino groups by the appropriate halogens (16, 4). Optically ‘
aétive acids or bases are utilised in the resolution of diphen~
y1ls by means of the formation of diastereoisomeric salts with |
the diphenyl according to whether the latter possesses basic

or acidic groups respectively. For example, 2:4'-dinitro-
6:6'-diphenic acid (iﬁIi} and diphenyl-2:2'~disulphonic acid
(xLIX) were resolved in this manner by means of brucine and
strychnine respectively (50, 126) and, on the other hand,
2:2'-diamino=6:6"'=ditolyl (XXkVIII) and o~-(2~dimethylamino-
phenyl ) phenyltrimethylammonium iodide (LI) were resolved by

meane of tartaric acid and camphor 10-sulphonic acld respect-

ively (137, 186).
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AMINODIPHENYLS .

By far the largest proportion of diphenyls which have
been resolved into optical isomers possess one or more carbox-é
y1 substituents. It was found, however, that up to the pre-
sent time, some nine optically active diphenyls possessing
substituent amino groups have been described in the literatureJ
Since this research is concerned with the preparation and
resolution of such derivatives, it is of relevant interest to
enumerate these active aminodiphenyls, some of which have
already been mentioned in the preceding Historical Section of
this thesis. In addition, mentlon will be made of certain
other derivatives of this type which have so faf resisted

attempts at resolution.

Optically Active Aminodiphenyl Derivatives.

(a) Substituted Monoaminodiphenyls.

Bl" HIN :
2-bromo-2'-amino-6:6'~ditolyl <i:::>»——4<::::> (&)
Me

Me

2
2-chloro-2'-amino~6:6"'-ditolyl <i:::>___<;:::> (2)
Me M
' NGz H,N
2-nitro-2'-amino-6:6'-ditolyl <<:::>»—-{;:::> (3)
M
M

e
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(b) Substituted Diaminodiphenyls.

2:2'-difluoro-6:6'-diamino-~3:5:3"':5"'-tetramethyldiphenyl
Me F E M

e
MEhn, N Me
NHy  H,N
2:2'-diamino-6:6"'-ditolyl (XXXVIII) (137)
Me Me (P“ﬂe 88)

2:6-dibromo~3:3'-diamino~4:4'-ditolyl (LII)

HaN Br NH

MeO——O;e (154)
B (Pnee 7 )

r

3:3'-dlaminodimesityl (XLII)
W N Me  Me nH,

o o
Me (lvoge ‘Nr)

Me

Diphenyl benzidine -2:2'=disulphonate (L)

SO3Ph
Phoy (12%)

R N
N s (bage Cﬂ)
2:2'-dichloro-6:6'-dimethylbenzidine (LXIX)

LY
(118)
HaN NH
Q_—Q ) (bage uq)

Me
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Optically Inactive Aminodiphenyl Derivatives.
Substituted Diaminodiphenyls.

2:2'-d1aminodiphenyl <<:::>>——<<::::> (131)
NH& HaN

2:2'-diamino-~4:4'-ditolyl Me Me (31)
NHy  HaN
Me Me
2:2'-diamino-5:5"'-ditolyl <<:::>»——<<::::> (131)
NH; HaN

4

3:3'-diamino-2:6:2':6'~tetramethoxydiphenyl (XLVIII)
HaN OMe MeO NHq (20')

“OMe Heo (que %6 )
2:2'~dibromobenzidine (LXXI)

In every case, the active aminodiphenyls satisfy the
igyff:;;;conditions necessary for optical activity; requisitely large
substituents are present in two or more of the 2:6:2':6"
poesitions (éageqon) and the benzene nuclel are unsymmetric-

ally substituted (page 90 ). 1In the case of the inactive
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aminodiphenyls, 2:2'~diaminodiphenyl, 2:2'-~diamino~4:4'~
ditolyl and 2:2'-~diamino-5:5'-ditolyl, however, the two amino
groups in the 2:2'-positions are not sufficiently large to
interfere with the rotation of the benzene nuclei. Similar
cbnsiderations apply in the case of 3:3'-diamino-2:6:2':6'~
tetramethoxydiphenyl; rotation is not restricted even when
all four 2:6:2':6' positions are occupied by methoxyl groups
due to the insufficient size of the latter. The fallure to
resolve 2:2'-dibromobenzidine, however, cannot be analogously
explained and, in view of the nature of this research, the
separate discussion which follows 1g merited.

2:2'-DIBROMOBENZIDINE.

This compound was first described by Gabriel in the year
1876 and, fifty-eight years later, Searle and Adams unsuccess-
fully attempted its optical resolution. It 18 proposed to
consider the events and the theoretical background which pre-
ceded this attempted. resolution.

It has already been pointed out in a general way (page
92 ) that reétricted rotation can be attained in a diphenyl
by the introduction of sufficliently large substituent atoms
or groups to the 2:2' positions. In 1930, by calculation of

"Interference Values" (page 93 ), Adams (190) predicted that
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diphenyls possessing bromine atoms or iodine atoms in the
2:2' positions would be resolvable; in the case of 2:2'-
dibromodiphenyl, the extent to which each of the 2:2' bromine
atoms would interfere with 6':6-hydrogen atoms was estimated
as approximately 0.158. In 1932, Lesslie and Turner (125)

constructed an accurate model of the diphenyl molecule using

atomic radii based on X-ray data avallable at that time and
showed that a 2:2'-di(x)substituted diphenyl, where the

radius of x exceeded approximately 1.2&, would exhibit mole-
cular dissymmetry due to a non—plénar configuration. In the
same paper, these authors provided experimental confirmation
of this theory in the successful optical resolution of diphen-

y1 benzidine-2:2'-disulphonate (L) and, later in the same

year, described (126) the resolution of diphenyl 2:2'-disul-
phonic acid(iLIX). In 1933, the resolution of a third 2:2'-
disubstituted diphenyl, 2:2'-bis-o-(2-dimethylaminophenyl)-
phenyltrimethylammonium iodide (LI) was described by Shaw and
Turner (186) and, in the same year, Searle and Adams (183)
resolved 2:2'-diiododiphenyl 4:4'-dicarboxylic acid. During
the following year, however, the latter authors (184) reported
the resolution of 2:2'=dibromodiphenyl 4:4'-dicarboxylic acid

(LXXII), but were unable to resolve 2:2'~dibromobenzidine

(LXXI).
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From the theoretical considerations mentioned above, a
2:2'-dibromodiphenyl should be mapable of optical resolution
but the experimental evidence showed that 2:2'-dibromodi-
phenyl was resolvable when the 4:4' positions were occupied
by carpoxyl groups and was not resolvable when these positions
were occupled by amino groups. In the attempted resolution
of 2:2'-dibromobenzidine, a technique was employed which would
ordinarily pfeclude the racemisation of any measureably
racemisable compound and the non-resolution cannot be ascrib-
ed to the experimental conditions. The anomalous bshaviour
of this compound is accentuated by the successful resolution
of the other di-2:2'~subs£1tuted benzidine (L).

Calvin (43) has suggested the following explanation for
the resolvability of 2:2'-dibromodibheny1 4:4'-dicarboxylic

acid compared with the non-resolvability of 2:2'-dibromo-

benzidine.
B8~ Br
(LxXX) (Lxxy)
Br B" + BP 8" -
:.0: :.(;; °
(L) H (uxxnr) H
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In order that ionic resonance states of the type (LXX) may
contribute to the ground state of a diphenyl it ie necessary
that the benzene nuclei aré capable of assuming a coplanar
configuration. When this occurs, the pivot bond will possess
some of the character of an olefinic linkage, including a
decrease in the Cy - é1' distance. This decrease has import- |
ant consequences on the racemisation rates of certain optic-
ally active diphenyls. Since the activation energy for race-
misation of a diphenyl 1s almost totally the energy required
to bring the nuclel into a coplanar positlion and, since this
latter energy 1is in turn a very sharp function of the distance
separating the 2:2'-substituents, very small changes in this
distance are capable of effecting profound changes 1n the
repulsive force between these substituents. A study of the
kinetics of the racemisation of a number of optically active
diphenyls in solution and in the gas phase demonstrated that
differences of the .order of a few hundredths of an A in the
C, - 61: distance would suffice to render certain diphenyls
optically resolvable.

In (LXXI) the amlno groups are incapable of accepting

electrons and are therefore of no assistance in lowering the
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energy of the ionic resonance state (LXX). The contribution

of (LXX) to the ground state of the molecule is not increased
and consequently the G1 - 01. distance is not decreased.

In the case of (LXXII), however, the carboxyl groups

are capable both of accepting and providing electrons (LXXIII) |

and hence assist in the promotion of the contribution of the
lonic resonance state to the ground state of the molecule.
The small additional contribution of the ionic state would
decrease the Cy -~ Cy' dlstance by a sufficlent margin to
render the diphenyl resolvable.

Calvin also suggested that the effects of other meta (3:3')
and pare (4:4') substituents on the racemisation rates of

diphenyls may be accounted for at least in part by such a

mechanism.

Substituents in Positions other than the 2:6:2':6°.

The resolvability of (iXXII) compared with the non-
resolvability of (LXXI) demons trates that the nature of the
2:6:2':6"' substituents is not the only factor which governs
the occurrence of optical activity in a diphenyl. The
existence of other factore 1s also demonstrated by the fact

that 2:4'-dinitrodiphenic acid (XXIX) was found to be more
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easlly racemised (114) than 2:4:4'-trinitrodiphenic acid

(LXX1IV).

COoH oc coH Hog
(XXIX) (LXXIV)

NO2 NO,y

Adams and co-workers (79) studied a series of diphenyls in
which x, one of the substituents, was moved from the 3' to

the 4' to the 5' position, the remainder of the molecule

being unchanged (LXXVa, LXXVb and LXXVc respectively).

N°2  meo X Ney Mo No2 meg
(OO OO O

CO_\H ' Co.l"( coH

(LXXVa) (LXXVD) (LxxVe)

The racemisation rates were determined for such compounds
where x consisted of hWydrogen, methoxyl, chlorine, bromine or
nitro respectively and the stability of these derivatives was
found to increase progressively from hydrogen to nitro in
this order of substituents. This was found to be the case
whether these substituents were situated in the 3', 4' or 5!

positions. In addition, the 3'-substituted derivatives were
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found to be much more stable to racemisation than the
corresponding 5'-substituted derivatives which were, in

general, rather more stable to racemisation than the 4'-sub-

stituted derivatives.

Adams states that while the mechanism and the theoretic- :
al basis of these results are still obscure, one or more of
the five following factors may operate:- :

(1) The variation of the valency angle at which the %
ortho substituent on the ring is attached, thus changing the i
effective size of the group. ?

(2) The modification of the internuclear distance E
between the carbon atom of the ring and the ortho substituent.i
(3) The eslowing down of the semicircular oscillation ofg
the two phenyl rings by substituents, thus diminishing the
chances of complete rotation.

(4) The modification of the distance between the 1:1'-

carbon atoms.

(5) The bending of the linkage between the two rings

in such a way that the rings are no longer coaxial.

The suggestion was also made that, in view of the

experimental results, cause (3) was not a factor as the
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introduction of substituents of different weight such as
chlorine and bromine resulted in almost identical effects on
the rate of racemisation. It was also noted that the

stability of the compound increased with the dipole moment.

’2:2'-bIBROﬂDbIHETHYiBENZIDINES.

In view of these observations on the effects of groups
in the 3 and 5 positions of an optically active diphenyl and
of the studies (page 110 ) on 2:2'-dibromobenzidine (LXXI).and
2:2'~dibromo«~4:4'~dicarboxydiphenyl (ﬁXXII), it was considered
to be of interest to attempt the preparation and optical
resolution of each of the three, following, isomeric 2:2'-

dibromodimethylbenzidines (LXXVI, LXXVII and LXXVIII).

Br Br 8- Br Me Br Br Me |
Me Me

Me Me
(LXXVI) (LXXVII) (LXXVIII)

These have not been previously described although the
isomeric 3:3'~dibromo=5:5'~dimethylbenzidine (3:3'~dibromo-
o~-tolidine), (LXXIX) has been described and was mrepared by

the bromination of o-tolidine (147, 178). This compound is
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not of interest from the point of view of optical activity

as the lack of substituents in the 2:6:2':6'-positions pre-

cludes a non-coplanar, molecular configuration. The occurr-
ence of optical 1lsomerism in a second structural isomer, 2:6-
dibromo-3:3'=diaminoditolyl (LII) has already been discussed

(page QT ).

_ B Br , Br ﬁ:
ey wa_ e arn ne (3 e
Me Me H:N B  NH :

|

: ?
2:2'-Dibromo-6:6"'~dimethylbenzidine (LXXVI). ‘

i
1

In the discussion of the origin of optical activity in
diphenyls, it was pointed out that, where the necessary pre-
requisite of unsymmetrical substitution (page 90 ) was present,
the slze and number of ortho (2:6:2':6') substituents (page

qd ) were the principal controlling factors. The relative
effects of various ortho‘(a-) groups was studied (78) by
Adams and co-workers who prepared two series of diphenyls, a
2:2':6'~trisubstituted series (193) and a 2:5:2':6'-tetra-
substituted series (212). In each of these series only the

2-substituent group: was varied from member to member. The
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racemisation of these diphenyls was studied and the relstive
interference effects as measured by the half-life periods were §
found to decrease in the following order which was not altered

by change of solvent.
Br, CH3 5 Cl, NO,, COH, OCH3, F,

It was observed that this order was identical with that of
decreasing slze of the groups as determined by X-ray data.

In the case of 2:2'-dibromo-6:6'~dimethylbenzidine
(LXXVI), the presence of the four relatively large ortho
substituents, two bromine atoms and two methyl groups, should
result in a high degree of restriction of the rotation of the
benzene nuclei and the active compound should be resistant to
powerfully racemising conditlons.

Additional weight 1s given to this prediction by the
observed stability to racemisatlon (4) of active 2:2'~dibromo-
6:6'~ditolyl. The replacement of the 4:4'-hydrogens of the
latter by amino groups results in (iXXVI) and there is no
evidence that such & replacement should result in a perceptible
change in the stabllity of the diphenyl where the latter 1s
particularly resistant to racemisation by reason of the pro-

nounced interference of four ortho substituents. Also, the
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observed stability to raéemieation (118) of active 2:2'-dichl;
oro-6:6'-dimethylbenzidine (LXIX) suggests that the replace-
ment of the 2:2'-chlorine atoms by bromine atoms resulting
in (iXXVI) would, if anything, confer an lncreased stability
due to the larger size of the bromine atoms.

The preparation and optical resolution of (ILXXVI) was
undertaken therefore in order to test the validity of these
predictions which are based on the accepted theories of di-

phenyl optical isomerism.

2:2'-Dibromo-5%'-dimethylbenzidine (IXXVII).

The researches of Adams (page 14+ ) showed that when the
hydrogen atom in the 5 posltion in an optically active diphen-L
y1 is replaced by another atom or group, the stability of the
active compound was increased. 2:2'-bibromo-S:S'-dimethyl-
benzidine (LXXVII) may be regarded as 2:2'-dibromobenzidine
(LXXI) in which the 5:5'~hydrogen atoms are each replaced by
a methyl group. It was considered that the combined influ-
ence of tworsubstituents, one in each of the 5:5'- positions
mighi be sufficlient to turn the scales in favour of an
optical resolution since (LXXI) although unresolvable, is

probably on the borderline of resolvability (page |\ ).
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2:2'-Dibromo-3:3'-dimethylbenzidine (LXXVIII).

The researches to which reference has just been made also
demonstrated that a similar replacement of a hydrogen atom in
the 3 position increased the stability of the active diphenyl
to an even greater extent. In the case of 2:2'-dibromo-
3:3'-dimethylbenzidine (LXXVIII), considerations of a similar
nature to those applied to (LXXVII) would lead to an increased

expectancy of optical resolution.

Some information regarding the nature of the factors
involved (page '!'S ) in the effects of substituents in the 3-
and 5-positions on the optical activlty of diphenyls would
probably be forthcoming from a consideration of the experi~
mental findings with regard to (LXXVII) and (LXXVIII) in

conjunction with the failure (pagell0' ) to resolve (LXXI).

ULTRA_-VIOLET LIGHT ABSORPTION.

In a recent review (32) of the relation between ultra-
violet light absorption and the structure of organic compounds,
Braude has summarised the resultis of several lnvestigations on
diphenyls. In general, coplanar diphenyls, on account of the
pronounced conjugation between the two phenyl groups, exhibit

an intense band near 250mu and o-substituted diphenyls, due
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to the non-coplanarity of the phenyl groups, do not possess
such conjugation and consequently do not give rise to this
intense absorption band. It will suffice for present pur-
poses to consider three of the separate investigations referr-

ed to in thils review.

The abnormality of the absorption spectra of non-coplanar
diphenyls was first pointed out by Pickett, Walter and France
(160). From a comparison of the absorption spectra of various
chloro and methyl derivatives of diphenyl and of benzene, the
conclusion was reached that compounds with restrictéd rota=-
tion exhibit marked differences frém those in which free
rotation is possible. At the same time, 1t was pointed out
that the effect on the wave-length of the band maxima of
substituent chlorine groups in a diphenyl is that which
would be predicted from a study of benzene derivatives; the
band is displaced towards the visible. The introduction of

methyl groups results in a similar displacement of lesser

magnitude.

From a study of the absorption spectra of some ortho
substituted diphenyl derivatives, O'Shaughnessy and
Rhodebush (151) concluded that in those cases where the

ortho substituents are of sufficlent size to interfere
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considerably with the free rotation of the benzene rings, the
lack of conjugation between the latter results in a greatly
reduced absorption. At the same time it was suggested that
the ultra-violet absorption might prove useful in determining
the restriction of rotation in those cases where coplanarity
was necessary for resonance. It was, however, pointed out
that such a spectroscopic test for restricted rotation would
not invariably agree with the results of optical resolution;
the heat of activation of rotation (ca. 20 large calories)
required for optical resolution probably exceeds the degree

of interference necessary to maintain an average non-coplanar

configuration.

The relation between the nature of the ortho substituents
in a diphenyl and the absorption spectra was studied by
Williamson and'Rﬁodebush (210). It was pointed out that
while departure from the coplanar configuration interferes
seriously with the conjugation involving the whole molecule,
ortho-para directing groups in the 2:2' positions of diphenyl
tend to concentrate electrons in the plvot bond and thus
favour the contribution of an ionic resonance state even when
the rings are not coplanar. This effect was considered to

account for the increased absorption of certain 2:2'
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substituted diphenyls compared with the corresponding benzene
derivatives; the substituents in question were -Cl; Me,

-NHQ and other ortho-para directing groups.

METHODS OF PREPARATION.

The Ullmann reaction (page !3 ) has been employed in the
majority of cases for the synthesis of diphenyl derivatives of
stereochemical interest. The low ylelds as a rule obtained
by this reaction and the relative inaccessibility of the re-
quired starting materials, the appropriately substituted
bromoiodonitrotoluenes, were the principal factors in deciding
against its utilisation for the preparation of the required
dibromodimethylbenzidines. This declslion was only made poss-
ible, however, by the exlstence of an alternative route, the
benzidine rearrangement of the appropriately substituted
hydrazobenzenes, which it was proposed to investigate in the
first instance. The discussion which follows is concerned
with the reactions which have been previously utilised in the
general route from nitro aromatic compounds to the correspond-
ing benzidines. These reactions are considered under two
headings (a) The formation of hydrazo compounds, and (b) The
benzidine rearrangement. Particular mention 1is made of

reactions which have been utilised 1in the preparation of
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products related to those with which this work is concerned.

(a) The formation of Hydrazo Compounds.

Aromatic nitro compounds, on reduction with powerful
reducing agents such as stannous chloride and hydrochloric
acld, iron and dilute hydrochloric acid, ferrous sulphate and
ammonia and hydrogen and platinum catalysts, generally yield
the corresponding amino compound. By the use of less power-
ful reducing agents aﬁd by controlled reaction, however, it is
possible to obtalin various intermediate reduction products.
The latter include primary products formed directly by reduc-
tion and secondary products formed by interaction of the prim-
ary reduction products. In the case of an aromatic nitro
compound, ArNOQ, the formation of the hydrazo compound (N:N'-
diarylhydrazine), ArNH,NHAr, may be represented by the follow-

ing stages:-
(H) (H)

(1) ArNo, —>  ArNO (2) ArNo — ArNHOH
catalysed by :
(3) ArNO + ArNHOH — Ar.N=§Ar + H20

alkall 3

H (H
(4) ArN=NAr f->) ArN=NAr (5) ArN=NAr —-)> ArNH.NHAr
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These products are formed mainly by reduction in alkaline
media although certain azoxy compounds have been prepared
under suitable conditions in the presence of acid (70). Re-
duction beyond stage (5) results in cleavage of the hydrazo
compound to form two molecules of the primary amine (ArNHz).
The primary products include nitroso compounds (ArNO) and
hydroxylamines (ArNHOH) and the secondary products include
azoxy (ArN:gAr), azo (ArN=NAr) and hydrazo (ArNH.NHAr)

3

compounds .

Due to the extreme reactivity of the nitroso compounds,
it is not possible to halt the reduction at the end of stage
(1). Nitroso compounds are generally prepared by mild oxida-
tion of hydroxylamines or by oxidation of primary amines by
means of special oxidising agents such as Caro's acid or
peracetic acid. The hydroxylamines, however, are more stable
and it is possible to halt the reduction at the end of stage
(2). This constitutes the general method for the preparation
of such compounds and the controlled reduction is usually
effected by means of zinc and aqueous ammonium chloride or by
ammonium hydrogen sulphide.

The origin of.the secondary reduction products is stage

(3) and, by controlled use of the appropriate reducing agents,
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it 1s possible to halt the reaction at the end of stage (3),
(4) or (5) in order to isolate the azoxy, azo or hydrazo com-
pound respectively. The secondary products obtained by
reduction of an aromatic nitro compound are symmetrically
substituted because of the condensation of similarly substit-
uted nitroso and hydroxylamine intermediates (stage 3).
Sidgwick (187) has discussed fully the relation between the
reaction conditions and the nature of the product; the follow-
ing general procedures are most commonly employed.

Reductlon to theazoxy stage is usually effected by the
use of mild reducing agents such as sodium methoxide in meth-

anol or by sodium arsenite. Azoxy compounds are also formed

by condensation of the separately prepared nitroso and hydrox-
ylamino compounds, the reaction proceeding readlily in the pre-
sence of alkall (stage 3). They are also formed from azo
compounds by the method of Angeli (5) in which the oxidation
is performed by means of peracetic acid. This reaction is
effected elther at room or boiling water-bath temperature and
although, in some cases, se?eral days may be required for com-
pletion, extremely high ylelds are frequently obtained.

Azo compounds are formed by reduction of aromatic nitro

* compounds by meens of alkallne sodium stannite or by means or
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zinc dust in aqueous-alcoholic #1ka11. By using the requis-
1te quantities of the latter reducing reagent, however, it is
possible to continue the reduction to the hydrazo stage and
this constitutes the most commonly employed procedure for the
preparation of symmetrical aromatic azo and hydrazo compounds.
Symmetrical and unsymmetrical azo compounds are formed by the
condensation of aromatic nitroso compounds with primary aro-
matic amines; the solvent generally employed is glacial
acetic acid or, less often, ethanol.

In addition to the method indicated for the preparation
of hydrazo compounds, the latter are also formed by reduction

of azoxy and azo compounds using sultable reagents and condi-

tions of reaction.

Since the proposed route to the required benzidine bases
necessitates the formation of three of £he four possible
symmetrical 3:3'-dibromodimethylhydrazobenzenes, it 1s of
interest to mention the method of preparation of (unsubstit-
uted) 3:3'-dibromohydrazobenzene, first described by Gabriel
(74). The firset stage consisted of the reduction of
m-bromonitrobenzene by means of hot ethanolic potassium
hydroxide to 3:3'-dibromoazoxybenzene. The latter, after

purification, was further reduced in the second stage directly
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to the hydrazo compound by means of ethanolic ammonium
sulphide.

In addition, 3:3'-dimethylhydrazobenzene is of related
interest since by substitution of two bromine atoms in the
5:5' positions, the required hydrazo compound for rearrange-
ment to 2:2'-dibromo-6:6'~dimethylbenzidine (LXXVI) is obtained
Also, substitution of two bromine atoms in the 5:5'- or 3:3'~
positions of 2:2'-dimethylhydrazobenzene gives rise to the
hydrazo intermediates for the preparation of 2:2'-dibromo-5:5'~
dimethylbenzidine (LXXVII) and 2:2'-dibromo-3:3'~dimethylbenzi-
dine (iXXVIII) respectively.

3:3'=-Dimethylhydrazobenzene was prepared by reduction of
the corresponding azo compound using ethanolic ammonium |
sulphide (80), the azo compound being obtained from m-nitro-
toluene by reduction in ethanolic solution using sodium amalgam
and water (13, 80) or using zinc dust and ethanolic potassium
nydroxide (13).

2:2'~-Dimethylhydrazobenzene was prepared from the
corresponding azo compound by reduction in bolling ethanolic
solution with zinc dust and alkali (163). This reduction was
also effected in ethanolic solution by means of sodium amalgam

(156). The latter reducing agent was also employed in the
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reductions of o-nitrotoluene to the azo and hydrazo compounds
(161). Reduction of o-nitrotoluene to the azo compound has
also been accomplished by means of a varlety of reducing
agents which include magnesium amalgam and dilute methanol
(67), zinc dust and sodium hydroxide in ethanol (161), and
alkaline sodium stannite (211).

Also of interest 1s the method of preparation of the
related compounds, 3:3'-dichloro-5:5'-dimethylhydrazobenzene,
3:5:3':5'-tetrabromohydrazobenzene and 3:5:3':5'-tetrachloro~
hydrazobenzene all of which possess four meta substituents of
which at least two are halogens. Of these, the first to be
described was the 3:5:3':5'~tetrabromo compound and the
method used by Meyef, Meyer and Taeger (138) for its prepara-
tion consisted of a two stage reduction of the corresponding
nitro compound, 3:5-dibromonltrobenzene. The latter was re-
duced in the first stage to the corresponding azo compound by
means of zinc dust, aqueous sodium hydroxide and bolling
ethanol. In the second stage, the azo compound was further
reduced to the hydrazo compound by zinc dust, glaclal acetlc
acid and boiling ethanol. The 3:3'~dichloro-5:5'-dimethyl
and the 3:5:3':5'-tetrachloro compounds were prepared by the

same two stage process using the same reduclng agents (118,

171).




130

Ortho Halogen Substituents.

The examples quoted do not include azo or hydrazo com-
pounds with substituent halogen atoms in the 2:2'- (or 6:6'-)
positions. In general, it 1s not possible to prepare such
compounds by alkaline reduction of the corresponding o-halo-
genonitro compounds due to the replacement of the halogen by
hydroxyl. This replacement 18 due to the increased suscept-
1bility of the halogen substituents to attack by nucleophilic
reagents when the halogen 1s situated ortho or para to the
nitro group. The characteristic resonance effect (-T) of
the nitro group operates in such a manner as to promote an
electron deficiency at the ortho and para positions and 1is
thus responsible for this activity. Numerous examples of
this exchange have been described and the particular effect
on azoxy compound formation from o~ and p-chloronitrobenzenes
using the sodium alcoholate reduction method is mentloned by
Hickinbottom (92) who quotes the original references.

This halogen displacement, however, was not expected to
be of immediate concern in the reduction of the bromonitro-
toluenes to the hydrazo compounds required for rearrangement
to the benéidines. Thé bromonitrotoluenes in question, 3-

bromo-5-nitrotoluene (LXXX), #-bromo-2-nitrotoluene (LXXXI)
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and 2-bromo-6-nitrotoluene (LXXXII), are so substituted that
the bromine atoms are situated meta to the nitro groups.

In viéw of the reactivity of ortho and para halogen substitu-
ents, however, it was considered to be of interest to invest-
lgate the behaviour on alkaline reduction of two bromonitro-
toluenes which possess bromine atoms in the ortho position
with respect to the nitro group. The two compounds chosen
were 4-bromo-3-nitrotoluene (LX;XIII) and 2-bromo-3-nitro-
toluene (LXXXIV). These may be regarded as derived from
(iXXXI) and (LXXXII) respectively by interchange of the posi- |

tions of the methyl and bromine substituents.

He Me Me Me Me |
NO, Br NOy 8e ‘
B(’ No& Noy N°a
B Br

(LXXX) (Lxxx1)  (LXKXII) (Lxxxu) (Lxxxv)

Alkaline reduction of p-nitrotoluene was observed to
yield' p:p'-diaminostilbene (69). In view of the fact,
however, that none of the bromonitrotoluenes mentioned above

possess methyl and nitro groups situated 1n the para positions
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to each other, it was not to be expected that such products

would be encountered in the suggested reductions.

(b) The Benzidine Rearrangement.

In a recent discussion of the mechanism of the benzidine
rearrangement (169) Robinson has pointed out the various types
of reaction which are classed under this heading. These have
also been outlined by Karrer (105). For the purposes of this
work, it remains, therefore, briefly to indicate the reactions
involved, to consider previously described rearrangements of
certain hydrazo compounds related to those which it is intended
to prepare and to,éuote a recent theory on the mechanism of

the reaction.

The Reactions Involved.

Symmetrical diarylhydrazines (hydrazo compounds) with
free para positions, under the influence of mineral acids
isomerise to the corresponding benzidines; hydrazobenzene, ;

for example, ylelds benzidine:-

Ol D = o
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This principal reaction, known as the benzidine rearrange.
ment or transformatlon, 1s sometimes accompanied by a side-
reaction which leads to the simultaneous formation of 2:4'-
dlaminodiphenyls (diphenylines) as by-products,' hydrazobenzene

for example yields diphenyline in small amounts:-

Omem(D = w40
HN

In those cases where the hydrazo compound possesses a
para substituent, the latter may be eliminated during the
transformation with the formation of the corresponding
benzidine. If the para substituent 1s not eliminated,
however, in addition to the possibility of diphenyline forma-
tion, the transformation may result 1in derivatives of o- and

p-semidine, i.e. substituted o- and p-aminodiphenylamines,

(LXXXV) and (LXXXVI) respectively:-

Ommd
N

NH,y
5D OO
R

(LXXXV) (Lxxxv1)
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In general, the conditions under which the rearrangement
takes place and the nature and location of the substituents
are controlling factors in determining the proportions of thé
various products formed. betailed studies of these factofs
were carried out by ﬁacobson and co-workers who have summar-
ised (102) the information available on this subject up to

1922.

Certalin Previously Described Rearrangements.

Since the three required dibromodimethylhydrazobenzenes
may be regarded as substitution products of 3:3'-dibromohydr-
azobenzene, the rearrangement of the latter and of some of its
derivatives and allied compounde ig of interest. 3:3'-Di-
bromohydrazobenzene rearranges smoothly to 2:2'-~-dibromobenzi-
dine on heating with concentrated hydrochloric acid (74); the
benzidine 1s obtalned in a pure condlition and the formation of
isomeric dibromodiphenylines does not appear to occur. The
introduction of a further two halogen atoms into the remalning
meta positions of the hydrazo compound, however, is accompanied
by an incressed difficulty of rearrangement. The rearrange-
ment of 3:5:3':5'-tetrabromohydrazobenzene does not take piace
under the usual conditlions; 1t 1s necessary to treat this com-fi

pound either with concentrated hydrochloric acld under pressure %
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at 100° or, more convenliently, with fairly concentrated
sulphuric acid at normal pressure and the same temperature
(100°).  Under such conditions (139), the prineipal reaction
product 1s 2:6:2':6'-tetrabromobenzidine but, at the same time,
a small amount of 2:6:2':4'~tetrabromodiphenyline is formed.
Similar difficulties were encountered in the rearrangement

of 3:3'-dichloro-5:5"'~dibromohydrazobenzene (118) and in this
case the formation of 2:2'-dichloro-6:6'~dibromobenzidine was
accompanied by the formation of very considerable amounts of
isomeric diphenyline bases. It was also found necessary to
employ similar drastic rearrangement conditions with 3:5:3":5-

tetrachlorohydrazobenzene and the purification of the benzi-

dine thus obtained was not easily effected (171).

The presence of two (ortho or meta) methyl substituents
in the hydrazobenzene molecule does not adversely affect the
benzidine transformation. 2:2'-~Dimethylhydrazobenzene re-
arranges easily ylelding relatively less diphenyline deriva-
tive than hydrazobenzene (181); the 3:3'-dimethyl- and
3:5-dimethyl hydrazo compounds yield only the corresponding
benzidines (101, 97). éince this research is concerned
with the preparation and rearrangement of (3:3'-dibromo-2:2'-

dimethyl)- and (5:5'~dibromo-2:2'-dimethyl)-hydrazobenzenes,
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it 18 hoped to obtain some information on the effect of the
Introduction of meta halogen substituents into 2:2'-dimethyl-
hydrezobenzene. éome information regarding the effect of

the introductlion of such substituents into 3:3'-dimethyl-
hydrazobenzene has already been obtained; 3:3'-dichloro-5:5'~
dimethylhydrazobenzene was found to rearrange under relatively
mild conditions to 2:2'-dichloro-6:6'-dimethylbenzidine and
although the purification of the base presented some diffi-
cqlty due to a tendency to resinification, no diphenyline
deriyative was lsolated (118). The intended preparation and
rearrangement of 3:3'-dibromo~5:5'~dimethylhydrazobenzene
should afford a comparison with these observations concerning

the corresponding dichloro compound.

Mechanism of the Rearrangement.

In 1933, the benzldine rearrangement was studied by
Ingold and Kidd (100) and the process was found to be intra-
molecular. A mixture of 2:2'-dimethoxy- and 2:2'-diethoxy-
hydfazobenzene.on rearrangement was found to yield only 3:3'-
dimethoxy- and 3:3'-diethoxybenzidine; no 3-methoxy-3'-

ethoxybenzidine (LXXXVII) was farmed.
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NH — NH

1

Q (O O
Oyl = O
Hatt O_—_O (L xxxVII)

It was known that each of these hydrazo compounds on separate
rearrangement yields only the benzidine and that the speeds

of rearrangement are comparable. In the rearrangement of the
mixture, it followed, therefore, that the 4 and 4' carbon
atoms of each hydrazobenzene molecule enter each other's
sphere of influence before the rupture of the NH-NH linkage.
During the rearrangement, the -NHAr groups are not at any time
free otherwise the formation of a certain amount of (LXXXVII)

would have resulted.

Electronic theories of the rearrangement were advanced
by Robinson (169) and by Hughes and Ingold (98). bewar has
recently pointed out, however, that both these theories
involve stereochemical difficulties and he has advanced a new
mechanism which is free from such difficulties (61, 62).

This is based on the formal analogy between atomic and mole-
cular orbitals and on the idea of bond férmation by the shar-

ing of Iy-electrons between aromatic systems as opposed to
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locallised electron palrs shared between definite atoms.
This mechanism was also applied to related rearrangements of

the general type:-

.QNRX —_ X ONHR

The rearrangements were divided into groups according
to the nature of X and the benzidine rearrangement (X = NHAr),
wag included in the group which conglsted of entirely intra-
molecular rearrangements (page 136 ). Experimental evidence
in favour of this theory was forthcoming from a study of the
kinetice of several benzidine rearrangements.

The importance of the benzidine rearrangement in this
research was’considered sufficient to warrant the inclusion

of the following quotation from Dewar's theory of the reaction

mechanism.

“The present theory i1s an elaboration of the Robinson
mechanism in terms of the quantum theory of aromatic struct-

ures."

"It is suggested that in the lnltlal hydrazobenzene salt
(I), a non-localised i -electron migrates from ring 2 to ring

1 with consequent fission of the N-N bond to produce the
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complex molecule (II), composed of the aniline derivative A
and the ion radical B. Since the electron levels of the
latter are incompletely filled, and since the W -orbitals of
the rings will overlap, exchange forces should hold A and B
together. The product will be called a W& -complex. The

W - # bond in it will be of novel type joining aromatic
systems and not pairs of atoms but it will be otherwise anal-
ogous to the bond in the helium molecule ion Heg. Rotation
about the bond will be possible, but three positions of stab-
il1ity with intermediate energy-hills will be defined by the
alternating polarities round the rings; in them the nitrogens
will be opposite each other or 120° apart. The rings in the

W -complex will be parallel and co-axial. J

NH: Py (1) NH, NH W,N  NH, WY + NHg
NH.Ph @ - llI!il'
n & Ry
(A (8) H W

"If the p-substituents in the W -complex can be eliminat-
ed as positive ions, process X will be possible (dotted arrows
indicate displacements of single electrons), leading to a

benzidine. If the reaction is delayed, rotation to a 120°
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position will allow the formation of a diphenyline by a type
X process. Thirdly, process Y, involving a 60 or 180°
orientation of the it -complex, will lead to a semidine; this
involves a configuration corresponding to an energy-hill and
should be less facile than process X. If we assume that pro-
cess X 1s in fact easler than Y only if it involves a p-posi-
tion of component A, all the data on the benzidine rearrange-
ment can be interpreted in detail."”

"The products formed will depend not on the 'migratory
aptitudes' of the groups but on the point of attack of the
proton catalyst; thus in ¥ the more basic ring will function
as component A and carry the free amino group in the product.
A diphenylamine can form only if the more basic ring has a
free para position. These conclusions are confirmed 1in
detall by the existing evidence. ﬁoreover, in naphthalene
derivatives wmere rotation of the W -complex should be
inhibited since the rings are not symmetrical, diphenylines

and p-semidines are in fact never formed."
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NITRO COMPOUNDS.

The bromonitrotoluenes were prepared by standard methods.
In the case of 3-bromo-5-nitrotoluene,‘the average yleld
obtained by previous workers in the deamination of 3-bromo-
5-nitro-2-aminotoluene was slightly improved (page !73 ); this
was ascribed to a more gradual and uniform decomposition of
the diazonium salt. The first stage in the preparation of
4-bromo-2-nitrotoluene was considerably improved (page 112 ),
the yield in the nitration of p-toluidine being increased by
using a lower nitration temperature. The preparation of
2:6-dinitrotoluene, which has never been easlly accessible in
quantity, was the subject of considerable investigation. The
first stage, the reduction of T.N.T. to 2:6-dinitro~4-amino-
toluene, was conslderably improved; by varying the reaction
conditions, a procedure which almost doubled the previously
reported yleld, was finally evolved (page 209). Since this
experimental work was carried out, a recent procedure (152)
using slightly alkaline dioxan as solvent is claimed to
furnish yet higher ylelds in this reduction. . Deamination of
2:6-dinitro-4~aminotoluene was found to proceed more success-
fully using hypophosphorous acld in place of ethanol. In

such reactions, using ethanol, the replacement of the diazo
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group by hydrogen is frequently opposed by ether formation.
It has been found (57), however, that this opposition is
decreased by the presence of nitro or (para) methyl groups
in the aromatic nucleus. In the present case, therefore,
the substituents should favour the formation of the required |
product. In practice, the ethanol procedure did not result |
in the formation of appreciable amounts of ether but the
¥ield of required product was much lower than that obtained
by the use of hypophosphorous acid. The slow, low tempera-
ture decompogition of the latter method contrasts with the
rapid, high temperature, ethanol decomposition and this may
have some bearing on the difference in ylelds. This con-
stitutes further evidence on tﬁe general applicabllity of
hypophosphorous acid as a deaminating agent. The detailed
procedure for the reduction of 2:6-dinitrotoluene to 2-nitro-
6-aminotoluene (page 214 ), although based on the general

directions of previous workers, was found to result in an

improvement in yleld.

In view of the time required for the preparation of
large amounts of 2-bromo-6-nitrotoluene by the above route,
one other possible route was explored. It was considered
that 2-bromo=4-aminotoluene might yield, on nitration in pre-

sence of excess sulphuric acid, 2-bromo-6-nitro-4-aminotoluene
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which by deamination would yleld the required product. This
expectation, which was based on the meta-directing influence |
of the ammonium salt group, e.g. the nitration of p-toluidine
sulphate to 2-nitro-4-aminotoluene, was not realised. The

nitro group was found to enter the ring in the S5-position and

the identity of the product, 2-bromo-5-nitro-4-aminotoluene,
. |

was substantliated by conversion to 2-bromo-5-nitro-4~acetyl- |
aminotoluene and 2-bromo-5—nitrotdluene. The nitro group i
1

thus enters the 5-position whether the nitration be performedi

1

on the amine salt in presence of excess aclid or on the acetyl-j
amino compound under the conditions described by Blanksma %
(24). This behaviour is éuite distinct from that of p-tolui-?
dine which ylelds by these procedures the 6~ (or 2-)nitro and %
the 5- (or 3-)nitro derivatives respectively. The presence |
of the bromine atom in the 2-position is therefore the con-
trolling factor. The following effects tend to influence

the position taken by the entering nitro group:- The bromine
atom by reason of its strong inductive effect (-I), tends to
deactivate all positions of the ring but the electrophilic
attacking group induces an electromeric change in the ortho

(3-) and para (5-) positions so that these positions are less

deactivated. The 3~position, however, 1ls strongly sterically

E
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hindered due to the presence of the bromo and nitro groups in
the 2- and 4-positions and the S5-position alone is favoured.
In addition, the substituent bromine atom reduces the basic—
1ty of the amine and weakens the salt forming characteristics
on which the meta-directing influence of the [RNHB]* cation
depends. This favours substitution at the 5-position at the
expeﬁse of the 6-position. The overall effect of the intro-
duction of a 2-bromo substituent in 4-aminotoluene is, there-
fore, to modify the directive influences; nitration, in pre-
sence of excess acid, takes place in the 5- position instead

of the 6~position.

2-Bromo-~3-nitrotoluene and 4—bromo~3—nitr§toluene
(pages 238 and A19) were prepared in moderate and good yield
respectively from the amino compounds by the standard
éandmeyer procedure. A convenient method for the acetyla-.
tion and nitration of o-toluidine facilitated the preparation
of 3~-nitro~2-~zaminotoluene. 2:4-Dibromo~6-nitrotoluene was
prepared from the diamino compound by the Sandmeyer reaction;
the tetrazotisation and replacement were effected in good |
,yiéld (page 246) by means of a procedure similar to that

adopted by Ruggll and Zaeslin (172) for the dichloro isomer.
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AZO, HYDRAZO AND AZOXY COMPOUNDS.

(a) Derived from 3-Bromo-S-nitrotoluene.

3:3'-Dibromo-5:5'~-dimethylazobenzene was formed
smoothly by alkaline reduction (ethanol, aqueous sodium
hydroxide, zinc) of 3-bromo-5-nitrotoluene. Although it |
was found to be more satisfactory to halt the reduction at
the azo stage, further reduction to the hydrazo stage pro-
ceeded easily under the same conditions. In the latter case,
however, the formation of undesirable reduction products
occurred. These probably included the amino compound, form-
ed by reductive fission of the molecule and adversely affect-
ed the yleld of hydrazo compound. For reasons given later,
the azo to hydrazo reduction was effected in a more controlled

manner, with better yield, using mildly acid conditions

(ethanol, acetic acid, zinc). This two stage process has
been utilised in preparations of analgéous hydrazo compounds
(page 129 ). |

Azo compounds, which are highly coloured due to the
chromophoric group -N=N-, are characterised by the intense
colourations of their solutlions in concentrated sulphuric .
acld. This, according to Hantzech (84) is due to salt %

formation, the acid adding on to the nitrogen of the azo ;
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group. 3:3'-Dibromo—5:5'—d15ethylazobgnzene, wrich ie
itself orange coloured, dissolves in concentirated sulizruric
acid to form an intensely yellow coloureé solution. L con-
venient method for the conversion of azo compounds to 820Xy
compounds 1is that of Angell (5); peracetic acié or its

equlvalent, hydrogen peroxide in acetic acié solution, is the

oxidising agent (6). Using the latter reagent at 1c0°,
3:3'-d1ibromo-5:5'-dimethylazobenzene was slowly oxidised to
the azoxy compound. The latter was also prepared directly
from the nitro compound, in lower yield, by the Zinin method
(213) which utilises the reducing action of boiling ethanolic

potash.

(b) Derived from 4-Bromo-2-nitrotoluene.

Under the prescribed conditions, reduction of the

nitro compound resulted in a mixture consisting of two-thirds 5
hydrazo and one-third azo compound. This procedure was con-
venient for two reasons: Firstly, 1t was difficult to arrest |
the reduction exactly at the stage where the product consistedi
wholly of the azo compound and, secondly, a risk of over-
reduction was involved by an extension of the reduction under
these conditions to the wholly hydrazo stage. With the

exception of a small sample for identification purposes,


















































































































































































































































































































































































































